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POSTER ABSTRACTS

Wednesday, 14 June 2023

TRACK:  ETHICS, POLICY, AND STANDARDS 
(EPS) 

Session 1: Odd 

6:00 PM - 6:45 PM

TOPIC: NO TISSUE SPECIFICITY 

101

THE TECHNOLOGY, OPPORTUNITIES and 
CHALLENGES BEHIND AN ETHICAL FRAMEWORK 
FOR SYNTHETIC BIOLOGICAL INTELLIGENCE
Watmuff, Bradley - Biology, Cortical Labs, Melbourne, Australia
Kajan, Brett - Biology, Cortical Labs, Melbourne, Australia 
Cole, Victor - Centre for Biomedical Ethics, National University 
Singapore, Singapore
Gyngell, Christopher - Medicine, Dentistry and Health Sciences, 
Murdoch Children’s and Research Institute, Melbourne, Australia
Lysaght, Tamra - Centre for Biomedical Ethics, National 
University Singapore, Singapore
Sawai, Tsutomu - Graduate School of Humanities and Social 
Sciences, Hiroshima University, Hiroshima, Japan
Savulescu, Julian - Centre for Biomedical Ethics, National 
University Singapore, Singapore

The use of pluripotent stem cells to produce neural systems 
capable of basic goal-directed intelligence has recently been 
described by our group and termed Synthetic Biological Intelli-
gence (SBI). Stem cell-derived in vitro neurons were embodied 
in a simulated game-world and showed statistically significant 
performance in a simplified version of the game ‘Pong’. The scal-
ability and versatility of applying pluripotent stem cells as a key 
building block of this technology provides a crucial enabling foun-
dation, however it also creates potential ethical, semantic, and 
philosophical questions. Here we shall share recent updates from 
our group in the production and capabilities of these systems as 
an approach to consider these questions. Moreover, we outline 
details of SBI as an emerging technology by breaking this down 
into advancements in 1) stem cell technology and synthetic biol-
ogy; 2) enhanced hardware and software applications; 3) neuro-
computational theories and informatic analyses. From this we are 
able to propose some foreseeable applications and ethical con-
siderations that may arise. In particular, we focus on the uses of 
pluripotent stem cell technologies to create highly specified and 
reproducible neural substrates in the short-, medium-, and long-
term. In short, these applications, which vary greatly in likely time-
lines to realization, can broadly be subdivided into the use of SBI 
technologies for pre-clinical applications or for computational and 
intelligent processes. As part of this, we present considerations 
of how existing metrics may or may not appropriately capture 
key phenomena that are currently proposed to reflect potentially 
morally valuable states and touch on the broader debate of the 

appropriateness of using human derived neural tissue in vitro. Fi-
nally, we propose a pathway for promoting constructive dialogue 
and adopting an ethical approach that balances potential utility 
with foreseeable risks of harm and the uncertainty inherent to 
novel technologies.

Keywords: in vitro neural systems, synthetic biology, intelligence

103

AUTOLOGOUS CELL-BASED THERAPIES: THE 
PATIENT PERSPECTIVE
Case, Nevicia - Faculty of Law, University of Alberta, Edmonton, 
AB, Canada
Ogbogu, Ubaka - Faculty of Law, University of Alberta, 
Edmonton, AB, Canada
Zarzeczny, Amy - Johnson Shoyama Graduate School of Public 
Policy, University of Regina, SK, Canada

Autologous cell-based therapies (ACBTs) are treatments where 
the patient’s own cells are sampled, manipulated, and adminis-
tered. ACBTs are mostly commonly used in the treatment of os-
teoarthritis and sports injuries, but they have also been used in 
cosmetic procedures.This study aims to highlight the patient jour-
ney from the time patients first learn about ACBTs, their experi-
ences of receiving ACBTs, and the effects the ACBTs have had on 
their lives since receiving the treatment. This will enable us to bet-
ter understand the health and financial context of patients receiv-
ing ACBTs in the current regulatory context. Participants will be 
patients who have received or are currently receiving treatments 
involving ACBTs. We aim to recruit a minimum of 200 participants 
through public ads and posts on social media platforms, such as 
Facebook and Twitter. Data collection will be conducted through 
the administration of an online survey via Qualtrics. Once data 
collection has been completed, the survey data will be cleaned 
by a member of our research team. The data will be analysed and 
verified by two coders who will identify themes emerging from 
the data using NVivo. We will use a grounded theory approach to 
explore patterns in the knowledge, perceptions, and experiences 
of patients who have received ACBTs in medical procedures and 
how these patterns may relate to legal, ethical, and regulatory 
issues associated with the clinical and regulatory implementation 
of ACBTs. The findings may then be used to inform the design of 
Health Canada’s regulatory processes for ACBTs.

Funding Source: Stem Cell Network

Keywords: autologous cell-based therapies, patient 
perspectives, clinical trial regulation
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MATCHING DYNAMIC SCIENCE WITH CONSENT 
MODELS: TOWARDS PARTICIPATORY STEM CELL 
RESEARCH
Isasi, Rosario - Human Genetics, University of Miami, FL, USA
Kurtz, Andreas - Human Pluripotent Stem Cell Registry 
(hPSCreg®), Fraunhofer Institute for Biomedical Engineering 
(IBMT), Berlin, Germany
Mueller, Sabine - Human Pluripotent Stem Cell Registry 
(hPSCreg®), Fraunhofer Institute for Biomedical Engineering 
(IBMT), Berlin, Germany
Fuhr, Antonie - Human Pluripotent Stem Cell Registry 
(hPSCreg®), Fraunhofer Institute for Biomedical Engineering 
(IBMT), Berlin, Germany
Mah, Nancy - Human Pluripotent Stem Cell Registry (hPSCreg®), 
Fraunhofer Institute for Biomedical Engineering (IBMT), Berlin, 
Germany
Seltmann, Stefanie - Human Pluripotent Stem Cell Registry 
(hPSCreg®), Fraunhofer Institute for Biomedical Engineering 
(IBMT), Berlin, Germany

Stem cell research leverages thousands of diverse biosamples 
and pluripotent cell lines obtained, distributed and transformed 
over time, across the world, under heterogenous regulatory re-
quirements. This phenomenon necessitates complex, iterative, 
provenance determinations as well as compatibility assessments 
between intended uses with scope of informed consent and le-
gal-ethical regimens. Thereby, the documentation of ethical data 
as e.g. sample provenance is as heterogeneous as the legal-eth-
ical frameworks existing worldwide. With the stem cell field ad-
vancing towards clinical translation and more sophisticated – if 
not controversial - research continuing been carried out (e.g., 
pluripotent stem cell-based models of human development, or-
ganoids, chimeric human-animal models, etc.), it is imperative to 
revisit the adequacy of traditional approaches to informed con-
sent. After all, it is the breadth and scope of the informed consent 
which ultimately justifies the use and control of donated biosam-
ples for stem cell derivation and of downstream uses. In the con-
text of rapidly evolving science, participatory research platforms 
have been heralded as effective tools to promote longitudinal en-
gagement and to support interactive participant decision-making. 
Building on existing governance strategies providing ongoing 
support for broad consent frameworks, and against the back-
ground conventional (one-time) consent approaches, this presen-
tation will explore the benefits and challenges of implementing 
dynamic consent models for stem cell research including data 
aspects.

Funding Source: This project has received funding from the 
European Union’s Horizon 2020 research and innovation 
programme under Grant Agreement No. 726320

Keywords: Ethics, policy, regulatory, participatory research,, 
pluripotent stem cells, consent,
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THE INVISIBLE RESOURCE: MOST AUSTRALIAN 
STEM CELL LINES ARE NOT FORMALLY 
REGISTERED
Hu, Mengqi - Anatomy and Physiology, University of Melbourne, 
Australia
Santos, Dan - Australian National Centre for the Public 
Awareness of Science, Australian National University, Canberra, 
Australia
Choi, Jarny - Anatomy and Physiology, The University of 
Melbourne, Australia
Wells, Christine - Anatomy and Physiology, The University of 
Melbourne, Australia

Governance of human pluripotent stem cells (hPSCs) in Austra-
lia has largely been driven by the recommendations from the 
2005 Lockhart review. Although one of its recommendations 
was the establishment of embryonic stem cell (hESC) banks, no 
such resource has been implemented. Many of the legislative 
requirements governing hESC do not apply to newer technolo-
gies such as induced pluripotent stem cells. Nevertheless, some 
oversight of which hPSC lines have been generated in Australia 
would be valuable. While stem cell banks do exist internationally, 
a more common practise is the development of a stem cell reg-
istry. These are online catalogues of lines that promote research 
visibility and cell line provenance. Two examples of internation-
al hPSC registries are hPSCReg and SKIP. In this project, we re-
viewed Australian stem cell laboratories and their registered lines 
in hPSCreg and SKIP. We also conducted semi-structured inter-
views among Australian-based stem cell researchers and manu-
facturers to understand experiences and attitudes towards stem 
cell registries in the Australian context. The number of Australian 
hPSC lines registered internationally is comparatively low com-
pared to what exists, and many Australian lines are only partially 
registered. Interviews reveal a general agreement with the value 
of registries, but lack of familiarity with the registries themselves. 
One of overarching themes from stakeholder interviews was the 
difficulty complying with registries designed for hPSC research. 
Any locally designed solution must serve local needs whilst al-
lowing data exchange with global registries. We will also evaluate 
whether a local registry or bank is desirable.

Keywords: Stem Cell Registry, Governance, hPSC lines

109

OPENNESS IN STEM CELL RESEARCH: 
PRACTICES, POSSIBILITIES, POLICIES
Santos, Dan - Australian National Centre for the Public 
Awareness of Science, Australian National University, Canberra, 
Australia
Leach, Joan - Australian National Centre for the Public 
Awareness of Science, Australian National University, Canberra, 
Australia
Ankeny, Rachel - School of Humanities, University of Adelaide, 
Australia
Lopes McInnes, Edilene - School of Humanities, University of 
Adelaide, Australia

On a global scale, open science is increasingly being offered as 
an important conduit for conducting scientific research, including 
within the stem cell sciences. Prominent international organiza-
tions like UNESCO and the International Science Council have 
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put forward recommendations, convened working groups, and 
produced papers that affirm the importance of broader access 
to scientific research and findings in order to facilitate more effi-
cient, robust and legitimate research outcomes. To these ends, 
initiatives that prioritize openness and sharing have been devel-
oped within stem cell research (e.g. Stem Cell Commons) and 
in related fields (e.g. Global Alliance for Genomics and Health). 
Nevertheless, developing and implementing open science poli-
cies in particular national contexts requires careful consideration 
of specific research, institutional, and regulatory landscapes. 
This paper examines the prospects for cultivating openness in 
stem cell research in two ways. Firstly, it offers findings from an 
interdisciplinary research project investigating the practices, pri-
orities, and possibilities of ‘openness’ with respect to stem cell 
research based in Australia. Drawing on interviews with stem cell 
researchers, this paper shares insights into understandings and 
motivations of openness, how it is enacted in acquiring and shar-
ing research materials and forming collaborations, and the factors 
that both encourage and restrict possibilities for openness. Sec-
ondly, it compares these findings with similar existing initiatives in 
stem cell research and related fields in order to identify lessons 
for developing effective open science policies. Through drawing 
upon several case studies, this paper aims to provide insights that 
could inform the design of effective policies that encourage and 
consolidate open science practices in stem cell research.

Funding Source: National Health and Medical Research Council 
(NHMRC), Medical Research Future Fund (MRFF), Stem Cell 
Therapies Mission [Australia]

Keywords: Open science, Sharing, Collaboration

TRACK:  CELLULAR IDENTITY (CI)
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TOPIC: CARDIAC 

181

CHEMICAL HPSC CARDIAC PROGENITOR’S 
STABILIZATION IN VITRO, REFLECTS STAGE-
SPECIFIC HEART DEVELOPMENT IN VIVO
Bolesani, Emiliano - Leibniz Research Laboratories for 
Biotechnology and Artificial Organs, Hannover Medical School, 
Hannover, Germany
Bornhorst, Dorothee - Harvard Stem Cell and Regenerative 
Biology Department, Boston Children’s Hospital, Boston, MA, 
USA
Muthukrishnan Iyer, Lavanya - Single-cell Omics, Evotec SE, 
Goettingen, Germany
Zawada, Dorota - Regenerative Medicine of Cardiovascular 
Diseases, Munich Technical University, Munich, Germany
Friese, Nina - Laboratory for Biomechanics und Biomaterials, 
Hannover Medical School, Hannover, Germany
Morgan, Michael - Institute of Experimental Hematology, 
Hannover Medical School, Hannover, Germany
Lange, Lucas - Institute of Experimental Hematology, Hannover 
Medical School, Hannover, Germany
Gonzalez, David - Cell, Developmental and Regenerative 
Biology, Icahn School of Medicine at Mount Sinai, New York, NY, 
USA
Nadine, Schrode - Cell, Developmental and Regenerative 
Biology, Icahn School of Medicine at Mount Sinai, New York, NY, 
USA
Leffler, Andreas - Clinic for Anaesthesiology and Intensive Care 
Medicine, Hannover Medical School, Hannover, Germany
Wunder, Julian - Clinic for Anaesthesiology and Intensive Care 
Medicine, Hannover Medical School, Hannover, Germany
Franke, Annika - Leibniz Research Laboratories for 
Biotechnology and Artificial Organs (LEBAO), Hannover Medical 
School, Hannover, Germany
Drakhlis, Lika - Leibniz Research Laboratories for Biotechnology 
and Artificial Organs (LEBAO), Hannover Medical School, 
Hannover, Germany
Schambach, Axel - Institute of Experimental Hematology, 
Hannover Medical School, Hannover, Germany
Dubois, Nicole - Cell, Developmental and Regenerative Biology, 
Hannover Medical School, New York, NY, USA
Goedel, Alexander - Department of Cellular and Molecular 
Biology, Karolinska Instituet, Stockholm, Sweden
Dobreva, Gergana - Anatomy and Developmental Biology, 
Heidelberg University, Heidelberg, Germany
Moretti, Alessandra - Regenerative Medicine of Cardiovascular 
Diseases, Munich Technical University, Munich, Germany
Zelaráyan-Behrend, Laura - Institute of Pharmacology and 
Toxicology, University Medical Center, Goettingen, Germany
Abdelilah-Seyfried, Salim - Department for Animal Physiology 
Department of Biochemistry and Biology, Universität Potsdam, 
Potsdam, Germany
Zweigerdt, Robert - Leibniz Research Laboratories for 
Biotechnology and Artificial Organs (LEBAO), Hannover Medical 
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School, Hannover, Germany

Cardiac progenitor cells (CPCs) have gained recent attention in 
developmental biology, due to their potential application in re-
generative therapies. Owing to their transient nature, the main-
tenance and investigation of CPCs remains challenging, in both 
native hearts in vivo and upon human pluripotent stem cells (hP-
SCs) differentiation, in vitro. We show that chemical modulation of 
p300 (Histone Acetyl Transferase) activity by IQ-1 and WNT path-
way activity by CHIR99021, synergistically enable the controlled 
and reversible block of cardiac differentiation progression. Stabi-
lized Cardiac Progenitors (SCPs) resulting from this process are 
characterized by ISL1(pos)/KI-67(pos)/NKX2-5(neg) expression. In 
presence of the small molecule inhibitors, SCPs maintain a qui-
escent state. Upon compound removal, NKX2-5 upregulation 
hallmarks the cell-autonomous recoupling to the cardiomyogenic 
program and resumption of proliferation. Directed differentiation 
into endothelial and smooth muscle cells confirms SCPs full de-
velopmental potential, expected for bona fide cardiac progeni-
tors. By combining global gene expression arrays and scRNAseq, 
we show that SCPs possess a distinct posterior Second Heart 
Field (pSHF) identity hallmarked by NR2F2 expression; addition-
ally, epicardial and endocardial subpopulations were identified. 
These observations are validated by a significant transcriptional 
overlap with E8.25-E9.75 cardiac regions in mouse heart devel-
opment, underscoring that our human in vitro model reflects rele-
vant native cell populations. In agreement with our in vitro results, 
we show that IQ-1 arrests Isl1(pos) progenitors at the venous pole 
in zebrafish heart development in vivo, which are considered to 
resemble the mammalian posterior SHF progenitors. We also 
investigated mechanisms controlling SCPs’ biology, revealing 
that Retinoic Acid stimulates SCPs proliferation and phenotyp-
ic homogeneity but ultimately disrupting their cardiomyogenic 
potential, whilst BMP signalling is pivotal for cells’ autonomous 
recoupling to cardiomyogenesis. Due to its chemically defined 
and reversible nature, our approach provides an unprecedented 
opportunity to dissect key mechanisms in cardiac progenitor cell 
specification and investigations on their cellular and molecular 
properties.

Funding Source: German Research Foundation ZW64/4-1, ZW 
64/4-2, KFO311 / ZW64/7-1 German Ministry for Education and 
Science 13N14086, 01EK1601A, 13XP5092B, 031L0249 European 
Union H2020 TECHNOBEAT 66724 Horizon Europe project 
HEAL 101056712

Keywords: Human Pluripotent Stem Cells differentiation, 
Multipotent Human Cardiac Progenitors’, Histone acetyl 
transferases and WNT pathway

TOPIC: CARDIAC

183

SINGLE CELL TRANSCRIPTOME OF HUMAN 
EMBRYONIC STEM CELL-DERIVED NODAL 
LIKE PACEMAKER CELLS REVEALED 
NOVEL REGULATORS MANIPULATING THE 
DEVELOPMENT OF CARDIAC CONDUCTION 
SYSTEM
Zhu, Jiajun - Surgery, Weill Cornell Medical College, New York, 
NY, USA
Chen, Shuibing - Surgery, Weill Cornell Medicine, New York, NY, 
USA
Evans, Todd - Surgery, Weill Cornell Medicine, New York, NY, 
USA
Hurtado, Romulo - Surgery, Weill Cornell Medicine, New York, 
NY, USA

The cardiac conduction system contains specialized cells and 
nodes that control the heartbeat, which include sinoatrial node, 
atrioventricular node, bundle of His and purkinje fibers. The si-
noatrial node (SAN), located in the right atrium, serves as the pri-
mary site for initiation of the normal heartbeat. The human SAN 
is poorly understood due to limited tissue access and unstable 
differentiation method in vitro. We developed an efficient and 
stable strategy to generate human embryonic stem cell-derived 
SAN-like cells (hESC-SAN) using our lab-made SHOX2-EGFP; MY-
H6:mcherry knock-in hESC reporter line. The derived hESC-SAN 
cells co-express the well-known bona-fide nodal cell markers with 
SHOX2 and exhibit the nodal-like electrophysiological character-
istics. We performed single cell RNA sequencing (scRNA-seq) and 
detected SHOX2 positive cells co-expressing the marker genes. 
After sorting out the pure pacemaker cells using the two fluo-
rescent reporter, we identified distinct ‘SAN-head’ and ‘SAN-tail’ 
subpopulations similar to the vivo SAN from scRNA-seq. More-
over, the correlation analysis between SHOX2 and other genes 
expressed in SAN cluster demonstrated that the genes that show 
high correlation with SHOX2. To discover the biological functions 
of the SHOX2-correlated genes, we performed perturb-seq using 
hESC-derived SAN progenitors to determine the key genes that 
regulates SAN differentiation. One lead hit encodes bone mor-
phogenetic protein 4 (bmp4) BMP4 treatment at SAN progenitor 
enhance the directed differentiation toward SAN cells. We further 
performed the cellular identities and electrophysiological analysis 
to characterize the identified SAN cells. Together, we identified a 
key factor controlling SAN differentiation and developed an effi-
cient strategy to derive functional SAN cells, which can be used 
for disease modeling and drug evaluation.

Keywords: sinoatrial node, perturb seq, conduction system
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185

P21 DEFICIENCY ENHANCES TISSUE REPAIR 
AND THE REACTIVATION OF EPICARDIAL 
REGENERATION
Tian, Yu - Department of Cell Growth and Differentiation, CiRA, 
Kyoto University, Kyoto, Japan
Narita, Megumi - Department of Cell Growth and Differentiation, 
Center for iPS Cell Research and Application (CiRA), Kyoto 
University, Kyoto, Japan
Tani, Kanae - Department of Cell Growth and Differentiation, 
Center for iPS Cell Research and Application (CiRA), Kyoto 
University, Kyoto, Japan
Lucena-Cacace, Antonio - Department of Cell Growth and 
Differentiation, Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Yoshida, Yoshinori - Department of Cell Growth and 
Differentiation, Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan

Reactivating the human epicardium upon cardiac injury is one 
of the most exciting yet challenging goals in using stem cells for 
cardiac tissue regeneration. During development, the human 
epicardium undergoes a shift from a proliferative state marked 
by the expression of WT1 to a more mature but quiescent state 
after birth, implicating a temporal cell cycle withdrawal. Although 
the epicardium is not entirely a mitotic-refractory tissue, the 
mechanism leading to entering and retaining a cell quiescence 
is unknown. Interventions that ease the cell cycle checkpoints’ 
transitory restrictions could help reactivate the regeneration in 
the epicardium in the postnatal stages. Studies on p21, an es-
sential regulator of the G1 checkpoint, have demonstrated that 
its transient or permanent deficiency can enhance regeneration 
context-dependently. However, the mechanistic insights of the 
phenotype and its clinical application have yet to be elucidated. 
Here, we generated highly regenerative epicardial tissue using 
epicardial cells from human induced pluripotent stem cells (iPSCs) 
through the ectopic downregulation of CDKN1A, the gene encod-
ing for the protein p21. Downregulation of CDKN1A improved epi-
cardial re-epithelization, proliferation, and migration, an essential 
step in epicardial regeneration in vivo to differentiate into epicar-
dial-derived cells (EPDCs). p21 deficiency led to the reactivation of 
WT1. Experiments performed in p21 -/- in vivo also demonstrated 
epicardial susceptibility to enhance their regenerative properties, 
suggesting that p21 could be a key regulator in the reactivation of 
the epicardium during adulthood. Our thorough evaluation of the 
safety of epicardial tissues derived from hiPSC cells downregu-
lating p21 highlights their advanced degree of applicability to be 
used as a tool to understand the epicardial reactivation in cardiac 
regeneration, with high expectations to be used in cell therapy 
and clinical applications.

Keywords: epicardial regeneration, p21 deficiency, induced 
pluripotent stem cell

187

MULTIOMIC ANALYSIS OF NADPH OXIDASE 
4 HEART METABOLIC REPROGRAMMING: 
IMPLICATION FOR CARDIOGENESIS
Chung, Matthew - Peter Gorer Department of Immunobiology, 
King’s College London, UK
Carton, Robert - Centre for Gene Therapy and Regenerative 
Medicine, King’s College London, UK
Syntakas, Aris - Institute of Child Health, University College 
London, UK
Vigilante, Alessandra - Centre for Gene Therapy and 
Regenerative Medicine, King’s College London, UK
Yang, Youwen - British Heart Foundation Centre of Excellence, 
King’s College London, UK
Nabeebaccus, Adam - British Heart Foundation Centre of 
Excellence, King’s College London, UK
Shah, Ajay - British Heart Foundation Centre of Excellence, 
King’s College London, UK

NADPH oxidases (NOXs) are enzymes that primarily function 
by generating reactive oxygen species, which are important 
regulators of heart physiology and post-insult response. While 
NOX-driven redox signalling has been well recognised in patho-
physiological myocardial remodelling, Nox4 has attracted signifi-
cant interest by protecting the heart from dysfunction and failure. 
Nox4 expression is increased during pathology, physiological 
stress and acute exercise, acting as a driver of adaptive stress re-
sponses. Nox4 is also capable of driving cardiomyocyte differen-
tiation. However, the mechanisms of Nox4-mediated metabolic 
and transcriptomic remodelling remain elusive. Previously, it was 
shown that Nox4-driven cardiogenesis in pluripotent cells de-
pends on c-Jun activation. Nox4 also induces reprogramming of 
heart intermediary metabolism, shifting cardiac energy substrate 
utilization from glucose to fatty acid oxidation, partially depending 
on ATF4. Because these mechanistic effects of Nox4 overexpres-
sion appear to rely on hydrogen peroxide-responsive transcrip-
tion factors, we performed multi-omic analyses on the transcrip-
tomes and epigenomes of wild-type and cardiomyocyte-specific 
Nox4-transgenic hearts. We found that Nox4 induced profound 
epigenetic changes such as gain of accessible chromatin at gene 
loci associated with cardiac conduction, energy metabolism 
and transport of inorganic ions and amino acids. These chang-
es are positively associated with altered gene expression. In 
silico deconvolution of transcriptomes revealed an increase in 
macrophage population in Nox4-overexpressing hearts without 
an increase in inflammatory markers. Sarcomeric proteins were 
downregulated with Nox4 upregulation. Finally, integrated anal-
ysis connected these changes to diverted activities of hydrogen 
peroxide-responsive transcription factors. While NRF2 and ATF4 
activity increased, the repressed activity of AP-1 and CREB was 
predicted, partly attributed to the loss of accessible cAMP-respon-
sive elements. A deeper understanding of the interplay between 
Nox4-driven redox signalling and heart intermediary metabolism 
in human cardiac models is expected to unveil mechanisms of the 
adaptive cardiomyogenic programme, inspiring metabolism-tar-
geted regenerative heart therapies.

Funding Source: Wellcome Trust British Heart Foundation

Keywords: NADPH oxidases, Cardiogenesis, Multiomics
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IMMUNOGENICITY OF INDUCED PLURIPOTENT 
STEM CELL (IPSC)-DERIVED SMOOTH MUSCLE 
CELLS RESULTS FROM A REDUCTION IN 
THE EXPRESSION OF INDOLEAMINE 2,3 
DIOXYGENASE (IDO-1)
Partridge, Katherine - Therapeutic Reference Materials, 
Medicines and Healthcare Products Regulatory Agency, South 
Mimms, UK
Mehler, Vera - Therapeutic Reference Materials, Medicines and 
Healthcare Products Regulatory Agency, South Mimms, UK
Burns, Chris - Therapeutic Reference Materials, Medicines and 
Healthcare Products Regulatory Agency, South Mimms, UK
Pober, Jordan - Immunobiology, Yale University, New Haven, 
CT, USA
Moore, Melanie - Therapeutic Reference Materials, Medicines 
and Healthcare Products Regulatory Agency, South Mimms, UK

Smooth muscle cells (SMCs) are a vital component of large blood 
vessels and SMC dysfunction is associated with many cardiovas-
cular disease states. Despite progress in treatment strategies, 
including the development of tissue engineered vascular grafts 
(TEVGs), their successful application is limited by challenges in-
cluding sourcing functional cells in high enough volumes for 
therapeutic use. The use of allogeneic iPSCs, differentiated to 
a cell type such as SMCs, is therefore an attractive alternative 
for the treatment of many cardiovascular diseases. However, 
before widescale therapeutic application of iPSC-derived SMCs, 
key aspects of these cells need to be characterised, including 
their propensity to trigger an immune reaction. Vascular SMCs 
are innately immunomodulatory, due to a lack of co-stimulatory 
molecule expression and interferon-y-inducible expression of in-
doleamine 2,3 dioxygenase (IDO-1), whereas there is conflicting 
evidence for the iPSC-derived SMC immune profile. In this study, 
we investigate the functional immunogenicity of iPSC-SMCs com-
pared to naturally derived vascular SMCs (v-SMC). We show that 
iPSC-SMCs trigger T effector memory (TEM) cell proliferation in 
both CD4 TEM (6.8-8.6%) and CD8 TEM (14.3-15.4%) in contrast 
to that of v-SMCs, which triggered minimal proliferation of both 
CD4 TEM (0.4-0.5%) and CD8 TEM (2.0-3.0%). However, expres-
sion of TEM activation-related antigens, HLA-ABC, CD86, LFA-3, 
and OX40-L, were comparable between the two cell types. Ar-
terial v-SMC can establish immunoprivilege through IDO-1 ac-
tivity, which is responsible for inhibiting T cell proliferation and 
promoting an anti-inflammatory phenotype. Therefore, we inves-
tigated the expression of IDO-1 in two independently engineered 
iPSC-SMC cell lines (N8 and Y6). Our data show that the expres-
sion and functionality of IDO-1 was significantly reduced in both 
iPSC-SMC cell lines compared to v-SMC, and that unlike v-SMC, 
neither iPSC-SMC line could modulate the immune response 
in a co-culture with CD3/CD28 activated PBMC. These results 
indicate that the impaired ability of iPSC-SMC to modulate the 
immune response through IDO-1 expression contributes to their 
immunogenicity and highlights the importance of immune pheno-
typing for therapeutic applications of iPSC-derivatives.

Funding Source: 1 Therapeutic Reference Materials, Medicines 
and Healthcare products Regulatory Agency (MHRA), South 
Mimms, United Kingdom. 2 Department of Immunobiology, Yale 
School of Medicine, New Haven, Connecticut, United States

Keywords: Induced Pluripotent Stem Cells (iPSCs), 
Immunogenicity, Vascular Smooth Muscle Cells (vSMCs)
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191

OPTIMAL WNT AGONIST FOR HIGH LGR5+ 
INTESTINAL ORGANOID GROWTH AND 
FUNCTIONAL DIFFERENTIATED ORGANOID 
INDUCTION
Rahman, M. Mamunur - Research and Development, MBL 
International Corporation (MBLI) CO., LTD, Woburn, MA, USA
Masuda, Norio - Research and Development, MBL, Tsukuba-shi, 
Japan
Okada, Ryo - Research and Development, JSR-Keio University 
Medical and Chemical Innovation Center (JKiC), JSR 
Corporation, Shinjuku-ku, Japan
Arai, Kazuya - Research and Development, JSR-Keio 
University Medical and Chemical Innovation Center (JKiC), JSR 
Corporation, Shinjuku-ku, Japan
Itoh, Manabu - Research and Development, JSR-Keio 
University Medical and Chemical Innovation Center (JKiC), JSR 
Corporation, Shinjuku-ku, Japan
Yanagisawa, Takuma - Research and Development, MBL 
(Medical and Biological Laboratories) CO., LTD., Tsukuba-shi, 
Japan
Iso, Kazuhiro - Research and Development, MBL (Medical and 
Biological Laboratories) CO., LTD., Tsukuba-shi, Japan
Dokan, Junichi - Research and Development, MBL (Medical and 
Biological Laboratories) CO., LTD., Tsukuba-shi, Japan

Wnt has been widely used as an essential factor in human intesti-
nal organoids. Although recombinant Wnt3a is commonly utilized 
as Wnt source in organoid culture, a single Wnt3a protein is water 
insoluble and is not stable in culture medium. Recently, recombi-
nant Afamin/Wnt3a and Wnt Surrogate-Fc Fusion Protein were de-
veloped. These Wnt agonists are stable as a medium supplement 
and support long-term organoid proliferation. However, the infor-
mation about differences of the characteristic among organoids 
cultured with each Wnt is limited. We compared three different 
Wnts (Recombinant Afamin/Wnt3a, Wnt Surrogate, CHIR99021). 
Gene expression analysis showed that LGR5 stem cell gene ex-
pression of organoids cultured with Afamin/Wnt3a was higher 
than that of the other Wnts and increased two-five-fold compared 
to human small intestinal tissue. This organoid could be passaged 
for long-term as high LGR5+ stem cell enrichment organoids. In 
contrast, low LGR5+ intestinal organoids could be cultured in low 
concentrations of Afamin/Wnt3a. The expression of transporters 
and cytochrome P450-related genes in these organoids was 
maintained as much as human small intestinal tissue. CYP3A4 
activities of these cells also resembled that of human intestinal 
epithelial cells. Afamin/Wnt3a could support enriching LGR5+ 
stem cell. Furthermore, low LGR5+ intestinal organoids cultured 
in afamin/Wnt3a could be induced to functional enterocytes. It 
is indicated that intestinal organoid cultured with Afamin/Wnt3a 
could be a great tool for investigating and analyzing of stem cell 
and drug metabolism research.

Keywords: INTESTINAL ORGANOID, LGR5, CYP3A4
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FATE SPECIFICATION OF RARE CFTR HIGH 
EXPRESSER CELLS IN THE INTESTINE
Zagoren, Eleanor - Department of Genetics, Yale University, 
New Haven, CT, USA
Ameen, Nadia - Department of Pediatrics (Gastroenterology), 
Yale University, New Haven, CT, USA
Sumigray, Kaelyn - Genetics, Yale University, New Haven, CT, 
USA

Rare cell types have been traditionally difficult to study due to 
their low abundance and lack of markers to facilitate isolation and 
enrichment. We lack foundational knowledge about how rare cell 
types contribute to tissue function and how their unique function-
al roles are established through differentiation from progenitors. 
Here, we investigate a rare and distinct population of intestinal 
epithelial cells found in rats and humans, CFTR High Expressers 
(CHEs), which are characterized by the high expression of CFTR 
(cystic fibrosis transmembrane conductance regulator). However, 
the physiological function and cell fate lineage origin of CHE cells 
have yet to be established. In order to understand the function of 
CHE cells in intestinal physiology, we must first determine how 
CHE cells fit into the cell fate specification hierarchy in the intes-
tine. Here, we elucidate the fate specification of CHE cells in the 
small intestine using single-cell RNAseq and a novel rat intestinal 
organoid model. Our scRNAseq analysis has revealed a single 
CHE-specific transcription factor, Meis1, which may promote a 
unique CHE cell fate. Additionally, CHE cells express Prox1, similar 
to tuft cells and enteroendocrine cells. Our data support a model 
in which CHE cells, tuft cells, and enteroendocrine cells arise from 
a common progenitor. We demonstrate that CHE cell fate speci-
fication likely arises along the secretory lineage of intestinal epi-
thelial cells in a shared trajectory with the poorly understood pop-
ulation of rare chemosensory tuft cells. Yet, paradoxically for the 
secretory lineage, which has been thought to remain Notch “off”, 
CHEs specification requires active Notch signaling. This suggests 
that Notch signaling is re-activated along the secretory lineage 
to specify CHE cells. Incorporating CHE cells into a revised map 
of intestinal cell fate specification will shift our knowledge of how 
intestinal secondary fates are determined and shed insight into 
diverse secretory progenitor populations.

Funding Source: Charles H. Hood Foundation; Yale School of 
Medicine; Yale Training Program in Genetics

Keywords: cell fate, intestine, Notch signaling

195

MATERNAL 27-HYDROXYLASE ACTIVITY IS 
ESSENTIAL FOR FETAL LUNG DEVELOPMENT
Miharada, Kenichi - International Research Center for Medical 
Sciences, Kumamoto University, Kumamoto, Japan
Nakano, Satoshi - Division of Pediatrics, Juntendo University, 
Tokyo, Japan
Suzuki, Mitsuyoshi - Division of Pediatrics, Juntendo University, 
Tokyo, Japan
Miharada, Natsumi - International Research Center for Medical 
Sciences, Kumamoto University, Kumamoto, Japan
Takei, Hajime - Bile Acid Institute, Junshin Clinic, Tokyo, Japan
Müller, Catharina - Department of Experimental Medical 
Science, Lund University, Lund, Sweden
van der Garde, Mark - Department of Medicine III, Hematology 
and Oncology, Technical University of Munich, Germany
Prabhala, Pavan - Division of Molecular Medicine and Gene 
Therapy, Lund Stem Cell Center, Lund University, Lund, Sweden
Sigurdsson, Valgardur - Division of Molecular Medicine and 
Gene Therapy, Lund Stem Cell Center, Lund University, Lund, 
Sweden
Saito, Kiyoka - International Research Center for Medical 
Sciences, Kumamoto University, Kumamoto, Japan
Aerken, Maolake - International Research Center for Medical 
Sciences, Kumamoto University, Kumamoto, Japan
Koide, Shuhei - Division of Stem Cell and Molecular Medicine, 
Center for Stem Cell Biology and Regenerative Medicine, The 
Institute of Medical Science, The University of Tokyo, Japan
Westergren-Thorsson, Gunilla - Department of Experimental 
Medical Science, Lund University, Lund, Sweden
Magnusson, Mattias - Division of Molecular Medicine and Gene 
Therapy, Lund Stem Cell Center, Lund University, Lund, Sweden
Morimoto, Mitsuru - Center for Biosystems Dynamics Research, 
RIKEN, Kobe, Japan
Nittono, Hiroshi - Bile Acid Institute, Junshin Clinic, Tokyo, Japan

During pregnancy, the maternal body degrades toxic metabo-
lites on behalf of the developing fetuses, since an accumulation 
of such factors could critically interrupt the proliferation and dif-
ferentiation of tissue stem cells. However, what types of factors 
contribute to fetal-maternal crosstalk is still unclear. Here, we 
demonstrate that maternal 27-hydroxylase (Cyp27a1) activity is 
essential for fetal organ formation. Cyp27a1 is involved in various 
metabolic reactions, particularly in bile acid synthesis pathways. 
We discovered that depletion of Cyp27a1 in the mother resulted 
in a low pregnant rate and a smaller litter size. Survived newborn 
showed abnormalities in many organs, and all newborn mice died 
after birth due to respiratory distress syndrome (RDS) regardless 
of the newborn’s genotype. Histological analysis observed that 
alveolar structures were poorly developed in the lung of new-
born mice delivered from Cyp27a1-/- mothers (mKO fetuses). Im-
munostainings and single-cell RNA-sequencing (scRNA-seq) re-
vealed that E18.5 mKO embryos lack alveolar epithelial (AE) cells. 
scRNA-seq of E14.5 embryos found rather increased transcription 
levels of AE differentiation-related genes, e.g., Sftpc, and many 
ribosomal genes. GO analysis indicated that mKO fetuses have 
ribosomal defect signatures such as Diamond-Blackfan Anemia. 
Cyp27a1-/- mice are known for reduced bile acid pool and highly 
elevated levels of bile acid precursor, oxysterols. Notably, injec-
tion of one of the accumulating oxysterols, 7α-hydroxycholesterol 
(7α-HC), into wild-type pregnant mice led to the birth of newborn 
mice with RDS symptoms. Consistently, the addition of 7α-HC to 
the ex vivo whole organ culture of embryonic lung significantly 
reduced alveolar branching. An advanced proteomics technolo-
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gy discovered that 7α-HC selectively binds to and destabilizes a 
protein Fau, which regulates the assembly of ribosomal proteins. 
In fact, both knockdown of Fau using shRNA and the addition of 
7α-HC to the culture of murine lung cancer cell line (LLC) result-
ed in poor polysome formation, lower protein synthesis, and slow 
cycling. Our findings propose that the 27-hydroxylase activity is 
essential for fetal organ formation and maturation. It presumably 
correlates with some types of recurrent pregnancy loss and fetal 
growth retardation.

Funding Source: This work was supported by JSPS KAKENHI 
Grant Number JP20K23380 and AMED under Grant Number 
JP21gm6310030.

Keywords: Fetal-maternal crosstalk, Bile acid metabolism, Fetal 
growth retardation

197

IMPOSING GEOMETRIC CONFINEMENT ON 
ANTERIOR FOREGUT ENDODERM CELLS 
TO UNDERSTAND PRIMITIVE GUT TUBE 
DEVELOPMENT
Hansen, Corey - Genetics and Development, Columbia 
University, New York, NY, USA
Simunovic, Mijo - Chemical Engineering, Columbia University, 
New York, NY, USA

The anterior foregut endoderm (AFE) is derived from the primitive 
gut tube (PGT) and eventually gives rise to the epithelia of many 
visceral organs such as the thyroid, thymus, trachea, esophagus, 
and lungs. Groups have developed various protocols to achieve 
the progenitor cell types of these organs in order to develop or-
ganoids. However, hPSC-derived thyroid, thymus, and trachea 
organoids are yet to be seen. These progenitor cell types have 
been difficult to achieve, perhaps due to their anterior positioning 
and requiring a complex signaling hierarchy. Here we employ mi-
cropatterns as a method to geometrically confine AFE cells. This 
promotes a microenvironment for self-organization and establish-
es internal signaling gradients amongst the cells. By introducing 
combinations of morphogens at different timepoints, we have de-
veloped a way to better understand the developmental pathways 
of progenitor cell types that arise from the AFE.

Keywords: Definitive endoderm, Micropattern, Signaling 
hierarchy

199

DEFINING THE KEY ATTRIBUTES OF CANCER 
STEM CELLS IN HIGH-GRADE SEROUS OVARIAN 
CANCER
Jung, Yeonkyu - Biology, California State University, San 
Bernardino, CA, USA
Zecena, Daniel - Biology, California State University San 
Bernardino, CA, USA
Suzuki, Tise - Basic Sciences, Loma Linda University, Loma 
Linda, CA, USA
Keniston, Aaron - Biology, California State University San 
Bernardino, Loma Linda, CA, USA
Antonissen, Ashley - Biology, California State University, San 
Bernardino, CA, USA
Morcos, Ann - Basic Sciences, Loma Linda University, Loma 
Linda, CA, USA
Coats, Jaqueline - Cancer Center, Loma Linda University, Loma 
Linda, CA, USA
Bertucci, Antonella - Radiation Medicine, Loma Linda University 
School of Medicine, Loma Linda, CA, USA
Vazquez, Marcelo - Radiation Medicine, Loma Linda University 
School of Medicine, Loma Linda, CA, USA
Unternaehrer, Juli - Department of Gynecology and Obstetrics, 
Loma Linda University, Loma Linda, CA, USA

Ovarian cancer is the 7th most common cancer in women global-
ly. High-grade serous ovarian cancer (HGSOC) is a fatal gyneco-
logical cancer with a more than 80% recurrence rate for advanced 
cases within 24 months after treatment. Understanding the cause 
of cancer recurrence and optimizing therapy is highly vital. Can-
cer stem cells (CSCs) are a small subpopulation within the tumor 
that contribute to tumorigenesis, metastasis, chemo- and radio 
resistance, and pro-tumor immune phenotype. The present study 
utilized primary tumor, ascites, and chemo-resistant cells to ex-
amine stemness, epithelial-mesenchymal transition (EMT), and 
pro-tumor immunity. We hypothesize that in metastatic cells the 
proportion of CSCs will be higher, as observed by gene expres-
sion, mesenchymal traits, and stemness reporter expression. Our 
data indicate HGSOC ascites (metastatic) cells expressed higher 
levels of stemness-related genes, POU5F1 and SOX2, and an im-
mune checkpoint inhibitor gene, PD-L1, than primary tumor cells. 
We observed EMT transcription factor genes Zeb1, SNAIL, SLUG, 
and TWIST were expressed at higher levels in primary tumor 
cells, while Zeb2 was higher in ascites cells. All mentioned genes 
were expressed at the highest levels in cisplatin-resistant cells. 
Furthermore, we incorporated a SORE6-GFP reporter to identify 
the cell population expressing Sox2/Oct4 and a 3’ UTR-ZEB1-GFP 
reporter to detect the cell population with mesenchymal traits. To 
understand the role of CSCs in radiation, we transduced cancer 
cells with the reporters and then exposed them to 0, 1, 2, 4, and 
8Gy of 250 MeV proton and 6 MeV photon beams. We observed 
that cisplatin-resistant cells had the highest resistance to radi-
ation. We conclude that metastatic HGSOC cells exhibit higher 
levels of stemness, mesenchymal phenotype, and pro-tumor im-
munity genes. Studies to determine the role of these attributes in 
resistance to chemotherapy and radiation are ongoing.

Funding Source: California Institute for Regenerative Medicine

Keywords: Cancer Stem Cells, High-Grade Serous Ovarian 
Cancer, Epithelial-Mesenchymal Transition
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PRELIMINARY CHARACTERIZATION OF IPSCS 
DERIVED FROM THE BLACK-CAPPED CAPUCHIN 
MONKEY
Pessôa, Laís Vicari de Figueiredo - ZMV, University of São 
Paulo, Pirassununga/ Universidade de São Paulo, Brazil
Recchia, Kaiana - ZMV, Universidade de São Paulo, 
Pirassununga, Brazil
Godoy Pieri, Naira Caroline - ZMV, Universidade de São Paulo, 
Pirassununga, Brazil
Cardoso Aleixo, Lidiany - Instituto de Medicina Veterinária, 
Universidade Federal Do Pará, Castanhal, Brazil
Farhayldes Souza Domingues, Sheyla - Instituto de Medicina 
Veterinária, Universidade Federal Do Pará, Castanhal, Brazil
dos Santos Miranda, Moysés - Instituto de Medicina Veterinária, 
Universidade Federal Do Pará, Castanhal, Brazil
Freude, Kristine - Department for Veterinary and Animal 
Science, University of Copenhagen, Copenhagen, Denmark
Fernandes Bressan, Fabiana - ZMV, Universidade de São Paulo, 
Pirassununga, Brazil

The plasticity of pluripotent stem cells, reflected in the capacity to 
originate every cell type of an organism, is one of the reasons they 
are abundantly investigated to this date. Additionally, the pros-
pect of producing those cells from differentiated tissues, gained 
with the generation of the so-called “induced pluripotent stem 
cells (iPSCs)” opened countless possibilities for basic research, 
regenerative medicine, and cell therapy. Here, we aimed on the 
generation of iPSCs from the black-capped capuchin (Sapajus 
apella), a relevant non-human new world primate model. Capu-
chins are not only known for the usual physiological and anatomi-
cal similarities between human and non-human primates, but also 
for their high cognitive capacity, highlighting their relevance as 
a study models, especially for neurodevelopment, however, iP-
SCs from these models are still lacking and, to our knowledge, 
are unprecedented for the black-capped capuchin. In this study, 
fibroblasts isolated from vitrified skin biopsies were induced to 
pluripotency trough lentiviral reprogramming, using an excisable 
polycistronic vector containing human Oct4, Sox2, Klf4 and c-Myc 
factors. Colonies were first observed around 18 days after induc-
tion. Clonal colonies were first maintained in a feeder-dependent 
system, and later transferred onto a matrix (geltrex) based culture 
system, where cell lines were expanded and were partially char-
acterized. Reprogrammed cells were positive for alkaline phos-
phatase detection, as well as Oct4 and Sox2, detected through 
immunostaining. Colonies were also able to generate embryoid 
bodies and further analysis aiming on molecular and morphologi-
cal characterization are ongoing. We anticipate that the data gen-
erated in this study will contribute to the understanding of cellular 
reprogramming, pluripotency mechanisms and commitment, and 
in the future, can be used for studies in regard to differences and 
similarities between human and non-human primate models and 
also to generate specific cell lines.

Funding Source: FAPESP 2019/20527-0; FAPESP 2015/26818-5

Keywords: capuchin monkey, non-human primate, cellular 
reprogramming
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SINGLE-CELL ANALYSIS OF BIDIRECTIONAL 
REPROGRAMMING BETWEEN PLURIPOTENT 
EPIBLAST AND EXTRA-EMBRYONIC ENDODERM 
STATES REVEALS DIFFERENTIAL PLASTICITIES
Apostolou, Eftychia - Weill Cornell Medical College, New York, 
NY, USA
Garg, Vidur - Developmental Biology Program, Sloan Kettering 
Institute, Memorial Sloan Kettering Cancer Center, New York, 
NY, USA
Hadjantonakis, Anna-Katerina - Developmental Biology 
Program, Sloan Kettering Institute, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA
Murphy, Dylan - Joan & Sanford I. Weill Department of Medicine, 
Sandra and Edward Meyer Cancer Center, Weill Cornell 
Medicine, New York, NY, USA
Nowotschin, Sonja - Developmental Biology Program, Sloan 
Kettering Institute, Memorial Sloan Kettering Cancer Center, 
New York, NY, USA
Pe’er, Dana - Computational and Systems Biology Program, 
Howard Hughes Medical Institute, Sloan Kettering Institute, 
Memorial Sloan Kettering Cancer Center, New York, NY, USA
Polyzos, Alexander - Joan & Sanford I. Weill Department of 
Medicine, Sandra and Edward Meyer Cancer Center, J. Weill 
Cornell Medicine, New York, NY, USA
Salataj, Eralda - Joan & Sanford I. Weill Department of Medicine, 
Sandra and Edward Meyer Cancer Center, Weill Cornell 
Medicine, New York, NY, USA
Setty, Manu - Computational and Systems Biology Program, 
Sloan Kettering Institute, Memorial Sloan Kettering Cancer 
Center, New York, NY, USA
Sharma, Roshan - Computational and Systems Biology Program, 
Sloan Kettering Institute, Memorial Sloan Kettering Cancer 
Center, New York, NY, USA
Yang, Yang - Computational and Systems Biology Program, 
Sloan Kettering Institute, Memorial Sloan Kettering Cancer 
Center, New York, NY, USA

Two distinct cell fates, pluripotent epiblast (EPI) and primitive 
(extra-embryonic) endoderm (PrE), arise from common progeni-
tor cells, the inner cell mass (ICM), in the mammalian embryo. To 
study how these sister identities are forged, we leveraged embry-
onic (ES) and eXtraembryonic ENdoderm (XEN) stem cells – in vi-
tro counterparts of the EPI and PrE, respectively. Bidirectional re-
programming between ES and XEN coupled with single-cell RNA 
and ATAC-seq analyses uncovered distinct rates, efficiencies and 
trajectories of state conversions, identifying drivers and road-
blocks of reciprocal conversions. While GATA4-mediated ES-to-
iXEN conversion was rapid and nearly deterministic, OCT4, KLF4 
and SOX2-induced XEN-to-iPS reprogramming progresses with 
low efficiency and slow kinetics. A dominant PrE transcriptional 
program, safeguarded by Gata4, and globally elevated chroma-
tin accessibility of the EPI underscored the differential plastici-
ties of the two states. Mapping in vitro trajectories to the embryo 
revealed reprogramming in either direction tracked along, and 
toggled between, EPI and PrE in vivo states without transitioning 
through the ICM, suggesting bistability of these states. In con-
clusion, our studies clearly demonstrate the differential plasticity 



12

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 C
E

LL
u

L
A

R
 i

D
E

N
T

iT
Y

 (
C

i)
between ES and XEN cells and offer insights into the molecular 
basis of such differences.

Keywords: early blastocyst, reprogramming, single cell, epiblast, 
extra-embryonic endoderm, single-cell RNA-seq and scATAC-
seq
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HUMAN NAIVE PLURIPOTENT STEM CELLS ARE 
FUNCTIONAL BLASTOCYST-LIKE FORMING 
CELLS
Guo, Mingyue - CCLA, Guangzhou Laboratory, Guangzhou, 
China
Wu, Jinyi - School of Life Science, Guangzhou Medical 
University, Guangzhou, China
Gong, An - CCLA, Guangzhou Laboratory, Guangzhou, China
Wang, Xinggu - CCLA, Guangzhou Laboratory, Guangzhou, 
China
Guan, Wei - CCLA, Guangzhou Laboratory, Guangzhou, China
Chen, Chuanxin - CCLA, Guangzhou Laboratory, Guangzhou, 
China
Wang, Kexin - CCLA, Guangzhou Laboratory, Guangzhou, China
Min, Mingwei - CCLA, Guangzhou Laboratory, Guangzhou, 
China
Wang, Yixuan - School of Life Science, Tongji University, 
Shanghai, China
Gao, Shaorong - School of Life Science, Tongji University, 
Shanghai, China
Silva, Jose C. R. - CCLA, Guangzhou Laboratory, Guangzhou, 
China

Self-organized blastocyst-like structures (blastoids) from human 
naive pluripotent stem cells (hnPSCs) provide an alternative and 
robust platform to investigate the pre- and post-implantation de-
velopment of human early embryos in vitro. Various multi-step ap-
proaches have been established to generated human blastoids 
via inducing cell fate with specific factors at different stages. 
hnPSCs are postulated as being in a developmental continuum 
progressing towards embryo germ layer differentiation. However, 
the functional identity of hnPSCs is not well understood as they 
fail to respond to developmental cues. Here we report that robust 
self-renewing hnPSCs give rise to blastoids spontaneously, rap-
idly (within 3-4 days), and efficiently (>50%). In the poster we will 
communicate the mechanism underlying this process. Important-
ly, spontaneous blastoids model early stage human blastocysts in 
terms of structure, size and transcriptome characteristics. Further 
in vitro culture of spontaneous blastoids reaches a bipolar egg 
cylinder-like stage, morphologically and transcriptionally simulat-
ing human embryos at implantation. In conclusion, our study de-
fines hnPSCs as functional blastocyst-like forming cells. This not 
only changes our conceptual understanding of hnPSCs but also 
sets up a new platform to explore early human embryo develop-
ment in vitro.

Funding Source: This work is funded by the National Natural 
Science Foundation of China (32200586 to M.G.), and China 
Postdoctoral Science Foundation (2022M712208 to M.G.). The 
J.C.R.S. laboratory is supported by Guangzhou Laboratory.

Keywords: HUMAN NAIVE PLURIPOTENT STEM CELLS, 
BLASTOIDS, IN VITRO CULTURE
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MODULATION OF HDAC ACTIVITY DIRECTLY 
REPROGRAMMES EMBRYONIC STEM CELL TO 
TROPHOBLAST STEM CELL
Zhang, Man - Guangzhou Laboratory, Guangzhou, China
Huang, Boyan - Guangzhou Laboratory, Guangzhou, China
Hu, Jie - Guangzhou Laboratory, Guangzhou, China
Peng, Xing - Guangzhou Laboratory, Guangzhou, China
Zhai, Xuzhao - Guangzhou Laboratory, Guangzhou, China
Fan, Xiaoying - Guangzhou Laboratory, Guangzhou, China
Chambers, Ian - University of Edinburgh, UK

Human naïve embryonic stem cells (ESC) show unrestricted po-
tential to differentiate to trophoblast lineage. However, the epi-
genetic barrier between ESC and TSC in mouse is still largely 
unknow. Here, we show that mouse ESCs treated with sodium 
butyrate (NaB), an HDAC inhibitor can transdifferentiate into 
trophoblast stem cells (TSCs). Interestingly, although NaB treat-
ment greatly increase the 2C-like cell population, this ESC to TSC 
transition is a direct reprogramming event that does not require 
transition through a 2C-like state. Mechanistically, butyrate inhib-
its Class I histone deacetylases activities in LSD1-HDAC1/2 core-
pressor complex, increasing acetylation levels in the regulatory 
regions and the mRNA expression level of abundant of TSC spe-
cific genes. Importantly, butyrate treated cells acquire the capaci-
ty to generate blastocyst-like structures that can develop beyond 
the implantation stage in vitro and induce decidualization in vivo. 
These results uncover how epigenetics restrict the trophecto-
derm fate in mouse ESCs.

Keywords: Transdifferentiation, Trophoblast stem cells, HDAC
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A NEW REGULATORS PARTICIPATES IN 
PRIMORDIAL GERM CELLS SPECIFICATION
Xie, Yilin - Animal Science, Michigan State University, East 
Lansing, MI, USA
Wang, Yuan - Animal Science, Michigan State University, East 
Lansing, MI, USA

Germ cells are the carriers to pass genetic information between 
generations. Primordial germ cells (PGCs) are the first germ cell 
population established during development and are the common 
precursor for both oocytes and spermatogonia. It is essential to 
understand how PGCs acquire germ cell specific program and 
segregate from somatic fate at the embryonic stage. Although a 
few key transcription factors and signaling molecules (i.e., BMP4 
and WNT ) have been identified to play crucial roles in this pro-
cess, the broader gene-regulatory network that controls PGC on-
togeny remains unknown – feasibility limited by the low numbers 
of nascent PGCs and inefficient approaches to identify and func-
tionally evaluate candidate regulators at large scales. A recently 
developed platform enables the generation of a large quantity of 
PGC-like cells (PGCLCs) from pluripotent stem cells (PSCs), and 
thus greatly facilitates molecular studies of germ cell specifica-
tion. In addition, genome-wide screenings with CRISPR-based 
gene editing technologies have led to many discoveries but yet 
to be widely used for studying germ cell development. By using 
these platforms, our initial genome-wide screenings have iden-
tified more than putative regulators which include known PGC 
specifiers. We confirmed that many of top putative activators 
were highly expressed in PGCs, and some upregulated PGCLC 
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formation form PSCs when their expressions were enforced. In 
summary, our data unveil a broader regulatory network that con-
trols PGC specification from pluripotent state.

Funding Source: This work was supported by NSF CAREER 
award (IOS2042908) and MSU startup fund to Dr. Yuan Wang.

Keywords: Primordial Germ Cells, CRISPR-based Gene Editing 
Technologies, Putative Regulators
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YAP1 KNOCKOUT IMPAIRED HUMAN 
PRIMORDIAL GERM CELL INDUCTION FROM 
HUMAN EXPANDED POTENTIAL STEM CELLS
Wu, Genie Min-Ju - Department of Obstetrics and Gynaecology, 
Li Ka Shing Faculty of Medicine, The University of Hong Kong, 
Hong Kong
Chen, Andy Chun Hang - Department of Obstetrics and 
Gynaecology, Li Ka Shing Faculty of Medicine, The University of 
Hong Kong, Hong Kong
Fong, Sze Wan - Department of Obstetrics and Gynaecology, 
Li Ka Shing Faculty of Medicine, The University of Hong Kong, 
Hong Kong
Yeung, William Shu Biu - Shenzhen Key Laboratory of Fertility 
Regulation, Reproductive Medicine Center, The University of 
Hong Kong - Shenzhen Hospital, Shenzhen, China
Li, Raymond Hang Wun - Department of Obstetrics and 
Gynaecology, Li Ka Shing Faculty of Medicine, The University of 
Hong Kong, Hong Kong
Liu, Kui - Department of Obstetrics and Gynaecology, Li Ka 
Shing Faculty of Medicine, The University of Hong Kong, Hong 
Kong
Lee, Yin Lau - Department of Obstetrics and Gynaecology, Li Ka 
Shing Faculty of Medicine, The University of Hong Kong, Hong 
Kong

The Hippo signaling pathway is critical for stem cell self-renew-
al and differentiation during embryogenesis. The expression of 
YAP1, one of the Hippo pathway genes, is initiated in the outer 
cells of human morula. YAP1 is an essential modulator for first-lin-
eage segregation. Previous studies reported that Yap1 modulates 
differentiation of mouse primordial germ cells (PGC) in vitro. The 
germline competence is compromised in Yap1-null mouse epi-
blast stem cells due to the reduced response to Wnt pathway, 
a critical pathway for mouse epiblast- PGC transition. However, 
the role of YAP1 in human germ cell lineage development is not 
fully elucidated. To address this question, we first re-analyzed the 
published dataset of human fetal PGC development. Interesting-
ly, expression of YAP1 was detected from mitotic to meiotic stag-
es of human PGC. We then utilized our novel human expanded 
potential stem cells derived from human embryos (hEPSC-em) 
as an in-vitro model for studying the role of YAP1 in early PGC 
development. Following the published protocol, hEPSC-em were 
first differentiated into pre-mesendoderm (pre-ME) stage, fol-
lowed by 6 days differentiation of PGC-like cell (PGCLC). Gene 
expression analyses revealed significant induction of markers 
of pre-ME (Emoes, Mixl1) and PGCLC (Sox17, Nanos3, Tfap2c) at 
their respective stages, showing the efficient induction of germ 
cell lineage from hEPSC-em. In addition, decreased Dnmt3b and 
enhanced Tet2 expression were found during PGCLC differen-
tiation, which was concordant with the reported global DNA de-
methylation. YAP1-knockout hEPSC-em generated by CRISPR/
Cas9 approach was further used to confirm the role of YAP1 in 
PGC development. Our results showed that YAP1 depletion led to 

retention of markers of pre-ME but reduced expressions of germ-
cell related markers during PGCLC differentiation. On the other 
hand, the expressions of DNA methylation-related genes were 
unaffected upon YAP1 knockout. Our findings demonstrated the 
importance of YAP1 during early PGC development in human.

Funding Source: National Key Research and Development 
Program of China (2022YFC2702503), Shenzhen Science and 
Technology Program (KQTD20190929172749226)

Keywords: Hippo pathway, Primordial germ cell, Expanded 
potential stem cell
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INVESTIGATING THE ROLE OF NANOG IN 
HUMAN PRE-IMPLANTATION DEVELOPMENT
Bower, Oliver - Human Embryo and Stem Cell Laboratory, 
Francis Crick Institute, London, UK
McCarthy, Afshan - Human Embryo and Stem Cell Laboratory, 
Francis Crick Institute, London, UK
Niakan, Kathy - Department of Physiology, Development and 
Neuroscience, University of Cambridge, UK

While molecular mechanisms that regulate epiblast and embry-
onic stem cells (ESC) pluripotency in the mouse have been char-
acterised, this feature is poorly understood in the human. A role 
for the transcription factor NANOG has been demonstrated in the 
mouse, showing NANOG is necessary to specify the pluripotent 
epiblast that allows subsequent mESC generation. We have re-
cently developed methods to understand gene function in human 
embryos using CRISPR/Cas9 genome editing. This project aims 
to characterise the NANOG- null mutant phenotype in human 
embryos using CRISPR/Cas9 genome editing. We hypothesize 
that NANOG functions to regulate the human pluripotent epiblast 
based on detailed protein expression characterisation indicat-
ing that this protein distinguishes the nascent human epiblast. 
Using MiSeq next generation sequencing, we have developed 
a screening pipeline to assay sgRNA efficiency in a quantitative 
manner in hESCs and identified several highly efficacious sgRNAs 
leading to NANOG null mutations. Using a novel electroporation 
pipeline, we targeted the NANOG locus and demonstrated that 
NANOG-null mutant mouse embryos recapitulate the previously 
published NANOG-null phenotype. Compared to zygote micro-
injection, we provide quantitative evidence that electroporation 
is a viable and efficacious method of delivering CRISPR-Cas9 to 
mouse embryos. We are now investigating the functional role 
of NANOG directly in human embryos and in human pluripotent 
stem cells. We will use marker expression, stem cell derivation 
and multi-omics to characterise the effect of NANOG loss on the 
three populations of the pre-implantation human blastocyst: the 
trophectoderm, epiblast and primitive endoderm. Understanding 
the role of NANOG in human embryos will provide crucial insights 
into human epiblast specification, the pluripotency gene regula-
tory network and the consequences of human zygote genome 
editing.

Funding Source: Work in the laboratory of KKN was supported 
by the Wellcome Trust (221856/Z/20/Z) and by the Francis Crick 
Institute, which receives core funding from Cancer Research 
UK, the UK Medical Research Council and the Wellcome Trust 
(CC2074).

Keywords: Embryology, Genome editing, Developmental 
genetics
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THE ROLE OF LET-7 IN HUMAN TROPHOBLAST 
DIFFERENTIATION
Chen, Andy Chun Hang - Obstetrics and Gynaecology, The 
University of Hong Kong, Hong Kong
Fong, Sze Wan - Obstetrics and Gynaecology, The University of 
Hong Kong, Hong Kong
Lee, Yin Lau - Obstetrics and Gynaecology, The University of 
Hong Kong, Hong Kong
Yeung, William Shu Biu - Obstetrics and Gynaecology, The 
University of Hong Kong, Hong Kong

First lineage segregation involves the formation of inner cell mass 
and trophectoderm. This process is crucial for proper embryo de-
velopment and subsequent implantation. Because of the scarcity 
of human embryos for research, our current knowledge on the 
molecular events in lineage segregation mainly relies on mouse 
models. Our previous studies demonstrated the importance of 
a family of microRNA lethal-7 (let-7) in early mouse embryo de-
velopment. We found over-expression of let-7 during cleavage 
stage led to lower blastocyst formation rate and embryo dorman-
cy. More importantly, let-7 targeted and downregulated Tead4, 
an important trophectoderm marker. We hypothesize in this study 
that let-7 has a conserved role for modulating trophectoderm de-
velopment in humans and mice. Here we utilized a novel human 
expanded potential stem cell derived from human embryos (hEP-
SC-em) as an in-vitro model for study. hEPSC-em was differen-
tiated efficiently into early trophoblast lineage by administration 
of BMP4, A83-01 and PD173074 in the form of embryoid bodies 
(BAP-EB). Similar to the primed hESC, BAP-EB from hEPSC-em 
showed cystic structure at 48H post-differentiation with size and 
morphology reminiscent of human blastocysts. Moreover, sin-
gle-cell RNA sequencing data revealed that the BAP-EB formed 
from hEPSC-em had high expressions of early trophoblast mark-
ers (CDX2, GATA2 and GATA3). We detected that the expression 
of let-7 was significantly downregulated during BAP-EB forma-
tion. More importantly, forced expression of let-7 mimic signifi-
cantly hindered the cystic structure formation of BAP-EB at 48H 
post-differentiation. We sought to identify the downstream target 
of let-7 during human early trophoblast development. In-silico 
analysis predicted YAP1, an important human trophectoderm 
effector, was downstream target of let-7. We further confirmed 
the downregulation of YAP1 protein upon let-7 overexpression in 
BAP-EB. Our results suggested that let-7 has a conserved role in 
regulating human and mouse trophectoderm and early tropho-
blast differentiation.

Funding Source: National Key Research and Development 
Program of China (2022YFC2702503), Shenzhen Science and 
Technology Program (KQTD20190929172749226), Health@
InnoHK from Innovation and Technology Commission.

Keywords: let-7, Trophectoderm, Human expanded potential 
stem cells
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REPROGRAMMING TOWARDS MULTIPOTENT, 
PLURIPOTENT AND EXPANDED POTENTIAL 
STEM CELLS WITH RE-ENGINEERED SOX17
Jauch, Ralf - School of Biomedical Sciences, The University of 
Hong Kong, Hong Kong
Hu, Haoqing - School of Biomedical Sciences, The University of 
Hong Kong, Hong Kong
Ho, Sik Yin - School of Biomedical Sciences, The University of 
Hong Kong, Hong Kong
Ho, Hoi Hang - School of Biomedical Sciences, The University of 
Hong Kong, Hong Kong
Tan, Daisylyn Senna - School of Biomedical Sciences, The 
University of Hong Kong, Hong Kong
Weng, Mingxi - School of Biomedical Sciences, The University of 
Hong Kong, Hong Kong

Homologues of SOX2 (SoxB group) and SOX17 (SoxF group) are 
found across multicellular animals. What sets SOX2 and SOX17 
apart in mammals, is their ability to partner with OCT4 or other 
POU family factors on distinctive composite DNA elements. The 
selective dimerization on DNA leads to maintenance of stemness 
(SOX2) or to specify the germline (SOX17). The partnership with 
OCT4 is directed by a single amino acid which is conserved in all 
animals as a lysine in SoxB and a glutamate in SoxF. Mutating this 
amino acid turns SOX17 into an enhanced ‘super SOX2’ termed 
eSOX17 that accelerates pluripotency induction in mouse and hu-
man. eSOX17 permits the direct conversion of somatic cells into 
naïve and expanded potential stem cells. As part of two factor 
cocktails, eSOX17 directly transdifferentiates somatic cells from 
mouse or human into induced neural stem cells without detour to 
pluripotency and without the complete epigenetic reset associat-
ed with pluripotency induction. We will discuss how the cooper-
ativity with POU factors, protein interaction networks, binding to 
nucleosome core particles, regulation of chromatin accessibility, 
formation of molecular condensates and chromatin scanning de-
termines the outperformance of eSOX17 over SOX2 in stem cell 
generation and maintenance. eSOX17 could permit reprogram-
ming of challenging tissues and species, advance reprogram-
ming towards stem cells with features of totipotency and enable 
the decoupling of reprogramming from rejuvenation for studies 
on age-associated diseases and age reversal.

Keywords: Direct reprogramming, Naive pluripotency, Neural 
stem cells
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UNDERSTANDING THE ROLE OF TP53 IN 
THE MALIGNANT BEHAVIOR OF HUMAN 
PLURIPOTENT STEM CELLS
Montilla Rojo, Joaquin - Anatomy and Physiology, Utrecht 
University, Utrecht, Netherlands
Timmerman, Dennis - Looijenga Group, Prinses Maxima 
Centrum voor kinderoncologie, Utrecht, Netherlands
Gillis, Ad - Looijenga Group, Prinses Maxima Centrum voor 
kinderoncologie, Utrecht, Netherlands
Eleveld, Thomas - Looijenga Group, Prinses Maxima Centrum 
voor kinderoncologie, Utrecht, Netherlands
Roelen, Bernard - Anatomy and Physiology, Salvatori Group, 
Utrecht University, Utrecht, Netherlands
Looijenga, Leendert - Looijenga Group, Prinses Maxima 
Centrum voor kinderoncologie, Utrecht, Netherlands
Salvatori, Daniela - Anatomy and Physiology, Salvatori Group, 
Utrecht University, Utrecht, Netherlands

The malignant potential of human pluripotent stem cells (PSC) 
is not fully understood and its evaluation currently relies solely 
on the assessment of the cells’ behavior in vivo upon their en-
graftment into mouse models (teratoma assay). In vitro however, 
long-term culture of PSCs can lead to (epi)genetic drift, potentially 
activating processes that resemble malignant transformation as 
an adaptive mechanism to the culture conditions. Here we inves-
tigated the relevance of TP53, a key gene regulating cell cycle 
control and (epi)genetic stability and found mutated in various 
PSC lines. With this goal, TP53 knockout cell lines were generat-
ed through CRISPR-Cas9 technology of representatives of an em-
bryonic (H9) and an induced (Lu07) PSC line. We demonstrate that 
despite the loss of TP53 expression and related depletion of P21 
expression (mRNA & protein), the knockout lines did not show an 
increased expression of the pluripotency and malignancy-asso-
ciated miRNA-371 and miRNA-373. Similarly, we did not observe 
changes in the expression levels of pluripotency markers both 
through qPCR (OCT4, SOX2) and flow cytometric analysis (OCT4, 
SSEA3, TRA-1-60, NANOG). Additionally, TP53 knockout cell lines 
displayed proliferation rates similar to those of their isogenic wild-
type counterparts, despite showing a greater colony formation 
capacity. We also explored the effect of the depletion of TP53 
to cisplatin exposure, a DNA-damaging agent commonly and 
successfully used in clinics for the treatment of malignant germ 
cell tumors, showing partial similarities to PSC-derived (in vivo) 
tumors. We observed that removal of TP53 led to increase of cis-
platin resistance of PSC lines, similar to clinical observations in 
malignant germ cell tumors. Overall, this study shows that TP53 
mutations in PSCs in vitro can lead to a greater resilience of the 
cells, while not necessarily triggering their oncogenic transforma-
tion, supporting the potential value of studying PSCs in the con-
text of pathogenesis and clinical handling of malignant germ cell 
tumors and vice versa.

Keywords: Human Pluripotent Stem Cell, Malignancy, TP53
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3D ECM-RICH ENVIRONMENT SUSTAINS 
SINGLE HUMAN NAÏVE IPSCS TOWARD THE 
GENERATION OF REGION-SPECIFIC NEURAL 
ORGANOIDS
Cesare, Elisa - University of Padova, Italy
Stuart, Hannah - The Francis Crick Institute, London, UK
Urciuolo, Anna - University of Padova, Italy
Laterza, Cecilia - University of Padova, Italy
D’ and Ercole, Martina - University of Padova, Italy
Angiolillo, Silvia - University of Padova, Italy
Gagliano, Onelia - University of Padova, Italy
Briscoe, James - The Francis Crick Institute, London, UK
Tanaka, Elly - Research Institute of Molecular Pathology, Vienna 
Biocenter, Vienna, Austria
Elvassore, Nicola - University of Padova, Italy

The establishment of in vitro naïve human pluripotent stem cell 
cultures opened new perspectives for the study of early events 
in human development. The role of several transcription factors 
and signalling pathways have been characterized during main-
tenance of human naïve pluripotency. However, little is known 
about the role exerted by the extracellular matrix (ECM) and its 
three-dimensional (3D) organization. Here, using an unbiased 
and integrated approach combining microfluidic cultures with 
transcriptional, proteomic and secretome analyses, we found that 
naïve hiPSC colonies are characterized by a self-organized ECM-
rich microenvironment. Based on this, we developed a 3D culture 
system that supports robust long-term feeder-free self-renewal 
of naïve hiPSCs and allows direct and timely developmental mor-
phogenesis simply by modulating the signalling environment. 
Naïve hPSCs have the potential to differentiate into all embryonic 
and extra-embryonic lineages and are defined as an epigenetic 
“tabula rasa”, since their DNA is broadly demethylated. Primed 
hiPSCs, instead, have been demonstrated to be hypermethylated 
and to possess heterogeneity in differentiation potential. Thus, 
we speculated we could recapitulate human early neurulation 
starting from the pre-implantation stage of pluripotency. Here, we 
adapted differentiation protocols to our 3D culture system to ob-
tain neural organoids of different anteroposterior identities from 
naïve hiPSCs. We obtained 3D neuroepithelial cysts that we fur-
ther differentiated into brain cortical organoids. By adding WNT 
activation we also differentiated naïve hiPSCs into neuromeso-
dermal progenitors, from which cells of the developing spinal cord 
can be derived. Our study shows that naïve hiPSCs allow to study 
critical stages of human early development in 3D starting from a 
single cell. The clonal nature of our system may permit the study 
of tissue patterning unconfounded by pre-existing heterogene-
ity. Starting from the naïve state we may also access earlier state 
transitions and molecular processes relevant for healthy human 
embryogenesis or for the pathophysiology of epigenetic-related 
diseases, including Fragile X syndrome, that can’t be studied in 
primed-derived models.

Keywords: Naïve pluripotency, Neural organoids, 3D 
morphogenesis
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THE TRANSCRIPTION FACTOR DUXBL IS 
REQUIRED FOR SUPPRESSION OF ZGA AND 
TOTIPOTENCY EXIT
Luettmann, Felipe - Johnny Kim - Independent Research 
Group, Max Planck Institute for Heart and Lung Research, Bad 
Nauheim, Germany
Vega-Sendino, Maria - Laboratory of Genome Integrity, National 
Institutes of Health, Bethesda, MD, USA
Olbrich, Teresa - Laboratory of Genome Integrity, National 
Institutes of Health, Bethesda, MD, USA
Chen, Yanpu - Johnny Kim - Independent Research Group, Max 
Planck Institute for Heart and Lung Research, Bad Nauheim, 
Germany
Kuenne, Carsten - Bioinformatics Core Unit (BCU), Max Planck 
Institute for Heart and Lung Research, Bad Nauheim, Germany
Stein, Paula - Reproductive and Developmental Biology 
Laboratory, National Institutes of Health, Research Triangle 
Park, NC, USA
Tillo, Desiree - Genetics Branch, National Institutes of Health, 
Bethesda, MD, USA
Carey, Grace - Laboratory of Genome Integrity, National 
Institutes of Health, Bethesda, MD, USA
Zhong, Jiasheng - Brain Mosaicism and Tumorigenesis, German 
Cancer Research Center, Heidelberg, Germany
Savy, Virgina - Reproductive and Developmental Biology 
Laboratory, National Institutes of Health, Research Triangle 
Park, NC, USA
Lu, Tianlin - Johnny Kim - Independent Research Group, Max 
Planck Institute for Heart and Lung Research, Bad Nauheim, 
Germany
Saykali, Bechara - Laboratory of Genome Integrity, National 
Institutes of Health, Bethesda, MD, USA
Kim, Kee-Pyo - Department of Medical Life Sciences, The 
Catholic University of Korea, Seoul, Korea
Domingo, Catherine - Laboratory of Genome Integrity, National 
Institutes of Health, Bethesda, MD, USA
Schüler, Leah - Klinik für Kinder- und Jugendmedizin, Goethe 
University Frankfurt, Germany
Günther, Stefan - Deep Sequencing Platform, Max Planck 
Institute for Heart and Lung Research, Bad Nauheim, Germany
Bentsen, Mette - Bioinformatics Core Unit (BCU), Max Planck 
Institute for Heart and Lung Research, Bad Nauheim, Germany
Schöler, Hans - MPG White Paper Emeritus Group, Max Planck 
Institute for Molecular Biomedicine, Münster, Germany
Maity, Tapan - Laboratory of Cell Biology, National Institutes of 
Health, Bethesda, MD, USA
Jenkins, Lisa - Laboratory of Cell Biology, National Institutes of 
Health, Bethesda, MD, USA
Williams, Carmen - Reproductive and Developmental Biology 
Laboratory, National Institutes of Health, Research Triangle 
Park, NC, USA
Looso, Mario - Bioinformatics Core Unit (BCU), Max Planck 
Institute for Heart and Lung Research, Bad Nauheim, Germany
Ruiz, Sergio - Laboratory of Genome Integrity, National Institutes 
of Health, Bethesda, MD, USA
Kim, Johnny - Center for Cardiovascular Immunology and 
Regeneration, Institute of Translational Oncology, Mainz, 
Germany

In mammalian embryos, DUX transcription factors drive a cleav-
age stage-specific transcriptional burst associated with zygotic 
genome activation (ZGA) during which hundreds of genes and 

endogenous retroviral elements are transiently expressed. In 
mice, ZGA sparks in late 1-cell embryos and its shutdown begins 
immediately after the mid 2-cell (2C) stage. While this transition is 
accompanied by loss of totipotency, it remains elusive how the 
toti- to pluripotent transcriptional switch is regulated. Here, we 
reveal an essential negative feedback loop by which the DUX 
family member Duxbl suppresses ZGA from the mid 2C stage 
onward. Consequently, genetic depletion of Duxbl results in sus-
tained expression of ZGA genes, leading to a 4-cell stage arrest. 
Mechanistically, Duxbl binds Dux-occupied regulatory sites, and 
thereby counteracts Dux-mediated transcription in an embryonic 
stem cell based model. Our study reveals that Duxbl orchestrates 
totipotency exit, enabling the first divergence of cell fates.

Keywords: Zygotic genome activation, Totipotency, DUX factors
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HETEROGENEITY IN THE TIMING OF EMBRYO 
POLARIZATION BIASES LINEAGE SPECIFICATION 
IN THE MOUSE
Lamba, Adiyant - Department of Physiology, Development and 
Neuroscience, University of Cambridge, UK
Zhu, Meng - Department of Genetics, Blavatnik Institute, 
Harvard Medical School, Boston, MA, USA
Meglicki, Maciej - Department of Physiology, Development and 
Neuroscience, University of Cambridge, UK
Zernicka-Goetz, Magdalena - Division of Biology and Biological 
Engineering, California Institute of Technology, Pasadena, CA, 
USA

The first allocation of lineages in the mouse embryo separates 
an embryonic inner cell mass lineage from an extra-embryonic 
trophectoderm lineage. Segregation of these lineages is clas-
sically attributed to polarization of all blastomeres at the 8-cell 
stage - the process by which each cell gains an apical domain - as 
well as the subsequent cell divisions, in which the apical domain 
is differentially inherited. After division, those cells which remain 
polarized are specified as trophectoderm, whilst apolar cells are 
specified as inner cell mass. Recent evidence has shown that het-
erogeneities between blastomeres at the 4-cell stage also bias 
first lineage allocation, but the molecular and cellular mechanisms 
linking polarization and early heterogeneity have remained un-
clear. Here, we show that heterogeneity in the timing of polariza-
tion exists at the 8-cell stage, with a proportion of cells polarizing 
early, before compaction of the embryo, which is when cell-cell 
contacts increase and blastomere membranes flatten against one 
another. These ‘early polarizing’ cells have been shown to follow 
the canonical polarization pathway and display known markers 
of polarization, such as an apical accumulation of Par6, Ezrin and 
F-Actin, although they have distinct cellular properties such as a 
shorter apical-nucleus distance. Importantly, lineage tracing has 
shown that early polarizing cells are biased towards trophecto-
derm fate. This is consistent with the fact that early polarizing cells 
have a wider geometry and higher expression of the trophecto-
derm fate specifier Cdx2 at the end of the 8-cell stage. Moreover, 
inhibition of the arginine methyltransferase Carm1, whose hetero-
geneous activity at the 4-cell stage influences cell fate, increas-
es the frequency of early polarization, as does overexpression 
of its downstream substrate BAF155. Overall, our study provides 
the first characterization of heterogeneity in timing of blastomere 
polarization in the mouse embryo. We demonstrate how polariza-
tion timing can be altered by early molecular heterogeneities to 
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influence cell fate, unifying previously separate models of the first 
lineage allocation.

Funding Source: Wellcome Trust (098287/Z/12/Z); Leverhulme 
Trust (RPG- 2018-085); NIH R01 (HD100456-01A1); Medical 
Research Council; Cambridge Vice Chancellor’s Award Fund.

Keywords: apical-basal polarity, lineage specification, mouse 
embryo development
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DISSECTING THE ROLES OF TFS IN EARLY 
DEVELOPMENT USING CRISPR ACTIVATION AND 
MULTI-OMIC READOUT
Terry, Brendan - Epigenetics, Babraham Institute, Cambridge, 
UK
Andrews, Simon - Bioinformatics, Babraham Institute, 
Cambridge, UK
Parry, Aled - Epigenetics, Babraham Institute, Cambridge, UK
Clark, Stephen - Cambridge Institute, Altos Labs, Great 
Abington, UK
Argelaguet, Ricard - Cambridge Institute, Altos Labs, Great 
Abington, UK
Reik, Wolf - Cambridge Institute, Altos Labs, Great Abington, UK

Early organogenesis involves a rapid diversification of cell tran-
scriptional programs mediated by time- and space-specific acti-
vation of transcription factors (TFs) in the embryo. A widely held 
model in the field of transcriptional regulation argues that co-acti-
vation of specific combinations of TFs can interconvert cell types. 
In pluripotent cells, activation of individual “master regulator” TFs 
such as FOXA1 frequently leads to robust differentiation along the 
lineage in which the TF is specifically expressed in vivo. However, 
there are many lineages without defined master regulators. Our 
group recently generated a paired scRNA-seq and scATAC-seq 
(10x Multiome) atlas of mouse embryos from late gastrulation and 
early organogenesis between Embryonic day (E)7.5 and 8.75. 
A computational approach called in silico ChIP-seq was devel-
oped to assign putative cell-specific regulatory roles to TFs. Here, 
this method was applied to determine a list of candidate master 
regulator TFs during mouse early organogenesis. CRISPR single 
guide RNAs (sgRNAs) targeting five putative master regulators 
were pooled in a CRISPR-activation screen in pluripotent serum/
LIF mouse embryonic stem cells with a 10x Multiome readout. 
Development of a novel bioinformatic analysis for guide ampli-
con sequencing libraries allowed sgRNA assignment to individual 
nuclei. Nuclei were then grouped by sgRNA before further anal-
ysis. Most strikingly, differential gene expression analysis demon-
strates activation of lineage-specific transcriptional sub-programs 
together with lineage specific chromatin changes by correspond-
ing master regulators. These experimental and analysis ap-
proaches demonstrate feasibility of sgRNA assignment from nu-
clear guide amplicon libraries, identification of transcriptome- and 
chromatin-based gene regulatory networks of master regulators, 
and are scalable to studying hundreds of TFs at once.

Funding Source: European Research Council Gates Cambridge 
Trust

Keywords: CRISPR activation, transcription factor, 
organogenesis
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UNCOVERING THE PRIMORDIAL GERM CELL 
TRANSCRIPTIONAL PROGRAM
Grill, Sherilyn A. - Lehmann Lab, Whitehead Institute for 
Biomedical Research, Cambridge, MA, USA
Barrassa, Inma - Bioinformatics and Research Computing, 
Whitehead Instititue, Cambridge, MA, USA
Tsai, Anais - Lehmann Lab, Whitehead Institute, Cambridge, MA, 
USA
Lehmann, Ruth - Lehmann Lab, Whitehead Institute, Cambridge, 
MA, USA

Germ cells contain the extraordinary potential to generate every 
cell in the body. This totipotent potential is established in the ger-
mline at the earliest stages of development and must be main-
tained for the duration of an individual’s reproductive lifespan, a 
task that can last many decades in humans. To overcome this 
challenge, germline regulators activate the germline transcrip-
tional program while simultaneously protecting germ cells from 
reprogramming to a somatic cell fate. In the dynamic embryo, a 
specific program for germ cell transcriptional activation has yet to 
be described, largely because a ‘master-regulator transcription 
factor’ for germ cell fate has not been identified. Here we dis-
cover the dynamics of germline gene activation during embryo-
genesis by identifying six specific, temporally regulated waves 
of transcriptional activation that define the PGC transcriptional 
program using single-cell RNA sequencing. Interestingly, two of 
these PGC transcriptional profiles include transient, zygotically 
transcribed RNAs that are known to be expressed early in the 
embryonic soma. We have identified the pioneer factor Zelda as 
a potential activator of this transcription and are currently prob-
ing how loss of Zelda in PGCs impacts germ cell development. 
Using tissue-specific interference, we are distinguishing between 
cell-intrinsic and non-autonomous signaling mechanisms regu-
lating the PGC transcriptional program. To identify transcription 
factors that activate each of these transcriptional profiles, we per-
formed ATAC-seq with footprinting analysis on isolated PGCs. In 
addition to known transcription factors, we have identified novel 
cis-acting sequences that are enriched in the open chromatin of 
PGCs that may regulate germ cell transcription. We are current-
ly working to identify trans-acting factors that interact with these 
novel sequences to uncover if their activity is sufficient to activate 
germline transcription. Together, our analyses have generated 
a quantitative view of the transcriptional transitions that occur 
during PGC development. Now, with a better understanding of 
the transcriptional landscape of PGCs, we are beginning to un-
cover the specific transcription factors that activate the germline 
genetic program.

Keywords: Germline, Primordial germ cell identity, 
Transcriptional regulation
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HUMAN AND MOUSE EMBRYONIC GENOME 
ACTIVATION INITIATES AT THE ONE-CELL STAGE
Asami, Maki - Department of Life Science, University of Bath, 
UK
Lam, Brian - Medical Research Council (MRC) Metabolic 
Diseases Unit, University of Cambridge, UK
VerMilyea, Matthew - Embryology and Andrology Laboratories, 
Ovation Fertility Austin, TX, USA
Klein, Christoph - Experimental Medicine and Therapy Research, 
University of Regensburg, Germany
Yeo, Giles - Medical Research Council (MRC) Metabolic 
Diseases Unit, University of Cambridge, UK
Perry, Anthony - Department of Life Science, University of Bath, 
UK

In fertilization, the gametes, sperm and oocyte, combine to pro-
duce a totipotent one-cell embryo. At this point, their genomes 
are transcriptionally silent, so they must be activated in the new 
embryo, a process termed embryonic genome activation (EGA). 
EGA is a critical developmental event, yet its timing and profile re-
main elusive in both human and mouse. The prevailing view is that 
EGA occurs by the eight-cell stage in human embryos, and the 
two-cell stage in mouse embryos. However, this reflects technical 
constraints, including transcript signal smoothing and low signal-
to-noise ratios, as well as lack of synchronous embryos or, in hu-
man, restrictions on sample availability. These proposed timings 
leave multiple issues unresolved. We here address these limita-
tions via high resolution single-cell RNA sequencing (scRNA-seq) 
following polyadenylation-independent library preparation. In the 
case of mouse, we constructed libraries of precisely-synchronous 
one-cell embryos produced by precisely coordinated sperm in-
jection. Human healthy bipronuclear (2PN) one-cell embryos 
were subjected to analogous scRNA-seq. This strategy over-
came resolution limitations and unveiled previously inaccessible 
gene expression changes in one-cell embryos. Results showed 
that human gene expression initiates at the one-cell stage and is 
disrupted in morphologically abnormal (1PN and 3PN) embryos. 
The mouse transcriptome profile revealed analogously low-am-
plitude gene expression that initiated as a program within four 
hours of sperm-egg union. We refer to the first 12 hours of gene 
expression as immediate EGA, iEGA. In both human and mouse, 
transcripts were canonically spliced and most were down regu-
lated apparently coincident with a higher-amplitude wave of ex-
pression, termed ‘major’ EGA. Bioinformatic analyses of both hu-
man and mouse datasets identified upstream regulators, whose 
protein presence in early embryos was confirmed in the mouse. 
Many of the putative regulators are oncogenes, including MYC. 
Blocking the mouse ortholog of MYC, c-Myc, precipitated acute 
developmental arrest and abrogated iEGA. These findings illumi-
nate intracellular mechanisms that regulate onset of mammalian 
development, totipotency establishment and suggest mechanis-
tic parallels to the onset of cancer.

Funding Source: We acknowledge support to A.C.F.P. from 
the Biotechnology and Biological Sciences Research Council 
(BBSRC; BB/P009506/1) and Medical Research Council (MRC), 
UK (MR/N000080/1 and MR/N020294/1)

Keywords: embryonic genome activation: EGA, human and 
mouse one-cell embryo, totipotency
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SYSTEMATIC MAPPING OF 3D ENHANCER 
INTERACTIONS REVEALS STEM CELL LINEAGE 
SPECIFIC REGULATORY NETWORKS
Murphy, Dylan - Meyer Cancer Center, Weill Cornell Graduate 
School, New York, NY, USA

Mammalian embryogenesis commences with two pivotal and bi-
nary cell fate decisions that give rise to three essential lineages, 
the trophectoderm (TE), the epiblast (EPI) and the primitive en-
doderm (PrE). Although key signaling pathways and transcription 
factors that control these early embryonic decisions have been 
identified, the non-coding regulatory elements via which tran-
scriptional regulators enact these fates remain understudied. 
We have characterized, at genome-wide scale, enhancer activity 
and connectivity in embryo-derived stem cell lines that represent 
each of the early developmental fates, yielding high-resolution 
2D and 3D regulatory maps of the first cell fate decisions. We ob-
served extensive enhancer remodeling and fine-scale 3D chro-
matin rewiring among the three lineages, which strongly asso-
ciate with transcriptional changes. In each lineage, high degree 
of connectivity or “hubness” positively correlates with levels and 
cell-type specificity of gene expression and enriches for essential 
genes. Genes within 3D hubs also show a significantly stronger 
probability of coregulation during cell fate transitions, compared 
to genes in linear proximity or within the same contact domains. 
By building and testing various computational models of tran-
scriptional regulation; we found that incorporating specific 3D 
chromatin features outperforms models using only 2D promoter 
or proximal variables in predicting cell-type specific gene expres-
sion. Importantly, genome-wide in silico perturbations allowed us 
to nominate candidate functional enhancers in each cell lineage 
for validation at several relevant genomic loci. Our study compre-
hensively identifies 3D regulatory hubs associated with the earli-
est mammalian lineages and describes their relationship to gene 
expression and cell identity, providing a framework to understand 
lineage-specific transcriptional behaviors.

Keywords: 3D Chromatin Organization, Cell Fate Decisions, 
enhancer-promoter interactions
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COMBINATORIAL SIGNAL INTEGRATION AND 
TRAJECTORY DYNAMICS DURING HUMAN 
MESODERM AND ENDODERM SPECIFICATION
Inge, Oliver - Quantitative Stem Cell Biology Lab, Francis Crick 
Institute, London, UK
Barrio, Pablo - Bioinformatics and Biostatistics, Francis Crick 
Institute, London, UK
Chakravarty, Probir - Bioinformatics and Biostatistics, Francis 
Crick Institute, London, UK
Santos, Silvia - Quantitative Stem Cell Biology Lab, Francis Crick 
Institute, London, UK

Lineage specification is dictated by the complex interplay be-
tween combinatorial signals which guide cells along specific 
trajectories in gene-expression space. How combinatorial signal-
ling cues drive cell-state transitions and when along trajectories 
cells commit to specific lineage identities remains a mystery. To 
explore these questions, we used human embryonic stem cell 
(hESC) differentiation to mesoderm and endoderm, two lineag-
es driven by opposing growth factors BMP4 and Activin. Using 
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high-throughput quantitative imaging of hESCs challenged with 
combinatorial inputs of BMP4 and Activin we defined the con-
centration and duration thresholds required for commitment to 
mesoderm and endoderm. We found that cells challenged with 
endoderm-inducing cues exhibit a temporal window in which 
they can be diverted to mesoderm before reaching a defined en-
doderm commitment point. By combining live-cell imaging of en-
dogenous cell fate reporters and single-cell RNA-seq we mapped 
the trajectories of differentiation from pluripotency to mesoderm 
and endoderm and found that changes in lineage competency 
corresponded to specific state transitions. Furthermore, we iden-
tified that endoderm-fated cells undergo a novel trajectory pass-
ing through a mesoderm-like progenitor state before irreversibly 
diverting to become endoderm. Finally, we identified sets of early 
driver-genes associated with entry/exit to this progenitor state 
which when genetically perturbed can extend/delay the window 
of commitment and rewire the relationships between signalling 
cues and cell fate. This work adds to our understanding of the 
interplay between signalling and cell-state transitions and more 
globally highlights how decision-making events can shape the to-
pology of developmental trajectories.

Funding Source: The Francis Crick Institute is funded by the 
Medical Research Council (MRC), Cancer Research UK (CRUK), 
and the Wellcome Trust.

Keywords: Human gastrulation, Combinatorial signal integration, 
Single-cell trajectory dynamics
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IDENTIFICATION OF GENOMIC AND 
TRANSCRIPTOMIC CHANGES THAT OCCUR 
DURING IPSC REPROGRAMMING AND GENE 
EDITING
Jadali, Azadeh - Stem Cell Lab, Sampled, NJ, USA
Winkler, Caitlin - Department of Bioinformatics, Bridge 
Informatics, Salem, MA, USA
Hassan, Haider - Department of Bioinformatics, Bridge 
Informatics, Salem, MA, USA
Zhu, Zhangyang - Bioinformatics, Sampled, Piscataway, NJ, USA
Moore, Jennifer - Cellular Services, Sampled, Piscataway, NJ, 
USA

iPSCs are a useful tool for modeling human development and 
disease. The development of gene editing techniques to create 
isogenic iPSC control lines have further increased the power of 
these cell lines. However, the potential for genomic and tran-
scriptomic changes that could occur during reprogramming and 
gene editing have been the subject of much scrutiny. Current 
best practices suggest that multiple iPSC colonies and multiple 
cell lines be used in experiments to ensure the results are biolog-
ically relevant and not due to genomic or transcriptomic changes 
that occur upon reprogramming or gene editing. An individual 
iPSC line may harbor a wide range of genomic variations includ-
ing aneuploidies, CNV, and SNPs that could affect the results of 
the functional assays that the cells are used in. These genomic 
variations may occur due to heterogeneity of the source cells, 
the reprogramming process, and/or extended culture of iPSCs. 
Genomic or transcriptome changes could also occur during gene 
editing of iPSCs as a result off target mutations. Previous studies 
have focused on comparison of iPSC lines to the source fibro-
blast when looking at genomic changes. Here, we used whole 
genome sequencing (WGS) to compare the genomes of multiple 
iPSC clones generated from erythroblasts isolated from whole 

blood (WB) to the WB DNA of the subject as well as between the 
iPSC clones and their isogenic counterparts. Since genomic vari-
ations often induce aberrations at transcriptome levels, we also 
evaluated how genomic events identified in the iPSC and subject 
samples will produce changes in transcriptomic profiles by per-
forming RNA sequencing (RNA-seq) comparing the transcriptome 
differences between multiple iPSC clones from the same subject. 
Additionally, using RNA-seq we will compare the transcriptome 
of the iPSC clones with their edited counterpart. Comparing the 
data generated from WGS and RNA-seq of source cell, multiple 
iPSC clones from the same subject, and edited iPSCs will tell us 
if the reprogramming or editing process results in significant ge-
nomic or transcriptome changes that could affect downstream 
studies. This data can be used to determine if specific groups of 
genes or pathways may be perturbed when comparing different 
clones of the same iPSCs, between wild-type and mutant iPSCs, 
understanding their importance.

Funding Source: NINDS Human Cell and Data Repository 
1U24NS095914

Keywords: induced pluripotent stem cells (iPSCs), whole 
genome sequencing (WGS), RNA sequencing (RNA-seq)
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DERIVATION OF MURINE TROPHOBLAST STEM 
CELLS AND GENERATION OF BLASTOIDS FROM 
EMBRYONIC STEM CELLS FOLLOW COMPETING 
MOLECULAR TRAJECTORIES
Jana, Debabrata - Stem Cell Biology, Centre for Cellular and 
Molecular Biology, Hyderabad, India
Singh, Priya - Bioinformatics, Centre for Cellular and Molecular 
Biology, Hyderabad, India
Sailasree, Purnima - Stem Cell Biology, Centre for Cellular and 
Molecular Biology, Hyderabad, India
Srivastava, Mansi - Stem Cell Biology, Centre for Cellular and 
Molecular Biology, Hyderabad, India
Kumar, Nithyapriya - Cell Biology, ETH Zürich, Rämistrasse, 
Switzerland
Vijay V., Vishnu - Stem Cell Biology, Centre for Cellular and 
Molecular Biology, Hyderabad, India
Kale, Hanuman - Stem Cell Biology, Centre for Cellular and 
Molecular Biology, Hyderabad, India
Sowpati, Tej - Bioinformatics, Centre for Cellular and Molecular 
Biology, Hyderabad, India
P, Chandra Shekar - Stem Cell Biology, Centre for Cellular and 
Molecular Biology, Hyderabad, India

Mouse embryonic stem cells (ESCs) are pluripotent cells, consid-
ered to lack the potential to contribute to trophoectoderm. Here, 
we report the derivation of trophoblast stem cells (ESTS) under 
defined conditions from ESCs. The ESTSs show transcriptome 
similarity to embryo-derived trophoblast stem cells and efficient-
ly contribute to the placenta during development. Further, we 
generated blastoids (E-blastoid) consisting of all three lineages 
of blastocyst exclusively from ESCs at very high efficiency. The 
E-blastoids implant and induce decidualisation in utero. Their tran-
scriptome resembles preimplantation blastocyst. A stage-specific 
transient activation of 2C-genes in ESCs is essential for the high 
efficiency of E-blastoid generation. Mechanistically, GSk3b-signal-
ling inhibits trophoectoderm fate but promotes efficient blastoid 
generation by activating of 2C-gene network in ESCs. In contrast 
to the paradigm of the restricted potential of pluripotent ESCs, the 
murine ESCs have the unrestrianed potential for trophoectoderm 
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lineage and generation of blastoids composed of all lineages of 
the blastocyst.

Funding Source: Department of Biotechnology, India. CSIR-
Centre for Cellular and Molecular Biology

Keywords: Trophoblast stem cells, Blastoid, Mouse embryonic 
stem cells

TOPIC: HEMATOPOIETIC, IMMUNE, AND ENDOTHE-
LIAL
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INTEGRATIVE TRANSCRIPTOMIC AND 
EPIGENOMIC ANALYSIS IDENTIFIES BCL6B AS A 
NOVEL REGULATOR OF HUMAN PLURIPOTENT 
STEM CELL ENDOTHELIAL DIFFERENTIATION
Na, Jie - Department of Basic Medical Sciences/School of 
Medicine, Tsinghua University, Beijing, China

Due to the inaccessibility of the early human embryo, little is 
known about the chromatin status during human endothelial de-
velopment. In this study, we used the human pluripotent stem 
cell (hPSC) differentiation system to sketch the epigenomic road-
map of endothelial cell (EC) development. By profiling the open 
chromatin of stage-specific progenitor cells, we showed that the 
binding sites of developmentally important transcription factors 
open up in a highly coordinated manner along the endothelial 
differentiation continuum. Through integrative analysis of the 
genome-wide association of key histone marks and accessible 
chromatin, we characterized broad H3K4me3 domains and three 
types of cis-regulatory elements (CREs) that correlated with the 
EC fate specification and differentiation stage. Finally, we identi-
fied BCL6B as a novel regulator of EC differentiation and subtype 
bifurcation. Our findings provide a valuable resource to study the 
epigenetic regulation of EC development and dysfunction.

Funding Source: The National Key Research and Development 
Program of China Grant 2019YFA0110001, 2022YFA1103103 
The National Natural Science Foundation of China (NSFC) Grant 
31970819, 32270784

Keywords: human pluripotent stem cells, endothelial 
differentiation, epigenomic landscape
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ENGINEERING THE MULTICELLULAR NICHE FOR 
T CELL DIFFERENTIATION
Smerchansky, Madeline - Biomedical Engineering, University of 
Wisconsin, Madison, WI, USA
Rolland, James - Biomedical Engineering, University of 
Wisconsin, Madison, WI, USA
Madhusudhanan, Karthik - Biology, University of Wisconsin, 
Madison, WI, USA
Saha, Krishanu - Wisconsin Institutes for Discovery, Madison, WI, 
USA
Kinney, Melissa - Biomedical Engineering, University of 
Wisconsin, Madison, WI, USA

Induced pluripotent stem cell (iPSC) derived T cells show great 
potential for off-the-shelf immunotherapy. Methods for differen-
tiating human T cells from iPSCs rely primarily on mouse cocul-
tures, where Notch ligand delta-like ligand 4 (DLL4) are present-

ed on mouse stromal cells (e.g., OP9) that arrest cells mostly at 
an immature stage. Recent advancements in feeder-free T cell 
differentiation have generated clinically relevant iPSC-T cells, 
yet focus on engineering synthetic thymic niches without under-
standing co-culture systems. Understanding cell-cell communi-
cation in the OP9-DLL4 platform can aid in engineering a T cell 
differentiation niche. To determine how surrounding cells drive T 
cell development, we modeled cell-cell communication in the hu-
man thymus using NicheNet. Ligands that impact the differentially 
expressed genes between in vitro derived and naïve CD8 T cells 
were predicted and their regulatory potential was plotted over 
pseudotime to achieve a temporal prediction of cell-cell signaling. 
We hypothesized that knocking out or activating Il15, Tnf, Cd80, 
Cxcl12, Il6, Crlf2, Tslp, Btla, Cd40, Cd40lg, Adam17, H2-d1 Or Il7 
in the OP9-DLL4s may improve iPSC-T cell maturation to CD8. 
To validate our predictions in vitro, each ligand was knocked out 
in the OP9-DLL4 cells using CRISPR/Cas9. Day 21 T cell progen-
itors were seeded onto gene edited OP9-DLL4-Cas9-mCherry 
cells and assayed for CD4 and CD8 one week later. As expect-
ed, knocking out H2-d1 decreased the percentage of CD8 over 
CD4 T cells. Knocking out known targets Il15, Tnf and Cxcl12, and 
unexpected targets (Inhbb and Ocln) increased the percentage 
of CD8 over CD4 T cells. These data could uncover previous-
ly unknown roles for ligands in T cell differentiation and identify 
targets for manipulation of the differentiation niche. We present 
a systems-biology approach to understanding the OP9-DLL4 co-
culture through modeling cell-cell communication and performing 
a CRISPR screen of computational hits. Future work includes fur-
ther validation of knock outs in vitro and combinatorial addition of 
targets into a feeder-free T cell differentiation. By learning from 
current T cell differentiation methods, we can engineer a more 
biomimetic synthetic thymic niche for manufacturing of more po-
tent iPSC-T cells.

Keywords: pluripotent stem cells, systems biology, T cells
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RUNX1 MODULATOR RO5-3335 INDUCES 
HEMATOPOIETIC STEM CELL DIVISION
Yue, Lu - Stem Cell Program, Boston Children’s Hospital, 
Boston, MA, USA
Robertson, Anne - Stem Cell Program, Boston Children’s 
Hospital, Boston, MA, USA
Choudhuri, Avik - Stem Cell Program, Boston Children’s 
Hospital, Boston, MA, USA
Wattrus, Samuel - Stem Cell Program, Boston Children’s 
Hospital, Boston, MA, USA
Yang, Song - Stem Cell Program, Boston Children’s Hospital, 
Boston, MA, USA
Mandelbaum, Joseph - Stem Cell Program, Boston Children’s 
Hospital, Boston, MA, USA
Freeman, Rebecca - Stem Cell Program, Boston Children’s 
Hospital, Boston, MA, USA
Henderson, Rachel - Stem Cell Program, Boston Children’s 
Hospital, Boston, MA, USA
Zon, Leonard - Stem Cell Program, Boston Children’s Hospital, 
Boston, MA, USA

Hematopoietic stem cell (HSC) expansion and self-renewal are 
important for stem cell therapy. Expanding HSC ex vivo remains 
challenging. To identify novel compounds that increase HSCs, 
we screened 3840 small molecules using a zebrafish blastomere 
culture screening system with a HSC specific Runx1+23:GFP re-
porter and identified a Runx1 modulator Ro5-3335 that increases 
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Runx1+ cells. Using spinning disk confocal time-lapse imaging, we 
found that Ro5-3335 treatment increases HSPC number as much 
as 1.79 fold (p< 0.0001) and significantly increases HSPC divisions 
(5 vs 3.5 divisions, p=0.009) in the fetal/larval stem cell niche. To 
determine whether the increased HSPC production during devel-
opment increases HSC clones in adulthood, we used a brainbow 
color barcoding system to lineage trace each HSC and its blood 
progenies. Treatment of Ro5-3335 during definitive hematopoi-
esis significantly increases HSC clones in adulthood (23 vs 18.6 
clones, p< 0.0001). To determine whether the effect of Ro5-3335 
in HSC expansion is conserved in human, we cultured human 
CD34+ HSPCs and found that Ro5-3335 promotes CD34+CD38-
CD45RA-CD90+ HSPC expansion in 6-day ex vivo culture (20.3 
vs 15.8 fold (p=0.0157)). RUNX1 is an important transcription factor 
for HSC proliferation and differentiation. Chromatin immunopre-
cipitation sequencing (ChIP-seq) of RUNX1 showed that Ro5-335 
treatment increased RUNX1 binding to target genes in human 
CD34+ HSPCs. Motif analysis of the genes with increased RUNX1 
binding and increased transcription suggested binding of Elf fam-
ily transcription factors to RUNX1 target genes upon Ro5-3335 
treatment. Elf1 ChIP-seq confirmed that Elf1 has increased binding 
to the Runx1 target including cell cycle genes CDC45, CDC37L, 
CCND2, and CCND3 upon Ro5-3335 treatment. Knocking down 
Elf2b abolished the effect of Ro5-3335 on HSPC expansion in 
zebrafish (p=0.0003). Together, our studies reveal that Runx1 
modulator Ro5-3335 alters Runx1-Elf1 complex binding, leading 
to increased HSPC production and clonality.

Keywords: Hematopoietic Stem Cell Expansion, Stem Cell 
Clonality, Runx1 modulator
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DEVELOPMENT OF INDUCED PLURIPOTENT 
STEM CELL-DERIVED IMMUNOSUPPRESSIVE T 
CELLS AS A NOVEL THERAPEUTIC PLATFORM 
FOR INFLAMMATORY DISEASES
Matsuda, Atsushi - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Japan
Yano, Hisashi - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Satou, Takayuki - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Kanagawa, Japan
Iriguchi, Shoichi - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Koga, Keiko - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Kanagawa, Japan
Takiguchi, Maiko - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Kanagawa, Japan
Miyake, Yasuyuki - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Shinohara, Tokuyuki - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Kanagawa, Japan
Ban, Haruka - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Kanagawa, Japan
Kassai, Yoshiaki - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Kanagawa, Japan
Kaneko, Shin - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan

Autoimmune- and transplantation-related inflammations occurs 
both acute and chronic, and lead to long-term disability and life 
threading disorders. Patients are usually treated anti-inflammato-
ry drugs, biologic therapies, and immunosuppressive drugs but 
systemic treatment of these medications have side-effects. Al-

though emerging efforts for engineering regulatory T cell (Treg) 
cell therapy such as chimeric antigen receptor (CAR)-Treg has 
been reported as new modality, there is still being researched 
and is not yet widely available as therapy. One of the challeng-
es is autologous Tregs from patients may lose their number and 
immunosuppressive activity. Another important aspect is cost-ef-
fectiveness that must be addressed before cell therapy can be 
widely used in the clinic. In this study, we tried to develop immu-
nosuppressive T cells from induced pluripotent stem cell (iPSC) 
to overcome these issues. We successfully established immuno-
suppressive T cells from iPSC-derived CD4+ T cells and these 
cells showed in vitro suppressive activity and identified optimized 
maturation and expansion conditions which are named AMRT. 
AMRT-conditioned CD4+ T cells expressed FOXP3, a master tran-
scription factor of Tregs, and showed comparable profiles with 
primary Tregs such as high TSDR demethylation, low IFN-gamma 
secretion, and suppressive function in vitro. We then prepared 
human leukocyte antigen (HLA)-A2 CAR-transduced iPSC-de-
rived immunosuppressive T cells an evaluated the ability to sup-
press xeno graft-versus-host disease (GvHD) in NSG mice treated 
with HLA-A2+ human peripheral blood mononuclear cells. These 
cells also suppressed the GvHD progression as much as primary 
Tregs. We further optimized differentiation process through gen-
erating FOXP3 gene-transduced iPSC to gain yield of immuno-
suppressive T cells. Collectively, iPSC-derived immunosuppres-
sive T cell platform may offer a novel modality for treating wide 
variety of inflammatory diseases in the future.

Keywords: iPSC, Treg, GvHD
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DEVELOPMENT OF CHEMICALLY DEFINED, 
ANIMAL-ORIGIN FREE (CD-AOF) SUPPLEMENT 
FOR HPSC DERIVED αβT CELL DIFFERENTIATION
Chiba, Mayumi - Regenerative Medicine and Cell Therapy 
Group, Institute for Bioscience Products & Fine Chemicals, 
Ajinomoto Co., Inc., Kawasaki, Japan
Okamoto, Aika - Regenerative Medicine and Cell Therapy 
Group, Ajinomoto Co., Inc., Kawasaki, Japan
Ogawa, Shimpei - Regenerative Medicine and Cell Therapy 
Group, Ajinomoto Co., Inc., Kawasaki, Japan
Wagatsuma, Hirotaka - Regenerative Medicine & Cell Therapy 
Group, Ajinomoto Co., Inc., Kawasaki, Japan
Hirose, Ken - Regenerative Medicine & Cell Therapy Group, 
Ajinomoto Co., Inc., Kawasaki, Japan

Differentiation media for hPSC often contain animal-derived com-
ponents such as serum or extracted materials from animal tis-
sues. However, differentiation with animal-derived components 
have some obstacles to develop cell culture process for clinical 
application because of their lot-to-lot variation of components or 
risks of viral contamination. Therefore, it is desirable to use chem-
ically defined and animal origin free (CD-AOF) media for devel-
oping safe and stable cell differentiation process. In recent years, 
as immune cell therapy has been approved, a lot of immune cell 
therapy products are being developed using blood cells such as 
CAR-T cells. In this study, we developed novel CD-AOF supple-
ment to make αβ T cells from hiPSC. For developing αβ T cells, 
firstly we differentiated hiPSC to hematopoietic progenitor cells 
(HPC) with clinically applicable CD-AOF differentiation supple-
ment, StemFit For Differentiation. We sorted CD34+ HPC and 
cultured for 4 weeks in T cell differentiation medium which com-
posed of basal medium, novel CD-AOF T cell differentiation sup-
plement, and growth factors to successfully induce CD4+CD8+ 
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αβ T cells. We expect our novel CD-AOF T cell differentiation sup-
plement will support development of safe and stable cell culture 
process for T cell therapy by the use of CD-AOF media for iPSC 
expansion and T cell differentiation.

Keywords: T cell differentiation, chemically defined and animal 
origin free, hematopoietic progenitor cells
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HISTONE REMODELLING DURING HUMAN 
HEMATOPOIETIC STEM CELL DIFFERENTIATION 
DEPENDS ON MICROTUBULE-DIRECTED 
NUCLEAR DEFORMATIONS
Agsu, Gökçe - Department of Physiology, Development and 
Neuroscience, University of Cambridge, UK
Dura, Mathilde - Epigenetics and Neurobiology, EMBL Rome, 
Italy
Biedzinski, Stefan - Centre Interdisciplinaire de Recherche en 
Biologie, College de France, Paris, France
Bourc’his, Déborah - Genetics and Developmental Biology, 
Institut Curie, Paris, France
Lobry, Camille - Genomes and Cell Biology of Diseases, Institut 
de Recherche Saint Louis, Paris, France
Brunet, Stéphane - Human Immunology, Pathophysiology, 
Immunotherapy, Institut de Recherche Saint Louis, Paris, France

The cell nucleus, which is considered the most rigid organelle 
within a cell, undergoes significant deformation during various bi-
ological processes, including cellular differentiation. Nuclear de-
formations arise from cytoskeletal forces being transmitted from 
the cytoplasm to the nucleus, inducing a process called nuclear 
mechanotransduction. Comprehension of this process, partic-
ularly in non-adherent cells is limited, despite its significance in 
development. In this study, we uncovered a novel nuclear mech-
anotransduction event during myelopoiesis, where hematopoi-
etic stem cells (HSCs) differentiate into myeloid progenitors. In 
the course of myelopoiesis, the microtubule network forms bun-
dles along the nuclear envelope through dynein tethering and 
actively deforms the ovoid HSC nucleus. We discovered that 
these nuclear deformations are microtubule-dependent and ir-
reversible. Furthermore, our immunostaining analysis revealed 
nuclear envelope and chromatin remodelling at the deformed 
regions with loss of Lamin B and of both facultative and constitu-
tive heterochromatin marks (H3K27me3 and H3K9me3, respec-
tively). Our CUT&RUN-based epigenome analysis uncovered 
that microtubule-dependent nuclear deformation specifically trig-
gers the de-methylation of histones associated with key myeloid 
genes, which is followed by transcriptional activation. Moreover, 
pharmacological disruption of microtubule forces in HSCs led to 
retention of repressive histone markers on key myeloid genes, 
resulting in hindered myeloid identity acquisition during ex vivo 
expansion, despite myelopoiesis-enhancing culture media. Our 
results reveal a novel regulatory role of microtubule dynamics 
in hematopoiesis. HSCs are responsible for maintaining lifetime 
blood homeostasis through balanced self-renewal and differenti-
ation; a failure in differentiation can result in severe consequenc-
es, including leukemia and fatality. Understanding the function-
al significance of microtubule-dependent nuclear deformations 
in myelopoiesis is therefore of utmost importance. Our findings 

advance the comprehension of nuclear mechanotransduction in 
HSC differentiation and blood maintenance.

Funding Source: Ecole Doctorale N°561 Hématologie, 
Oncogenèse et Biothérapies Fondation Pour La Recherche 
Medicale (FDT202001010927)

Keywords: Nuclear Mechanotransduction, Hematopoietic Stem 
Cells, Nuclear Envelope
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ULTRASTRUCTURE AND TOPOLOGICAL PATHS 
OF NEUTROPHILIC NUCLEAR MORPHOGENESIS
Ajaj, Yasmeen - Genetics, Yale Universiity, New Haven, CT, USA
Ly, Cara - Genetics, Yale University, New Haven, CT, USA
Carlino, Maximillian - Laboratory Medicine, Yale University, New 
Haven, CT, USA
Qi, Guantong - Genetics, Yale University, New Haven, CT, USA
Graham, Morven - Center for Cellular and Molecular Imaging, 
Yale University, New Haven, CT, USA
Guo, Wangbiao - Microbial Pathogenesis, Yale University, New 
Haven, CT, USA
Tang, Wenwen - Pharmacology, Yale University, New Haven, 
CT, USA
Liu, Xinran - Center for Cellular and Molecular Imaging, Yale 
University, New Haven, CT, USA
Liu, Jun - Microbial Pathogenesis, Yale University, New Haven, 
CT, USA
Wu, Dianqing - Pharmacology, Yale University, New Haven, CT, 
USA
Lu, Jun - Genetics, Yale University, New Haven, CT, USA

Differentiation of stem and progenitor cells into specialized mature 
cell lineages often involves morphological changes in subcellular 
structures. How the shapes of organelles are modulated during 
differentiation is often not well understood. We focus on neu-
trophils, which are derived from hematopoietic progenitor cells 
and play critical functions in inflammation and cancer. Whereas 
most cells in the body contain spherical nuclei, mature mammali-
an neutrophils uniquely have non-spherical, often multi-lobulated 
or toroid-shaped nuclei. The non-spherical nuclear morphology is 
evolutionarily acquired in mammalian neutrophils, strongly sug-
gesting that this unusual shape closely relates to the immune 
functions of these cells. However, the ultrastructural features and 
topological path by which the spherical nuclei of progenitor cells 
morph into non-spherical shapes during neutrophil differentiation 
are poorly known. In this study, we implement focused ion beam 
scanning electron microscopy (FIB-SEM) and fluorescence ex-
pansion microscopy to image the nuclei of primary mouse hema-
topoietic progenitors and neutrophils at various stages through-
out differentiation, yielding three-dimensional reconstructions of 
nuclear morphology at high resolutions. We observe complex 
nuclear contours and nuclear membrane expansions that have 
not been well appreciated. We further report, for the first time, the 
time-lapse visualization of nuclear morphological changes of in 
vitro differentiating neutrophils derived from Hoxb8-immortalized 
murine hematopoietic progenitors. We observe that neutrophils 
form typical toroid-shaped nuclei via nuclear elongation and cir-
cularization. In addition, we observe dynamic switches between 
toroid-shaped and open-band nuclear morphology for the same 
cells. Surprisingly, immature neutrophils with toroid-shaped nu-
clei can further divide into two daughter cells both inheriting the 
non-spherical nuclear shape enabled by active remodeling of the 
nucleus after cytokinesis, a finding which suggests an epigene-
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tic memory governing nuclear shape. Our work reveals levels of 
complexity that challenge the pre-existing models of neutrophil 
nuclear maturation and showcases the dynamic morphological 
changes during lineage differentiation from stem and progenitor 
cells.

Funding Source: • Training Program in Genetics (NIH T32 
GM749944) awarded to YA • NSF GRFP in Life Sciences 
awarded to YA • Chen Innovation Award awarded to JL • 
R01CA256530 awarded to JL

Keywords: Neutrophil, Nucleus, FIB-SEM
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DISRUPTED LIPID HOMEOSTASIS AND LOSS 
OF IRF4 IMPAIRS LYMPHOID PROGENITOR 
MAINTENANCE IN A MURINE MODEL OF 
ACCELERATED AGING
Vicenzi, Silvia - Medicine, University of California, San Diego, 
CA, USA
Avsharian, Lara - Medicine, University of California San Diego, 
La Jolla, CA, USA
Gao, Fangyuan - Ophthalmology, University of California, Irvine, 
CA, USA
Vora, Ashni - Medicine, University of California San Diego, La 
Jolla, CA, USA
Xu, Qianlan - Ophthalmology, University of California, Irvine, CA, 
USA
Skowronska-Krawczyk, Dorota - Ophthalmology, University of 
California, Irvine, CA, USA
Crews, Leslie - Medicine, University of California San Diego, La 
Jolla, CA, USA

The aging immune system is characterized by increased bone 
marrow (BM) adiposity, clonal hematopoiesis, myeloid skewing, 
impaired lymphocyte function and response to infection, and loss 
of hematopoietic stem and progenitor cell regenerative capacity. 
Human aging studies have found alterations in lipid metabolism, 
such as increased saturated fatty acid accumulation and decays 
in n-3 polyunsaturated fatty acid (PUFA) species leading to cel-
lular membrane rigidity. However, the extent to which impaired 
fatty acid metabolism contributes to immune system aging and 
altered hematopoeisis is largely unexplored. Therefore, we char-
acterized BM aging phenotypes in a unique aging model that ex-
presses a mutant inactive form of Elongation of very long chain 
fatty acids protein 2 (ELOVL2), which is responsible for extending 
22-carbon PUFAs to 24-carbon PUFAs. We performed lipidom-
ics analyses, RNA-sequencing, and immunophenotype profiling 
in BM samples from young (3 months old) and aged (18 months 
old) wild-type mice, compared with age-matched Elovl2 mutant 
mice. Lipidomic profiling showed an almost complete depletion 
of products of ELOVL2 activity in mutant mouse BM, suggesting 
significant changes in the biophysical properties of cellular mem-
branes. Gene set enrichment analyses (Reactome) revealed that 
pathways involving B cell receptor (BCR) signaling and lympho-
poiesis were among the most disrupted in Elovl2 mutant mouse 
BM compared to age-matched controls. Key lymphoid lineage 
maturation markers (Cd19, Cd22, and Slamf7, among others) 
were downregulated in the BM of aged versus young wild-type 
mice, and to a greater extent in aged Elovl2 mutant animals. This 
was accompanied by a significant downregulation of the lym-
phoid and plasma cell transcription factor, interferon-regulatory 
factor-4 (Irf4). Immunophenotyping profiles and IRF4 protein ex-
pression were also evaluated by flow cytometry. These results 

provide insights into a link between disrupted lipid homeostasis 
and aging-related defects in hematopoietic stem cell develop-
ment, leading to impaired maturation of B cell and plasma cell 
populations. Thus, lipid catabolism pathways may provide a novel 
regenerative medicine target for age-related disease modeling 
and reversing a variety of aging-associated immune deficits.

Funding Source: LAC is a Scholar of the Leukemia & Lymphoma 
Society.

Keywords: aging, hematopoiesis, lipidomics
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SINGLE-CELL TRANSCRIPTOMICS OF 
GENETICALLY-MATCHED IN VIVO AND IN VITRO-
DERIVED HUMAN HEMATOPOIETIC STEM/
PROGENITOR CELLS REVEALS NOVEL ROLE 
OF MICRORNA-MODULATED REGULATORY 
PATHWAY GENES
Panopoulos, Athanasia D. - Board of Governors Regenerative 
Medicine Institute, Cedars-Sinai Medical Center, Los Angeles, 
CA, USA
Yamasaki, Amanda - Department of Biological Sciences, 
University of Notre Dame, IN, USA
Nguyen, Jennifer - Department of Biomedical Informatics, 
University of California San Diego, La Jolla, CA, USA
D’Antonio, Matteo - Department of Pediatrics, University of 
California San Diego, La Jolla, CA, USA
Warsaw, Jane - Departments of Cell Biology and Internal 
Medicine, UT Southwestern Medical Center, Dallas, TX, USA
Frazer, Kelly - Department of Pediatrics, University of California 
San Diego, La Jolla, CA, USA

Researchers have been working for over two decades on ways 
to develop hematopoietic stem cells (HSCs) in vitro from human 
pluripotent stem cells (PSCs), given the significant impact such 
cells could have to both basic research and clinical medicine. Al-
though there have been advances towards this goal, the problem 
remains that in vitro PSC-derived human hematopoietic stem/
progenitor cells (HSPCs), unlike their in vivo HSC counterparts, 
are unable to fully reconstitute the hematopoietic system. While 
comparative transcriptomic studies of in vivo HSCs and in vitro 
PSC-derived populations have led to significant insights, they 
have also been hindered by a number of potentially confounding 
effects. The inclusion of non-functional cells in the in vivo HSC 
population due to the previous lack of a well-defined cell surface 
marker profile, the effect of individual genetic background varia-
tion on differential gene expression in genetically-diverse sam-
ples, and the use of different tissue sources and developmental 
stages might all lead to the detection of differentially-expressed 
genes that may not be affecting cell function, or the masking of 
more subtle changes that are critical for cell function. We hypoth-
esized that a more focused view of molecular variation underly-
ing functional differences could be achieved by profiling a pure 
population of in vivo HSCs and performing comparative analysis 
on genetically matched in vitro cells. To accomplish this goal, we 
performed the first single-cell transcriptomic analysis of geneti-
cally matched in vivo HSCs and in vitro iPSC-derived HSPCs, and 
demonstrate the unique advantages provided by removing the 
influence of genetic background as a source of variability be-
tween populations. Comparison of genetically matched samples 
revealed novel regulatory pathways modulated by miRNAs, many 
with no currently known strong associations with hematopoietic 
development. miRNA targeted genes display significant enrich-
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ment for hallmark pathways related to cellular function and in-
clude highly-expressed genes in both in vivo and in vitro cells, as 
well as factors previously identified as important for in vitro HSC 
derivation. We propose that modulation of these identified key 
miRNAs during in vitro differentiation provides a novel approach 
to obtaining functional HSCs from human PSCs.

Keywords: hematopoietic stem cell, pluripotent stem cell 
differentiation, reprogramming
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MECHANISMS OF FLOW-DRIVEN 
TRANSCRIPTIONAL CONTROL OF 
HEMATOPOIETIC STEM AND PROGENITOR CELL 
DEVELOPMENT BY YAP AND TAZ
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Children’s Hospital, Boston, MA, USA
Rowe, Grant - Division of Hematology/Oncology, Boston 
Children’s Hospital, Boston, MA, USA
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Massachusetts General Hospital, Boston, MA, USA
Daley, George - Division of Hematology/Oncology, Boston 
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North, Trista - Division of Hematology/Oncology, Boston 
Children’s Hospital, Boston, MA, USA

Hematopoietic stem and progenitor cells (HSPCs) emerge from 
hemogenic endothelium (HE) in select arterial niches of the verte-
brate embryo that adopt hematopoietic fate during development, 
driven by the Runx1 transcription factor (TF). A major goal of cel-
lular therapeutics is to derive patient-specific HSPCs from iPSCs 
for clinical use, yet current differentiation protocols largely fail to 

produce or expand long-lived multi-potent HSPCs in vitro, sug-
gesting a lack of in vivo regulatory cues. Physical forces of wall 
shear stress (WSS) and cyclic stretch (CS) produced by hemody-
namic blood flow are required to generate HSPCs from HE, but 
the mechanisms by which these forces are sensed and converted 
into a “stemness” regulatory module remain unknown. Here, us-
ing transcriptomic and genetic approaches in the zebrafish mod-
el, we show that the YAP TF is responsible for maintenance, not 
initiation, of the hematopoietic program in newly specified HE. 
Using a heat shock-inducible dominant negative YAP zebrafish 
line, we reveal a role for the YAP paralogue TAZ in hematopoie-
sis, which can promote CD41+ and Flk+/Myb+ HSPC production 
upon reduced YAP function. YAP and TAZ, members of the Hippo 
signaling pathway, initiate transcriptional responses downstream 
of mechanical stimuli and require DNA binding cofactors to di-
rect activation or repression of target genes. Surprisingly, using 
luciferase-based YAP- and RUNX-responsive reporter assays in 
HEK293 cells, we saw a potent synergistic effect of TAZ/RUNX1, 
but not YAP/RUNX1, in transcriptional regulation at RUNX binding 
elements. Finally, by pharmacologic and genetic manipulation, 
we identify the stretch-gated membrane ion channel Piezo1 as 
a regulator of CS-induced YAP/TAZ mechanotransduction in HE. 
Stimulation of zebrafish embryos with the Piezo1 small molecule 
agonist Yoda1 increases HSPC number and YAP target gene 
expression in a YAP-dependent fashion. A similar modulation of 
blood and YAP target genes in human iPSC-derived CD34+ HE 
cells is seen with Yoda1, suggesting that this stretch-Piezo1-YAP 
axis can be tuned in vitro by pharmacologic agents to enhance 
HSPC differentiation. These results have broader implications for 
alternate regulatory effects of mechanically-stimulated Hippo TFs 
depending on the transcriptional milieu in cell-type specific con-
texts.

Funding Source: This work was partially supported by 
K01DK129409 to WWS and R01HL152636 to TEN.

Keywords: Hemogenic endothelium, YAP/TAZ, hematopoiesis
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DECEPHERING THE ROLE OF EOMES IN EXTRA-
EMBRYONIC HAEMATOPOIESIS USING SINGLE-
CELL MULTI-OMICS
Theeuwes, Bart - Cambridge Stem Cell Institute, University of 
Cambridge, UK
Harland, Luke - Cambridge Stem Cell Institute, University of 
Cambridge, UK
Ton, Mai-Linh - Cambridge Stem Cell Institute, University of 
Cambridge, UK
Argelaguet, Ricard - AI/ML, Altos labs, Cambridge, UK
Wilson, Nicola - Cambridge Stem Cell Institute, University of 
Cambridge, UK
Robertson, Elizabeth - Sir William Dunn School of Pathology, 
University of Oxford, UK
Gottgens, Bertie - Cambridge Stem Cell Institute, University of 
Cambridge, UK

Eomesodermin (Eomes) is a T-box family transcription factor 
(TFs) that is expressed at early stages of mouse gastrulation 
(E6.5 – E7.5). Eomes is required for the generation of definitive 
endoderm and a subset of mesodermal derivatives (cardiac and 
hematopoietic). During mouse development, blood progenitors 
arise in the yolk-sac in two temporally restricted waves. The first 
wave (E7.5) gives rise to primitive erythrocytes, while the second 
wave (E8.5), forms multipotent erythro-myeloid progenitors via an 
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endothelial intermediate (i.e. hemogenic endothelium). Our pre-
vious work suggested that Eomes regulates yolk-sac blood via 
epigenetic mechanisms as phenotypic defects occur days after 
transient Eomes expression. Understanding the role and hierar-
chy of TF regulators during gastrulation helps unveil the complex 
regulatory networks that guide cell fate decisions in early devel-
opment. Here, we aim to further understand the specific roles of 
Eomes during the development of different embryonic lineages 
using in vitro and in vivo systems in combination with transcrip-
tomic and epigenetic single-cell sequencing. Using scRNA-seq 
of E8.5 Eomes KO chimeras, we recapitulate known disruptions 
in the endoderm and mesoderm and additionally observe dif-
ferential abundances of a subset of extra-embryonic cell types. 
Interestingly, we observe changes in abundance to a subset of 
ectodermal lineages in Eomes knockout chimeras, suggesting 
that Eomes plays a broader an previously reported . To further 
study the mesodermal role of Eomes, we temporally modulat-
ed its protein expression using an ES differentiation model of 
yolk-sac haematopoiesis and performed single-cell multiomic 
(RNA+ATAC) profiling. Upon Eomes KD, cells are pushed down 
alternative, non-haematopoietic, differentiation trajectories. Dif-
ferential expression analysis reveals which genes are implicated 
in these dramatic disruptions and suggest that Eomes may play a 
critical repressive function at the outset of gastrulation. Together, 
these results further elucidate possible downstream mechanisms 
by which Eomes plays a crucial role in gastrulation.

Funding Source: Wellcome Trust

Keywords: Embryonic haematopoiesis, Transcription factor 
regulation, Cell fate decisions
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REJUVENATION: IMPROVING T-CELL 
ANTITUMOR PROPERTIES THROUGH PARTIAL 
REPROGRAMMING
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Immunopharma, South San Francisco, CA, USA
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South San Francisco, CA, USA
Kutlu, Burak - T Cell Rejuvenation Team, Lyell Immunopharma 
Inc., South San Francisco, CA, USA
Fiovaranti, Jessica - T Cell Rejuvenation Team, Lyell 
Immunopharma Inc., South San Francisco, CA, USA
Potluri, Shobha - T Cell Rejuvenation Team, Lyell 
Immunopharma Inc., South San Francisco, CA, USA
Lee, Gary - T Cell Rejuvenation Team, Lyell Immunopharma Inc., 
South San Francisco, CA, USA
Restifo, Nicholas - T Cell Rejuvenation Team, Lyell 
Immunopharma Inc., South San Francisco, CA, USA

Cellular identity and age determine T-cell function and fitness 
over an organism’s lifespan. Increased T-cell age and differen-
tiation are associated with reduced efficacy of solid tumor cell 
therapy (Kishton et al., 2022). As such, methods to de-differenti-
ate T cells into induced pluripotent stem cells (iPSCs) that return 

to embryonic immaturity, but lose their functional identity, have 
been explored. Early work revealed challenges to re-differentiate 
iPSCs into T cells with the desired functional phenotype under 
a complex and time-consuming process. Our novel strategy to 
counter the impact of aging on T-cell function through cellular re-
juvenation is achieved via partial reprogramming of aged T cells 
by transient expression of transcription factors associated with 
iPSC reprogramming. Our partial reprogramming methodology 
reduces epigenetic age and rejuvenates T cells while reacquir-
ing the phenotype and function of conventional T cells. We were 
the first to illustrate the ability to reduce the epigenetic age of T 
cells without fully transitioning to pluripotency. In initial studies 
with PBMC (n=3), we observed a 27.4+/-9.3% years’ reduction in 
age. RNAseq analyses show that rejuvenated and conventional 
T cells have equivalent transcriptomes, suggesting maintenance 
of identity. Functionally, the rejuvenated T cells are characterized 
by improved cell-expansion capacity and increased expression 
of biomarkers associated with T-cell stemness, including CCR7 
and CD62L. In vitro studies reveal that rejuvenated NY-ESO-1-tar-
geted T-cell receptor (TCR) and CD19-targeted chimeric antigen 
receptor (CAR) T cells exhibit improved antitumor properties com-
pared with non-rejuvenated T-cell controls in sequential cell-kill-
ing assays, extending functional tumor-cell killing by 2-3 rounds. 
We also confirmed enhanced in vivo antitumor efficiency of reju-
venated T cells using NY-ESO-1 TCR in a murine xenograft tumor 
model. Similar improvements in T-cell stemness phenotype, and 
cell-expansion capacity were shown when we applied rejuvena-
tion to tumor-infiltrating lymphocytes (TIL). These results highlight 
the potential application of rejuvenation across all major T-cell 
therapeutic modalities, which may in turn improve outcomes for 
patients with solid tumors.

Funding Source: This project is funded by Lyell Immunopharma, 
Inc.

Keywords: Rejuvenation, T cell, Antitumor
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FGF9 TREATMENT REMOVES OFF-TARGET 
CHONDROCYTES FROM IPSC-DERIVED KIDNEY 
ORGANOIDS
Joris, Virginie - cBITE, Macquarie University, Maastricht, 
Netherlands
Roumans, Nadia - cBITE, Maastricht University, MERLN Institute, 
Maastricht, Netherlands
Schumacher, Anika - cBITE, Maastricht University, MERLN 
Institute, Maastricht, Netherlands
van Griensven, Martijn - cBITE, Maastricht University, MERLN 
Institute, Maastricht, Netherlands
LaPointe, Vanessa - cBITE, Maastricht University, MERLN 
Institute, Maastricht, Netherlands

Chronic kidney disease affects 11–13% of the global population. 
Worldwide, 9.7 million people need kidney replacement therapy 
but only 2.6 million are able to receive it, increasing the pres-
sure to find alternative solutions. One regenerative medicine 
alternative comprises the use of induced pluripotent stem cell 
(iPSC)–derived kidney organoids as a therapeutic engraftment 
to the dysfunctional kidney. However, several drawbacks need 
to be overcome before clinical translation, among which is the 
presence of non-renal populations such as cartilage. The aim of 
our study was to prevent the appearance of cartilage using phar-
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macological and biomolecular approaches. We modified the cul-
ture protocol and maintained kidney organoids in medium con-
taining fibroblast growth factor 9 (FGF9) for one additional week 
compared to the protocol first described by Takasato et al.. We 
harvested organoids at several time points to assess the appear-
ance of cartilage and the expression of key renal markers. Whole 
organoid staining and cryosections showed cartilage forms be-
tween day 18 and 25 after aggregation (day 7+18 and 7+25), with 
a concomitant increased expression of markers such as ACAN, 
COL2A1, COL1A1 and COL10. Conversely, the FGF9-treated kid-
ney organoids had no cartilage at day 7+25 and had diminished 
chondrocyte marker expression. Interestingly, epithelial–mesen-
chymal transition markers such as vimentin and alpha-smooth 
muscle actin were also reduced in FGF9-treated organoids. Im-
portantly, the renal structures assessed by immunofluorescence 
were unaffected by the FGF9 treatment. To conclude, we im-
proved the quality of kidney organoids cultured at the air–liquid 
interface by removing the off-target cartilage. This produces a 
higher quality kidney organoid that can be maintained longer in 
culture to improve their maturation for further in vivo work.

Funding Source: This research was funded by RegMed XB 
Kidney Moonshot consortium

Keywords: Kidney organoids, Cartilage, small molecules 
strategy
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Kawabe, Chiharu - Clinical Biology and Hormonal Regulation, 
Tohoku University Graduate School of Medicine, Sendai, Japan
Vadim, Gladyshev - Medicine, Brigham and Women’s Hospital 
and Harvard Medical School, Boston, MA, USA
Abe, Takaaki - Clinical Biology and Hormonal Regulation, 
Tohoku University Graduate School of Medicine, Sendai, Japan

With the development of omics-based aging biomarkers named 
aging clocks, one can precisely estimate the biological age of an 
organism from its tissues. The clocks emerge as promising mo-
lecular estimators of biological age based on methylation or tran-
scriptomic profiles, shown to precisely quantify the aging process 
of humans and multiple other species. Notably, recent studies 
have tracked the biological aging dynamics during early embry-
onic development, pointing out a point of the lowest biological 
age “ground zero”. To study the biological age dynamics during 
human embryogenesis, we established a differentiation culture 
system that mimics embryonic kidney development from human 
iPSCs. We applied the aging clocks to this system, and analysed 
samples at each developmental stage, from hiPSCs to kidney or-
ganoids. We performed DNA methylation and RNA-seq analyses 
and applied various aging clocks. We observed a biological age 
at its lowest point around the intermediate mesoderm stage in 
early development, indicating a potential rejuvenation event in 
renal development. This might be “ground zero” in the phase of 
embryogenesis. Principal component analysis suggested that the 

developmental process may comprise two processes with dis-
tinct implications for aging. We found that PC1 increased mono-
tonically with development, while PC2 increased in the phase of 
the primitive streak and decreased after the mesoderm phase. 
We further compared them with our previously-established tran-
scriptomic signatures of aging and reprogramming. Interestingly, 
we discovered that PC1 correlated positively and PC2 correlated 
negatively with signatures of reprogramming. This indicated that 
PC1 may represent mostly age-related genes and PC2 may repre-
sent reprogramming-related genes. PC1 and PC2 were compared 
with functional pathways involved in aging or reprogramming, 
to elucidate the relationship in detail between them. Some ag-
ing-related pathways are activated in the phase of the primitive 
streak and then suppressed. Therefore, it can be hypothesized 
that those pathways promote rejuvenation after aging. Taken to-
gether, we identified the “ground zero” in a model of early em-
bryonic development and analyzed the development process in 
the context of functional signaling pathways and transcriptomic 
signatures.

Funding Source: This work was supported by JSPS KAKENHI 
Grant Number JP22K15354, 2020 iPS Academia Japan 
Grant, The Uehara Memorial Foundation and Takeda Science 
Foundation.

Keywords: kidney, aging clock, omics
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COMPARATIVE SINGLE-CELL ANALYSES 
IDENTIFY SHARED AND DIVERGENT FEATURES 
OF HUMAN AND MOUSE KIDNEY DEVELOPMENT
Kim, Sunghyun - Stem Cell Biology and Regenerative Medicine, 
University of Southern California, CA, USA
Koppitch, Kari - Stem Cell and Regenerative Medicine, University 
of Southern California, Los Angeles, CA, USA
Parvez, Riana - Stem Cell and Regenerative Medicine, University 
of Southern California, Los Angeles, CA, USA
Achieng, MaryAnne - Stem Cell and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA
Schnell, Jack - Stem Cell and Regenerative Medicine, University 
of Southern California, Los Angeles, CA, USA
Lindström, Nils - Stem Cell and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA
McMahon, Andrew - Stem Cell and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA

Mammalian kidneys maintain homeostasis of tissue fluids and oth-
er critical aspects of systemic function. A vascular-derived renal 
filtrate is processed by the conjoined epithelial networks of the 
nephron and collecting system. Each epithelium originates from 
a distinct progenitor cell type, nephron and ureteric progenitors, 
respectively, through reciprocal cell interactions, over a lengthy 
period of development. To extend a comparative understanding 
of these developmental events between human and mouse kid-
neys, we profiled chromatin organization (ATAC-seq) and gene 
expression (RNA-seq) in developing human and mouse kidneys. 
Data were analyzed at a species level then integrated into a com-
mon, cross-species multimodal data set. Comparative analysis of 
cell types and developmental trajectories identified conserved 
and divergent features of chromatin organization and linked gene 
activity, revealing species- and cell-type specific regulatory pro-
grams. Identification of human-specific enhancer regions linked 
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through GWAS studies to kidney disease highlights the potential 
of developmental modeling to provide clinical insight.

Funding Source: National Institute of Diabetes and Digestive 
and Kidney Diseases (NIDDK), (Re)Building a Kidney (RBK), Chan 
Zuckerberg Initiative (CZI)

Keywords: human and mouse kidney development, multiomic 
analysis, species-specific
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BIOENGINEERED LIVER FOR ACUTE LIVER 
DISEASES
Ghimire, Sabitri - Wellcome-Medical Research Council 
Cambridge Stem Cell Institute, University of Cambridge, UK
Vallier, Ludovic - Wellcome-Medical Research Council 
Cambridge Stem Cell Institute, University of Cambridge, UK
Bachinger, Fabian - Wellcome-Medical Research Council 
Cambridge Stem Cell Institute, University of Cambridge, UK

Liver transplantation is the only available treatment for patients 
with chronic and acute liver diseases. Unfortunately, ~20% of 
these patients die on the waiting list to receive a donated organ. 
Furthermore, the number of patients who could benefit from liv-
er transplantation is increasing every year. To address this major 
unmet clinical need, we aimed to develop a cell-based bioengi-
neered liver that can serve as a ‘bridge therapy’ for acute liver 
disease until a suitable donor is found or until endogenous re-
generation can take place. To achieve this goal, we developed 
a co-culture system to combine human induced pluripotent stem 
cells (hiPSCs) derived forward programmed hepatocytes (FoP-
Heps) and human umbilical vein endothelial cells (HUVECs). We 
co-cultured FoP-Heps and HUVECs together in suspension in low 
attachment U-bottomed 96-well plates. Cells grown in these con-
ditions formed aggregates within 48 hours of seeding. FoP-Heps 
continued to express albumin (ALB) and HUVEC cells continued 
to express PECAM1/CD31 until day (D)15 of suspension culture. 
We then focused on D5 and D10 aggregates for further analyses. 
Compared to the 2D FoP-Heps, 3D aggregates showed upregu-
lation of hepatic markers-ALB, HNF4a, A1AT; liver zonation mark-
ers-GLUL, AXIN2, ASS1, PCK1; cytochrome450 gene-CYP3A4, 
nuclear receptor genes-PXR, CAR; blood clotting factors-FVII, FIX 
and liver maturation marker-G6PC, metabolizing enzymes-UT-
G2A1, UTG1A6. The expression of these markers was compa-
rable in FoP-Heps/HUEVCs aggregates compared to FoP-Heps 
only aggregates. Interestingly, the FoP-Heps/HUEVCs aggre-
gates showed higher CYP3A4 activity compared to FoP-Heps 
only aggregates. Overall, these results showed that Fop-Heps 
and HUVECs maintain their identity and are compatible to sup-
port each other during co-culture. Moreover, our co-culture ap-
proach improves the level of functional maturity in hepatocytes. 
These results demonstrate the interest of these bioengineered 
livers for therapeutic applications in the context of liver diseases.

Funding Source: This work is supported by Wellcome Leap 
Program in Human Organs, Physiology, and Engineering (HOPE).

Keywords: human induced pluripotent stem cells (hiPSCs), 
Forward programmed hepatocytes (FoP-HePs), bioengineered 
liver
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N-METHYL-PROPTOPORPHRIN IX MEDIATES 
HEPATOCYTE REPROGRAMMIING TO 
PROGENITOR IN LIVER INJURY
Shen, Chia-Ning - Genomics Research Center, Academia 
Sinica, Taipei, Taiwan
Chang, Hsiao-Min - Genomics Research Center, Academia 
Sinica, Taipei, Taiwan
Chien, Chiao-Yun - Biomedical Translation Research Center, 
Academia Sinica, Taipei, Taiwan
Cheng, I-fen - Biomedical Translation Research Center, 
Academia Sinica, Taipei, Taiwan
Lee, Hsuan-Shu - Institute of Biotechnology, National Taiwan 
University, Taipei, Taiwan

Liver has been renowned for its remarkable regenerative capaci-
ty, we tried to address the potential of reprogramming mature he-
patocytes to bipotential progenitors for the purpose of repairing 
liver injury. Initial efforts had demonstrated that periportal hepato-
cytes could be reprogrammed into Sox9-expressing progenitor 
cells in mice treated 3,5-diethoxycarbonyl-1,4-dihydrocollidine 
(DDC). However, we discovered ABCG2 deficiency affected re-
programming-mediated liver repairing. To reveal insight into the 
cellular and molecular mechanism of the liver regeneration and to 
develop strategies to trigger hepatocyte reprogramming toward 
bipotential progenitor fate via activating the genetic routes that 
mimicking natural regeneration machineries, The further analy-
sis revealed, in DDC-treated mice, N-methyl-protoporphyrin IX-
(N-methyl-PPIX) produced from the breakdown of Cytochrome 
P450 and transported through ABCG2 could trigger induction of 
Sox-9 expression in hepatocyte reprogramming. We found deple-
tion ABCG2 possibly restricted N-methyl-PPIX transportation thus 
inhibiting Sox9 induction and hepatocyte reprogramming. In con-
trast, ductular reaction and hepatocyte reprogramming toward 
Sox9-expressing progenitor cells could be restored either by p53 
knockout or by rescuing ABCG2 expression via introduction of 
pCMS-ABCG2-EGFP into the liver of ABCG2-knockout mice by 
hydrodynamic injection. Immunohistochemical staining further 
identified induction of SOX9 was found to associated hepato-
cyte dedifferentiation together with upregulation of Yap1, pERK 
and NEATc1. Importantly, we found that treatment of human and 
mouse primary hepatocytes with N-methyl-PPIX was sufficient to 
trigger Sox9-expression. We also demonstrated N-methyl PPIX 
together with EGF/bFGF/HGF can efficiently induce human he-
patocyte reprogramming toward expandable Sox9-expressing 
cells in vitro. And transplantation of reprogrammed Sox9-ex-
pressing cells into to the mice treated with carbon tetrachloride 
(CCL4) could replenish damaged hepatocytes. Hopefully, the 
findings from the work can lead to understanding the insight of 
liver regeneration and to development of cell therapeutic strate-
gies for patients suffering from liver injury.

Funding Source: National Science and Technology Council 
Grant 108-2321-B-010-006 & 110-2740-B-001-005

Keywords: Liver repair, hepatocyte reprogramming, ABCG2
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ODD-SKIPPED RELATED 1 IS REQUIRED 
FOR EPITHELIAL AND MESENCHYMAL 
CELL DIFFERENTIATION DURING BLADDER 
DEVELOPMENT
Murugapoopathy, Vasikar - Human Genetics, McGill University, 
Montreal, QC, Canada
Jiang, Rulang - Pediatrics, Cincinnati Children’s Hospital, 
Cincinnati, OH, USA
Gupta, Indra - Human Genetics, Pediatrics, McGill University, 
Montreal, QC, Canada

Odd-skipped related 1 (Osr1) is zinc finger transcription factor 
that regulates mesenchymal progenitor cell survival and differ-
entiation in the kidneys, lungs, and limbs during embryonic de-
velopment. Our lab identified that Osr1 is expressed strongly in 
the embryonic bladder upon its formation and continues to be 
expressed in the bladder into adulthood. The bladder is formed 
from a layer of epithelial cells derived from the hindgut of the 
embryo and the surrounding tailbud mesenchyme. Crosstalk be-
tween the epithelium and mesenchyme patterns the respective 
layers through molecules like sonic hedgehog, fibroblast growth 
factors, Wnts, and bone morphogenetic proteins. However, little 
is known about how epithelial and mesenchymal cells interpret 
these signals. Here we show that Osr1 is required for the develop-
ment of both epithelial and mesenchymal progenitor cells during 
bladder development. Osr1 knockout mouse embryos at embry-
onic day (E) 15 have decreased smooth muscle cell differentiation 
in the bladder seen by histology and immunofluorescent staining 
for alpha-smooth muscle actin. Other features noted in the blad-
der include a lack of collagen, loss of subepithelial mesenchy-
mal cells, and impaired epithelial cell differentiation. Interesting-
ly, when we remove Osr1 from the epithelial and mesenchymal 
progenitor cells using lineage-specific cre drivers, loss of Osr1 in 
the mesenchyme results in an epithelial defect. In contrast, loss 
of Osr1 in the epithelium results in a marked decrease in mes-
enchymal cells within the subepithelial layer. This suggests that 
Osr1 is required for signaling cross-talk that drives differentiation 
of epithelial and mesenchymal progenitor cells within the embry-
onic bladder.

Funding Source: Fonds de Recherche du Quebec Sante (FRQS), 
Pierre-Lavoie Foundation, Research Institute of McGill University 
Health Center

Keywords: Transcriptional control of differentiation, Epithelial-
Mesenchymal cross-talk, Fetal development
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MIR-29A-3P CIRCUITRY PROMOTES CELL 
MIGRATION IN HUMAN MESENCHYMAL STEM 
CELLS
Suh, Nayoung - Department of Pharmaceutical Engineering and 
Department of Medical Sciences, Soon Chun Hyang University, 
Asan, Korea
Kang, Dayeon - Department of Medical Sciences, Soon Chun 
Hyang University, Asan, Korea
Kim, Yunji - Department of Medical Sciences, Soon Chun Hyang 
University, Asan, Korea
Kim, Taehwan - Department of Medical Sciences, Soon Chun 
Hyang University, Asan, Korea

Mesenchymal stem cells (hMSCs) are multipotent stem cells with 
a great potential for cell therapy. One of the features that make 
them an attractive candidate for clinical application is their abil-
ity to migrate into injured sites. However, the mechanisms by 
which microRNAs (miRNAs) regulate hMSCS migration are poor-
ly understood. To systematically understand the role of miRNAs 
during hMSC migration, we globally depleted miRNAs by silenc-
ing the DiGeorge syndrome critical region 8 (DGCR8) gene, an 
indispensable element of miRNA biogenesis. DGCR8 knockdown 
hMSCs exhibited severe migration defects. We identified that 
overexpression of miR-29a-3p restored cell migration defects ob-
served in DGCR8 knockdown hMSCs by affecting the multistep 
migratory process, including cellular polarization, focal adhesion 
formation and maturation, actomyosin contractility, and cellular 
traction forces. Using computational and experimental methods, 
we demonstrated that miR-29a-3p directly regulates the expres-
sion of phosphatases involved in cell adhesion and motility, such 
as protein tyrosine phosphatase receptor type K (PTPRK) and 
phosphatase and tensin homolog (PTEN). Furthermore, we found 
that miR-29a-3p promoted hMSC migration in vivo. Our findings 
provide a comprehensive understanding of how miR-29a-3p con-
trols hMSC migration both in vitro and in vivo.

Funding Source: BK21 FOUR (5199990514663), Ministry of 
Health & Welfare (HI18C0283), and the Basic Science Research 
Program through the National Research Foundation of Korea 
(NRF) funded by the Ministry of Education (2021R1I1A3048341)

Keywords: Cell migration, microRNAs, Human mesenchymal 
stem cells
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REGULATION OF STEMNESS OF CULTURED 
MEAT USING AUTOPHAGY REGULATION
Kim, Jieun - National Primate Research Center (NPRC), Korea 
Research Institute of Bioscience and Biotechnology (KRIBB), 
Cheongju-si, Korea
Lee, Jonghee - National Primate Research Center (NPRC), 
Korea Research Institute of Bioscience and Biotechnology, 
Cheongju-si, Korea

Cultured meat is artificial meat grown in a laboratory and provides 
a promise for future-oriented resources in terms of ethical and 
environmental concerns raised in the existing livestock indus-
try. Muscle satellite/stem cells, a basic raw material for cultured 
meat production, are generally procured from the muscle tissue 
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of slaughtered adult cattle or of the fetus discarded during the 
slaughter process. Optimized muscle stem cells are required to 
produce a large amount of qualified cultured meat, but the pro-
liferation and differentiation capacity of stem cells obtained at 
different ages has not been clearly provided up-to-date. Rather, 
it has been reported that muscle cells derived from fetal tissue 
have higher growth capacity than adult. Therefore, in this study, 
the expression of myogenic marker in fetal muscle cells (FM) and 
adult muscle cells (AM) was compared with the ability to main-
tain undifferentiation of muscle satellite cells through autophagy 
induction to establish appropriate bovine muscle-derived satel-
lite/stem cells for cultured meat. Compared to FM, AM impaired 
to generate long plurinucleate and contractile structures upon 
differentiation conditions. Furthermore, transcriptome analysis 
demonstrated that AM shared gene profiling more close to dif-
ferentiated status. Here, we found individuals of the appropriate 
age with optimal conditions to differentiate more muscle cells, 
and were able to isolate muscle stem cells from the cells. In addi-
tion, there was a difference in the level of autophagy according to 
the age of the individual. Therefore, it was possible to suppress 
muscle stem cells that spontaneously differentiate into muscle 
cells by using chemicals that regulate autophagy. Our research 
provides optimized protocols for the maintenance of muscle stem 
cells, which are the most basic and important in producing highly 
qualified cultured meat.

Funding Source: This work was supported by Korea IPET 
through High Value-added Food Technology Development 
Program, funded by MAFRA (321025-05) and by the KRIBB 
Research Initiative Program Grants (KGM4562323)

Keywords: cultured meat, muscle stem cell, autophagy
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CRITICAL ATTRIBUTES INDICATING 
TRANSLATIONAL QUALITY OF HPSC-DERIVED 
ARTICULAR CARTILAGE FOR REPAIR
Raftery, Rosanne M. - Department of Orthopedic Surgery, 
Boston Children’s Hospital, Boston, MA, USA
Pregizer, Steven - Orthopedic Surgery, Boston Children’s 
Hospital, Boston, MA, USA
Kocher, Sophia - Orthopedic Surgery, Boston Children’s 
Hospital, Boston, MA, USA
Craft, April - Orthopedic Surgery, Boston Children’s Hospital, 
Boston, MA, USA

The ideal cell source for cartilage repair remains elusive, in part 
due to an incomplete understanding of articular chondrocyte 
specification during human joint development. We have pio-
neered directed differentiation protocols to generate articular 
and growth plate cartilage tissues from human pluripotent stem 
cells (hPSCs), facilitating the first in depth investigation into hu-
man cartilage development. We compared transcriptomic profiles 
of hPSC-derived chondrocytes isolated from TGFB3-treated artic-
ular cartilage or BMP4-treated growth plate tissues to those that 
are developing in the epiphysis and growth plate of the human 
femur. Like the fetal epiphyseal cartilage, and despite the lack of 
mechanical loading, in vitro articular cartilage was zonally orga-
nized with both superficial zone chondrocytes that express PRG4, 
encoding lubricin, and intermediate zone-like chondrocytes that 
express COL2A1 and CNMD. In contrast, chondrocytes from the 
BMP4-treated tissues were highly proliferative and in the process 
of undergoing hypertrophy, like those in the fetal growth plate. 
With the knowledge that hPSC-derived cartilage tissues behaved 

similarly to those developing in vivo, we aimed to define the char-
acteristics that enabled the articular cartilage tissues to function 
as permanent cartilage, an important characteristic for clinical 
translation. To rigorously test the stability of TGFB3-treated artic-
ular chondrocytes to resist hypertrophy, such as that observed in 
osteoarthritis and in the growth plate, we challenged the tissues 
with BMP4 and found that they gained resistance to hypertrophy 
after 8-10 weeks. Importantly, however, they retained their abili-
ty to respond to TGFb3, indicating a commitment to the articular 
chondrocyte lineage, and suggesting that the cells will respond 
favorably to dynamic shear and compressive loads experienced 
in weight-bearing joints. Thus, differentially expressed genes we 
identified between articular and growth plate chondrocytes at 
this stage likely contain important players in cell fate decisions 
and lineage commitment, which may be included as critical quali-
ty attributes for clinical translation. These results highlight the im-
portance of hPSCs as a model for human cartilage development 
and the immense translational potential for cartilage repair.

Funding Source: National Institute of Health

Keywords: Human pluripotent stem cells, Articular cartilage, 
Stability
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CHARACTERIZATION OF SKELETAL MUSCLE 
PHENOTYPES FROM CYSTINOSIS PATIENTS
Singu, Pooja - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Tsai, Emily - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Goune, Kelsey - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Chen, William - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Poteracki, James - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Price, Feodor - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Seyedsadjadi, Reza - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Rubin, Lee - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA

Nephropathic cystinosis is a rare autosomal recessive lysosomal 
storage disorder, due to mutations in the cystinosin gene (CTNS) 
located on chromosome 17p13. Patients often manifest with Fan-
coni’s syndrome and failure to thrive in early childhood. Patient 
survival years following renal transplantation has revealed sys-
temic complications including distal myopathy and dysphagia. 
Predominantly distal myopathy, including the development of 
dysphagia when swallowing muscles are weakened, is common 
in patients with nephropathic cystinosis, even in the absence of 
clinically overt muscle weakness. Currently, several obstacles ex-
ist in the path to implementing clinical trials for the treatment of 
distal myopathy in cystinosis patients. These include 1) a better 
understanding of the evolution of distal myopathy symptoms, 2) 
robust outcome measures, and 3) biomarkers that are sensitive 
and “responsive” enough to detect meaningful changes in dis-
ease status. To better understand the distal myopathy that occurs 
in Cystinosis patients, we derived primary myoblast lines from pa-
tients using a needle punch biopsy from vastus lateralis muscle. 
We subsequently compared their proliferation capacity to unaf-
fected controls using in vitro live imaging assays in combination 
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with high throughput immunofluorescent characterization at the 
single cell level. Overall, we have observed comparable rates of 
proliferation and total cell numbers generated from patient lines 
relative to controls. Our future studies include the characteriza-
tion of key myogenic genes at the protein level and subsequent 
ability to differentiate into multinucleated myotubes. Our early 
studies suggest that Cystinosis patients, with active distal muscle 
weakness, maintain the ability for myogenic progenitors to ex-
pand in vitro. A finding that supports the possibility of developing 
either cell-based therapies or therapies that affect myogenic pro-
genitor function in vivo.

Funding Source: Cystinosis Research Foundation, A generous 
gift to the Harvard Stem Cell Institute from Dr. Priscilla Winn 
Barlow, The Research Scholar Initiative at Harvard University, 
Circle Therapeutics Inc.

Keywords: Myopathy, Characterization, Cystinosis
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SYSTEMS BIOLOGY-GUIDED DESIGN AND 
MOLECULAR OPTIMIZATION OF TRANSCRIPTION 
FACTOR CASSETTES FOR ROBUST, HIGHLY 
EFFICIENT REPROGRAMMING
Wang, Nathan B. - Chemical Engineering, Massachusetts 
Institute of Technology, Cambridge, MA, USA
Lende, Brittany - Chemical Engineering, Massachusetts Institute 
of Technology, Cambridge, MA, USA
Galloway, Kate - Chemical Engineering, Massachusetts Institute 
of Technology, Cambridge, MA, USA

Despite substantial advances in reprogramming methods, the 
rate of reprogramming remains challenging to predict and control. 
Variability across batches of cells, diverse cocktails of transcrip-
tion factors, and the variable delivery and expression of those 
factors contribute to a lack of robustness. This variability across 
reprogramming replicates limits precise molecular interrogation 
of the reprogramming process. To improve the controllability, 
we aimed to reduce the number of viruses required for co-de-
livery while maintaining reprogramming efficiency. To address 
this challenge, we capitalized on our recently developed chem-
ical-genetic cocktail that induces a 100-fold increase in direct 
conversion to motor neurons. Using this cocktail, we identified 
the requisite transcription factors for generating motor neurons at 
high efficiency. Surprisingly, we found that reducing the number 
of transcription factors from the original six to just three (Ngn2, 
Isl1, Lhx3) increased reprogramming efficiency of mouse embry-
onic fibroblasts to induced motor neurons (MEF-to-iMN). Minimiz-
ing the cocktail allowed us to finely examine the role of each of 
the three transcription factors. Through systematic titration of the 
three transcription factors, we demonstrate that MEF-to-iMN di-
rect conversion efficiency correlates with levels of the pioneer 
transcription factor Ngn2 early in the reprogramming process. 
We then built an array of multicistronic cassettes based on the 
minimal set of transcription factors. Through a combination of mo-
lecular designs, we optimized the transcription factor cassettes, 
resulting in a massive 8,000-fold increase in reprogramming over 
the original six transcription factor cocktail using only two viruses. 
By optimizing the reprogramming cassettes, we could extend the 
window of time over which cells reprogram, increasing the yield 
of motor neurons. Finally, we show that eliminating neurotrophic 
growth factors does not impair our iMN reprogramming selectiv-

ity, reducing cost and eliminating a potential source of variabil-
ity. Neurotrophic-free reprogramming paves the way for repro-
gramming in environments lacking robust neurotrophic support, 
including in vivo.

Funding Source: NBW and BAL are supported by the National 
Science Foundation Graduate Research Fellowship Program 
under Grant No. 2141064.

Keywords: motor neuron reprogramming, cell fate engineering, 
systems biology
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CHAPERONE-MEDIATED AUTOPHAGY 
CONTROLS NEURAL STEM CELL ACTIVITY 
DURING PHYSIOLOGY AND PATHOLOGY
Matheu, Ander - Oncology, Biodonostia Health Research 
Institute, San Sebastian, Spain

Aging-related diseases are a major cause of mortality and mor-
bidity. These include neurodegenerative and cancer. The deter-
minants that influence aging and the onset of diseases associat-
ed with it are multifactorial and recent evidence demonstrated 
that aging and cancer share common hallmarks but acting dif-
ferently in a context dependent manner. One of the hallmarks 
is the activity of adult stem cells. Thus, there is a decline in the 
number and/or activity of stem cells with aging promoting tissue 
dysfunction, while encompasses the accumulation of mutations 
that cause the appearance of tumors. Furthermore, it has been 
identified a population of cancer stem cells responsible for main-
tenance, metastasis and recurrence in multiple types of cancer 
cells. These features are due to their unique characteristics of 
quiescence and self-renewal. Chaperone-mediated autophagy 
(CMA) is a homeostatic process essential for the lysosomal deg-
radation of a selected subset of the proteome. CMA activity di-
rectly depends on the levels of LAMP2A, critical receptor for CMA 
substrate proteins at the lysosomal membrane. the implication of 
LAMP2A, and hence CMA, in neural stem cells (NSCs) and in glio-
blastoma stem cells (GSCs) remains unknown. In this talk, we will 
present results revealing that LAMP2A expression is enriched in 
patient-derived GSC population whereas it is decreased in NSCs 
aging. Additionally, its knock-down diminishes GSCs tumorigen-
ic activities, whereas its overexpression maintains NSC activity. 
Furthermore, we identified novel molecular pathways critical for 
CMA activity. In conclusion, we identified a novel role of CMA di-
rectly regulating NSCs and GSCs activity via multiple pathways at 
proteome and transcriptome level.

Keywords: neural stem cell, chaperone mediated autophagy, 
cancer and aging
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USING HUMAN PLURIPOTENT STEM CELL 
MODELS TO ELUCIDATE THE CIS-REGULATORY 
LOGIC AND TRANSCRIPTIONAL REGULATION 
OF HUMAN CORTICAL INTERNEURON 
DEVELOPMENT
Chapman, Gareth D. - Developmental Biology, Washington 
University, St. Louis, MO, USA
Determan, Julianna - Developmental Biology, Washington 
University in St. Louis, MO, USA
Kaushik, Komal - Developmental Biology, Washington University 
in St. Louis, MO, USA
Kroll, Kristen - Developmental Biology, Washington University in 
St. Louis, MO, USA

Cortical GABAergic interneurons are known to be a neuronal 
population particularly sensitive and important to neurodevelop-
mental disorders including autism spectrum disorder. Despite a 
heavy focus on this cell type there remains relatively little known 
about the cis regulatory grammar underlying the specification 
and development of these cells. A greater understanding of this 
landscape is critical for understanding the roles single nucleotide 
polymorphisms or other mutations in intergenic space may have 
on the development of these cells. We have used our established 
developmental patterning approach to generate medial gangli-
onic eminence (MGE) like progenitors, immature and matured 
GABAergic neurons and have used cut and tag to examine the 
chromatin landscape changes accompanying these transitions. 
Examining marks of active chromatin (H3K27ac and H3K4me3) 
we have identified temporally specific histone mark changes 
which underlie the specification of MGE-like progenitors and their 
differentiation to GABAergic neurons. Further comparisons with 
active chromatin marks in dorsally patterned neuronal progen-
itors have identified lineage specific cis regulator elements in-
volved in MGE specification which are enriched for mainly bHLH, 
HMG and Homeobox transcription factor binding sites. Using this 
novel data set we have selected transcription factors which play 
either lineage restricting (DLX2) or more general roles in the de-
velopment of MGE-like progenitors (RFX3/4). Many of which are 
known risk genes for neurodevelopmental disorders. Examining 
the effect upon loss in expression of these genes using both 
constitutive and inducible CRISPR inhibition techniques we have 
observed specific changes in markers of MGE specification and 
general changes in markers of proliferation. Overall, this work 
presents a novel data set which identifies temporally significant 
cis-regulatory elements involved in the specification of MGE-like 
progenitors and their subsequent differentiation into GABAergic 
neurons. This presents an important resource to identify muta-
tions which are likely to effect MGE development and has allowed 
us to identify and investigate transcription factors playing specific 
roles in this process.

Keywords: Epigenetics, Interneurons, Neurodevelopment
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UNRAVELING BRAIN AGING ONE CELL TYPE AT 
A TIME: SINGLE CELL SEQUENCING REVEALS 
DIVERSE CELL STATES AND LINEAGES IN THE 
SHORT-LIVED TURQUOISE KILLIFISH
Rajagopal, Ayana - Department of Biology (Division of Animal 
Physiology and Neurobiology), KU Leuven, Belgium
Zandecki, Caroline - Department of Biology (Division of Animal 
Physiology and Neurobiology), KU Leuven, Belgium
Van houcke, Jolien - Department of Biology (Division of Animal 
Physiology and Neurobiology), KU Leuven, Belgium
Mariën, Valerie - Department of Biology (Division of Animal 
Physiology and Neurobiology), KU Leuven, Belgium
Seuntjens, Eve - Department of Biology (Division of Animal 
Physiology and Neurobiology), KU Leuven, Belgium
Arckens, Lutgarde - Department of Biology (Division of Animal 
Physiology and Neurobiology), KU Leuven, Belgium

The African turquoise killifish is an emergent model for aging and 
neurodegeneration as it has a short lifespan and exhibits mam-
malian-like aging hallmarks. The killifish telencephalon, subdivid-
ed into pallium and sub-pallium, are considered homologous to 
the primary mammalian neurogenic niches. To investigate the 
heterogeneity of these neuro-regenerative niches and study the 
impact of aging, we performed single cell sequencing of young 
adult and aged telencephali. To improve the sequenced read 
mapping, we additionally performed Long read sequencing to 
characterize the full-length transcriptome. Combined analyses 
identified 22 cell types including neuronal cells (NC), and pro-
genitor cells (PC) of glial and non-glial nature in the adult killifish 
telencephalon. PC sub-clustering unveiled four radial glia (RG) 
types, two atypical non-glial progenitor cell types (NGP) and oth-
er transition states. Lineage inference analysis of PCs suggests 
neuroepithelial-like radial glia (NE-RG3) and non-glial progenitor 
(NGP) to be the start point and intercessor of both neuro- and 
gliogenesis. We identified one NGP type as a hyper-proliferative 
mediator cell cluster, connecting different astroglial subtypes and 
the other more committed towards neurogenesis. NC sub-clus-
tering delineated the neuron types into distinct classes and sepa-
rated the lineages of excitatory and inhibitory neurons. Validation 
of our data in situ reveals a distinct spatial setting for the different 
RG and NC subtypes, reflecting the distribution of morphologi-
cally and physiologically distinct cell populations. With regard to 
the impact of aging on the progenitor heterogeneity, we found 
important pathways shaping neurogenesis - such as WNT, ribo-
somal and mTOR - to be altered during aging in the source cell 
types, NE-RG3 and NGP. The complete catalogue of killifish tel-
encephalon cell types is accessible via an online tool, providing 
a unique resource to understand adult neurogenesis in healthy 
brains and upon aging or disease.

Funding Source: This work was supported by the Belgian Fonds 
voor Wetenschappelijk Onderzoek (FWO Vlaanderen; research 
grant numbers: G0C2618N, G0C9922N), and an equipment 
grant from KU Leuven (KA/16/021).

Keywords: Glia and non-glial progenitors, African turquoise 
killifish, Aging and neuro-regeneration
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SPATIOTEMPORAL DYNAMICS OF 
HYPOTHALAMIC DEVELOPMENT
Lu, Yufeng - State Key Laboratory of Brain and Cognitive 
Science, Institute of Biophysics, Chinese Academy of Sciences, 
Beijing, China
Zhou, Xin - State Key Laboratory of Brain and Cognitive 
Neuroscience and Learning, Beijing Normal University, Beijing, 
China

The hypothalamus comprises various nuclei and neuronal sub-
populations that control fundamental homeostasis and behaviors. 
However, the cellular and molecular mechanisms of hypothalamic 
development remain mostly unclear. We revealed spatiotemporal 
transcriptome profiles and cell-type characteristics of hypothal-
amus development and illustrated molecular diversity of neural 
progenitors and the cell fate decision, which is programmed by 
different regulator genes (regulons). Overall, this study provides 
a comprehensive molecular landscape of hypothalamus devel-
opment at early- and mid- embryonic stages and a foundation for 
understanding its spatial and functional complexity.

Keywords: neural progenitors, cell fate determination, 
hypothalamus development
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A SOX10-MORANGE REPORTER IPSC 
LINE TO STUDY AND ENHANCE IN VITRO 
DIFFERENTIATION OF OLIGODENDROCYTES 
AND THEIR PROGENITOR CELLS
Chapleau, Alexandra - Neurology and Neurosurgery, McGill 
University, Montreal, QC, Canada
Blaszczyk, Gabriela - Neurology and Neurosurgery, McGill 
University, Montreal, QC, Canada
Sirois, Julien - Neurology and Neurosurgery, McGill University, 
Montreal, QC, Canada
Soubannier, Vincent - Neurology and Neurosurgery, McGill 
University, Montreal, QC, Canada
Antel, Jack - Neurology and Neurosurgery, McGill University, 
Montreal, QC, Canada
Durcan, Thomas - Neurology and Neurosurgery, McGill 
University, Montreal, QC, Canada
Bernard, Geneviève - Neurology and Neurosurgery, McGill 
University, Montreal, QC, Canada
Piscopo, Valerio - Neurology and Neurosurgery, McGill 
University, Montreal, QC, Canada

Oligodendrocytes (OLs) are the cells responsible for myelination 
in the central nervous system. Their main function is to insulate 
axons through the production of the myelin sheath. OLs and their 
progenitors, OL progenitor cells (OPCs), are commonly implicat-
ed in neurological diseases, suggesting these cells are suscepti-
ble to disruptions in homeostasis. While OLs are well studied in 
murine models, these findings don’t always translate to human 
models. The use of human-derived induced pluripotent stem cells 
(iPSCs) permits the study of human OLs to model disease and 
study their function, bridging the gap in knowledge from murine 
to human. Current growth factor-based iPSC-OL differentiation 
protocols are characterized by high variability, contaminating as-
trocytes, and low yield of terminally mature OLs (MBP+), render-
ing the use of these cells as an in vitro model difficult. To over-
come these issues, we developed a gene-edited iPSC reporter 

line (SOX10mO), in which endogenous mOrange fluorescence is 
detectable upon translation of the OL-specific transcription fac-
tor SOX10. Exploiting this feature, we can employ live cell sorting 
to purify and categorize our culture according to lineage maturi-
ty level. Testing the differentiation efficiency of SOX10mO cells 
revealed the presence of high number of glial progenitor cells 
(GPCs), bipotent precursors of astrocytes and OPCs, co-express-
ing NPC, glial and early OPC markers. Differentiation of GPCs in 
maturation media identified a subpopulation of late O4+ OPCs, 
corresponding to an increase in SOX10 expression. The majority 
of cells failed to reach terminal maturity, suggesting this proto-
col can produce reliable OPCs but not MBP+ OLs. We next used 
the SOX10mO system to trial modifications in the differentiation 
protocol to improve efficiency and reproducibility. We tested 
growth factor combinations to allow better control of the balance 
between proliferating progenitors and mature cells, including the 
subtraction of thyroid factor T3 in the progenitor medium, and the 
use of a novel maturation medium. We present a robust protocol 
capable of producing terminally differentiated OLs that lays the 
foundation for future disease modeling of these cell types.

Keywords: Oligodendrocyte, Protocol, Lineage Development
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MULTIOMIC COMPARISON OF HPSC-DERIVED 
NEURONS TO HUMAN FETAL NEURONS
Baddoo, Genevieve NaaLarteley - Neurobiology, University of 
Massachusetts Medical School, Boston, MA, USA
Boulting, Gabriella - Neurobiology, University of Massachusetts 
Medical School, Worcester, MA, USA
Newman-Toledo, Shayla - Neurobiology, University of 
Massachusetts Medical School, Worcester, MA, USA
Prouty, Shannon - Neurobiology, University of Massachusetts 
Medical School, Worcester, MA, USA

We must compare stem cell derivatives to the relevant primary 
human tissues to properly identify and understand cellular identi-
ty and maturity level. This is particularly true for cells of the human 
brain, which contains dozens of different cell types with multiple 
maturation stages. In addition, brain cell maturity levels or neuro-
nal sub-types may be further distinguished by the cell’s response 
to neuronal activity. Neuronal activity from spontaneous firing 
and sensory input is essential for the proper development of the 
brain. However, single-cell transcriptional data sets of primary 
human brain are processed from tissues without intentional stim-
ulation. In this study, we aim to systematically compare primary 
human fetal cultures of the neocortex to human pluripotent stem 
cell-derived neocortical neurons derived by a dual-SMAD inhibi-
tion approach, before and after neuronal depolarization. We will 
use single-cell multiomic profiling and Cut&Tag of cell-type mark-
er transcription factor proteins for this comparative analysis of the 
cell type-specific and activity-dependent transcriptional profiles. 
This will provide a deeper understanding of how the neuronal cell 
types made from widely-used neuronal differentiation protocols 
compare to the correlate cells that developed in vivo. We hope 
to identify both the strengths and weaknesses of these in vitro 
model systems, and to reveal the molecular pathways that are 
appropriate to model with these stem cell derived neurons.

Keywords: neuronal development, gene expression, single-cell 
profiling
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IDENTIFYING THE MOLECULAR LANDSCAPE 
OF HUMAN SENSORY INTERNEURON 
DEVELOPMENT USING EMBRYONIC STEM CELLS
Shahgholian, Pionik - Neurobiology, University of California, Los 
Angeles, CA, USA
Butler, Samantha - Neurobiology, University of California, Los 
Angeles, CA, USA
Gupta, Sandeep - Neurobiology, University of California, Los 
Angeles, CA, USA

Cellular replacement therapies use human embryonic stem cells 
(hESC) or induced pluripotent stem cell (hiPSC)-derived neurons 
to replace damaged or diseased populations of neurons in pa-
tients with neurological conditions. We are developing multiple 
stem cell protocols that generate functional, bonafide spinal 
sensory interneurons (INs) to either replace spinal cord tissue 
after injury (SCI) or use in drug testing platforms. Towards this 
goal, we use two developmentally relevant factors, retinoic acid 
in combination with bone morphogenetic protein 4, to gener-
ate the entire complement of sensory INs (proprioceptive dI1s, 
dI2s, mechanosensory dI3s, dI6, and nociceptive dI4s and dI5s) 
from mouse ESCs. To optimize the differentiation conditions for 
hESCs and hiPSCs in a 3-dimensional embryoid body/spheroid 
culture system we have assessed the impact of (1) confluency, 
(2) the presence of ROCK inhibitor, which prevents cell death, 
and (3) the day at which spheroids are generated, on the initial 
expansion of hESC/hiPSC cultures for sensory IN differentiation. 
With these standardized conditions, we are assessing (1) how the 
IN-differentiation program differs between protocols that induce 
INs through different developmental states, i.e neuroectodermal 
versus neuromesodermal intermediates, and (2) how these alter-
native routes of differentiation affect IN fate, diversity, and matu-
ration. These studies will both expand our understanding of the 
pathways involved in human sensory IN differentiation and iden-
tify a necessary cellular therapeutic to restore somatosensation 
in SCI patients.

Keywords: Human Embryonic Stem Cells (hESCs), Human 
Sensory Interneurons, Differentiation
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PERICYTE REPROGRAMMING FOLLOWING 
ISCHEMIC STROKE
Loan, Allison C. - Biology, University of Ottawa, University of 
Ottawa, ON, Canada
Lui, Margarita - Regenerative Medicine Program, University of 
Ottawa, ON, Canada
Joudeh, Nidaa - Regenerative Medicine Program, University of 
Ottawa, ON, Canada
Syal, Charvi - Regenerative Medicine Program, University of 
Ottawa, ON, Canada
Sun, Edward - Regenerative Medicine Program, University of 
Ottawa, ON, Canada
Leung, Joseph - Regenerative Medicine Program, University of 
Ottawa, ON, Canada
Wang, Jing - Regenerative Medicine Program, University of 
Ottawa, ON, Canada

Pericytes are cells that wrap around capillary microvessels and 
are a key component of the blood-brain barrier. An increasing 
number of studies have demonstrated that brain pericytes can be 

reprogrammed into various neural and non-neural cells at the le-
sion site following ischemic stroke. However, it remains unknown 
what determines pericyte reprogramming potential. Here, we first 
identified two distinct subtypes of pericytes in the stroke lesion 
site, marked by two pericyte markers: NG2 and Tbx18. Following 
this, we performed single-cell RNA sequencing (scRNA-seq) using 
stroke-injured cerebral cortical tissue isolated from two pericyte 
lineage tracing mice (NG2Cre-ERT2/Ai14 and Tbx18Cre-ERT2/
Ai14) that received intracerebral injections of vasoconstrictors 3 
days before scRNA-seq. Both transgenic mice were also treat-
ed with tamoxifen 7 days before stroke to enable lineage tracing 
of Tbx18-Ai14+ and NG2-Ai14+ pericytes. Three groups of Tbx18-
Ai14+ and NG2-Ai14+ cells from 1) no injury (naïve), 2) physical in-
jury (saline), and 3) ischemic injury (stroke), were FAC sorted for 
scRNA-seq. Downstream analysis revealed that Tbx18-Ai14+ cells 
from naïve brains mostly consisted of pericytes, smooth muscle 
cells, and endothelial cells, while Tbx18-Ai14+ cells from both 
physical injury and ischemic injury showed new cell phenotypes 
which included large quantities of fibroblasts, microglia and to a 
lesser degree glial precursors and T-cells. Naïve NG2-Ai14+ cells 
primarily consisted of pericytes, smooth muscle cells, endothelial 
cells, glial precursors, and mature oligodendrocytes. NG2-Ai14+ 
cells following physical injury and ischemic injury experienced an 
expansion of the glial precursor population. Trajectory inference 
analysis revealed that this glial precursor expansion was generat-
ed from pericytes. Immunohistochemical analysis has confirmed 
that 38% of NG2-Ai14+ cells became Sox2+ induced neural stem 
cells (iNSCs), 17% of them were DCX+ neuroblasts, while only 5% 
of Tbx18-Ai14+ cells became Sox2+ iNSCs at the lesion site. Eluci-
dation of underlying cellular and molecular mechanisms that con-
tribute to pericyte reprogramming for neural regeneration after 
ischemic stroke will pave the road to develop targeted therapeu-
tic strategies to enhance local neural regeneration at the stroke 
site.

Keywords: Ischemic stroke, Pericyte, Cellular reprogramming
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BDNF-TRKB SIGNALING INDUCES THE 
GLUTAMATERGIC DIFFERENTIATION FROM 
HUMAN INDUCED PLURIPOTENT STEM CELLS
Park, Yeongwon - Department of Medicinal and Life Sciences 
and Center for Bionano Intelligence Education and Research, 
Institute for Precision Therapeutics, Hanyang University, Korea
Seo, Hyemyung - Department of Medicinal and Life Sciences 
and Center for Bionano Intelligence Education and Research, 
Institute for Precision Therapeutics, Hanyang University, Ansan, 
Korea

Glutamatergic neuron, one of the most common excitatory neu-
rons in CNS, resides in various parts of brain, including hippo-
campus, lymbic system, and neocortex. It produces glutamate as 
a neurotransmitter, and plays a critical role in cognition, learning, 
memory, and emotional control. Productions of the healthy glu-
tamatergic precursor cells are essential for the cell replacement 
therapy and in vitro modeling of various neurological disorders 
including Alzheimer’s disease, mild cognitive impairment, and at-
tention deficit hyperactivity disorder. Brain-derived neurotrophic 
factor (BDNF) / tropomyosin-related kinase receptor type B (TrkB) 
signaling is significant in neuroprotection, maturation, and differ-
entiation for the specific neuronal population. Extrinsic morpho-
gens such as Wnt, Notch, Shh, and BMP are also essential for 
the differentiation, proliferation, and neurogenesis of neural stem 
cells. In this study, we discovered that the BDNF/TrkB signaling 
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in addition to the main morphogen stimulation can successfully 
induce the differentiation of glutamatergic precursor cells from 
hiPSCs. We characterized the glutamatergic precursor cells and 
checked the cell viability after the stimulation of BMP and BDNF/
TrkB signaling. We found the increased level of cell survivals of 
the glutamatergic precursors after the stimulation. We also found 
the increased expression level of synaptic marker proteins af-
ter the BDNF/TrkB stimulation. These data suggest that this ap-
proach can lead to the efficient protocol to produce the functional 
precursor cells for the potential cell replacement therapy.

Funding Source: This work was supported by the National 
Research Foundation of Korea(NRF) grant funded by 
the Korea government(MSIT). (2022R1A2C1011996, 
2022K1A3A1A20015190, 2022K2A9A1A01098131)

Keywords: human induced pluripotent stem cells, glutamatergic 
differentiation, BDNF/TrkB signaling
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EMERGING ROLE OF BAG AS CANCER 
CELL PLASTICITY REGULATOR IN 
MEDULLOBLASTOMA
Marchioro, Chiara - Department of Woman’s and Child’s Health,  
University of Padua, Padova, Italy
Canton, Martina - Department of Woman’s and Child’s Health, 
University of Padua, Padova, Italy
Rampazzo, Elena - Department of Woman’s and Child’s Health, 
University of Padua, Padova, Italy
Bortolozzi, Roberta - Department of Woman’s and Child’s 
Health, University of Padua, Padova, Italy
Grumati, Paolo - Telethon Institute of Genetics and Medicine, 
Telethon Institute of Genetics and Medicine, Napoli, Italy
Ronca, Roberto - Department of Molecular and Translational 
Medicine, University of Brescia, Italy
Persano, Luca - Department of Woman’s and Child’s Health, 
University of Padua, Padova, Italy
Viola, Giampietro - Department of Woman’s and Child’s Health, 
University of Padua, Padova, Italy
Mariotto, Elena - Department of Woman’s and Child’s Health, 
University of Padua, Padova, Italy

Abnormal expression of BCL2-associated athanogene (BAG) pro-
teins has been observed in different malignancies. BAG proteins 
are mainly reported as Hsp70 co-chaperones, as well as regula-
tors of apoptosis and autophagy, while their role in cancer cell dif-
ferentiation has never been investigated. Medulloblastoma (MB), 
the most common malignant brain tumor of childhood with un-
met therapeutic needs, is characterized by aberrations in diverse 
developmental pathways (Shh, Wnt, and Myc) but the molecular 
triggers are still largely unknown.Here we demonstrate that, al-
though MB is characterized by elevated BAG protein levels, its 
deregulation supports MB progression, chemotherapy resistance 
and metastasis. Indeed, transcriptomic analysis of BAG-depleted 
MB cells reveals the downregulation of neuron differentiation 
program in favour of the upregulation of muscle cell development 
and differentiation gene ontology terms, especially Mef2 and 
MyoD1 muscle differentiation transcription factors which have al-
ready been described as highly expressed in MB cells, as well 
as in proliferating granule neuron progenitors (GNP). In particular, 
BAG depletion modulates the expression levels of both stemness 
(Sox2, Nanog, Oct4) and neuronal markers (bIII-tubulin, NeuroD1, 
Nestin) hence possibly blocking MB cells into a transit-amplifying 
progenitor status. Accordingly, BAG-depleted cells display a pro-

liferative advantage in vivo with increased in c-Myc level, a major 
driver oncogene in medulloblastoma. In addition, a negative en-
richment in genes involved in cell-cell and cell-substrate adhe-
sion underlies the acquisition of epithelial-to-mesenchymal transi-
tion (EMT) features, corroborated by the peculiar spindle-shaped 
morphology observed in BAG-depleted MB cells. Moreover, BAG 
may be a crucial factor determining sensitivity and resistance in 
cancer cell since its downregulation induces a drug tolerant phe-
notype to chemotherapeutic agents used for MB treatment. Col-
lectively, these results demonstrate that BAG is able to control 
MB cancer cell plasticity acting as bona fide tumour suppressor 
gene. Future investigation of BAG gene regulation during brain 
development will prove an emerging role of BAG protein as mas-
ter regulator of neural cell fate and its possible involvement in 
medulloblastoma origin.

Keywords: Medulloblastoma, Cancer cell plasticity, Neural cell 
fate
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HUMAN GLIAL PROGENITOR CELLS UNDERGO 
EPIGENETIC DYSREGULATION WITH AGE
Mansky, Benjamin - Center for Translational Neuromedicine, 
University of Rochester Medical Center, Rochester, NY, USA
Mariani, John N. - Center for Translational Neuromedicine, 
University of Rochester Medical Center, Rochester, NY, USA
Long, Carter - Center for Translational Neuromedicine, 
University of Rochester Medical Center, Rochester, NY, USA
Schanz, Steven - Center for Translational Neuromedicine, 
University of Rochester Medical Center, Rochester, NY, USA
Salinas, Dennis - Center for Translational Neuromedicine, 
University of Rochester Medical Center, Rochester, NY, USA
Goldman, Steven - Center for Translational Neuromedicine, 
University of Rochester Medical Center, Rochester, NY, 
USA - Center for Translational Neuromedicine, University of 
Copenhagen, Denmark, Copenhagen - Sana Biotechnology, 
Cambridge, USA

White matter loss is a common feature of dementia and healthy 
aging. Human glial progenitor cells (hGPCs) produce myelinating 
oligodendrocytes throughout life, but why hGPCs fail to appropri-
ately remyelinate the aged brain remains unknown. We previous-
ly noted that unlike fetal hGPCs, adult hGPCs precociously differ-
entiate when engrafted into the dysmyelinated shiverer mouse 
brain, and fail to expand and colonize the recipient brain. Because 
oligodendrocyte differentiation is driven by chromatin closure, we 
sought to identify how the chromatin state of human GPCs chang-
es with age, and how this might lead to a loss of self-renewal and 
consequent white matter attrition. We characterized single-cell 
chromatin accessibility and transcriptomes of young and aged 
human embryonic stem cell (hESC)- and induced pluripotent 
stem cell (iPSC)-derived human GPCs in vitro at the single-cell 
level, and found a reduction in cycling cells, lower expression of 
genes associated with migration and self-renewal, an increase in 
immune pathway gene expression, and a de-repression of ma-
ture neuronal and glial programs. To understand the regulatory 
mechanisms underlying these events, we used CUT&Tag to pro-
file chromatin marks H3K4me3, H3K27ac, H3K27me3, H3K9me3, 
and H3K9ac every 30 days throughout the differentiation and 
subsequent aging of hESC- and hiPSC-hGPCs. We found a 57% 
decrease in accessible chromatin in aged hGPCs genome-wide, 
corresponding to an increase in repressed chromatin. We used 
these data to identify sites of chromatin dysregulation in aged 
hGPCs, and by that means identified potential targets for epigen-
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etic manipulation. These findings advance our understanding of 
age-related white matter loss and may thereby offer us an opera-
tional basis by which to restore GPCs to an expansion-competent 
and myelinogenic state in the aged human brain.

Funding Source: Funded by NIA R01AG072298, NINDS 
R01NS110776, CNS2 Inc., Sana Biotechnology, and the Adelson 
Medical Research Foundation.

Keywords: glia, aging, epigenetics
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CHARACTERIZING THE RELATIONSHIP OF LGL1 
AND AKT IN NEURAL STEM CELLS
Sprowles, Amy - Biological Sciences, California Polytechnic 
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Yang, Sheng - Biological Sciences, California Polytechnic State 
University Humboldt, Arcata, CA, USA
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Trzeciak, Jacqueline - Biological Sciences, California Polytechnic 
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State University Humboldt, Arcata, CA, USA
Lacourse, Monique - Biological Sciences California Polytechnic 
State University Humboldt, Arcata, CA, USA
Otis, Sharon - Biological Sciences, California Polytechnic State 
University Humboldt, Arcata, CA, USA
Hirata, Yoko - Neurosurgery, Stanford University, Palo Alto, CA, 
USA
Lancero, Hope - Neurosurgery, Stanford University, Palo Alto, 
CA, USA
Petritsch, Claudia - Neurosurgery, Stanford University, Palo Alto, 
CA, USA

Asymmetric cell division and migration are critical for neural stem 
cell differentiation and brain development. When these process-
es are dysregulated in neural progenitor cells (NPCs), develop-
mental defects and diseases like glioblastoma multiforme (GBM) 
can result. Lgl1 is a tumor suppressor gene first characterized in 
Drosophila neuroblasts that is best known for its regulation of api-
cal-basal cellular polarity through its association with the Par com-
plex. The PI3K/AKT signaling cascade is also regulated by Par sig-
naling and involved in cellular migration. To investigate the role 
of LGL1 on the regulation of NPC migration, NPCs were cultured 
from genetically matched Lgl1-/- and Lgl1+/+ primary cell lines 
isolated from the subventricular zone (SVZ) and corpus collosum 
(CC) of P30 mice.  Spheroid and scratch test migration assays 
revealed that loss of Lgl1 increased migration rates by up to two-
fold, demonstrating that LGL1 regulates NPC migration. To see 
if loss of Lgl1 could be influencing migration through PI3K/AKT 
signaling, we used targeted drugs to inhibit mTOR and PI3K in 
the same cellular migration assays and evaluated the phosphory-
lation states of AKT in the same genetically matched cell lines and 
in the subventricular zone of GFAP CRE Lgl1 knock out vs. wild 
type mice. Our findings suggest that changes in Akt phosphor-
ylation a a key link between LGL1 and the migratory defects we 
observed. Our results are also consistent with findings that loss 
of Lgl1 increases rates of cellular migration. Our results contribute 

to the understanding how loss of cell polarity affects neural cell 
differentiation, cancer cell properties, and GBM progression.

Funding Source: This project was made possible by generous 
funding from the National Institutes of Health (R01 CA164746 
(C.P.) and the California Institute of Regenerative Medicine (CIRM 
#TB1-01190, EDUC2-08397 (JPV) and EDUC2-12620 (A.E.S))

Keywords: AKT, LGL1, Neural Progenitor Cells
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INDUCING MAPK SIGNALING PROMOTES DIRECT 
CONVERSION TO NEURONS BY INCREASING 
PROLIFERATION
Lende, Brittany - Chemical Engineering, Massachusetts Institute 
of Technology, Cambridge, MA, USA
Galloway, Kate - Chemical Engineering, Massachusetts Institute 
of Technology, Cambridge, MA, USA

The MAPK pathway transmits extracellular cues into changes in 
gene expression to regulate diverse cellular responses including 
proliferation and differentiation. We recently developed a che-
mo-genetic cocktail that drives overexpression of a mutant of 
the MAPK pathway, HRASG12V. This cocktail increases the pop-
ulation of cells that reprogram at near-deterministic rates, which 
in turn increases the conversion of mouse embryonic fibroblast 
to motor-neuron reprogramming by 100-fold. While mutant RAS 
broadly promotes transformation by inducing signaling through 
the MAPK pathway, the mechanistic contribution to reprogram-
ming remains undefined. Moreover, cell-fate transitions toward 
highly proliferative cell types, such as iPSCs, may obscure the 
potential transient role of MAPK signaling and proliferation to pro-
mote these transitions. To address the question of how transient 
MAPK signaling and proliferation influence conversion, we intro-
duced a live-cell reporter of MAPK-activity. We observe that our 
high efficiency cocktail induces elevated MAPK signaling early in 
reprogramming. Inhibition of the MAPK pathway decreased prolif-
eration and motor-neuron yield, indicating that signaling supports 
proliferation and conversion. Different isoforms of RAS induce dif-
ferent transformation rates that vary by cell type. To examine iso-
form-specific differences in reprogramming, we explored a panel 
of RAS isoform mutants, which generated reprogramming yields 
ranging from 25% to 125%. These reprogramming yields correlate 
with the ability of each RAS mutant to induce proliferation in the 
reprogramming cells. Overall, we find that MAPK signaling pro-
motes direct conversion to neurons by increasing proliferation. 
With these insights and tools, we can dissect the molecular paths 
that cells traverse during reprogramming. Importantly, we aim to 
develop well-controlled systems for reprogramming cellular iden-
tity to generate specific neurons.

Keywords: Reprogramming, MAPK/ERK signaling, RAS mutants
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GENOME-WIDE SCREENS REVEAL ESSENTIAL 
ROLES FOR HOX GENES AND IMPRINTED GENES 
DURING NEURONAL DIFFERENTIATION OF 
HUMAN EMBRYONIC STEM CELLS
Yilmaz, Atilgan - Azrieli Center for Stem Cells and Genetic 
Research, The Hebrew University, Jerusalem, Israel
Kinreich, Shay - The Azrieli Center for Stem Cells and Genetic 
Research, Department of Genetics, The Hebrew University of 
Jerusalem, Israel
Bialer-Tsypin, Anna - The Azrieli Center for Stem Cells and 
Genetic Research, Department of Genetics, The Hebrew 
University of Jerusalem, Israel
Viner-Breuer, Ruth - The Azrieli Center for Stem Cells and 
Genetic Research, Department of Genetics, The Hebrew 
University of Jerusalem, Israel
Suhler, Roni - The Azrieli Center for Stem Cells and Genetic 
Research, Department of Genetics, The Hebrew University of 
Jerusalem, Israel
Benvenisty, Nissim - The Azrieli Center for Stem Cells and 
Genetic Research, Department of Genetics, The Hebrew 
University of Jerusalem, Israel

Mapping the essential pathways for neuronal differentiation can 
assist the development of cellular models for neurodevelopmen-
tal disorders and suggest new therapeutic targets. To this aim, we 
utilized a genome-wide loss-of-function mutant library in haploid 
human embryonic stem cells, which we differentiated into neu-
rons. This CRISPR/Cas9-based mutant library, which was generat-
ed by targeting 18,000 coding genes with over 180,000 sgRNAs, 
recently allowed us to identify the essential gene networks for the 
maintenance of pluripotency and early germ layer differentiation 
in human. Here, we identify the essential genes and pathways 
for neurogenesis, showing that they are enriched for secreted 
and membrane proteins, and that a large group of neurologi-
cal conditions, including neurodegenerative disorders, manifest 
early neuronal differentiation phenotypes. Moreover, the essen-
tial transcription factors that we identified include several HOX 
genes demonstrating synergistic roles and surprising non-redun-
dant functions for HOXA6 and HOXB6 paralogs during neuronal 
differentiation. Furthermore, we establish the essentialome of im-
printed genes during neurogenesis, showing that the maternally 
expressed genes are non-essential in pluripotent cells and their 
differentiated germ layers, yet several of these imprinted genes 
are essential for neuronal development. These include Beck-
with-Wiedemann syndrome- and Angelman syndrome-related 
genes, for which we suggest a novel regulatory pathway. Overall, 
our work identifies essential pathways for neuronal differentiation 
and stage-specific phenotypes of neurological disorders. 

Keywords: Neuronal differentiation, Genome-wide CRISPR 
screening, Disease modeling
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MOLECULAR PROGRAMS OF AREA 
SPECIFICATION AND NEURAL STEM CELL FATE 
PROGRESSION IN DEVELOPING MACAQUE 
CORTEX
Micali, Nicola - Neuroscience, Yale University, School of 
Medicine, New Haven, CT, USA
Ma, Shaojie - Neuroscience, Yale School of Medicine, New 
Haven, CT, USA
Li, Mingfeng - Department of Pharmacology, School of Basic 
Medicine, Wuhan, China
Kim, Suel-Kee - Neuroscience, Yale School of Medicine, New 
Haven, CT, USA
Mato-Blanco, Xoel - Neurogenomics Group, Research 
Programme on Biomedical Informatics (GRIB), Hospital del Mar 
Medical Research Institute (IMIM), MELIS, Universitat Pompeu 
Fabra, Barcelona, Spain
Sindhu, Suvimal - Neuroscience, Yale School of Medicine, New 
Haven, CT, USA
Arellano, Jon - Neuroscience, Yale School of Medicine, New 
Haven, CT, USA
Duque, Alvaro - Neuroscience, Yale School of Medicine, New 
Haven, CT, USA
Santpere, Gabriel - Neurogenomics Group, Research 
Programme on Biomedical Informatics (GRIB), Hospital del Mar 
Medical Research Institute (IMIM), MELIS, Universitat Pompeu 
Fabra, Barcelona, Spain
Sestan, Nenad - Neuroscience, Psychiatry, Genetics, and Yale 
Child Study, Yale School of Medicine, New Haven, CT, USA
Rakic, Pasko - Neuroscience, Kavli Institute for Neuroscience, 
Yale School of Medicine, New Haven, CT, USA

Mammalian corticogenesis involves patterning of the distinct 
cortical domains along with fate specification of the neural stem 
cells (NSCs). Here we generated single-cell transcriptome data of 
787,418 cells from multiple areas of the prenatal rhesus macaque 
telencephalon, from a phase before neurogenesis till mid-gliogen-
esis. We defined the molecular programs of the brain organizers 
and their cross-talk with cortical NSCs. We found primate-specific 
signaling active in the antero-ventral domain of the telencephalon 
implicating GALP and Galanin and further evaluated the function 
in brain organoids. Regional transcriptomic divergences in the 
neocortex were evident at early states of the NSC progression 
and in terminally differentiated neurons and astrocytes more than 
in intermediate transitions. Finally, we show that neuropsychiatric 
disease- and brain cancer-risk genes might have early roles in 
brain organizers’ activity and across cortical NSC progression.

Funding Source: NIH R01MH113257 (to A.D.); NIH 
R01HG010898- 01 (to G.S. and N.S.); NIH U01MH124619, 
MH122678, HG010898, and MH116488 (to N.S.); NIDA Merit 
Award DA023999 (to P.R.)

Keywords: cortical neural stem cells cortical organoids, brain 
organizers primate brain development, neurodevelopmental 
diseases
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DIRECT NEURONAL REPROGRAMMING 
FROM THE SKIN CAN BE EXPLAINED BY 
DIFFERENTIATION OF NEURAL CREST STEM AND 
PROGENITOR CELLS
Belair-Hickey, Justin J. - Molecular Genetics, University of 
Toronto, ON, Canada
Fahmy, Ahmed - Molecular Genetics, University of Toronto, ON, 
Canada
Sajid, Rifat - Laboratory Medicine and Pathobiology, University 
of Toronto, ON, Canada
Coles, Brenda - Molecular Genetics, University of Toronto, ON, 
Canada
van der Kooy, Derek - Molecular Genetics, University of Toronto, 
ON, Canada

Direct cellular reprogramming involves conversion of one ful-
ly differentiated and mature cell type into another through ma-
nipulation of gene expression and without returning to an early 
developmental state. One aspect of this process that is often 
unexplored is the potential heterogeneity in the starting cell 
population prior to reprogramming. In this work we examine two 
key components of potential heterogeneity: the developmental 
lineage of starting cells, and to what extent there is a mixture of 
stem and progenitor cells in culture. Our model for this is directly 
reprogramming cells from the murine skin into neurons, as skin is 
a common substrate for many reprogramming experiments. The 
skin contains cells at different levels of maturity (stem cells vs. 
post-mitotic differentiated cells) and from multiple developmental 
origins, including the neural crest, surface ectoderm, and meso-
derm. We hypothesize that a single developmental lineage in the 
skin contributes to reprogrammed neurons and that within this 
lineage there are a smaller subset of elite stem or progenitor cells 
with intrinsic bias to turn into neurons. This hypothesis would also 
explain the common feature of reprogramming being an ineffi-
cient process. In support of these predictions, we find that nearly 
all reprogrammed neurons are derived from neural crest cells in 
the skin. This seems to be a cell autonomous bias in the neural 
crest compartment, as FACS purified non-neural crest cells show 
a similar inability to reprogram as in mixed cultures. Neural crest 
stem and progenitors comprise a small subset of the skin culture, 
however, when these cells are ablated there is a drastic reduc-
tion in the efficiency of direct neuronal reprogramming. These ex-
periments support an elite model of direct reprogramming over 
a stochastic process where all cells have equal potential to re-
program. Furthermore, these data call into question whether this 
is truly a direct reprogramming phenomenon as traditionally de-
fined. It was originally thought that skin to neuron reprogramming 
represents a conversion across germ layers from mesoderm to 
neuroectoderm. Our alternative interpretation is that this is really 
directed differentiation of a neural stem cell in the skin that has 
intrinsic potential to produce neural progeny.

Keywords: Direct Neuronal Reprogramming, Neural Crest Stem 
Cells, Elite vs. Stochastic Models of Reprogramming
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LIF SIGNALING REGULATES OUTER RADIAL 
GLIA TO INTERNEURON FATE DETERMINATION 
DURING HUMAN CORTICAL DEVELOPMENT
Andrews, Madeline G. - Regeneration Medicine, University of 
California, San Francisco (UCSF), San Francisco, CA, USA
Bhaduri, Aparna - Biological Chemistry, University of California, 
Los Angeles, CA, USA
Kriegstein, Arnold - Neurology, University of California, San 
Francisco, CA, USA
Siebert, Clara - Neurology, University of California, San 
Francisco, CA, USA
Wang, Li - Neurology, University of California, San Francisco, 
CA, USA
White, Matthew - Neurology, University of California, San 
Francisco, CA, USA

The appropriate development of the nervous system is essential 
for long-term organization and function where dysregulation of 
molecular programs during embryogenesis can have devastating 
neurological consequences. However, the local cues in the corti-
cal niche that pattern discrete cell types have not been explored 
in depth. Outer radial glial (oRG) cells are specialized neural stem 
cells that differentiate into diverse populations of neurons and 
glia. To understand the lineage contribution of oRG we explored 
the role of the Leukemia inhibitory factor (LIF) signaling. The LIF 
receptor (LIFR) is uniquely expressed in oRG cells during peak 
neurogenesis. Utilizing cortical organoids, we identified that LIF 
activation promotes oRG proliferation with a concomitant de-
crease in excitatory neurogenesis. However, after LIF activation 
we observed an unexpected increase in the number of inhibitory 
interneurons (IN). While IN are predominantly born in the ventral 
forebrain and migrate dorsally into the cortex, recent studies sug-
gest a subset of IN may be dorsal forebrain-derived. We reana-
lyzed publicly available cortical organoid datasets compared to 
primary ventral forebrain reference datasets and identified that 
after six months in culture a population of IN, that transcription-
ally resemble dorsally-derived IN, are observed in organoids. 
We then evaluated our organoid dataset after LIF activation and 
identified earlier development of and increased proportions of 
this IN population. To identify the lineage source of described 
IN, we isolated oRG using FACS, cultured in the presence of LIF 
for several weeks and subsequently observed an increase in IN 
abundance. The studies suggest that LIF signaling is sufficient to 
promote oRG development into an underexplored population of 
dorsal forebrain-derived IN.

Keywords: Pluripotent stem cell models, Neurodevelopment, 
Neural organoids
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INVESTIGATING THE IMPORTANCE OF HUMAN- 
AND BRAIN-SPECIFIC LONG NONCODING RNAS
Laurent, Benoit - Département de Biochimie et Génomique 
fonctionnelle, Université de Sherbrooke, Sherbrooke, QC, 
Canada
Khan, Muhammad Riaz - Biochemistry, Université de 
Sherbrooke, QC, Canada
Dionne, Olivier - Biochemistry, Université de Sherbrooke, QC, 
Canada
Manuel, Jeru Manoj - Biochemistry, Université de Sherbrooke, 
QC, Canada
St-Germain, Joannie - Biochemistry, Université de Sherbrooke, 
QC, Canada
Graham, Rona - Medicine, Université de Sherbrooke, 
Sherbrooke, QC, Canada
Lavoie, Christine - Pharmacology - Physiology, Université de 
Sherbrooke, QC, Canada
Wellinger, Raymund - Microbiology, Université de Sherbrooke, 
QC, Canada

Long noncoding RNAs (lncRNAs) are important cellular regulators 
as they are involved in chromatin remodeling, transcription mod-
ulation, and post-transcriptional regulation through a variety of 
chromatin-based mechanisms and interplay with other RNA spe-
cies. Studies have reported the functional implications of lncRNAs 
in the developing and mature brain, and lncRNA deregulations 
have been associated with many neurodegenerative diseases. 
Some lncRNAs are evolutionary conserved, suggesting a critical 
role across diverse species. The goal was 1/ to identify lncRNAs 
that are human- and brain-specific, 2/ to investigate whether the 
expression of these lncRNAs was critical the differentiation of 
iPSCs into neurons, and 3/to determine whether deregulations 
of their expression could be associated with neurodegenerative 
diseases. The functional characterization of these lncRNAs was 
performed using human induced pluripotent stem cells derived 
into neurons and brain tissue of patients with neurodegenerative 
diseases. We performed a bioinformatic analysis on lncRNA ex-
pression in different tissues and organisms and identified 8 ln-
cRNAs that are specifically expressed in humans and in a high 
abundance in brain tissue. Subsequent quantitative PCR analysis 
validated the expression of these lncRNAs in mature neurons and 
brain tissues. We focused this study on our lncRNA #1 candidate 
and demonstrated that its expression is dynamically regulated 
during neuronal differentiation. The knock-down of this lncRNA 
impaired the differentiation and maturation of neurons, and 
transcriptomics analysis confirmed that the absence of lncRNA 
#1 led to the dysregulation of key signature genes involved in 
neuronal differentiation. Finally, we showed that the expression 
of this lncRNA is deregulated in the brain tissue of patients with 
Alzheimer’s and Huntington’s disease. We identified human- and 
brain-specific lncRNAs whose expression is critical for neuronal 
maturation and deregulations associated with neurodegenera-
tive diseases. Our next step is to identify the molecular mecha-
nisms by which they are important contributors to brain patho-
physiology.

Keywords: long noncoding RNAs, neuronal differentiation, brain
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OPTIMISED AND SCALABLE REPROGRAMMING 
OF HUMAN IPSCS TO GENERATE NOCICEPTOR 
SENSORY NEURONS FOR THE STUDY OF PAIN 
MECHANISMS AND NEUROPATHIES
Pacitti, Dario - Cell Type Development, bit.bio, Cambridge, UK
Raman Srivastava, Malathi - Product Management, bit.bio, 
Cambridge, UK
Foulser, Luke - Cell Type Development, bit.bio, Cambridge, UK
Bahri, Myriam - Cell Type Development, bit.bio, Cambridge, UK
Ortiz-Sanchez, Marco - Cell Type Development, bit.bio, 
Cambridge, UK
Long, Kathleen - Functional Genomics, bit.bio, Cambridge, UK
Byrne, Meg - Functional Genomics, bit.bio, Cambridge, UK
Dermit-Salacar, Maria - Bioinformatics, bit.bio, Cambridge, UK
Wilczynska, Ania - Bioinformatics, bit.bio, Cambridge, UK
Milde, Stefan - Cellular Phenotyping, bit.bio, Cambridge, UK
Newman, Ben - Manufacturing, bit.bio, Cambridge, UK
Patell-Socha, Farah - Research Products, bit.bio, Cambridge, UK
Moreau, Thomas - Cell Biology Research, bit.bio, Cambridge, UK
Bernard, Will - Cell Type Development, bit.bio, Cambridge, UK
Oosterveen, Tony - Cell Type Development, bit.bio, Cambridge, 
UK
Metzakopian, Emmanouil - Research and Development, bit.bio, 
Cambridge, UK
Kotter, Mark - bit.bio, Cambridge, UK

Nociceptive sensory neurons, a subtype of somatosensory cells 
of the dorsal root ganglia, respond to diverse noxious and pruritic 
stimuli, and are critical for the study of pain mechanisms and neu-
ropathies. Many promising drugs with efficacy in animal models 
of pain have failed in the clinic due to interspecies differences 
in nociception. Conventional differentiation methods to generate 
nociceptors from human induced pluripotent cells (hiPSC) offer 
a more physiologically relevant alternative to animal models, but 
are limited by complex, inconsistent, and long protocols. Thus, 
there is a need for a consistent, scalable human in vitro model to 
study the pathophysiology of nociceptive sensory neurons and 
develop new, efficacious, and safe pain therapeutics. We used 
transcription factor mediated precision cellular reprogramming 
technology, opti-ox™, to rapidly and consistently generate mature, 
functional and physiologically relevant sensory neurons that dis-
play critical features of nociceptors, named ioSensory Neurons, 
at scale from hiPSCs. Transcriptomic and phenotypic charac-
terisation demonstrated that reprogrammed hiPSCs acquired a 
sensory nociceptor identity. Within 14 days post-revival, the cells 
expressed the pan-sensory neuron markers ISL1, POU4F1 and 
PRPH, and key nociceptor markers NTRK1, TRPV1, TRPM8, and 
SCN9A. Neurotrophic factors influence subtype specification of 
sensory neurons, and thus by optimising culture conditions we 
enriched for cells expressing key sensory genes, including pep-
tidergic nociceptor markers TAC1 and ADCYAP1. Multi-Electrode 
Array and calcium assays demonstrated asynchronous sponta-
neous activity and responsiveness to diverse noxious stimuli, re-
vealing the sensory neurons’ functionality. In conclusion, with op-
ti-ox precision reprogramming, iPSCs are rapidly converted into 
functional sensory neurons offering a robust and scalable source 
of human nociceptors which can be used as a relevant in vitro 
model to study the biology of pain and to develop novel therapies 
for neuropathies.

Keywords: nociceptor, pain, reprogramming
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PROMOTING THE DIFFERENTIATION OF NEURAL 
PROGENITOR CELLS INTO OLIGODENDROCYTES 
THROUGH THE INDUCTION OF OLIG2 
EXPRESSION: A TRANSCRIPTOMIC STUDY USING 
RNA SEQUENCING AND GENE ONTOLOGY 
ANALYSIS
Pieczonka, Katarzyna - Institute of Medical Science, University 
of Toronto, ON, Canada
Fehlings, Michael - Department of Surgery, University of 
Toronto, Canada
Khazaei, Mohamad - Krembil Research Institute, University 
Health Network, Toronto, Canada

Oligodendrocytes play key roles in myelination and in mediating 
interactions between glia and neurons within the central nervous 
system. As such, the loss of these cells is associated with dis-
rupted signal conduction and severe functional deficits. Neural 
progenitor cells (NPCs) are a promising source of cells for the 
treatment of oligodendrocyte-related neurological injuries and 
diseases due to their ability to differentiate into oligodendrocytes, 
in addition to neurons and astrocytes. However, the differentia-
tion of NPCs into oligodendrocytes is often inefficient, whereby 
the majority of the cells tend to differentiate into astrocytes within 
the injury microenvironment. In order to enhance oligodendro-
cyte differentiation, we aimed to generate inducible oligodendro-
genic NPCs (ioNPCs) and to characterize the cells in vitro. Human 
ioNPCs were prepared by engineering iPSC-NPCs to express 
Olig2 under the control of the conditional doxycycline-inducible 
Tet-ON promoter. The cells were then treated with doxycycline 
for 3, 7 or 10 days in order to identify the optimal doxycycline 
treatment timeline. qRT-PCR analysis revealed that the expres-
sion of several genes involved in oligodendroglial lineage de-
termination, including OLIG1, OLIG2, PDGFRA and NKX6.1, pro-
gressively increased with longer doxycycline treatment timelines. 
Immunostaining showed that following differentiation, the ratio 
of O1+ oligodendrocytes was significantly higher in the ioNPCs 
(39.44 ± 16.5%) compared to NPCs (24.73 ± 6.5%). Additionally, 
bulk RNA sequencing was performed in order to assess the tran-
scriptomic hallmarks of the ioNPCs in comparison to NPCs. A to-
tal of 521 genes were differentially expressed between the two 
groups. These included oligodendroglial genes such as OLIG1, 
PDGFA, and MYRF which were upregulated in the ioNPCs, as 
well as neuronal and astrocyte genes such as TUBB3, MAP2 and 
S100b, which were downregulated in this group. Furthermore, 
gene ontology analysis identified pathways such as oligodendro-
cyte cell fate commitment, oligodendrocyte cell fate specification 
and spinal cord oligodendrocyte fate specification amongst the 
differentially expressed genes. In conclusion, our study suggests 
that ioNPCs are a promising source of cells for the replacement 
of oligodendroglial lineage cells.

Funding Source: Canadian Institutes for Health Research

Keywords: neural progenitor cell, oligodendrocyte, spinal cord 
injury
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REQUIREMENT OF SULF1 IN HUMAN MIDBRAIN 
DOPAMINERGIC NEURAL PROGENITOR CELL 
DEVELOPMENT
Ni, Anjie - Department of Human Genetics, McGill University, 
Brossard, PQ, Canada
Peng, Huashan - Department of Psychiatry, Douglas Hospital 
Research Institute, Montreal, QC, Canada
Valeanu, Alexandra - Joint Research Center for Computational 
Biomedicine, RWTH Aachen University, Aachen, Germany
Stumpf, Patrick Simon - Joint Research Center for 
Computational Biomedicine, RWTH Aachen University, Aachen, 
Germany
Ernst, Carl - Department of Human Genetics, McGill University, 
Montreal, QC, Canada

Midbrain dopaminergic (mDA) cells form a uniquely defined cell 
type that governs motor function and behaviour. The mDA cell 
fate is specified by the combination of sonic hedgehog (SHH), 
WNT and other factors, but precisely how concentration gradi-
ents of SHH and WNT, in particular, induce the mDA identity is 
not well understood. Here, we used in vitro human induced plu-
ripotent stem cell (iPSC) induction techniques to precisely control 
morphogen dose and timing. We conducted an RNA sequencing 
(RNA-seq) experiment to identify genes that are highly upregulat-
ed when iPSCs are induced into mDA progenitors. Our data led 
to the identification of SULF1 as a remarkably accurate marker 
of mDA progenitor cells, which we confirmed by single-cell RNA-
seq analyses from mouse and human data. Further, we show that 
SULF1 is highly expressed in mDA progenitors but not in forebrain 
progenitors or iPSCs, and that engineered heterozygous loss of 
SULF1 has a dose-dependent effect on levels of the known mid-
brain marker FOXA2. These results suggest that SULF1 may be 
essential for the mDA identity. We then demonstrate that SULF1 
expression is strongest under an SHH and WNT combinatorial 
exposure compared to SHH or WNT individual exposures, which, 
along with our other observations, indicates that SULF1 directly 
responds to the combination of midbrain inducers SHH and WNT. 
Currently, SULF1’s role in human mDA development is still un-
known. Our system would thus allow for the discovery of SULF1’s 
role in human mDA cell fate specification at the mechanistic lev-
el, with the hypothesis that SHH- and WNT-driven expression of 
SULF1 may function in a positive feedback loop to increase SHH 
and WNT activity in human mDA progenitor cells.

Keywords: midbrain dopaminergic cell fate, SULF1, morphogen 
patterning
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NAÏVE STATE STEM CELLS PLUS TIME-SENSITIVE 
ADDITION OF NEUROTROPIC FACTORS 
PRODUCE SUPERIOR MIDBRAIN DOPAMINERGIC 
NEURONS
Bamdad, Cynthia C. - Stem Cell Group, Minerva 
Biotechnologies, Waltham, MA, USA
Yi, Kevin - Minerva Biotechnologies, Waltham, MA, USA
Moe, Scott - Minerva Biotechnologies, Waltham, MA, USA
Jeon, Thomas - Minerva Biotechnologies, Waltham, MA, USA
Smagghe, Benoit - Minerva Biotechnologies, Waltham, MA, USA
Stewart, Andrew - Minerva Biotechnologies, Waltham, MA, USA

Pluripotent stem cell derived midbrain dopaminergic (mDA) neu-
rons hold great promise for the treatment of Parkinson’s disease, 
but are still held back by technical challenges. mDA neurons de-
rived from donor embryonic stem cells (ESCs) pose risk of rejec-
tion and often require immuno-suppressive treatment. Historical-
ly, iPSCs, which may be patient-derived, have not differentiated 
into mDA neurons as well as ESCs. Both approaches suffer from 
poor in vivo engraftment rates of only about 10%. Early implanta-
tion of stem cell derived mDA neurons improves engraftment, but 
necessitates implanting the cells before the cellular product can 
be fully characterized and is typically before the cells secrete do-
pamine. A newer protocol showed that activating WNT/β-catenin 
pathway at specific timepoints improved yield and differentiation 
to mDA neurons. Our studies of human naïve state stem cells ver-
sus the primed state showed that naïve stem cells express the 
highest levels of active β-catenin. To this end we used a pub-
lished protocol to compare the differentiation of naïve state iPSCs 
versus primed state iPSCs and ESCs into mDA neurons, with or 
without addition of agents that activate WNT/β-catenin. We also 
modified the protocol by introducing into the differentiation me-
dia critical factors that may be present in the human brain at the 
time of neural development. Multiple experiments showed that 
naïve state iPSCs differentiated into mDA neurons better than 
primed state iPSCs. mDA neurons differentiated from naïve iPSCs 
produced up to 10-fold more dopamine than those differentiated 
from primed state iPSCs and produced it at much earlier time-
points. These results show that dopaminergic neurons derived 
from naïve state iPSCs could be fully characterized with dopa-
mine production verified before implantation, which would allow 
for full quantification and characterization of the cellular product 
to satisfy regulatory agencies. The addition of specific neurotrop-
ic factors, at specific timepoints, resulted in improved mDA neu-
ron-like morphology with appropriate expression of molecular 
markers and a dramatic increase in the inter-connectivity of the 
neurons, which could be a predictor of improved engraftment.

Keywords: Parkinson’s Disease, Dopaminergic Neurons, iPSCs
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UNRAVELLING HUMAN ENDOCRINE 
PROGENITOR CELLS
Goncalves, Alexandra - Faculty of Biology, Medicine & Health, 
Division of Diabetes, Endocrinology and Gastroenterology, 
University of Manchester, UK
Birket, Matthew - Faculty of Biology, Medicine and Health, 
Division of Diabetes, Endocrinology and Gastroenterology, 
University of Manchester, UK
Miller, Anzy - Faculty of Biology, Medicine and Health, 
Division of Development Biology and Medicine, University of 
Manchester, UK
Vallier, Ludovic - Centre for Regenerative Therapies, Berlin 
Institute of Health, Berlin, Germany
Dunn, Norris Ray - Development/Stem Biology & Regenerative 
Medicine, Lee Kong Chian School of Medicine, Nanyang 
Technological University, Singapore
Hanley, Neil - Faculty of Biology, Medicine and Health, Division 
of Diabetes, Endocrinology and Gastroenterology, University of 
Manchester, UK
Jennings, Rachel - Faculty of Biology, Medicine and Health and 
Division of Diabetes, Endocrinology and Gastroenterology, 
University of Manchester, UK

Cadaveric islet transplants are the best option for the treatment of 
autoimmune Type 1 diabetes. This treatment is however severely 
restricted by the supply of donor islets and the immune response. 
To date, many groups globally have pursued the derivation of in-
sulin-secreting beta cells in vitro from the directed differentiation 
of human pluripotent stem cells (hPSC) with extensive and cost-
ly protocols. An alternative is to expand islet-progenitor cells to 
generate islet-like structures in vitro. It is therefore imperative to 
have a deeper understanding of human pancreas development 
and the signalling pathways that govern the emergence of the 
different endocrine subtypes – alpha, beta, delta, epsilon and 
PP cells that are all derived from a common, ancestral progeni-
tor, transiently expressing the transcription factor NGN3. Using 
a human hPSC NGN3.T2A.dTOMATO knock-in reporter cell line, 
we monitored in vitro the development and differentiation from 
endocrine progenitor to hormone-positive cell types. With the 
reporter cell line referenced against anti-NGN3 antibody stain-
ing, we determined the kinetics of NGN3 expression in vitro with 
the goal of identifying time points representative of NGN3 and 
post-NGN3, day 16 and 22 of culture respectively. We found that 
NGN3 and post-NGN3 positive cells expressed ki67 suggesting 
a potential to proliferate. We next investigated whether these di-
visions are symmetric or asymmetric. Preliminary data of differen-
tiated adjacent daughter cells showed either the same or differ-
ent hormone expression. To further explore this observation, we 
sorted NGN3+ cells at these two stages and differentiated them 
into 3D islet-like cells with no apparent difference in proportion of 
INSULIN+ and GLUCAGON+ cells. These data strongly suggest 
that endocrine commitment is likely either predetermined before/
during NGN3 expression. Further research aimed at determining 
whether cell-cell interactions also play a role in the endocrine cell 
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fate is ongoing, as 2D culture of post-NGN3 sorted cells were 
viable and of those that differentiated chiefly expressed INSULIN.

Funding Source: A*STAR PhD Programme funding: University 
of Manchester, United Kingdom; School of Medicine LKC-NTU, 
Singapore

Keywords: Human Pluripotent Stem Cells, Endocrine Progenitor, 
NGN3, Pancreas Development
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OVEREXPRESSION OF CTCF PROMOTES OFF-
TARGET CELL FATE IN STEM CELL-DERIVED 
ISLETS
Hernandez-Rincon, Diana C. - Endocrinology, Washington 
University, Saint Louis, MO, USA
Augsornworawat, Punn - Endocrinology, Washington University 
in St. Louis, MO, USA
Marquez, Erica - Endocrinology, Washington University in St. 
Louis, MO, USA
Millman, Jeffrey - Endocrinology, Washington University in St. 
Louis, MO, USA

Insulin-dependent diabetes mellitus is an incurable disease in 
which the body loses the ability to control its blood glucose levels 
due to the death or dysfunction of insulin-producing beta cells. 
Currently, transplantation of stem cell-derived islets (SC-islets) is 
being explored as a potential treatment and cure. However, cur-
rent protocols to generate SC-islets produce both on-target stem 
cell-derived beta (SC-beta) cells and off-target stem cell-derived 
enterochromaffin (SC-EC) cells, which negatively impact SC-islet 
function. Single-nuclei multiomic sequencing was performed to 
concomitantly characterize gene expression and chromatin ac-
cessibility in SC-islets. Comparative analysis of gene expression 
and chromatin accessibility in SC-beta and SC-EC cells resulted 
in a list of potential transcription factors that regulate cell fate 
specification between SC-beta and SC-EC cells. From this list, the 
highly conserved CCCTC-binding factor (CTCF) had the largest 
enrichment of DNA-binding motifs in SC-EC cells. On this basis, 
we sought to explore the effects of CTCF expression on cell fate 
in SC-islets cells using a doxycycline-inducible dCas9-VPR stem 
cell line. To achieve this, we first performed a plasmid assembly 
procedure of the CTCF guide RNA (gRNA) by utilizing a Type IIS 
restriction endonuclease enzyme and T7 DNA ligase enzyme to 
efficiently ligate our target CTCF fragments in a defined order into 
a Lenti sgRNA (MS2) Puro vector backbone of plasmid DNA. We 
then generated CTCF-lentivirus, infected the dCas9-VPR stem 
cell line and differentiated this line using our established SC-is-
let differentiation protocol. We found that CTCF, a well-known 
chromatin-architectural protein, when overexpressed in SC-islets, 
decreases the expression of beta-cell identity genes while also 
increasing the expression of EC-cell associated genes. These 
data have demonstrated the utility of virus-mediated gene trans-
fer methodology in studying the effects of chromatin remodeling 
regulators during SC-islet differentiation.

Keywords: SC-islets, Virus-mediated gene transfer, Lentivirus
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NOVEL ROLE OF B-CATENIN IN DECISION TO 
SELF-REPLICATE OR DIFFERENTIATE
Bamdad, Cynthia C. - Stem Cell Group, Minerva 
Biotechnologies, Waltham, MA, USA
Yi, Kevin - Minerva Biotechnologies, Waltham, MA, USA
Nash, Jac-Leen - Minerva Biotechnologies, Waltham, MA, USA
Carter, Mark - Minerva Biotechnologies, Waltham, MA, USA
Walkley, Danica - Minerva Biotechnologies, Waltham, MA, USA
Smagghe, Benoit - Minerva Biotechnologies, Waltham, MA, USA
Stewart, Andrew - Minerva Biotechnologies, Waltham, MA, USA

The literature is replete with conflicting reports as to whether the 
Wnt/β-catenin pathway induces human stem cell differentiation 
or pluripotency. Recently scientists showed that human stem 
cells expressing low levels of active β-catenin preferentially dif-
ferentiate down neuroectoderm lineage, whereas cells express-
ing high levels favor differentiation to mesendoderm. However, 
these results appear to contradict two other studies, where re-
searchers improved differentiation to both neuroectoderm and 
mesoderm by increasing levels of active β-catenin at the start of 
differentiation. Here, we show that stem cells cultured in medi-
um containing naïve growth factor, NME7AB, express the highest 
levels of active β-catenin, yet readily differentiate into neuro-ec-
toderm cells and mes-endoderm, without lineage preference. 
This raised the interesting question of whether activation of the 
Wnt/β-catenin pathway could itself play a role in maintaining or 
inducing a naïve-like state. To answer that question, the β-catenin 
agonist WNT3A was added to stem cells, in the absence of any 
other growth factors, including those present in adhesion layers. 
Surprisingly, WNT3A induced the concurrent emergence of two 
segregated populations: an OCT4+, XaXa naïve-like population 
and an OCT4- population. This finding could explain the appar-
ently conflicting reports in the literature as to whether β-catenin 
induces pluripotency or differentiation, while raising a new set of 
intriguing questions. Notably, does the naïve-like sub-population, 
devoid of cell fate decisions, contribute to an increased differ-
entiation potential of the overall population? Conversely, could 
the OCT4- cells differentiate better because they are poised to 
differentiate? To address these questions, we compared the dif-
ferentiation of primed state stem cells, with or without pre-treat-
ment with WNT3A, to that of naïve state stem cells. Pre-treatment 
of primed state stem cells with WNT3A improved their differen-
tiation potential, whereas the addition of WNT3A to naïve stem 
cells had no effect. In each case, the differentiation of the naïve 
cells was superior to the primed state cells, even after pre-treat-
ment with WNT3A, which is consistent with the idea that the im-
proved differentiation is due to the sub-population of the WNT3A 
induced naïve-like cells.

Keywords: β-catenin, naïve stem cells, differentiation
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ELUCIDATION OF THE ROLE OF P-CADHERIN 
AND A C/EBP BETA ISOFORM LAP 
AS MEDIATORS OF THE EFFECTS OF 
EXTRACELLULAR SYNTAXIN4 IN ES CELLS
Matsuguchi, Shuji - Biomedical Sciences, University, Sanda / 
Kwansei Gakuin Unversity, Japan
Hirai, Yohei - Biomedical Sciences, Kwansei Gakuin, Sanda, 
Japan

Pluripotent stem cells possess differentiation potential into all 
three germ layers and hold great promise for regenerative med-
icine. In the presence of GSK3β inhibitor and MEK1/2 inhibitor 
(2i), together with a leukemia inhibitory factor (LIF), these cells 
maintain undifferentiated stats, exhibit cuboidal morphology and 
grow as tightly-packed rounded colonies. Upon removal of 2i, 
however, a cell population spontaneously appears, that displays 
flattened morphology, moves apart from the colonies, and loses 
stemness signatures. We previously showed that the removal of 
2i led to the membrane translocation of syntaxin4, a t-SNARE pro-
tein, which subsequently induced these changes in ES cells even 
in the presence of LIF. Recently, these effects appeared to be 
primarily mediated by up-regulation of P-cadherin: extracellular 
syntaxin4 induces P-cadherin expression and an artificial over-
expression of P-cadherin induced the aggressive phenotype re-
sembling those in extracellular syntaxin4-expressing cells. Here-
in, we identified liver-enriched activator protein LAP, an isoform 
of CCAAT enhancer binding protein β (C/EBP-β), as an alternative 
downstream effector of extracellular syntaxn4. We found that ex-
pression of extracellular syntaxin4 up-regulated not only P-cad-
herin but also LAP protein, which led us to pursue the possible 
involvement of LAP protein in syntaxin4’s effects. C/EBP-β gene 
is known to be translated into several isoforms through in-frame 
translation initiation, and long isoforms LAPs exert transcription-
al activity whereas a short isoform LIP that lacks the N-terminal 
transactivating domain behaves as an antagonist of LAPs. We 
prepared the doxycycline/tetracycline-inducible expression con-
struct for LAP, in which an ATG codon for the translation initiation 
of LIP was replaced to CTG. The ES cells stably introduced with 
this construct expressed LAP protein and induced morphological 
changes in ES cells as observed in P-cadherin-expressing cells. 
While P-cadherin is known as a transcriptional target of C/EBP-β, 
overexpression of LAP did not affect the amount of P-cadherin, 
suggesting that extracellular syntaxin4 independently up-regu-
lates P-cadherin and LAP but signals propagated by these ele-
ments might converge into common regulators for changes in ES 
cell behaviors.

Keywords: Differentiation, Syntaxin4, P-cadherin, Liver-enriched 
activator protein LAP, an isoform of CCAAT enhancer binding 
protein β (C/EBP-β), as an alternative downstream effector of 
extracellular syntaxin4., Relationship between P-cadherin and C/
EBP-β
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COMPREHENSIVE ANALYSIS OF 
TRANSCRIPTIONAL VARIABILITY OF INDUCED 
PLURIPOTENT STEM CELLS DURING CULTURE
Kato, Tomoaki - Research and Development Center, CiRA 
Foundation, Kyoto, Japan
Ohno, Monica - Research and Development, CiRA Foundation, 
Kyoto, Japan
Ueda, Anna - Research and Development, CiRA Foundation, 
Kyoto, Japan
Tsukahara, Masayoshi - Research and Development, CiRA 
Foundation, Kyoto, Japan

Human induced pluripotent stem cells (hiPSCs) are supposed to 
be a source of regenerative medicine for a wide range of dis-
eases. The cells used for clinical applications are required to be 
manufactured under strict quality control for the warranty of safe-
ty and efficacy. Although transcriptome analysis is a useful tool to 
understand the characters of the cells, it is more difficult to deter-
mine the critical quality attribute of hiPSCs from those data than to 
do that for compound drugs due to their dynamic alteration and 
heterogeneity. We investigated the temporal dynamics of gene 
expression of hiPSCs during colony development and found that 
transcriptional variations attributed to the duration after cell seed-
ing were the largest among other factors such as the difference 
of lines (donors of somatic origin) and the number of passages in 
the repeated same culture condition. Therefore, it might be bet-
ter to consider the difference in the phase of culture duration for 
the evaluations of cell characters rather than to determine by the 
expression of several marker genes. In addition, since the tempo-
ral regulations of gene expressions during colony development 
were tend to along the axis from endoderm to ectoderm, the tim-
ing to induce differentiation into any lineage may be critical for 
the efficient differentiation protocol.

Funding Source: Japan Agency for Medical Research and 
Development; AMED; Grant number: JP20bm0104001h0108

Keywords: human induced pluripotent stem cells, Quality 
control, Transcriptome analysis
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DIFFERENTIAL SHIFTS IN GLUTAMINE NITROGEN 
USAGE CONTRIBUTES TO EARLY CELL FATE 
TRANSITIONS
Doan, Mary T. - Molecular and Medical Pharmacology, 
University of California, Los Angeles, CA, USA
Zhang, Michelle - Molecular, Cell, and Developmental Biology, 
University of California, Los Angeles, CA, USA
Teitell, Michael - Pathology and Laboratory Medicine, University 
of California, Los Angeles, CA, USA

Shifts in metabolite levels and fluxes help determine whether 
human pluripotent stem cells (hPSCs) self-renew or undergo dif-
ferentiation. Upon exit from pluripotency, glutamine (Gln) require-
ments distinguish ectoderm, mesoderm and endoderm germ lin-
eages. Gln has pleiotropic roles in cell function and provides five 
carbon and two nitrogen atoms, as amide and amine groups, for 
biosynthetic reactions and energy generation. In mesoderm and 
endoderm, Gln carbons may form an alpha-ketoglutarate precur-
sor to fuel TCA cycling and catalyze histone modifications for fate 
specification. However, ectoderm preferentially shunts carbon at-
oms towards lipid biosynthesis and gluconeogenesis to support 
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proliferation. How the three germ lineages differentially use Gln 
carbons for cell fate specificity was recently described, although 
how the germ lineages apportion Gln nitrogen groups during 
hPSC differentiation remains unknown. To examine the fate of 
Gln nitrogens during hPSC differentiation, we profiled metabolite 
changes using mass spectrometry and quantified shifts during 
tri-lineage fate transitions with relative abundance measurements 
and stable-isotope tracing. We report that, similar to Gln carbons, 
ectoderm uses Gln nitrogen groups to support proliferation by 
building cell biomass. Metabolite changes during hPSC differen-
tiation to ectoderm revealed that by the end of differentiation the 
abundance of 15 amino acids significantly increased compared 
to the start of differentiation. In addition, Gln-nitrogen amide and 
amine fluxes were increased for amino acids and metabolites of 
the hexosamine and nucleotide biosynthesis pathways at the 
start of ectoderm differentiation but decreased by the end of 
differentiation. The fact that these biosynthetic pathways were 
sustained by Gln nitrogens throughout the period of ectoderm 
differentiation specifically suggests that such biomass accumula-
tion supports ectoderm fate commitment. These preliminary data 
provide insight into how differential Gln nitrogen disposition and 
utilization during hPSC differentiation may contribute to different 
hPSC fate transitions.

Funding Source: This work is supported by the CIRM-UCLA 
Eli and Edythe BSCRC Training Program, Air Force Office of 
Scientific Research (FA9550-15-1-0406), Department of Defense 
(W81XWH2110139) and NIH (R01GM073981, R01GM127985, 
P30CA016042).

Keywords: cell fate, pluripotent stem cell, metabolism
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LSD1-MEDIATED FOXA2/AP-1 TRANSCRIPTION 
PROGRAM DRIVES LINEAGE PLASTICITY IN 
PROSTATE CANCER
Wang, Zifeng - Biology, University of Massachusetts Boston 
CPCT, Brookline, MA, USA
Liu, Mingyu - Biology, University of Massachusetts, Boston, MA, 
USA
Zhang, Songqi - Biology, University of Massachusetts, Boston, 
MA, USA
Li, Muqing - Biology, University of Massachusetts, Boston, MA, 
USA
Han, Dong - Biology, University of Massachusetts, Boston, MA, 
USA
Gao, Shuai - Cell Biology and Anatomy, New York Medical 
College, Valhalla, NY, USA
Macoska, Jill - Biology, University of Massachusetts, Boston, MA, 
USA
He, Housheng Hansen - Medical Biophysics, University of 
Toronto, Ontario, ON, Canada
Cai, Changmeng - Biology, University of Massachusetts, Boston, 
MA, USA

Prostate cancer (PCa) initially responds to the standard andro-
gen deprivation therapies (ADTs) that block androgen recep-
tor (AR) activity, but eventually relapses to a more aggressive 
stage, called castration-resistant PCa (CRPC). One critical ADTs 
resistance mechanism is that tumor cells can progress to AR-in-
different stem cell-like (CRPC-SCL), neuroendocrine-like (CRPC-
NE), or Wnt signaling pathway-dependent CRPC (CRPC-WNT) 
through lineage plasticity. However, the underlying molecular 
basis driving this progression remains to be determined, and clin-

ical treatment options for these aggressive CRPC subtypes are 
currently limited. FOXA1 and FOXA2, which are members of the 
FOXA (Forkhead Box A) protein family, are pioneer transcription 
factors that function to maintain accessible nucleosomes at tis-
sue-specific enhancers. While FOXA1 is well known for its func-
tion as a critical pioneer factor of AR and pivotal for maintaining 
CRPC-AR lineage, the molecular function of FOXA2 in PCa cells 
is poorly understood. We found that FOXA2 silencing decreased 
the growth and metastasis of CRPC-SCL/CRPC-NE cells. Impor-
tantly, we discovered that FOXA2 chromatin binding is tightly 
associated with binding of JUN family proteins (primarily c-Jun), 
and FOXA2 silencing dramatically interrupts the global chro-
matin binding of c-Jun and FOSL1. The transcription targets of 
FOXA2/AP-1 are highly enriched for plasticity associated genes 
and associated with poor clinical outcomes. Furthermore, we also 
found that FOXA2 chromatin binding is globally enhanced by an 
epigenetic factor Lysine-specific demethylase 1 (LSD1), possibly 
through demethylating FOXA2 protein, and LSD1 inhibition can 
repress FOXA2/AP-1 activity in multiple CRPC models. Overall, 
our data indicate that FOXA2 functions to maintain tumor growth 
and metastasis in CRPC-SCL/CRPC-NE. Mechanistically, FOXA2 
can function as a pioneer factor of AP-1 (c-Jun/FOSL1) and repro-
gram AP-1 transcription activity to maintain the tumor lineage. This 
FOXA2/AP-1 axis is regulated by LSD1 via demethylating FOXA2 
protein and LSD1 inhibition represses FOXA2-dependent CRPC 
tumor progression. Our study provides novel mechanistic insights 
into the molecular mechanisms for PCa lineage plasticity and 
treatment resistance.

Funding Source: NIH (R01 CA211350 to C.C.) and DoD 
(W81XWH-19-1-0361 and W81XWH-21-1-0267 to C.C.). Z.W. is 
supported by CSM graduate student fellowship from University 
of Massachusetts Boston.

Keywords: LSD1, FOXA2/AP1, Lineage plasticity
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NEW REGULATORY MECHANISM FOR THE 
BALANCE BETWEEN LINEAGE SPECIFICATION 
AND STEMNESS
Koh, Hyebin - National Primate Research Center (NPRC), Korea 
Research Institute of Bioscience and Biotechnology (KRIBB), 
Cheongju-si, Korea
Lee, Jonghee - National Primate Research Center (NPRC), 
Korea Research Institute of Bioscience and Biotechnology, 
Cheongju-si, Korea

It is important to detoxify cytotoxic byproducts formed during 
carbohydrate, protein and fatty acid metabolism, which lead 
to nucleotide and protein modification. Excessive byproducts 
cause increased reactive oxygen species, caspase-dependent 
cell death and damage to many tissues or organs. To eliminate 
toxic byproducts, various detoxification systems works togeth-
er, however, their roles in human pluripotent stem cells have not 
been clearly defined yet. Here, we reveal new regulatory role 
that one of metabolism modifiers has ability to control equilibrium 
between self-renewal versus differentiation potential of hPSCs. 
An abolished expression of modifier using gene editing limits lin-
eage specification in three-germ layer in vitro while highly main-
taining pluripotent transcription factors, Oct4 and Nanog. We 
uncover the identification of Clathrin Heavy Chain (CLTC), which 
regulates the early steps of autophagosome formation, as a di-
rect interaction partner for the modifier. It also results in stabilizing 
the self-renewal capacity of hPSCs at the expense of differentia-
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tion potential. In conclusion, we address a novel functional role of 
modifier independent of metabolite detoxification in maintaining 
CLTC-mediated pluripotency.

Funding Source: the Korea government (MSIT) (NRF-
2019R1A2C1086988) the Korean Fund for Regenerative 
Medicine (KFRM) funded by the Korean government (the 
Ministry of Science and ICT, the Ministry of Health & Welfare) 
(22A0304L1-01)

Keywords: human Pluripotent Stem Cells;hPSCs, Lineage 
specification and stemness, Clathrin Heavy Chain;CLTC
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SINGLE-CELL MAPPING THE HUMAN AMNIOTIC 
FLUID CONTENT ACROSS GESTATION AT GENE 
AND PROTEIN EXPRESSION LEVEL
Beesley, Max - Great Ormond Street Institute of Child Health, 
University College London (UCL), London, UK
Cala, Giuseppe - Great Ormond Street Institute of Child Health, 
University College London, UK
Sun, Kylin Yunyan - Great Ormond Street Institute of Child 
Health, University College London, UK
Pellegrini, Marco - Great Ormond Street Institute of Child Health, 
University College London, UK
Xenakis, Theodoros - Great Ormond Street Institute of Child 
Health, University College London, UK
Rose, Antony - The Wellcome Sanger Institute, Newcastle 
University, Newcastle, UK
Panariello, Francesco - Armenise/Harvard Laboratory of 
Integrative Genomics, Telethon Institute for Genomics, Pozzuoli, 
Italy
Davidson, Joseph - Great Ormond Street Institute of Child 
Health, University College London, UK
Hall, George - Genetics and Genomic Medicine Research and 
Teaching Department, UCL Great Ormond Street Institute of 
Child Health, London, UK
Deprest, Jan - Clinical Department of Obstetrics and 
Gynaecology, UZ Leuven, 
David, Anna - Elizabeth Garrett Anderson Institute for Women’s 
Health, University College London, UK
Cacchiarelli, Davide - Armenise/Harvard Laboratory of 
Integrative Genomics, University of Naples, Italy
Castellano, Sergi - Genetics and Genomic Medicine Research 
and Teaching Department, UCL Great Ormond Street Institute 
of Child Health, London, UK
Haniffa, Muzlifah - The Wellcome Sanger Institute, University of 
Newcastle, Newcastle, UK
Loukogeorgakis, Stavros - Great Ormond Street Institute of Child 
Health, University College London, UK
De Coppi, Paolo - Great Ormond Street Institute of Child Health, 
University College London, UK
Gerli, Mattia F. - Great Ormond Street Institute of Child Health, 
University College London, UK

The amniotic fluid (AF) surrounds and protects the human fetus 
during gestation. The AF contains multiple cell populations, shed 
from multiple fetal tissues. Consequently, its cellular composition 
is highly heterogenous, with relevant changes occurring across 
pregnancy. The generation and dynamics of AF are complex, and 
its cellular content follows the developmental progression of a 
multiplicity of fetal organs, such as gut, kidney, lungs, skin and 
placenta. AF cells have been mostly ascribed to the epithelial, 
mesenchymal, and haematopoietic linages. However, a compre-

hensive, dynamic and detailed map of the human AF cells has yet 
to be compiled. The AF is rich in dead cells, debris and urea crys-
tals, with viable cells forming just ~1% of the total events present. 
Hence, we developed a method for isolating live cells from the 
AF. By combining centrifugation, filtration, and live/dead cell sort-
ing, we consistently obtained representative AF cells with 95% 
viability. This made it suitable for scRNAseq and CITEseq analy-
ses. Single cell transcriptomic data was generated for 23 AFs (10-
37 gestational age weeks), with proteomic data determined for a 
selection of 6 fluids (16-24 GA). Overall, we analysed over ninety 
thousand human single cells, annotating each with its identity, as 
well as tissue of origin wherever possible. This has allowed us 
to track the development of the fluid over gestation and to iden-
tify cells of clinical interest. A range of immune cell types were 
identified (B-cells, T-cells, NK-cells, Dendritic Cells, Monocytes, 
Myelocytes, Macrophages, Neutrophils), as well as hematopoiet-
ic progenitors. In addition to these, a large epithelial population 
(~60% of cells present) was shown to contain cells originating 
from the skin, kidney, lung, small intestine and placenta. Within 
this, we identified previously unreported tissue-specific epitheli-
al progenitors originating from the developing lung, kidney and 
intestine. These cells have been prospectively isolated from the 
fluid, and are currently being used to develop organoid-based 
developmental and disease models of these tissues.

Funding Source: Marie Skłodowska-Curie Postdoctoral 
Fellowship Great Ormond Street Hospital (GOSH) Children’s 
Charity National Institute for Health and Care Research (NIHR) 
Biomedical Research Centre (BRC)

Keywords: Amniotic Fluid Cell Atlas, single-cell RNA CITEseq 
sequencing, Developmental mapping of the amniotic fluid
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INVESTIGATING THE DYNAMICS OF CELL 
STATES USING FLUORESCENTLY TAGGED 
HUMAN INDUCED PLURIPOTENT STEM CELLS 
(HIPSCS) GENERATED USING NOVEL METHODS
Ehlers, Erik - Stem Cells and Gene Editing, Allen Institute for Cell 
Science, Seattle, WA, US
Gunawardane, Ruwanthi - Stem Cells and Gene Editing, Allen 
Institute for Cell Science, Seattle, WA, USA

The Allen Institute for Cell Science aims to understand the prin-
ciples by which human induced pluripotent stem cells (hiPSCs) 
establish and maintain robust dynamic localization of cellular 
structures, and how they transition between states during differ-
entiation and disease. Cellular differentiation is a dynamic state 
change that can be characterized by a switch in cellular organi-
zation and behavior, making these processes attractive for inves-
tigation. Our approach utilizes CRISPR/Cas9 to fluorescently tag 
proteins that localize to cellular organelles and 3D live imaging 
and visualization tools to interrogate cell behavior. Here, we dis-
cuss the novel methods we have been employing to improve 
the efficiency of gene editing in studying differentiation-specific 
changes in cellular organization. For example, we have tagged 
several genes specific to hiPSC differentiating into cardiomyo-
cytes (TTN, MYL7, MYL2, TNNI1, and ACTN2), using a multistep 
tagging method where a GFP fusion tag and a constitutively 
expressed mCherry fluorescence selection cassette were deliv-
ered simultaneously to a gene of interest. Following selection, 
the mCherry cassette was excised via microhomology-mediated 
end-joining and non-homologous end-joining. We have also used 
an updated, selection-free AAV-mediated CRISPR/Cas9 method 
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to fluorescently tag genes associated with EMT regulation (TBXT, 
TBR2) and endothelial cell fate (CDH5). The CDH5-mEGFP hiPSC 
line maintained the ability to differentiate into endothelial cells, 
exhibited morphology similar to untagged endothelial cells and 
will allow us to visualize morphological changes in response to 
shear stress using live cell microscopy. These hiPSC lines with 
differentiation-specific markers not only facilitate live imaging to 
study the organization and principles of cell state transitions but 
also serve as valuable tools for others in the scientific community. 
The Allen Cell Collection, the plasmids used to create these lines, 
and the image analysis tools are openly available (allencell.org).

Keywords: Gene editing tool development, Differentiation, 
Microscopy
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PERTURBATION OF MECHANICAL 
CONTRACTILITY ENABLES ROBUST LINEAGE 
CONVERSION FROM FIBROBLASTS TO 
NEURONS AND ADIPOCYTES
Zheng-Quan, He - State Key Laboratory of Stem Cell and 
Reproductive Biology, Institute of Zoology, Chinese Academy of 
Sciences, Beijing, China
Yu-Huan, Li - State Key Laboratory of Stem Cell and 
Reproductive Biology, Institute of Zoology Chinese Academy of 
Sciences, Beijing, China
Gui-hai, Feng - State Key Laboratory of Stem Cell and 
Reproductive Biology, Institute of Zoology Chinese Academy of 
Sciences, Beijing, China
Xue-Wei, Yuan - State Key Laboratory of Stem Cell and 
Reproductive Biology, Institute of Zoology Chinese Academy of 
Sciences, Beijing, China
Zong-Bao, Lu - State Key Laboratory of Stem Cell and 
Reproductive Biology, Institute of Zoology Chinese Academy of 
Sciences, Beijing, China
Min, Dai - Key Laboratory of Genetic Network Biology, Institute 
of Genetics and Developmental Biology Chinese Academy of 
Sciences, Beijing, China
Yan-Ping, Hu - State Key Laboratory of Stem Cell and 
Reproductive Biology, Institute of Zoology Chinese Academy of 
Sciences, Beijing, China
Ying, Zhang - State Key Laboratory of Stem Cell and 
Reproductive Biology, Institute of Zoology Chinese Academy of 
Sciences, Beijing, China
Zhou, Qi - State Key Laboratory of Stem Cell and Reproductive 
Biology, Institute of Zoology Chinese Academy of Sciences, 
Beijing, China
Li, Wei - State Key Laboratory of Stem Cell and Reproductive 
Biology, Institute of Zoology Chinese Academy of Sciences, 
Beijing, China

Direct cell reprogramming, also called transdifferentiation, is 
valuable for cell fate studies and regenerative medicine. Cur-
rent approaches to transdifferentiation are usually achieved by 
directly targeting the nuclear functions, such as manipulating the 
lineage-specific transcriptional factors, microRNAs, and epigen-
etic modifications. Here, a robust method to convert fibroblasts 
to neurons through targeting the cytoskeleton followed by ex-
posure to lineage-specification surroundings is reported. Treat-
ment of human foreskin fibroblasts with a single molecule inhib-
itor of the actomyosin contraction, can disrupt the cytoskeleton, 
promote cell softening and nuclear export of YAP/TAZ, and in-
duce a neuron-like state. These neuron-like cells can be further 
converted into mature neurons, while single-cell RNA-seq shows 

the homogeneity of these cells during the induction process. Fi-
nally, transcriptomic analysis shows that cytoskeletal disruption 
collapses the original lineage expression profile and evokes an 
intermediate state. More recently, fibroblast transdifferentiation 
into adipocytes has been achieved by disrupting cytoskeletal 
contraction and binding signals that promote mesoderm devel-
opment. In combination with the above findings, disruption of cy-
toskeletal contraction combined with an environment conducive 
to the specialization of different lineages can achieve the transdif-
ferentiation of fibroblasts to different lineages, which suggested 
that the cytoskeleton may serve as a new dimension for regu-
lating cell fate in addition to lineage-specific transcription factors 
and epigenetic modifications.

Keywords: Cytoskeleton, Mechanical Contraction, Lineage 
Conversion
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INVESTIGATING THE ROLE OF HUMAN UTF1 IN 
CELL REPROGRAMMING AND MAINTENANCE OF 
IPSC IDENTITY USING A CRISPR/CAS9 TOOLBOX
Raina, Khyati - Biosciences and Bioengineering, Indian Institute 
Of Technology, Guwahati, India
Modak, Kirti - Center For Stem Cell Research, Department of 
Haematology, Christian Medical College, Vellore, India
Premkumar, Chitra - Center For Stem Cell Research, Christian 
Medical College, Vellore, India
Velayudhan, Shaji - Center For Stem Cell Research, Department 
of Haematology, Christian Medical College, Vellore, India
Thummer, Rajkumar - Biosciences and Bioengineering, Indian 
Institute of Technology Guwahati, India

Undifferentiated embryonic stem cell Transcription Factor 1 (UTF1) 
was first identified in embryonic stem cells (ESCs) as a pluripotent 
cell-specific transcription factor. Although it was one of the mem-
bers of the reprogramming cocktail tested for the generation of 
the first induced pluripotent stem cells (iPSCs), it was not amongst 
the four transcription factors (Yamanaka factors) identified to de-
rive the iPSCs. However, its importance was soon revealed in 
a study, which showed that the inclusion of UTF1 in the repro-
gramming cocktail greatly enhanced the efficiency and quality of 
human iPSCs generated. Our study aims to elucidate the role of 
human UTF1 in reprogramming and maintenance of iPSC identity. 
We first investigated the role of UTF1 in reprogramming human 
adult dermal fibroblasts by knocking out the UTF1 gene using a 
CRISPR/Cas9 toolbox. The depletion of UTF1 resulted in a con-
siderable decline in the reprogramming efficiency and the few 
iPSC-like colonies formed showed spontaneous differentiation 
eventually. Further, we also deleted the UTF1 gene in an estab-
lished iPSC line to determine its role in the maintenance of iPSC 
identity. Interestingly, the results showed drastic cell death upon 
UTF1 depletion in these cells. Our results established an import-
ant role of UTF1 in iPSC generation and in the maintenance of 
iPSC identity. These promising insights of UTF1 could enrich our 
present knowledge of the regulatory systems actively involved in 
establishment and maintenance of pluripotency.

Keywords: Reprogramming, Knockout, Pluripotency
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DNA DAMAGE SIGNALLING ACTIVATION IN 
PLACENTA-DERIVED MESENCHYMAL STEM 
CELLS IN RESPONSE TO AGING AND SARS-
COV-2
Guerrero, Erika N. - Department of Sexual and Reproduction 
Health, Gorgas Memorial Laboratory for Health Studies, 
Panama
Fu, Cindy - Department of Sexual and Reproduction Health, 
Gorgas Memorial Laboratory for Health Studies, Panama
Solis, Mairim - Department of Sexual and Reproduction Health, 
Gorgas Memorial Laboratory for Health Studies, Panama

The human placenta has been considered attractive alternative 
source for non-invasive isolation of human mesenchymal stem 
cells (PDMSCs). However, donors age affects PDMSCs regener-
ative and immunomodulatory potential. Previously, we reported 
a correlation in proliferative capacity and telomere shortening in 
PDMSCs of 5 maternal donor age groups. Short telomeres ac-
tivate the DNA damage signalling. Dysregulation in DNA repair 
pathways can predispose MSCs to senescence, apoptosis and re-
duced stemness and self-renewal. In this study, we compared the 
gene expression of DNA damage response and repair pathways 
in PDMSCs of 3 maternal donor groups (18-28, 29-35 and 36-42). 
We isolated PDMSCs from human placental tissues of healthy full-
term donors and used RT2 profiler array. Data showed altered 
expression in 28 genes when compared to controls. Maternal 
age group of 36-42 presented 24 genes with more that ~2 fold 
up-regulation involved in ATM/ATR signalling, nucleotide excision 
repair, base excision repair, mismatch repair, double-strand break 
repair and other DNA repair genes. Proteins involved in telomere 
maintenance and rolling circle amplification where up regulated 
in 36-42 PDMSCs group correlating with our previous reports 
showing longer telomeres in PDMSCs from 36 and older mater-
nal donor age. Activating DNA damage checkpoint help maintain 
MSC function including regenerative secretome release to acti-
vate tissue repairing mechanisms. Further, we isolated PDMSCs 
from COVID19 positive donors. We performed in vitro infection of 
SARS-CoV-2 in PDMSCs and COVID19-PDMSCs to analyse and 
compare gene expression using RT2 profiler array. Data showed 
18 genes altered expressions in infected PDMSCs and infected 
COVID-19 PDMSCS when compared to un-infected controls. In-
terestingly, genes involved in ATM/ATR signalling pathway were 
more than ~2 fold down regulated in infected PDMSCs, but stably 
expressed infected COVID19-PDMSCs. It is known that viral in-
fection induces DNA damage via different mechanism such as, 
host cell replication stress, however it has been shown that SARS-
CoV-2 is not able to infect MSCs due to the lack of ACE2 recep-
tor. The regenerative capacity and the evasion of SARS-CoV-2 
infection of PDMSCs conferred the potential for the treatment of 
COVID19 and the decrease of de inflammatory cascade

Funding Source: Sistema Nacional de Investigación de la 
SENACYT.

Keywords: DNA damage response, mesenchymal stem cells, 
COVID19
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MIR-214 MEDIATED EPIGENETIC REGULATION 
OF HIPSC GENE EXPRESSION TO ENHANCE 
COMMITMENT TO MESODERM CELLS THAT GIVE 
RISE TO ECFC
Gil, Chang-Hyun - Department of Surgery, Indiana University 
School of Medicine, Indianapolis, IN, USA
Prasain, Nutan - Research & Development, Astellas Institute for 
Regenerative Medicine (AIRM), Westborough, MA, USA
Doiron, Theresa - Department of Surgery, Indiana University 
School of Medicine, Indianapolis, IN, USA
Miller, Steven - Department of Surgery, Indiana University 
School of Medicine, Indianapolis, IN, USA
Yoder, Mervin - Center for Regenerative Medicine and 
Engineering, Indiana University School of Medicine, 
Indianapolis, IN, USA
Murphy, Michael - Department of Surgery, Indiana University 
School of Medicine, Indianapolis, IN, USA

Endothelial colony-forming cell (ECFC) enhance vascular repair 
and improve blood flow. The reparative ability of ECFCs are unique 
cell properties and provide an innovative reagent for cell therapy. 
We published a novel protocol for deriving ECFCs from meso-
derm derived from human induced pluripotent stem cell (hiPSC). 
While mesoderm formation from differentiating hiPSC requires 
global epigenetic changes, the identity and roles of microRNA 
(miR) in differentiation of hiPSC into SSEA5-KDR+NCAM+APLNR+ 
mesoderm cells (S-KNA+) are completely unknown. We hypothe-
sized that certain miR play a critical role in regulating mesoderm 
formation from hiPSC. We performed RNA-seq and concomitant 
miR analysis on RNA samples isolated from undifferentiated hiP-
SC and hiPSC-S-KNA+ and mapped the top 12 miR with validat-
ed and published downstream target genes, to the differentially 
expressed genes from the RNAseq analysis. Since our miR-ex-
pression analysis identified that miR-214 was highly expressed 
in S-KNA+, we generated a lentiviral construct to over-express 
miR-214 in hiPSC undergoing mesoderm differentiation. MiR-214 
overexpression significantly enhanced formation of S-KNA+. We 
next examined the list of miR-214 targets that have been validated 
and are relevant to the differentially expressed mRNA. We identi-
fied claudin 6 (CLDN6) as one of 12 miR-214 targets differentially 
expressed, identified CLDN6 as a direct target of miR-214, and 
validated significantly higher levels of CLDN6 expression in miR-
214 overexpressing cells. We are currently confirming whether 
loss of CLDN6 expression is necessary and sufficient for medi-
ating the changes in hiPSC differentiation into S-KNA+ identified 
when miR-214 is overexpressed. We anticipate the enhancement 
of S-KNA+ formation by differentiating hiPSC will be blunted by 
CLDN6 over-expression and that CLDN6 deletion alone will sig-
nificantly enhance S-KNA+ formation by diminishing commitment 
of differentiating hiPSC into endoderm.

Funding Source: Michael P. Murphy was supported by National 
Heart, Lung, and Blood Institute (NHLBI) grant R01HL128827-01 
and Cryptic Masons Medical Research Foundation in Vascular 
Biology Research.

Keywords: Mesoderm, CLDN6, miR-214
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QUALITY CONTROL FOR PLURIPOTENT STEM 
CELLS AND EMBRYOID BODIES BASED ON DNA 
METHYLATION
Wagner, Wolfgang - Stem Cell Biology and Cellular 
Engineering, RWTH Aachen University Medical School, Aachen, 
Germany
Schmidt, Marco - Institute for Stem Cell Biology, RWTH Aachen 
Medical School, Aachen, Germany
Zeevaert, Kira - Institute for Stem Cell Biology, RWTH Aachen 
Medical School, Aachen, Germany
Elsafi Mabrouk, Mohamed - Institute for Stem Cell Biology, 
RWTH Aachen Medical School, Aachen, Germany
Hahnfeld, Lena - Institute for Stem Cell Biology, RWTH Aachen 
Medical School, Aachen, Germany
Goetzke, Roman - Institute for Stem Cell Biology, RWTH Aachen 
Medical School, Aachen, Germany

The trilineage differentiation potential toward endoderm, meso-
derm, and ectoderm is a hallmark of pluripotent stem cells. Gene 
expression analysis and immunofluorescence of specific marker 
proteins are most commonly used for qualitative and quantita-
tive assessment of such differentiation, but reliable quality control 
of iPSCs remains a challenge. Here, we describe an alternative 
approach based on a combination of site-specific DNA methyla-
tion (DNAm) assays that serve as biomarker for early germ layer 
specification. Overall, the DNAm changes during differentiation 
were in line with gene expression data. Notably, directed differ-
entiation towards endoderm and mesoderm resulted in closely 
related molecular profiles in some datasets. Initially, we identified 
CG dinucleotides (CpGs) with the new R package CimpleG that 
reveal characteristic DNAm at pluripotent state. Thereby, we de-
rived a pluripotency score based on three CpGs that tracks re-
programming and may reflect differentiation capacity. In analogy, 
we established differentiation scores to track endodermal, me-
sodermal, and ectodermal differentiation in monolayers. The lin-
eage-specific differentiation scores could also reflect the self-or-
ganized multilineage differentiation in embryoid bodies (EBs). 
This is crucial, since directed differentiation and undirected dif-
ferentiation do not necessarily follow the same epigenetic tracks, 
and the later may better reflect intrinsic differentiation bias. Germ 
layer specific epigenetic modifications were in line with flow cyto-
metric measurements, such as up-regulation of PAX6 in undirect-
ed ectodermal differentiation in EBs. Furthermore, we established 
pyrosequencing assays for fast and cost-effective analysis, which 
are continuously further validated on cell-preparations from dif-
ferent labs. Taken together, GermLayerTracker can provide qual-
ity control of pluripotent stem cells and indicate lineage-specific 
commitment during early differentiation events.

Funding Source: Federal Ministry of Education and Research 
(16LW0017); Deutsche Forschungsgemeinschaft (363055819/
GRK2415; WA1706/11-1; WA 1706/12-1; WA1706/14-1); and Else 
Kröner-Fresenius-Stiftung.

Keywords: DNA methylation, Embryoid Body, Biomarker
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PARP1 INVOLVES IN ZSCAN4-MEDIATED DNA 
DOUBLE-STRAND BREAK REDUCTION IN MOUSE 
EMBRYONIC STEM CELLS
Tsai, Li-Kuang - Institute of Biotechnology, National Taiwan 
University, Taipei
Wen, Luan - Center for Advanced Models for Translational 
Sciences and Therapeutics, University of Michigan Medical 
Center, Ann Arbor, MI, USA
Xu, Jie - Center for Advanced Models for Translational Sciences 
and Therapeutics, University of Michigan Medical Center, Ann 
Arbor, MI, USA
Sung, Li-Ying - Institute of Biotechnology, National Taiwan 
University, Taipei, Taiwan

ZSCAN4 is expressed in mouse 2-cell embryos and is sporadi-
cally expressed in 2-5% mouse embryonic stem cells (mESCs). It 
is known to regulate genome stability by promoting the homol-
ogous recombination pathway. PARP1 is involved in DNA dou-
ble-strand break (DSB) repair and plays a key role in the alter-
native non-homologous end joining (alt-NHEJ). It is not known 
whether there is any interaction between ZSCAN4 and PARP1 in 
the DSB resolution processes. In the present work, we first show 
that overexpression of ZSCAN4 in mESCs reduced the protein 
levels of ỵH2AX, a marker of cellular DSB extent, by both west-
ern blot assay immunofluorescence staining. Interestingly, PARP1 
inhibitor 3-aminobenzamide (3-AB), abolishes the DSB-reducing 
benefits by ZSCAN4 overexpression in mESCs. Consistently, 
overexpression of ZSCAN4 in Parp1 knockout mESCs had no ef-
fect on reducing the overall DSB extent. These data suggest that 
PARP1 interacts with ZSCAN4, and sheds light on the molecular 
mechanisms by which ZSCAN4 reduces DSB in mESCs.

Funding Source: National Science and Technology Council, 
Taipei, Taiwan, R.O.C. Grant number NSTC 111-2313-B-002-063

Keywords: ZSCAN4, PARP1, DNA double-strand breaks
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EPIGENETIC CONTROL BY IκBα DRIVES 
PLURIPOTENCY EXIT AND DIFFERENTIATION 
INDEPENDENTLY OF NF-κB
Palma, Luis Galán - Cancer Research Program, Hospital Del 
Mar Research Institute, 
Álvarez-Villanueva, Daniel - Cancer Research Program, Hospital 
del Mar Research Institute, Barcelona, Spain
Maqueda, María - Cancer Research Program, Hospital del 
Mar Research Institute, Josep Carreras Leukaemia Research 
Institute, Barcelona, Spain
Iglesias, Arnau - Cancer Research Program, Hospital del Mar 
Research Institute, Josep Carreras Leukaemia Research 
Institute, Barcelona, Spain
Barrero, Mercedes - Genome Biology, Center for Genomic 
Regulation, Barcelona, Spain
Bertran, Joan - Faculty of Science and Technology, 
Bioinformatics and Medical Statistics, University of Vic, Spain
Álvarez-Errico, Damiana - Cancer and Leukemia Epigenetics 
and Biology Program, Josep Carreras Research Institute, 
Barcelona, Spain
García-Prieto, Carlos - Cancer and Leukemia Epigenetics and 
Biology Program, Josep Carreras Research Institute, Barcelona, 
Spain
Rodríguez-Cortez, Virginia - Experimental and Clinical 
Hematology Program, Josep Carreras Research Institute, 
Barcelona, Spain
Bueno, Clara - Experimental and Clinical Hematology Program, 
Josep Carreras Research Institute, Barcelona, Spain
Villanueva, Alberto - Translational Research Laboratory, Institut 
d’Investigacio´ Biomèdica de Bellvitge, Barcelona, Spain
Menéndez, Pablo - Experimental and Clinical Hematology 
Program, Josep Carreras Research Institute, Barcelona, Spain
di Croce, Luciano - Genome Biology, Center for Genomic 
Regulation, Barcelona, Spain
Payer, Bernhard - Genome Biology, Center for Genomic 
Regulation, Barcelona, Spain
Esteller, Manel - Cancer and Leukemia Epigenetics and Biology 
Program, Josep Carreras Research Institute, Barcelona, Spain
Espinosa, Lluis - Cancer Research Program, Hospital del Mar 
Research Institute, Barcelona, Spain
Bigas, Anna - Cancer Research Program, Hospital del Mar 
Research Institute, Josep Carreras Leukaemia Research 
Institute, Barcelona, Spain

Understanding how pluripotency is maintained and acquired is 
crucial to obtain stem cells with high differentiation performance. 
Although several pathways have been identified to regulate plu-
ripotency, many players that regulate the transition from naïve to 
primed pluripotency and control pluripotency exit are mainly un-
known. Inflammatory signals such as the NF-kB pathway have par-
adoxical functions in different types of stem cells. Previous work 
in our laboratory identified a novel nuclear function for the main 
NF-kB pathway inhibitor, IκBα, in regulating homeostasis and dif-
ferentiation potential of many somatic stem cells in vivo and in vi-
tro. We now have investigated whether IκBα has also a stem cell 
function in pluripotent stem cells. We have observed that IκBα 
has a nuclear distribution specifically in pluripotent mouse embry-
onic stem cells (mESCs), and depletion of the protein at that stage 
causes a blockade of the pluripotency exit upon differentiation in 
vitro (by embryoid bodies differentiation) and in vivo (teratomas). 
Further analysis of IκBα-depleted mESCs demonstrated a global 
loss of DNA methylation at different genomic regions, which is 

consistently detected in imprinted genes and pluripotency factors 
upon EB differentiation. This loss of DNA methylation in IκBα-de-
pleted mESCs positively correlates with a reduction in H3K9me3 
levels that is more pronounced in imprinted control regions, as 
it has been previously demonstrated in prolonged 2i/LIF culture 
of mESCs. Finally, the detection of a physical interaction of IκBα 
with the main H3K9 methyl transferase SETDB1 further suggests 
a direct role of IκBα in facilitating H3K9me3 deposition at specific 
loci in mESCs. To investigate the possible contribution of NF-kB 
pathway to the altered chromatin function observed in IκBα-de-
pleted cells, we have developed separation-of-function (SOF) 
mutants of IκBα that specifically lost the NF-kB-inhibition or the 
chromatin-linked function. We have demonstrated that IκBα SOF 
NF-kB is sufficient to reestablish the DNA methylation levels in 
ES cells and to rescue the pluripotency blockage of IκBα-deplet-
ed ES cells in a NF-kB-independent manner. Altogether, these 
results place IκBα as a key player in regulating pluripotency exit 
by controlling epigenetic mechanisms that involve H3K9me3 and 
DNA methylation.

Funding Source: Luis Galán Palma has been recipient of FI 
AGAUR fellowship (2019 FI-B 00151/2020 FI_B1 00130). This 
work has been supported by PID2019-104695RB-I00 founded 
by MCIN/ AEI/10.13039/501100011033.

Keywords: Epigenetic regulation of pluripotency, Inflammatory 
pathways, DNA methylation
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THE CZ CELLXGENE DISCOVER SUITE IS AN 
ANALYTICAL PLATFORM AND THE LARGEST 
REPOSITORY OF STANDARDIZED SINGLE-CELL 
DATA
Tarashansky, Alexander - Single-Cell Biology, Chan Zuckerberg 
Initiative, Redwood City, CA, USA
Urisko, Meg - Single-Cell Biology, Chan Zuckerberg Initiative, 
Redwood City, CA, USA
Marshall, Bailey - Single-Cell Biology, Chan Zuckerberg Initiative, 
Redwood City, CA, USA

CZ CELLxGENE Discover (cellxgene.cziscience.com) is a free-
to-use online data portal hosting a growing corpus of more than 
700 single-cell datasets comprising over 38 million unique cells 
from the major human and mouse tissues. As of today the por-
tal hosts single-cell data from modalities that include gene ex-
pression, chromatin accessibility, DNA methylation, and spatial 
transcriptomics. All data have been standardized to include raw 
counts, gene IDs and symbols, as well as cell metadata, such as 
cell type, tissue, and donor age and disease, each standardized 
to a community ontology. All data are easily searchable and can 
be downloaded in both AnnData and Seurat formats via web or 
by programmatic API calls. UI-based tools allow for exploration of 
single datasets without requiring download. New features for the 
analysis of the entirety of the data are available and under active 
development. The CELLxGENE explorer displays an interactive 
2-dimensional representation of cells in a dataset and allows us-
ers to color cells by metadata (e.g. cell type, disease, metadata 
features etc.) or gene activity. Users can also subset and analyze 
subgroups of cells, perform differential gene expression and cre-
ate scatter plots of gene expression. The Gene Expression fea-
ture allows querying the expression of any gene across all human 
and mouse cell types available in the portal, and enables lookup 
of differentially enriched genes for any cell type. Lastly APIs en-
able download of individual datasets and cell-based slicing and 
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download of data subsets. CELLxGENE is continuously improv-
ing usability and adding new features tailored to the needs of 
cell and computational biologists. CELLxGENE is a tool intended 
for community use and contributions, and aims to maximize rap-
id reuse of high quality data describing the phenotypes of cells 
and tissues. To date, CELLxGENE supports data sharing from 
labs around the world as well as consortia such as the CZ Biohub 
Tabula projects, LungMap, BICCN, Allen Institute for Brain Sci-
ence, KPMP, HTAN and the Human Cell Atlas. New collaborations 
and contributions are welcome. Groups interested in submitting 
their own data can inquire about the inclusion of your data and 
the submission process by contacting the CELLxGENE team at 
cellxgene@chanzuckerberg.com.

Keywords: Single-cell data, Data repository, Data exploration
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ELEVATED ERK ACTIVITY PROVIDES 
RESISTANCE TO SINGLE-CELL DISSOCIATION-
INDUCED CELL DEATH IN DUSP6 KNOCKOUT 
HUMAN INDUCED PLURIPOTENT STEM CELLS
Kim, Yong-Ou - Division of Intractable Disease Research, Korea 
National Institute of Health, Cheongju, Korea
Yoo, Dae Hoon - Division of Intractable Disease Research, KNIH, 
Cheongju, Korea
Im, Young Sam - Division of Intractable Disease Research, KNIH, 
Cheongju, Korea
Oh, Ji Young - Division of Intractable Disease Research, KNIH, 
Cheongju, Korea
Gil, Dayeon - Division of Intractable Disease Research, KNIH, 
Cheongju, Korea

Human induced pluripotent stem cells (hiPSCs) are pivotal for re-
generative medicine, disease modeling, and drug discovery but 
are hindered by cell death during single-cell dissociation. Under-
standing the molecular mechanisms underlying this vulnerability 
is crucial for improving hiPSC survival. In this study, we investigat-
ed the role of dual specificity phosphatase 6 (DUSP6), a negative 
regulator of extracellular signal-regulated kinase (ERK) activity, in 
mediating single-cell dissociation-induced cell death in hiPSCs. 
We generated DUSP6 knockout (KO) hiPSC lines using CRISPR/
Cas9 technology and confirmed the successful knockout via ge-
notyping and immunoblotting. DUSP6 KO cells exhibited elevat-
ed ERK activity compared to wild-type control cells. We subjected 
wild-type and DUSP6 KO hiPSCs to single-cell dissociation using 
EDTA and assessed cell viability and proliferation rates. DUSP6 
KO cells showed significantly higher viability, indicating increased 
resistance to dissociation-induced cell death. DUSP6 KO cells 
also showed a differentiation propensity toward mesoderm and 
endoderm comparing to WT cells. Enhanced proliferation in 
DUSP6 KO cells suggested a potential benefit in large-scale ex-
pansion efforts.

Funding Source: 2023-NI-009

Keywords: resistance, dissociation, DUSP6
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GENOME-WIDE QUANTIFICATION OF RNA FLOW 
ACROSS SUBCELLULAR COMPARTMENTS 
REVEALS DETERMINANTS OF THE MAMMALIAN 
TRANSCRIPT LIFE CYCLE
Ietswaart, Robert - Genetics, Harvard Medical School, Boston, 
MA, USA
Smalec, Brendan - Genetics, Harvard Medical School, Boston, 
MA, USA
Choquet, Karine - Genetics, Harvard Medical School, Boston, 
MA, USA
McShane, Erik - Genetics, Harvard Medical School, Boston, MA, 
USA
West, Emma - Genetics, Harvard Medical School, Boston, MA, 
USA
Churchman, L. Stirling - Genetics, Harvard Medical School, 
Boston, MA, USA

Dissecting the myriad regulatory mechanisms controlling eukary-
otic transcripts from production to degradation requires quan-
titative measurements of mRNA flow across the cell. We devel-
oped subcellular TimeLapse-seq to measure the rates at which 
RNAs are released from chromatin, exported from the nucleus, 
loaded onto polysomes, and degraded within the nucleus and 
cytoplasm. These rates varied substantially, yet transcripts from 
genes with related functions or targeted by the same transcrip-
tion factors and RNA binding proteins flowed across subcellular 
compartments with similar kinetics. Verifying these associations 
uncovered roles for DDX3X and PABPC4 in nuclear export. For 
hundreds of genes, most transcripts were degraded within the 
nucleus, while the remaining molecules were exported and per-
sisted with stable lifespans. Transcripts residing on chromatin for 
longer had extended poly(A) tails, whereas the reverse was ob-
served for cytoplasmic mRNAs. Finally, a machine learning model 
identified additional molecular features that underlie the diverse 
life cycles of mammalian mRNAs.

Funding Source: NIH grants R01-HG007173 and R21-HG011682, 
NSF Graduate Research Fellowship DGE-1745303, NIH/NIGMS 
T32 postdoctoral training grant GM007748-44, post-doctoral 
fellowships from the Fonds de Recherche du Québec - Santé 
and the CIHR.

Keywords: subcellular RNA flow, RNA dynamics, nuclear RNA 
degradation
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STOCHASTICITY IN CELL CYCLE 
TRANSCRIPTIONAL PROGRAMS IS A METRIC OF 
FATE POTENTIAL
Cahan, Patrick - Biomedical Engineering, Johns Hopkins 
University, Baltimore, MD, USA
Noller, Kathleen - Biomedical Engineering, Johns Hopkins 
University, Baltimore, MD, USA

Since the advent of single cell RNA-sequencing (scRNA-seq), 
computational methods have been invented that quantify cellular 
differentiation potential. To the extent that such methods are ac-
curate and broadly applicable, they are highly valuable because 
they identify rare progenitor populations, they order cells along a 
pseudo-temporal axis and thus reveal regulatory cascades under-
pinning development processes, and they measure the impact of 
genetic or other perturbations on fate potential. However, current 
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state-of-the-art methods possess notable failure rates and some 
are too computationally burdensome to be routinely used. Here, 
we exploited the relationships between cell cycle gene expres-
sion, cell cycle length, and transcriptional stochasticity to devise a 
more accurate, computationally tractable, and robust metric of dif-
ferentiation potential. Our method, StemFinder, computes differ-
entiation potential based on expression stochasticity of cell cycle 
genes in single cells, such that undifferentiated cells exhibit highly 
stochastic cell cycle gene expression. We compared StemFinder 
to the two current best performing methods based on a gold stan-
dard compendium of 24 datasets from 4 species, 9 sequencing 
platforms, and 11 organ systems in which the ground truth stage 
of differentiation was known. StemFinder is more accurate and 
sensitive than its competitors, and its run time is not significantly 
longer than that of the fastest competitor. We highlight the utility 
of StemFinder to aid in revealing new biological insights in two 
case studies: (1) the delineation of progenitor cell subpopulations 
in the murine dentate gyrus, and (2) the impact of culture condi-
tions on differentiation potential of human pluripotent stem cells. 
Finally, by application to hematopoietic stem/progenitor cells, we 
show that this class of computational techniques accurately mea-
sures fate potential as defined by the number of distinct lineages 
reached by the progeny of lineage-traced clones.

Funding Source: This work was supported by the National 
Institute Of General Medical Sciences of the National Institutes 
of Health under Award Number R35GM124725

Keywords: Computational biology, Cell fate potency, Cell cycle
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CRITICAL CHARACTERIZATION STEPS OF 
PLURIPOTENT STEM CELLS FOR DOWNSTREAM 
APPLICATIONS
Willems, Erik - Cell Biology, Research and Development, 
Thermo Fisher Scientific, Carlsbad, CA, USA
Pierpoint, James - Cell Biology, Research and Development,
Thermo Fisher Scientific, Carlsbad, CA, USA
Perez, Lauren - Cell Biology Research and Development, 
Thermo Fisher Scientific, Carslbad, CA, USA
Mir, Rateb - Cell Biology Research and Development, Thermo 
Fisher Scientific, Carslbad, CA, USA

Human induced pluripotent stem cells (hiPSCs) have been estab-
lished as a powerful tool for modeling human biology both dis-
eased and healthy, developing new cell therapies, and screening 
potential therapeutic drugs. As the ability of these cells to support 
such a variety of applications has led to an expanding reliance on 
hiPSCs, one of the major challenges is ensuring the cell lines used 
are properly characterized to consistently generate accurate and 
reproducible results. Furthermore, there has been a recent shift 
in the hiPSC field from purely research-oriented work towards the 
downstream process development and manufacturing in a cGMP 
or clinical setting, and this is leading to a much higher level of 
scrutiny surrounding the profile of the stem cell cultures that are 
being used. To address this need, we detail rigorous character-
ization steps used to comprehensively validate our hiPSC lines. 
We use the generation of a new iPSC line via the reprogramming 
of primary fibroblasts to exemplify where characterization is key, 
in which we qualify the genomic stability, pluripotency, and differ-
entiation potential of the hiPSCs. Specifically, we ensure the cell 
line contains a genome with a clean karyotype, one free of any 
aberrations to do with the major cancer related genes, and that 
compares directly to that of the parental fibroblasts. We demon-

strate that this cell line expresses the genes relevant to self-re-
newal, while down-regulating those related to germ-layer cell 
types and having a overall gene expression profile equating to 
a reference set of pluripotent cell lines. As a functional landmark 
of pluripotency, we further detail the ability of this line to model 
human systems via embryoid body formation and directed differ-
entiation to multiple target cell types, some of which commonly 
used in current therapeutic efforts. In summary, we cover a wide 
variety of hiPSC relevant assays to properly characterize hiPSC 
banks that in our view are critical when implementing hiPSCs in 
disease modeling and early development, in screening for po-
tential novel drugs, and as a source for allogeneic cell therapies.

Keywords: Characterization, hiPSCs, Reprogramming

377

EXAMINE THE DYNAMICS OF THE 
PLURIPOTENCY REGULATORY NETWORK BY 
ENHANCER PERTURBATION AND SINGLE CELL 
RNA-SEQ
Yan, Jielin - Developmental Biology Program, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA
Cho, Hyunwoo - Developmental Biology, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA
Huangfu, Danwei - Developmental Biology, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA
Luo, Renhe - Developmental Biology, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA

Enhancers regulate gene expression and have a crucial role in 
enabling the faithful execution of lineage-specific transcriptional 
programs during development. Global enhancer activity in hu-
man pluripotent stem cells (hPSCs) is dictated by core transcrip-
tion factors (TFs) OCT4, NANOG, and SOX2. The expression of 
these TFs is in turn regulated by their own enhancers through the 
binding of themselves and other such core TFs. However, how 
the enhancers of these core TFs ensure their proper expression 
in hPSCs and during differentiation has not been systematically 
investigated. To address this question, we performed a CRISPR 
interference (CRISPRi) screen in hPSCs to identify pluripotency 
enhancers. The hits include a novel NANOG enhancer. HPSC 
lines heterozygous for this enhancer (no homozygous deletion 
line was obtained) had reduced NANOG and OCT4 expression. 
Heterozygous lines also showed accelerated downregulation of 
pluripotency markers and the upregulation of lineage-specific 
markers during differentiations. These results implicate that this 
enhancer safeguards the robustness of pluripotency. To study 
the impact of core pluripotency enhancers on global gene regula-
tory network (GRN), we perturbed a selection of enhancers in hP-
SCs with CRISPRi and profiled their gene expression with single 
cell RNA-sequencing. The perturbations resulted in a spectrum 
of transcriptional changes in both the enhancers’ target genes 
and these genes’ downstream targets, suggesting the data can 
be used to quantitatively associate various transcriptomic pro-
files with different degrees of enhancer perturbations. Further-
more, hPSCs containing gRNAs targeting on NANOG and OCT4 
enhancers formed separate clusters, with both overlapping and 
distinct differentially expressed genes, suggesting the downreg-
ulation of different pluripotency factors could lead to different 
trajectories for exiting pluripotency. Taken together, these exper-
iments will help to decipher enhancer network in development 
modelled by hPSCs.

Keywords: Enhancers, CRISPR interference, scRNA-seq
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TRACK:  MODELING DEVELOPMENT AND 
DISEASE (MDD)

Session 1: Odd

6:00 PM - 6:45 PM

TOPIC: CARDIAC

381

MULTIPARAMETRIC IMAGING FOR ENHANCED 
PREDICTIVE DRUG-INDUCED CARDIOTOXICITY 
USING HPSC-CARDIOMYOCYTES
Raniga, Kavita - Stem Cell Biology, The Biodiscovery Institute, 
University of Nottingham, UK
Stebbeds, William - Screening, Profiling and Mechanistic 
Biology, GlaxoSmithKline, Stevenage, UK
Kasprowicz, Richard - Screening, Profiling and Mechanistic 
Biology, GlaxoSmithKline, Stevenage, UK
Lambe, Adam - Screening, Profiling and Mechanistic Biology, 
GlaxoSmithKline, Stevenage, UK
Vo, Nguyen - Stem Cell Biology, University of Nottingham, UK
Denning, Chris - Stem Cell Biology, University of Nottingham, UK

Unexpected cardiotoxicity underlies high levels of late-stage attri-
tion and post-market withdrawals, accounting for up to 45% of the 
liability. This can, in part, be attributed to the scarcity of physiolog-
ically relevant in vitro models capable of predicting cardiovascu-
lar safety liabilities early in drug discovery. With the pressing need 
to integrate human-relevant platforms at an early stage, human 
pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs) have 
become an attractive platform for capturing the effects of chronic 
modulators or toxicants and could complement existing assays to 
improve cardiac safety assessments. Several phenotypic meth-
ods to measure cardiomyocyte contraction have been developed 
however, these (i) are not currently scalable and do not provide 
a single pipeline to deliver actionable data, (ii) require cellular 
manipulation that can interfere with cell function, and (iii) provide 
limited mechanistic insights for annotated and unannotated com-
pound classes. We profiled a panel of 90 compounds with known 
cardiotoxic effects that target different signalling pathways using 
a novel label-free assay, CardioMotion, to measure alterations in 
cardiomyocyte contractility; and a morphology-based profiling 
assay, Cell Painting, to detect differences in the architecture of 
cellular components and identify bioactivity. We report that the 
CardioMotion assay is capable of flagging both functional (sensi-
tivity = 70.2%, specificity = 82.1%) and structural cardiac liabilities 
(sensitivity = 75%), in comparison to the widely used Calcium Flux 
assay (66.2% sensitivity and 63.9% specificity). Alongside this, 
Cell Painting was able to effectively cluster small-molecule hits 
and reveal differences among hit classes in terms of mechanism, 
capturing distinct information about cellular state. We show the 
value of integrating functional cardiotoxicity assessments and 
morphological profiling into small molecule screening cascades 
to improve the prediction of drug-induced cardiotoxicity.

Funding Source: GlaxoSmithKline Biotechnology and Biological 
Sciences Research Council (BBSRC)

Keywords: Cardiotoxicity, High-throughput Imaging, Drug 
discovery
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CARDIAC TISSUE ENGINEERING WITH GENE-
EDITED HUMAN INDUCED PLURIPOTENT 
STEM CELL-DERIVED CARDIOMYOCYTES 
ENABLES DETECTION OF EARLY-STAGE 
MECHANISMS THAT GOVERN HYPERTROPHIC 
CARDIOMYOPATHY
Hsieh, Jeanne - Biomedical Engineering, University of 
Minnesota, Minneapolis, MN, USA
Ogle, Brenda - Biomedical Engineering, University of Minnesota, 
Minneapolis, MN, USA

Hypertrophic cardiomyopathy (HCM) is the most common mono-
genic cardiac disease, affecting up to 0.2% of the global popu-
lation. As HCM-causing mutations mainly exist in the gene loci 
encoding sarcomeric proteins, cardiac functions could be directly 
disturbed by this disease. Further, HCM is associated with sud-
den cardiac death in young people and competitive athletes. 
Unfortunately, detailed mechanistic understanding of HCM, es-
pecially at the early stages of disease progression, is very limited. 
To investigate early-stage HCM triggers and potential therapeutic 
strategies to delay or prevent the HCM onset and progression, 
we evaluated the impact of myosin heavy chain (MHC) muta-
tions on HCM pathogenicity in 2D culture system as well as an 
engineered heart tissue (EHT) model by comparing mutant hiP-
SC-derived cardiomyocytes (hiPSC-CMs) with isogenic control 
hiPSC-CMs at multiple time points. In 2D, we first verified that 
gene-edited hiPSC-CMs with the dual MYH7 R723C and MYH6 
R725C mutations exhibited phenotypic characteristics consis-
tent with later-stage HCM including hypertrophy, multinucleation, 
altered calcium handling, and irregular beating. Through bulk 
RNAseq analysis, FACS, and Western blotting, we identified early 
extracellular matrix (ECM) changes that precede later-stage phys-
iologic defects associated with this disease. Further in 3D, we 
generated fibrin-based EHTs with hiPSC-CMs and fibroblasts to 
study cardiac function changes caused by HCM mutations. Inter-
cellular communication between hiPSC-CMs and fibroblasts was 
identified as the key to support cardiac function of MHC-mutant 
EHTs. Contraction force and TGF-beta 1 secretion were signifi-
cantly increased in the mutant EHTs, and after blocking TGF-beta 
1 signaling, the contraction force of mutant EHTs returned to a lev-
el comparable to control EHTs. The result of our 2D study is the 
first to link ECM dynamics with HCM onset and therefore provides 
a new avenue for HCM therapeutic discovery. The tissue-level 3D 
model further enabled study of the interplay between hiPSC-CMs 
and fibroblasts in the context of HCM and suggested hiPSC-CMs 
impact on the function of fibroblasts very soon after specification. 
Altogether, these findings lay the foundation for novel strategies 
to treat HCM at early stages of disease.

Funding Source: This research was supported by American 
Heart Association (#21Predoc836194 to Jeanne Hsieh).

Keywords: hypertrophic cardiomyopathy, hiPSC-derived 
cardiomyocyte, engineered heart tissue
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BET INHIBITION BLOCKS INFLAMMATION-
INDUCED CARDIAC DYSFUNCTION
Mills, Richard J. - Stem Cell Biology, Murdoch Children’s 
Research Institute, Australia
Humphrey, Sean - Stem Cell Biology, Murdoch Children’s 
Research Institute, Melbourne, Australia
Foster, Simon - Infection and Inflammation, QIMR Berghofer 
Medical Research Institute, Brisbane, Australia
Voges, Holly - Stem Cell Biology, Murdoch Children’s Research 
Institute, Melbourne, Australia
Porrello, Enzo - Stem Cell Biology, Murdoch Children’s Research 
Institute, Melbourne, Australia
James, David - Charles Perkins Centre, School of Life and 
Environmental Science, The University of Sydney, Australia
Hudson, James - Infection and Inflammation, QIMR Berghofer 
Medical Research Institute, Brisbane, Australia

Cardiac injury and dysfunction occur in COVID-19 patients and 
increase the risk of mortality. Causes are ill defined but could be 
through direct cardiac infection and/or inflammation-induced dys-
function. To identify mechanisms and cardio-protective drugs, we 
use a state-of-the-art pipeline combining human cardiac organ-
oids with phosphoproteomics and single nuclei RNA sequencing. 
We identify an inflammatory ‘cytokine-storm’, a cocktail of inter-
feron gamma, interleukin 1β and poly(I:C), induced diastolic dys-
function. Bromodomain-containing protein 4 is activated along 
with a viral response that is consistent in both human cardiac 
organoids and hearts of SARS-CoV-2 infected K18-hACE2 mice. 
Bromodomain and extraterminal family inhibitors (BETi) recover 
dysfunction in hCO and completely prevent cardiac dysfunction 
and death in a mouse cytokine-storm model. Additionally, we de-
termined that vascular cells within cardiac organoids determine 
the magnitude of diastolic dysfunction caused by inflammatory 
factors and identify a paracrine role of endothelin driving dysfunc-
tion. Taken together, we demonstrate the importance of multi-cel-
lularity and cellular-crosstalk for disease-modelling and that BETi 
are promising candidates to prevent COVID-19/inflammation me-
diated cardiac damage.

Keywords: Heart, Inflammation, Bromodomain and extraterminal 
family inhibitors
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ISOGENIC ALLELIC SERIES OF LMNA-MUTATED 
HIPSC LINES GENERATED USING THE NOVEL 
AND HIGHLY-EFFICIENT TARGETING PLATFORM, 
STRAIGHT-IN
Meraviglia, Viviana - Anatomy and Embryology, Leiden 
University Medical Centre, Leiden, Netherlands
Blanch-Asensio, Albert - Anatomy and Embryology, Leiden 
University Medical Center, Leiden, Netherlands
Davis, Richard - Anatomy and Embryology, Leiden University 
Medical Center, Leiden, Netherlands
Mummery, Christine - Anatomy and Embryology, Leiden 
University Medical Center, Leiden, Netherlands
Bellin, Milena - Anatomy and Embryology, Leiden University 
Medical Center, Leiden, Netherlands

Human induced pluripotent stem cells (hiPSCs) have demonstrat-
ed their value for in vitro disease modelling. Genetically modi-
fied hiPSCs carrying disease-associated variants are particularly 

useful tools for this purpose but strategies for efficient and rapid 
integration of large DNA payloads (>10 kb) into specific genom-
ic regions are still limited. To overcome this, the STRAIGHT-IN 
platform (Serine and Tyrosine Recombinase Assisted Integration 
of Genes for High-Throughput INvestigation) was developed that 
combined different classes of site-specific recombinases with 
CRISPR-Cas9 mediated homologous recombination and allowed 
stringent site-specific replacement of large genomic fragments 
in hiPSCs. Here, we use STRAIGHT-IN to simultaneously gen-
erate a library of genetically matched hiPSC lines carrying mul-
tiple heterozygous mutations in LMNA gene. Mutations in LMNA, 
encoding Lamin A/C protein, have been associated with 5-10% 
cases of dilated cardiomyopathy (DCM) with conduction defects. 
Through detailed online searches of the LMNA database and lit-
erature, we identified and selected 11 LMNA mutations to insert 
into a wild-type hiPSC line based on the following criteria: (i) muta-
tions associated with cardiac abnormalities, in terms of structural 
(DCM/heart failure) and arrhythmic phenotypes; (ii) mutations with 
known familiar/pedigree-relationship; (iii) different types of muta-
tions (missense and nonsense). We then applied the workflow of 
STRAIGHT-IN consisting of: (1) replacing the entire LMNA genom-
ic locus (33 kb) on one allele with a Landing Pad (LP) cassette 
containing Serine Recombinase (Bxb1) recognition sites; (2) rein-
troducing LMNA gene into the LP cassette through integration of 
Bxb1-Donor plasmids carrying the LMNA variants of interest via 
Bxb1 expression; (3) expressing a tyrosine recombinase (Cre) to 
excise the majority of the auxiliary exogenous DNA sequences. 
STRAIGHT-IN allows simultaneous generation of a panel of 11 
isogenic hiPSC lines carrying selected LMNA mutations rapidly 
(5-6 weeks), efficiently and cost-effectively, thus facilitating the 
production of specific mutated hiPSC lines for disease modelling 
and personalized medicine applications.

Funding Source: The Netherlands Organisation for Health 
Research and Development ZonMW (PSIDER project no. 
10250022110004); The Novo Nordisk Foundation grants 
(NNF21CC0073729); European Research Council (ERC-CoG 
Mini-HEART no. 101001746).

Keywords: site-specific recombination, CRISPR/Cas9, human 
pluripotent stem cells, disease modelling
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OVEREXPRESSION OF MELUSIN ENHANCES 
CONTRACTILITY IN STEM CELL-DERIVED 
ENGINEERED HEART TISSUES
Padgett, Ruby - Mechanical Engineering, University of 
Washington, Seattle, WA, USA
Bertero, Alessandro - Molecular Biotechnology and Health 
Sciences, University of Turin, Italy
Goldstein, Alex - Mechanical Engineering, University of 
Washington, Seattle, WA, USA
Sniadecki, Nate - Mechanical Engineering, University of 
Washington, Seattle, WA, USA

Melusin is a muscle-specific protein that binds to β1 integrin and 
is involved in hypertrophic growth via ERK and AKT pathways in 
response to pressure overload in the heart. Previous work on 
melusin and its role in cardiac hypertrophy has been with trans-
genic mice, so its relevance to human pathophysiology is unclear. 
For this reason, we generated human induced pluripotent stem 
cell (hiPSC) lines that overexpress melusin to understand its role 
in human cardiac biology. Specifically, we targeted the insertion 
of the melusin gene (ITGB1BP2) to the ROSA26 safe harbor locus 
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in the WTC11 hiPSC line and drove its cardiac-specific expres-
sion using a CK8m promoter, which is a small cassette derived 
from the creatine kinase promoter. We differentiated these car-
diac-specific, melusin-overpressing hiPSCs to stem cell-derived 
cardiomyocytes (hiPSC-CMs) with high purity and cast them as 
engineered heart tissues (EHTs). EHTs provide a three-dimen-
sional microenvironment that represents spatial aspects of the 
native myocardium and also allows for the direct measurement 
of the contractile function of hiPSC-CMs. Compared to EHTs cast 
with isogenic controls, melusin-overexpressing EHTs generated 
greater and faster contractile forces at two weeks after casting. 
By three weeks, isogenic control EHTs matched the contractility 
of melusin-overexpressing EHTs. Through western blots, we con-
firmed that there is increased ERK signaling in melusin-overex-
pressing EHTs as compared to their isogenic controls, which con-
firms previous in vivo findings in mice. Our results suggest that 
melusin may have a role in driving the development of contractile 
function in cardiomyocytes. Thus, melusin may be viable as a mo-
lecular target for novel therapeutics for treating heart failure.

Keywords: EHT, melusin, cardiomyocyte
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GENERATION OF HEART AND VASCULAR 
SYSTEM FROM STEM CELLS BY BLASTOCYST 
COMPLEMENTATION
Coppiello, Giulia - Regenerative Medicine Program, University 
of Navarra/FIMA, Spain
Barlabe, Paula - Program of Regenerative Medicine, University 
of Navarra/CIMA, Pamplona, Spain
Moya-Jódar, Marta - Program of Regenerative Medicine, 
University of Navarra/CIMA, Pamplona, Spain
Abizanda, Gloria - Program of Regenerative Medicine, University 
of Navarra/CIMA, Pamplona, Spain
Barreda, Carolina - Program of Regenerative Medicine, 
University of Navarra/CIMA, Pamplona, Spain
Iglesias, Elena - Program of Regenerative Medicine, University of 
Navarra/CIMA, Pamplona, Spain
Linares, Javier - Center for Regenerative Therapies Dresden 
(CRTD), Technische Universität Dresden, Germany
Arellano-Viera, Estibaliz - Department of Internal Medicine II, 
University Hospital Würzburg, Germany
Ruiz-Villalba, Adrián - Department of Animal Biology, University 
of Málaga, Spain
Larequi, Eduardo - Program of Regenerative Medicine, 
University of Navarra/CIMA, Pamplona, Spain
Carvajal-Vergara, Xonia - Program of Regenerative Medicine, 
University of Navarra/CIMA, Pamplona, Spain
Pelacho, Beatriz - Program of Regenerative Medicine, University 
of Navarra/CIMA, Pamplona, Spain
Prósper, Felipe - Program of Regenerative Medicine, University 
of Navarra/CIMA, Pamplona, Spain
Aranguren, Xabier - Program of Regenerative Medicine, 
University of Navarra/CIMA, Pamplona, Spain

Organ shortage for clinical transplantation is a worldwide issue. 
In order to address this sanitary burden, the blastocyst comple-
mentation approach is a promising method to experiment the 
generation of humanized organs in farm animals. To generate re-
jection-free organs, both the parenchyma and the vascular com-
partment of an organ must be complemented, given their key 
role in graft rejection. Here, we used the Nkx2.5-Cre; DTA and 
Tie2-Cre; DTA cell ablation systems to target both the cardiomyo-
cyte and endothelial cell lineages in host mouse embryos, and 

by intraspecies blastocyst complementation we rescued both 
heart and vascular development. Complemented chimeras were 
viable and reached adult stage, showing normal cardiac function 
and no signs of histopathological defects in the heart. Further-
more, by rat-to-mouse interspecies blastocyst complementation, 
we rescued heart formation at E10.5, obtaining hearts composed 
completely by rat cardiomyocytes. These results represent an ad-
vance in the experimentation towards the in vivo generation of 
transplantable organs.

Funding Source: PID2021-122589OB-100 financed by MCIN/
AEI/10.13039/501100011033/FEDER,UE. Bioheart 0011-1411-2022-
000092 Gobierno de Navarra I+D- strategic 2022–2025.

Keywords: Blastocyst complementation, organogenesis, 
cardiovascular development
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USING HIPSC-CMS TO INVESTIGATE 
CARDIOMYOCYTES MATURATION
Hamledari, Homa - Biomedical Physiology and Kinesiology, 
Simon Fraser University, Burnaby, BC, Canada
Jayousi, Farah - Biomedical Physiology and Kinesiology, Simon 
Fraser University, Vancouver, BC, Canada
Klein Geltink, Ramon - Department of Pathology and Laboratory 
Medicine, University of British Columbia, Vancouver, BC, 
Canada
Teves, Sheila - Department of Biochemistry and Molecular 
Biology, Simon Fraser University, Vancouver, BC, Canada
Lange, Philipp - Pathology and Laboratory Medicine, University 
of British Columbia, Vancouver, BC, Canada
Tibbits, Glen - Biomedical Physiology and Kinesiology, Simon 
Fraser University, BC Children’s Hospital Research Institute, 
Vancouver, BC, Canada

The human induced pluripotent stem cell derived cardiomyocytes 
(hiPSC-CMs) have the potential for vast applications toward a 
personalized approach in the treatment of cardiovascular diseas-
es as the leading cause of mortality. Unfortunately, hiPSC-CMs 
being immature cannot represent the mature adult CMs, limiting 
their use in drug screening and disease modeling. Studies ad-
dressing this limitation have only partially been effective empha-
sizing the need for future investigations. Moreover, despite the 
lack of a complete picture of signaling pathways involved in CM 
maturation, mTOR signaling has been proposed to be a key path-
way involved in early stages of CM differentiation, maturation, 
and regeneration making it an interesting candidate for a deeper 
investigation in CM maturation. The impact of maturation-induc-
ing factors (MIFs) on the regulation of mTOR pathway during CM 
maturation has not been evaluated to date. In this study, hiPSCs 
were differentiated to CMs and subjected to maturation treatment 
after metabolic purification. The Seahorse assay was performed 
to measure mitochondrial respiration, glycolysis, and mitochon-
drial staining was conducted in parallel. Mass spectrometry (MS) 
proteomics was performed to gain a deeper understanding of the 
mechanisms underlying maturation. To investigate the changes 
in mTORC1 signaling in CM maturation, hiPSCs were transduced 
with lentiviruses expressing an mTOR biosensor and its negative 
control. The biosensor expressing hiPSCs were differentiated to 
CMs and were treated with MIFs. A Bioluminescence Resonance 
Energy Transfer (BRET) assay was used to monitor the potential 
changes in mTORC1 activity. The results of this study show mat-
uration promoting effects of MIFs at the functional level. In addi-
tion, MS allowed for a wide quantitative analysis of the proteomic 
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) changes and posttranslational modifications that are both novel 
and previously known to be involved in the maturation process. In 
addition, the corresponding changes in mTORC1 signaling were 
recorded for the first time using live hiPSC-CMs. The results of 
this study will potentially accelerate the groundwork for the use 
of hiPSC-CMs as a representative model in cardiovascular regen-
erative medicine.

Keywords: Cardiomyocyte maturation, mTOR pathway, 
Cardiovascular regenerative medicine
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COMPLEX GENE-ENVIRONMENT INTERACTIONS 
IN FAMILIAL DILATED CARDIOMYOPATHY 
CAUSE VARIABLE PENETRANCE AND 
EXPRESSIVITY
Nelson, Aileena - Bioengineering, University of California San 
Diego, CA, USA
Chi, Neil - Medicine, University of California, San Diego, CA, USA
Engler, Adam - Bioengineering, University of California, San 
Diego, CA, USA

Dilated cardiomyopathy (DCM) is a leading cause of death world-
wide, and we have identified a family with an history of DCM in 
which novel Tropomyosin-1 (TEK, TPM1c.97G>A/+) and Vinculin 
(VFS, VCLc.659dupA/+) heterozygous variants co-segregate. Pa-
tient populations containing both variants, i.e. “TV-Dhet” or TEK/
VFS double heterozygotes, exhibit both variable penetrance and 
clinical presentations of DCM. To systematically interrogate the 
role of environmental stress on disease penetrance and expres-
sivity, we individually introduced the TPM1c.97G>A/+ variant and 
a VCLc.74del7 frameshift variant, which recapitulates the prema-
ture stop codon and haploinsufficiency, into the H9 hESC back-
ground. Patient-derived hiPSC-TV-Dhet and isogenic hESC single 
variant CMs were subjected to DCM-relevant microenvironment 
stressors. Under fibrotic-like substrate stiffening, TV-Dhet CMs 
adversely remodeled, showing decreased sarcomere organiza-
tion, increased eccentric hypertrophy, and increased cell strain 
energy compared to WT familial hiPSC-CM controls. In single 
variant hESC-CMs, only the VFS CMs show contractile and sar-
comere dysfunction at physiological conditions; these effects 
are further exacerbated on fibrotic-like conditions. In contrast, 
the TEK CMs do so only under microenvironment stress. The ad-
verse remodeling of TEK and VFS CMs under stress suggests a 
sensitivity to environmental insult that can help explain varying 
expression of DCM in patient carriers. TV-Dhet CMs also have 
reduced expression of key vinculin-interacting proteins enabling 
mechanosensitive-protection against microenvironment stress 
(e.g. FAK, talin 2, α-actinin). Analysis of calcium ion dynamics on 
stiff microenvironments shows DCM-like dysfunction: prolonged 
Ca2+ release, slowed Ca2+ reuptake, and lower transient ampli-
tude in TV-Dhet CMs. Voltage imaging also reveals TV-Dhet CMs 
have reduced full-width, half-maximum and prolonged action po-
tential decay. TV-Dhet CMs have significantly lower expression of 
key CM ion channel genes SCN5A and KCNQ1. Taken together, 
these data suggest TPM1 and VCL variants impair structural and 
electrophysiological CM responses under environmental stress.

Funding Source: American Heart Association National Institutes 
of Health

Keywords: Gene-Environment Interactions, Mechanosensation, 
Gene Editing
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IPSC MODEL OF DILATED CARDIOMYOPATHY 
ASSOCIATED WITH HETEROZYGOUS MUTATION 
IN ZMPSTE24 GENE
Dobrovolny, Robert - First Faculty of Medicine, Research Unit 
for Rare Diseases, Charles University, Prague, Czech Republic
Asfaw, Befekadu - First Faculty of Medicine, Research Unit for 
Rare Diseases, Charles University, Prague, Czech Republic
Melenovska, Pera - First Faculty of Medicine, Research Unit for 
Rare Diseases, Charles University, Prague, Czech Republic
Piherova, Lenka - First Faculty of Medicine, Research Unit for 
Rare Diseases, Charles University, Prague, Czech Republic

Cardiomyopathy is a disease of the heart muscle associated with 
a disorder of its function. This is a heterogeneous group of dis-
eases with various clinical signs that can ultimately lead to heart 
failure. Subset of cardiomyopathies are genetically conditioned. 
iPSC derived from patients or engineered with specific genetic 
defects found in patients serve as a unique model of the disease 
for pathogenetic studies. We have focused on a group of car-
diomyopathies with defect genes associated with lamin A/C pro-
cessing. One of the proteins needed for functional maturation and 
localization of the lamin A is metalloprotease ZMPSTE24. Without 
ZMPSTE24, the final processing step that releases mature lamin 
A cannot occur, resulting in an accumulation of a farnesylated 
and methylated prelamin A. The enzymatic defect then leads to 
various diseases like progeria, muscular dystrophy and heart mal-
functions. We have produced iPSC lines from one patient with 
heterozygous mutation in ZMPSTE24 gene. The iPSC lines were 
than differentiated to cardiomyocytes and subjected to standard 
characterization such as differentiation efficiency, response to 
isoprenylation inhibitors, morphological characterization of nu-
clei. We have observed decreased differentiation efficiency of 
patient derived lines. The cardiomyocytes were morphologically 
different with abnormal nuclei.

Funding Source: The project was supported by research grant 
from Agency for Medical Research of Czech Ministry of Health, 
reg. number NV19-08-00122.

Keywords: Cardiomyopathy, ZMPSTE24, iPSC
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CAPTURING THE MECHANISMS OF 
TRANSCRIPTION FACTOR HAPLOINSUFFICIENCY 
UNDERLYING CONGENITAL HEART DEFECTS
Grant, Zoe L. - Gladstone Institute of Cardiovascular Disease, 
Gladstone Institutes, CA, USA
Botten, Giovanni - Children’s Medical Research Institute, 
University of Texas Southwestern Medical Center, Dallas, TX, 
USA
Richards, Alicia - Department of Cellular and Molecular 
Pharmacology, University of California, San Francisco, CA, USA
Huttenhain, Ruth - Department of Cellular and Molecular 
Pharmacology, University of California, San Francisco, CA, USA
Ramadoss, Gokul - Biomedical Sciences Graduate Program, 
University of California, San Francisco, CA, USA
Kathiriya, Irfan - Department of Anesthesia and Perioperative 
Care, University of California, San Francisco, CA, USA
Conklin, Bruce - Gladstone Institute of Cardiovascular Disease, 
Gladstone Institutes, San Francisco, CA, USA
Xu, Jian - Children’s Medical Research Institute, University of 
Texas Southwestern Medical Center, Dallas, TX, USA
Bruneau, Benoit - Gladstone Institute of Cardiovascular Disease, 
Gladstone Institutes, San Francisco, CA, USA

Congenital heart defects (CHDs) are the most common birth de-
fect, and haploinsufficient mutations resulting in altered dosage 
of transcriptional regulators, such as the cardiac transcription fac-
tor TBX5, are a pivotal underlying cause. The haploinsufficiency 
of TBX5 mutations suggests that TBX5 regulates the expression 
of its target genes in a dose-dependent manner. Using a human 
iPSC allelic series including TBX5 WT, heterozygous and null 
lines, and differentiating to cardiomyocytes has allowed us to un-
derstand the dose-dependent changes in gene expression that 
may underlie TBX5-dependent CHDs. However, we still don’t un-
derstand mechanistically how and why some genes are sensitive 
to changes in TBX5 dose. This research program investigates 
the hypothesis that target genes are sensitive to reduced TBX5 
levels due to differential binding of TBX5, and the assembly of 
transcription-regulating chromatin-associated proteins around 
dose-sensitive genes. To uncover these molecular mechanisms, 
we have generated a biotin-tagged TBX5 allelic series that we 
will use for ChIP-exo to determine the binding of TBX5 across the 
cardiac genome during development and in contexts of reduced 
TBX5 dosage. To understand the transcriptional machinery that 
may influence TBX5 dosage-sensitive gene expression, we have 
optimized a protocol called CAPTURE to isolate locus-associ-
ating proteins using biotinylated dCas9 pull-down followed by 
mass spectrometry. Our initial work targeting the SOX2 promoter 
in iPSCs has demonstrated that we can isolate transcriptional-
ly-relevant regulatory proteins, including chromatin remodeling 
complexes and transcription factors. Current work at the TBX5 
dosage-sensitive target gene NPPA promoter and enhancer in iP-
SC-derived cardiomyocytes will allow us to determine the chang-
es in transcriptional machinery that may underlie altered gene 
dosage in CHDs.

Keywords: cardiovascular development, transcriptional 
regulation, chromatin
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A TISSUE ENGINEERED MODEL OF HUMAN 
MYOCARDIAL ISCHEMIA REPERFUSION INJURY 
RECAPITULATES MYOCARDIAL DYSFUNCTION 
AND FIBROTIC REMODELING
Nash, Trevor R. - Biomedical Engineering, Columbia University, 
New York, USA
Lock, Roberta - Biomedical Engineering, Columbia University, 
New York, USA
Fleischer, Sharon - Biomedical Engineering, Columbia 
University, New York, USA
Tavakol, Daniel - Biomedical Engineering, Columbia University, 
New York, USA
Graney, Pamela - Biomedical Engineering, Columbia University, 
New York, USA
Lamberti, Morgan - Biomedical Engineering, Columbia 
University, New York, USA
Li, Vanessa - Biomedical Engineering, Columbia University, New 
York, USA
Fine, Barry - Medicine, Columbia University, New York, NY, USA
Vunjak-Novakovic, Gordana - Biomedical Engineering, Columbia 
University, New York, USA

Ischemic heart disease is one of the leading causes of death 
worldwide and few treatment options exist beyond the timely res-
toration of blood flow following myocardial infarction. Although 
numerous therapeutic candidates have shown promising results 
in preclinical animal models, none have successfully translated to 
improved clinical outcomes. The significant differences between 
animal and human cardiovascular physiology likely contribute to 
this discrepancy, and there is an urgent need for better model 
systems to recapitulate human pathophysiology more accurate-
ly. To address these shortcomings, we have developed a new 
bioengineered model of ischemia reperfusion injury (IRI) and 
subsequent remodeling that incorporates human iPSC-derived 
cardiomyocytes and supporting cells and matures these cells via 
a combination of metabolic and electromechanical conditioning. 
Following tissue maturation, ischemia is simulated by providing 
an anoxic culture environment with increased lactate and de-
creased pH. Electrical stimulation of the tissues applied during 
maturation is continued during the simulated ischemia to model 
demand-perfusion mismatch. After 6 hours under ischemic con-
ditions, tissues are returned to standard culture conditions to sim-
ulate reperfusion and maintained in culture for up to an additional 
month to allow observation of post ischemic function and remod-
eling. Supernatant analysis reveals a significant increase in LDH 
release following ischemia and then an even larger increase fol-
lowing reperfusion, suggesting that the model recapitulates the 
cell damage seen in IRI. Additionally, cell viability assays demon-
strate approximately a 50% decrease in cellular viability that re-
mains stable during remodeling. Tissues have a marked decrease 
in function following simulated IRI that is sustained for at least one 
month of culture. Histological analysis revealed substantial colla-
gen deposition throughout the tissues. Taken together, our data 
show that the model recapitulates the pathological remodeling 
and development of tissue fibrosis that occurs following IRI.

Keywords: cardiac tissue engineering, myocardial ischemia 
reperfusion injury, myocardial fibrosis
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ESTABLISHMENT OF A CARDIOVASCULAR 
MODEL DERIVED FROM HUMAN PLURIPOTENT 
STEM CELLS (HIPSC) FOR ANALYSIS OF 
OXIDATIVE STRESS IN HYPERTENSION
Sarafian, Raquel - Department of Genetics, Institute of 
Bioscience, University of São Paulo, Brazil
Borsoi, Juliana - Genetics and Evolutive Biology, University of 
Sao Paulo, Institute of Bioscience, Sao Paulo, Brazil
da Veiga Pereira, Lygia - Genetic and Evolutive Biology, 
University of Sao Paulo, Institute of Biosciences, Sao Paulo, 
Brazil
Montezano, Augusto - Research Institute, McGill University 
Health Centre, Montreal, QC, Canada
Touyz, Rhian - Research Institute, McGill University Health 
Centre, Montreal, QC, Canada

Hypertension is an important risk factor for various cardiovascular 
diseases such as stroke, acute myocardial infarction and chronic 
kidney disease. It is a complex, multifactorial disease whose cel-
lular mechanisms are not well understood. Recently, several stud-
ies have focused on the role of oxidative stress in the develop-
ment of hypertension. Increasing evidence over the last decades 
indicates an association between reactive oxygen species (ROS) 
and arterial hypertension. Among the different ROS sources pres-
ent in the cardiovascular system, NADPH oxidases (NOXs) are 
particularly important because they are involved in many features 
of cardiovascular dysfunctions. Particularly in human hyperten-
sion, redox signaling regulation and the role of NOXs in cardio-
vascular pathologies await clarification. In this scenario, human 
induced pluripotent stem cells (hiPSC) may be a powerful tool 
for understanding cellular mechanisms of response to oxidative 
stress in hypertension–induced cardiovascular dysfunction. We 
used hiPSC-derived cardiomyocytes, endothelial cells and vas-
cular smooth muscle cells from normotensive and hypertensive 
patients to dissect the redox mechanisms of NOX regulation of 
cardiovascular function. We generated 9 hiPSC lines from hyper-
tensive (HT) and normotensive (NT) subjects; these cells were 
differentiated into cardiomyocytes, endothelial and vascular 
smooth muscle cell, and RT-qPCR analysis of NOXs expression 
and ROS quantification were performed. We observed different 
NOX-expression profiles in differentiated cells between groups. 
HT cells, have increased expression of NOX1 and 2, associated 
with hypertension, and a decreased expression of NOX4 which 
has a protective role in redox regulation. In addition, HT cells had 
decreased expression of antioxidants genes, which means that 
these cells are in fact producing an oxidative environment. The 
results suggest that HT cells produce more superoxide, which 
means that their basal environment is already more stressful than 
NT cells, indicating that these cells maintain the phenotype relat-
ed to hypertension in vitro. Our results indicate that this model 
may bring new perspectives to the understanding of oxidative 
stress related to hypertension, in addition to opening new possi-
bilities in modelling the disease in vitro.

Funding Source: FAPESP - Fundaçao de Amparo a Pesquisa 
do Estado de São Paulo; CNPq - Conselho Nacional de 
desenvolvimento Científico e tecnológico;

Keywords: hiPSC, cardiovascular differentiation, hypertension
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CARDIAC MYOFIBRILLOGENESIS IS 
SPATIOTEMPORALLY MODULATED BY THE 
MOLECULAR CHAPERONE UNC45B
Wu, Yi-Hsuan - Department of Life Science, National Taiwan 
University, Taipei, Taiwan
Lu, Serena Huei-An - Department of Life Science, National 
Taiwan University, Taipei, Taiwan
Su, Liang-Yu - Department of Life Science, National Taiwan 
University, Taipei, Taiwan
Hsu, Zi-Ting - Department of Life Science, National Taiwan 
University, Taipei, Taiwan
Weng, Tzu-Han - Department of Life Science, National Taiwan 
University, Taipei, Taiwan
Wang, Hsin-Yu - Department of Life Science, National Taiwan 
University, Taipei, Taiwan
Yu, Chiao - Department of Life Science, National Taiwan 
University, Taipei, Taiwan
Tsai, Su-Yi - Department of Life Science, National Taiwan 
University, Taipei, Taiwan

Sarcomeres are the fundamental component responsible for 
manipulating contraction in both cardiac and skeletal striated 
muscle. Their impairment can elicit cardiomyopathies, leading 
causes of death worldwide. However, the molecular mechanism 
underlying the stepwise process of sarcomere assembly remains 
obscure. Uncoordinated mutant number 45 (UNC45) is a key 
molecular chaperone exerting a critical role in myosin assembly 
during sarcomerogenesis. However, the molecular mechanism 
by which UNC45B regulates sarcomere assembly spatiotempo-
rally remains unclear. We ablated UNC45B from human embryon-
ic stem cells (hESCs) using a CRISPR/Cas9 technique. Although 
hESCs with homozygous ablation of UNC45B (UNC45B-/-) still 
differentiated into CMs, they displayed essentially no contrac-
tility. Phenotypic analysis further revealed that: 1) binding of the 
Z-line anchor protein ACTN2 to protocostameres was perturbed 
due to impaired protocostamere formation, resulting in ACTN2 
accumulation in the premyofibril stage; 2) F-ACTIN polymeriza-
tion was suppressed; and 3) MYH6 became degraded, so muscle 
myosin could not replace non-muscle myosin MYH10. Moreover, 
our mechanistic study demonstrates that UNC45B facilitates ex-
pression of the protocostamere marker KINDLIN2 (KIND2), with 
disruption of UNC45B resulting in impairment of the initiating site 
of sarcomere assembly. Thus, UNC45B directs human cardiac 
myofibrillogenesis by spatiotemporally modulating protocosta-
mere formation and muscle myosin folding.

Keywords: Molecular chaperone, Sarcomerogenesis, Human 
embryonic stem cells
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EXOCYST COMPLEX COMPONENT 2 IS A HOST 
FACTOR FOR THE SARS-COV-2 INFECTION
Yi, Renxing - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Hashimoto, Rina - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Takahashi, Kazutoshi - Center for iPS Cell Research and 
Application (CiRA), Kyoto University, Kyoto, Japan
Takayama, Kazuo - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan

The coronavirus disease 2019 (COVID-19) pandemic has been 
caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) and remains a severe threat to public health with 
millions of deaths. Despite angiotensin-converting enzyme 2 
(ACE2) and transmembrane serine protease2 (TMPRSS2) have 
been studied widely, the analysis of host factors other than recep-
tors and proteases has not been sufficiently performed. Hence, 
we attempted to identify and characterize novel host factors es-
sential for SARS-CoV-2 infection using induced pluripotent stem 
cells (iPS) cells and airway organoids. Based on previous CRIS-
PR screening and RNA-seq data, we found that exocyst complex 
component 2 (EXOC2) is an important host factor for the SARS-
CoV-2 infection. The intracellular SARS-CoV-2 nucleocapsid (N) 
expression level was decreased to 3.7 % and the virus copy num-
ber in the cell culture medium was decreased to 1.6 % by EXOC2 
knockdown, and SARS-CoV-2 infection was also increased by 
EXOC2 overexpression. Moreover, EXOC2 knockdown down-
regulates SARS-CoV-2 infection by regulating interferon omega 1 
(IFNW1) expression. In conclusion, controlling the EXOC2 expres-
sion level prevents SARS-CoV-2 infection in iPS cells and airway 
organoids, which may contribute to the development of potent 
COVID-19 therapeutic agents.

Funding Source: This research was supported by the iPS Cell 
Research Fund the Japan Agency for Medical Research and 
Development (AMED) (JP20fk0108533, JP21fk0108492, and 
JP21gm1610005).

Keywords: SARS-CoV-2, iPS cells, EXOC2
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EXPRESSION OF ALPHA-1 ANTITRYPSIN AND 
RESULTING CELLULAR STRESS IN ALPHA-1 
ANTITRYPSIN DEFICIENT TYPE 2 ALVEOLAR 
EPITHELIAL CELLS
Merritt, Carly - Center for Regenerative Medicine, Boston 
University, Boston, MA, USA
Bawa, Pushpinder - Center for Regenerative Medicine, Boston 
University School of Medicine, Boston, MA, USA
Wang, Feiya - Center for Regenerative Medicine, Boston 
University School of Medicine, Boston, MA, USA
Basil, Maria - Medicine, University of Pennsylvania, Philadelphia, 
PA, USA
Morrisey, Edward - Medicine, University of Pennsylvania, 
Philadelphia, PA, USA
Byers, Derek - Medicine, Washington University School of 
Medicine, Saint Louis, MO, USA
Wilson, Andrew - Center for Regenerative Medicine, Boston 
University School of Medicine, Boston, MA, USA

Alpha-1 antitrypsin deficiency (AATD) is a monogenic protein 
misfolding disease that leads to both emphysema and fibrotic 
liver disease. While AATD liver disease is the result of misfold-
ed mutant “ZAAT” accumulation and resulting proteotoxicity in 
hepatocytes, AATD emphysema has classically been attributed 
to reduced circulating AAT levels and associated protease/anti-
protease imbalance in the lung. There is evidence for ZAAT-driv-
en proteotoxicity in extrahepatic cells, such as circulating mono-
cytes, that express SERPINA1, the gene encoding AAT. Although 
it has recently been shown that type 2 alveolar epithelial cells 
(AT2s), facultative progenitor cells in the distal lung, express SER-
PINA1, the consequences of ZAAT protein expression in AATD 
patient cells has not been examined. We hypothesize that ZAAT 
accumulates intracellularly in AATD AT2s, inducing gain-of-func-
tion toxicity that contributes to emphysema, the most commonly 
observed disease phenotype in AATD. To confirm AAT protein 
expression in AT2s, explant lung tissue from patients with AATD, 
as well as healthy and COPD control tissue, was stained for AT2s 
and AAT and analyzed via fluorescence microscopy. We identi-
fied co-localization of AAT and AT2s in AATD but not in healthy 
lung tissue, consistent with the possibility that intracellular AAT 
protein levels might be elevated in AATD AT2s. To determine 
the impact of ZAAT expression in AT2s, AATD patient-derived 
induced pluripotent stem cells, along with CRISPR/Cas9-correct-
ed syngeneic controls, were differentiated into AT2-like cells 
(iAT2s). iAT2s were plated at an air-liquid interface and exposed 
to cigarette smoke injury before undergoing single cell RNA se-
quencing. Analysis of DEGs identified enrichment of Hallmark 
gene sets indicating cellular stress, such as TNFa signaling via 
NFkB, hypoxia, and inflammatory response in AATD iAT2s com-
pared to their gene-corrected counterparts. Overall, our findings 
identify heterogeneous AT2 intracellular AAT protein in AATD ex-
plant lung tissue, and transcriptional evidence of cellular stress in 
AATD iAT2s. Future studies will investigate the functional impacts 
of ZAAT expression on AT2s, and how this expression contrib-
utes to emphysema.

Funding Source: Grifols ISR/SRA

Keywords: alpha-1 antitrypsin deficiency, type 2 alveolar 
epithelial cell, emphysema



58

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 M
O

D
E

Li
N

g
 D

E
v

E
LO

P
M

E
N

T
 A

N
D

 D
iS

E
A

S
E

 (
M

D
D

) 435

VASCULAR DAMAGE CAUSED BY INFECTION OF 
SARS-COV-2 TO BRONCHIAL ORGNOIDS IN 3D 
MPS
Fujimoto, Kazuya - Micro Engineering, Kyoto University, Kyoto, 
Japan
Kameda, Yoshikazu - Micro Engineering, Kyoto University, Kyoto, 
Japan
Nagano, Yuta - Micro Engineering, Kyoto University, Kyoto, 
Japan
Deguchi, Sayaka - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Takayama, Kazuo - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Yokokawa, Ryuji - Micro Engineering, Kyoto University, Kyoto, 
Japan

We developed 3D MPS system which evaluate the effect of 
SARS-CoV-2 infection to co-cultured bronchial organoids and 
self-organized vasculature. COVID-19 is caused by the infection 
of SARS-CoV-2 by entering the body through respiratory epithe-
lial cells. Vascular symptoms such as micro thrombosis or endo-
thelialitis are frequently seen in critical cases, making the disease 
unconventional compared to existing respiratory virus diseases. 
Although a huge number of studies have been made to eluci-
date the mechanism of vascular damage caused by SARS-CoV-2, 
many questions remain, such as virus dynamics among multiple 
tissues and the direct source of endothelial cell damage. Here we 
established the co-culturing system of bronchial organoids creat-
ed from primary bronchial epithelial cells and vasculature formed 
by primary endothelial cells to evaluate the direct and indirect 
effects caused by SARS-CoV-2 infection. Experimental results 
showed that virus mRNA was detected in epithelial cells and not 
detected in endothelial cells, suggesting that the virus selectively 
infected bronchial organoids. Despite a negligible amount of vi-
rus infection, damage to the vasculature and an increase of virus 
RNA in the vasculature channel were observed 3 days after infec-
tion. These results suggest that the virus infected with Bronchial 
organoids damaged vasculature via the paracrine effect, along 
with the upregulation of innate immune response-related genes.

Funding Source: AMED under Grant Numbers JP21gm1610005

Keywords: SARS-CoV-2, Vasculature, MPS
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TOWARDS MODELLING BIRT-HOGG-DUBÉ 
SYNDROME USING HIPSC-DERIVED ALVEOLAR 
EPITHELIAL CELLS
Rodriguez Ruiz, Alejandro - Pulmonology, Leiden University 
Medical Centre, Leiden, Netherlands
Ravi, Abilash - Pulmonology, Leiden University Medical Center, 
Leiden, Netherlands
Ninaber, Dennis - Pulmonology, Leiden University Medical 
Center, Leiden, Netherlands
Hoppe, Bart - Pulmonology, Leiden University Medical Center, 
Leiden, Netherlands
Olmer, Ruth - Department of Cardiothoracic, Transplantation 
and Vascular Surgery, Hannover Medical School, Hannover, 
Germany 
Martin, Ulrich - Department of Cardiothoracic, Transplantation 
and Vascular Surgery, Hannover Medical School, Hannover, 
Germany 
Hiemstra, Pieter - Pulmonology, Leiden University Medical 
Center, Leiden, Netherlands
van der Does, Anne - Pulmonology, Leiden University Medical 
Center, Leiden, Netherlands

Birt-Hogg-Dubé syndrome (BHD) is a rare disease caused by 
mutations of the FLCN gene which encodes for folliculin. This 
disease is characterized by formation of fibrofolliculomas, renal 
cancer, cysts, emphysematous changes and pneumothorax. A 
robust high expression of FLCN is observed in alveolar type II 
epithelial cells (AEC2), but it is unknown how this mutation affects 
alveolar epithelial cell biology. By introducing a mutation in FLCN 
in human induced pluripotent stem cells (hiPSCs), differentiating 
them into AEC2 organoids and exposing them to different trig-
gers, we aim to understand the mechanisms governing alveolar 
epithelial cell dysfunction and the BHD phenotype in the lungs. A 
CRISPR/Cas9 knock out (KO) of the FLCN gene was generated 
in hiPSCs. Subsequent differentiation of these cells into iAEC2 
organoids was performed. Primary BHD-AEC2 were isolated and 
cultured as organoids to allow validation of observed results in 
our hiPSC model. In primary cells, formation of alveolar cysts was 
modelled by culturing the organoids for 20 days and adding for-
skolin at 5 µM for the last seven days. In addition, primary BHD-
AEC2 were seeded into a Lung-on-Chip system (Emulate Inc.) to 
mimic breathing-related stresses by stretch application. Genome 
editing of the hiPSC line generated a heterozygous (HET) and a 
homozygous (HOM) FLCN KO line, and a HET truncated protein. 
Further differentiation into alveolar progenitors showed similar 
percentages in the KO (16%)/truncated (14%) against the control 
(18%). In parallel, BHD-AEC2 organoids with a HET FLCN KO vari-
ant showed an increase in organoid lumen size upon forskolin 
addition compared to control organoids (1.97 times larger versus 
1.1, respectively). Bhd-AEC2 were seeded in the microfluidic sys-
tem and stretched at 8% for three days. The forskolin and the 
microfluidic chip experiment are currently being repeated using 
the iAEC2s. In conclusion we have successfully generated FLCN 
KO HET and HOM hiPSC lines and derived iAEC2s. Parallelly, pri-
mary BHD-AEC2 displayed significant alveolar enlargement upon 
forskolin addition, when compared to alveolar organoids from 
a control. Further characterization of its phenotype is currently 
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ongoing, and includes assessment of tight junctions, forskolin-in-
duced swelling, and responses to stretch.

Funding Source: This study was supported by a grant from 
Health Holland (TKI-LSH-T219-P4O2). The study is part of the 
P4O2 consortium.

Keywords: alveolar epithelial, Birt-Hogg-Dube, stretch lung chip
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COCHLEAR ORGANOIDS FOR THE STUDY OF 
HAIR CELL DEVELOPMENT AND REGENERATION
Pressé, Mary - Eaton Peabody Laboratories, Massachusetts Eye 
and Ear Infirmary - Harvard Medical School, USA and University 
of Liège, Belgium, Cambridge, MA, USA
Petrillo, Marco - Eaton Peabody Laboratories, Massachusetts 
Eye and Ear Infirmary - Harvard Medical School, Boston, MA, 
USA
Abdul-Aziz, Dunia - Eaton Peabody Laboratories, Massachusetts 
Eye and Ear Infirmary - Harvard Medical School, Boston, MA, 
USA
Edge, Albert - Eaton Peabody Laboratories, Massachusetts Eye 
and Ear Infirmary - Harvard Medical School - Harvard Stem Cell 
Institute, Boston, MA, USA

Cochlear hair cells (HC) are susceptible to noise exposure, oto-
toxic treatments, and age. Currently, no treatment exists to pro-
mote HC regeneration in the cochlea and deafness is therefore 
irreversible once HCs are lost. Many efforts are put on identifying 
genes, pathways and molecules that would make cochlear HC 
regeneration possible. However, the low number of cochlear HC 
as well as the size of the cochlea and its inaccessibility limit in 
vivo studies. Thus, there is a critical need for a reliable model to 
examine HC development and to screen for treatments that could 
stimulate hair cell regeneration. To develop such a model, we 
generated a mouse strain expressing mCherry under the Atoh1 
promoter and combined it with a mouse strain expressing GFP 
under the Lgr5 promoter. We obtained mice in which a subset 
of supporting cells and all HCs were labeled in different colors. 
Application in this new mouse strain of a previously established 
protocol that allows for clonal expansion of HC progenitors and 
subsequent HC differentiation, results in labeled cochlear cells 
in organoids: Lgr5-expressing supporting cells which include hair 
cell progenitors are labeled in green and HCs in red. Using flow 
cytometry from dissociated organoids, we can track HC differenti-
ation from Lgr5+ cells to Atoh1+ cells and assess both the number 
of HC progenitors and the number of HCs at progressive differen-
tiation times. Finally, our model helps to track HC differentiation 
and to easily assess the number of HC progenitors and HC in the 
organoids. Additionally, we can sort these populations and as-
sess gene expression (RNA-sequencing), protein expression (im-
munostaining), and protein-chromatin interactions (CUT&RUN). 
As the effect of treatments during proliferation or differentiation 
can be easily determined, the two-color model provides an easy-
to-use and reliable tool for assessing the effect of treatments on 
HC generation, and we are currently using the model to screen 
small molecules and genes critical for HC development and re-
generation.

Keywords: Hair cell, Organoid, Development and Regeneration
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DEFINING NKX2-1-DEPENDENT 
TRANSCRIPTOMIC SIGNATURES IN LUNG 
DEVELOPMENT
Matte, Taylor - Center for Regenerative Medicine at Boston 
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Boston, MA, USA
Beermann, Mary Lou - Center for Regenerative Medicine at 
Boston University and Boston Medical Center, Boston University 
School of Medicine, Boston, MA, USA
Jean, JC - Center for Regenerative Medicine at Boston 
University and Boston Medical Center, Boston University School 
of Medicine, Boston, MA, USA
Bawa, Pushpinder - Center for Regenerative Medicine at Boston 
University and Boston Medical Center, Boston University School 
of Medicine, Boston, MA, USA
Le Suer, Jake - Center for Regenerative Medicine at Boston 
University and Boston Medical Center, Boston University School 
of Medicine, Boston, MA, USA
Berical, Andrew - Center for Regenerative Medicine at Boston 
University and Boston Medical Center, Boston University School 
of Medicine, Boston, MA, USA
Deterding, Robin - Breathing Institute at Children’s Hospital 
Colorado, Children’ s Hospital Colorado, Aurora, CO, USA
Kotton, Darrell - Center for Regenerative Medicine at Boston 
University and Boston Medical Center, Boston University School 
of Medicine, Boston, MA, USA
Hawkins, Finn - Center for Regenerative Medicine at Boston 
University and Boston Medical Center, Boston University School 
of Medicine, Boston, MA, USA
Posabella, Alberto - Center for Regenerative Medicine at Boston 
University and Boston Medical Center, Boston University School 
of Medicine, Boston, MA, USA

NK2 Homeobox 1 (NKX2-1) is a critically important transcription 
factor in lung development, with all lung epithelia derived from an 
NKX2-1+ progenitor pool. Nkx2-1-/- mice have severely hypoplas-
tic lungs whereas Nkx2-1+/- mice do not have a lung phenotype. 
Humans with heterozygous NKX2-1 mutations develop respira-
tory insufficiency, hypothyroidism, and neurological problems, a 
disease known broadly as brain-lung-thyroid syndrome. Despite 
its known importance, the role of NKX2-1 in human development, 
and how this differs from mouse, is not fully defined. To study 
the role of NKX2-1, we generated induced pluripotent stem cells 
(iPSCs) from 3 patients with brain-lung-thyroid syndrome and se-
lected a donor with a frameshift mutation in exon 3 of NKX2-1 for 
initial study. We corrected this mutation using CRISPR/Cas9 while 
also inserting a GFP reporter, generating two isogenic lines that 
differ only at the NKX2-1 locus. scRNA-seq across three timepoints 
in both airway and alveolar differentiations revealed broad tran-
scriptomic differences between mutant and corrected cells that 
increasingly diverged over developmental time. We observed 
more differences between mutant and corrected cells in the al-
veolar differentiation versus the airway differentiation. Mutant 
cultures showed strong downregulation of alveolar type II (ATII) 
differentiation markers in addition to upregulation of non-lung 
endoderm markers, pointing towards NKX2-1’s role in both fate 
acquisition and maintenance. Additionally, transcription factor 
activity analysis identified upregulation of SMAD3 target genes 
in mutant distal lung cells. Inhibition of TGFB signaling in mature 
mutant alveolospheres display upregulation of AT2 markers, 
pointing towards a co-regulatory relationship between NKX2-1 
and SMAD3. In conclusion, we used an iPSC-based in vitro model 
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) of lung development to identify transcriptomic profiles associated 
with NKX2-1 mutations, giving insight to the NKX2-1-dependent 
developmental program. Future directions will use this platform 
to further identify the core genetic programs by which NKX2-1 
works in both normal and aberrant lung development.

Funding Source: 1F31HL165922-01

Keywords: Transcription Factors and Development, Lung 
Development, Developmental Modeling
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A 3D HUMAN IPSC-DERIVED LUNG ALVEOLAR 
MODEL FOR CRISPR SCREENING AND TARGET 
VALIDATION
Bilican, Bilada - Translational Genomics/Discovery Biology, 
AstraZaneca, Mölndal, Sweden
Tammia, Markus - Research and Early Development, 
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Cornacchia, Daniela - Discovery Sciences, BioPharmaceuticals 
Research and Development, AstraZeneca, Mölndal, Sweden
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Dickson, Anna - Discovery Sciences, BioPharmaceuticals 
Research and Development, AstraZeneca, Cambridge, UK
Corrigan, Adam - Discovery Sciences, BioPharmaceuticals 
Research and Development, AstraZeneca, Cambridge, UK
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Vollmer, Stefan - Research and Early Development, Respiratory 
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Development, AstraZeneca, Mölndal, Sweden
Zhang, Bairu - Discovery Sciences, BioPharmaceuticals 
Research and Development, AstraZeneca, Cambridge, Sweden
Escudero-Ibarz, Leire - Discovery Sciences, BioPharmaceuticals 
Research and Development, AstraZeneca, Cambridge, Sweden
Quarantotti, Valentina - Discovery Sciences, BioPharmaceuticals 
Research and Development, AstraZeneca, Cambridge, UK
Wiggins, Cerri - Discovery Sciences, BioPharmaceuticals 
Research and Development, AstraZeneca, Cambridge, UK
Olsson, Henric - Discovery Sciences, BioPharmaceuticals 
Research and Development, AstraZeneca, Mölndal, Sweden

Gianni, Davide - Discovery Sciences, BioPharmaceuticals 
Research and Development, AstraZeneca, Cambridge, UK
Forslöw, Anna - Discovery Sciences, BioPharmaceuticals 
Research and Development, AstraZeneca, Mölndal, Sweden
Messa, Mirko - Discovery Sciences, BioPharmaceuticals 
Research and Development, AstraZeneca, Mölndal, Sweden

Lung alveoli are the primary site of gas exchange in the body 
and are affected by several respiratory tract diseases. To develop 
efficient therapies, new models mimicking the three-dimension-
al (3D) organization of the cells in the alveoli are needed. Here, 
we describe the development of a scalable CRISPR screening 
platform with human induced pluripotent stem cells (iPSCs)-de-
rived alveolar epithelial type 2 cells (AEC2), grown as 3D alve-
olar-like organoids (or lung alveolospheres, LAs). We validated 
our 3D-AEC2 model by confirming the expression of the critical 
transcription factor NKX2-1 during lung progenitor formation and 
mature AEC2 markers such as the surfactant protein C (SFTPC) 
in the later phases of differentiation. In-depth characterization of 
this complex model by single cell RNA (scRNA) seq profiling pro-
vided insight into the different cell subpopulations represented 
in the organoids and their respective gene regulatory networks. 
Scalability of the 3D lung model was obtained by leveraging the 
steps of single cell dissociation and cryopreservation in the AEC2 
differentiation protocol. Thawed cells re-assembled into prolifer-
ating LAs that maintained expression of maturation markers, mak-
ing them suitable for alveolar-specific functional read-outs. Next, 
we aimed to develop a CRISPR screening platform to identify and 
deconvolute new targets. By using an internally generated dox-
ycycline-inducible Cas9 iPSC line, we were able to induce gene 
knockouts at high efficiency by electroporating sgRNAs into the 
single cell-dissociated LAs. The deriving gene edited-LAs can be 
used for high content phenotypic screens and validation assays, 
e.g. probing mechanisms that control cell proliferation or apopto-
sis. In conclusion, we describe here a scalable 3D platform that 
recapitulates alveolar cell lineages and can be used to interro-
gate the function multiple genes in alveolar biology and identify/
validate new targets for respiratory disease drug discovery.

Keywords: CRISPR, Lung, scRNAseq
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GUIDING SELF-ASSEMBLY OF HAIR-BEARING 
HUMAN SKIN ORGANOIDS-ON-CHIP
Kim, Jin - Otolaryngology - Head and Neck Surgery, Boston 
Children’s Hospital, Boston, MA, USA
Lee, Jiyoon - F.M Neurobiology Center, Boston Children’s 
Hospital, Boston, MA, USA
Nalan, Thea - F.M Neurobiology Center, Boston Children’s 
Hospital, Boston, MA, USA
Serdy, Sara - F.M Neurobiology Center, Boston Children’s 
Hospital, Boston, MA, USA
Le, Anh Phuong - F.M Neurobiology Center, Boston Children’s 
Hospital, Boston, MA, USA
Koehler, Karl - F.M Neurobiology Center, Boston Children’s 
Hospital, Boston, MA, USA

Our group recently reported a human pluripotent stem cell (iP-
SC)-derived skin organoid model comprising skin appendages, 
including neurons, adipocytes, and hair. Our model could self-or-
ganize and has in vivo-like morphology tracking normal skin de-
velopmental processes; however, it is challenging to track indi-
vidual cell behavior in floating organoids, which reach sizes of 1-2 
mm. Here, we used a microfluidic chip approach to cage organ-
oids, limiting the thickness of the organoid and immobilizing the 
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orientation, facilitating live tracking of specific cell differentiation 
from the very early stage to the later time point. Also, the microflu-
idic chips provide physical confinement that can precisely control 
the organoid shape, creating an image-based quantifiable format. 
The chip bottom layer is composed of thin glass, optimal for a 
higher magnification imaging of fluorescently tagged cells. By lo-
cating different appendages of skin organoids in the close focal 
plane, we could image organoids more clearly throughout skin 
and hair development in a time-lapse manner. In addition to clear 
fluorescence images, the chip could create more meaningful data 
out of brightfield images. Conventional organoids make slightly 
different brightfield images each time due to the difference in 
light transmittance depending on the shape of the organoid, the 
shadow pattern, and the wall of the culture dish, making it dif-
ficult to set an automatic imaging analysis workflow. Using the 
chip, we obtained more reliable image analysis results via stan-
dardized image quality at different time points. Our organoid chip 
could visualize the skin organoids throughout the culture so that 
we could quantify and improve culture conditions guiding iPSC 
differentiation with fewer off-target cells. Also, we confirmed the 
potential of the chip platform on organoid culture by quantifying 
the effect of different factors that can be used to study human 
developmental processes.

Keywords: organ-on-a-chip, pluripotent stem cells, hair-bearing 
skin organoids
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GENERATION OF HUMAN ALVEOLAR EPITHELIAL 
TYPE I CELLS FROM PLURIPOTENT STEM CELLS
Burgess, Claire - Center for Regenerative Medicine, Boston 
University School of Medicine, Boston, MA, USA
Varelas, Xaralabos - Biochemistry, Boston University, Boston, 
MA, USA
Morrisey, Edward - Perelman School of Medicine, University of 
Pennsylvania, PA, USA
Kotton, Darrell - Center for Regenerative Medicine, Boston 
University, Boston, MA, USA

In the distal lung, alveolar epithelial type I cells (AT1s) are uniquely 
flattened to allow for the diffusion of oxygen into the capillaries. 
This structure has made them particularly challenging to study 
and isolate. As a result, there are no established models for the 
study of human AT1 biology, and little is known about the mecha-
nisms regulating their differentiation. We sought to engineer a hu-
man in vitro model of AT1s through the directed differentiation of 
induced pluripotent stem cells (iPSC). The Hippo signaling path-
way has been implicated in mouse AT1 program maintenance and 
development, so we tested the effect of the Hippo pathway effec-
tor protein YAP in self-renewing mature iPSC-derived alveolar ep-
ithelial type II cells (iAT2s). Cells were transduced with a lentivirus 
encoding constitutively active nuclear YAP (YAP5SA) or a control 
WT YAP lentivirus. We performed single cell RNA sequencing on 
the lentiviral-transduced cells and observed that those express-
ing YAP5SA clustered separately from the control iAT2s by UMAP 
projection and had downregulated AT2 genes while upregulating 
AT1 specific genes, including AGER, CAV1, and PDPN. In addition, 
we developed a reporter iPSC line containing a knock-in AGERtd-
Tomato that is detectable post YAP5SA transduction allowing for 
the tracking and isolation of these AT1-marker expressing cells. 
Lastly, using this reporter line, we developed an iAT1 induction 
medium containing a LATS inhibitor, thus avoiding the need for 
forced lentiviral-based over-expression to activate YAP signal-
ing. This serum-free defined medium generated AGERtdTomato+ 

cells from iAT2s with 70% efficiency when grown in 3D cultures 
and resulted in upregulated expression of AT1 marker transcripts 
such as AGER, PDPN, CAV1, and CLIC5 by qRT-PCR. Additional-
ly, when plated in 2D air-liquid interface cultures in this medium, 
iAT2-derived cells formed flat cell monolayers containing AGERt-
dTomato+ cells. Our results suggest a role for the Hippo effector 
protein YAP in the differentiation of human AT1s and establishes 
an iPSC reporter cell line able to serve as a potential human AT1 
in vitro model system.

Keywords: Lung, Alveolar epithelial type I cells, Hippo signaling
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IN VITRO CELLULAR DEVELOPMENT AND IN 
VIVO TISSUE RECONSTITUTION WITH HUMAN 
PSC DERIVED MELANOCYTE STEM CELLS
Zhou, Hang - Institute of Regenerative Medicine, and Affiliated 
Hospital of Jiangsu University, Jiangsu University, Zhenjiang, 
China
Liu, Li-Ping - Institute of Regenerative Medicine, and Department 
of Dermatology, Affiliated Hospital of Jiangsu University, 
Jiangsu University, Zhenjiang, China
Wang, Yun - Institute of Regenerative Medicine, and Department 
of Dermatology, Affiliated Hospital of Jiangsu University, 
Jiangsu University, Zhenjiang, China
Wang, Zi-Han - Institute of Regenerative Medicine, and 
Department of Dermatology, Affiliated Hospital of Jiangsu 
University, Jiangsu University, Zhenjiang, China
Tan, Chen - Institute of Regenerative Medicine, and Department 
of Dermatology, Affiliated Hospital of Jiangsu University, 
Jiangsu University, Zhenjiang, China
Li, Yu-Mei - Institute of Regenerative Medicine, and Department 
of Dermatology, Affiliated Hospital of Jiangsu University, 
Jiangsu University, Zhenjiang, China
Zheng, Yun-Wen - School of Biotechnology and Health 
Sciences, Wuyi University, China, Institute of Medical Sciences, 
the University of Tokyo, Japan and Jiangsu University, Tsukuba, 
Japan

Many human diseases involve internal cells that cannot be direct-
ly observed, and induced pluripotent stem cells (iPSCs) offer the 
possibility of studying them in vitro. The renewal state of human 
melanocyte stem cells is not fully understood, and their expansion 
and differentiation potential may be relevant to diseases such as 
vitiligo, melanoma and juvenile grey hair. However, due to a lack 
of surface markers, it has not been possible to precisely isolate 
human melanocyte stem cells, let alone dynamically observe the 
cellular differentiation process, nor to characterize the changes 
in melanocyte stem cells in these diseases. MITF is a key tran-
scription factor that determines melanocyte fate and maintains 
the expansion or differentiation of melanocyte stem cells into me-
lanocytes. Some studies have suggested that MITF is a marker 
for melanocyte stem cells, but this conclusion is still controversial. 
Using CRISPR/Cas9 gene editing, we were able to visualize MITF 
gene expression using EGFP in real time during the differentia-
tion of hiPSC into melanocytes. We also found that MITF-positive 
cells have a high expansion rate, suggesting partially that MITF is 
a marker for melanocyte stem cells. We then compared the clonal 
colony-forming capability based on the single cell assay and cell 
differentiation of MITF-expressing and non-expressing cells, with 
MITF-expressing cells showing good expansion and mature prop-
erties. We then transplanted MITF-positive and MITF-negative 
subpopulation cells into the intradermal part of immunodeficient 
mouse NCGs and compared them with the non-fractionated cells 
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) from hiPSC-initiated melanocytes, indicating a renewable sub-
population that promotes human melanocyte stem cell character-
istics. Our study creates a convenient in vitro and in vivo dynamic 
observation model with great potential to track the migration and 
differentiation of melanocyte stem cells, breaking down barriers 
to tracking melanocyte stem cells; our study also suggests that 
MITF may be a marker of melanocyte stem cells, which may shed 
light on patients with depigmentation disorders in the near future.

Funding Source: The National Natural Science Foundation 
of China (82070638 & 82103766), Postgraduate Research 
Innovation Program of Jiangsu Province, China (KYCX22_3717), 
Grant for Intl Joint Res Proj of the Inst of Med Sci, the Univ of 
Tokyo, Japan.

Keywords: hiPSCs-MITF^GFP, Melanocyte stem cells, cell fate
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TUBULAR ORGANOID-DERIVED GUT-ON-A-CHIP 
MODEL SUITABLE FOR DRUGDEVELOPMENT
Kosim, Kinga - Research and Development, Mimetas B.V., 
Leiden, Netherlands
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Oegstgeest, Netherlands
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Oegstgeest, Netherlands
Oudshoorn, Jessica - Research and Development, Mimetas B.V., 
Oegstgeest, Netherlands
Van Heusden, Teddie - Research and Development, Mimetas 
B.V, Oegstgeest, Netherlands
Morelli, Moran - Research and Development, Mimetas B.V., 
Oegstgeest, Netherlands
Landman, Lisa - Research and Development, Mimetas B.V., 
Oegstgeest, Netherlands
Vonschallen, Philip - Research and Development, Mimetas B.V., 
Oegstgeest, Netherlands
Commandeur, Suzan - BD, Mimetas B.V., Oegstgeest, 
Netherlands
Kurek, Dorota - Research and Development, Mimetas B.V., 
Oegstgeest, Netherlands
Vandebroek, Lenie - Research and Development, Mimetas B.V., 
Oegstgeest, Netherlands
Joore, Jos - Mimetas B.V., Oegstgeest, Netherlands
Vulto, Paul - Mimetas B.V., Oegstgeest, Netherlands

Adult stem cell derived organoids are the most physiologically 
relevant cell source used in in vitro research, as they are com-
posed of multiple differentiated cell types and resemble biology 
of an organ they were established from. In the standard culture 
protocols, organoids are grown as polarized cystic structures em-
bedded in an ECM with limited apical access. Microfluidic tech-
niques are increasingly recognized as an important toolbox to 
add physiologically relevant cues to traditional cell culture. There 
is a need to develop better models that capture the 3D morphol-
ogy, heterogeneity, and boundary aspects of tissues while having 
potential to be implemented in high throughput screening pipe-
lines. We established a human gut-on-a-chip model composed 
of intestinal organoids derived epithelial cells patterned inside 
of the microfluidic channel of an OrganoPlate®. Such tubular ep-
ithelial model of the intestinal tract shows rapid cell polarization, 
tight junction formation, functional transporters and expression 
of major intestinal markers. Reproducible barrier formation has 
been shown with the measurement of transepithelial electrical 
resistance (TEER) of tubules generated from different organoid 

lines’ donors. Developed barriers proved to be sensitive to the 
pro-inflammatory triggers. The model is suitable for high-through-
put screening of compound effects through real time imaging 
and rapid barrier integrity assessment. Complexity can be add-
ed to the miniaturized gut tubules model by incorporation of the 
other cell types (i.e. endothelial) into the system to mimic in vivo 
immunological responses. These next generation gut-on-a-chip 
models allow mimicking disease phenotypes such as inflamma-
tory bowel disease (IBD) and support screening for potential drug 
targets. By combining adult human stem cell derived intestinal 
organoids with the microfluidic technology we provide a powerful 
platform to study physiology and disease mechanisms in patient 
specific gut models.

Keywords: Tubular Organoid, organ-on-a-chip, 3D modeling, 
disease model, drug development
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PARTHENOGENETIC POTENTIAL OF DISCARDED 
HUMAN EGGS FOLLOWING AMBIENT 
TEMPERATURE TRANSPORT
Kiessling, Ann A. - Stem Cell Science, Bedford Research 
Foundation, Bedford, MA, USA
Kearnan, Maureen - Stem Cell Biology, Bedford Research 
Foundation, Bedford, MA, USA
Gervasi, Maria - Animal Science, University of Massachusetts 
Amherst, Bedford, MA, USA
Albertini, David - Developmental Cell Biology, Bedford Research 
Foundation, Bedford, MA, USA

The clinical practice of cryopreservation of eggs from young 
women for use in fertility treatment has markedly increased in 
the last decade. Strict morphological criteria for metaphase II (MII) 
eggs deemed most likely to support a pregnancy following thaw-
ing and fertilization lead to discarding a number of eggs collected 
each cycle of controlled ovarian hyperstimulation. We studied the 
developmental potential of such discarded eggs following am-
bient overnight transport in Hepes-buffered medium containing 
cyclic AMP and caffeine. A total of 1,557 discarded eggs, 19 to 
74 per group, twice a month for 12 months, were studied. Forty 
nine percent were at metaphase II on arrival. Following overnight 
culture, an additional 9% progressed to MII. Ninety six percent 
of the remaining 654 eggs remained viable in culture for 5 days, 
but did not resume meiosis nor activate. Treatments during the 
5 days with estrogen, progesterone, IGF1, serum replacement, 
cycloheximide, and anti-sense cMos oligonucleotides failed to 
promote progression to MII. In contrast, 42% of the 903 MII eggs 
underwent activation as judged by the appearance of pronuclei, 
or cleavage to 2-cells. Thirty eight percent of the 380 activated 
eggs continued cleavage to the six- to 8-cell stage during the 5 
days of culture. Similar percentages of activation and cleavage 
were observed following treatments with SrCl2 or A23187 without 
or with the inclusion of cycloheximide, cytochalasin D, -B and an-
ti-sense cMos oligonucleotides. Co-staining nuclei with Hoechst 
and actin filaments with phalloidin revealed blastomeres with 
multiple pronuclei as well as blastomeres with no nuclei or actin 
filaments, independent of activation conditions. Eggs that failed 
to activate did not appear to die. Time lapse video recordings of 
eggs undergoing activation revealed numerous aberrant cleav-
age events, including re-annealing back to a single cell stage as 
well as immediate fragmentation. These preliminary studies high-
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light the innate viability of human eggs under a variety of culture 
conditions, presenting the possibility of using this system to fur-
ther explore the developmental potential of human eggs normally 
discarded.

Funding Source: Funded by the Bedford Research Foundation

Keywords: Human, Eggs, Parthenogenesis
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IN VITRO MATURATION OF HUMAN PRIMORDIAL 
GERM CELL-LIKE CELLS (HPGCLCS) IN THE 
FEMALE HUMAN SOMATIC NICHE
Chang, Yolanda - Anatomy and Embryology, Leiden University 
Medical Centre, Leiden, Netherlands
Overeem, Arend - Anatomy and Embryology, Leiden University 
Medical Center, Leiden, Netherlands
Roelse, Celine - Anatomy and Embryology, Leiden University 
Medical Center, Leiden, Netherlands
Chuva de Sousa Lopes, Susana - Anatomy and Embryology, 
Leiden University Medical Center, Leiden, Netherlands

The female reproductive reserve is finite due to the limited num-
ber of oocytes that are generated only during embryonic devel-
opment. Hence recapitulation of human oogenesis in vitro using 
induced pluripotent stem cells (hiPSCs) could be a useful model 
to investigate female fertility. Currently hiPSCs can be differenti-
ated into primordial germ cell-like cells (hPGCLCs), but the matu-
ration of hPGCLCs into oocytes has not been achieved. Different 
from the mouse, human fetal germ cells develop asynchronous-
ly in the gonads, with some of the germ cells entering meiosis I 
and forming primordial follicles, while some remain at the PGC 
stage expressing POU5F1 and NANOS3 at any given time during 
development. Due to limited access to human fetal material and 
lack of in vitro models, it is not well understood what biochemi-
cal cues trigger fetal germ cells to progress further in the devel-
opment. Here we demonstrate that by reaggregating single cell 
suspension of human fetal gonads and encapsulating them in 3D 
hydrogel, we are able to preserve the somatic microenvironment 
necessary for fetal germ cells to proliferate and mature. In these 
3D aggregates, we observed FOXL2+ pre-granulosa cells inter-
acting with DDX4+ germ cells. After 10 days in culture, the num-
ber of DDX4+ fetal germ cells increased up to 5-fold and more 
than 25% of those entered meiosis I, indicated by the presence of 
SYCP3 and pH2AX(Ser139). Using this platform, we investigated 
the roles of retinoid acid and ascorbic acid in fetal germ cell mat-
uration. Furthermore, to test whether this platform can be used 
to mature hPGCLCs derived from hiPSCs, we reaggregated hP-
GCLCs with human fetal ovarian cells and observed progression 
of hPGCLCs after 25 days of culture. Our study demonstrated the 
importance of the somatic niche interaction in the survival and 
maturation of female germ cells, and the potential of the somatic 
niche to support in vitro female gametogenesis.

Funding Source: Dutch Research Council (NWO) and Novo 
Nordisk Foundation Center for Stem Cell Research (reNEW)

Keywords: in vitro Gametogenesis, Fetal Germ Cell 
Development, Germ Cell Niche
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MODELING SACROCOCCYGEAL TERATOMA 
FORMATION USING HUMAN PRIMORDIAL GERM 
CELL-LIKE CELL REPROGRAMMING AND MOUSE 
IN UTERO INJECTIONS
Rojas, Ernesto Javier - Surgery and Obstetrics and Gynecology, 
University of California, San Francisco, CA, USA
Clarke, Maria - Surgery, University of California, San Francisco, 
CA, USA
Cincotta, Steven - Obstetrics and Gynecology, University of 
California, San Francisco, CA, USA
Cho, Soo-Jin - Pathology, University of California, San Francisco, 
CA, USA
Shioda, Toshi - Center for Cancer Research, Massachusetts 
General Hospital, Boston, MA, USA
Mackenzie, Tippi - Surgery, University of California, San 
Francisco, CA, USA
Laird, Diana - Obstetrics and Gynecology, University of 
California, San Francisco, CA, USA

Sacrococcygeal teratomas (SCTs) are the most common tumor 
in newborns, have significant perinatal morbidity and mortality, a 
35% recurrence rate, and lack good biomarkers to predict recur-
rence risk. SCTs are believed to originate from embryonic gam-
ete-precursors known as primordial germ cells (PGCs). In mice, 
PGCs can revert to pluripotent cells called embryonic germ cells 
(EGCs) when exposed to a specific cocktail of growth factors, but 
establishing an in vitro model of human EGCs has been technical-
ly and ethically challenging. To understand the process by which 
PGCs lead to teratoma formation, our approach includes human 
induced pluripotent stem cell-derived PGC-like cells (PGC-LCs) 
and EGC-like cells (EGC-LCs), an innovative mouse embryonic in-
jection model, and referencing the first single cell atlas of SCTs. 
First, using an established PGC-LC reprogramming method to de-
rive EGC-LCs, we created a time course of transcription across 
the first several days of reprogramming to understand the mecha-
nisms by which human PGC-LCs re-acquire pluripotency. Second, 
we developed an in utero injection model to introduce EGC-LCs 
into the developing mouse sacrum environment as a model for 
SCT development. To date, we have found that cells can survive 
in the sacrum for at least 24 hours. Lastly, we performed single 
cell/nuclear RNA sequencing of fresh SCT tissues to under-
stand their heterogenous cell type composition. That sequenc-
ing showed the tumor is composed of populations of fibroblasts, 
macrophages, T-lymphocytes, and endothelial cells. These stud-
ies are the first to identify the important developmental trajecto-
ries that occur with reprogramming PGCs towards pluripotency, 
model this in utero, and create the SCT atlas. These results add 
insight to aid biomarker development for recurrences of PGC-de-
rived tumors and provide potential targetable pathways to treat 
aggressive/recurrent SCTs.

Funding Source: This research was supported by supported by 
a pilot grant from the UCSF Helen Diller Family Comprehensive 
Cancer Center and UCSF Clinical & Translational Science 
Institute.

Keywords: germ cell tumors, primordial germ cells, teratomas
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DISCOVERY OF CHROMATIN COMPETENT 
REGIONS IN HESCS USING CRISPRA SCREENS
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Sciences, Weill Cornell Medical College, New York, NY, USA
Apostolou, Effie - Weill Cornell Graduate School of Medical 
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The mechanism that enables embryonic stem cells (ESCs) to swift-
ly establish the chromatin regions that regulate the expression 
of lineage genes at the earliest differentiation stages remains to 
be defined. It has been suggested that in ESCs the regions that 
will become tissue-specific enhancers are pre-marked with per-
missive chromatin features which support their ability to induce 
gene expression in response to the binding of lineage-specific 
transcription factors (TF). However, a functional link between the 
pre-marking of the chromatin in ESCs and its transcriptional com-
petence upon TF binding has not been established. To address 
this, we leveraged a CRISPR-activation(a) system to identify the 
chromatin regions that have the competence to support the tran-
scription of lineage-specific genes in hESCs. Through multiple 
screens we discovered 42 chromatin competent regions (CCRs) 
able to induce the transcription of 5 developmental genes upon 
CRISPRa interrogation. Chromatin conformation experiments re-
vealed that CCRs are exclusively found inside the topologically 
associated domains of the related genes, although most of them 
do not have pre-established chromatin contacts with the gene 
promoters. Characterization of the DNA features and the chro-
matin-associated factors revealed that CCRs are enriched in POU 
motifs and have a higher binding of OCT4, NANOG, TET1, QSER1 
and HDAC1-family members when compared to non-CCRs. Im-
portantly, none of the hallmarks of active or primed enhancers 
were found to be enriched at the CCRs. Using hESC-KO lines we 
discovered that QSER1 and TET1 safeguard CCRs from becoming 
heavily methylated. In addition, we found that HDAC1-family in-
hibition boosts the transcriptional competence of the CCRs. The 
concomitant presence of functional chromatin activators and re-
pressors suggest CCRs have a bivalent structure. In summary, our 
results indicate that CCRs are a novel type of regulatory regions 
which are established before enhancer formation in ESCs. We are 

currently developing prediction models to discover genome-wide 
CCRs. This study sheds light on the regulatory mechanisms that 
sustain cellular plasticity in ESCs and improves the understanding 
of gene expression regulation during development, reprogram-
ming, and pathological conditions such as cancer.

Keywords: Chromatin premarking, CRISPR activation, 
Developmental competence
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ROLE OF NODAL SIGNALING REGULATORS 
IN NODAL DYNAMICS AND CELL FATE 
DECISIONS IN A STEM CELL MODEL OF HUMAN 
GASTRULATION
Rezende, Luisa - BioSciences, Rice University, Houston, TX, 
USA
Liu, Lizhong - Molecular Biology, University of Texas 
Southwestern Medical Center, Dallas, TX, USA
Warmflash, Aryeh - BioSciences, Rice University, Houston, TX, 
USA

The morphogen Nodal is essential for embryonic development 
and its loss results in severe gastrulation defects with loss of 
mesendoderm fates. Studies in model organisms have shown 
that Nodal signaling is regulated by a co-receptor (Cripto), two 
co-ligands (GDF1 and 3), and by the extracellular inhibitors Lefty1 
and 2. However, consensus is still lacking regarding how these 
factors shape Nodal signal propagation in space and time in the 
embryo. Moreover, there are key developmental differences be-
tween human and other model organisms that make studies in 
human systems necessary. We have shown that in human plurip-
otent cells, Nodal signal only reaches the immediate neighbors 
of producing cells, and Nodal positive feedback is essential to 
propagate the signal via a relay mechanism. Therefore, to further 
investigate the role of Nodal regulation in human gastrulation we 
used micropatterned 2D-gastruloids, a model for the cell fate de-
cisions that occur at this stage in the human embryo. As in vivo, 
the development of the mesendoderm in this model requires en-
dogenous Nodal signaling. With genetically modified cell lines, 
we observed that in the absence of Lefty, maximum Nodal levels 
are not significantly increased, however, the spatial range of Nod-
al production as well as of mesoderm differentiation are expand-
ed. This indicates that Lefty is important to restrict Nodal signaling 
range, and consequently delimit the mesoderm territory. How-
ever, loss of Lefty did not change the range of Nodal diffusion 
demonstrating that Lefty affects Nodal signaling range through 
the modulation of the relay mechanism, slowing its progression, 
and restricting it in space. Interestingly, overexpression of Nodal 
co-factors also locally increased Nodal levels but restricted Nodal 
signaling range resulting in a thinner mesoderm territory, with a 
more defined boundary. Surprisingly, even though overexpres-
sion of GDF1 and Cripto increased Nodal levels, it decreased ex-
pression of endoderm markers FOXA2 and SOX17 indicating that 
high levels of Nodal are not sufficient for endoderm formation. 
Taken together, these results reveal important aspects of Nodal 
regulation and their impact on cell fate decisions in a human pat-
terning system.

Funding Source: NSF MCB-2135296

Keywords: Nodal regulators, Cell fate decision, 2D-gastruloids
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MINIATURIZED ISOGENIC IPSC-DERIVED 3D 
NEUROIMMUNE ASSEMBLOIDS FOR HIGH-
THROUGHPUT DRUG SCREENING
Nicholson, Martin - Research and Development, NeuCyte, 
Mountain View, CA, USA
Murchison, Angela - NeuCyte, Mountain View, CA, USA
Salinas, Nir - Department of Ophthalmology, University of 
California, San Francisco, CA, USA
Strain, Matthew - Acoustic-bio, Mountain View, CA, USA
Lessard, Dominique - KIF1A.ORG, New York, NY, USA
Huang, Tao - NeuCyte, Mountain View, CA, USA
Fathollahi, Bahram - Acoustic-bio, Mountain View, CA, USA
Ullian, Erik - Department of Ophthalmology, University of 
California, San Francisco, CA, USA
Poon, Wayne - NeuCyte, Mountain View, CA, USA

NeuCyte, Inc. (NeuCyte) is a provider of cryopreserved, ready-
to-use, induced NGN2 excitatory neurons and ASCL1/DLX2 
GABAergic neurons. The SynFireÒ platform has been utilized 
to demonstrate efficacy in assessing drug seizurogenic risk and 
to study epilepsy and neurodevelopmental disorders due to in-
herited or de novo mutations. Recently, our cells were incorpo-
rated into a 3D Microphysiological System (MPS) to interrogate 
neuroinflammation and the blood-brain barrier within the Emulate 
Organ-on-a-Chip platform. Microphysiological systems (MPS) with 
defined cellular compositions provide scalable and reproducible 
brain models that better recapitulate the in vivo environment, in 
which preclinical drug discovery efforts can translate to a higher 
success rate for identified targets and compounds. Robust differ-
entiation methods to generate neurons, astrocytes, and microglia 
from any genetic background enables generation of SynFireÒ 
isogenic NeuroImmune Assembloids (NIA) in which the 3D mi-
croenvironment recapitulates salient ex vivo brain phenotypes 
enabling improved translatable high-throughput preclinical drug 
discovery. NIAs use very few cells and yield a defined reproduc-
ible ratio of mature cells making them scalable and assay-ready. 
Here we describe our isogenic platform for high-throughput 
drug-screening. Because the platform is also modular, the im-
pact of a mutation can be studied in a cell-type specific manner 
to model non-cell autonomous phenotypes mimicking the cellu-
lar complexity of the human brain. Our platform can be adapt-
ed for high-throughput drug-screening yielding a cost-effective 
CNS-relevant drug discovery platform.

Keywords: Assembloid, Organoid, Microfluidic drug-screen
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A HIGH EFFICIENCY, SINGLE CELL 
DIFFERENTIATION METHOD FOR THE 
GENERATION OF FIBROBLASTS, ENDOTHELIAL 
AND MULTIPLE MYELOID CELL TYPES FROM 
HUMAN INDUCED PLURIPOTENT STEM CELLS 
FOR DISEASE MODELLING
Rizal, Rizal - Translational Medical Sciences, University of 
Nottingham, UK
Hannan, Nicholas - Translational Medical Sciences, University of 
Nottingham, UK
Ocana, Sara - Translational Medical Sciences, University of 
Nottingham, UK

Macrophages (MФ), fibroblasts (FBs), and endothelial cells (ECs) 
are present in all tissues and play important role in tissue homeo-
stasis, repair, immunity, and angiogenesis. MФ-FBs-ECs interac-
tions contribute to the development of diseases such as fibrosis, 
cancer, and chronic inflammation. Recruited MФ and ECs secrete 
cytokines and profibrotic mediators which activate FBs into My-
oFBs to produce more extracellular matrix (ECM). Robust meth-
ods for generating these cell types will be important for develop-
ing more complex stem-cell-based disease and developmental 
models. Currently protocols to produce haematopoietic cells rely 
on either formation of EBs or differentiation using clumps of stem 
cells as the starting material. As a result differentiation is often 
inefficient, has low reproducibility and requires undefined media 
components that limit clinical application. To address this issue, 
we have optimised a chemically defined, xeno-free differentiation 
platform that can generate MФ, FBs, and ECs from the same start-
ing population of human induced pluripotent stem cells (hiPSCs). 
Starting with a minimal seeding density we induce mesoderm dif-
ferentiation over 2 days and then by changing growth factor com-
position can drive the mesoderm towards fibroblasts, vascular 
endothelial cells or haemogenic endothelial cells and monocytic 
cells. At each stage, conversion of cells to the desired cell type is 
>80% limiting the need for enrichment steps throughout the pro-
tocol. We have validated the resulting cell types via mRNA-seq 
as well as using cell type specific functional assays including po-
larisation of MФ (iMФ) into M1 and M2 cells endocytosis assay. 
activation of FBs into MyoFBs using TGF-ß stimulation and tube 
formation assay of hIPSC derived ECs. In summary, we generat-
ed isogenic MФ, FBs and ECs in a chemically defined, xeno free, 
single cell differentiation protocol that have gene expression and 
functional profiles similar to their primary equivalents. These cells 
will are an important step towards development of more complex 
in-vitro developmental and disease models and could also be ap-
plicable to translational clinical applications

Keywords: hIPSCs-derived Myeloid cell types, hIPSCs-derived 
Fibroblasts, hIPSCs-derived Endothelial cells
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LARGE SCALE DIFFERENTIATION OF HUMAN 
PSCS INTO ENDOTHELIAL CELLS IN A CLOSED 
CULTIVATION PLATFORM UNDER XENO-FREE 
CONDITIONS
De La Cruz Molina, Sara - Research and Development, Miltenyi 
Biotec B.V. & Co. KG, Gladbach, Germany
Godthardt, Kathrin - Research and Development Reagents, 
Miltenyi Biotec B.V. & Co. KG, Bergisch Gladbach, Germany
Balaji, Rachna - Research and Development Reagents, Miltenyi 
Biotec B.V. & Co. KG, Bergisch Gladbach, Germany
Sokoliuk, Daria - Research and Development Reagents, Miltenyi 
Biotec B.V. & Co. KG, Bergisch Gladbach, Germany
Knöbel, Sebastian - Research and Development Reagents, 
Miltenyi Biotec B.V. & Co. KG, Bergisch Gladbach, Germany

The vascular system, lined by endothelial cells (ECs), provides a 
barrier to tissue and influences blood homeostasis. Among oth-
er processes endothelial cells are involved in neovascularization, 
which is essential for the growth and metastasis of tumors. In 
this context ECs transport nutrients and remove metabolic waste 
from tumor cells. To understand and influence these interactions 
in more detail as well as to engineer vessels and organ grafts, an 
unlimited amount of ECs is required. Pluripotent stem cell derived 
endothelial cells (PSC-ECs) can be produced in unlimited num-
ber without ethical concern, under standardized environment and 
thus provide an optimal source for studying processes mentioned 
above. Here we present a standardized, scalable and closed 
system to produce functional PSC-ECs in serum- and xeno-free 
conditions. Endothelial differentiation of PSCs was performed 
within seven days using subsequently two different serum- and 
xeno-free cell culture media. For scalable PSC-EC production we 
used the GMP compliant CliniMACS Prodigy® Adherent Cell Cul-
ture System. Resulting PSC-ECs revealed standard endothelial 
markers, showed DiI-acetylated LDL uptake and tube formation 
capacity.

Keywords: iPSC derived Endothelial cells, Closed cell culture 
system, Serum-free and xeno-free
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ELUCIDATION OF SARS-COV-2 INFECTION-
MEDIATED AIRWAY EPITHELIAL-ENDOTHELIAL 
BARRIER DISRUPTION MECHANISM USING 
AIRWAY-ON-A-CHIPS
Hashimoto, Rina - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Junya, Takahashi - Graduate School of Pharmaceutical 
Sciences, Osaka University, Osaka, Japan
Kaori, Kosugi - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Masaki, Yamamoto - Graduate School of Medicine, Kyoto 
University, Kyoto, Japan
Yasushi, Fujio - Graduate School of Pharmaceutical Sciences, 
Osaka University, Osaka, Japan
Takuya, Yamamoto - Center for iPS Cell Research and 
Application (CiRA), Kyoto University, Kyoto, Japan
Miki, Nagao - Graduate School of Medicine, Kyoto University, 
Kyoto, Japan
Yoshiaki, Okada - Graduate School of Pharmaceutical Sciences, 
Osaka University, Osaka, Japan
Kazuo, Takayama - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan

In the initial process of coronavirus disease 2019 (COVID-19), se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in-
fects respiratory epithelial cells and then transfers to other organs 
via the blood vessels. It is believed that SARS-CoV-2 can pass the 
vascular wall by altering the endothelial barrier using an unknown 
mechanism. In this study, we investigated the effect of SARS-
CoV-2 on the endothelial barrier using an airway-on-a-chip that 
mimics respiratory organs and found that SARS-CoV-2 produced 
from infected epithelial cells disrupts the barrier by decreasing 
claudin-5 (CLDN5), a tight junction protein, and disrupting vas-
cular endothelial cadherin (VE-cadherin)-mediated adherens 
junctions. Consistently, the gene and protein expression levels 
of CLDN5 in a COVID-19 patient’s lungs were decreased. CLDN5 
overexpression or fluvastatin treatment could rescue the SARS-
CoV-2-induced respiratory endothelial barrier disruption. We 
therefore concluded that the downregulation of CLDN5 expres-
sion is a pivotal mechanism for SARS-CoV-2-induced endothelial 
barrier disruption in respiratory organs and that inducing CLDN5 
expression is a novel therapeutic strategy against COVID-19.

Funding Source: This research was supported by the iPS 
Cell Research Fund, the Mitsubishi Foundation, the Senri Life 
Science Foundation, AMED (JP20fk0108533, JP21gm1610005), 
the JSPS KAKENHI (21H03795).

Keywords: SARS-CoV-2, Claudin-5, airway-on-a-chip
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A83-01 IMPROVES MURINE HEMATOPOIETIC 
STEM AND PROGENITOR CELL EXPANSION FOR 
PRECLINICAL BIOSAFETY ASSAYS AND GENE 
THERAPY
Fleischauer, Jenni - Institute of Experimental Hematology and 
REBIRTH - Research Center for Translational Regenerative 
Medicine, Hannover Medical School, Hannover, Germany
Bastone, Antonella - Institute of Experimental Hematology and 
REBIRTH - Research Center for Translational Regenerative 
Medicine Hannover Medical School, Hannover, Germany
John-Neek, Philipp - Institute of Experimental Hematology and 
REBIRTH - Research Center for Translational Regenerative 
Medicine, Hannover Medical School, Hannover, Germany
Selich, Anton - Institute of Experimental Hematology, Hannover 
Medical School, Hannover, Germany
Schambach, Axel - Institute of Experimental Hematology and 
REBIRTH - Research Center for Translational Regenerative 
Medicine Hannover Medical School, Hannover, Germany 
and Division of Hematology and Oncology, Boston Children’s 
Hospital, Boston, MA, USA
Rothe, Michael - Institute of Experimental Hematology and 
REBIRTH - Research Center for Translational Regenerative 
Medicine, Hannover Medical School, Hannover, Germany

Preclinical biosafety assessment of retroviral vectors is instru-
mental prior to clinical application. Genotoxicity assays not only 
demand a constant supply of mouse hematopoietic stem and 
progenitor cells (HSPCs) but also often an ex vivo cultivation for 
vector testing. During culture, low proliferation and undesired dif-
ferentiation can hamper transduction efficiency and assay read-
outs. We aim to improve HSPC expansion protocols by reducing 
unwanted differentiation before gene correction. Our standard 
cytokine cocktail (S3F11) for HSPC culture contains the bone mar-
row (BM) niche factors SCF, FLT3-L and IL-11. The addition of IL-3 
promotes sufficient proliferation for viral transduction but also 
drives myeloid differentiation specifically to mast cells. By inter-
vening TGFβ signaling with the ALK5/4/7 inhibitor A83-01, mast 
cell differentiation was attenuated significantly while HSPCs were 
expanded by 20,000-fold. Murine BM-derived LSK SLAM (lin-
Sca1+ckit+CD48-CD150+) cells were expanded in low-cell density 
for two weeks. S3F11+A83-01-treated cells expressed significantly 
less of the mast cell surface marker FcεR1α. Transcriptomic anal-
yses confirmed decreased enrichment in mast cell activation, 
differentiation and proliferation gene sets compared to S3F11-on-
ly. Further, we expanded LSK SLAM cells in S3F11+A83-01 and 
added pomalidomide and UM171 to the medium. Expanded cells 
were transduced as efficient as freshly isolated lin- cells with len-
ti- and gammaretroviral vectors to assess the risk of retroviral 
vector-induced insertional mutagenesis. A mutagenic LTR-driven 
gammaretroviral vector integrated nearby the typical high-risk lo-
cus Mecom and promoted insertional transformation in expand-
ed cells. Immune phenotyping of these transformed samples 
demonstrated a differentiation block of early progenitors, absent 
in samples transduced with a safer lentiviral vector. Finally, the 
surrogate assay for genotoxicity assessment (SAGA), a more sen-
sitive and robust assay, revealed enrichment of oncogene and 
stemness-associated genes in gammaretroviral-transduced ex-
panded cells. In sum, the S3F11+A83-01 expansion medium ame-
liorated myeloid differentiation and maintained HSPCs longer in a 

stem cell-like stage, needed for genotoxicity studies and ultimate-
ly, gene therapy.

Keywords: Hematopoietic Stem Cell Expansion, Gene Therapy, 
Genotoxicity Risk Assessment
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INTERROGATION OF HUMAN IPSC-DERIVED 
MICROGLIA FOR MODELING MICROGLIA-
MEDIATED IMMUNE RESPONSES IN LRRK2 
PARKINSONISM
Sedov, Kamilla - Pathology, Stanford University, Stanford, CA, 
USA
Zafar, Faria - Pathology, Stanford University School of Medicine, 
Stanford, CA, USA
Zhao, Jing - Pathology, Stanford University School of Medicine, 
Stanford, CA, USA
Chen, Max - Pathology, Stanford University School of Medicine, 
Stanford, CA, USA
Yang, Tao - Neurology & Neurological Sciences, Stanford 
University School of Medicine, Stanford, CA, USA
Scheck, Amelia - Pediatrics - Ped Stem Cell Transplantation, 
Stanford University School of Medicine, Stanford, CA, USA
Or-Geva, Noga - Neurology & Neurological Sciences, Stanford 
University School of Medicine, Stanford, CA, USA
Czechowicz, Agnieszka - Pediatrics - Ped Stem Cell 
Transplantation, Stanford University School of Medicine, 
Stanford, CA, USA
Steinman, Lawrence - Neurology & Neurological Sciences, 
Stanford University School of Medicine, Stanford, CA, USA
Longo, Frank - Neurology & Neurological Sciences, Stanford 
University School of Medicine, Stanford, CA, USA
Nichols, Jeremy R. - Pathology, Stanford University School of 
Medicine, Stanford, CA, USA
Wilson, Edward N. - Neurology & Neurological Sciences, 
Stanford University School of Medicine, Stanford, CA, USA
Schuele, Birgitt - Pathology, Stanford University School of 
Medicine, Stanford, CA, USA

Recent studies implicate the brain immune system in the onset, de-
velopment, and progression of neurodegenerative diseases, with 
microglia gaining more attention as a potential contributor and 
modulator. The complex interplay of environmental and genetic 
causes and the synergistic effects of molecular changes in the 
brain suggest neuroinflammation as a key contributor to neuropa-
thology in Parkinson’s Disease (PD). Human induced pluripotent 
stem cell (iPSC)-derived microglia represent a promising model 
for studying these mechanisms and the specific reactions of the 
brain immune system to common stimuli involved in neurodegen-
eration such as amyloid beta and tau oligomers, while modula-
tion of LRRK2 kinase activity with specific inhibitors can reverse 
phenotypes and establish causality. Our objective is to measure 
and find overlapping immune response signals in iPSC-derived 
microglia with LRRK2 G2019S mutation, a strong genetic risk fac-
tor of PD, and compare them to matched controls. We derived 
microglia from patient and healthy control iPSCs by driving cells 
towards hematopoiesis and culturing them with cytokines that 
push cells towards homeostatic microglia. Using flow cytometry, 
SYBR Green qPCR array, Western blot, and immunocytochemis-
try, we fully characterized our microglia and confirmed the ex-
pression of key markers. An independent preliminary treatment 
of microglia with LRRK2 inhibitors showed a significant reduction 
of LRRK2 activity as measured by reduced phosphorylation of its 
key substrates. Fully differentiated cells were stimulated with ag-
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) gregated proteins to induce an intracellular signaling response. 
Conditioned media was analyzed using Luminex Human 80 Plex 
panel for the release of specific cytokines and chemokines to de-
termine microglial responses. This study results point toward re-
duced chemokines such as CCL3, CCL22, and CXCL9 and inter-
leukins IL6, IL10, and IL1A in LRRK2 mutant microglia, suggestive 
of a dysregulation of the JAK-STAT anti-inflammatory pathway. 
By subjecting microglia to this treatment and measuring their re-
sponses, we seek to better understand the role of immune cells 
in onset and development of LRRK2 Parkinsonism, uncover new 
signaling patterns and immune markers implicated in the disease, 
and establish a potential rescue strategy in the PD spectrum.

Keywords: Parkinson’s Disease, hiPSC-derived microglia, 
Neurodegeneration

499

GINS4 DEFICIENCY SELECTIVELY IMPEDES 
PROLIFERATION FOLLOWING COMMITMENT TO 
THE NATURAL KILLER CELL LINEAGE
Seo, Seungmae - Pediatrics, Columbia University, New York, 
NY, USA
Ahn, Yong-Oon - Pediatrics, Columbia University Irving Medical 
Center, New York, NY, USA
Armetta, Jacqueline - Chemistry, Barnard College, New York, 
NY, USA
Guilz, Nicole - Pediatrics, Columbia University Irving Medical 
Center, New York, NY, USA
Hegewisch-Solloa, Everardo - Pediatrics, Columbia University 
Irving Medical Center, New York, NY, USA
Patil, Sagar - Pediatrics, Columbia University Irving Medical 
Center, New York, NY, USA
Corneo, Barbara - CSCI, Columbia University Irving Medical 
Center, New York, NY, USA
Patel, Achchhe - CSCI, Columbia University Irving Medical 
Center, New York, NY, USA
Conte, Matilde - Pediatrics, Columbia University Irving Medical 
Center, New York, NY, USA
Mace, Emily - Pediatrics, Columbia University Irving Medical 
Center, New York, NY, USA

Cell proliferation is a ubiquitous process required for organismal 
development and homeostasis. However, individuals with partial 
loss-of-function variants in DNA replicative helicase components, 
including MCM and GINS proteins, often present primarily with 
immunodeficiency due to specific loss of natural killer (NK) cell im-
mune subsets in peripheral blood. Such lineage-specific disease 
phenotypes reveal cell type-specific characteristics of cell cycle 
and proliferation and raise important questions about the regula-
tion of helicase function and cellular responses to its impairment. 
We aimed to understand NK cell-specific proliferative dynamics 
and vulnerability to impaired helicase function using induced plu-
ripotent stem cells (iPSCs) from individuals with NKD due to com-
pound heterozygous GINS4 variants. Characterization of NK cell 
differentiation in healthy donor lines defined two primary waves 
of cell proliferation, one in the early hematopoietic precursors and 
one following commitment to the NK cell lineage. GINS4 protein 
expression was highest in pluripotent cells and decreased signifi-
cantly with differentiation in all lines. As predicted by the desta-
bilizing effect of disease-causing variants, GINS4 (NKD) lines had 
significantly lower GINS4 expression at all time points measured. 
While cell cycle progression was unaffected in pluripotent cells, 
CD34+ precursors demonstrated mild elongation of the S phase 
in NKD lines. More prominently, the second wave of proliferation, 

occurring in CD45+ lymphocytes, was specifically impaired in the 
NKD lines. As a result, NKD cell lines showed significantly lower 
frequency and number of mature NK cells, recapitulating the clin-
ical phenotype of affected individuals. Other lineages, including 
granulocytes and T cells, were unaffected, underscoring the spe-
cific vulnerability of NK cells. Impairments in cell proliferation and 
generation of NK cells were rescued with correction of the variant 
alleles. Studies of mature NK cells show that NK, but not T cells, 
undergo apoptosis when subjected to mild replication stress or 
decreased helicase protein expression. Our results identify a nov-
el proliferative stage of NK cell differentiation that is particularly 
sensitive to reduced GINS4 expression.

Funding Source: R01AI137275

Keywords: Natural Killer Cells, Proliferation, Helicase
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TRANSCRIPTION FACTOR MEF2C REGULATES 
ANGIOGENESIS IN THE ENDOTHELIAL CELLS 
DERIVED FROM HUMAN IPSCS
Zhou, Ping - Internal Medicine, University of California Davis, 
Sacramento, CA, USA
Conroy, Kelsey - Stem Cell Program, University of California, 
Davis, Sacramento, CA, USA
Gao, Kewa - Surgery, University of California, Davis, 
Sacramento, CA, USA
Halmai, Julian - Neurology, University of California, Davis, 
Sacramento, CA, USA
Kim, Amy - Stem Cell Program, University of California, Davis, 
Sacramento, CA, USA
Li, Tao - School of Medicine, Hunan Normal University, 
Changsha, China
Moreno, Emily - Biomedical Engineering, University of California 
Davis, CA, USA
Wang, Aijun - Surgery, University of California, Davis, 
Sacramento, CA, USA
Passerini, Anthony - Biomedical Engineering, University of 
California Davis, CA, USA
Jan, Nolta - Internal Medicine, University of California, Davis, 
Sacramento, CA, USA

Vascular dysfunction is a major cause of severe illness and death 
worldwide. Understanding the mechanisms that regulate vas-
culogenesis and angiogenesis is critical for identification of po-
tential targets to treat vascular malfunction-associated diseases. 
Myocyte enhancer factor 2 (MEF2) family are known to be key 
transcription factors for vascular smooth muscle, cardiac mus-
cle, and neural tissue during development. However, the role of 
MEF2s in human vasculogenesis and angiogenesis is not fully un-
derstood. Using human induced pluripotent stem cells (hiPSCs) 
as a model for understanding vasculogenesis and angiogenesis, 
we reported that myocyte enhancer factor 2C (MEF2C), but not 
any other members of the MEF2 family, was robustly upregulated 
during the differentiation of vascular progenitors and endothe-
lial cells (ECs) from hiPSCs. The upregulation of MEF2C during 
the commitment of endothelial lineage was induced by vascular 
endothelial growth factors (VEGF) and dependent on the extra-
cellular signal regulated kinase (ERK). Using shRNA approach to 
knockdown MEF2C in hiPSCs and their EC derivatives, we found 
that MEF2C did not affect the differentiation of ECs from hiPSCs, 
but greatly reduced the migration and tube formation capacity 
of the hiPSC-derived ECs. Through a chromatin immunoprecip-
itation-sequencing, genome-wide RNA-sequencing, quantitative 
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RT-PCR, and immunostaining analyses, we identified TNF-related 
apoptosis inducing ligand (TRAIL) and transmembrane protein 100 
(TMEM100) as novel targets of MEF2C. This study demonstrates 
an important role for MEF2C in regulating human angiogenesis 
and highlights MEF2C and its downstream effectors as potential 
targets to treat vascular malfunction-associated diseases.

Funding Source: Innovative Development Award from UC 
Davis; Dickenson’s Catalyst Fund; NIH R01GM099688; NIH 
R24OD021606-03S1; Faculty Investment Award from UC Davis; 
China Scholarship Council Program 201806725012.

Keywords: induced pluripotent stem cells, endothelial cells, 
angiogenesis
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ADAPTIVE ROUTES OF HEMATOPOIETIC 
STEM CELL DIFFERENTIATION TO DISEASE 
CONDITIONS AND AGE IN GENE THERAPY 
PATIENTS
Montini, Eugenio - San Raffaele Telethon Institute for Gene 
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Italy
Cesana, Daniela - IRCCS San Raffaele Scientific Institute, San 
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Milan, Italy
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Milan, Italy
Scaramuzza, Samantha - IRCCS San Raffaele Scientific Institute, 
San Raffaele Telethon Institute for Gene Therapy (SR-Tiget), 
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Raffaele Telethon Institute for Gene Therapy (SR-Tiget), Milan, 
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Italy
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Giannelli, Stefania - IRCCS San Raffaele Scientific Institute, San 
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Italy

In Lentiviral Vector (LV) -based Hematopoietic Stem Progenitor 
Cell (HSPC) gene therapy (GT), transplantation of genetically 
modified HSPCs results in the fully reconstitution of the patients’ 
hematopoietic system and provides therapeutic benefit in a va-
riety of genetic diseases. However, it is still unclear how the un-
derlying genetic disease, as well as other factors, may impact the 
reconstitution process, lineage specification and patients’ safety. 
Here we analyzed the clonal repertoire and dynamics of hemato-
poietic reconstitution by studying >4 millions of vector integration 
sites, a surrogate of clonal identity, from purified myeloid, lym-
phoid, erythroid cell lineages and HSPCs from 53 patients treated 
by lentiviral-based HSPC-GT for metachromatic leukodystrophy 
(MLD) - a neurodegenerative lysosomal storage disorder, Wis-
kott-Aldrich syndrome (WAS) - an immunodeficiency with throm-
bocytopenia and β-thalassemia (β-Thal) - a hemoglobinopathy 
(up to 8 years of follow-up). From this analysis we observed that 
patients had a polyclonal repertoire without sings of insertional 
mutagenesis. We then dissect the hematopoietic reconstitution 
over time in terms of HSPC numbers, output and commitment of 
HSPCs toward the different linages. We estimated the number of 
active HSPCs in patients using capture-recapture statistics over 
time ranged from 770 to 35,000 and remained stable long-term. 
A large fraction of clones estimated in the early phase were ex-
hausted within 12 months and were replaced by a smaller, yet 
substantial, number of long-term IS stably sustaining steady-state 
hematopoiesis. About 50% of hematopoietic clones had multi-
lineage potential, in all disease conditions, while the remaining 
clones showed a preferential lineage output and long-term linage 
commitment which was specific to the disease condition: MLD 
patients showed a long-term commitment towards myeloid lin-
eages, while in patients treated for WAS had a preferential output 
and commitment towards lymphoid lineages and β-Thal for eryth-
roid lineages, especially in adult patients. Our results showed for 
the first time that the long-term output as well as the lineage com-
mitment of HSPCs is strongly modulated by the patients’ genetic 
background to better compensate for the demands posed by the 
specific clinical condition.

Funding Source: Telehon Core Grant TGT22C14 European 
Leukodystrophy Association Grant ELA 2021-019I1



70

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 M
O

D
E

Li
N

g
 D

E
v

E
LO

P
M

E
N

T
 A

N
D

 D
iS

E
A

S
E

 (
M

D
D

) Keywords: Hematopoietic stem cells, Gene therapy, lineage 
commitment

Clinical Trial ID number: NCT01560182; NCT01515462; 
NCT02453477.
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MODELING PRIMITIVE AND DEFINITIVE 
ERYTHROPOIESIS WITH INDUCED PLURIPOTENT 
STEM CELLS TO STUDY HUMAN DEVELOPMENT
Pavani, Giulia - Pathology and Laboratory Medicine, Children’s 
Hospital of Philadelphia, PA, USA
Klein, Joshua - Pathology, Children’s Hospital of Philadelphia, 
PA, USA
Nations, Catriana - Biomedical Graduate Studies, University of 
Pennsylvania Perelman School of Medicine, Philadelphia, PA, 
USA
Sussman, Jonathan - Biomedical Graduate Studies, University 
of Pennsylvania Perelman School of Medicine, Philadelphia, PA, 
USA
An, Hyun Hyung - Biomedical Graduate Studies, University of 
Pennsylvania Perelman School of Medicine, Philadelphia, PA, 
USA
Abdulmalik, Osheiza - Pediatrics, Children’s Hospital of 
Philadelphia, PA, USA
Chou, Stella - Pediatrics, Children’s Hospital of Philadelphia, PA, 
USA
French, Deborah - Pathology and Laboratory Medicine, 
Children’s Hospital of Philadelphia, PA, USA
Gadue, Paul - Pathology and Laboratory Medicine, Children’ s 
Hospital of Philadelphia, PA, USA

During development, red blood cells (RBCs) are produced through 
at least two hematopoietic waves (primitive and definitive), which 
generate RBCs with different functional characteristics. Induced 
pluripotent stem cells (iPSCs) can be differentiated into RBCs and 
allow modeling of pathological and developmental processes 
that would be virtually impossible to study in humans. While prim-
itive erythropoiesis has been widely modeled using iPSCs, the 
definitive program has not been fully characterized as protocols 
that generate pure definitive progenitors were only recently de-
scribed. To compare in vitro systems with human development, 
we generated iPSCs from a fetal liver (FL) sample, and produced 
iPSC-derived primitive and definitive red cells which were then 
compared to RBC generated directly from the FL. Functional as-
says confirmed qualitative differences between the programs, 
with primitive RBCs showing reduced proliferation compared to 
definitive red cells, larger cell size and a higher expression of 
embryonic globins. Expression of erythroid antigens was also 
different; although all RBCs robustly expressed Kell, only FL and 
definitive RBCs displayed Duffy on their cell surface. Transcrip-
tome profiling by sc-RNAseq showed high similarity between FL 
and iPSC-derived definitive RBCs and a distinct gene expression 
pattern for the primitive RBCs. Gene and regulon analysis iden-
tified shared erythroid pathways, but also highlighted develop-
mental differences, including fatty acid metabolism, glucocorti-
coid signaling and cell cycle mediators. To model perturbations of 
erythropoiesis with iPSCs, we introduced pathological mutations 
in KLF1, a master regulator of red cell fate and globin switching. 
While aspects of the disease phenotype were captured both by 
primitive and definitive RBCs, globin changes and reduced ex-
pression of ACKR1 were only recapitulated by definitive KLF1-edit-
ed RBCs. Our studies provide new insights into how the primitive 
and definitive programs differ regarding their transcriptome and 

highlight the importance of ontology when using iPSCs to model 
genetic hematologic diseases. Moreover, the generation of fetal 
liver-like erythroblasts further expand the potential applications 
of iPSC-derived RBCs as diagnostic reagents and, eventually, 
transfusion products.

Keywords: Erythropoiesis, Primitive and definitive 
hematopoiesis, KLF1
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BLOOD VESSEL ORGANOIDS CAN BE USED AS 
3D ANGIOGENESIS MODEL
Trillhaase, Anja - Institute for Cardiogenetics, University of 
Luebeck, Germany
Ziegler, Wilko - Institute for Cardiogenetics, University of Lübeck, 
Germany
Erdmann, Jeanette - Institute for Cardiogenetics, University of 
Lübeck, Germany
Aherrahrou, Zouhair - Institute for Cardiogenetics, University of 
Lübeck, Germany

Coronary artery disease (CAD) is the major cause of deaths world-
wide. Until today more than 300 CAD risk genes or loci have been 
identified to be associated with CAD in genome-wide association 
studies (GWASs). Mirroring the complex disease, these risk loci 
are involved in different pathways or mechanisms contributing to 
onset and progression of the disease including blood pressure, 
mitosis & proliferation, neovascularization or neoangiogenesis, 
and vascular remodeling. Neovascularization, or angiogenesis, is 
a common feature in atherosclerosis and leads to disease pro-
gression and plaque instability. Stem cell derived 3D models can 
be generated, allowing a more physiological situation that can be 
analyzed in vitro. Blood vessel or vascular organoids have first 
been described in 2019 by Wimmer et al., derived from iPSCs as 
well as embryonic stem cells. We use blood vessel organoids as 
a new stem cell-derived angiogenesis assay in a 3D format. After 
embedding vascular aggregates into a collagen/matrigel matrix 
we either stimulate or inhibit the growth of vessel sprouts for ap-
proximately 1-2 weeks, using different substances like VEGF-A 
or CXCL4 respectively. We here demonstrate, that the treatment 
with stimulators such as VEGF-A enhances vessel sprouting, 
while inhibition with sunitinib malate or CXCL4 blocks it. There-
fore, this model is usable to study the effect of CAD risk genes on 
angiogenesis in a 3D in vitro system.

Keywords: Organoids, Cardiovascular disease, iPSCs
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PD-L1 BLOCKADE IMMUNOTHERAPY TARGETS 
THE HSPC COMPARTMENT IN THE BONE 
MARROW REPROGRAMMING EMERGENCY 
MYELOPOIESIS DURING CANCER
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Papafragkos, Iosif - Basic Sciences, Medical School, University 
of Crete, Irakleion, Greece
Hatzioannou, Aikaterini - Institute for Clinical Chemistry and 
Laboratory Medicine, University Hospital and Faculty of 
Medicine, Technische Universität Dresden, Germany
Bergo, Veronica - Biology, University of Freiburg, Germany
Boon, Louis - JJP Biologics, JJP Biologics, Warsaw, Poland
Makridakis, Manousos - Biotechnology, Biomedical Research 
Foundation, Academy of Athens (BRFAA), Athens, Greece
Gavriilaki, Eleni - Hematology, G Papanikolaou Hospital, 
Thessaloniki, Greece
Mitroulis, Ioannis - Internal Medicine, University Hospital 
of Alexandroupolis, Democritus University of Thrace, 
Alexandroupoli, Greece
Trompouki, Eirini - Molecular Immunology, Max Planck Institute 
of Immunobiology and Epigenetics, Freiburg, Germany
Verginis, Panayotis - Medical School, University of Crete, 
Iraklion, Greece

Immune checkpoint blockade (ICB) immunotherapy has revolu-
tionized cancer treatment, demonstrating exceptional clinical re-
sponses in cancer patients. Despite the success, still a significant 
proportion of patients fail to respond, highlighting the existence 
of unappreciated mechanisms of immunotherapy resistance. 
Therefore, the delineation of such mechanisms is of paramount 
importance to minimize immunotherapy failures and optimize 
the clinical benefit. Herein, we reveal that immunotherapy with 
PD-L1 blockage (aPDL1) crosses the bone marrow (ΒΜ) and tar-
gets the hematopoietic stem and progenitor cells (HSPCs) in tu-
mor-bearing mice, mediating their exit from the quiescent state 
and promoting their proliferation. Notably, PD-L1 blockade induc-
es a transcriptomic reprogramming of HSPCs in tumor-bearing 
animals towards an inflammatory state which functionally alters 
emergency myelopoiesis. In support, aPDL-treated HSPCs ex-
hibit a reduced potential of myeloid-derived suppressor cell (MD-
SCs) generation compared to control-treated HSPCs upon in vivo 
transplantation. Overall, our findings shed light on unrecognized 
mechanisms of action of ICB immunotherapy in cancer which en-
tails targeting of BM-driven HSPCs and reprogramming of emer-
gency myelopoiesis.

Keywords: Hematopoietic stem and progenitor cells, 
Immunotherapy, Cancer
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CREATING A KIDNEY ORGANOID-VASCULATURE 
INTERACTION MODEL USING A NOVEL ORGAN-
ON-CHIP SYSTEM
Bas-Cristóbal Menéndez, Amanda - Internal Medicine / 
Pediatrics, Erasmus MC, Rotterdam, Netherlands
Du, Zhaoyu - Internal Medicine, Erasmus Medical Center, 
Rotterdam, Netherlands
van den Bosch, Thierry - Pathology, Erasmus Medical Center, 
Rotterdam, Netherlands
Othman, Amr - Biond B.V., Delft, Netherlands
Gaio, Nikolas - Biond B.V., Delft, Netherlands
Silvestri, Cinzia - Biond B.V., Delft, Netherlands
Quirós Solano, William - Biond B.V., Delft, Netherlands
Lin, Hui - Vascular Medicine and Pharmacology, Erasmus 
Medical Center, Rotterdam, Netherlands

Korevaar, Sander - Internal Medicine, Erasmus Medical Center, 
Rotterdam, Netherlands
Merino, Ana - Internal Medicine, Erasmus Medical Center, 
Rotterdam, Netherlands
Mulder, Jaap - Pediatrics, Erasmus Medical Center, Rotterdam, 
Netherlands
Hoogduijn, Martin - Internal Medicine, Erasmus Medical Center, 
Rotterdam, Netherlands

Kidney organoids derived from human induced pluripotent stem 
cells (iPSCs) have proven to be a valuable tool to study kidney 
development and disease. However, the lack of vascularization 
of these organoids often leads to insufficient oxygen and nutrient 
supply, creating a necrotic core. Vascularization of organoids has 
previously been achieved by implantation into animal models, 
however, the vasculature arises largely from animal host tissue. 
Our aim is to transition from an in vivo implantation model to-
wards an in vitro model that fulfils the advantages of vasculariza-
tion whilst being fully human-cell derived. Our organ-on-chip sys-
tem supported culturing of kidney organoids, which presented 
nephron structures (glomeruli, proximal and distal tubuli). We also 
showed that organoids cultured on chip presented increased 
maturation of endothelial populations based on a colocalization 
analysis of endothelial markers CD146 and CD31. To induce vas-
cularization, we coated the microchannels of the chip with umbil-
ical vein endothelial cells (HUVECs), creating synthetic 3D ves-
sels. Upon co-culture, we observed migration and proliferation 
of these HUVECs inside the organoid tissue, where they inter-
connected with endogenous endothelial cells and formed struc-
tures presenting an open lumen resembling vessels. Our results 
establish for the first-time vascularization of kidney organoids in 
HUVEC co-culture conditions using a microfluidic organ-on-chip. 
Our model therefore provides a useful insight into kidney organ-
oid vascularization in vitro and presents a tool for further studies 
of kidney development and drug testing, both for research pur-
poses and pre-clinical applications.

Funding Source: NWO

Keywords: Organoids, Kidney, Organ-on-chip
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ENHANCED KIDNEY ORGANOIDS MODEL SARS-
COV-2 INFECTIVITY AND REVEAL VIRAL ENTRY 
PATHWAYS IN RENAL CELLS
Vanslambrouck, Jessica M. - Kidney Regeneration, Cell Biology 
Theme, Murdoch Children’s Research Institute, Melbourne, 
Victoria, Australia
Neil, Jessica - Department of Microbiology and Immunology, 
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Immunity, The University of Melbourne, Australia
Mah, Sophia - Kidney Regeneration, The Novo Nordisk 
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University of Copenhagen, Denmark
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Foundation Centre for Stem Cell Medicine (reNEW), Murdoch 
Children’s Research Institute, Melbourne, Australia
Elliott, David - Kidney Disease, The Novo Nordisk Foundation 
Centre for Stem Cell Medicine (reNEW), Murdoch Children’s 
Research Institute, Melbourne, Australia
Subbarao, Kanta - Department of Microbiology and Immunology, 
The Peter Doherty Institute for Infection and Immunity, The 
University of Melbourne, Australia
Little, Melissa - Kidney Regeneration, The Novo Nordisk 
Foundation Centre for Stem Cell Medicine (reNEW), Murdoch 
Children’s Research Institute, Melbourne, Australia

With a high incidence of acute kidney injury among hospitalised 
COVID-19 patients, considerable attention has been focused on 
whether SARS-CoV-2 specifically targets kidney cells and direct-
ly impacts renal function, or whether indirect effects are largely 
attributed to renal damage. Kidney organoid models represent 
a valuable tool in disease research, enabling in-depth interroga-
tion of disease mechanisms within in a controlled environment. 
To date, several studies have utilised kidney organoids to un-
derstand the pathogenesis of COVID-19, revealing the ability for 
SARS-CoV-2 to predominantly, but not exclusively, infect cells of 
the proximal tubule, with reduced infectivity following administra-
tion of soluble ACE2 and evidence of cellular injury. However, 
the potential utilisation of alternate viral receptors, the preferred 
SARS-CoV-2 processing pathway, and the role of common hyper-
tensive medications, such as ACE inhibitors, on tissue infectivity 
remain incompletely understood. The immaturity of kidney organ-
oids, particularly in the proximal tubule segment which is a target 
of SARS-CoV-2, represents one of the barriers to the application 
of kidney organoids in this field. Recently, we developed kidney 
organoids with enhanced proximal tubule maturity, improved 
functionality, appropriate injury response following proximal tu-
bule damage, and higher viral infectivity compared to standard 
kidney organoids. Here, exploiting this proximal tubule-enhanced 
(PT-enhanced) organoid model, in combination with genetic and 
drug-mediated inhibition of viral entry/processing factors, we 
revealed that while viral infection critically relies upon the pres-
ence of ACE2, redundancy exists in the utilisation of CTSL- and 
TMPRSS2-mediated endocytic and non-endosomal viral process-
ing pathways. Furthermore, the kidney organoid infectivity was 
equivalent irrespective of viral strain and unchanged following 
ACE-inhibitor exposure, previously suspected to influence ACE2 
expression. Together, these data provide deeper insight into the 
renal implications of not only the ongoing COVID-19 pandemic, 
but also the potential mechanisms of other diseases targeting the 
kidney.

Funding Source: This research was supported by the NHMRC 
(GNT1156440), the Victorian State Government, and The Novo 
Nordisk Foundation (NNF21CC0073729). MHL is an NHMRC 
Senior Principal Research Fellow (GNT1136085).
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ACUTE KINDEY INJURY MODEL USING HUMAN 
URINE TUBULOIDS
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University College of Medicine, Seoul, Korea
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Disease Research, Yonsei University, Seoul, Korea
Yu, Seyoung - Department of Pharmacology, Yonsei University 
of College of Medicine, Seoul, Korea
Yoo, Tae-Hyun - Division of Nephrology, Institute of Kidney 
Disease Research, Yonsei University, Seoul, Korea
Lim, Jong-Baeck - Department of Laboratory Medicine, Yonsei 
University of College of Medicine, Seoul, Korea
Gee, Heon Yung - Department of Pharmacology, Yonsei 
University of College of Medicine, Seoul, Korea

The glycopeptide antibiotic vancomycin is the most frequently 
prescribed for gram-positive infection, accounting for up to 35% 
of infected hospitalized patients. Vancomycin can cause tubular 
injury, and it is well recognized that its monotherapy can result 
in acute renal injury (AKI). However, the detailed pathogenic 
mechanisms associated to antibiotics including vancomycin with 
patient factors are not understood. In this study, we established 
the kidney tubular epithelial organoids (tubuloids) derived from 
urine of vancomycin-induced AKI individuals. Among patients re-
ferred for vancomycin therapeutic drug monitoring consultation, 
the serum vancomycin concentrations were analyzed concentra-
tions and pharmacokinetic curves were simulated. The area un-
der the curve (AUC) of the estimated vancomycin concentrations 
was calculated in chronological order. Patients who presented 
trough level higher than 30 μg/mL and AUC24 higher than 600 
were reviewed for AKI diagnosis according to KDIGO guideline 
by nephrologists. Clean mid-voided urines were collected from 
a total of 5 patients and 3 samples were succeeded in tubuloid 
culture. When compared to healthy tubuloids, AKI tubuloid invari-
ably appears as a cystic epithelial structure, while the expression 
of renal injury markers including KIM1 were higher in patients 
than in healthy controls. We evaluated the cytotoxicity of tubu-
loids in healthy controls and AKI individuals at various vancomy-
cin concentrations and observed that sensitivity differed between 
individuals. Individual patient-derived tubuloid mimics vancomy-
cin-induced renal injury, and it is potentially useful for screening 
therapeutic candidates with integrated analysis with clinical out-
comes.

Keywords: vancomycin, kidney tubular epithelial organoids 
(tubuloids), acute renal injury (AKI)
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RECAPITULATION OF THE CHOLESTATIC 
LIVER INJURY USING LIVER-ON-A-CHIP WITH 
HUMAN IPS CELL-DERIVED HEPATOCYTES AND 
CHOLANGIOCYTES
Deguchi, Sayaka - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
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Ritsumeikan University, Kusatsu, Japan
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(CiRA), Kyoto University, Kyoto, Japan
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(CiRA), Kyoto University, Kyoto, Japan
Kotaka, Maki - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Okamoto, Tatsuya - Kyoto University Hospital, Kyoto University, 
Kyoto, Japan
Osafune, Kenji - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Torisawa, Yu-suke - Department of Micro Engineering, Kyoto 
University, Kyoto, Japan
Takayama, Kazuo - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan

Progressive familial intrahepatic cholestasis type 1 (PFIC1) is an 
inherited cholestatic liver disease caused by the mutations in the 
ATPase phospholipid transporting 8B1 (ATP8B1) gene. In PFIC1 
patients, severe cholestasis is developed rapidly after birth and 
usually leads to end-stage liver disease. Therefore, it is needed 
to generate a model which recapitulates PFIC1 pathophysiology 
and to develop new drugs to treat PFIC1 patients. In this study, we 
attempted to generate the liver model which recapitulates the liv-
er pathophysiology of PFIC1. First, we generated the liver model 
which recapitulates the bile acid homeostasis in the liver. In this 
study, human hepatocytes and cholangiocytes were cultured in 
the membrane-integrated microfluidic device to form physiologi-
cally relevant three dimensional liver- and bile duct-like structures 
(Liver-on-a-chip). In the liver-on-a-chip, bile acid transport, conju-
gation, and response activities could be confirmed. These results 
indicated that bile acid homeostasis could be recapitulated us-
ing liver-on-a-chip. Next, we established iPS cells from peripheral 
blood mononuclear cells obtained from PFIC1 patients. The ge-
nome sequencing analysis showed that ATP8B1 gene mutations 
in PFIC1 patients were preserved in the PFIC1 patient-derived iPS 
cells. We differentiate PFIC1-derived iPS cells into hepatocyte- 
and cholangiocyte-like cells (PFIC1-HLCs and CLCs), and cul-
tured them in the microfluidic device (PFIC1-liver-on-a-chip). The 
amount of bile acids transported into the bile duct-like structure 
of the PFIC1-liver-on-a-chip was lower than that of the liver-on-a-
chip with healthy donor (wild type; WT)-derived HLCs and CLCs 
(WT-liver-on-a-chip). Additionally, the release of cytotoxicity mark-
er, lactate dehydrogenase (LDH), and the expressions of fibrosis 
markers in the PFIC1-liver-on-a-chip were higher than those in the 
WT-liver-on-a-chip. These results suggested that cholestatic liver 
diseases in PFIC1 patients could be recapitulated using liver-on-
a-chip and patient-derived iPS cells. In conclusion, we succeed-
ed in generating PFIC1-liver-on-a-chip and recapitulating the liver 
pathophysiology of PFIC1 patients.

Funding Source: This research was supported by the iPS Cell 
Research Fund, the Japan Agency for Medical Research and 

Development (AMED) (JP21gm1610005), and Japan Science and 
Technology Agency (JST) (JPMJAX222A).

Keywords: human iPS cells, liver-on-a-chip, cholestasis
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USING PROTEOMIC ANALYSIS AND CYP450 
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Xia, Menghang - Tox21 Group, National Center for Advancing 
Translational Sciences, Rockville, MD, USA

Hepatotoxicity induced by drugs is the major reason for drug re-
moval from the market. A high-throughput screening method em-
ploying an in vitro liver model is useful for early-stage liver toxicity 
assessment. Historically, monolayer human hepatocytes or im-
mortalized liver cell lines (e.g., HepG2, HepaRG) have been em-
ployed to assess the toxicity of compounds to the liver. However, 
monolayer-cultured liver cells are routinely employed for short-
term toxicological testing despite their inability to mimic an in vivo 
situation. They may not be adequate for diagnosing drug-induced 
chronic and recurrent liver damage. Multiple three-dimensional 
(3D) liver models have been constructed recently. In this work, 
we compared iPSC-derived human liver organoids and 3D cul-
tures of various human liver cell lines (human primary hepatocyte, 
hepaRG, and hepG2) utilized in toxicological testing of drugs with 
their 2D cultures. Our proteomics results indicated that the iP-
SC-derived liver organoids matured with the increased differen-
tiation time, and the global protein expression pattern showed 
closer to functional liver cells at a later stage. The 3D cultures 
of hepaRG cells displayed more hepatic drug metabolic enzyme 
expression than their monolayer cultures, such as the CYP450 
enzyme family (e.g., CYP3A4), indicating that the 3D culture had 
more physiological function than their 2D culture. In an in vitro cy-
tochrome P450 (CYP) activity assay, human primary hepatocytes 
initially had the highest CYP3A4 activity. However, this activity 
rapidly decreased as the culture days increased. The iPSC-de-
rived human liver organoids exhibited sustained CYP3A4 activity 
and exhibited similar IC50s (0.3–0.4 μM) as hepaRG cells when 
treated with ketoconazole, demonstrating that liver organoids 
had similar CYP activity as hepaRG in an in vitro culture condi-
tion. Our research implies that iPSC-derived liver organoids will 
be a promising in vitro liver model for toxicity testing for both drug 
development and possible environmental hazard chemical iden-
tification.

Keywords: iPSC-derived liver organoids, proteomics, 3D culture
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MODELING OF HUMAN NON-ALCOHOLIC 
FATTY LIVER DISEASE USING LIVER-SPECIFIC 
MICROENVIRONMENT-INTEGRATED ORGANOIDS
Su Kyeom, Kim - Biotechnology, Yonsei University, Seoul, Korea
Cho, Seung-Woo - Biotechnology, Yonsei University, Seoul, 
Korea
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) Liver organoids derived from adult stem cells and pluripotent 
stem cells have attracted attention for their potential applications 
in disease modeling, drug screening, and tissue regeneration. 
However, conventional liver organoids often lack cellular and 
extracellular components essential for constituting the human 
liver microenvironments. Therefore, for more precise disease 
modeling and drug screening, human liver-mimicking organoid 
model should be developed in vitro. Herein, we established pri-
mary adult stem cell- and pluripotent stem cell-derived liver or-
ganoid models through co-culture with endothelial cells, Kupffer 
cells, and hepatic stellate cells in liver extracellular environments 
to increase complexity and functionality. Organoids incorporat-
ing liver microenvironmental factors showed improved hepatic 
metabolic functions, such as urea synthesis and albumin secre-
tion, compared to conventional organoids. Expression of hepatic 
differentiation markers was also significantly upregulated in liver 
microenvironment-integrated organoids. Finally, we established 
a non-alcoholic fatty liver organoid model by treating free fatty 
acid to the liver microenvironment-integrated organoids. Our 
study demonstrates that organoids with liver-specific cellular and 
extracellular microenvironments enable efficient in vitro 3D mod-
eling of various liver diseases and screening of candidate drugs.

Funding Source: This research was supported by the 
Bio & Medical Technology Development Program of the 
National Research Foundation of Korea(NRF) funded by the 
Korean government, the Ministry of Science and ICT(MSIT) 
(2022M3A9B6082675).

Keywords: Liver organoids, Non-alcoholic fatty liver disease, 
Disease modeling
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EFFICIENT GENERATION OF FUNCTIONALLY 
RELEVANT HPSC-DERIVED HEPATOCYTES AND 
LIVER ORGANOIDS FOR HEPATOTOXICITY AND 
LIVER BIOLOGY MODELING
Sharma, Riya - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Ding, Linda - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Haston, Claire - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Segeritz-Walko, Charis - Research and Development, 
STEMCELL Technologies Inc., Vancouver, BC, Canada
Christie, Jennifer - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Sampaio, Arthur - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Conder, Ryan - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Eaves, Allen - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Louis, Sharon - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada

Functionally relevant human hepatocyte culture systems are 
critical for studying diseases such as nonalcoholic fatty liver dis-
ease and nonalcoholic steatohepatitis, drug safety and efficacy 
screening, as well as cell therapy applications. Human pluripotent 
stem cell (hPSC)-derived hepatocytes represent a convenient 
and scalable alternative to current culture systems, including 
primary human hepatocytes and immortalized cell lines, which 
often rapidly de-differentiate in culture or lack metabolic maturi-

ty. STEMdiff™ Hepatocyte Kit supports efficient and reproducible 
generation of hepatocyte-like cells (HLCs) over 21 days. hPSCs 
are first patterned to definitive endoderm cells using STEMdiff™ 
Definitive Endoderm Medium (Hepatic), then differentiated to 
hepatic progenitors (HPs) using STEMdiff™ Hepatic Progenitor 
Medium, and finally matured to HLCs using STEMdiff™ Hepato-
cyte Medium. HLCs exhibited hepatic marker expression, ≥ 60% 
ALB+A1AT+ cells as assessed by flow cytometry (n = 8 cell lines), 
and mature functionality, including CYP3A4 enzymatic activity 
and albumin secretion (n = 11 - 15 experiments). Additionally, He-
patiCult™ Organoid Growth Medium (Human) was used to gen-
erate HP- and HLC-derived liver organoids in Matrigel® domes, 
that could be expanded for at least 10 passages using split ratios 
between 1:2 and 1:6 (n = 4 organoid lines). These organoids were 
amenable to cryopreservation and could be further matured in 3D 
using HepatiCult™ Organoid Differentiation Medium (Human), re-
sulting in significant downregulation of the fetal hepatocyte gene, 
AFP (5.7-fold decrease; n = 2 donors over 10 organoid passages), 
and upregulation of mature hepatic genes, ALB and CYP3A4 (18- 
and 6.9 x 10^3-fold increase, respectively; n = 2 donors over 10 
organoid passages). Both HLCs and organoids derived from HPs 
and HLCs exhibited sensitivity to ketoconazole-, rifampicin-, and 
troglitazone-induced hepatotoxicity (average 2D HLC IC50 = 206 
µM, 22 µM, and 36 µM, respectively; average organoid IC50 = 316 
µM, 57 µM, and 36 µM, respectively; n = 2 donors), demonstrating 
the utility of STEMdiff™ Hepatocyte Kit for use in hPSC-derived 
liver modeling and drug screening applications.

Keywords: Hepatocyte, Organoid, Liver
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PATIENT-SPECIFIC HEPATOBILIARY ORGANOIDS 
ELUCIDATE FUNCTIONAL ALTERATIONS IN 
INTRAHEPATIC CHOLESTASIS
Cantz, Tobias - Translational Hepatology and Stem Cell 
Biology, Hannover Medical School, Hannover, Germany
Sgodda, Malte - Translational Hepatology and Stem Cell 
Biology, Hannover Medical School, Hannover, Germany
Stalke, Anelie - Human Genetics, Hannover Medical School, 
Hannover, Germany
Baumann, Ulrich - Pediatric Hepatology, Hannover Medical 
School, Hannover, Germany
Keitel-Anselmino, Verena - Gstroenterology, Hepatology and 
Infectiology, Otto von Guericke University Magdeburg, Germany

Patient-specific induced pluripotent stem cell (iPSC)-based mod-
els are a versatile resource to study pathological changes of 
given genetic mutations in vitro. This is of particular relevance 
for progressive familial intrahepatic cholestasis (PFIC), which is 
attributed to mutations in several genes, such as ATP8B1 (FIC1), 
ABCB11 (BSEP), ABCB4 (MDR3), FXR (NR1H4), MYO5B, TP2, KIF12, 
and where a number of variants of unknown significance (VUS) 
were described and where in some conditions also heterozy-
gous variants are associated with cholestatic phenotypes. We 
applied a Sendai virus based reprogramming system to generate 
iPSCs from patients’ peripheral blood-derived cells covering com-
pound heterozygous mutations in MYO5B, compound heterozy-
gous mutations in ABCB11 or heterozygous mutations in ABCB11, 
ABCB4, and MYO5B. iPSC-derived hepatobiliary organoids from 
MYO5B-deficient iPSCs exhibited a reduced organoid size indi-
cating a disturbed hepatic function and mirrored the diffuse mis-
localization of the bilirubin transporter MRP2. Functional charac-
terization of MRP2-mediated Cholyl-Lysyl-Fluorescein (CLF) and 
BSEP-mediated Tauro-nor-THCA-24-DBD transport demonstrat-
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ed a marked reduction of transport in MYO5Bmut organoids, 
in comparison to unaffected control organoids. Interestingly, 
iPSC-based organoids derived from the patient carrying three 
heterozygous mutations in ABCB11, ABCB4, and MYO5B exhib-
ited a significantly reduced BSEP-mediated Tauro-nor-THCA-24-
DBD transport, but unaltered MRP2-mediated CLF-transport. In 
conclusion, iPSC-based organoid models allow functional char-
acterization of mutations in PFIC-associated genes by assessing 
the hepatobiliary transport of fluorescent substrates for BSEP and 
MRP2, and thus, are valuable tools to functionally characterize 
hepatobiliary transport alterations.

Funding Source: HIChol consortium (rare disease porgam of 
BMBF): 01GM1904B & 01GM2204C

Keywords: iPSC -liver organoids, hepatobiliary transport, 
intrahepatic cholestasis

551

EFFECT OF CO-CULTURED ADIPOSE 
MESENCHYMAL STEM CELLS ON GENERATION 
OF HEPATOCYTE ORGANOIDS
Ock, Sun A. - Animal Biotechnology Division, National Institute 
of Animal Science (NIAS), RDA, Wanju-gun, Korea
Ju, Won Seok - Animal Biotechnology, NIAS, ARS, Wanju, Korea
Kim, Yeong-im - Animal Biotechnology, NIAS, ARS, Wanju, Korea
Wi, Ha-Yeon - Animal Biotechnology, NIAS, ARS, Wanju, Korea
Lee, Poongyeon - Animal Biotechnology, NIAS, ARS, Wanju, 
Korea

Liver organoids cultured in a three-dimensional (3D) environment 
are often used as models for evaluating liver disease and drug 
toxicity. However, liver organoids generated from pluripotent 
stem cells or hepatocellular carcinoma cells are known to have 
significantly lower liver function compared to livers. In the present 
study, we attempted to improve the efficiency of liver organoid 
generation through the co-culture of GFP-expressing adipose 
mesenchymal stem cells (A-MSCs) and hepatocytes using a pig 
model. Hepatocytes alone (control, 2 × 10^4 cells) or hepatocytes 
and adipose mesenchymal stem cells (A-MSCs) (5:1 ratio) were 
cultured in 50 µl Matrigel dome (3D) for 14 days (passage 0; P0). 
All hepatocyte organoids were sub-cultured at a ratio of 1:2 per 
well. Analysis of the number and diameter of organoids in each 
group revealed that from day 5 of P0, the group co-cultured with 
A-MSCs had a significantly higher number and diameter of or-
ganoids than the hepatocytes-only group. Real-time polymerase 
chain reaction showed that the levels of ALB, a major functional 
gene in the liver, and KRT19, a liver stem cell factor, did not dif-
fer between the two groups. Furthermore, organoids were treat-
ed for 3 days with 25 µM rifampicin, a CYP3A29 inducer, and 
the expression of CYP3A29, which is involved in drug-metabo-
lizing enzyme synthesis, was analyzed and compared with that 
in untreated groups. CYP3A29 showed higher upregulation in 
hepatocyte organoids co-cultured with A-MSCs (7.4-fold) than in 
hepatocyte-only organoids (5.3-fold). Histochemical analysis and 
absorbance measurements using Oil red O staining showed that 
lipid accumulation was higher in the group cultured with A-MSCs 
than in the hepatocyte-only group. In conclusion, we revealed 

that A-MSCs promote hepatocyte organoid generation and are 
helpful in inducing functional maturation of hepatocyte organoids.

Funding Source: This work was supported by the grant number 
PJ 015872.

Keywords: Porcine, Hepatocyte organoid, Adipose 
mesenchymal stem cells
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MULTICELLULAR LIVER ORGANOIDS 
RECAPUTILATE MURINE LIVER PERI-PORTAL 
ARCHITECTURE AND CELLULAR INTERACTIONS 
IN VITRO
Dowbaj, Anna - Meritxell Huch Laboratory, Max Planck Institute 
of Molecular Cell Biology and Genetics, Dresden, Germany
Sljukic, Aleksandra - Max Planck Institute of Molecular Cell 
Biology and Genetics, Dresden, Germany
Niksic, Armin - Max Planck Institute of Molecular Cell Biology 
and Genetics, Dresden, Germany
Kuehn, Ariane - Max Planck Institute of Molecular Cell Biology 
and Genetics, Dresden, Germany
Seifert, Sarah - Max Planck Institute of Molecular Cell Biology 
and Genetics, Dresden, Germany
Zerial, Marino - Max Planck Institute of Molecular Cell Biology 
and Genetics, Dresden, Germany
Huch, Meritxell - Max Planck Institute of Molecular Cell Biology 
and Genetics, Dresden, Germany

Tissue-derived organoid models are reductionist and easy to ma-
nipulate cellular systems, which provide basic biological under-
standing of the specific organ they derive from. We pioneered the 
development of mouse and human organoids from adult liver tis-
sue, which are known as liver cholangiocyte organoids. Hepato-
cyte organoids from adult mouse hepatocytes have also been 
successfully generated by others. However, these liver organoids 
are only formed by one epithelial cell type, either cholangiocytes 
or hepatocytes, and lack any of the supporting stromal cells pres-
ent in the tissue. We recently described an organoid co-culture 
method where primary murine liver mesenchyme and cholangio-
cyte cells develop as organoid structures. That allowed us to in-
vestigate regeneration dynamics in vitro by controlling respective 
cell numbers in culture. Here, we have increased the complexity 
of this co-culture and present a next generation organoid mod-
el composed of adult murine hepatocytes, cholangiocytes and 
primary liver mesenchymal cells, which we name peri-portal liver 
organoid. This model reconstructs some of the cell-cell interac-
tions of the liver portal tract region in culture. First, we improved 
the previously published hepatocyte organoid models, to allow 
the formation of a bile canaliculi network that recapitulates in vivo 
murine bile canaliculi size and architecture. Then, by combining 
the three cell types we obtained multicellular organoid structures, 
where bile duct cells are surrounded by portal mesenchymal cells 
and are embedded within the hepatocyte parenchyma, thus reca-
pitulating in vitro the in vivo architecture of the peri-portal region 
of the liver lobule. The organoid structures present functional bile 
duct-bile canaliculi connection, where bile canaliculi formed by 
hepatocytes drain bile acid into the lumen of bile ducts. Finally, 
by manipulating the number of portal mesenchymal cells we de-
scribe that non-physiological mesenchymal cell numbers result in 
hepatocyte cell death, suggesting that tissue fibrosis is actively 
driven by aberrant mesenchyme-hepatocyte interactions. This 
proof-of-concept study opens an avenue for more complex liver 
tissue-derived organoid models, which better recapitulate liver 
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) complexity, as well as physiological and pathological liver fea-
tures in vitro.

Keywords: organoid, liver, regeneration and fibrosis

TOPIC: MESENCHYMAL STROMAL CELLS, ADIPOSE, 
AND CONNECTIVE TISSUE
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SYSTEMIC AND INTRANASAL ADMINISTRATION 
OF MESENCHYMAL STEM CELL-DERIVED 
SECRETOME REDUCES WITHDRAWAL 
SYNDROME CAUSED BY OPIOID 
ADMINISTRATION IN TWO PRE-CLINICAL ANIMAL 
MODELS
Ezquer, Fernando - Center for Regenerative Medicine, Faculty 
of Medicine, Clínica Alemana-Universidad Del Desarrollo, Chile, 
Santiago, Chile
Quezada, Mauricio - Center for Regenerative Medicine, 
Universidad del Desarrollo, Santiago, Chile
Berrios-Cárcamo, Pablo - Center for Regenerative Medicine, 
Universidad del Desarrollo, Santiago, Chile
Santapau, Daniela - Center for Regenerative Medicine, 
Universidad del Desarrollo, Santiago, Chile
Ezquer, Marcelo - Center for Regenerative Medicine, 
Universidad del Desarrollo, Santiago, Chile
Morales, Paola - Molecular and Clinical Pharmacology Program, 
Universidad de Chile, Santiago, Chile
Quintanilla, María Elena - Molecular and Clinical Pharmacology 
Program, Universidad de Chile, Santiago, Chile
Herrera-Marschitz, Mario - Molecular and Clinical Pharmacology 
Program, Universidad de Chile, Santiago, Chile
Israel, Yedy - Molecular and Clinical Pharmacology Program, 
Universidad de Chile, Santiago, Chile

Opioid addiction affects millions of individuals worldwide and 
is characterized by a severe withdrawal syndrome upon opioid 
discontinuation, which leads to an urgent need to readminister 
the drug. Therefore, reducing opioid withdrawal severity is a key 
target to lessen morbimortality of opioid addicted patients. Based 
on recent evidence that associate opioid withdrawal with brain 
oxidative stress and neuroinflammation we evaluated whether 
the administration of the potent antioxidant and anti-inflammatory 
secretome derived from human mesenchymal stem cells (hMSC) 
could reduce opioid withdrawal. For this, we used two animal 
models of morphine administration. In the first model, Wistar rats 
were implanted subcutaneously with a mini-pump that continu-
ously delivered morphine 20 mg/mL at 5 µl/hr, while control ani-
mals were implanted with a mini-pump delivering vehicle. Three 
days after mini-pump implantation, rats underwent simultaneous 
intranasal and intravenous administration of secretome derived 
from 1x106 hMSC or saline. After seven days of continuous mor-
phine (~10 mg/kg/day) or vehicle administration, the withdraw-
al syndrome was triggered by the administration of the opioid 
antagonist naloxone. In the second animal model we used the 
two-bottle choice morphine self-administration paradigm. After 
four weeks of voluntary morphine consumption (~15 mg/kg/day) 
Wistar rats underwent simultaneous intranasal and intravenous 
administration of hMSC-secretome or saline and two days later 
the withdrawal syndrome was triggered by the administration of 
naloxone. In both animal models the severity of naloxone-elicited 
signs was measured by behavioural observation for 30 minutes. 
In both animal models the administration of hMSC-secretome sig-

nificantly reduced withdrawal syndrome severity, evidenced by a 
marked decrease in the frequency of behavioural signs common-
ly associated to opioid withdrawal, compared to rats that received 
saline. Secretome administration also reduced opioid-induced 
neuroinflammation (astrocyte activation and microglial density) 
and brain oxidative stress (GSSG/GSH ratio). Thus, hMSC-secre-
tome could be envisioned as a new biodrug to reduce the sever-
ity of the withdrawal syndrome induced by opioid use, helping to 
decrease the relapse rate of this devastating disease.

Funding Source: Proyecto FONDECYT 1200287

Keywords: Addiction, Opioid, Withdrawal Syndrome
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FUNCTIONAL ENGINEERING OF MESENCHYMAL 
STROMAL CELL BY REVITALIZING CULTURE 
CONDITION
Kim, Minseop - KU-KIST Graduate School of Converging 
Science and Technology, Korea University, Seoul, Korea
Kang, Seok-Hyeon - School of Mechanical Engineering, Korea 
University, Seoul, Korea
Choi, Sieun - KU-KIST Graduate School of Converging Science 
and Technology, Korea University, Seoul, Korea
Kim, Jin-A - School of Mechanical Engineering, Korea University, 
Seoul, Korea
Kim, Hyung-Ryong - Department of Pharmacology, College of 
Dentistry, Jeonbuk National University, Jeonju, Korea
Chung, Seok - School of Mechanical Engineering, Korea 
University, Seoul, Korea

As one of the most promising cell therapy sources, the therapeu-
tic applications of mesenchymal stem cells (MSCs) are currently 
being actively explored due to their broad regenerative efficacy. 
But strategies to control batch heterogeneity, stemness, and se-
nescence of MSCs during ex vivo culture are limited, suggest-
ing that the development of standardized culture methods to 
engineer MSC function is an important breakthrough in clinical 
intervention. Here, we extensively analyzed the functional prop-
erties of human dental pulp-derived MSCs (DPSCs) expanded in 
conventional FBS-containing media (control), or serum/xeno-free 
new culture conditions (S-J-01 and 02). Both S-J-MSCs showed 
similar proliferation during culture; however, they showed higher 
maintenance of self-renewal capacity with higher colony-forming 
unit-fibroblast (CFU-F) activity than the control. The S-J-MSCs 
showed enhanced differentiation potency into multiple dentin-re-
lated cell types and other non-mesenchymal cell lineages (en-
dothelial, neuronal, and skeletal muscle cells). Furthermore, we 
investigated the vascular remodeling activity of MSCs in different 
culture conditions to evaluate the therapeutic capacity in a 3D 
microfluidic chip and examined the possible underlying mecha-
nisms. Mechanical analysis revealed a significant increase in neu-
ral crest stem cell-like CD271+ subsets, which are rare in controls, 
suggesting that transcriptional rewiring by new culture conditions 
may contribute to this reprogrammed potential of S-J-MSCs. In-
terestingly, the effects of conditions S-J-01 and 02 were generally 
conserved in MSCs derived from other tissue sources, such as 
bone marrow and umbilical cord Wharton jelly, synchronizing dis-
tinct transcriptomic identities of MSCs according to tissue origin. 
Overall, we identified a culture condition-based engineering strat-
egy for MSCs and described a promising therapeutic intervention 
for many diseases associated with MSCs.

Funding Source: Bio & Medical Technology Development 
Program NRF-2017M3A9E4047243) funded By the Ministry 
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of Science, ICT, and Future Planning, and the Technology 
Innovation Program (20015148) funded By the Ministry of Trade, 
Industry & Energy

Keywords: mesenchymal stem cells (MSCs), stemness, culture 
condition-based engineering
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PROGRESSIVE ROTATOR CUFF DEGENERATION 
ALTERS PROGENITOR FIBRO-ADIPOGENIC 
DIFFERENTIATION IN RESPONSE TO DRUG 
TREATMENTS
AbuZahra, Maya - Department of Orthopaedic Surgery, Keck 
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Evseenko, Denis - Department of Orthopaedic Surgery, Keck 
School of Medicine, University of Southern California, Los 
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Dar, Ayelet - Department of Orthopaedic Surgery, Keck School 
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Small animal models of massive tears of the rotator cuff (RC) 
have been extensively used to study the pathophysiology of 
chronically injured RC. Transection of murine RC tendon and 
suprascapular nerve results in progressive muscle atrophy and 
fibro-adipogenic progenitor (FAP)-derived fibrosis and fat accu-
mulation within 7 weeks post induction of injury. However, it is 
still unclear if FAP degenerative potential changes with time and 
if adipogenesis is positively regulated at the expense of fibrogen-
esis in the presence of anti-fibrotic drugs. We therefore analyzed 
the adipogenic differentiation potential of non-activated FAP (na-
FAP), isolated from non-injured RC, and that of injury activated 
FAP (iaFAP) at 5 days and 7 weeks post injury, which represents 
early and late stages of RC degeneration, respectively. Addition-
ally, FAP adipogenic differentiation was tested in the presence of 
two different anti-fibrotic compounds: CWHM-12, an inhibitor of 
TGF-β1 activation and 423F, a modulator of gp130 signaling. FAP 
adipogenic potential markedly changed at early and late stages 
of RC degeneration, peaking at 5 days post-injury and decreas-
ing at 7 weeks post-injury. Both early and late stage iaFAP ex-
hibited increased adipogenic differentiation compared to naFAP. 
While CWHM-12 and 423F only slightly increased adipogenesis 
of naFAP, both drugs markedly increased adipogenesis of 5 
days iaFAP and significantly diminished adipogenesis of 7 weeks 
iaFAP in a dose-dependent manner. Additionally, both drugs me-
diated greater dose-dependent inhibition of collagen production 
by naFAP in comparison to iaFAP. Notably, there continued to be 
profound myogenesis in the presence of varying concentrations 
of CWHM-12 and 423F at 5 days post injury, which is a myogenic 

post-injury stage. Altogether, our findings demonstrate that both 
drugs affect fibro-adipogenic differentiation in a cell-state depen-
dent manner, which is impacted by the kinetics of muscle degra-
dation.

Keywords: muscle progenitors, fibro-adipogenesis, anti-fibrotic 
drugs
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SIX1+PAX3+ IDENTIFY A PROGENITOR FOR 
MYOGENIC LINEAGE COMMITMENT FROM 
HPSCS
Jaime, Olga G. - Physiology and Biophysics, University of 
California, Irvine, CA, USA
Arias, Jessica - Physiology and Biophysics, University of 
California, Irvine, CA, USA
Hicks, Michael - Physiology and Biophysics, University of 
California, Irvine, CA, USA

The earliest skeletal muscle progenitor cells (SMPCs) derived 
from human pluripotent stem cells (hPSCs) are often identified by 
transcription factors that are also expressed by a diverse number 
of progenitors. An early transcriptional checkpoint that defines 
myogenic commitment of hPSCs could improve lineage specific 
differentiation to skeletal muscle, which we find is confounded by 
genetic variability. We performed analysis of several myogenic 
factors in human embryos and from early hPSC differentiations 
and found several similarities and differences between the in vivo 
and in vitro environments. Of the markers tested, co-expression of 
SIX1 and PAX3 was most indictive of myogenesis, whereas PAX3 
alone marked non-myogenic lineages. Using a single derivation 
protocol, we evaluated myogenic differentiation across five hPSC 
lines and found that the emergence of SIX1+PAX3+ precursor 
cells can be improved by manipulating seeding density, metabo-
lism, and concentration of the mesoderm inducing small molecule 
CHIR. These modifications also resulted in the co-emergence of 
hPSC-derived sclerotome, cardiac, and neural crest cells that we 
hypothesized either enhanced or restricted hPSCs from adopting 
a myogenic cell fate. Using a dCas9-KRAB hPSC line, we inhibited 
transcription of master regulators of these non-myogenic lineages 
and found that blocking cardiac lineages improved SIX1+PAX3+ 
myogenic induction. Using these transcription factors and mor-
phologic landmarks as a guide, we show that early expression of 
SIX1+PAX3+ is indicative of efficient myogenic differentiation of 
PAX7+ progenitors and myotubes. We completed five separate 
directed differentiations and compared these to fetal progenitor 
and adult satellite cells by RNA-seq and immunostaining. Over-
time, hPSC and fetal SMPCs lost expression of PAX3, but SIX1 
continued to be expressed by both SMPCs and myotubes to 
serve as a general myogenic lineage marker. RNA-Seq showed 
that while hPSC SMPCs are more like fetal than adult stem cells, 
they still express hundreds of unique genes involved with neuro-
muscular and extracellular matrix associated pathways. Here we 
provide a resource for generation of skeletal muscle from hPSCs 
to enable more efficient protocols to derive skeletal muscle pro-
genitors that follow human development.

Funding Source: CIRM Training Fellowship (EDUC4-12822)

Keywords: hPSCs, Skeletal muscle progenitors, myogenic 
differentiation
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PROMOTING THE MATURATION OF SKELETAL 
MUSCLE PROGENITOR CELLS TO SATELLITE 
CELLS THROUGH ACTIVATION OF NUCLEAR 
RECEPTORS
Duguil, Debra - Microbiology, Immunology and Molecular 
Genetics, University of California, Los Angeles, CA, USA
Chien, Peggie - Microbiology, Immunology, and Molecular 
Genetics, University of California, Los Angeles, CA, USA
Pyle, April - Microbiology, Immunology, and Molecular Genetics, 
University of California, Los Angeles, CA, USA

Skeletal muscle progenitor cells (SMPCs) contribute to develop-
mental myogenesis and satellite cells (SCs) contribute to postna-
tal muscle homeostasis and regeneration. Differentiating human 
pluripotent stem cells (hPSCs) into SCs is valuable for developing 
cell replacement therapies for muscular dystrophies. However, 
the maturation process of SMPCs to SCs remains unclear, and 
current hPSC directed myogenic differentiation protocols result 
in immature SMPCs that are less regenerative than SCs. Several 
nuclear receptors (NRs) were identified as candidates that pro-
mote the maturation of embryonic SMPCs. We hypothesize that 
activating these NRs through the addition of their respective li-
gands in the culture media will promote a shift in maturation of 
hPSC-derived SMPCs. Induced pluripotent stem cells (IPSCs) and 
embryonic stem cells (ESCs) were differentiated into myogenic 
cultures and treated with ligands during the last seven days of dif-
ferentiation. SMPCs were isolated via FACS and continued to be 
cultured with ligand addition. SMPC maturation is being analyzed 
through immunocytochemical staining of developmental myosin 
isoforms. From this analysis, we aim to further understand the ef-
fects of how nuclear receptors regulate the maturation process of 
SMPCs to SCs. We expect these findings contribute to the devel-
opment of cell therapies that enhance the myogenic regenerative 
abilities in muscle diseases.

Keywords: Nuclear Receptors, Skeletal Muscle, Myogenic 
Culture
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DECONSTRUCTING HUMAN SOMITOGENESIS 
WITH STEM CELLS
Miao, Yuchuan - Pathology, Brigham and Women’s Hospital, 
Boston, MA, USA
Pourquié, Olivier - Genetics, Harvard Medical School, Boston, 
MA, USA

The vertebrate body displays a segmental organization which is 
most conspicuous in the periodic organization of the vertebral 
column and peripheral nerves. This metameric organization is 
first implemented when somites, which contain the precursors of 
skeletal muscles and vertebrae, are rhythmically generated. So-
mites then become subdivided into anterior and posterior com-
partments essential for vertebral formation and segmental pat-
terning of the peripheral nervous system. How this key somitic 
subdivision is established remains poorly understood. Here we 
introduce novel tridimensional culture systems of human plu-
ripotent stem cells (PSCs), called Somitoids and Segmentoids, 
which recapitulate the formation of somite-like structures with 
antero-posterior (AP) identity. Using these in vitro models, we 
found that somite AP compartments is established by cell sorting, 
rather than gene expression remodeling as classically postulated. 

We show that cells are pre-fated in a salt-and-pepper pattern in 
the newly formed segment and AP fated cells are sorted apart 
through differential cytoskeletal properties. We further identify a 
key function of the segmentation clock in organizing cell sorting 
timing to convert temporal rhythmicity into the spatial regularity 
of anterior and posterior somitic compartments. Together we de-
fine a novel framework for the symmetry breaking process initi-
ating somite polarity patterning. Our work exemplifies how the 
resolution offered by PSC-derived in vitro systems can be used 
to answer long-standing developmental biology questions and 
advance knowledge of human development.

Keywords: Somite, Pattern formation, Organoids

TOPIC: NEURAL
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PRE-CLINICAL INVESTIGATIONS ON 
SULFORAPHANE USING SENSORY NEURONS 
DERIVED FROM FRIEDREICH’S ATAXIA PATIENT-
INDUCED PLURIPOTENT STEM CELLS
Kwa, Faith A. A. - Department of Health Science and 
Biostatistics, Swinburne University of Technology, Melbourne, 
Australia
Yang, Wenyao - Health Science and Biostatistics, Swinburne 
University of Technology, Melbourne, Australia
Dottori, Mirella - Illawarra Health and Medical Research Institute, 
University of Wollongong, Australia
Miellet, Sara - Illawarra Health and Medical Research Institute, 
University of Wollongong, Australia
Napierala, Marek - Neurology, UT Southwestern Medical Center, 
Dallas, TX, USA
Bruce, Thompson - School of Health Sciences, The University of 
Melbourne, Australia

Friedreich’s Ataxia (FA) is caused by inheriting an excessive 
number of GAA repeats within Intron 1 of the frataxin (FXN) gene 
which regulates mitochondrial iron transport and respiration. Con-
sequently, epigenetic mechanisms promote the transcriptional 
suppression of the FXN gene, resulting in iron accumulation in 
tissues, oxidative stress, inflammation and cell death. Patients 
often become wheelchair bound 10 years post-diagnosis and 
59% of patients die early (< 50 years) due to heart issues. There 
is no cure and current treatments cannot stop the worsening of 
symptoms. New drugs in clinical trials can only target one of many 
disease processes or cannot penetrate the blood brain barrier 
(BBB). The broccoli-derived compound, sulforaphane (SF), has 
epigenetic, anti-inflammatory and antioxidant effects in various 
cell types and the ability to cross the BBB. We propose the use of 
SF to rescue dorsal root ganglion sensory neurons, the dominant 
cell type that degenerates in early FA, from death. Few in vitro 
studies have reported SF’s antioxidant effects in FA patient fibro-
blasts, murine FXN-deficient motor neurons or neural stem cells 
but these models lack the full GAA expansion and exhibit differ-
ent characteristics to human sensory neurons. Such studies also 
do not reveal the epigenetic and anti-inflammatory effects of SF. 
Our study used FA patient induced pluripotent stem-cells (iPSC) 
to generate sensory neurons that express the full GAA expan-
sion. Isogenic control lines were created by CRISPR-deletion of 
GAA repeats from the patient line. The identity of these neurons 
was validated by positive immunostaining for NF200, peripherin, 
parvalbumin and TrkC. Cell viability assays showed that 24-hour 
exposure to SF, at doses tested in healthy people and those with 
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chronic disease (e.g. asthma), was not toxic to both isogenic con-
trol and patient iPSC-derived sensory neurons but cell viability 
of the latter improved by up to 40% (p < 0.001). Taqman gene 
expression assays demonstrated that this protective effect was 
accompanied by decreased levels of genes encoding epigene-
tic enzymes (DNMT1/3A and HDAC1/3/6) and inflammatory cyto-
kines (IL-6), and increased levels of genes encoding antioxidant 
proteins (NRF2, HO-1, NQ01 and GCLM) (p < 0.05). Our findings 
enhance the evidence needed to support clinical trials of SF in 
FA.

Funding Source: This study was supported by funding 
from Swinburne University of Technology, The University of 
Melbourne, Friedreich’s ataxia Research Alliance/Association 
and Medical Research Future Fund Stem Cell Therapies Mission.

Keywords: Friedreich’s ataxia, Pluripotent stem cell derived 
sensory neurons, Sulforaphane
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OPTIMIZED PRIME EDITING EFFICIENTLY 
GENERATES MUTATIONS IN HIPSCS TO MODEL 
INHERITED RETINAL DEGENERATION
Garita-Hernandez, Marcela - Ophthalmology, Ocular Genomics 
Institute, Harvard Medicine School, Boston, MA, USA

Prime editing is a versatile tool that can introduce point mutations 
as well as small insertions and deletions into the genome. Never-
theless, low efficiency can be an obstacle for use of prime editing 
in human induced pluripotent stem cells (hiPSC). This is especial-
ly true when the genetic context precludes the use of multiple 
prime editing guide RNAs (pegRNAs) and other strategies must 
be employed to achieve the desired edit. Such is the case of the 
c.25G>A (p.V9M) mutation in the NMNAT1 gene, causative of se-
vere early onset inherited retinal degeneration (IRD). In this study, 
we efficiently generated an isogenic model of the p.V9M muta-
tion in the NMNAT1 gene, optimizing the prime editing workflow 
without manipulating key prime editing components. Electropo-
rated clones were identified with a transient GFP reporter in the 
nicking gRNA plasmid and analyzed after 48h using fluorescence 
microscopy and FACS. Single clones were manually selected, ex-
panded, and analyzed with Sanger sequencing to confirm prime 
editing. After an in silico analysis of the genomic region of the 
c.25G>A NMNAT1 mutation, two pegRNAs were selected for 
molecular cloning based on the distance to the mutation and se-
quence length. Initial co-electroporation of PEmax, pegRNAs and 
nicking gRNA in hiPSCs showed transfection in few clones and 
low (< 1%) editing efficiency. We modified the workflow of hiPSC 
prime editing, including plasmid concentrations and prime editing 
components ratios and several conditions of the delivery meth-
od and we demonstrated that our optimized workflow enhanced 
editing efficiency. Fluorescent microscopy and flow cytometry of 
the electroporated hiPSC showed 60% transfection efficiency. 
Through NGS we identified 10% correctly edited alleles for the 
c.25G>A NMNAT1 mutation. After clonal expansion we identi-
fied up to 5.38% homozygous clones and 20.43% heterozygous 
clones. These findings show that our optimized workflow en-
hanced the prime editing efficiency in hiPSC and allowed for the 
generation of clonal isogenic cell lines with the heritable p.V9M 

mutation causative of NMNAT1-associated IRD. Our approach has 
proven to be useful in generating other isogenic models of IRDs.

Funding Source: Career Starter Research Grant Award in 
Pediatric Ophthalmology of the Knights Templar Eye Foundation

Keywords: prime editing, cone degeneration, NMNAT1
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HUMAN EMBRYONIC STEM CELL-DERIVED 
DOPAMINERGIC NEURON MODEL FOR 
NEURODEVELOPMENTAL TOXICOLOGY 
SCREENING
Kreutz, Anna - DTT and DIR, NIEHS, Research Triangle Park, 
NC, USA
Hu, Guang - DIR, NIEHS, Research Triangle Park, NC, USA
Tokar, Erik - DTT, NIEHS, Research Triangle Park, NC, USA

There is a major push in the field of developmental neurotoxici-
ty (DNT) to move away from traditional rodent guideline studies 
to in vitro new approach methodologies (NAMs). Such in vitro 
NAMs have been developed for a variety of endpoints critical for 
neurodevelopment, such as proliferation, migration, and synap-
togenesis. One key endpoint that is currently lacking, however, 
is development of neuronal subtypes. Moreover, while most of 
these assays employ cell lines or rodent-derived primary cells, 
hESCs more closely mimic human embryonic development in 
vivo, which may provide critical insight into vulnerabilities of hu-
man-specific neurodevelopment. We are thus developing a DNT 
screening approach for differentiation of hESCs into particular 
neuronal subtypes. Specifically, we are differentiating hESCs into 
dopaminergic (DA) neurons, as their neurodevelopmental trajec-
tory is relatively well-characterized, they are particularly sensitive 
to environmental factors, and they have been implicated in a va-
riety of neurodevelopmental and neurodegenerative disorders. 
We are utilizing CRISPR-mediated genome editing technology to 
construct a hESC triple-reporter system to monitor stages of DA 
neuron differentiation using fluorescent imaging. The current re-
porter line includes nestin-EGFP to monitor differentiation down 
the neural lineage, and tyrosine hydroxylase-mScarlet to monitor 
maturation into DA neurons. Our third reporter will be targeted 
to the midbrain floorplate marker CORIN to monitor specification 
of neural stem cells towards DA neurons. We are developing our 
DA neuron differentiation protocol based on the dual inhibition 
approach, which includes separate stages of specification, ex-
pansion, and maturation. This toxicological screening approach 
will allow for carefully assessing specific windows of susceptibility 
to chemical exposures for DA neuron development. Screening 
will be performed using fluorescent high-content live-cell imaging 
and gene expression analyses. Hit compounds can subsequent-
ly be pursued for insight into mechanisms of action. We aim to 
incorporate this reporter-based model into the battery of DNT 
NAMs to identify environmental toxicants of DA neuron develop-
ment in a human in vivo-relevant context.

Keywords: developmental neurotoxicology, dopaminergic 
neurons, risk assessment
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HIPSC-DERIVED DOPAMINERGIC 
AND GLUTAMATERGIC NEURONS OF 
SCHIZOPHRENIA PATIENTS SHOW 
NEURONAL ABERRATIONS IN A CO-CULTURE 
MODEL COMPARED TO DOPAMINERGIC 
MONOCULTURES
Hartmann, Sophia Marie - Molecular Neurobiology, Natural 
and Medical Sciences Institute at the University of Tübingen, 
Reutlingen, Germany
Heider, Johanna - Molecular Neurobiology, Natural and Medical 
Sciences Institute at the University of Tübingen, Reutlingen, 
Germany
Vogel, Sabrina - Molecular Neurobiology, Natural and Medical 
Sciences Institute at the University of Tübingen, Reutlingen, 
Germany
Breitmeyer, Ricarda - Molecular Neurobiology, Natural and 
Medical Sciences Institute at the University of Tübingen, 
Reutlingen, Germany
Wüst, Richard - Department of Psychiatry, University of 
Tübingen, Germany
Fallgatter, Andreas - Department of Psychiatry, University of 
Tübingen, Reutlingen, Germany
Volkmer, Hansjürgen - Molecular Neurobiology, Natural and 
Medical Sciences Institute at the University of Tübingen, 
Reutlingen, Germany

Schizophrenia (SCZ) is characterized by aberrant development of 
the central nervous system and thereby results in impairing mul-
tiple aspects in synaptic transmission, neuronal connectivity, and 
activity patterns. In SCZ, the involvement of different neurotrans-
mitter systems, especially aberrations in dopaminergic pathways, 
were already postulated several decades ago. One of the affect-
ed dopaminergic pathways is the mesocortical pathway, that con-
nects the ventral tegmentum to the prefrontal cortex, proposing a 
blunting of cortical dopamine release. However, the mechanistic, 
underlying biology of aberrant dopamine release in SCZ remains 
elusive. Here, we present the establishment of an in vitro co-cul-
ture model comprising dopaminergic and glutamatergic neurons, 
both of human origin, to mimic the mesocortical pathway and to 
study underlying disease mechanisms in SCZ. Our hiPSC-derived 
dopaminergic and glutamatergic neurons express subtype-spe-
cific synaptic markers, release neurotransmitter and show robust 
single-cell activity in calcium imaging. In our dopaminergic mono-
culture, in which the neurons were cultivated separately, we can-
not observe changes in presynaptic terminals, neither do single 
cell calcium traces exhibit differences in peak frequency or dopa-
mine release when compared to healthy controls. Interestingly, 
when combining both neuronal cell types into co-cultures, dopa-
minergic neurons derived from SCZ patients show a reduction of 
presynaptic terminals, while glutamatergic SCZ neurons depict a 
slight increase. Subtype-specific examinations via single-cell cal-
cium imaging of these co-cultures revealed significantly altered 
calcium peak frequency for both types of neurons individually 
when comparing schizophrenia patient neurons to healthy con-
trols. In conclusion, with this co-culture model we generated a 
humanized 2D in vitro model system to study the reciprocal inter-
action of different neuronal cell types affected in SCZ. Moreover, 
we demonstrate the importance of getting as close as possible to 
the in vivo situation by combining appropriate cell types into dis-
ease model systems. These systems can be further employed for 

the study of molecular mechanisms underlying neuropsychiatric 
diseases and may be helpful for future drug development.

Keywords: Schizophrenia, Disease Modelling, co-culture models
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DERIVING ENTERIC NEURAL PROGENITORS 
FROM IPSCS FOR THE TREATMENT OF 
DIGESTIVE DISORDERS
Nakajima, Taiki - Research and Development, T-CiRA, Takeda 
Pharmaceutical Company, Fujisawa, Japan
Yamashita, Teruyoshi - Research and Development, T-CiRA, 
Takeda Pharmaceutical, Fujisawa, Japan
Hiyoshi, Hideyuki - Research and Development, T-CiRA, Takeda 
Pharmaceutical, Fujisawa, Japan
Komoike, Yusaku - Research and Development, T-CiRA, Takeda 
Pharmaceutical, Fujisawa, Japan
Toyooka, Yayoi - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Matsumoto, Hirokazu - Research and Development, T-CiRA, 
Takeda Pharmaceutical, Fujisawa, Japan
Ikeya, Makoto - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan

The enteric nervous system (ENS) provides unique microcircuits 
that orchestrate digestive function independently of central 
nervous system input. While ENS dysfunction often results in 
severe gastrointestinal disorders including Hirschsprung’s dis-
ease (HSCR), no cell-based treatment has yet been developed 
to fully restore its function. Here we aimed to utilize an induced 
pluripotent stem cell (iPSC)-based technology to develop a novel 
therapeutic option for HSCR. We derived human enteric neural 
progenitors via neural crest lineage from iPSCs by recapitulating 
the normal progression of stepwise narrowing fate decisions in 
mammalian embryos. The iPSC-derived enteric neural progeni-
tors (iENPs) expressed key genes such as SOX10 and PHOX2B 
and showed high differentiation potential into subtypes of enteric 
neurons and glial cells in vitro. We also used RNA sequencing to 
analyze the developmental trajectory of iENPs. To test the ability 
of iENP to form ENS in vivo, we injected iENPs into the distal rec-
tum of immuno-deficient mice by perineotomy and confirmed that 
iENPs engrafted and expressed neural markers several weeks af-
ter transplantation. These data suggest that iENPs could provide 
a therapeutic option for HSCR by restoring absent ENS.

Keywords: enteric nervous system, cell therapy, induced 
pluripotent stem cell
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THE EFFICIENT INDUCTION OF HUMAN RETINAL 
GANGLION-LIKE CELLS PROVIDES A PLATFORM 
FOR STUDYING OPTIC NEUROPATHIES
Chen, Shih-Wei - Department of Life Sciences and Institute of 
Genome Sciences, National Yang Ming Chiao Tung University, 
Taipei, Taiwan
Liou, Roxanne Hsiang-Chi - Department of Life Sciences and 
Institute of Genome Sciences, National Yang Ming Chiao Tung 
University, Taipei, Taiwan
Cheng, Hui-Chen - Department of Ophthalmology, Taipei 
Veterans General Hospital, Taipei, Taiwan
Wu, Pei-Chun - Brain Research Center, National Yang Ming 
Chiao Tung University, Taipei, Taiwan
Wang, An-Guor - Department of Ophthalmology, Taipei 
Veterans General Hospital, Taipei, Taiwan
Fann, Ming-Ji - Department of Life Sciences and Institute of 
Genome Sciences, National Yang Ming Chiao Tung University, 
Taipei, Taiwan
Wong, Yu-Hui - Brain Research Center, National Yang Ming 
Chiao Tung University, Taipei, Taiwan

Retinal ganglion cells (RGC) are the critical types of neurons for vi-
sual perception by connecting the eyes to the brain via their long 
axons. Optic neuropathies, caused by damage to RGCs and their 
axons, can result in irreversible vision loss. To study the mecha-
nisms of neuropathy and develop treatment, methods for gener-
ating functional RGCs from human induced pluripotent stem cells 
(hiPSC) have been developed. However, most currently available 
protocols are based on embryoid bodies and thus are usually 
complicated, time-consuming and with low efficiency. Here we 
demonstrate a rapid and high-yield protocol for directly inducing 
RGC differentiation from hiPSC using a strategy of overexpress-
ing 3 pro-RGC genes. These hiPSC-derived RGC-like cells (iRGC) 
showed robust expression of various RGC-specific markers, 
such as ATOH7, BRN3B, BRN3A, EBF1, and ISL1. Transcriptomic 
analysis also revealed the similarity between our iRGC and oth-
er publicly available RGC/retinal transcriptome data. A functional 
assessment demonstrated that these iRGC displayed both spon-
taneous and stimulus-induced neuronal activity. To address the 
capability to model optic neuropathies, we applied ethambutol 
(EMB), a first-line anti-tuberculosis drug but known to cause RGC 
degeneration and visual impairment, to the iRGC culture. In our 
iRGC model, EMB was found to induce significant dose-depen-
dent and time-dependent increases in cell death and neurite de-
generation. Western blot analysis revealed that the expression 
levels of p62 and LC3-II were upregulated, and a tag RFP-eG-
FP-LC3 tandem fluorescent probe revealed that EMB caused a 
blockade of lysosome-autophagosome fusion; this indicates that 
impairment of autophagic flux is one of the adverse effects of that 
EMB has on iRGCs. In addition, EMB was found to elevate intra-
cellular reactive oxygen species (ROS) levels increasing apoptot-
ic cell death and could be partially rescued by the co-treatment 
with the ROS scavenger N-acetyl cysteine. Taken together, our 
findings suggest that this iRGC model, which achieves both high 
yield and high purity, is suitable for investigating optic neuropa-
thies, as well as being useful when searching for potential drugs 
for therapeutic treatment and/or disease prevention.

Keywords: retinal ganglion cells, direct conversion, ethambutol
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THE RNA BINDING PROTEIN STAU2 REGULATES 
STRESS RESPONSE IN C9ORF72 CEREBRAL 
CORTICAL NEURONS
Chowdhury, Rebecca - Neural Stem Cell Institute, Regenerative 
Research Foundation, Rensselaer, NY, USA
Campbell, Melissa - Neural Stem Cell Institute, Regenerative 
Research Foundation, Rensselaer, NY, USA
Hung, Shu-ting - Eli and Edythe Broad CIRM Center for 
Regenerative Medicine and Stem Cell Research at USC, 
University of Southern California, Los Angeles, CA, USA
Ichida, Justin - Eli and Edythe Broad CIRM Center for 
Regenerative Medicine and Stem Cell Research at USC, 
University of Southern California, Los Angeles, CA, USA
Kiebler, Michael - BioMedizinisches Centrum - BMC LMU 
Muenchen, Ludwig Maximilian University of Munich, Germany
Lotz, Steve - NeuraCell, Regenerative Research Foundation, 
Rensselaer, NY, USA
Temple, Sally - Neural Stem Cell Institute, Regenerative 
Research Foundation, Rensselaer, NY, USA

A hexanucleotide (GGGGCC)n repeat expansion in the noncod-
ing region of C9ORF72 is the most common pathogenic mutation 
associated with both frontotemporal dementia (FTD) and amyo-
trophic lateral sclerosis (ALS). In C9ORF72 FTD patient cerebral 
cortical tissue, toxic dipeptide repeat proteins (DPR), polyGR and 
polyPR, colocalized with the RNA-binding protein STAU2 in large 
granular structures. This indicates a specific role for STAU2 in 
C9ORF72 pathogenesis. STAU2 has roles in RNA localization, 
transport, stability, and translation. We used C9ORF72 ALS/FTD 
iPSCs to examine the potential role of STAU2 in ALS/FTD dis-
ease mechanism. C9ORF72 iPSC-derived spinal motor neurons 
show several disease-related characteristics, including impaired 
mitochondrial and proteasomal function, autophagy, and nucle-
ocytoplasmic transport, increased ER stress, and susceptibility to 
glutamate toxicity. In spinal motor neurons from C9ORF72 ALS/
FTD iPSCs, we found that STAU2 colocalizes with polyGR and 
polyPR aggregates in nuclear and cytoplasmic granules in patient 
but not WT lines. To model FTD and ALS, we generated cerebral 
cortical neurons from multiple WT and C9ORF72 ALS/FTD patient 
iPSCs. We observed reduced C9ORF72 expression in C9ORF72 
ALS/FTD patient cortical neurons, and increased stress granule 
formation in response to oxidative stress mediated by sodium ar-
senite. In WT cortical neurons, shRNA-mediated knockdown of 
STAU2 led to increased stress granules in response to arsenite. 
In contrast, patient neurons deficient of STAU2 showed higher 
number of stress granules that was not increased by arsenite 
treatment. Hence, patient cortical neurons show increased stress 
granule formation in response to arsenite, but unlike WT neu-
rons, this is dependent on STAU2. RNA-binding protein immu-
noprecipitation (RIP) followed by sequencing under normal and 
arsenite stress conditions revealed genes differentially bound by 
STAU2 in patient neurons vs WT, including those involved in ves-
icle transport, synaptic transmission, lipid metabolism, and pro-
grammed cell death. Proteomics analysis of WT and patient neu-
rons with STAU2 knockdown further implicates STAU2 in several 
disease-related processes. Taken together, our data reveal key 
cellular processes and novel roles for STAU2 in ALS/FTD.

Funding Source: R35NS097277

Keywords: STAU2, RNA-binding proteins, C9orf72
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TOWARD A BETTER UNDERSTANDING OF 
ITM2B PATHOGENICITY IN A SPECIFIC RETINAL 
DYSTROPHY
Ben Yacoub, Tasnim - Genetics, Institut de la Vision, Paris, 
France
Letellier, Camille - Genetics, Institut de la Vision, Paris, France
Wohlschlegel, Juliette - Department of Biological Structure, 
University of Washington, Seattle, WA, USA
Goureau, Olivier - Retinal Development and Regeneration, 
Institut de la Vision, Paris, France
Zeitz, Christina - Genetics, Institut de la Vision, Paris, France
Audo, Isabelle - Genetics, Institut de la Vision, Paris, France

Our team identified a missense variant in ITM2B in the C-ter 
cleaved peptide BRI23, underlying a novel autosomal dominant 
retinal dystrophy with ganglion cell (RGC) loss, inner retinal and 
photoreceptor (PhRs) dysfunction. The function of ITM2B in the 
retina and its physiopathological mechanisms remain poorly un-
derstood. Our recent work suggested that ITM2B may interact 
with proteins, implicated in oxidative stress as well as in synap-
tic transmission in the human retina (Wohlschlegel et al., 2021). 
This project aims to model the disease using patient-derived in-
duced pluripotent stem cells (IPSCs) and retinal organoids (ROs) 
in order to investigate ITM2B function and associated pathogenic 
mechanisms. Two induced IPSC derived from an affected subject 
(Mut) and his unaffected brother (NA) were established and differ-
entiated into ROs. Immunostaining showed that ITM2B is mainly 
localized in PhRs and RGCs and that the synaptic layer is struc-
turally modified in ROs. Preliminary data were acquired on these 
ROs to document the cellular phenotype, protein interactions and 
mitochondrial function. In order to generate a relevant isogen-
ic control, CRISPR/Cas9 technology was applied to the mutant 
IPSC. The CRISPR/Cas9 edited cells (Cor) were characterized for 
their pluripotency and the absence of genetic alterations prior 
to being used for further analysis. This new model will be used 
for further functional assays to investigate ITM2B function in the 
retina and its pathogenicity. Phenotypic (imaging) and functional 
(electrophysiology) studies of NA, Mut and Cor ROs are currently 
underway. Furthermore, transcriptomic and proteomic analyses 
will be performed in the 3 RO types to identify differential pro-
files. BRI23-NA and BRI23-Mut protein interaction analysis in the 
human retina are also currently ongoing. Altogether, this data will 
help determine the function of ITM2B in the retina and elucidate 
its implication in pathology.

Keywords: Retina, iPSC, CRISPR/Cas9
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HUMAN INDUCED PLURIPOTENT STEM CELL 
MODEL TO STUDY INTERNEURON DEFECTS IN 
DRAVET SYNDROME
Verma, Isha - Department of Neurology and Michigan 
Neuroscience Institute, University of Michigan, Ann Arbor, MI, 
USA
Yuan, Yukun - Department of Pharmacology, University of 
Michigan, Ann Arbor, MI, USA
Lopez-Santiago, Luis - Department of Pharmacology, University 
of Michigan, Ann Arbor, MI, USA
Uhler, Michael - Department of Biological Chemistry and 
Michigan Neuroscience Institute, University of Michigan, Ann 
Arbor, MI, USA
Isom, Lori - Department of Pharmacology, University of 
Michigan, Ann Arbor, MI, USA
Parent, Jack - Department of Neurology and Michigan 
Neuroscience Institute, University of Michigan, Ann Arbor, MI, 
USA

Dravet Syndrome (DS) is a developmental and epileptic encepha-
lopathy (DEE) characterized by pharmacoresistant seizures, intel-
lectual disability, and increased risk of sudden unexpected death 
in epilepsy (SUDEP). Most cases of DS are caused by variants 
in the SCN1A gene that encodes for the voltage-gated sodium 
channel Nav1.1 alpha subunit. These SCN1A gene variants result 
in delayed neuronal development and altered neuronal excitabili-
ty, leading to seizures and severe cognitive impairment. Our goal 
is to understand interneuron defects in DS to develop precision 
therapies. To this end, we generated CRISPR-edited SCN1A+/- 
and isogenic control SCN1A+/+ human induced pluripotent stem 
cell (iPSC) lines as a model system to study DS. To generate a 
homogeneous population of GABAergic interneurons from iPSC 
lines, we used an induced differentiation approach based on the 
expression of the doxycycline (dox)-inducible transcription factors 
ASCL1 and DLX2. Stable dox-inducible cell lines were generat-
ed using the PiggyBac transposon system. Immunofluorescence 
analysis indicated the generation of multiple GABAergic interneu-
ron subtypes, including somatostatin, calbindin-, and nitric oxide 
synthase-positive interneurons. Calcium imaging analysis of cells 
from days 10 to 50 of culture revealed that SCN1A+/- interneurons 
showed decreased network activity compared to SCN1A+/+ con-
trol interneurons. Multielectrode array analysis performed during 
days 15-60 of culture indicated that SCN1A+/- interneurons exhib-
ited lower mean firing rate and burst frequency than control in-
terneurons. Consistently, whole-cell current-clamp recordings of 
action potentials (APs) during days 34-52 showed that SCN1A+/- 
interneurons displayed significantly higher sensitivity to depolar-
ization-induced block and lower action potential firing frequency 
than control interneurons. Overall, the data suggest that multiple 
SCN1A+/- interneuron subtypes are hypoexcitable, which may 
contribute to impaired excitatory/inhibitory balance and network 
hyperexcitability in DS. Our work offers the potential to dissect 
neuron subtype-specific mechanisms for the future development 
of precision therapies to treat DS.

Funding Source: NIH/NINDS NS088571

Keywords: Interneuron, Dravet Syndrome, Epilepsy
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ESTABLISHMENT OF A DUAL REPORTER 
SYSTEM FOR SUBTYPE-SPECIFIC ANALYSIS OF 
GABAERGIC INTERNEURONS FROM HUMAN IPS 
CELLS BY CRISPR/CAS9 ENGINEERING
Qian, Emi - Physiology, Keio University, Shinjuku-ku, Japan
Ishikawa, Mitsuru - Physiology, Keio University, School of 
Medicine, Shinjuku-ku, Japan
Morimoto, Satoru - Physiology, Keio University, School of 
Medicine, Shinjuku-ku, Japan
Okano, Hideyuki - Physiology, Keio University, School of 
Medicine, Shinjuku-ku, Japan
Sanosaka, Tsukasa - Physiology, Keio University, School of 
Medicine, Shinjuku-ku, Japan
Yoshimatsu, Sho - Physiology, Keio University, School of 
Medicine, Shinjuku-ku, Japan

Cortical interneurons (cINs) are classified into various subtypes, 
including Parvalbumin-positive (PV) and Somatostatin-positive 
(SST) neurons, based on wide differences in morphological and 
electrophysiological properties and neuronal circuit formation in 
the mammalian neocortex. While the defects of cINs in neuropsy-
chiatry disorders are extensively studied using patient-derived 
iPSCs, the neuronal vulnerability can be different among the sub-
types, indicating the necessity of precisely characterizing each 
subtype using human iPSCs. Particularly, PV and SST neurons are 
both derived from common progenitor cells in medial ganglionic 
eminence (MGE), but it is poorly understood how the distinct sub-
types emerge and separate from the same origin. Therefore, our 
study is aimed to distinguish cIN-subtypes derived from human 
iPSCs and analyze them individually for developmental research. 
First, we established a hiPSC line harboring PV and SST dual re-
porters for subtype-specific visualization. The mNeonGreen and 
tdTomato fluorescent reporter genes were respectively insert-
ed into the direct downstream of PV and SST coding regions by 
CRISPR/Cas9-mediated genome editing. Next, we developed a 
regional patterning method to generate cINs using the reporter 
hiPSC line by modulating neuronal identity-inducing signals. Im-
munocytochemistry revealed co-localization of fluorescent pro-
tein expression with subtype marker gene expression in induced 
neurons. Moreover, we detected SAG (sonic hedgehog agonist) 
addition and co-culture with feeder cells significantly elevated 
the proportion of SST neurons while previous methods could not 
induce enough subtype marker positive neurons to analyze indi-
vidually. Finally, Fluorescence-activated cell sorting based on flu-
orescence expression was performed for subtype-specific tran-
scriptome analysis. In summary, we established a dual reporter 
hiPSC line and generated cINs with evident fluorescence expres-
sion along with differentiation. We anticipate that the reporter hiP-
SC line would serve as a valuable in vitro model to recapitulate 
various molecular features of cINs in the developing human brain, 
and subsequently contribute to the development of in vitro differ-
entiation techniques for applications in disease analyses.

Funding Source: JSPS KAKENHI Grant Number:  JP20H03567, 
JP17K10083, AMED Grant Number:  JP22bm0804023h0003, 
JP22bm0804005, Keio University Medical Science Fund

Keywords: GABAergic interneurons, iPS cells, CRISPR/Cas
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NOVEL STRATEGIES FOR STUDYING 
PROTEOSTASIS IN THE AGING BRAIN
Giadone, Richard - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Ghosh, Sabrina - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Paolo, Joao - Department of Cell Biology, Harvard Medical 
School, Boston, MA, USA
Holton, Kristina - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Eapen, Vinay - Department of Cell Biology, Harvard Medical 
School, Boston, MA, USA
Gampierakis, Ioannis - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Harper, Wade - Department of Cell Biology, Harvard Medical 
School, Boston, MA, USA
Rubin, Lee - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA

Aging is the largest risk factor for the majority of neurodegener-
ative disorders, including Alzheimer’s disease (AD) and related 
dementias. Despite this however, there are currently no thera-
peutics capable of reversing the progression of the aging-related 
cognitive decline seen in disease and healthy aging. Through the 
use of heterochronic parabiosis, or the surgical joining of circu-
lation between young and old mice, our group and others have 
demonstrated that blood-borne factors from young animals can 
reverse many deleterious phenotypes seen in the aged brain. 
Here, we utilized tandem mass tag (TMT)-based mass spectrom-
etry (MS) to profile the cortex and hippocampus of the murine 
brain during aging and after parabiosis to understand both pro-
cesses’ effects on protein homeostasis (proteostasis), the regula-
tion of protein folding and production. In doing so, we identified 
a subset of RIPA soluble and insoluble (i.e. urea soluble) putative 
protein aggregates whose levels increase during aging and de-
crease post-parabiosis. Interestingly, many of these proteins are 
pathologically linked to protein folding disorders in humans and 
contain structural motifs prone to destabilization. In one instance, 
Musashi1 (Msi1) decreased in the soluble and aggregate-contain-
ing protein fractions of the aged hippocampus post-parabiosis. 
Interestingly, Msi1 has been shown to physically interact with am-
yloid-ß protein linked to AD pathology and form oligomers in vi-
tro. To determine the effects of modulating levels of Msi1 on cells 
in the brain, we synergized our MS data with our group’s recently 
published scRNAseq atlas of the aging mouse brain to identify 
astrocytes as the major cell type expressing Msi1. We then dif-
ferentiated isogenic human iPSCs -/+ AD-associated APP Swed-
ish mutation (KM670/671NL) into astrocytes and subsequently 
overexpressed GFP labeled Msi1. In doing so, we found Msi1 ag-
gregated upon proteosome inhibition via addition of MG132 and 
affected AD-associated transcriptional signatures including: RNA 
processing, ER stress, and oxidative stress. Together, these data 
highlight proteomic-level changes in the hippocampus post-para-
biosis and establish a pipeline for assessing the effects of ag-
ing-associated, destabilized proteins in iPSC-derived cell types.

Funding Source: This work was supported by the Simons 
Foundation Collaboration on Plasticity in the Aging Brain, NIH/
NIA grant 1R01AG072086, NIH/NINDS grant 1R01NS117407, and 
NIH/NIA grant 1F32AG079593-01.

Keywords: aging, proteomics, parabiosis
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INNER EAR ORGANOIDS DERIVED FROM HUMAN 
PLURIPOTENT STEM CELLS ENRICHED WITH 
VESTIBULAR-LIKE HAIR CELLS AND OTOCONIA
Ogier, Jackie - Audiology and Speech Pathology, University of 
Melbourne, Australia
Nayagam, Bryony - Audiology and Speech Pathology, University 
of Melbourne, Parkville, Australia

Human hearing and balance are two of the most poorly under-
stood senses at a molecular level, largely because the inner ear 
cannot be biopsied without invasive and damaging skull surgery. 
Therefore, human pluripotent stem cell (hPSC) derived inner 
ear organoids are a needed tool for studying the development, 
maturation, and apoptosis of human inner ear cells in vitro. We 
have developed a protocol that uses the dynamic 3D Rotary Cell 
Culture System (RCCS) to generate inner ear organoids from hP-
SCs. These organoids recapitulate crucial phases of inner ear de-
velopment, including the generation of an enriched population 
of sensory mechanoreceptor hair cells, the sound and balance 
receptors in the ear. The addition of Matrigel at 14 and 21 DIV 
was found to significantly increase the expression of hair cell pro-
genitor transcription factors Sox2 and ATOH1 at 21 and 28 DIV 
respectively (p < 0.01). Organoid-derived hair cells predominantly 
display the morphological and physiological phenotypes of de-
veloping human foetal balance receptors (vestibular type II hair 
cells), as demonstrated by micro-computed tomography indicat-
ing the development of accessory structures such as otoconia. 
These data were further supported by helium ion microscopy 
and patch clamp electrophysiology. In conclusion, our 3D in vitro 
system provides a novel platform for modelling human inner ear 
development and investigating the effects of novel therapeutics 
for hair cell protection and regeneration.

Funding Source: The University of Melbourne, The Australian 
Research Council, The Garnett Passe and Rodney William 
Memorial Foundation, and The National Health and Medical 
Research Council of Australia.

Keywords: hearing, balance, organoid
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THE ROLE OF PERINEURONAL NETS IN 
AMYOTROPHIC LATERAL SCLEROSIS
Kerins, Caoimhe - Craniofacial and Regenerative Biology, 
King’s College London, UK
Gentleman, Eileen - Craniofacial and Regenerative Biology, 
King’s College London, UK

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative dis-
ease that is currently incurable. Perineuronal nets (PNNs) are one 
type of central nervous system extracellular matrix (ECM). Loss 
of PNNs has been associated with worsening ALS disease pro-
gression. Polyethylene glycol – norbornene (PEG-NB) hydrogels 
have been previously used for disease modelling. Specifically, 
PEG-NB gels functionalised with matrix metalloproteinase cleav-
able peptide sequences have been used to assess hydrogel en-
capsulated cell deposited ECM. Here, we aim to investigate if a 
causal relationship between PNN loss and ALS exists. We used 
human induced pluripotent stem cell (iPSC) with ALS associated 
mutations in TARDBP and C9ORF72 genes and their isogenic 
controls to create 2D and 3D models of PNNs. To assess ability 
of human iPSC-derived MNs and mouse ESC-derived astrocytes 

2D co-cultures to deposit PNNs at 3, 6 and 9 week of culture we 
utilised immunocytochemistry. Using aggrecan, a protein that is 
specific to PNNs in the CNS, hyaluronan and tenascin-R we show 
formation of PNN-like structures after 6 weeks in culture in all cell 
types. As ALS has an associated excitotoxicity phenotype, we 
have engineered our iPSC to express channelrhodopsin. We use 
optogenetics as a method to investigate the effects of electrical 
activity on PNN formation and degradation. We show that at ear-
ly (2 week) timepoints, optogenetic entrainment of iPSC-derived 
MN co-cultures has a negligible effect on PNN formation relative 
to non-entrained controls across cell types. We also demonstrate 
that iPSC-derived MNs can be encapsulated in 3D PEG-NB hy-
drogels but are not compatible with PEG vinyl sulfone hydrogels. 
PEG-NB gels are supportive of iPSC-derived MN viability as in-
dicated by neurite outgrowth. PEG-NB hydrogels are also sus-
ceptible to degradation by iPSC-derived MNs. In summation, we 
demonstrate that PNN-like structures can be manufactured in 2D 
co-cultures of iPSC-derived MNs and astrocytes. We also show 
that PEG-NB hydrogels are compatible with iPSC-derived MNs. 
By providing a 3D scaffold, we propose that the encapsulated cell 
deposited matrix will reveal any differences in PNNs between pa-
tient ALS lines and their isogenic controls. We believe that future 
experimentation will reveal these PEG-NB hydrogels to be utile 
models of ALS.

Funding Source: Wellcome Trust

Keywords: Amyotrophic lateral sclerosis, Hydrogels, 
Perineuronal nets
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USING THE IPSC PARADIGM AS A 
PERSONALIZED MEDICINE APPROACH TO LATE-
ONSET ALZHEIMER DISEASE
Sonntag, Kai C. - Psychiatry/BND/McLean Hospital, Harvard 
Medical School, McLean Hospital, Belmont, MA, USA
Ryu, Woo-In - Psychiatry/BND, McLean Hospital, Harvard 
Medical School, Belmont, MA, USA
Koh, Eun-Jung - Psychiatry/BND, McLean Hospital, Harvard 
Medical School, Belmont, MA, USA
Bormann, Mariana - Psychiatry/BND, McLean Hospital, Harvard 
Medical School, Belmont, MA, USA
Park, Yeongwon - Department of Molecular and Life Sciences, 
Hanyang University, Ansan, Seoul, Korea
Seo, Hyemyung - Department of Molecular and Life Sciences, 
Hanyang University, Ansan, Seoul, Korea
Cohen, Bruce - Psychiatry, McLean Hospital, Harvard Medical 
School, Belmont, MA, USA

The pathology of late-onset Alzheimer’s disease (LOAD) is still 
poorly understood, but it is multifactorial and closely related to 
changes with age. We developed a cellular platform for LOAD 
collecting skin fibroblasts or blood cells from LOAD patients and 
healthy control individuals that are used in the induced pluripo-
tent stem cell (iPSC) paradigm to produce brain cells for deter-
mining LOAD pathogenic processes in context of age, disease, 
genetic background, cell development, and cell type. This model 
has provided evidence for an innate inefficient cellular energy 
management in LOAD that is associated with alterations of the 
cellular transcriptomes and lipid compositions, and interconnect-
ed cause-and-effect linkages, such as impaired insulin/IGF-1 sig-
naling, bioenergetic substrate deficiencies, diminished glucose 
metabolism, disruption of the autophagic flux, and others. In addi-
tion, testing of metabolic compounds revealed some restoration 



85

P
O

S
T

E
R

 A
B

S
T

R
A

C
T

 G
U

ID
E

W
E

D
N

E
S

D
A

Y
, 

14
 J

u
N

E
 2

0
2

3

of the altered bioenergetic and metabolic processes in LOAD 
cells. Altogether, using the iPSC paradigm, we have identified an 
inherent LOAD-associated cellular metabolic phenotype as a po-
tential risk factor to develop neurodegenerative disease with age. 
We propose that this cellular model allows for patient-oriented 
examination of numerous mechanisms and interactions in LOAD 
pathogenesis, as a basis for a personalized medicine approach to 
predict altered aging and risk for development of dementia, and 
to test or implement (customized) therapeutic or disease-preven-
tive intervention strategies.

Funding Source: Program for Neuropsychiatric Research at 
McLean Hospital

Keywords: Alzheimer disease, induced pluripotent stem cells 
iPSC, metabolism and bioenergetics
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TRANSCRIPTIONAL SAFEGUARDING OF 
NEURONS BY REPRESSION OF UNWANTED CELL 
FATES PREVENTS BRAIN DISORDERS
Weigel, Bettina - Cell Fate Engineering and Disease Modeling, 
German Cancer Research Center, Heidelberg, Germany
Tegethoff, Jana - Cell Fate Engineering and Disease Modeling, 
German Cancer Research Center, Heidelberg, Germany
Lim, Bryce - Cell Fate Engineering and Disease Modeling, 
German Cancer Research Center, Heidelberg, Germany
Grieder, Sarah - Cell Fate Engineering and Disease Modeling, 
German Cancer Research Center, Heidelberg, Germany
Mall, Moritz - Cell Fate Engineering and Disease Modeling, 
German Cancer Research Center, Heidelberg, Germany

Reprogramming technologies have challenged the notion that 
differentiated cells are in an irreversible cellular state and have 
enabled us to study cell types that were previously inaccessible, 
such as human neurons. The transcription factor (TF) MYT1L has 
been found to be a strong reprogramming factor that enhances 
neuronal identity by repressing progenitor and non-neuronal pro-
grams in neurons, acting as neuronal safeguard. MYT1L mutations 
are strongly associated with several neurodevelopmental disor-
ders (NDDs), including ASD, suggesting that deficient repression 
might contribute to mental disease. In this work, we used human 
embryonic stem cell-derived neurons and mice to study how 
MYT1L regulates brain development, whether failure to repress 
unwanted genes causes disease phenotypes, and to test poten-
tial therapeutic interventions. We found that MYT1L deficiency 
caused upregulation of non-neuronal programs and ASD-associ-
ated phenotypes, including neurodevelopmental delays and be-
havioural deficits. Unexpectedly, we also found striking neuronal 
network hyperactivity upon MYT1L depletion. Genetic and phar-
macological intervention targeting upregulated non-neuronal fac-
tors, such as cardiac sodium channels, normalised electrophysio-
logical abnormalities in vitro and behavioural deficits in vivo. This 
shows that failure to repress unwanted genes upon MYT1L de-
pletion causes neuronal phenotypes, which can be treated even 
after neurodevelopment is complete. Overall, we present the first 
evidence that MYT1L mutations destabilise neuronal cell fate and 
function, and are sufficient to cause ASD-associated phenotypes 
in human and mouse models. Hence, failure to silence non-neu-
ronal gene expression in neurons represents a novel mechanism 
that, at least in part, could contribute to NDD aetiology. Since 
MYT1L is specifically expressed in virtually all neurons through-
out life it is tempting to speculate that active lifelong repression 
of non-neuronal programs is an evolutionarily-conserved safe-

guarding mechanism that is critical for the prevention of brain 
disorders. Furthermore, TFs with similar safeguarding functions 
might exist in other cell types, and this concept of silencing un-
wanted cell fate signatures might be a general mechanism often 
disrupted in disease.

Keywords: Neurodevelopmental disorders, induced neurons, 
transcriptional repression

623

EFFECTS OF LITHIUM AND VALPROATE 
ON TRANSCRIPTOME AND CHROMATIN 
ACCESSIBILITY IN HUMAN IPSC-DERIVED 
CORTICAL NEURONS
Lacbawan, Ley N. - Human Genetics Branch, National Institute 
of Mental Health Intramural Research Program, National 
Institutes of Health, Bethesda, MD, USA
Garcia, Joshua - Human Genetics Branch, National Institute of 
Mental Health Intramural Research Program, National Institutes 
of Health, Bethesda, MD, USA
Akula, Nirmala - Human Genetics Branch, National Institute of 
Mental Health Intramural Research Program, National Institutes 
of Health, Bethesda, MD, USA
Detera-Wadleigh, Sevilla - Human Genetics Branch, National 
Institute of Mental Health Intramural Research Program, 
National Institutes of Health, Bethesda, MD, USA
McMahon, Francis - Human Genetics Branch, National Institute 
of Mental Health Intramural Research Program, National 
Institutes of Health, Bethesda, MD, USA

Lithium and valproic acid (VPA) are first-line treatments for bipo-
lar disorder. Extensive research has been done on the molecular 
effects of lithium and VPA but studies on the molecular mech-
anisms of action that mediate mood regulation remain elusive. 
This study could help shed light on a link between upstream and 
downstream gene regulatory drug effects. Historically, pharma-
cological studies used animal models, established cell lines, or 
tissue from deceased subjects. Our study used renewable human 
iPSC-derived neuronal cells to determine the impact of mood sta-
bilizers on gene regulation, by analyzing accessible chromatin 
regions and the transcriptome. iPSCs of six unaffected individuals 
were differentiated into neural progenitor cells (NPC) and then 
into cortical neurons. Neurons grown post differentiation up to 6 
weeks were divided into three treatment groups: a) untreated, b) 
treated with 1mM LiCl for one week, and c) treated with 1 mM VPA 
for 72 hours. Accessible chromatin was analyzed using ATAC-seq 
and analysis is ongoing. Transcriptome was determined through 
RNA sequencing. Differential gene expression analysis of untreat-
ed neurons versus lithium treated neurons did not yield significant 
genes. Alternatively, we found ~300 significantly differentially ex-
pressed genes (DEGs) when we compared untreated neurons to 
VPA treated neurons (p adj< 0.05). Gene ontology pathway anal-
ysis of these genes show enrichment of cholesterol biosynthe-
sis and lipid metabolism pathways (p adj< 0.05). VPA treatment 
revealed some upregulated genes such as NRGN, a schizophre-
nia risk gene involved in synaptic development and remodeling; 
CLDN10, involved in cellular adhesion and ion transport; GNL3, 
a bipolar disorder GWAS hit involved in neural stem cell prolifer-
ation; and HDAC1, involved in chromatin remodeling, consistent 
with the known inhibition of HDAC1 by VPA. Profiling accessible 
chromatin could reveal regions that are primed for transcription 
but not yet reflected in downstream DEGs. This study illustrates 
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) the potential for iPSC-derived neurons to investigate drug mech-
anisms and potentially develop novel therapeutics.

Funding Source: This research was supported in part by the 
Intramural Research Program of the NIMH (ZIAMH002810).

Keywords: RNAseq, ATACseq, mood stabilizers
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THE ROLE OF PIEZO1 IN HUMAN BRAIN 
ORGANOID DEVELOPMENT
Evans, Elizabeth Louise - Physiology and Biophysics, University 
of California, Irvine, CA, USA
Ferrer, Naomi - Physiology and Biophysics, University of 
California, Irvine, CA, USA
Lai, Elaine - Physiology and Biophysics, University of California, 
Irvine, CA, USA
Bertaccini, Gabriella - Physiology and Biophysics, University of 
California, Irvine, CA, USA
Nourse, Jamison - Physiology and Biophysics, University of 
California, Irvine, CA, USA
Panicker, Mitradas - Physiology and Biophysics, University of 
California, Irvine, CA, USA
Pathak, Medha - Physiology and Biophysics, University of 
California, Irvine, CA, USA

As the brain develops, there are a series of dynamic events which 
produce local mechanical forces which can influence cell behav-
ior and development. However, it is still relatively unknown how 
cells are able to detect and transduce these mechanical cues 
during neural development. The PIEZO1 mechanically-gated ion 
channel is an attractive candidate as it opens in response to a 
wide range of mechanical cues and is responsible for widespread 
physiological functions. Our lab has determined that PIEZO1 activ-
ity can regulate the fate of human neural stem progenitor cells and 
revealed neurodevelopmental abnormalities in Piezo1 knockout 
mice. However, the role of PIEZO1 in human neural development 
remains unknown. To fill this gap, we are using 3D brain organ-
oids generated from induced pluripotent stem cells (iPSCs) which 
can model many aspects of early human neural development. To 
investigate how PIEZO1 affects human neural development, we 
generated brain organoids from WT and Piezo1 KO iPSCs. Consis-
tently, we observed altered morphology in the Piezo1 KO organ-
oids. Brain organoids display rosettes – lumens surrounded by 
neural progenitor cells – that are reminiscent of brain ventricles. 
Notably, we observe increased formation of rosette structures in 
Piezo1 KO brain organoids. To determine transcriptomic chang-
es underlying this altered morphology, we performed bulk RNA 
sequencing on WT and Piezo1 KO organoids. Pathway analysis 
revealed an upregulation of neural development pathways and 
an enrichment of developmental signaling pathways in the Piezo1 
KO samples, leading to our hypothesis that dysregulated signal-
ing in Piezo1 KO may contribute to the altered organoid morphol-
ogy and development. Ongoing experiments are further probing 
the Piezo1 KO phenotype in brain organoids and establishing 
which signaling pathways are implicated to cause morphological 
differences. In future, we aim to connect PIEZO1 channel activity 
to signaling regulation. Our work shows that mechanotransduc-
tion through PIEZO1 can influence human neural development 

and may reveal new connections between cellular mechanics 
and developmental signaling pathways.

Funding Source: NIH DP2 AT010376

Keywords: Mechanotransduction, Neural Development, Brain 
Organoid
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EXPLORING DIFFERENT STEM CELL MODELING 
PLATFORMS TO UNCOVER PHYSIOLOGICALLY 
RELEVANT ALS DISEASE PHENOTYPES
Eleftheriou, Georgia - Medicine Dentistry and Health Science, 
University of Melbourne / Florey Institute of Neuroscience and 
Mental Health, Melbourne, Australia
Frausin, Stefano - Neurogenesis and Neural Transplantation, 
Florey Institute of Neuroscience and Mental Health, Melbourne, 
Australia
Hunt, Cameron - Neurogenesis and Neural Transplantation, 
Florey Institute of Neuroscience and Mental Health, Melbourne, 
Australia
Viventi, Serena - Neurogenesis and Neural Transplantation, 
Florey Institute of Neuroscience and Mental Health, Melbourne, 
Australia
Bye, Christopher - Motor Neurone and Drug Screening, Florey 
Institute of Neuroscience and Mental Health, Melbourne, 
Australia
Turner, Bradley - Motor Neurone Disease, Florey Institute of 
Neuroscience and Mental Health, Melbourne, Australia
Parish, Clare - Neurogenesis and Neural Transplantation, 
Florey Institute of Neuroscience and Mental Health, Melbourne, 
Australia
Thompson, Lachlan - School of Medicine and Health Sciences, 
University of Sydney, Australia

Amyotrophic Lateral Sclerosis (ALS) is a heterogeneous neurode-
generative disorder characterised by the loss of upper and lower 
motor neurons in the central nervous system. The origin of motor 
neuron degeneration is unknown and may involve various patho-
genic pathways. Patient-derived stem cells have become increas-
ingly recognised as tools for the investigation of ALS. This project 
aims to model the pathogenic hallmarks of familial forms of ALS 
across various iPSC modelling platforms to identify and compare 
morphological and molecular phenotypes of ALS pathology in dif-
ferent stem cell settings. This study has characterised phenotypes 
of motor neurons generated from TDP and C9orf72 patient iPSC 
lines in 2D adherent cultures, organoids, and in the living central 
nervous system via surgical transplantation. Early results support 
our hypothesis that the physiological relevance of the neuronal 
environment correlates with the health of the motor neurons and 
the capacity to study disease progression over extended time 
frames. Neurons in 2D cultures displayed the highest degree of 
cellular stress, which was exacerbated in the disease lines when 
compared to controls. Organoids and transplanted neurons were 
healthier and could be investigated long-term, with transplanted 
neurons displaying complex patterns of anatomical integration in 
the host spinal cord. We hypothesise that physiologically relevant 
environments that broadly favour neuronal health may be imper-
ative in revealing specific disease pathways linked to disease-as-
sociated mutations. This may ultimately assist in developing pa-
tient-specific therapies, including high-throughput drug discovery 
targeted at specific, and potentially subtle, early disease profiles.

Keywords: Amyotrophic Lateral Sclerosis (ALS), Organoid, 
Transplantation
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629

NMDA RECEPTOR ANTAGONISM MITIGATES 
GLIOBLASTOMA CELL INVASION AND GROWTH 
IN CORTICAL ORGANOIDS
Paradis-Isler, Nicolas - Medecine, Université de Montréal / CR-
HMR, Montréal, QC, Canada
Tanaka, Yoshiaki - Medecine, Université de Montréal, QC, 
Canada

Glioblastoma (glioma grade IV) is the most frequent and the dead-
liest primary brain cancer. Glutamate, a neurotransmitter under-
lying normal neurological function, is also a factor that regulates 
proliferation and survival of glioblastoma cells. NMDA receptors 
are a class of glutamate receptors present at the membrane of 
different types of neural cells as well as some glioblastoma cells. 
How signaling through NMDA receptors regulates glioblastoma 
cell behaviour in the nervous system however remains unclear. 
We sought to validate whether inhibiting NMDA receptor signal-
ing can prevent glioblastoma invasion of neural tissue. To test the 
effects of NMDA receptor antagonists on glioblastoma cell status 
and growth in a neural microenvironment, we used human corti-
cal organoids, 3D cellular models that recapitulate important fea-
tures of the cerebral cortex. Following a previously established 
protocol for directed differentiation of human embryonic stem 
cells, we generated cortical organoids that were subsequent-
ly cultured in the presence of human glioblastoma cells. Here, 
we report that NMDA receptor blockade is associated with de-
creased glioblastoma cell abundance in cortical organoids. We 
find, furthermore, that this decrease correlates with downregu-
lation of SOX2, a pioneer transcription factor critical for cellular 
pluripotency widely used as a marker of stem cells. These results 
indicate that inhibition of NMDA receptor signaling impedes glio-
blastoma cell invasion or growth in the neural microenvironment 
and suggest that it may decrease the amount of glioblastoma 
stem cells, cells considered to play an important role in treatment 
resistance and recurrence. Our findings support the therapeutic 
potential of NMDA receptor antagonism as an adjuvant strategy 
to mitigate glioblastoma recurrence.

Keywords: Glioblastoma, Cortical organoids, NMDA receptor
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GENERATION AND CHARACTERISATION OF 
CRYOPRESERVED HUMAN IPSC-DERIVED 
MICROGLIA
Wallbank, David - Research and Services, Axol Biosciences, 
Cambridge, UK
Barnes, Ashley - Research and Services, Axol Biosciences, 
Cambridge, UK
Sathiaseelan, Vijitha - Research and Services, Axol Biosciences, 
Cambridge, UK
Tilman, Jessica - Research and Services, Axol Biosciences, 
Cambridge, UK

Microglia play a key role in neurodegeneration and inflammation 
in the brain, thus studying these cells is essential for the devel-
opment of novel therapies. Current animal and primary cell mod-
els are not physiologically relevant or provide a finite amount 
of material, making it difficult to reliably produce a model that 
recapitulates the disease in a human background. Therefore, 
induced pluripotent stem cells (iPSC), alongside robust differen-
tiation methodologies, can provide a human model with the large-

scale production required for drug discovery. This study aimed 
to produce iPSC-derived microglia using an established protocol 
that could be cryopreserved at scale. After a short maturation, 
iPSC-derived microglia cells were quality control tested and func-
tionally characterised. Across multiple batches, the cryopreserved 
cells showed expression of common microglial markers, IBA1, 
P2RY12 and TMEM119 through immunocytochemistry. Consistent 
and repeatable functional activity of the microglia was observed 
post thaw. A key functional role of microglia is the phagocytosis 
of toxic species, here we demonstrated the uptake of pHrodo-la-
belled bait by different batches of iPSC-derived microglia using 
an IncuCyte S3. In addition to phagocytosis, chemotaxis towards 
inflammatory signals was observed, with the iPSC-derived mi-
croglia demonstrating cell movement towards C5A and ADP on 
an IncuCyte S3. Transcriptomics using TempoSeq demonstrat-
ed the presence of microglia markers in matured thawed cells. 
Cryopreserved cells demonstrated an IL-6 inflammatory profile 
in response to lipopolysaccharide stimulation. Here we show the 
initial characterization of cryopreserved iPSC-derived microglial 
cells and demonstrated their use for studying functional activity. 
These iPSC-derived microglial cells could be an invaluable tool 
for modelling neurological disease in drug discovery at scale.

Keywords: Differentiation, Neurodegeneration, Microglia
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DISSECTING MUTANT P53-DRIVEN 
ASTROCYTOMA WITH A LI-FRAUMENI 
SYNDROME IPSC DISEASE MODEL
Xu, An - Integrative Biology and Pharmacology, UTHealth 
Houston, TX, USA
Liu, Mo - McGovern Medical School, UTHealth, Houston, TX, 
USA
Huang, Mo-Fan - McGovern Medical School, UTHealth, Houston, 
TX, USA
Hu, Ruifeng - School of Biomedical Informatics, UTHealth, 
Houston, TX, USA
Van Nostrand, Eric Lyman - Department of Biochemistry & 
Molecular Biology and Therapeutic Innovation Center, Baylor 
College of Medicine, Houston, TX, USA
Zhao, Zhongming - School of Biomedical Informatics, UTHealth, 
Houston, TX, USA
Zhao, Ruiying - McGovern Medical School, UTHealth, Houston, 
TX, USA
Lee, Dung-Fang - McGovern Medical School, UTHealth, 
Houston, TX, USA

N6-methyladenosine (m6A), one of the most prevalent mRNA 
modifications in eukaryotes, plays a critical role in modulating 
both biological and pathological processes. Dysregulation of 
m6A modification and m6A-associated regulators plays a critical 
role in tumor initiation and progression. However, it is unknown 
whether mutant p53 neomorphic oncogenic functions exploit the 
dysregulation of m6A epitranscriptomic networks. Patient-de-
rived iPSCs present a powerful cancer platform to assess the 
cellular signaling, transcriptional, and chromatin landscapes re-
sulting from well-defined genetic alterations and provide poten-
tial therapeutic insights into the early events of tumor initiation. 
Li-Fraumeni syndrome (LFS) is an autosomal dominant familial 
cancer syndrome caused by germline TP53 mutations and char-
acterized by multiple primary neoplasms with early onset. Here, 
we investigated LFS-driven neoplastic transformation by mutant 
p53 in iPSC-derived astrocytes, the cell-of-origin of gliomas. We 
found that mutant p53 but not wild-type p53 physically interacts 
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) with SVIL to recruit the H3K4me3 methyltransferase MLL1 to ac-
tivate the expression of m6A reader YTHDF2, culminating in an 
oncogenic phenotype. Aberrant YTHDF2 upregulation markedly 
hampers expression of multiple m6A-marked tumor-suppressing 
transcripts, downregulates CDKN2B and SPOCK2 expression, 
and induces oncogenic reprogramming. Mutant p53 neoplastic 
behaviors are significantly impaired by genetic depletion of YT-
HDF2 or by pharmacological inhibition using MLL1 complex inhib-
itors. Our study reveals how mutant p53 hijacks epigenetic and 
epitranscriptomic machinery to initiate gliomagenesis and sug-
gests potential treatment strategies for LFS gliomas.

Funding Source: A.X. was a CPRIT Postdoctoral Fellow in the 
Biomedical Informatics, Genomics and Translational Cancer 
Research Training Program (BIG-TCR, CPRIT grant RP210045).

Keywords: Li-Fraumeni syndrome, mutant p53, YTHDF2
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BRAIN AVATARS: MEASURING PATIENT-
SPECIFIC NEUROINFLAMMATORY AND 
ELECTROPHYSIOLOGICAL PHENOTYPES 
IN IPSC-DERIVED NEURAL ORGANOIDS TO 
TAILOR THERAPEUTIC APPROACHES IN DRUG-
RESISTANT EPILEPSY
Awasthi, Kapila - Department of Neurology, Mayo Clinic, MN, 
USA
Nguyen, Ngoc Hoan - Department of Neurology, Mayo Clinic, 
Rochester, MN, USA
Clarkson, Benjamin - Department of Lab Medicine and 
Pathology, Mayo Clinic, Rochester, MN, USA
Howe, Charles - Department of Neurology, Division of 
Experimental Neurology, Center for MS and Autoimmune 
Neurology, Mayo Clinic, Rochester, MN, USA

Approximately 30% of patients with epilepsy have drug-resistant 
seizures, defined as the failure to control seizures using two or 
more well-tolerated and appropriately chosen anti-seizure drugs. 
These drugs target electrophysiological processes and there-
fore the failure to respond suggests parallel or alternative mech-
anisms driving seizures in patients with drug-resistant epilepsy 
(DRE). Of particular concern are children with DRE, both in the 
form of explosive new onset refractory status epilepticus and in 
the manifold forms of DRE such as Lennox-Gastaut syndrome or 
Landau-Kleffner syndrome. DRE in children is associated with 
profound morbidity, increased mortality, and lifelong impairment. 
The ability to stop seizures in these patients is a critical unmet 
human health need. Based on animal model and patient findings, 
the concept of inflammation – both peripheral and in the central 
nervous system – as a key pathogenic driver in DRE has emerged. 
Based on our experience, we work from the overarching hypoth-
esis that dysregulated innate immune responses induce, propa-
gate, and/or amplify seizures within the context of an altered neu-
ral network threshold to ictogenesis. To test this hypothesis and 
to identify novel approaches to modulating neuroinflammation to 
attenuate seizures, we have developed a platform for measuring 
neural network properties in patient-derived induced pluripotent 
stem cell-derived neural organoids that contain neurons, astro-
cytes, oligodendrocytes, and microglia. Neural stem cell-derived 
and hematopoietic stem cell-derived cells are mixed and cultured 
to promote dense networking between neural clusters. These 
networks are grown on multielectrode arrays for direct electro-
physiological profiling and electrical stimulation. Networks are 
also transduced with reporters like AAV.CaMKII.GCaMPf for calci-

um flux assessment. Patient brain avatars are stimulated with in-
flammatory drivers and changes in network bursting and spiking 
are measured to characterize the impact of neuroinflammation 
on “seizure threshold in a dish”. Our goal is to establish a robust 
platform for identifying patient-specific neuroinflammatory and 
electrophysiological response profiles and for screening thera-
peutic efficacy that will ultimately resolve drug-resistant seizures 
in these patients.

Keywords: Drug-Resistant Epilepsy, iPSC-Derived Neural 
Organoids, Therapeutics
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CHARACTERIZATION OF ROBUST AND 
CONSISTENT HUMAN IPSC-DERIVED INDUCED 
EXCITATORY NEURONS FOR DISEASE 
MODELING AND DRUG DISCOVERY
Bradley, Robert - Discovery Research - Research and 
Development, Fujifilm Cellular Dynamics, Madison, WI, USA
Ma, Junyi - Discovery Research - Research and Development, 
Fujifilm Cellular Dynamics, Madison, WI, USA
Fathi, Ali - Discovery Research - Research and Development, 
Fujifilm Cellular Dynamics, Madison, WI, USA
Fiene, Rebecca - Discovery Research - Research and 
Development, Fujifilm Cellular Dynamics, Madison, WI, USA
Hogan, Clifford - Discovery Research - Research and 
Development, Fujifilm Cellular Dynamics, Madison, WI, USA
Carlson, Coby - Discovery Research - Research and 
Development,, Fujifilm Cellular Dynamics, Madison, WI, USA
Hilcove, Simon - Discovery Research - Product Management, 
Fujifilm Cellular Dynamics, Madison, WI, USA
Schachtele, Scott - Discovery Research - Product Management, 
Fujifilm Cellular Dynamics, Madison, WI, USA
Liu, Jing - Discovery Research - Research and Development, 
Fujifilm Cellular Dynamics, Madison, WI, USA

Human induced pluripotent stem cell (iPSC)-derived neurons are 
integral for elucidating mechanisms and therapeutic targets un-
derlying neurodevelopmental and neurodegenerative disease. 
Directed differentiation protocols have largely been employed 
for generating iPSC-derived neural models. While directed differ-
entiated cells are highly predictive for drug screening, this differ-
entiation method is challenged to meet the economies of scale 
required for high-throughput compound testing within discovery 
research and preclinical drug development pipelines. Induction 
of neural differentiation using NGN2 forward reprogramming of 
iPSCs offers a robust method for generating scalable quantities 
of excitatory neurons with low lot-to-lot variability. In this study we 
utilize NGN2 overexpression, under a doxycycline (DOX) promot-
er, to generate highly pure excitatory glutamatergic neurons from 
iPSC lines with an apparently healthy normal (AHN) background 
or a heterozygous pathogenic R493X nonsense mutation in the 
progranulin gene (GRN) to model frontotemporal dementia (FTD). 
We demonstrate that induced excitatory AHN and GRN (493X) 
neurons display gene expression profiles similar to neurons from 
published NGN2 protocols. We further show the presence of 
highly pure neuronal populations (> 90% Tuj-1+) that can be re-
covered post cryopreservation to form consistent neural cultures 
without continued use of DOX. We next show induced neuron 
monocultures are suitable for neurite outgrowth, survival, and tox-
icity assays. When co-cultured with isogenic iPSC-derived astro-
cytes, both AHN and GRN (493X) induced excitatory neurons pro-
duced robust neural networks on multielectrode array platforms. 
Induced excitatory neurons were co-cultured with iPSC-derived 
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astrocytes in ultra-low adhesion 96-well round-bottom plates 
to form neurospheres. AHN and GRN (493X)-containing neuro-
spheres developed dynamic calcium oscillations, whose patterns 
were altered by addition of known neuromodulatory compounds 
(DNQX, AP5). These data show a robust and scalable method us-
ing NGN2 forward reprogramming to consistently produce fully 
differentiated induced excitatory neurons. These cells function 
across a variety of applications that support high-throughput pre-
clinical drug discovery and compound screening.

Keywords: NGN2 Induced Neurons, Progranulin, Frontal 
Temporal Dementia (FTD)
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IDENTIFYING THE UNDERLYING MECHANISMS 
OF PPP2R5D-RELATED NEURODEVELOPMENTAL 
DISORDER IN PATIENT DERIVED NEURONS
Young, Randee - Pediatrics, Columbia University Medical 
Center, New York, NY, USA
Chung, Wendy - Pediatrics, Columbia University, New York, NY, 
USA

Neurodevelopmental disorders (NDDs) are common and affect 
more than 3% of children worldwide yet remain a notoriously 
difficult therapeutic area despite the identification of mutations 
underlying NDDs. A significant barrier to treating NDDs has been 
understanding the etiology of pathological mechanisms leading 
to disease. Mutations in PPP2R5D cause the rare neurodevel-
opmental disorder Jordan’s Syndrome, which is associated with 
megalencephaly, developmental delay, intellectual disability, 
seizures, autism spectrum disorder, and early onset Parkinson’s 
disease. PPP2R5D encodes a subunit of the major PP2A phos-
phatase which regulates substrate target specificity for Ser/Thr 
dephosphorylation. To determine the underlying mechanisms 
contributing to Jordan’s Syndrome, we have derived induced 
pluripotent stem cells (iPSCs) from several patients carrying 
unique PPP2R5D mutations and differentiated patient derived 
iPSCs along with CRISPR-corrected isogenic controls into neural 
progenitors and neurons. We found that neural progenitors har-
boring PPP2R5D pathogenic variants are over proliferative com-
pared to isogenic controls. Additionally, neurite outgrowth stud-
ies revealed that neuronal development is altered, and neurite 
length is significantly increased in patient derived neurons. Our 
findings suggests that PPP2R5D pathogenic mutations lead to 
increased neural progenitor proliferation and accelerated neurite 
extension, which is consistent with brain overgrowth and mega-
lencephaly observed in patients. We hypothesize that PPP2R5D 
pathogenic variants in Jordan’s Syndrome patients disrupt the 
specificity of the PPP2R5D/PP2A phosphatase by mis-regulating 
critical signaling pathways important for neuronal development, 
contributing to brain overgrowth and neurodevelopmental dis-
order observed in patients. To determine whether knockdown 
of pathogenic variants will abrogate dysfunctional phosphatase 
activity, we aim to develop preclinical therapeutic strategies for 
PPP2R5D neurodevelopmental disorder to rescue phenotypes in 
patient derived neurons. Uncovering the molecular mechanisms 
underlying pathogenic PPP2R5D variants will be a significant step 

toward treating these patients and will provide an framework for 
the treatment of other neurogenetic disorders.

Funding Source: This work was supported by the National 
Center for Advancing Translational Sciences, National Institutes 
of Health, through Grant Number TL1TR001875.

Keywords: Neurodevelopmental disorder, Patient derived stem 
cells, Personalized medicine
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TOWARD UNDERSTANDING THE MOLECULAR 
BASIS OF RNA EXOSOME-LINKED 
PONTOCEREBELLAR HYPOPLASIA TYPE 1B: A 
CEREBELLAR ORGANOID MODEL
Barr, Nina Alexis - Biological Sciences, University of Southern 
California, Los Angeles, CA, USA
Burford, James - Biological Sciences, University of Southern 
California, Los Angeles, CA, USA
Seth, Anoothi - Biological Sciences, University of Southern 
California, Los Angeles, CA, USA
Kang, Rylee - Biological Sciences, University of Southern 
California, Los Angeles, CA, USA
Gada, Jash - Biological Sciences, University of Southern 
California, Los Angeles, CA, USA
Morton, Derrick - Biological Sciences, University of Southern 
California, Los Angeles, CA, USA

Pontocerebellar Hypoplasia Type 1b (PCH1b) is a devastating 
autosomal recessive neurodevelopmental disorder character-
ized by significant atrophy of the cerebellum and pons. The cer-
ebellum and pons integrate information from sensory systems, 
the spinal cord, and other parts of the brain to regulate motor 
movements, breathing, and learning motor behavior. Currently, 
there is no cure for PCH1b and treatment in purely palliative. Mu-
tations that cause PCH1b occur in the EXOSC3 gene, encoding 
a structural cap subunit of an evolutionarily conserved RNA pro-
cessing complex, the RNA exosome. The RNA exosome complex 
is a ubiquitously expressed ribonuclease composed of structural 
and catalytic subunits that play a critical role in the post-transcrip-
tional regulation of RNA. The RNA exosome is required for 3’-5’ 
processing and degradation of a variety of cellular RNAs. Cer-
ebellar pathology in RNA exosome-linked PCH1b is challenging 
to understand based on current models of PCH1b. The goal of 
this study is to begin to define requirements for RNA exosome 
subunit EXOSC3 during cerebellar development through the 
study of EXOSC3-linked PCH1b mutations. To determine require-
ments for the RNA exosome during cerebellar development, we 
are developing a 3D human induced pluripotent stem cell (hiP-
SC)-derived cerebellar organoid platform to recapitulate neuro-
nal dysfunction and degeneration known to characterize PCH1b. 
We have engineered an allelic series of missense mutations via 
CRISPR/Cas9-editing technology encoding PCH1b-linked amino 
acid changes (EXOSC3-G31A and -G191C) in hiPSCs to generate a 
cerebellar organoid model of PCH1b. We will combine single-cell 
transcriptomics and novel molecular tools to investigate the tran-
scriptomic dynamics of generated cells during cerebellar differ-
entiation as well as define key post-transcriptional regulatory 
events mediated by the RNA exosome. Results from this work will 
provide a framework to study how the RNA exosome functions in 
early cerebellar development and has the potential to transform 
our understanding of PCH1b pathogenesis.

Keywords: Cerebellar Organoid, RNA Exosome, 
Neurodevelopmental Disease
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HUMAN CORTICAL BRAIN ORGANOIDS TO 
STUDY ADAPTIVE CHANGES IN ALCOHOL 
ADDICTION
Artioli, Annasara - Hector Institute for Translational Brain 
Research, Central Institute of Mental Health, University of 
Heidelberg/Medical Faculty Mannheim, German Cancer 
Research Center, Mannheim, Germany
Zillich, Lea - Institute of Medical Genetics and Applied 
Genomics/Hector Institute for Translational Brain Research, 
Central Institute of Mental Health, Mannheim, Germany
Marsoner, Fabio - Hector Institute for Translational Brain 
Research, Central Institute of Mental Health, University of 
Heidelberg/Medical Faculty Mannheim, German Cancer 
Research Center, Mannheim, Germany
Hoffrichter, Anne - Hector Institute for Translational Brain 
Research, Central Institute of Mental Health, University of 
Heidelberg/Medical Faculty Mannheim, German Cancer 
Research Center, Mannheim, Germany
Ladewig, Julia - Hector Institute for Translational Brain 
Research, Central Institute of Mental Health, University of 
Heidelberg/Medical Faculty Mannheim, German Cancer 
Research Center, Mannheim, Germany
Koch, Philipp - Hector Institute for Translational Brain Research, 
Central Institute of Mental Health, University of Heidelberg/
Medical Faculty Mannheim, German Cancer Research Center, 
Mannheim, Germany

Alcohol use disorder (AUD) is a global problem causing 2.5 mil-
lion deaths per year and accounts to the world’s third largest risk 
factor for premature mortality and disability. Although poses ma-
jor challenges to public health care systems, the medical needs 
of the patients are largely unmet and underlying neurobiological 
causes only poorly understood. Most of our understanding of the 
molecular changes in the brain evoked by alcohol addiction is 
based on post mortem human tissue or animal models. Induced 
pluripotent stem (iPS) cell-derived brain organoids represent 
an attractive and innovative tool to decipher adaptive changes 
during disease onset caused by genetic or environmental chal-
lenges (including noxious substances) in a human setting and an 
unbiased forward approach. We set out to analyze how acute and 
chronic alcohol exposure changes transcriptional and epigene-
tic programs in the human cortex. We generated forebrain-type 
organoids applying iPS cells from healthy controls and alcohol 
addicts. We developed protocols allowing us to generate organ-
oid slices cultured for >100 days, which develop a cell compo-
sition and histoarchitecture mimicking late stages of corticogen-
esis of the human brain. We performed a combinatorial single 
nuclei sequencing approach for the simultaneous detection of 
the cells’ transcriptome and chromatin accessibility. Acutely and 
chronically treated organoids showed an increased expression 
of inflammatory, metabolic and ROS genes as well as alcohol-in-
duced immune system activation biomarkers as SIM2. Differential 
expression of epigenetic modifiers have been observed in the 
treated conditions, whose among the targets are genes implicat-
ed in neuronal migration, synapses formation, neuroglia interac-
tions and genes involved in AUD predisposition and behaviors 
regulation, such as CNR1, PSD3 and PDE4B. Particularly the acute 
condition shows an upregulated expression of acetyltransferases 
and demethylases and an increased accessibility of the chroma-
tin compared to the chronic condition, suggesting that epigene-
tic adaptations in forebrain-type organoids could be induced by 
long-term EtOH treatment. We expect that this project will help to 

define critical contributors in the pathogenesis of alcohol addic-
tion, eventually leading to new therapeutic paradigms.

Keywords: Cerebral Organoids, Alcohol Addiction, Multiome 
Sequencing
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INVESTIGATING THE SUBTYPE-SPECIFIC 
PATHOGENIC MECHANISMS OF PEDIATRIC 
BRAIN TUMOR USING A HUMAN EMBRYONIC 
STEM CELL MODEL
Nakasato, Hitomi - Biochemistry and Molecular Biology, 
University of Georgia, Athens, GA, USA
Emerson, Miriam - Biochemistry and Molecular Biology, 
University of Georgia, Athens, GA, USA
Funato, Kosuke - Biochemistry and Molecular Biology, University 
of Georgia, Athens, GA, USA

Brain tumor is the leading cause of cancer-related death in chil-
dren. Recent studies have identified multiple new subtypes of pe-
diatric brain tumors defined by specific driver mutations in tran-
scription and epigenetic factors, including histone H3, BCOR, and 
FOXR2. FOXR2-activated CNS neuroblastoma is a newly recog-
nized brain tumor subtype that harbors genomic rearrangements 
at the FOXR2 locus and is characterized by elevated FOXR2 
expression. However, the precise mechanisms underlying the 
subtype-specific tumorigenesis, including the cell type of origin, 
are not fully understood. Here, we developed a human embry-
onic stem cell (hESC) model to identify the cell type of origin and 
elucidate the pathogenic mechanisms. The expression profile 
analysis of the patient tumors showed an elevated expression 
of interneuronal marker genes, such as DLX1, NKX2.1, and SST 
(Somatostatin). Given that NKX2.1 and SST are the markers for 
interneuronal cells derived from the Medial Ganglionic Eminence 
(MGE) of the ventral forebrain, we hypothesized that MGE-de-
rived interneuronal progenitor cells are the cell type of origin. To 
test this hypothesis, we differentiated hESC to the MGE-type in-
terneuronal progenitor cells by a chemically defined protocol as 
well as cortical excitatory neural progenitor cells as a control cell 
type and then over-expressed FOXR2. In a low-density culture, 
FOXR2 overexpression in the MGE-type interneuronal progeni-
tor cells resulted in a significant increase in the total cell number 
(3.75-fold; p = 0.022), while not in the cortical progenitor cells, 
indicating a cell-type-specific effect of FOXR2. Our new model 
has a promising potential to elucidate the molecular mechanisms 
underlying the formation of FOXR2-activated CNS neuroblasto-
ma and pave the way for the discovery of therapeutic targets and 
effective treatments for patients suffering from this devastating 
disease.

Keywords: Brain tumor, Stem cell model, FOXR2
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HUMAN VENTRAL TELENCEPHALIC ORGANOIDS 
REPRODUCE MOLECULAR PATHWAYS DRIVING 
GABAERGIC NEURONAL DIVERSIFICATION
Sartore, Rafaela - Stanley Center for Psychiatric Research, 
Broad Institute of MIT and Harvard, Cambridge, MA, USA
Kim, Kwanho - Stanley Center for Psychiatric Research, Broad 
Institute of MIT and Harvard, Cambridge, MA, USA
Adiconis, Xian - Stanley Center for Psychiatric Research, Broad 
Institute of MIT and Harvard, Cambridge, MA, USA
Paulsen, Bruna - Department of Stem Cell and Regenerative 
Biology, Harvard University, Cambridge, MA, USA
Smith, Samantha - Stanley Center for Psychiatric Research, 
Broad Institute of MIT and Harvard, Cambridge, MA, USA
Levin, Joshua - Stanley Center for Psychiatric Research, Broad 
Institute of MIT and Harvard, Cambridge, MA, USA
Arlotta, Paola - Department of Stem Cell and Regenerative 
Biology, Harvard University, Cambridge, MA, USA

GABAergic transmission finely tunes the signal flow by inhibiting 
action potentials in the receiving neuronal network. The modula-
tion exerted by this class of neurons is essential for homeostasis 
and the precise processing of information in the nervous system. 
Growing evidence associates alterations in GABA signaling with 
complex brain conditions such as schizophrenia and autism spec-
trum disorder (ASD). In this study, we developed an organoid mod-
el of the embryonic ventral telencephalon that recapitulates GAB-
Aergic neuron development. Using single-cell RNA sequencing, 
we profiled over 215,000 cells from three different timepoints of 
organoid differentiation and demonstrate the presence of lineag-
es corresponding to fetal LGE, CGE and MGE progenies. Through 
the reconstruction of developmental trajectories, we identified 
molecular drivers that define divergent pathways during cell fate 
commitment across multiple lineages, such as macroglia, and cor-
tical and basal ganglia GABAergic neurons. Finally, we applied 
this model to understand the impact of haploinsufficiency of the 
ASD risk gene CHD8 to cellular commitment and cell states of 
the ventral telencephalon. In the mutant organoids, we observed 
a shift from CGE lineages towards MGE derivatives. We anticipate 
that this organoid system will aid in the investigation of human 
GABAergic neuron development and enable understanding of 
mechanisms underpinning neurodevelopmental disorders.

Funding Source: This work was supported by grants from 
the Stanley Center for Psychiatric Research and the National 
Institutes of Health (P50MH094271) to P.A.

Keywords: interneuron, subpallium organoid, ASD
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ACCURATE DRUG SCREENING BY DESIGN OF 
ANTI-FOULING CHANNEL WALL PDMS-BASED 
MICROFLUIDIC PLATFORM
Kim, Tae Young - School of Electrical and Electronic 
Engineering, Younsei University, Yonsei University, Korea
Choi, Jeong-Won - Biomedical Engineering, Ulsan National 
Institute of Science and Technology, Ulsan, Korea
Park, Tae-Eun - Biomedical Engineering, Ulsan National Institute 
of Science and Technology, Ulsan, Korea
Seo, Jungmok - School of Electrical and Electronic Engineering, 
Yonsei University, Seoul, Korea

After the concept of the 3D cell culturing technique was intro-
duced, various attempts have been made for accurate drug 
screening. Among the materials used for microfluidic devices in 
the laboratory, PDMS has been the most popular because of ad-
vantages such as flexibility, biocompatibility, and gas permeabili-
ty. However, the permeability of PDMS promotes the non-specific 
adsorption of small hydrophobic molecules which is a major issue 
in drug screening. Thus, we developed Microfluidics Fabricated 
with APTES-perFluoro Infused Application (MAFIA) device. This 
device consists of two big parts. First, ECM coated membrane for 
cell culture. Second, perfluoropolymer for lubricant swell. This hy-
drophobic lubricant barrier possesses intrinsic advantages in re-
sistance to absorption of organic solvent adsorption and also fully 
repels the adsorption of small molecules, including drugs. In this 
study, we evaluated cell culture in the MAFIA device with caco-
2 and human iPSC-derived BBB cells and observed organ-like 
structures. A proper gas supply is crucial for cell survival. Gas per-
meability is one of the important characteristics of PDMS-based 
microfluidics. MAFIA device O2 and CO2 permeability dropped 
to almost 65% compared to the control group. We are concerned 
about inducing hypoxia through decreased gas permeability by 
PDMS. However, decreased gas permeability caused no adverse 
effect on cell culture which was evaluated by Real-time RT-PCR 
and fluorescence staining imaging. Quantitative PCR(qPCR) to 
evaluate BBB cell gene expression level changes such as CDH5, 
CLD5, OCLN, PECAM1, SLC1A1, SLC38A5, TJP1, ABCG2, ISNR, 
LRP1, MRP1, MRP1, SLC7A5, TFRC were no significant difference 
between the conventional microfluidic device and the MAFIA de-
vice. Drug compound quantification without cells was performed 
via HPLC. Compared to the MAFIA device group, the convention-
al microfluidic group drops the amount of drug by about 27% in 
various flow rate conditions. We envision that MAFIA device pro-
vides an environment that blocks drug loss to the PDMS and cell 
culture at the same time which leads to accurate drug screening.

Funding Source: This research was supported by Nano·Material 
Technology Development Program through the National 
Research Foundation of Korea (NRF) funded by Ministry of 
Science and ICT (2022R1A2C4001652)

Keywords: Organ on a chip, Accurate drug screening, human 
iPSC-derived BBB cell
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OVERCOMING PLURIPOTENT STEM CELLS 
VARIABILITY IN 3D NEURAL DIFFERENTIATION
Sutcliffe, Magdalena A. - Cell Biology, MRC Laboratory of 
Molecular Biology, Cambridge, UK
Jensen, Pia - Department of Biochemistry and Molecular 
Biology, University of Southern Denmark, Odense, Denmark
Wingett, Steven - Cell Biology, MRC Laboratory of Molecular 
Biology, Cambridge, UK
Larsen, Martin - Department of Biochemistry and Molecular 
Biology, University of Southern Denmark, Odense, Denmark
Lancaster, Madeline - Cell Biology, MRC Laboratory of Molecular 
Biology, Cambridge, UK

Stem cell derived models present unprecedented opportunity to 
study human development, especially with recently developed 
organoid methods. The variability between pluripotent stem cell 
variability constitutes a major hurdle in reproducible generation of 
good quality tissues but is also a learning opportunity to discov-
ered how fate decisions are taken and adjusted in the embryo. 
Here we explore the source of differences in cell lines undergo-
ing unguided neural differentiation and ways to mitigate them.We 
selected a panel of human PSC lines that either produce good 
quality cerebral organoids or differentiate spontaneously towards 
different tissue types. These cell lines were then characterised 
by proteomics, RNAseq and ATACseq to identify major pathways 
determining their likeliness of success in brain organoid genera-
tion. We identified a number of changes in metabolism, chromatin 
accessibility and activation of pathways involved in cell adhesion 
and spreading that lead to incompatibility with brain differentia-
tion trajectory. Bad differentiators had higher levels of Wnt signal-
ling, which led to acquisition of more neural crest/mesoderm phe-
notypes. In some cells lines these changes could be mitigated 
by culture on optimised coating matrix, inhibitors of cell adhesion 
kinases (SRC) or with canonical and non-canonical Wnt signalling 
inhibition. Other lines required more complex treatment, similar to 
chemical reprogramming of somatic cells to induced pluripotent 
stem cells. These reprogrammed bad differentiators could repro-
ducibly produce good brain organoids if maintained with Wnt in-
hibition. In conclusion we postulate that due to intrinsic variability, 
the PSCs acquire a range of developmental states under identical 
culture conditions, some of which are incompatible with acqui-
sition of brain fate. Wnt inhibition therefore maintains the most 
pluripotent state of primed stem cells. In a broader sense this 
work sheds light on how Wnt signalling determines the fate of the 
epiblast to become brain or body.

Keywords: stem cell differences, neural differentiation 
competency, differentiation bias
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ORGANOID COMPLEMENTATION PROVIDES 
INSIGHT INTO THE DEVELOPMENT OF FUCHS 
CORNEAL DYSTROPHY
Butelet, Nicolas - Ophthalmology, Stanford, Palo Alto, CA, USA
Swarup, Aditi - Ophthalmology, Stanford University, Palo Alto, 
CA, USA
Wu, Albert - Ophthalmology, Stanford University, Palo Alto, CA, 
USA

Modeling the human system to better understand disease pro-
gression and treatment utilizing animals is standard. In addition to 

the multitude of ethical complications that come with animal mod-
els, there are vast differences between animal and human sys-
tems. With the continuing progression of organoid technology, 
the possibility of forgoing animal disease modeling is becoming 
more feasible. The goal of this work is to investigate the potential 
for organoid complementation to study genetic diseases. Organ-
oid complementation entails first creating a diseased organoid 
via deletion of a particular gene from an iPSC line resulting in 
development of a diseased phenotype niche. These diseased 
cells are then cocultured with cells from non diseased iPSC cells 
that complement the niche and reverse the diseased phenotype 
resulting in a healthy organoid. In this work we have chosen to 
study Fuch’s Corneal Endothelial Dystrophy (FCED), a genetic 
disease that has clinical relevance, limited research, and no rea-
sonably effective treatment. In order to gain more insight about 
the genes and cell types that are involved in the development 
of the disease, I have complemented a corneal dystrophy cell 
line, created previously by our lab, along with a GFP expressing 
non-diseased iPSC line. Upon development and demonstration 
of a non-diseased phenotype, the organoid is RNAsequenced 
to compare the gene expression of the healthy complemented 
cells and analyzed for differential gene expression. We are us-
ing this data to test the hypothesis that the lack of expression of 
the knocked out genes in the disease cell type will cause a com-
pensatory differential expression of certain genes in the healthy 
GFP labeled cells. This analysis may provide insight into previous-
ly overlooked gene’s involvement into the development of the 
disease, with the eventual goal of applying these findings to the 
clinic.

Keywords: Complementation, Organoid, Genetic Disease
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MODELING THE SPECTRAL DIFFERENCES IN 
RETT SYNDROME USING PATIENT-DERIVED 
BRAIN ORGANOIDS
Ibrahim, Diana Zahereddin - Neuroscience, University of 
California, Los Angeles, CA, USA

Many neurodevelopmental disorders are linked to neural network 
hyperexcitability related to imbalances in the establishment of ex-
citatory vs inhibitory (E/I) neural connections. However, the mech-
anisms that regulate this process during normal development are 
not well understood. Rett syndrome (RTT) is a neurodevelopmen-
tal disorder primarily caused by a mutation in the X-chromosome 
linked MECP2 gene. It is recognized that the loss of E/I balance is 
a potential cause of many RTT neurological symptoms. Depend-
ing on the type of mutation RTT patients have, the disorder can 
present with varying degrees of severity. In our previous studies, 
we found that it was possible to model several aspects of neural 
network dysfunction associated with RTT using patient-derived 
brain organoids. However, it is not known whether this system 
can accurately report differences in network activities that mirror 
the spectrum of clinical severity seen in RTT patients. Here, we 
will present findings comparing the cytoarchitecture and electro-
physiological profile of brain organoids generated from patients 
harboring mutations associated with mild and severe forms of 
RTT. Through these studies we seek to gain insights into how dif-
ferent MECP2 mutations impact human brain development, and 
more generally test the capacity of organoids to faithfully recapit-
ulate salient features of neurodevelopmental disorders. De

Funding Source: CSUN CIRM Bridges3.0 Stem Cell Research 
& Therapy Training Program (EDUC2-12718, CIRM, Malone) 
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National Institute of Mental Health R01MH130061 National 
Institute of Drug Abuse R01DA051897 UCLA Broad Stem Cell 
Research Center

Keywords: Neurodevelopmental disease, Brain organoids, 
MECP2
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CORTICAL AND SPINAL MOTOR NEURONS 
DIFFER IN THEIR RESPONSE TO AUTOPHAGY 
INHIBITION
Jungverdorben, Johannes - Developmental Biology, Memorial 
Sloan Kettering Cancer Center, New York, NY, USA
Calder, Elizabeth - Developmental Biology, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA
Ciceri, Gabriele - Developmental Biology, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA
Kim, TaeWan - Developmental Biology, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA
Walsh, Ryan - Developmental Biology, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA
Saurat, Nathalie - Developmental Biology, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA
Zhang, Chao - Medicine, Boston University, Boston, MA, USA
Baggiolini, Arianna - Institute of Oncology Research (IOR), 
Università della Svizzera Italiana, Bellinzona, Switzerland
Studer, Lorenz - Developmental Biology, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA

Autophagy is one of the two major protein degradation systems 
in the cell and basal autophagy is considered being important for 
protein homeostasis (proteostasis). Here we set out to probe the 
hypothesis that inhibition of autophagy in neurons results in dif-
ferent - possibly neurodegenerative - phenotypes depending on 
the specific neuronal subtype. In detail, excitatory cortical (CTX) 
and spinal motor neurons (SMNs) were investigated via morphol-
ogy, proteomics and transcriptomics upon autophagy inhibition in 
a system where autophagy is completely under external control 
through doxycycline. Strikingly and in line with the initial hypoth-
esis, CTX and SMNs differed in their response to autophagy in-
hibition. SMNs acquired considerable degeneration phenotypes 
while CTX show a more subtle neurite retraction phenotype, and 
this difference in phenotypes was reflected in the proteomics and 
transcription data, where only SMNs showed a strong enrichment 
in OFF vs ON condition for proteins associated with neurodegen-
eration (Alzheimer’s, Parkinson’s disease, and ALS) and activation 
of cell death pathways (senescence, p53). The proteomics data 
further indicated that CTX mainly accumulate ER-related pro-
teins upon autophagy inhibition and transcriptomics data pointed 
into the direction of induced ER stress response.To our surprise, 
neuronal differentiation was very sensitive to autophagy levels, 
questioning the view on autophagy as a mere bystander and ho-
meostatic actor in cellular physiology and neural development. 
In addition, the covalently bound ATG5-ATG12 complex proved 
to have a slow degradation rate in neurons without complete ex-
haustion even after months of doxycycline withdrawal. Therefore, 
we generated a variety of different degron systems for the inhibi-
tion of autophagy to circumvent this limitation and enable intrinsic 
physiological autophagy levels during neuronal development as 
well as remove complete residual autophagy activity. Further-
more, the newly generated systems will be utilized to generate 
additional data for CTX and SMNs to verify the already acquired 
findings and could transferred more easily to additional areas of 

research, presenting a valuable technical and biological resource 
for the field.

Funding Source: Research Fellowship from the German 
Research Foundation (DFG) (PNo 401380638); NIH Exploratory/
Developmental Research Grant Award from the National 
Institute Of Neurological Disorders And Stroke of the NIH 
(R21NS116545)

Keywords: Autophagy, Neurodegeneration, Neuronal subtype 
specificity
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CHARACTERIZATION OF THE FUNCTIONAL AND 
MORPHOLOGICAL DISEASE PHENOTYPES OF 
THE KCNQ2 VARIANT HUMAN IPSC DERIVED 
GLUTAMATERGIC NEURONS
Sundberg, Maria K. - Neurology, Boston Children’s Hospital, 
Boston, MA, USA
Norabuena, Erika - Human Neuron Core, Rosamund Zander 
Translational Neuroscience Center, Boston Children’s Hospital, 
Boston, MA, USA
Makhortova, Nina - Human Neuron Core, Rosamund Zander 
Translational Neuroscience Center, Boston Children’s Hospital, 
Boston, MA, USA
Yu, Lucy - Department of Neurology, Boston Children’s Hospital, 
Boston, MA, USA
Shum, Carole - The Centre for Applied Genomics, The Hospital 
for Sick Children, Toronto, ON, Canada
Han, Yeon - The Centre for Applied Genomics, The Hospital for 
Sick Children, Toronto, ON, Canada
Howe, Jennifer - The Centre for Applied Genomics, The Hospital 
for Sick Children, Toronto, ON, Canada
Buttermore, Elizabeth - Human Neuron Core, Rosamund Zander 
Translational Neuroscience Center, Boston Children’s Hospital, 
Boston, MA, USA
Scherer, Stephen - The Centre for Applied Genomics, The 
Hospital for Sick Children, Toronto, ON, Canada
Sahin, Mustafa - Department of Neurology, Boston Children’s 
Hospital, Boston, MA, USA

KCNQ2 variant causes neonatal seizures and epileptic enceph-
alopathy that can lead into developmental and cognitive disabil-
ities. The aim of this project was to generate human-specific in-
duced pluripotent stem cells (iPSCs) from the study participants 
with KCNQ2 variants and differentiate these cells into glutamater-
gic neurons to study neurodevelopmental disease phenotypes 
in vitro. To generate isogenic control lines from these iPSCs, we 
used CRISPR-cas9 method to correct the KCNQ2 variants in the 
cells and then compared them to the cells with KCNQ2 variants 
to establish a phenotypic battery which included transcription-
al analysis, morphological measurements, and functional neu-
ral network analysis. The three KCNQ2 variants that we exam-
ined in this project were: 1) KCNQ2 c.875_877delTCCinCCT, p. 
L292_L293delinsPF; 2) KCNQ2 c.821C>T, p.T274M; 3) KCNQ2 
c.766G>Y, p.G256W. In addition, we aimed to establish between 
two different laboratories repeatable characterization methods 
and quality control experiments for the neuronal differentiation 
experiments. Our preliminary data revealed longer neurite out-
growth and increased weighted mean firing rate and burst dura-
tion in two KCNQ2 variant neuron lines compared to their isogenic 
control neuron lines. Next, we will characterize the transcription-
al gene expression profiles of these neurons to identify the key 
pathways involved in these molecular disease phenotypes. In the 
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) future, the findings of these disease phenotyping experiments 
may be usable for identification of new molecular targets for drug 
screening studies. Importantly, all lines and data will be released 
as a community resource to serve as a baseline for the field.

Funding Source: Autism Speaks foundation, The Rosamund 
Zander Translational Neuroscience Center Boston Children’s 
Hospital.

Keywords: Human iPSC-derived glutamatergic neurons, KCNQ2 
in epilepsy and autism, multi-electrode arrays
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ORGANOIDS DERIVED FROM L-MYC 
IMMORTALIZED HUMAN NEURAL STEM CELLS 
(LM-NSC008): A REPRODUCIBLE IN VITRO 
MODEL OF CEREBRAL DEVELOPMENT
Ojeda, Alejandra Velazquez - Developmental and Stem Cell 
Biology/Beckman Research Institute, City of Hope, Duarte, CA, 
USA
Awabdeh, Dina - Stem Cell Biology and Regenerative Medicine, 
Beckman Research Institute City of Hope, Duarte, CA, USA
Brewster, Blake - Stem Cell Biology and Regenerative Medicine, 
Beckman Research Institute City of Hope, Duarte, CA, USA
Carlesso, Nadia - Stem Cell Biology and Regenerative Medicine, 
Beckman Research Institute City of Hope, Duarte, CA, USA
Gutova, Margarita - Stem Cell Biology and Regenerative 
Medicine, Beckman Research Institute City of Hope, Duarte, CA, 
USA
Barish, Michael - Developmental and Stem Cell Biology/
Beckman Research Institute, City of Hope, Duarte, CA, USA

The availability of platforms for ex vivo studies of human brain de-
velopment and for devising therapeutic strategies for a variety of 
diseases has been hampered by limited access to human tissue 
as well as by the lack of rodent models that closely recapitulate 
human brain physiology. Here, we present a unique organoid 
platform developed using human fetal neural stem cells (NSCs) 
immortalized by expression of L-myc. These LM-NSC008 cells 
are well-characterized for NSC lineage differentiation, chromo-
somal stability, and lack of tumorigenicity. LM-NSC008-derived 
organoids, over 100 days in culture, displayed reproducible cell 
proliferation, morphological changes and expression of cerebral 
neural and glial markers (by immunofluorescence). Transcriptome 
analysis by NanoString showed time dependent changes in RNA 
expression patterns for genes involved in neuronal cytoskeleton, 
neuron-glia interaction, neural connectivity, neurotransmission, 
metabolism, axon and dendrite structure, tissue integrity, angio-
genesis, and myelination. We propose that by avoiding challeng-
es intrinsic to iPSC reprogramming and neural induction, the re-
producibility of LM-NSC008-derived organoids position them as 
alternative to human embryonic stem cell (hESC)- and induced 
pluripotent stem cell (iPSC)-derived organoids. Thus LM-NSC008-
derived brain cerebral organoids represent a robust model of hu-
man brain tissue useful for multiple purposes including high-con-
tent drug screening and disease model development.

Keywords: Organoids, Neural Stem Cells, Model of 
Development
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ESTABLISHING A NEW HUMAN IPSC-DERIVED 
CEREBELLAR ORGANOID MODEL FOR 
FRIEDREICH’S ATAXIA
Ryu, Seungmi - NIH, NCATS, Rockville, MD, USA
Hong, Hyenjong - NCATS, NIH, Rockville, MD, USA
Jethmalani, Yogita - NCATS, NIH, Rockville, MD, USA
Jovanovic, Vukasin - NCATS, NIH, Rockville, MD, USA
Simeonov, Anton - NCATS, NIH, Rockville, MD, USA
Tristan, Carlos - NCATS, NIH, Rockville, MD, USA
Singec, Ilyas - NCATS, NIH, Rockville, MD, USA

Friedreich’s ataxia (FRDA), an inherited neurodegenerative disor-
der, is the most common form of hereditary ataxia in the United 
States affecting about 1 in every 50,000 people with no cure or 
effective treatment. It is caused by a GAA repeat expansion mu-
tation in the mitochondrial FXN gene and leads to degenerative 
changes in the cerebellum, a particular brain region that controls 
movement and motor coordination. Most of our current under-
standing of the human cerebellum is derived from postmortem 
tissues and animal models. Over the past decade, human induced 
pluripotent stem cells (iPSCs) have emerged as a powerful plat-
form for disease modeling. Here, we developed a novel 60-day 
organoid differentiation strategy that recapitulates the hallmarks 
of human cerebellar development. We confirmed the generation 
of two primordial regions, the rhombic lip and cerebellar plate 
ventricular zone, from iPSC lines derived from healthy individu-
als and FRDA patients. Molecular and cellular analyses confirmed 
that these specified regions can give rise to the main neuronal 
cell types of the cerebellum such as granule cells, interneurons, 
Purkinje cells, and Bergmann glia-like cells that guide migratory 
neuroblasts to their destination. In comparison to healthy con-
trols, FRDA cerebellar organoids show disease-specific signa-
tures such as a reduction of the mitochondrial enzyme ACO2 
and an increase of apoptotic cells. Further analyses at the ultra-
structural level indicate abnormal mitochondrial morphologies in 
FRDA cerebellar organoids. Moreover, elevated levels of reactive 
oxygen species were detected by using a flow cytometry meth-
od. Notably, cerebellar organoids with long GAA repeats, which 
correlate with clinical disease severity, also show a higher degree 
of mitochondrial abnormality in vitro. Currently, drug testing and 
gene editing experiments using CRISPR-Cas9 are underway to 
correct FRDA mutations and determine if disease phenotypes 
can be reversed. In summary, the newly established cerebellar 
organoid model provides new opportunities to investigate the 
fundamental pathophysiology of FRDA in vitro and examine inno-
vative therapeutic approaches.

Keywords: Organoid, Cerebellum, Friedreich’s Ataxia
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A HUMAN ORGANOID-DERIVED 
CHOLANGIOCYTE MODEL IN A PERFUSABLE 
MICROFLUIDIC PLATFORM
Bokkers, Marleen - Research and Development, Mimetas B.V, 
Oegstgeest, Netherlands
Divya, Iyer - Research and Development, Mimetas B.V, 
Oegstgeest, Netherlands
Vermeulen, Vincent - Research and Development, Mimetas B.V, 
Oegstgeest, Netherlands
Previdi, Sara - Research and Development, Mimetas B.V, 
Oegstgeest, Netherlands
Bonanini, Flavio - Research and Development, Mimetas B.V, 
Oegstgeest, Netherlands
van den Broek, Lenie - Research and Development, Mimetas 
B.V, Oegstgeest, Netherlands
Kurek, Dorota - Research and Development, Mimetas B.V, 
Oegstgeest, Netherlands

Challenges in attaining adult-like maturation of liver epithelial 
cells, lead researchers to look beyond differentiating cells from 
pluripotent stem cells or cell lines of tumor origin. The establish-
ment of liver organoids from isolated adult hepatic epithelial cells 
is currently at the innovative forefront of in vitro liver modeling. 
Intra-hepatic cholangiocyte organoids, resulting from liver pro-
genitor cells of biliary identity, have emerged as a powerful tool 
to study cholangiocyte biology, as well as providing an expand-
able cell source. These organoids typically consist in extracellular 
matrix-embedded cyst-like monolayers enclosing a hollow apical 
lumen. Solving the intrinsic heterogeneity of organoid cultures 
as well as the inaccessibility of the apical lumen are vital next 
steps for full adoption of organoid technology in the industry and 
clinics. Microfluidics offer the possibility to carefully pattern the 
cells in a confined space. Here we coupled organoid technology 
and microfluidics to establish a standardized, fully accessible and 
perfusable human cholangiocyte organoid model from three dif-
ferent donors. After growing as traditional hydrogel-embedded 
organoid cultures, the cells were extracted and seeded inside 
a microfluidic channel adjacent to a collagen-I interface. We ob-
served rapid cell attachment, as well as proliferation, leading to 
the formation of complete tubular structures. These tubes pre-
sented an intact and stable barrier function, active and directional 
transport as well as mature cholangiocyte phenotype. Basolateral 
and apical accessibility of the system allowed us to challenge the 
cholangiocytes with a range of bile acids while simultaneously 
monitor the integrity of the barrier. Depending on the hydropho-
bicity and the administered location of the bile acids, we found 
profound differences in their biological effects, ranging from high 
toxicity and barrier disruption to increase of barrier function. In 
conclusion, we present a standardized, reproducible, mature and 
perfusable cholangiocyte organoid model that recapitulates the 
three-dimensional structure as well as the function of the human 
bile duct.

Keywords: human organoids, 3D organ-a-chip, liver model
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LARGE-SCALE DIFFERENTIATION OF IPSC-
DERIVED MOTOR NEURONS FROM ALS AND 
CONTROL SUBJECTS
Workman, Michael J. - Board of Governors Regenerative 
Medicine Institute, Cedars-Sinai Medical Center, West 
Hollywood, CA, USA
Lim, Ryan - Institute for Memory Impairments and Neurological 
Disorders, University of California, Irvine, CA, USA
Wu, Jie - Department of Biological Chemistry, University of 
California, Irvine, CA, USA
Frank, Aaron - Cedars-Sinai Biomanufacturing Center, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Ornelas, Loren - Cedars-Sinai Biomanufacturing Center, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Panther, Lindsay - Cedars-Sinai Biomanufacturing Center, 
Cedars-Sinai Medical Center, Los Angeles, CA, USA
Galvez, Erick - Cedars-Sinai Biomanufacturing Center, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Perez, Daniel - Cedars-Sinai Biomanufacturing Center, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Meepe, Imara - Cedars-Sinai Biomanufacturing Center, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Lei, Susan - Cedars-Sinai Biomanufacturing Center, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Valencia, Viviana - Cedars-Sinai Biomanufacturing Center, 
Cedars-Sinai Medical Center, Los Angeles, CA, USA
Gomez, Emilda - Cedars-Sinai Biomanufacturing Center, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Liu, Chunyan - Cedars-Sinai Biomanufacturing Center, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Moran, Ruby - Cedars-Sinai Biomanufacturing Center, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Bell, Shaughn - Regenerative Medicine Institute, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA
Tsitkov, Stanislav - Department of Biological Engineering, 
Massachusetts Institute of Technology, Cambridge, MA, USA
Ho, Ritchie - Regenerative Medicine Institute, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA
Kaye, Julia - Center for Systems and Therapeutics, Gladstone 
Institutes, University of California, San Francisco, CA, USA
Thompson, Terri - On Point Scientific Inc., On Point Scientific Inc., 
San Diego, CA, USA
Rothstein, Jeffrey - Department of Neurology, Johns Hopkins, 
University School of Medicine, Baltimore, CA, USA
Finkbeiner, Steven - Center for Systems and Therapeutics, 
Gladstone Institutes, University of California, San Francisco, CA, 
USA
Fraenkel, Ernest - Department of Biological Engineering, 
Massachusetts Institute of Technology, Cambridge, MA, USA
Sareen, Dhruv - Cedars-Sinai Biomanufacturing Center, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Thompson, Leslie - Institute for Memory Impairments and 
Neurological Disorders, University of California, Irvine, CA, USA
Svendsen, Clive - Regenerative Medicine Institute, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA

Using induced pluripotent stem cells to understand mechanisms 
of neurological disease holds great promise; however, there is a 
lack of well-curated lines from a large array of participants. An-
swer ALS (www.answerals.org) has generated over 1000 iPSC 
lines from control and amyotrophic lateral sclerosis (ALS) subjects, 
along with clinical and whole genome sequencing data. In the cur-
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) rent study, over 400 of these iPSC lines have been differentiated 
into motor neuron cultures and profiled by immunocytochemistry 
and bulk RNA-seq. Exploratory analyses and modeling with sub-
ject covariates reveal patient sex and cell composition to be sig-
nificant sources of gene expression variation in motor neuron cul-
tures. Identification of additional confounding variables such as 
differentiation batch, somatic cell used for iPSC reprogramming, 
and other technical features highlight challenges associated with 
large-scale patient-derived iPSC studies. By carefully controlling 
for confounding variables, we can better identify subtle disease 
signals. Interestingly, male ALS-derived motor neuron cultures 
have increased motor neuron production and stress-related gene 
expression patterns compared to male control cultures. We also 
identified a correlation of disease progression rate, estimated by 
the slope of the Revised ALS Functional Rating Scale scores, with 
several genes that can be used to predict with borderline accept-
able accuracy, the patient progression rates. This is the largest 
set of iPSC lines to be differentiated into motor neurons and bulk 
RNA-seq data suggests that cell heterogeneity, patient sex, and 
likely genetic effects need to be accounted for in order to iden-
tify robust disease signatures and pathways affected in ALS. To 
further address these issues, we performed single nucleus RNA-
seq for a subset of ALS samples carrying C9orf72 hexanucleotide 
repeat expansion (n = 9) versus healthy controls (n = 9). This ap-
proach revealed perturbation of several gene networks in ALS 
samples across various cell types present in the heterogeneous 
motor neuron cultures, suggesting widespread effects of C9orf72 
mutation. Collectively, the results shed light on under-appreciat-
ed technical and biological variables inherent in differentiating 
large numbers of iPSCs and provide novel insights into genes 
affected in ALS.

Keywords: Amyotrophic lateral sclerosis, Motor neurons, 
Disease modeling
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CYCLIN-DEPENDENT KINASE INHIBITOR 
DYSREGULATION INDUCES OLIGODENDROCYTE 
DIFFERENTIATION/MATURATION IMPAIRMENT 
IN MULTIPLE SCLEROSIS CEREBRAL ORGANOIDS
McDermott, Annie E. - Tisch Multiple Sclerosis Research Center 
of New York, NY, USA
McDermott, Annie - Research, Tisch Multiple Sclerosis Research 
Center of New York, NY, USA
Mehta, Tanmay - Research, Tisch Multiple Sclerosis Research 
Center of New York, NY, USA
Daviaud, Nicolas - Research, Tisch Multiple Sclerosis Research 
Center of New York, NY, USA
Sadiq, Saud - Research, Tisch Multiple Sclerosis Research 
Center of New York, NY, USA

Multiple sclerosis (MS) is an auto-immune neurological disorder 
characterized by inflammation, demyelination, and neural de-
generation. It has been shown that environmental and genetic 
factors contribute to the development of MS, however, the etiol-
ogy of this condition remains unknown due to the lack of animal 
models and relative inaccessibility to human brain tissue. Cere-
bral organoids represent an interesting tool to study neurological 
disorders as they recapitulate early human neurodevelopment, 
including the generation, proliferation and differentiation of neu-
ral progenitors into glial cells and neurons. Members of the Cip/
Kip family of cyclin-dependent kinases inhibitors (CDKi), such as 
p21, p27 and p57, are well characterized for their role as nega-
tive regulators of the cell cycle. Recent studies demonstrated that 

they play additional roles unrelated to cell cycle regulation, such 
as control of oligodendrocyte differentiation and maturation and 
thus, myelination. However, their importance in MS has yet to be 
thoroughly described. We report here the derivation of cerebral 
organoids from iPSCs of healthy control subjects as well as from 
PPMS, SPMS and RRMS patients. We first analyzed p21, p27 and 
p57 expression in cerebral organoids derived from healthy con-
trols and from patients with the different subtypes of MS. Only p21 
expression was strongly decreased in MS organoid, particularly 
PPMS. Because p21 is required for oligodendrocyte differentia-
tion, we studied oligodendrocyte marker expression by immuno-
fluorescence and RT-qPCR in organoid at d42 and d120. Analysis 
revealed a decrease of oligodendrocyte markers Olig2 and O4 at 
d42, and a reduction of oligodendrocyte maturation marker O4 
and Olig2+/APC+ at d120. We then focused on the regulation of 
the CDK inhibitor p21 gene by PAK1 and E2F1. Preliminary results 
showed that both regulator expressions are altered in MS organ-
oids compared to control. In conclusion, this work is a proof of 
principle, showing that c-organoids derived from patients with MS 
can be used as an innovative tool to better understand the genet-
ic basis for phenotypic differences seen in MS. Using this model, 
we identified a dysregulation of the p21 pathway through PAK1 
and E2F1, which may lead to oligodendrocyte differentiation/mat-
uration defect in progressive forms of MS.

Funding Source: This work was supported by Tisch Multiple 
Sclerosis Research Center of NY private funds.

Keywords: Multiple sclerosis, cerebral organoids, Human 
pluripotent stem cells
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THE USE OF 3D BIOPRINTED HUMAN NEURAL 
PROGENITOR CELLS AS A MODEL TO STUDY 
EARLY NEUROGENESIS
Porcionatto, Marimelia A. - Biochemistry / EPM, Federal 
University of Sao Paulo (UNIFESP), Sao Paulo, Brazil
Machado, Lucas - Biochemistry, UNIFESP, São Paulo, Brazil
Bim, Larissa - Biochemistry, UNIFESP, São Paulo, Brazil

Brain organoids are the main three-dimensional (3D) in vitro mod-
el to study early neurodevelopment. Essential genes and molec-
ular mechanisms involved in normal and pathological brain de-
velopment were described using brain organoids generated from 
human iPSCs. The main downside of organoids is batch-to-batch 
heterogeneity, and much work is in progress to solve or minimize 
it. Three-D bioprinting has the potential for developing in vitro 
models that show higher complexity when compared to a bi-di-
mensional (2D) culture and may overcome issues that arise from 
the self-organization of organoids. We present the generation of 
complex 3D structures formed by human neural progenitor cells 
(hNPCs) bioprinted in Geltrex® and Gelatin methacryloyl (GelMA) 
bioink. Bioprinted hiPSCs maintained in a neural expansion me-
dium for two weeks formed large clusters of cells connected by 
several broad processes. When 3D bioprinted hNPCs were cul-
tured in a neural maturation medium containing ascorbic acid, db-
cAMP, BDNF, and GDNF, we observed smaller and more com-
pact clusters with thinner and longer processes connecting the 
clusters. Cells with neuron-like processes scattered around the 
construct were also observed. Time-lapse microscopy revealed 
that cells migrated between clusters, using the connecting pro-
cesses as a track. Immunofluorescence at day 28 post-printing 
showed expression of GFAP and tubulin beta III by the cells in the 
clusters, while neuron-like scattered cells were negative for GFAP 
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and positive for tubulin beta III. The processes that link clusters 
within the 3D construct, on top of which cells migrated, associ-
ated with the expression of GFAP by cells on clusters but not on 
isolated cells, suggest the formation of structures that resemble 
the use of radial glia as migration tracks for NPCs. 3D bioprinting 
of hNPCs may be an excellent model to study cellular and molec-
ular mechanisms involved in neural proliferation, migration, and 
differentiation during early neurogenesis.

Funding Source: The São Paulo Research Foundation (FAPESP; 
2018/12605-8), National Council for Scientific and Technological 
Development (CNPq 406258/2022-8 and 309679/2018-4), 
CAPES (Financial Code 001)

Keywords: 3D bioprinting, human neurogenic niche, human 
neuro progenitor cells
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IMPROVED PROTOCOL AND QC TO GENERATE 
REPRODUCIBLE CEREBRAL ORGANOIDS
Bertucci, Taylor - Neural Stem Cell Institute, Rensselaer, NY, 
USA
Lotz, Steven - Neuracell, Neural Stem Cell Institute, Rensselaer, 
NY, USA
Bowles, Kathryn - UK Dementia Research Institute, University of 
Edinburgh, Edinburgh, UK
Qi, Le - Department of Neurology, University of California, Los 
Angeles, CA, USA
Stevens, Katherine - Neuracell, Neural Stem Cell Institute, 
Rensselaer, NY, USA
Goderie, Susan - Neural Stem Cell Institute, Rensselaer, NY, 
USA
Borden, Susan - Neuracell, Neural Stem Cell Institute, 
Rensselaer, NY, USA
Lotz, Ryan - Neuracell, Neural Stem Cell Institute, Rensselaer, 
NY, USA
Oja, Laura-Maria - Department of Genetics & Genomic Sciences, 
Icahn School of Medicine at Mount Sinai, New York, NY, USA
Lane, Keith - Neuracell, Neural Stem Cell Institute, Rensselaer, 
NY, USA
Wasak, Jeffrey - Neuracell, Neural Stem Cell Institute, 
Rensselaer, NY, USA
Chowdhury, Rebecca - Neural Stem Cell Institute, Rensselaer, 
NY, USA
Joy, Shona - Neural Stem Cell Institute, Rensselaer, NY, USA
Bull, Victoria -, Stem Cultures LLC, Rensselaer, NY, USA
Roberts, Kristina - Stem Cultures LLC, Rensselaer, NY, USA
Kiehl, Thomas - Neural Stem Cell Institute, , Rensselaer, NY, USA
Arduini, Brigitte - Neural Stem Cell Institute, Rensselaer, NY, 
USA
Stern, Jeffrey - Stem Cultures LLC, Rensselaer, NY, USA
Haggarty, Stephen - Departments of Neurology and Psychiatry, 
Massachusetts General Hospital and Harvard Medical School, 
Boston, MA, USA
Karch, Celeste - Department of Psychiatry, Washington 
University in St. Louis, MO, USA
Geschwind, Daniel - Department of Neurology, University of 
California, Los Angeles, CA, USA
Goate, Alison - Department of Genetics & Genomic Sciences, 
Icahn School of Medicine at Mount Sinai, New York, NY, USA
Temple, Sally - Neural Stem Cell Institute, Rensselaer, NY, USA

Brain organoids derived from human pluripotent stem cells (hP-
SCs) are a highly promising tool to study neurodevelopment, 

explore disease mechanisms, and screen candidate drugs. 
However, these complex 3D constructs have yet to reach their 
full potential as an in vitro model system because current pro-
tocols are often low in efficiency, lack robustness across hPSC 
lines, and exhibit high variability between organoid technical 
and experimental replicates. To address these limitations, we 
developed a series of innovative modifications. First, forebrain 
organoids are produced in a unique 96-well format, leading to 
more consistent size and composition across hPSC lines, indi-
vidual organoids and production batches. Second, we rescued 
poor-performing hPSC lines by improving starting material quality 
with sustained levels of FGF2. hPSC lines maintained using FGF2 
DISCs (StemCultures) expressed pluripotency-associated genes 
at higher levels, exhibited less spontaneous differentiation and 
performed more consistently in the differentiation protocol. Third, 
we identified SB431542 concentration during the first 6 days 
of organoid culture as a tunable process parameter to achieve 
line-to-line consistency in cortical patterning at 2 months. When 
maintenance with FGF2 DISCs and cell line-optimized SB431542 
concentrations were implemented together, organoid consisten-
cy across lines and batches was vastly improved. Importantly, 
we also identified early QC checkpoints to reduce investment in 
poorly performing batches. We used scRNA-seq to identify spe-
cific clusters and gene expression associated with well-patterned 
and mis-patterned organoids, providing both positive and nega-
tive QC markers. Well-patterned organoids generated using this 
protocol were comprised of approximately 16 neuronal and glial 
subtypes, with robust representation of deep cortical layer neu-
rons at 2 months and upper layer cortical neurons at 4 months. 
These modifications enable scale-up and scale-out to produce 
thousands of high-quality forebrain organoids across many lines 
in each production run. As a result, we are able to analyze tauop-
athy patient-derived hPSC lines and isogenic controls in parallel 
with higher efficiency and reduced batch effects, toward a better 
understanding of tau mutation-mediated neurodegeneration.

Funding Source: Funding sources for this work include grants 
U01 U01AG072464, R35 NS097277, R01 RF1NS123568 and 
STTR 1R41GM142345-01.

Keywords: cerebral brain organoids, reproducibility in 3D 
models, tauopathy
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INDUCTION OF NEURAL DIFFERENTIATION IN 
HYBRID ORGANOID FORMED BY CO-CULTURE 
SYSTEM OF HUMAN INDUCED PLURIPOTENT 
STEM CELLS
Suzuki, Kaoru - Department of Biomolecular Science and 
Engineering, Institute of Scientific and Industrial Research, 
Ibaraki, Japan

Human cerebral organoids produced by induced pluripotent 
stem cells (iPS cells) are useful models for various neuronal dis-
eases. Although cerebral organoids posess cortical structures, 
their physiological function is limited in the absence of vascular 
structures; hence, there is a need to develop methods of en-
hancing their neural function though vascularization to provide 
oxygen, glucose and neutrition. One such method was described 
by Wörsdorfer et al. (2019) attempted to induce angiogenesis by 
co-culturing iPS cells with mesenchymal stem cells. In this study, 
we co-cultured embryoid bodies (EBs) of iPS cells with spheroids 
of adipose-derived stem cells, a type of mesenchymal stem cell 
using original biodevice. Usually,EB was usually produced from 
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) 8000~9000 cells of iPS cells, however, we produced 2000 cells 
of EBs and co-cultured with spheroid made from 2000 cells of 
mesenchymal stem cells using a biodevice. Then we performed 
co-culture in different rate of EBs and spheroid of mesenchymal 
stem cells. Induction of these co-cultured spheroids to neural 
differentiation and growth to brain organoid. Mesenchymal stem 
cells were fluorescent labeled by 605 nm quantum dot, and these 
labeled cells were aggregated in central region of organoids after 
neural differentiation. Morphological characteristics of vessel-like 
structure was observed, and the results of RT-PCR showed the 
expression of angiogenic marker CD31 in mesenchymal cell-rich 
cerebral organoid. The electrophysiological characteristics by 
MEA of these co-cultured organoids showed different patterns 
of electrical current on each three organoids. These results in-
dicated that the induction of angiogenesis in cerebral organoids 
by mesenchymal stem cells might change to electrophysiological 
characteristics.

Keywords: cerebral organoid, co-culture, biodevice
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FOREBRAIN ORGANOIDS DERIVED FROM 
FERRET IPSC TO MODEL THE DEVELOPING 
CORTEX
Hickmott, Ryan Alexander - School of Health and Biomedical 
Sciences, Royal Melbourne Institute of Technology, Melbourne, 
Australia
Barresi, Mikaela - School of Health & Biomedical Sciences, Royal 
Melbourne Institute of Technology, Melbourne, Australia
Bosakhar, Abdulhameed - School of Health & Biomedical 
Sciences, Royal Melbourne Institute of Technology, Melbourne, 
Australia
Quezada, Sebastian - School of Health & Biomedical Sciences, 
Royal Melbourne Institute of Technology, Melbourne, Australia
Ryan, Amy - Department of Anatomy and Cell Biology, University 
of Iowa, Iowa City, IA, USA
Walker, David - School of Health & Biomedical Sciences, Royal 
Melbourne Institute of Technology, Melbourne, Australia
Quigley, Anita - School of Health & Biomedical Sciences, Royal 
Melbourne Institute of Technology, Melbourne, Australia
Tolcos, Mary - School of Health & Biomedical Sciences, Royal 
Melbourne Institute of Technology, Melbourne, Australia

Cerebral organoid models have facilitated the rapid expansion 
of our understanding into the key mechanisms that govern brain 
development. However, these models have several key limita-
tions, including the lack of spontaneous vasculature and issues 
associated with the presence of a hypoxic and necrotic core. Im-
portantly, organoids in their current state do not fully recapitulate 
some of the later stage features of corticogenesis, such as corti-
cal gyrification. Ferrets are commonly used as a model of brain 
development due to their contracted corticogenesis timeline. 
Furthermore, the ferret undergoes gyrification shortly after birth, 
which is in stark contrast to other similarly sized mammals, whose 
cortex do not fold. While animal models remain necessary in bio-
medical research, attention is shifting to induced pluripotent stem 
cell (iPSC)-derived 3D in vitro models due to their unique experi-
mental and ethical advantages. In this study, we aimed to create a 
cerebral forebrain organoid derived from ferret iPSC (FiPSC). We 
hypothesised that due to the ferrets contracted corticogenesis 
timeline, such an organoid would better able to recapitulate fea-
tures associated with later stages of corticogenesis, in particular, 
gyrification. Our results thus far indicate that: a) it is possible to 
direct FiPSC to self-assemble into a forebrain organoid; b) there 

is evidence of cortical architectural organisation, with distinctive 
Pax6+ and Sox2+ germinal zones after 7 days in maturation me-
dia, along with Tbr2+, Ctip2+, Tuj1+ cells emerging, indicative of 
intermediate progenitors, early born and maturing neurons, re-
spectively; c) the surface of these organoids appears distorted 
or buckled, however further analysis is underway to determine 
whether this is ‘true’ gyrification. Collectively this new species 
model represents an advancement in our ability to apply organ-
oid technology to non-human mammals, while providing a novel 
way to study aspects of cortical development.

Funding Source: Australian Research Council Future Fellowship 
(FT180100082, awarded to Assoc. Professor Mary Tolcos) Royal 
Melbourne Institute of Technology Vice Chancellor Senior 
Fellowship (awarded to Assoc. Prof Anita Quigley)

Keywords: Brain Organoids Induced Pluripotent Stem Cells, 
Neurodevelopment Corticogenesis, Gyrification
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MOLECULAR RESPONSE TO GLUCOCORTICOID 
ACTIVATION IN NEURAL CELLS FROM HUMAN 
IPSC
Ahmad, Ruhel - Department Genes and Environment, Max 
Planck Institute of Psychiatry, Munich, Germany
Liang, Jianan - Department Genes and Environment, Max Planck 
Institute of Psychiatry, Munich, Germany
Kaspar, Lea - Department Genes and Environment, Max Planck 
Institute of Psychiatry, Munich, Germany
Sportelli, Vincenza - Department Genes and Environment, Max 
Planck Institute of Psychiatry, Munich, Germany
Ködel, Maik - Department Genes and Environment, Max Planck 
Institute of Psychiatry, Munich, Germany
Binder, Elisabeth - Department Genes and Environment, Max 
Planck Institute of Psychiatry, Munich, Germany

Exposure to trauma and chronic stress is one of the most import-
ant risk factors for psychiatric disorders. Therefore, it is import-
ant to decipher factors influencing response to stress or trauma 
at molecular and cellular levels that will enable us to identify 
stress-related pathological mechanisms of psychiatric disorders. 
In-utero dysregulation of glucocorticoid receptors (GR) or stress 
hormone receptors due to glucocorticoid exposure has been 
liked to long-lasting effects on brain development and a high risk 
for psychiatric disorders. Therefore, in this project, we study the 
neural cell type-specific effect of GR activation by synthetic gluco-
corticoids like dexamethasone (Dex) or hydrocortisone (H-Cort). 
Human iPSCs were used to derive in vitro neural cells such as 
neurons, and astrocytes. For GR activation neural cells derived 
from healthy individual iPS-cell lines will be exposed to different 
concentrations of Dex or H-Cort for the varied duration or vehicle 
control (ethanol). Further, we quantified the subcellular distribu-
tion of GR in neural cell types after Dex or H-Cort stimulation us-
ing immunocytochemistry and confocal microscopy. By intensity 
quantification of the confocal images, we observed higher ex-
pression of the GR in the nucleus than in the cytoplasm in the cor-
tisone treated compared to the vehicle control. Further by quan-
titative real-time PCR, we observed differential expression of the 
known GR target genes such as FKBP5, ZBTB16, TSC22D3, and 
SGK1 after Dex or H-Cort treated compared to the vehicle con-
trol. These results exhibit that our iPSC-derived neural cell stress 
model system is robust and responds to the cortisone exposure 
shown by GR translocation to the nucleus and by the change in 
expression for the GR-responsive genes. Furthermore, we also 
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performed whole transcriptome RNA sequencing the analysis of 
which is awaited. These results will aid us to identify GR-respon-
sive genes after cortisone exposure in a neural cell-specific man-
ner.

Keywords: iPSC-derived neurons and astrocytes, glucocorticoid 
receptor, dexamethasone (Dex) / hydrocortisone (H Cort)
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EFFECTS OF INTERLEUKIN-17A IN DEVELOPING 
HUMAN BRAIN ORGANOIDS
Huang, Wei-Kai - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Lee, Seongah - Department of Biology, Tufts University, Boston, 
MA, USA
Karmacharya, Rakesh - Center for Genomic Medicine, 
Massachusetts General Hospital, Boston, MA, USA

Epidemiological data strongly link viral infections during pregnan-
cy with development of several neuropsychiatric disorders in the 
offspring. Maternal immune activation (MIA) has been hypothe-
sized to mediate the increased risk for these disorders in babies 
born to women had viral infections during pregnancy. Animal 
studies have led to the seminal finding that interleukin-17a (IL-17a) 
plays a critical role in mediating behavioral and neuropathologi-
cal effects of MIA in the offspring. However, it is not clear wheth-
er these pathways mediate MIA-associated increase in risk for 
neuropsychiatric disorders in humans. To investigate the trans-
latability of these findings in the human context, we are dissect-
ing the effects of IL-17a exposure during human neurodevelop-
ment, using brain organoids differentiated from human induced 
pluripotent stem cells (iPSCs). We confirmed that iPSC-derived 
human neural progenitor cells and mature neurons express the 
IL-17 receptor, by quantifying mRNA and protein levels in these 
cells. In our preliminary experiments, we found that IL-17a expo-
sure during the early stages of cortical organoid differentiation 
affected the size of the organoids, led to a decrease in the neural 
progenitor cell pool and resulted in aberrant laminar organization 
of upper-layer and deep-layer neurons. These data suggest that 
IL-17a-mediated signaling may have critical cellular and molecular 
consequences that alter the trajectory of neurodevelopment and 
increase the risk for neuropsychiatric disorders.

Keywords: Maternal immune activation, Interleukin-17a, Brain 
organoids
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GENERATION AND CHARACTERISATION OF IPSC 
LINES FROM PARKINSON’S DISEASE PATIENTS 
WITH MUTATIONS IN THE PRKN GENE
Pavan, Chiara - Florey Institute of Neuroscience and Mental 
Health, University of Melbourne, Parkville, Australia
Abu-Bonsrah, Dad - The Florey Institute of Neuroscience and 
Mental Health, The Florey Institute of Neuroscience and Mental 
Health, Melbourne, Australia
Fraser, Tyra - The Florey Institute of Neuroscience and Mental 
Health, The Florey Institute of Neuroscience and Mental Health, 
Melbourne, Australia
Jin, Jennifer - The Florey Institute of Neuroscience and Mental 
Health, The Florey Institute of Neuroscience and Mental Health, 
Melbourne, Australia
Johnston, Jennifer - NYSNOBio, LLC, NYSNOBio, LLC, Mill 
Valley, CA, USA
Kirik, Deniz - Brain Repair and Imaging in Neural Systems 
(BRAINS), Lund University and University of Sydney, Lund, 
Sweden
Parish, Clare - The Florey Institute of Neuroscience and Mental 
Health, The Florey Institute of Neuroscience and Mental Health, 
Melbourne, Australia
Thompson, Lachlan - University of Sydney and The Florey 
Institute of Neuroscience and Mental Health, University of 
Sydney and The Florey Institute of Neuroscience and Mental 
Health, Sydney and Melbourne, Australia
Ovchinnikov, Dmitry - The Florey Institute of Neuroscience and 
Mental Health, The Florey Institute of Neuroscience and Mental 
Health, Melbourne, Australia

Mutations in the gene encoding a protein ubiquitin ligase, PAR-
KIN (PRKN), with complete or partial loss of its function, is one 
of the more common genetic risk factors for early-onset Parkin-
son’s disease (PD). To provide greater mechanistic insights into 
the key determinants of disease aetiology and progression, we 
generated clonal induced pluripotent stem cell (iPSC) lines using 
fibroblasts from three patients carrying compound heterozygous 
PRKN mutations. The new lines displayed pluripotent stem cell 
characteristics including expression of the key PluriNet gene ex-
pression network components after reprogramming transgene 
loss on mRNA and protein levels, trilineage differentiation ca-
pacity in vitro, as well as their ability to readily form teratomas in 
athymic rodents. Using our customised protocols, we have dif-
ferentiated the 3 PRKN lines into the ventral midbrain and dorsal 
forebrain-patterned neural cells (neurons and astrocytes). Differ-
entiated cells have been transplanted into athymic rodents to as-
sess disease phenotypes at prolonged time points (3+ months) 
– specifically to assess changes at the histological, biochemical 
and transcriptional levels. By comparing these PRKN-mutant lines 
with the isogenic controls (currently generated in our lab through 
CRISPR-aided correction of the original PRKN mutant), we hope 
to improve our understanding of the temporal, spatial and cellular 
components of PD pathobiology. These lines will provide a valu-
able resource for the PD research community (where the number 
of available fully-characterised PARKIN-mutant lines is limited) 
and will become the first PRKN mutant (and isogenic) lines to be 
deposited in the Parkinson’s Progression Marker Initiative (PPMI) 
cell bank (an initiative of the MJ Fox Foundation aimed at sharing 



100

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 M
O

D
E

Li
N

g
 D

E
v

E
LO

P
M

E
N

T
 A

N
D

 D
iS

E
A

S
E

 (
M

D
D

) datasets and biosamples to accelerate breakthroughs and treat-
ments).

Funding Source: ASAP Aligning Science Across Parkinson’s 
Michael J. Fox Foundation

Keywords: Parkinson’s Disease, Reprogramming, Dopaminergic 
Neurons
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DISSECTING HUMAN MIDBRAIN SIGNALING 
DYNAMICS AND FATE PATTERNING USING 
MICROPATTERNED COLONIES
Ortiz Salazar, Miguel Angel - Biosciences, Rice University, 
Houston, TX, USA
Grainger, Rubiona - Biosciences, Rice University, Houston, TX, 
USA
Warmflash, Aryeh - Biosciences, Rice University, Houston, TX, 
USA

The embryonic brain is segmented into the forebrain, midbrain 
and hindbrain. Defects in midbrain development have been as-
sociated with various neurological and psychiatric disorders. Its 
development is an intricate process, requiring the involvement 
of multiple morphogens and the coordination of diverse tissues. 
The midbrain develops along two axes: Anterior-Posterior (AP) 
and Dorsal-Ventral (DV). The signals involved in patterning the 
midbrain along these axes have been established, with FGF 
and WNT setting the AP coordinate and opposing gradients of 
Shh and BMP organizing the DV axis, however, the precise links 
between signaling and fate and how signals are coordinated 
across these two orthogonal axes remains incompletely under-
stood. Midbrain progenitors express LMX1A, FOXA2, OTX2, and 
EN1, and deletion of any of these genes results in abnormal or 
failed midbrain development. To study signaling dynamics and 
morphogen patterning in the midbrain, we developed a micro-
pattern protocol that generates colonies composed of the ventral 
midbrain cell fates (LMX1A+,FOXA2+,OTX2+). Cells within these 
micropatterns acquired mid-dorsal fates by default but could be 
fully ventralized through the addition of Shh. Moreover, by mod-
ulating WNT we generate colonies composed of anterior (OTX-
2+,LMX1A+,FOXA2+) and posterior ventral midbrain (EN1+, LMX-
1A+,FOXA2+) cell fates, showing that changing the AP coordinate 
did not affect DV patterning. However, inducing DV patterning 
with Shh at a later time-point did affect AP fates, revealing cross-
talk between these two axes. Finally, using this protocol we found 
that endogenous WNT signaling was sufficient to suppress the 
most anterior fates and inhibiting WNT signaling allowed us to 
observe forebrain patterning (FOXG1+, OTX2+). Collectively, we 
believe these findings will enhance our understanding of brain 
development and contribute to potential clinical applications.

Funding Source: NIH award R01GM126122 CONACYT 41944

Keywords: Embryonic Midbrain, micropatterning human stem 
cells, signaling dynamics and fate patterning
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GENOMIC AND FUNCTIONAL 
CHARACTERIZATION OF ASD AND ID-
ASSOCIATED MYT1L MUTATION
Prakasam, Ramachandran - Developmental Biology, 
Washington University School of Medicine, Saint Louis, MO, USA
Determan, Julianna - Developmental Biology, Washington 
University School of Medicine, Saint Louis, MO, USA
Narasimhan, Mishka - Developmental Biology, Washington 
University School of Medicine, Saint Louis, MO, USA
Saleh, Maamoon - Developmental Biology, Washington 
University School of Medicine, Saint Louis, MO, USA
Chapman, Gareth - Developmental Biology, Washington 
University School of Medicine, Saint Louis, MO, USA
Gontarz, Paul - Developmental Biology, Washington University 
School of Medicine, Saint Louis, MO, USA
Zhang, Bo - Developmental Biology, Washington University 
School of Medicine, Saint Louis, MO, USA
Constantino, John - Department of Psychiatry, Washington 
University School of Medicine, Saint Louis, MO, USA
Kroll, Kristen - Developmental Biology, Washington University 
School of Medicine, Saint Louis, MO, USA

MYT1L is a zinc finger transcription factor highly expressed in the 
developing brain. Pathogenic variants in the MYT1L gene are as-
sociated with autism, intellectual disability, developmental delay, 
schizophrenia, and microcephaly. Overexpression of MYT1L in 
fibroblasts with two other neurogenic transcription factors pro-
motes reprogramming into neurons by repressing non-neuronal 
lineages. MYT1L mutation in mouse models causes precocious 
differentiation of neurons, potentially contributing to phenotypes 
seen in individuals with pathogenic MYT1L variants. Here, we 
modeled the consequences of pathogenic MYT1L mutation by 
deriving pairs of isogenic human pluripotent stem cells (hPSCs) 
with versus without a MYT1L p.S707Q mutation found in our in-
dex patient. These isogenic pairs of hPSC lines were constructed 
both by correcting the mutation in patient-derived induced plurip-
otent stem cells (iPSCs) and by knock-in of the same variant into 
wild type hPSCs. We found that immature cortical interneurons 
(cIN) carrying this MYT1L variant exhibited reduced MYT1L mRNA 
and protein levels. Transcriptomic analysis revealed upregulated 
expression of genes associated with the generation of neurons, 
neuron development, and synaptic regulation, while downregu-
lated genes were associated with more general cellular process-
es (e.g. cell adhesion and animal organ development), suggest-
ing that neurons carrying this variant differentiated prematurely or 
more efficiently than wild type neurons. Consistent with this inter-
pretation, neurons carrying the MYT1L variant had more complex 
morphology, with increased numbers of primary and secondary 
neurites. The upregulated genes included those involved in syn-
apse formation and function, including GABA receptors, while 
MYT1L variant neurons exhibited altered sodium and potassium 
channel activity function in electrophysiological analyses. During 
neuronal maturation, variant neurons also exhibited impaired 
maintenance of normal cIN morphology and identity. Together, 
these findings suggest that pathogenic MYT1L variants disrupt 
both the neurodevelopment and subsequent functional charac-
teristics of cortical neurons. These alterations may be a major 
contributor to the neurodevelopmental disorders seen in patients 
carrying pathogenic MYT1L variants.

Funding Source: NIMH (R01 MH124808) NIH NINDS (R01 
NS114551) NICHD (WUSTL IDDRC; P50 HD103525)  NIH 
Common Fund/NINDS (U0-HG007530) NICHD (U54 
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HD087011-S1) Children’s Discovery Inst. (CDI-LI-2019-819) The 
Jakob Gene Fund PreMIER, ICTS, CRM at WUSTL

Keywords: MYT1L, Autism spectrum disorder, IDD, Immature 
cortical interneuron
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DEVELOPMENT OF PLURIPOTENT STEM 
CELL MODEL FOR THE STUDY OF EPILEPTIC 
ENCEPHALOPATHY CAUSED BY CYFIP2 R87C 
VARIANT
Zaboroski Silva, Isabelle L. - Stem Cell Basic Biology Lab, 
Carlos Chagas Institute, Oswaldo Cruz Foundation (Fiocruz PR), 
Curitiba, Brazil
Ventura Biembengut, Ísis - Proteomics and Protein Engineering 
Lab, Carlos Chagas Institute, Oswaldo Cruz Foundation (Fiocruz 
PR), Curitiba, Brazil
Gomes Junior, Rubens - Stem Cell Basic Biology Lab, Carlos 
Chagas Institute, Oswaldo Cruz Foundation (Fiocruz PR), 
Curitiba, Brazil
Abud, Ana Paula - Stem Cell Basic Biology Lab, Carlos Chagas 
Institute, Oswaldo Cruz Foundation (Fiocruz PR), Curitiba, Brazil
de Freitas Brenha, Bianca - Department of Genetics and 
Genome Sciences, Case Western Reserve University (CWRU), 
Cleveland, OH, USA
Landry, Curran - Department of Genetics and Genome Sciences, 
Case Western Reserve University (CWRU), Cleveland, OH, USA
May Vaz, Isadora - Cellular Therapy Center, Pontifical Catholic 
University of Paraná (PUCPR), Curitiba, Brazil
Ravaglio Jamur, Valderez - Cellular Therapy Center, Pontifical 
Catholic University of Paraná (PUCPR), Curitiba, Brazil
Solano de Freitas Souza, Bruno - Tissue Engineering and 
Immunopharmacology Lab, Gonçalo Muniz Institute, Oswaldo 
Cruz Foundation (Fiocruz BA), Salvador, Brazil
Brasil de Souza, Tatiana - Proteomics and Protein Engineering 
Lab, Carlos Chagas Institute, Oswaldo Cruz Foundation (Fiocruz 
PR), Curitiba, Brazil
Miranda, Helen - Department of Genetics and Genome 
Sciences, Case Western Reserve University (CWRU), Cleveland, 
OH, USA
Shigunov, Patricia - Stem Cell Basic Biology Lab, Carlos Chagas 
Institute, Oswaldo Cruz Foundation (Fiocruz PR), Curitiba, Brazil

Mutations in the CYFIP2 gene are associated with the neurolog-
ical disorder epileptic encephalopathy. One of the variants asso-
ciated to the disease is the R87C, which, compared to previously 
described variants, is associated with more severe symptoms. 
This disparity in disease presentation and molecular signatures 
hinders the development of efficient treatment to alleviate pa-
tients’ symptoms. To date, there is a single animal model with the 
CYFIP2 R87C variant, however this model does not fully recapit-
ulate disease pathogenesis. Thus, establishing a human model 
that can evaluate the impacts of the mutation in the neuronal con-
text is crucial to understanding the molecular mechanisms of the 
variant, as well as enable new therapeutic discoveries. This study 
aims to develop a pluripotent stem cell (PSC) model to study the 
effect of CYFIP2 R87C variant in neural cells. Thus, we will dif-
ferentiate PSCs into cortical neurons and cortical organoids and 
investigate the impact of CYFIP2 R87C to neuronal morphology 
and electrophysiological function. For that purpose, we initially 
reprogrammed urine cells from a patient with the R87C variant, 
and generated iPSC CYFIP2WT/R87C cells. The iPSCs were 
characterized for their pluripotent markers. Additionally, we ed-
ited ESCs using CRISPR/Cas9, to generated CYFIP2 knockout 

and CYFIP2R87C/R87C isogenic cell lines. These cells were then 
differentiated into neural progenitor cells (NPCs), and it was pos-
sible to observe that CYFIP2 was expressed as cytoplasmic gran-
ules in the CYFIP2WT/R87C cells compared to controls. These 
cells were also differentiated into cortical organoids and compar-
ative molecular, morphological, and electrophysiological assess-
ments are being performed. Lastly, these models will be used 
in a low-throughput drug screening with compounds previously 
predicted in silico to selectively inhibit the mutant CYFIP2 (R87C).

Funding Source: CNPq/Instituto Carlos Chagas Nº 15/2019 
- PROEP/ICC - 442324/2019-7; CAPES PDPG-FAP Nº 
18/2020 - 88887.629870/2021-00; CAPES PDSE Nº 10/2022 - 
88881.690048/2022-01

Keywords: CYFIP2, induced pluripotent stem cell, disease 
modeling
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GENERATION OF FUNCTIONAL CEREBELLAR 
ORGANOIDS FROM HUMAN PLURIPOTENT STEM 
CELLS
Atamian, Alexander - Stem Cell and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA
Birtele, Marcella - Stem Cell and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA
Coba, Marcelo - Psychiatry and the Behavioral Sciences, 
University of Southern California, Los Angeles, CA, USA
DelDosso, Ashley - Stem Cell and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA
Housseini, Negar - Stem Cell and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA
Nguen, Tuan - Stem Cell and Regenerative Medicine, University 
of Southern California, Los Angeles, CA, USA
Quadrato, Giorgia - Stem Cell and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA
Seth, Anoothi - Stem Cell and Regenerative Medicine, University 
of Southern California, Los Angeles, CA, USA

The development of the human cerebellum is quite more com-
plex and protracted than most mammals leading to an increase in 
susceptibility to neurodevelopmental disease. The evolutionary 
expansion of the cerebellum began in parallel lineages of apes, 
but only rapidly increased in the great ape clade, suggesting a 
role in acquiring human-specific traits. Human pluripotent stem 
cell-derived brain organoids have emerged as an effective in vitro 
system to interrogate the development and disease of multiple 
brain regions; however, a protocol that models the developing 
human cerebellum with high fidelity is not yet available. Here we 
report the establishment of a robust protocol that can reproduc-
ibly generate the cellular diversity of the human cerebellum with-
in and across multiple cell lines. The human cerebellar organoids 
exhibit an organized laminar layering with spatially segregated 
ventricular and rhombic lip progenitor zones that give rise to 
functional, inhibitory and excitatory cerebellar neuronal subtypes 
respectively. In addition, extending the time in culture increased 
the level of maturation of these organoids, which were identified 
through changes in transcriptomic profiles, increased neurite out-
growth, and increased coordinated network activity. This demon-
strates that cerebellar organoids are suitable to model various 
aspects of human cerebellar development and disease, including 
disruptions in developmental trajectories and cerebellar circuit 
functionality.

Keywords: cerebellum, cerebellar, organoid
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GENERATION OF IN VITRO AND IN VIVO 
DISEASE MODELS TO STUDY THE ROLE OF RD3 
MUTATION IN LCA12 PATHOGENESIS
Mahato, Sudipta - Centre for Ocular Regeneration, Hyderabad 
Eye Research Foundation, LV Prasad Eye Institute, Hyderabad, 
India
Pidishetty, Divya - Centre for Ocular Regeneration, Hyderabad 
Eye Research Foundation, LV Prasad Eye Institute, Hyderabad, 
India
Maddileti, Savitri - Centre for Ocular Regeneration, Hyderabad 
Eye Research Foundation, LV Prasad Eye Institute, Hyderabad, 
India
Susaimanickam, Praveen Joseph - Waisman Center, University 
of Wisconsin, Madison, WI, USA
Mariappan, Indumathi - Centre for Ocular Regeneration, 
Hyderabad Eye Research Foundation, LV Prasad Eye Institute, 
Hyderabad, India

Retinal Degeneration 3 (RD3) gene encodes a 23 kDa protein that 
mediates the trafficking of retinal guanylyl cyclase (RetGCs) from 
the inner to outer segments of photoreceptors. The mutations in 
the gene cause Leber Congenital Amaurosis, Type 12 (LCA12), 
a severe form of congenital retinal dystrophy resulting in early 
onset vision loss in young children below five years of age. This 
study aims to decipher the role of RD3 on retinal development 
and functioning by generating iPSC-derived retinal organoids and 
rd3 knockout zebrafish as in vitro and in vivo disease models, 
respectively. The iPSC lines were derived from the normal and 
patient-specific dermal fibroblasts. Upon differentiation, both the 
healthy and patient-specific iPSCs formed normal-appearing eye 
fields and generated retinal cups at comparable timelines and ef-
ficiencies, suggesting the early retinal commitment remains unaf-
fected in mutant cells; however, lamination defect was observed 
in the diseased tissue. The neuroretina organoids in the dish 
represent the fetal stage tissues and are limited by incomplete 
morphological maturation of photoreceptors cells. To further con-
firm the direct involvement of RD3 mutations in retinal defects, 
we generated rd3-/- knockout zebrafish models by targeting the 
exon 2 of the zebrafish rd3 gene using CRISPR/Cas9 gene edit-
ing tool. Immunohistological analysis of the rd3-/- mutants over a 
period of one year has shown the presence of underdeveloped 
cones at 3 months time point with missing outer limiting mem-
brane and lamination defects in the outer nuclear layer. A major 
loss in all cone subtypes was observed at later time points (6 and 
12 months), with a corresponding increase in rod nuclear layer, 
indicating defects in photoreceptor precursor differentiation. To-
gether, the observations confirmed that the loss of RD3 expres-
sion in retinal precursors results in early retinal development and 
maturation defects.

Keywords: RD3, iPSC, retinal organoids, zebrafish, retina, 
disease model, rods, cones, photoreceptors
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FUNCTIONAL AND MORPHOLOGICAL 
CHARACTERIZATION OF HEALTHY AND 
EPILEPSY-RELATED 3D NEUROSPHERES 
ASSEMBLED USING IPSC-DERIVED NEURONS 
AND ASTROCYTES
Sirenko, Oksana - Research and Development, Molecular 
Devices, San Jose, CA, USA
Crittenden, Carole - Application Science, Molecular Devices, 
San Jose, CA, USA
Macha, Krishna - Application Science, Molecular Devices, San 
Jose, CA, USA
Lim, Angeline - Application Science, Molecular Devices, San 
Jose, CA, USA
Tong, Zhisong - Application Science, Molecular Devices, San 
Jose, CA, USA
Fiene, Rebecca - Application Science, Fujifilm, Madison, WI, USA
Schachtele, Scott - Marketing, Fujifilm, Madison, WI, USA
Carlson, Coby - Application Science, Fujifilm, Madison, WI, USA

Neural 3D spheroids are a rapidly developing technology with 
great potential for understanding brain development and neu-
ronal diseases. They provide a more advanced and biologically 
relevant system for basic research and high-throughput drug dis-
covery, including compound profiling and toxicity testing. Here, 
we describe methods for assembling human iPSC-derived cell 
types, including glutamatergic neurons, GABAergic neurons, and 
astrocytes into 3D neurospheres. For disease modelling of ep-
ilepsy phenotypes, we used two different genetically modified 
GABAergic neurons (SCN1A KO or KCNT1 P924L mutation) and 
their isogenic pairs as matched controls. The SCN1A gene en-
codes the alpha subunit of the sodium channel NaV1.1 and it is the 
major gene implicated in Dravet Syndrome, a severe childhood 
epilepsy. The KCNT1 gene encodes a potassium channel and the 
P924L mutation is linked to an early-onset epileptic encephalop-
athy. We monitored the formation, morphology, and functional 
activity (Ca2+ oscillations) of the neurospheres after 3 weeks in 
culture. The microtissues were also analyzed by confocal fluores-
cence imaging for cell organization and expression of neuronal 
markers (TUJ1) and astrocytes (GFAP). Cellular and spheroid mor-
phology was characterized by using high-content imaging. The 
calcium assay was performed on a FLIPR instrument capable of 
fast kinetic recordings using a calcium-sensitive dye and oscilla-
tion patterns were analyzed for peak frequency, amplitude, width, 
& spacing. Different baseline oscillation patterns were observed 
between control and disease neurospheres, however within each 
group calcium kinetics and patterns were highly consistent. For 
pharmacological characterization, we used a panel of 14 com-
pounds, including selected molecules that affect GABA, AMPA, 
NMDA, sodium and potassium channels, dopamine receptors, 
also select neuroactive and neurotoxic substances. The func-
tional responses demonstrated the predicted effects based on 
mode of action, consistent across control and disease model 3D 
neurospheres. Moderately increased excitability was observed 
for mutated phenotypes. This system of 3D neurospheres paired 
with high-content imaging and intuitive analysis of calcium oscil-
lations demonstrates a promising tool for disease modeling and 
compound profiling.

Funding Source: none

Keywords: 3D neutrospheres, epilepsy disease models, calcium 
oscillations
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MODULAR APPROACH TO DISEASE MODELING 
USING DIFFERENTIATED HUMAN IPSC-DERIVED 
NEURONS AND ASTROCYTES
Hilcove, Simon - Product Development, FUJIFILM Cellular 
Dynamics, Inc., Madison, WI, USA
Schachtele, Scott - Product Development, FUJIFILM Cellular 
Dynamics, Madison, WI, USA
Fiene, Rebecca - Research and Development, FUJIFILM Cellular 
Dynamics, Madison, WI, USA
Livingston, Megan - Research and Development, FUJIFILM 
Cellular Dynamics, Madison, WI, USA
Tomotoshi, Kimihiko - Research and Development, FUJIFILM 
Cellular Dynamics, Madison, WI, USA
Carlson, Coby - Research and Development, FUJIFILM Cellular 
Dynamics, Madison, WI, USA

3D neural spheroids are a rapidly developing technology with 
great potential for understanding neuronal diseases, including 
neurodegenerative disease (i.e., Parkinson’s Disease; PD) and 
neurodevelopmental disorders (i.e., epilepsy). Differentiation into 
spheroids starting from neural progenitor cells or induced plu-
ripotent stem cells (iPSC) is time-consuming, potentially variable, 
and limited for analyzing disease phenotypes within specific cell 
types. In this study, we demonstrate an efficient and modular ap-
proach for creating disease-specific neurospheres using defined 
combinations of fully differentiated iPSC-derived neural cells in 
tri-culture. We first show how neurospheres can be customized 
to assemble brain region-specific cultures by adjusting the com-
position of cell types (glutamatergic, GABAergic, dopaminergic, 
astrocytes), ratios of each cell type, and the total number of cells 
per spheroid. Using live cell imaging, we show that 384-well ULA 
plates containing neurospheres form quickly with consistent size 
and morphology, and these structures survive for extended pe-
riods of time in culture. The functional impact of varying cell ra-
tios and composition was demonstrated using calcium oscillation 
assays. Analysis revealed that peak count, peak amplitude, and 
peak width varied by neurosphere cell composition. To model 
epilepsy we assembled neurospheres containing iPSC-derived 
GABAergic neurons with either a SCN1A knockout or KCNT1 
P924L mutation. Epilepsy neurospheres exhibited an excitable 
calcium oscillation phenotype compared to isogenic controls, 
which could be modulated further using seizurogenic com-
pounds. To model PD, we utilized either patient-derived LRRK2 
G2019S and GBA N370S or gene-edited SNCA A53T dopaminer-
gic neurons. PD neurospheres displayed altered calcium oscilla-
tion kinetics compared to controls. These data demonstrate that 
assembling iPSC-derived neurons and astrocytes into 3D neu-
rospheres offers an efficient, flexible, and modular approach to 
interrogating cell-specific disease mechanisms within advanced 
culture models.

Keywords: 3D neural spheroids, Human iPSC-derived neurons 
and astrocytes, disease modeling in advanced culture models

TOPIC: PANCREAS

793

LONG-TERM FEEDER-FREE CULTURE OF HUMAN 
PANCREATIC PROGENITORS ON FIBRONECTIN 
POTENTIATES ΒETA-CELL DIFFERENTIATION
Kim, Yung Hae - Max Planck Institute of Molecular Cell Biology 
and Genetics, Dresden, Germany
Nakamura, Akiko - DanStem, University of Copenhagen, 
Denmark
Wong, Yan Fung - ReNEW, University of Copenhagen, Denmark
Leuschner, Marit - Max Planck Institute of Molecular Cell Biology 
and Genetics, Dresden, Germany
Brickman, Joshua - ReNEW, University of Copenhagen, 
Denmark
Grapin-Botton, Anne - Max Planck Institute of Molecular Cell 
Biology and Genetics, Dresden, Germany

The pancreas plays an essential role to control the metabolism 
of nutrients, and endocrine pancreas regulates blood glucose 
by secreting hormones, such as insulin and glucagon. Impaired 
function of insulin-producing beta-cells results in dysregulation of 
blood glucose and leads to diabetes mellitus. Aiming to produce 
beta-cells for replacement therapies to treat diabetes, several 
protocols have been established to differentiate human plurip-
otent stem cells to beta-cells via pancreatic progenitors. While 
in vivo pancreatic progenitors expand throughout development, 
the in vitro protocols have been designed to make these cells 
progress as fast as possible to beta-cells, without a possibility to 
expand the progenitors. This means differentiation needs to be 
started always from stem cells, which creates batch-to-batch vari-
ations in efficiency and takes longer time. To circumvent them, a 
small number of studies have developed conditions to expand 
pancreatic progenitors, but those conditions are not fully defined, 
requiring large numbers of feeder cells. Here, we report on a 
protocol enabling a long-term expansion of human pluripotent 
stem cell-derived pancreatic progenitors in a defined medium on 
fibronectin, in the absence of feeder layers. The expansion con-
dition enables increased NKX6-1 expression, which is critical for 
beta-cell generation. Furthermore, compared to directly differen-
tiated progenitors, the expanded progenitors differentiate more 
efficiently into glucose-responsive beta-cells and produce fewer 
glucagon-expressing cells. Additionally, these expanding pro-
genitors can form pancreatic organoids in the condition that we 
previously reported. Currently we are in the process of fine-tuning 
the expansion conditions to accommodate the adaptation of mul-
tiple pancreatic progenitor lines derived from induced pluripotent 
stem cells as well as embryonic stem cells. The ability to expand 
progenitors under a defined condition and to cryopreserve them 
will provide flexibility in research and therapeutic production.

Keywords: human pancreas progenitor, Beta-cell, Long-term 
culture
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CA19-9 MODIFIED PROTEINS INDUCE TUMOR 
MICROENVIRONMENT REMODELING IN 
PANCREATIC DUCTAL ADENOCARCINOMA
Bishop, Garret - Biological Sciences, California State University 
San Marcos, Encinitas, CA, USA
Engle, Dannielle - Regulatory Biology, Salk Institute for 
Biological Sciences, La Jolla, CA, USA
Hsu, Jasper - Regulatory Biology, Salk Institute for Biological 
Sciences, La Jolla, CA, USA

Pancreatic ductal adenocarcinoma (PDA) is a lethal common ma-
lignancy that is difficult to detect early, and with a 5 year survival 
rate of 10% is on track to become the second leading cause of 
cancer related deaths. With only 10-15% of patients eligible for 
surgical resection, the only cure for PDA, treatment is limited 
to combinatorial chemotherapy and immune checkpoint inhib-
itors, which are seldom effective. This barrier to drug delivery 
within the pancreatic tumor microenvironment (ME) is the result 
of the hypovascularized stroma consisting of cancer associated 
fibroblasts (CAFs) and tumor associated macrophages (TAMs) 
that contribue to desmoplasia and immunosuppression. Carbo-
hydrate antigen 19-9 (CA19-9) is a glycan elevated in serum of 
10-30% of pancreatitis and 75% of pancreatic cancer patients 
and is used as a biomarker for treatment response. Prior work 
demonstrated that CA19-9 directly causes pancreatic disease but 
the mechanism by which it remodels the pancreatic ME is largely 
unknown. CA19-9-modified proteins such as macrophage migra-
tion inhibitory factor (MIF) and insulin-like growth factor 2 receptor 
(IGFR2) were identified via immunoprecipitation and mass spec-
trometry from KRAS-mutant CA19-9 expressing mouse organoids 
and evaluated for changes in abundance, localization, and pro-
tein interactions. The direct role of CA19-9 modification of these 
effectors will be delineated using both in vitro and in vivo tools. 
To determine their role in ME remodeling in vitro, effectors will 
be CRISPR ablated in mouse organoids in a novel macrophage, 
organoid, and fibroblast (MOrF) co-culture platform to assess 
changes to gene expression programs and proliferation of each 
compartment. Furthermore, effectors will be inhibited pharmaco-
logically in KRAS- mutant CA19-9-inducible mice to evaluate their 
role in vivo. Identifying the mechanisms by which CA19-9 mod-
ified proteins directly affect tumor ME remodeling will inform of 
effective therapies in the future.

Keywords: CA19-9, Pancreas, organoid
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TARGETING ZNT8 TO GENERATE MATURE AND 
METABOLIC STRESS RESISTANT SC-Β CELL FOR 
CELL REPLACEMENT THERAPY OF DIABETES
Ma, Qing - School of Life Sciences and Technology, Tongji 
University, Shanghai, China
Li, Weida - School of Life Sciences and Technology, Tongji 
University, Shanghai, China

Application of human embryonic stem cell (hESC)-derived β cell 
(SC-β cell) is a promising therapeutic strategy for diabetes treat-
ment. However, lack of functional maturation and long-term sta-
bility still restrict curative capacity of SC-β cells. ZnT8 (zinc trans-
porter), encoded by SLC30A8 is predominantly expressed in β 
cell, loss-of-function (LOF) of which protects the carriers from di-
abetes. Herein, we introduced the ZnT8 LOF into the genome of 

hESCs and differentiated them into SC-β cells to explore whether 
ZnT8 LOF improves SC-β cells. The single-cell RNA sequenc-
ing analysis revealed that the genes regulating the function and 
maturation of SC-β cells, such as INS, NKX6.1, PDX1, SYT13 were 
upregulated in ZnT8 LOF SC-β cells compared with WT counter-
parts, suggesting that ZnT8 LOF accelerates functional matura-
tion of SC-β cells. To verify that, we conducted the glucose-stim-
ulated insulin secretion assay and found that the ZnT8 LOF SC-β 
cells were more sensitive to glucose stimulation. Moreover, it 
revealed that ZnT8 LOF SC-β cells were more resistant to the 
lipotoxicity and glucotoxicity induced cell death compared with 
WT SC-β cells. Of note, our results further demonstrated that the 
reduction of zinc releases the zinc inhibitory role on insulin secre-
tion and attenuattes ER stress to enhance survival of SC-β cells 
under metabolic stress. To test in vivo efficacy for insulin-depen-
dent diabetes mellitus (IDDM), the SC-β cells were transplanted 
in pre-existing diabetic SCID-Beige mice induced by streptozo-
tocin. Notably, the mice implanted with ZnT8 LOF SC-β cells ex-
hibited improved glycemic control and better glucose tolerance 
compared to those with WT SC-β cells. In summary, these results 
indicate that targeting ZnT8 for producing more robust SC-β cells 
is a promising strategy for the cell therapy of IDDM.

Funding Source: This work was supported by the National Key 
Research and Development Program of China and the National 
Natural Science Foundation of China. WL is also supported by 
the Key Project of the Science and Technology Commission of 
Shanghai Municipality.

Keywords: ZnT8, Human embryonic stem cell-derived β cell, 
Diabetes
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PAX4 LOSS OF FUNCTION INCREASES DIABETES 
RISK BY ALTERING HUMAN PANCREATIC 
ENDOCRINE CELL DEVELOPMENT
Teo, Adrian K. - Stem Cells and Diabetes Laboratory, A*STAR, 
Institute of Molecular and Cell Biology (IMCB), Singapore
Lau, Hwee Hui - CBT, IMCB, A*STAR, Singapore
Krentz, Nicole - Stanford University, Stanford, CA, USA
Abaitua, Fernando - University of Oxford, UK
Perez-Alcantara, Marta - University of Oxford, UK
Chan, Jun Wei - CBT, IMCB, A*STAR, Singapore
Ajeian, Jila - University of Oxford, UK
Ghosh, Soumita - NUS, Singapore
Champon, Benoite - University of Oxford, UK
Sun, Han - Stanford University, Stanford, CA, USA
Jha, Alokkumar - Stanford University, Stanford, CA, USA
Hoon, Shawn - IMCB, A*STAR, Singapore
Tan, Nguan Soon - NTU, Singapore
Gardner, Daphne - SGH, Singapore
Kao, Shih Ling - NUS, Singapore
Tai, E. Shyong - NUS, Singapore
Gloyn, Anna - Stanford University, Stanford, CA, USA

Diabetes is a major chronic disease with an excessive healthcare 
burden on society. A coding variant (p.Arg192His) in the transcrip-
tion factor PAX4 is uniquely and reproducibly associated with an 
altered risk for type 2 diabetes (T2D) in East Asian populations, 
whilst rare PAX4 alleles have been proposed to cause mono-
genic diabetes. In mice, Pax4 is essential for beta cell formation 
but neither the role of diabetes-associated variants in PAX4 nor 
PAX4 itself on human beta cell development and/or function are 
known. Here, we demonstrate that non-diabetic carriers of either 
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the PAX4 p.Arg192His or a newly identified p.Tyr186X allele ex-
hibit decreased pancreatic beta cell function. In the human beta 
cell model, EndoC-βH1, PAX4 knockdown led to impaired insu-
lin secretion, reduced total insulin content, and altered hormone 
gene expression. Deletion of PAX4 in isogenic human induced 
pluripotent stem cell (hiPSC)-derived beta-like cells resulted in 
derepression of alpha cell gene expression whilst in vitro differ-
entiation of hiPSCs from carriers of PAX4 p.His192 and p.X186 al-
leles exhibited increased polyhormonal endocrine cell formation 
and reduced insulin content. In silico and in vitro studies showed 
that these PAX4 alleles cause either reduced PAX4 expression 
or function. Correction of the diabetes-associated PAX4 alleles 
reversed these phenotypic changes. Together, we demonstrate 
the role of PAX4 in human endocrine cell development, beta cell 
function, and its contribution to T2D-risk.

Funding Source: A.K.K.T. is supported by IMCB, A*STAR, the 
2nd A*STAR-AMED Joint Grant Call 192B9002, HLTRP/2022/
NUS-IMCB-02, Paris-NUS 2021-06-R/UP-NUS (ANR-18-
IDEX-0001), OFIRG21jun-0097, CSASI21jun-0006 and 
MTCIRG21-0071.

Keywords: Diabetes, Pancreas, PAX4
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GENERATION OF CRISPR/CAS9 CORRECTED 
IPSC LINES FOR THE MODELING OF NGLY1 
DEFICIENCY
Pavlinov, Ivan - Therapeutic Development Branch - Biology 
Group, National Center for Advancing Translational Sciences, 
Rockville, MD, USA
Farkhondeh, Atena - Therapeutic Development Branch - Biology 
Group, National Center for Advancing Translational Sciences, 
Rockville, MD, USA
Xu, Miao - Therapeutic Development Branch - Biology Group, 
National Center for Advancing Translational Sciences, Rockville, 
MD, USA
Zheng, Wei - Therapeutic Development Branch - Biology Group, 
National Center for Advancing Translational Sciences, Rockville, 
MD, USA

N-glycanase 1 (NGLY1) is an enzyme involved in the N-deglyco-
sylation of misfolded protein during degradation. Mutations in the 
NGLY1 gene cause a rare recessive disorder called NGLY1 defi-
ciency, which is characterized by movement disorders, seizures, 
and liver disease. To address the need for patient-derived mod-
els for this rare disease we generated two CRISPR/Cas9 gene 
corrected iPSC lines from a patient-derived iPSC line that car-
ried a homozygous p.R401X mutation in the NGLY1 gene. These 
lines contain either one or two CRISPR/Cas9 corrected alleles of 
NGLY1. Isogenic iPSCs generated by CRISPR correction of the 
mutant gene in patient derived iPSCs is a useful control neces-
sary to examine whether phenotypic variability in patient -derived 
cells is caused by the gene mutation or other nonpathogenic ge-
netic variations of iPSC lines. Here we present data showing the 
characterization and confirmation of pluripotency for these cell 

lines, the evaluation of NGLY1 expression and their application to 
disease modeling.

Funding Source: This work was supported by the Intramural 
Research Program of the National Center for Advancing 
Translational Sciences, National Institutes of Health.

Keywords: Genome editing, Rare disease, Disease modeling
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ANTICANCER DRUG RESISTANCE IN HAPLOID 
HUMAN EMBRYONIC STEM CELLS
Segal, Emanuel - The Azrieli Center for Stem Cells and Genetic 
Research, Department of Genetics, The Hebrew University of 
Jerusalem, Israel
Nissenbaum, Jonathan - NewStem Ltd., Jerusalem, Israel
Peretz, Mordecai - The Azrieli Center for Stem Cells and Genetic 
Research, Department of Genetics, The Hebrew University, 
Jerusalem, Israel
Golan-Lev, Tamar - The Azrieli Center for Stem Cells and 
Genetic Research, Department of Genetics, The Hebrew 
University, Jerusalem, Israel
Cashman, Rivki - NewStem Ltd., Jerusalem, Israel
Philip, Hagit - NewStem Ltd., Jerusalem, Israel
Reubinoff, Benjamin - Hadassah Stem Cell Research Center, 
Goldyne Savad Institute of Gene Therapy, Department of 
Obstetrics and Gynecology, Ein Kerem, Hadassah Hebrew 
University Medical Center, The Hebrew University, Jerusalem, 
Israel
Kopper, Oded - NewStem Ltd., Jerusalem, Israel
Benvenisty, Nissim - The Azrieli Center for Stem Cells and 
Genetic Research, Department of Genetics, The Hebrew 
University, Jerusalem, Israel

Anticancer drugs are at the frontline of cancer therapy. However, 
innate resistance to these drugs occurs in one-third to one-half 
of patients, leaving them vulnerable to the side effects of these 
drugs with no meaningful benefit. To identify genes and path-
ways that confer resistance to such therapies, we performed a 
genome-wide screen in haploid human embryonic stem cells. 
These cells possess the advantage of having only one copy of 
each gene, harbor a normal karyotype, and lack any underlying 
point mutations. We initially show a close correlation between 
the potency of anticancer drugs in cancer cell lines and those in 
human embryonic stem cells. We then exposed a genome-wide 
loss-of-function library of mutations in all protein-coding genes 
to ten selected anticancer drugs, which represent five differ-
ent mechanisms of action among drug therapies. The genetic 
screening enabled us to identify genes and pathways which can 
confer resistance to these drugs, demonstrating several com-
mon pathways. We validated several of the resistance-conferring 
genes, demonstrating a significant shift in the effective drug con-
centrations to indicate a drug-specific effect. Strikingly, the p53 
signaling pathway seems to induce resistance to a large array of 
anticancer drugs. The data shows dramatic effects of loss of p53 
on resistance to many but not all drugs, calling for clinical evalu-
ation of mutations in this gene prior to anticancer therapy. This 
research has shown the potential to contribute to the efficiency of 
cancer treatment and to spare patients from needless discomfort, 
while shedding light on the cellular processes underlying drug 
response in this disease.

Keywords: Haploid human embryonic stem cells, Anticancer 
drug resistance, Genome-wide screen
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SARS-COV-2 INFECTION OF HUMAN 
EMBRYONIC STEM CELLS: EFFECTIVENESS OF 
POTENTIONALLY THERAPEUTIC DRUGS
Song, Ann - Molecular, Cell and Systems Biology, University of 
California, Riverside, CA, USA
Ona, Jack - Biology, California State University, San Bernardino, 
Riverside, CA, USA
Osuna, Claudia - Biology, California State University, San 
Bernardino, Riverside, CA, USA
Talbot, Prue - Molecular, Cell and Systems Biology, University of 
California, Riverside, CA, USA

Little is known about SARS-CoV-2 infection of human embryos 
and fetuses in pregnant women with COVID-19. Our goal is to 
identify drugs that can inhibit SARS-CoV-2 infection during pre-
natal development. We established a “disease-in-a-dish model” 
to address this research problem with: (1) an appropriate cell line, 
(2) a SARS-CoV-2 pseudoparticle infection system, and (3) drugs 
for screening. We used H9 human embryonic stem cells (hESCs) 
and their derivatives to model critical stages in human prenatal 
development. H9 hESCs have the characteristics of epiblast cells, 
which are found in post-implantation human embryos at weeks 
2 to 3 of development. Immunocytochemistry results showed 
that H9 cells and their germ layers expressed the SARS-CoV-2 
infection machinery, the ACE2 receptor and the TMPRSS2 pro-
tease, indicating that these cells are susceptible to SARS-CoV-2. 
SARS-CoV-2 pseudoparticles infected H9 hESCs, and all three 
germ layers had higher infectability than the undifferentiated 
H9 hESCs. Ectoderm had the highest infectability, suggesting 
that SARS-CoV-2 could be a teratogen affecting neural develop-
ment. To prevent infection, we screened small molecule inhibi-
tors targeting protease- and endocytosis-based entry. Our results 
showed that infection in undifferentiated H9 cells, endoderm, and 
mesoderm can be blocked with endocytosis inhibitors (Dyngo4a, 
Pitstop2, nystatin). Infection in ectoderm was blocked with aproti-
nin (a TMPRSS2 inhibitor). Overall, these data suggest the conclu-
sion that endocytosis may be the major infection pathway during 
early embryonic development. Our research uses a disease-in-a-
dish model to study SARS-CoV-2 infection in human embryonic 
and fetal cells and identify drugs that can prevent infection. The 
results of our study will benefit pregnant women and their embry-
os and fetuses and may prevent loss or damage to the unborn. 
The drugs that we identify may also benefit men and non-preg-
nant women who experience breakthrough infection following 
vaccination. Our “COVID-19-disease-in-a-dish model” may have 
future applications that will help identify toxicants and teratogens 
that are harmful to the unborn.

Funding Source: TRDRP Award #R00RG2620, Bridges 
Fellowships from the California Institute for Regenerative 
Medicine (CIRM) (Grant #TB1-01185), a fellowship from the CIRM 
Research Training Program (#EDUC-12752)

Keywords: SARS-CoV-2 virus, infection assay, drug screening
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GENERATION AND CHARACTERIZATION OF 
INDUCED PLURIPOTENT STEM CELLS DERIVED 
FROM A CYSTIC FIBROSIS PATIENT CARRYING 
THE I1234V MUTATION
Emara, Mohamed - Basic Medical Sciences, Qatar University, 
Doha, Qatar
Mousa, Hanna - Basic Medical Sciences Department, Qatar 
University, Doha, Qatar
Abouzeid, Nadin - Basic Medical Sciences Department, Qatar 
University, Doha, Qatar
S. Aboukhalaf, Soha - Basic Medical Sciences Department, 
Qatar University, Doha, Qatar
Al-Thani, Maryam - Basic Medical Sciences Department, College 
of Medicine Qatar University, Doha, Qatar
Al-Shanableh, Yasemin - Basic Medical Sciences Department, 
College of Medicine Qatar University, Doha, Qatar
Hussein, Yehia - Basic Medical Sciences Department, Qatar 
University, Doha, Qatar
Elwan, Ahmed - Basic Medical Sciences Department, Qatar 
University, Doha, Qatar
Nomikos, Michalis - Basic Medical Sciences Department, 
College of Medicine Qatar University, Doha, Qatar

Cystic Fibrosis (CF) is an inherited autosomal recessive disorder, 
that causes chronic obstructive pulmonary disease. The etiology 
of CF disease pathogenicity is due to specific mutations within a 
gene that encodes a protein responsible for regulating chloride 
ions transportation in the epithelium. The most predominant mu-
tation among Qatari CF patients is the I1234V. There is a deficien-
cy in the presence of a reliable model that can be used to study 
CF pathogenesis and thus hinder the discovery of an effective 
treatment for the disease. In this study we successfully generated 
induced Pluripotent Stem Cell (iPSC) model from a Qatari CF pa-
tient carrying I1234V mutation. To the best of our knowledge, this 
is the first report to record the generation of such cell line. The 
formed (hiPSC) colonies were monitored daily until we observe 
the typical morphology of PSCs. These colonies were fully char-
acterized by different molecular and cell biology techniques and 
showed similar characteristics of the commercial ones. Indeed, 
different known pluripotent protein markers were efficiently ex-
pressed as assessed by Western Blot analysis. The presence of 
these pluripotent markers was also confirmed using immunoflu-
orescence assays and PCR using TaqMan hPSC scorecard pan-
el. In addition, the generated cells markedly expressed alkaline 
phosphatase, which is a key marker of pluripotent stem cells. 
Finally, The clones maintained normal karyotype chromosomal 
integrity of 46, XY. These results indicate that we successfully 
generated for the first time a CF-I1234V-hiPSCs colonies that can 
be used as a cell model to tailor personalized treatment specific 
for Qatari patients carrying this mutation.

Funding Source: Qatar National Research Fund, UREP25-035-
3-007

Keywords: Cystic Fibrosis, I1234V mutation, iPSC
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PRODUCTION OF LARGE, DEFINED GENOME 
MODIFICATIONS IN RATS BY GENE TARGETING 
IN RAT EMBRYONIC STEM CELLS
Lee, Jeffrey - Velocigene, Regeneron Pharmaceuticals, Inc., 
Tarrytown, NY, USA
Ally, Roxanne - Velocigene, Regeneron Pharmaceuticals, 
Tarrytown, NY, USA
Wang, Jingjing - Velocigene, Regeneron Pharmaceuticals, 
Tarrytown, NY, USA
Hickey, Joseph - Velocigene, Regeneron Pharmaceuticals, 
Tarrytown, NY, USA
Morse, Brian - Velocigene, Regeneron Pharmaceuticals, 
Tarrytown, NY, USA
Chen, Henry - Velocigene, Regeneron Pharmaceuticals, 
Tarrytown, NY, USA
Latuszek, Adrianna - Velocigene, Regeneron Pharmaceuticals, 
Tarrytown, NY, USA
Hu, Ying - Velocigene, Regeneron Pharmaceuticals, Tarrytown, 
NY, USA
Carbonaro, Marisa - Velocigene, Regeneron Pharmaceuticals, 
Tarrytown, NY, USA
Li, Zhe - Velocigene, Regeneron Pharmaceuticals, Tarrytown, 
NY, USA
Sabin, Leah - Velocigene, Regeneron Pharmaceuticals, 
Tarrytown, NY, USA
Chiao, Eric - Velocigene, Regeneron Pharmaceuticals, 
Tarrytown, NY, USA
Romano, Carmelo - Velocigene, Regeneron Pharmaceuticals, 
Tarrytown, NY, USA
Zambrowicz, Brian - Velocigene, Regeneron Pharmaceuticals, 
Tarrytown, NY, USA
Auerbach, Wojtek - Velocigene, Regeneron Pharmaceuticals, 
Tarrytown, NY, USA

For many decades, rats were the most widely used organism for 
human disease modeling. The mouse claimed this position with 
the advent of gene targeting technology using mouse Embryon-
ic Stem Cells (mESCs). Rat Embryonic Stem Cells (rESCs) were 
first reported almost 15 years ago and generally display the same 
capabilities as mESCs; however, rESCs are not frequently used 
and have been largely overshadowed by CRISPR-based gene 
editing in rat zygotes. This approach is quite useful for making 
certain modifications such as simple loss-of-function mutations, 
but it is not practical for the production of precise insertion or 
replacement mutations, especially modifications that are larger 
than 5 - 10 kilobases. We have derived and validated germline 
competent rESC lines from several rat strains. These rESCs lines 
are efficiently targeted using large BAC-based targeting vectors 
(LTVECs), and they maintain their potential for germline transmis-
sion, including after serial targeting with LTVECs. Targeting effi-
ciency can also be improved with the use CRISPR/Cas9-directed 
cutting within the locus of interest. Using these methods, we have 
successfully replaced entire rat genes as large as 101 kb with their 
human orthologs, and we have produced rat strains bearing mul-
tiple targeted mutations. rESC technology expands and advances 
the use of transgenic rats for human disease modeling, target dis-
covery and therapeutic validation.

Keywords: genetically modified rats, embryonic stem cells, 
human disease modeling

819

THE STUDY OF MAGNETIC NANOPARTICLE 
TRANSFECTED CELLS APPLICATION
So, Kyoung-ha - Bio-MAX/N-Bio Institute, Institute of Bio-
Engineering, Seoul National University, Seoul, Korea
Roo, Dayeon - School of Chemical and Biological Engineering, 
Seoul National University, Seoul, Korea
Hwang, Nathaniel S. - School of Chemical and Biological 
Engineering, Seoul National University, Seoul, Korea
Kumar, Rajendran Arun - Institute of Chemical Process (ICP), 
Seoul National University, Seoul, Korea

Magnetic nanoparticles (MNPs) for biomedical applications has 
increased considerably over the past two decades. MNPs consist 
of a magnetic iron oxide core coated with a biocompatible ma-
terial such as polysaccharide, lipid, protein, small silane linkers, 
etc. that these surfaces impart the nanoparticle with its multi-func-
tional (primarily in magnetic resonance imaging, MRI), theranostic 
character (targetable drug carrier for therapy). We aim to evalu-
ate and compare the assembling efficiencies of MNP transfect-
ed cells. MNPs obtained from Magnetospirillum sp. AMB-1 Strain 
which has a lipid bilayer membrane and ferromagnetic proper-
ties. MNPs were characterized forward Transmission Electron Mi-
croscope (TEM), Physical Property Measurement System (PPMS), 
and Inductively Coupled Plasma Atomic Emission Spectrometer 
(ICPS), then transfected with concentration gradient of MNPs into 
mouse myoblast cell (C2C12) and human umbilical vein endothe-
lial cell (HUVEC). MNP transfected cells were evaluated by Prus-
sian Blue staining, Cell counting (CCK8) assay, Live-dead staining, 
and Real-time polymerase chain reaction (RT-qPCR). From iron 
detection, transfected MNPs was located in cytosol that transfec-
tion efficiency was revealed rely on MNP’s surface of composi-
tion. Because lipid membrane contained MNPs was transfected 
whereas detergent treated MNPs was not transfected into the 
cell line. Furthermore, MNPs of concentration gradient was no ef-
fect to cell toxicity from cell transfection to cell assembly. It was 
means MNPs was possible to application tools as a clinical trial. In 
MNPs cell assembly, cell to cell compaction was more interactive 
better then control cell assembloid but has no significant, which 
was compared the gene expression of Gab junction protein as 
like Connexin 40 (Cx40), Connexin 45 (Cx45), and hypoxia relat-
ed gene, Hypoxia-induced factor 1-α (Hif1-α). In conclusion, MNPs 
application can be a promising novel strategy to enhance cell as-
semble efficacy and outcomes of current stem cell therapy.

Funding Source: This work was supported by Korea 
government grant funded by the Ministry of Science 
and ICT (MSIT, NRF-2020H1D3A1A04081286, NRF-
2022M3A9B6082680), and by the Ministry of Trade, Industry 
and Energy (MOTIE, No.20016553).

Keywords: Magnetic nanoparticles, Assembloid, Transplantation
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DIRECT REPROGRAMMING OF HUMAN 
FIBROBLASTS INTO RETINAL PROGENITOR 
CELLS BY SMALL MOLECULES TO TREAT 
PHOTORECEPTOR DEGENERATION
Lu, Jean - Academia Sinica, Taipei, Taiwan (Republic of China)
Lee, Yueh-Chang - Program in Translational Medicine, Tzu Chi 
University and Academia Sinica, Tapei, Taiwan
Tsai, Rong-Kung - Institute of Eye Research, Tzu Chi Medical 
Center, Hualien, Taiwan

According to WHO, globally there are 285 million people visually 
impaired, and 39 million blind. In a real-world survey, blindness 
is reported to be the most terrifying disease among all human 
illnesses. There is more than 10% of blindness is caused by pho-
toreceptor degeneration, which considered untreatable once 
the degeneration progress to reach the end-stage. For example, 
primary retinal progenitor cells (RPCs) from the fetal retina suffer 
from ethical issues and low proliferative abilities, embryonic stem 
cells (ESCs) and induced pluripotent stem cells (iPSCs) derived 
retinal lineage cells have relatively low efficiency of differentia-
tion and are high-cost and labor-consuming. RPCs are capable 
to rescue vision in late-stage photoreceptor degeneration. But 
the availability of primary RPCs was restricted to post-abortion 
fetal tissue. Here in, we directly reprogram human fibroblasts 
into RPC-like cells by small molecules, aiming to overcome the 
current bottleneck in translational medicine. In preliminary exper-
iments, qRT-PCR, immunofluorescence assay, and Western Blot 
showed the induced cells expressed classical markers of RPCs. In 
bulk RNA-seq analysis, we compared the transcriptome between 
human fibroblasts and induced RPC-like cells, induced RPC-like 
cells demonstrated upregulated expression of transcripts related 
to extracellular matrix component, axon, dendrite, synaptic and 
postsynaptic membrane, and transport vesicle formation. By co-
culture assay, the induced cells were found to be able to integrate 
with the host rat retina in vivo. By calcium imaging, intracellular 
calcium concentrations were found to elevate in the induced cells 
upon glutamate stimulation, thus confirming these cells’ function-
ality. Last but not the least, we investigated the therapeutic effect 
in an animal model of photoreceptor degeneration. Induced RPC-
like cells were found to rescue the visual function of transplant-
ed rats without causing significant adverse events. In the future, 
surface marker screening by flow cytometry will be carried out 
to generate exogenous reporter DNA-free cells for better clini-
cal safety. Finally, we will build a standardized cell manufacturing 
protocol following Good Manufacturing Practice requirements 
and aim for technology transfer with a biotechnology company.

Keywords: Retina, cell therapy, photoreceptor degeneration

Clinical Trial ID number: no

823

A HUMAN IPSC-DERIVED VASCULAR SMOOTH 
MUSCLE CELLS MODEL TO INVESTIGATE THE 
HDAC9 LARGE-VESSEL STROKE RISK VARIANT 
AND SCREEN FOR HDAC INHIBITORS
Granata, Alessandra - Clinical Neurosciences, University of 
Cambridge, UK
Kasioulis, Ioannis - Clinical Neurosciences, University of 
Cambridge, UK
Sinha, Sanjay - Medicine, University of Cambridge, UK
Markus, Hugh - Clinical Neurosciences, University of Cambridge, 
UK

A common variant in the Histone Deacetylase 9 (HDAC9) gene 
has been identified in GWAS studies as the strongest genetic 
risk for large-vessel stroke to date and is also associated with 
promoting carotid atherosclerosis. The mechanism linking the 
HDAC9 variant with increased risk of stroke is still unknown due 
to the lack of suitable models. HDAC9 was found to be up-reg-
ulated in carotid plaques and we know that sodium valproate, 
a pan-HDAC inhibitor, is associated with lower risk of stroke in 
human. We suggested that the HDAC9 stroke-associated vari-
ant may affect gene expression, and this may promote vessel 
damage, which contributes to the pathophysiology of ischaemic 
stroke. To test this hypothesis, we generated a vascular smooth 
muscle cells (SMC) model from human induced pluripotent stem 
cells (iPSC) with the stroke-associated variant rs2107595 in the 
HDAC9 gene. The stroke risk SMC show up-regulation of HDAC9 
gene expression and disease-relevant phenotypes, including in-
creased apoptotic levels, higher inflammatory response and a re-
duced proliferative rate compared to healthy controls. Moreover, 
our iPSC-derived SMC has allowed us to identify new pathways/
targets for therapeutic development through transcriptomic anal-
ysis and potential therapeutically effective HDAC9 inhibitors by 
high-throughput phenotypic screening of HDAC class II inhibitors.

Funding Source: British Heart Foundation and Medical Research 
Foundation mid-career fellowship

Keywords: Histone Deacetylase 9, stroke, vascular smooth 
muscle cells

825

INSIGHTS INTO THE DEVELOPMENT OF 
BAP1 MUTANT UVEAL MELANOMA WITH A 
SELF-FORMED ECTODERMAL MULTI-ZONE 
DIFFERENTIATED FROM IPSCS
Begani, Priya - Oncological Sciences, Black Family Stem Cell 
Institute, Icahn School of Medicine at Mount Sinai, New York, 
NY, USA
Zebitz-Eriksen, Anne - Ophthalmology, Cell, Developmental, 
Regenerative Biology, Icahn School of Medicine at Mount Sinai, 
New York, NY, USA
Blenkinsop, Timothy - Ophthalmology and Cell, Developmental, 
Regenerative Biology, Icahn School of Medicine at Mount Sinai, 
New York, NY, USA
Bowcock, Anne - Oncological Sciences, Genetics and 
Genomics, Dermatology, Icahn School of Medicine at Mount 
Sinai, New York, NY, USA

Uveal melanoma (UM) arises from neural crest of the eye and has 
a mortality rate of 80%. Almost all UMs harbor oncogenic muta-



109

P
O

S
T

E
R

 A
B

S
T

R
A

C
T

 G
U

ID
E

W
E

D
N

E
S

D
A

Y
, 

14
 J

u
N

E
 2

0
2

3

tions in GNAQ, GNA11 or CYSLTR2. However, these do not affect 
the metastatic competency of UM which is defined by a classic 
gene expression profile. Class 1 tumors (low risk) harbor muta-
tions in SF3B1 or EIF1AX whereas Class 2 tumors (high risk) harbor 
inactivating mutations in BAP1. BRCA1-Associated Protein 1 (BAP1) 
is a ubiquitin carboxy-terminal hydrolase that regulates multiple 
cellular processes including chromatin modification, DNA repair 
and cell cycle control. BAP1 is also mutated in several other highly 
aggressive cancers. Cell based studies have shown that loss of 
BAP1 function in UM cells leads to a stem-like phenotype. How-
ever, the role of BAP1 in tumorigenesis and metastasis remains 
largely unknown. We hypothesized that understanding the con-
sequences of BAP1 loss in development would provide insights 
into its role in the development of UM and other cancers. We used 
human iPSCs and induced them to differentiate to form a primor-
dium of four concentric zones termed Self-formed Ectodermal 
Multi-Zone (SEAM). The SEAM mimics whole eye development 
and cells within each zone are indicative of lineage. SEAMs were 
stained for several lineage and ocular markers. BAP1 localized to 
Zone 2, which is the developmental analog of neural crest cells. 
Zone 2 also developed dense melanin pigmentation at around 
Day 20 of differentiation. Next, using the CRISPR-Cas9 based 
system, we successfully generated iPSCs with downregulated 
BAP1 which were also differentiated into ocular SEAMs. RNA-se-
quencing revealed significant alterations in various pathways as 
a consequence of BAP1 knockdown. These included melanogen-
esis, morphogenesis (WNT signaling), ECM assembly and degra-
dation, chromatin modeling and DNA repair. BAP1 downregula-
tion also led to markedly reduced melanin pigmentation in Zone 
2, consistent with a role for BAP1 in melanogenesis. Hence, ocular 
SEAMs provide insights eye development, neural crest differenti-
ation and potentially tumorigenesis and metastasis in UM.

Funding Source: NYSTEM Training Grant, National Cancer 
Institute, Waldman Fund

Keywords: iPSCs, melanoma, neural crest
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BIOLOGICAL AND EPIGENETIC EFFECTS OF 
ANTENATAL EXPOSURE TO BISPHENOLS AND 
PERFLUOROALKYLS POLLUTANTS ON HUMAN 
STEM CELL MODELS
Gaggi, Giulia - Department of Medicine and Aging Sciences, 
Center of Advanced Studies and Technology, University of “G. 
D’Annunzio” of Chieti-Pescara, Italy
Di Credico, Andrea - Department of Medicine and Aging 
Sciences, Reprogramming and Cell Differentiation Lab, 
Center for Advanced Studies and Technology, University of G. 
D’Annunzio of Chieti-Pescara, Italy
Marcozzi, Valentina - Department of Medicine and Aging 
Sciences, University of G. D’Annunzio of Chieti-Pescara, Italy
Di Martino, Pierpaolo - Department of Medicine and Aging 
Sciences, University of G. D’Annunzio of Chieti-Pescara, Italy
Ghinassi, Barbara - Department of Medicine and Aging 
Sciences, Reprogramming and Cell Differentiation Lab, 
Center for Advanced Studies and Technology, University of G. 
D’Annunzio of Chieti-Pescara, Italy
Di Baldassarre, Angela - Department of Medicine and Aging 
Sciences, Reprogramming and Cell Differentiation Lab, 
Center for Advanced Studies and Technology, University of G. 
D’Annunzio of Chieti-Pescara, Italy

Endocrine-disruptors (EDs), such as Bisphenols (BPs) and Perflu-
oroalkyls (PFs), are a class of plastic pollutants widely used in in-
dustrial applications. They can enter the human body through the 
ingestion of contaminated food and water interfering with endog-
enous hormone signaling and consequently leading to a wide 
spectrum of diseases. Due to the extensive use of plastic in daily 
life, particular attention should be paid to the EDs exposure of 
pregnant women: fetal development is a very susceptible period 
and in utero exposure to plastic pollutants seems to increase the 
risk of arising chronic pathologies later in adulthood. It has been 
reported that BPs and PFs can cross the placental barrier accu-
mulating in the fetal serum and amniotic fluid, but the detrimental 
consequences for human development remain to be clarified, 
especially when different classes of EDs are combined; indeed, 
humans are simultaneously daily exposed to different chem-
icals which may have additive, synergistic, or negative biologic 
effects. Here we analyzed the effects of Bisphenol A (BPA) and 
S (BPS), perfluorooctane sulfonate (PFOS) and perfluorooctano-
ic acid (PFOA), alone or in combination, on two different models 
of human perinatal stem cells: the fetal membrane mesenchymal 
stromal cells (hFM-MSCs), that derive from the placental amnio-
chorionic membrane, and amniotic fluid stem cells (hAFSCs), that 
are isolated by the amniotic fluid. Data from impedance analy-
sis and Ki67 expression showed that both BPs and PFs, alone 
or combined, increased the proliferation rate of perinatal stem 
cells, except the combination BPS +PFOS that was highly toxic 
for both cell models. Mitochondrial membrane potential mea-
sured with specific fluorescent labeling was scarcely affected by 
the EDs exposure. On the other side, BPs and PFs had a great 
impact on many key pluripotent genes, whose expression was 
up- or down-regulated by the EDs. More interesting, also DNTM 
and TET family members, which have a pivotal role in chromatin 
remodeling and epigenetic reprogramming in the early stages 
of fetal development, were highly affected by the treatments. All 
these data suggest that antenatal exposure to BPs and PFs may 
modify the biological and epigenetic characteristics of perinatal 
stem cells, perturbing normal human development.

Funding Source: This work was supported by PRIN Italian 
Ministry of University and Research (MUR), grant number 
PRIN20203AMKTW and by European Union- Fondo Sociale 
Europeo - PON Ricerca e Innovazione 2014-2020

Keywords: Endocrine disruption, perinatal stem cells, antenatal 
exposure
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HPSCREG - A RESOURCE FOR FOR HUMAN 
PLURIPOTENT STEM CELL RESEARCH
Kurtz, Andreas - Biomedical Data and Bioethics, BIH Center for 
Regenerative Therapies, Berlin, Germany
Seltmann, Stefanie - Biomedical Data and Bioethics, Fraunhofer 
IBMT, Berlin, Germany
Fuhr, Antonie - Biomedical Data and Bioethics, Fraunhofer 
IBMT, Berlin, Germany
Rossbach, Bella - Biomedical Data and Bioethics, Fraunhofer 
IBMT, Berlin, Germany
Hiepen, Christian - Biomedical Data and Bioethics, Fraunhofer 
IBMT, Berlin, Germany
Kobold, Sabine - Biomedical Data and Bioethics, Fraunhofer 
IBMT, Berlin, Germany
Mah, Nancy - Biomedical Data and Bioethics, Fraunhofer IBMT, 
Berlin, Germany

The human pluripotent stem cell registry (https://hPSCreg.eu) is a 
public database and knowledge hub for human pluripotent stem 
cells. It was first established in 2007 with funding from the Euro-
pean Commission as the human embryonic stem cell registry to 
deal transparently and informative with the ethical and scientific 
status of human embryonic stem cell research. Upon the discov-
ery of induced pluripotent stem cells (iPSC) and the widespread 
uptake of this technology, the registry expanded its mission to 
include human iPSC - lines. The hPSCreg knowledgebase was 
further extended to include a database of clinical studies using 
hPSC-derived cells as source materials for clinical applications. 
Now in its 4th funding period from the European Commission, the 
registry continues its original function as a registry for hPSC lines, 
but now finds itself at a crossroads on a number of impending is-
sues, spanning: 1) transparent tracking of cell lines from research 
to clinical application; 2) adoption of guidelines and standards for 
reporting of biological characteristics and using data to increase 
reproducibility of research; 3) linkage of cell lines to additional 
data (omics, PSC-derived cell types and organoids); 4) providing 
guidance to ethical provenance and of hPSC lines; 5) tracking 
ethical provenance of the cell lines and their unforeseen usage in 
potentially controversial applications; 6) adherence to FAIR data 
principles; 7) maintenance of a flexible and scalable IT infrastruc-
ture to manage the growing knowledgebase; In this presentation, 
we present the registry’s origin, current status and future devel-
opments in the face of the dynamic field of pluripotent stem cell 
research, ethics and clinical application.

Funding Source: Horizon Europe GA 101074135

Keywords: Pluripotent stem cells,, data quality and ethics, 
research reproducibility
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REGULATING UNPROVEN STEM CELL 
TREATMENTS IN THE U.S.: REGULATORY 
CHALLENGES
Foong, Chee (Patrick) - Law, Western Sydney University, 
Sydney, Australia

Despite comprehensive FDA regulations on cell-based interven-
tions, marketplace expansion occurs. In the U.S., clinics offering 
stem cell therapies not formally approved by the Food and Drug 
Administration (FDA) increased 4-fold in 5 years, according to re-
search conducted by the University of California, Irvine, led by 
a bioethicist, Professor Leigh Turner. These putative medical 
treatments lack solid evidence of safety and efficacy. There are 
enforcement steps taken by regulatory bodies like the FDA, the 
Federal Trade Commission (FTC), and others. However, there are 
regulatory challenges. For instance, in a legal suit brought by the 
FDA, a judge in California entered a judgment in favour of the 
defendant, California Stem Cell Treatment Center (CSCTC) et al. 
The judge’s ruling conflicts with an earlier decision on a similar 
case in Florida and thus, his decision has caused regulatory un-
certainty. Meanwhile, the FDA is appealing. This presentation will 
explore those regulatory challenges and possible recommenda-
tions to resolve or at least mitigate the problem of untested stem 
cell therapies in the country.

Keywords: Regulation, Legal cases, Unproven stem cell 
treatments
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LONG-TERM IMPACT OF SCIENCE POLICY ON 
STEM CELL RESEARCH
Kishi, Naoko - Graduate School of International Social Sciences, 
Yokohama National University, Yokohama, Japan

This study aims to clarify the long-term impact of political inter-
ventions on scientists’ behavior in stem cell research. It examines 
how policy change for supporting hESC research had affected 
the number of ESC research after 2009 in the US. The easing 
of federal funding restrictions on hESC research is assumed to 
have increased the number of relevant research. Articles were 
analyzed to investigate whether the number of ESC research for 
cardiac regeneration and diseases had increased since 2009. 
The sample data were compiled from articles on stem cell re-
search on the heart published between 2009 and 2019 and reg-
istered in PubMed. Articles were identified if they had “heart” and 
“ESC,” “iPSC,” “MSC,” or “BMC” in MeSH terms. Moreover, to in-
vestigate the characteristics of organizations influenced by policy 
change, this study examined the institutions where research was 
conducted based on authors’ affiliations. The affiliations include 
educational, clinical, research, commercial, governmental, and 
other organizations. When authors belong to multiple organiza-
tions, all the relevant organizations were counted in respective 
categories to build the data. Additionally, medical schools and 
colleges of pharmacies were counted as both educational and 
clinical organizations because they have the two institutions. The 
data demonstrate that ESC research had not increased signifi-
cantly since 2009. It increased somewhat after 2009 but started 
declining in the late 2010s. Instead, iPSC research had increased. 
Regarding types of affiliations, the analysis uses probit regres-
sion to measure their different responses to policy change. The 
dependent variable is whether the respective stem cell is chosen 
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for research. Results about ESC show that the coefficient of affili-
ations categorized in both educational and clinical organizations 
is statistically insignificant. In contrast, research and commercial 
organizations have a statistically significant positive impact on 
choosing ESC. This study concludes that policy change in 2009 
had not provided a strong push to increase ESC research in ed-
ucational and clinical organizations. Conclusions suggest that a 
temporary suspension of funding hESC research would make it 
difficult to revive the relevant research again even after the re-
strictions were removed.

Funding Source: This article was supported by Grants-in-Aid 
from the Japan Society for the Promotion of Science (Kiban-C-
21K00247).

Keywords: Science Policy, Embryonic stem cells, Policy change
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INCREASING OPENNESS AND TRUST IN STEM 
CELL RESEARCH AND THERAPEUTICS: TOWARD 
A NEW MODEL FOR EFFECTIVE GOVERNANCE
Ankeny, Rachel A. - School of Humanities, University of 
Adelaide, Australia
Leach, Joan - Centre for Public Awareness of Science, 
Australian National University, Canberra, Australia
Nicol, Dianne - Faculty of Law, University of Tasmania, Hobart, 
Australia
Wells, Christine - Center for Stem Cell Systems, University of 
Melbourne, Australia
Harms, Rebekah - School of Humanities, University of Adelaide, 
Australia
Hu, Mengqi - Center for Stem Cell Systems, University of 
Melbourne, Australia
Lopes McInnes, Edilene - School of Humanities, University of 
Adelaide, Australia
Santos, Dan - Centre for Public Awareness of Science, 
Australian National University, Canberra, Australia

Practices associated with stem cell research and therapeutics are 
at a crossroads: there is increasing urgency for crafting replicable, 
open, and trustworthy science and fostering responsible innova-
tion practices in the stem cell domain. This will require research-
ers and clinicians to be aware of the need to be accountable and 
actively engage with stakeholders, and to develop skills and strat-
egies for doing so. However, many issues in the field are hotly 
contested, leaving regulators, funders, publics, and other stake-
holders frustrated and unclear about how to find accurate and 
reliable information, and how to contribute to shaping the future 
of this field. Our project seeks to provide robust guidance based 
on stakeholder identification of the main factors that must be ad-
dressed to build trust in and to support potential acceptance and 
greater uptake of stem cell research and therapies, and process-
es for setting priorities. In this paper, we assess a policy model 
designed to foster transparency and trust in medical research/
therapeutics known as a ‘commons’ utilised in genomics and oth-
er fields in medicine. We analyse our findings from conceptual 
and empirical research exploring the shared values, goals, and 
priorities of diverse stakeholders (including researchers and oth-
er experts, industry, patients, regulators, and publics) that might 
be supported through a commons-type model and required mod-
ifications to apply such a policy model to the stem cell field in the 
Australian context and beyond.

Funding Source: “Developing an Evidence–Based Model for 
Building Trust in Australian Stem Cell Research and Therapies,” 

Australian National Health and Medical Research Council, 
Medical Research Future Fund, Stem Cell Therapies Mission 
(2021-24)

Keywords: Governance and policy, Stakeholder engagement, 
Trust in science
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METABOLIC AND EPIGENETIC BARRIERS IN THE 
DIRECT REPROGRAMMING OF FIBROBLASTS 
INTO INDUCED CARDIOMYOCYTES
Pereira, Sandrina Nobrega - iBiMED Institute of Biomedicine, 
University of Aveiro, Portugal
Santos, Francisco - University of Aveiro, iBiMED Institute of 
Biomedicine, Aveiro, Portugal
Correia, Magda - iBiMED Institute of Biomedicine, University of 
Aveiro, Portugal
Ferreira, Rita - iBiMED Institute of Biomedicine, University of 
Aveiro, Portugal
Bola, Bárbara - iBiMED Institute of Biomedicine, University of 
Aveir, Portugal
Dias, Rafaela - iBiMED Institute of Biomedicine, University of 
Aveiro, Portugal
Domingues, Pedro - Mass Spectrometry Center, QOPNA, 
University of Aveiro, Portugal
Oliveira, Paulo - Center for Neuroscience and Cell Biology, 
University of Coimbra, Aveiro, Portugal
Bernardes de Jesus, Bruno - iBiMED Institute of Biomedicine, 
University of Aveiro, Portugal

Heart disease is the leading cause of mortality in developed coun-
tries, therefore, novel regenerative procedures are warranted for 
improving patients well fare. The mammalian neonatal heart is ca-
pable of substantial regeneration following injury, but this capac-
ity is lost at postnatal stages when cardiomyocytes become dif-
ferentiated and shift from glycolysis to mitochondrial respiration. 
Besides energetics, metabolites impact chromatin marks with 
implications for cell fate conversion and regeneration. The use of 
direct reprogramming of resident fibroblasts by the expression of 
the cardiogenic factors Mef2c, Gata4, and Tbx5 (MGT) can create 
induced cardiomyocytes (iCMs). Besides holding great promise, 
it still lacks effectiveness especially in adult cells, and the impact 
of metabolic and age-associated epigenetic barriers remains 
elusive. We observed that retroviral-induced MGT transduction 
produced increase expression of cardiac troponin T in mouse 
embryonic (MEFs) compared to adult ear skin fibroblasts (AEFs). 
Moreover, transdifferentiated MEFs present increase expression 
of additional cardiac markers and repression of fibroblast genes 
whereas MGT-transduced AEFs failed to achieve this state. Mass 
spectrometry-based histone proteomics revealed epigenetic dif-
ferences in transdifferentiated MEFs and AEFs, compatible with 
shutting down of the fibroblast program and an open chroma-
tin state (with decreased histone methylation), resembling the 
epigenetic landscape of cardiomyocytes. Immunofluorescence 
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analysis revealed increase mitochondrial elongation and network 
connectivity in transdifferentiated MEFs, with modest changes 
in transdifferentiated AEFs. Mass-spectrometry based metabo-
lomics and energetic analysis suggests significant mitochondria 
metabolism remodeling during transdifferentiation into iCMs. Im-
portantly, 2-DG-mediated inhibition of glycolysis or modulation 
of energetic fuels can increase direct reprogramming into iCMs. 
Overall, our results suggest that extensive histone landscape and 
mitochondrial remodeling takes place during direct reprogram-
ming of fibroblasts into iCMs and modulation of bioenergetic and 
mitochondrial metabolism may potentiate direct reprogramming 
and cardiac regeneration.

Funding Source: This work is supported by the transnational 
funding network ERA-CVD/0001/2018- INNOVATION, FCT 
national funds EXPL/BIA-CEL/0358/2021 and the iBiMED 
(UIDB/04501/2020 and UIDP/04501/2020).

Keywords: Direct reprogramming into Cardiomyocytes, 
Mitochondria Metabolism, Chromatin Marks
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GENOME-WIDE CRISPR SCREEN IDENTIFIES 
AN NF2-ADHERENS JUNCTION MECHANISTIC 
DEPENDENCY FOR CARDIAC LINEAGE
Lee, Mick - Medicine, National University of Singapore, 
Singapore
Autio, Matias - Laboratory of Systems Biology & Data Analytics, 
Genome Institute of Singapore, Singapore
Chock, Wan Kee - Laboratory of Systems Biology & Data 
Analytics, Genome Institute of Singapore, Singapore
Foo, Roger - Medicine, National University of Singapore, 
Singapore
Low, Boon Chuan - Biological Sciences, Mechanobiology 
Institute, Singapore
Song, Yoohyun - Engineering, Institute of Bioengineering and 
Bioimaging, Singapore
Sudol, Marius - Medicine, Icahn School of Medicine at Mount 
Sinai, New York, NY, USA
Wang, Shyi Chyi - Engineering, Institute of Bioengineering and 
Bioimaging, Singapore
Wong, Darren Chen Pei - Biological sciences, National 
University of Singapore, Singapore

Cardiac differentiation involves a stepwise clearance of repres-
sors and fate-restricting regulators through the modulation of 
BMP/Wnt-signaling pathways. However, the mechanisms and 
how regulatory roadblocks are removed with specific develop-
mental signaling pathways remain unclear. Here, we performed 
a genome-wide CRISPR screen to uncover essential regulators 
of cardiomyocyte specification in human embryonic stem cells 
(hESCs) to better delineate the molecular events that control the 
earliest step of cardiovascular specification. We identified NF2, 
a Moesin-Ezrin-Radixin Like (MERLIN) Tumor Suppressor, as an 
upstream driver of cardiomyocyte specification. Transcriptional 
regulation and trajectory inference from NF2 knockout cells re-
veal the loss of cardiomyocyte identity and redirected towards 
an epithelial-like cell identity. Sustained elevation of early meso-
derm lineage repressor SOX2 and upregulation of late anti-car-
diac regulators CDX2, and MSX1 in NF2 knockout cells reflect a 
necessary role for NF2 in removing regulatory roadblocks. Since 
YAP is a known repressor of mesendoderm genes, we found that 
NF2 and AMOT cooperatively bind to YAP during mesendoderm 
formation, thereby preventing YAP activation in a LATS1-indepen-

dent manner. Mechanistically, we show that the seven amino acid 
blue-box region within the FERM domain of NF2 is critical for the 
formation of the AMOT-NF2-YAP scaffold complex at the cellu-
lar adherens junction, which is essential for mesodermal lineage 
specification. These results provide mechanistic insight into the 
essential role of NF2 for cardiomyocyte lineage specification by 
sequestering the repressive effect of YAP and relieving regulato-
ry roadblocks en route to cardiomyocytes.

Funding Source: This work was supported by grants from the 
Singapore National Medical Research Council (NMRC) and the 
Biomedical Research Council (BMRC), Agency for Science, 
Technology and Research (A*STAR).

Keywords: Cardiomyocyte Differentiation,, CRISPR Screening, 
Cell states
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UNRAVELING THE ROLE OF THE AP-1 
TRANSCRIPTIONAL PATHWAY IN THE 
DEVELOPMENT OF PACEMAKER CELLS FROM 
HUMAN INDUCED PLURIPOTENT STEM CELLS
Kunte, Manali Ajit - Biological Sciences / Cardiometabolic 
Disorders Department, San Jose State University / Amgen SSF, 
San Jose, CA, USA
Engel, James - Cardio Metabolic Disorders, Amgen SSF, San 
Francisco, CA, USA
Zhang, Xianglong - Center for Research Acceleration by Digital 
Innovation (CRADI), Amgen, Cambridge, MA, USA
Lu, Daniel - Research Biomics, Amgen SSF, San Francisco, CA, 
USA
Arias, Vanessa - Research Biomics, Amgen SSF, San Francisco, 
CA, USA
Li, Chi-Ming - Research Biomics, Amgen SSF, San Francisco, CA, 
USA
Hsu, Yi-Hsiang - Center for Research Acceleration by Digital 
Innovation (CRADI), Amgen, Cambridge, MA, USA
Ang, Yen-Sin - Cardio Metabolic Disorders, Amgen SSF, San 
Francisco, CA, USA

The sinoatrial node (SAN) is the primary pacemaker of the heart 
which triggers each heartbeat. Pacemaker cells from sinoatrial 
node have a gene expression program that allows them to in-
tegrate input from the autonomic nervous system and fire auto-
matically. Mechanisms underlying pacemaker development and 
function remain incompletely understood in humans due to the 
rarity of the cell type and the difficulty of isolating a large num-
ber of pacemaker cells for molecular analysis. Our lab has previ-
ously developed a high-yield, high-purity monolayer protocol to 
generate pacemaker-like cardiomyocytes from human induced 
pluripotent stem cells (hiPSC). This allows studying gene regu-
latory mechanisms and molecular and functional aspects of SAN 
development. Single-cell (sc) RNA sequencing of these pacemak-
er cardiomyocytes revealed that they have distinct cellular sub-
types which recapitulated many aspects of SAN development in 
vivo. sc-ATAC-sequencing and time course analyses of cellular 
differentiation further showed growth factors and stress signal-
ing pathways that could be important in pacemaker cell specifi-
cation. Specifically, our sc-ATAC sequencing data showed AP-1 
motif enrichment in pacemaker cardiomyocytes, but not in atrial 
cardiomyocytes during differentiation. Here we seek to uncov-
er the role of the AP-1 transcriptional pathway and identify the 
members of the AP-1 family involved in pacemaker differentiation. 
Understanding the molecular process involved in pacemaker cell 
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development will broaden our knowledge of SAN development 
and function. It will open avenues for in vitro cardiac arrhythmia 
modeling and discovering new approaches related to the regen-
eration of SAN for cell therapies.

Keywords: Unraveling regulatory mechanisms involved in 
specification of pacemaker cells from Sinoatrial node (SAN), 
Differentiating human iPSCs into monolayer pacemaker cells, 
Modeling Sinoatrial node development in vitro

188

LEFT VENTRICLE-LIKE CARDIOMYOCYTES 
GENERATED FROM HUMAN PLURIPOTENT STEM 
CELLS HAVE INCREASED HOLISTIC MATURITY
Bernardo, Andreia S. - Developmental Biology, The Francis 
Crick Institute, London, UK
Dark, Nicola - Developmental Biology Lab, Francis Crick 
Institute, London, UK
Cosson, Marie-Victoire - Developmental Biology Lab, Francis 
Crick Institute, London, UK
Tsansizi, Lorenza Iolanda - ICTEM, National Heart and Lung 
Institute, Imperial College London, UK
Owen, Thomas J. - ICTEM, National Heart and Lung Institute, 
Imperial College London, UK
Ferraro, Elisa - Developmental Biology Lab, Francis Crick 
Institute, London, UK
Francis, Alice J. - ICTEM, National Heart and Lung Institute, 
Imperial College London, UK
Tsai, Selina - Developmental Biology Lab, Francis Crick Institute, 
London, UK
Weston, Anne - Electron Microscopy Science Technology 
Platform, Francis Crick Institute, London, UK
Collinson, Lucy - Electron Microscopy Science Technology 
Platform, Francis Crick Institute, London, UK
Abi-Gerges, Najah - Anabios, San Diego, CA, USA
Miller, Paul - Anabios, San Diego, CA, USA
MacLeod, Ken T. - ICTEM, National Heart and Lung Institute, 
Imperial College London, London, UK
Ehler, Elisabeth - Cardia Cell Biology, King’s College London, UK
Mitter, Richard - Bioinformatics STP, Francis Crick Institute, 
London, UK
Harding, Sian - ICTEM, National Heart and Lung Institute, 
Imperial College London, UK
Smith, Jim C. - Developmental Biology Lab, Francis Crick 
Institute, London, UK

Decreased left ventricle (LV) function caused by genetic muta-
tions or injury often leads to debilitating and fatal cardiovascular 
disease. LV-cardiomyocytes are, therefore, a potentially valuable 
therapeutical target. Human pluripotent stem cell derived cardio-
myocytes (hPSC-CMs) generated using current protocols are nei-
ther homogenous nor mature, which reduces their utility. Here 
we exploit our understanding of cardiac development to devise 
a new protocol to generate LV-cardiomyocytes from hPSCs. Cor-
rect mesoderm patterning (relying on an interplay between Ac-
tivin, BMP4 and WNT signalling) and blocking of the retinoic acid 
pathway were essential to generate near-homogenous hPSC-LV-
CM populations. As expected, hPSC-LV-CMs transit via first heart 
field progenitors expressing TBX5 and HAND1 and display typical 
ventricular action potentials. Unexpectedly, hPSC-LV-CMs display 
increased metabolism, reduced proliferation and improved cy-
toarchitecture (including sarcomere organisation and length) and 
functional maturity compared to age-matched cardiomyocytes 
generated using the standard WNT-ON/WNT-OFF protocol. Of 

note was the calcium response to sarcoplasmic reticulum specific 
inhibitors (ryanodine and thapsigargin), which showed that hPSC-
LV-CMs have more appropriate drug-responses. This increase 
in maturity is also observed in engineered heart tissues (EHTs) 
made from hPSC-LV-CMs, which are better organised, produce 
higher force and have a slower beating rate but can be paced 
to physiological levels. This demonstrates the mechanical load 
induced maturity exerted by the EHTs was additive rather than 
transformative. Together, we show that hPSC-LV-CMs with ma-
ture properties can be rapidly obtained (in 20 days), even without 
exposure to reported maturation regimes. These cells are, there-
fore, a suitable model to study LV development and disease and 
will likely enable more faithful LV-specific cardiotoxicity screens. 
Moreover, this work opens the possibility of like-for-like cell re-
placement therapy becoming an accessible treatment for heart 
failure patients.

Funding Source: British Heart Foundation (BHF-FS/12/37/29516; 
RM/17/1/33377), Wellcome Trust (210987/Z/18/Z), Medical 
Research Council (MR/R017050/01; MR/X50287X/1), LifeArc 
(LifeArc-Crick) and Francis Crick Institute (FC001157).

Keywords: left ventricle cardiomyocytes, cardiomyocyte 
differentiation + maturation, engineered heart tissues
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PREDICTING AND ENHANCING CARDIAC 
POTENTIAL OF IPSC-DERIVED CARDIAC 
PROGENITOR CELLS
Simmons, Aaron D. - Department of Chemical and Biological 
Engineering, University of Wisconsin-Madison, WI, USA
Baumann, Claudia - Department of Physiology and 
Pharmacology, University of Georgia, Athens, GA, USA
Zhang, Xiangyu - Department of Physiology and Pharmacology, 
University of Georgia, Athens, GA, USA
Feeney, Austin - Department of Biomedical Engineering, 
University of Wisconsin-Madison, WI, USA
De La Fuente, Rabindranath - Department of Physiology and 
Pharmacology, University of Georgia, Athens, GA, USA
Palecek, Sean - Department of Chemical and Biological 
Engineering, University of Wisconsin-Madison, WI, USA

Human pluripotent stem cell-derived cardiomyocytes (hPSC-CMs) 
exhibit marked potential for use in cell therapies, drug screening, 
and disease modeling applications. The efficiency of their pro-
duction; however, remains quite variable resulting in poor pro-
cess robustness. Thus, methods to monitor this differentiation, 
predict final CM yield and purity at earlier stages, and enhance 
these metrics will significantly increase process reliability and 
productivity. Cardiac progenitor cells (CPCs) are a key metasta-
ble intermediate in this process and thus present an opportune 
cell type to study. Herein, we have undertaken a multi-omics 
discovery approach to identify early differences in cell attributes 
between high- and low-potency CPCs batches (i.e. those giving 
rise to high- and low-purity populations of hPSC-CMs) to provide 
systems-level insights into underlying mechanisms which drive 
these divergent outcomes. Specifically, we have combined epig-
enomic (ATACseq), transcriptomic (RNAseq), proteomic, and lip-
idomic profiling methodologies. To date, we have identified dif-
ferential molecular and functional signatures between high- and 
low- potency CPCs with high power to predict terminal hPSC-CM 
purities. Among these signatures, in addition to confirming some 
canonical cardiac developmental genes (NKX2-5, CRIP2) being 
enriched in high-potency CPCs, we have also identified marked 
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differences in WNT, MAPK, and EMT pathways, epigenetic prim-
ing of key sarcomeric-related genes, lipid storage, and oxidative 
metabolism (Seahorse assay). Furthermore, through inferential 
dynamics we have identified cell-intrinsic speed of differentia-
tion to be a potential significant contributor to divergent terminal 
hPSC-CM outcomes. Finally, we are beginning to utilize these 
data to enhance hPSC-CM differentiation outcomes (yield and 
purity). Thus far, in addition to gaining fundamental insights into 
the underlying biology of CPCs, our findings are being used to 1) 
predict final hPSC-CM differentiation process outcomes early, 2) 
enhance these process outcomes through process optimization, 
and 3) establish potential novel feedback control schemes to fur-
ther enhance process robustness.

Keywords: Multi-omics, Cardiomyocytes, Cardiac progenitor 
cells

TOPIC: EPITHELIAL INCLUDES SKIN GUT LUNG
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HYPOXIA AND HIF PATHWAYS PROMOTE 
AIRWAY DIFFERENTIATION OF HUMAN FETAL 
LUNG EPITHELIAL PROGENITOR CELLS
Dong, Ziqi - Gurdon Institute, University of Cambridge, UK
Rawlins, Emma - Gurdon Institute, University of Cambridge, UK
Nathan, James - Cambridge Institute of Therapeutic Immunology 
& Infectious Disease, University of Cambridge, UK
Reid, Adam - Gurdon Institute, University of Cambridge, UK

The development of first-trimester human embryos happens in a 
highly hypoxic uterine environment before the placental-maternal 
circulation is completely established. This developmental stage 
also overlaps with active organogenesis. To explore the effects 
of hypoxia on human lung development, we isolated the epithe-
lial progenitors from human fetal lung tips and cultured them as 
organoids in a self-renewal medium. In this medium under nor-
moxia the lung progenitors self-renew (remain undifferentiated 
and proliferate rapidly). However, chronic hypoxia arrested pro-
liferation and induced the differentiation of first-trimester lung 
progenitors towards multiple airway cell types, but not alveolar 
fates, even in the self-renewal medium. This induction of airway 
fates was enhanced by lower oxygen levels and longer durations 
of exposure. To delineate the underlying mechanisms, we fo-
cused on HIF (Hypoxia-Inducible Factor) pathways. The activity 
of HRE (Hypoxia-Response Element) reporters and expression of 
known HIF-pathway genes were induced by hypoxia. Chemical 
stabilization of HIF1a and HIF2a in normoxia mimicked the hypox-
ia effects. Knocking-down HIF1a efficiently rescued the pheno-
type by decreasing the airway differentiation caused by hypoxia. 
Transcriptomic analysis showed HIF1a regulated the expression 
of genes involved in cell proliferation, epithelial development, 
and cholesterol and surfactant biosynthesis which is important 
for alveolar cell formation. In contrast, inhibition of HIF2a couldn’t 
prevent the hypoxia-induced airway differentiation. These results 
show that hypoxia and the HIF pathways play an important role 
in regulating lung epithelial progenitor fate during development. 
Moreover, preliminary data suggests that the HIF-induced tran-

scriptional responses are conserved in human adult lung stem 
cells during hypoxia, such as that caused by severe injury.

Funding Source: Wellcome Trust. Cambridge Commonwealth, 
European & International Trust.

Keywords: Lung epithelial progenitors, Hypoxia and Hypoxia-
Inducible Factors, Airway cell differentiation
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CENTRAL ROLE OF THE CDK1/TFCP2L1/ID2 
CASCADE ON STEM-CELL PLURIPOTENCY AND 
BLADDER CARCINOGENESIS
Nam, Yun Ji - Asan Medical Center, University of Ulsan College 
of Medicine, Seoul, Korea
Heo, Jinbeom - Biomedical Sciences, University of Ulsan 
College of Medicine, Seoul, Korea
Lee, Jinyoung - Biomedical Sciences, University of Ulsan 
College of Medicine, Seoul, Korea
Shin, Dong-Myung - Biomedical Sciences, University of Ulsan 
College of Medicine, Seoul, Korea
Son, Jaekyoung - Biomedical Sciences, University of Ulsan 
College of Medicine, Seoul, Korea

Accumulating evidence supports the notion that aberrant acti-
vation of pluripotency-associated genes is frequently observed 
in tumors, and stemness features have been shown to be asso-
ciated with oncogenic dedifferentiation and tumor metastasis. 
Recently, we reported that overexpression of transcription factor 
CP2-like protein-1 (TFCP2L1) and its phosphorylation at Thr177 
by cyclin-dependent kinase-1 (CDK1) are central mechanisms in 
embryonic stem cell (ESC) pluripotency as well as adult bladder 
carcinogenesis. In murine ESCs, this phosphorylation determined 
the binding of TFCP2L1 to targets related to cell cycle and differ-
entiation processes. The physical and functional interaction be-
tween TFCP2L1 and CDK1 is conserved in human bladder cancer 
(BC) cells and modulate their proliferation and stemness features. 
However, the clinical relevance and therapeutic potential of this 
novel CDK1-TFCP2L1 molecular network remain elusive. Here, we 
demonstrated that the inhibitor of DNA binding-2 (ID2) functions 
as a crucial mediator by acting as a direct repressive target of 
TFCP2L1 for modulating the stemness features and cell survival of 
BC cells. Low ID2 and high CDK1 expression were significantly as-
sociated with unfavorable clinical characteristics. TFCP2L1 down-
regulated ID2 by directly binding to its promoter region. Consis-
tently, ectopic expression of ID2 or treatment with apigenin, a 
chemical activator of ID2, triggered apoptosis and impaired cell 
proliferation, stemness features, and the invasive capacity of BC 
cells. Combination treatment with the specific CDK1 inhibitor RO-
3306 and apigenin significantly suppressed tumor growth in an 
orthotopic BC xenograft animal model. This study demonstrates 
the biological role and clinical utility of ID2 as a direct target of the 
CDK1-TFCP2L1 pathway for modulating ESC function and bladder 
cancer progression.

Keywords: Bladder cancer, Transcription factor, CDK1/TFCP2L1/
ID2 cascade
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EPITHELIAL TO MESENCHYMAL TRANSITION 
(EMT) IN HUMAN IPSCS CAN BE EXPLAINED BY 
A SMALL SUBSET OF GENES USING MACHINE 
LEARNING MODELS
Niekamp, Kristen A. - Allen Institute for Cell Science, Seattle, 
WA, USA
Allen Institute for Cell Science, Seattle, WA, USA
Theriot, Julie - Department of Biology and Howard Hughes 
Medical Institute, University of Washington, Seattle, WA, USA
Rafelski, Susanne - Allen Institute for Cell Science, Seattle, WA, 
USA

The Allen Institute for Cell Science aims to understand the prin-
ciples by which human induced pluripotent stem cells (hiPSCs) 
establish and maintain robust dynamic localization of cellular 
structures, and how they transition between states during differ-
entiation and disease. The epithelial to mesenchymal transition 
(EMT) is a cellular state change in which non-motile epithelial 
cells transition into motile mesenchymal cells. In addition to the 
switch in cell behavior, EMT is also characterized by changes in 
cellular identity (e.g., transcription, protein expression) and orga-
nization. To understand the interplay between these features, 
we use large-scale imaging and multimodal quantitative assays 
on EMT- directed hiPSCs from the Allen Cell Collection (allencell.
org). Using a small molecule inhibitor of GSK-3β, we can direct 
hiPSCs to undergo EMT, characterized by cellular migration at 
~20-25 hours post-treatment with a concomitant decrease in ep-
ithelial transcripts (SOX2, CDH1) and increase in mesenchymal 
transcripts (VIM, CDH2). To correlate transcription with this be-
havioral change, we collected GSK3-inhbited hiPSCs every three 
hours for 48 hours and performed scRNA-seq. We first confirmed 
that our ~43,000 cells largely clustered by timepoint, then or-
dered them into a latent time dimension via pseudotime analysis. 
Differential gene expression analysis identified that over 3000 
genes undergo a statistically significant change associated with 
differentiation. To identify a small subset of genes that are both 
predictive of pseudotime and capable of being used in spatial 
transcriptomic assays (n < 500 genes) we implemented machine 
learning models that were able to accurately (MAE=1.05) predict 
cellular pseudotime using only 30 genes. Including more genes 
resulted in both minimal gain in accuracy as well as small impor-
tance scores suggesting that 30 genes is enough to predict hiP-
SC directed EMT. We will apply this set in spatial transcriptomic 
experiments that combine live imaging and cellular behavior an-
notations to integrate cell behavior with identified transcriptional 
states. Our study serves as a framework to understand the inter-
sections between cellular organization, molecular identity, behav-
ior, and environment to aid in understanding cell states and state 
transitions more generally.

Keywords: EMT, bioinformatics, hiPSC
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A NEW PATH TO REGENERATE CORNEAL 
ENDOTHELIUM
Maurizi, Eleonora - Life Sciences, University of Modena and 
Reggio Emilia, Modena, Italy
Merra, Alessia - Life Sciences, University of Modena and Reggio 
Emilia, Modena, Italy
Schiroli, Davide - Transfusion Unit, IRCCS Reggio Emilia, Italy
Macaluso, Claudio - Medicine and Chirurgy, University of Parma, 
Italy
Pellegrini, Graziella - Life Sciences, University of Modena and 
Reggio Emilia, Modena, Italy

Regeneration of the corneal endothelial tissue, fundamental for 
maintaining a clear vision, is prevented by human corneal endo-
thelial cells (HCEnCs) poor proliferative capacity. The proliferative 
potential is partially retrieved in vitro, even though after a limit-
ed number of passages the cells undergo an endothelial-mes-
enchymal transition (EnMT) that alters cell morphology and pro-
tein expression, thus hampering any autologous regenerative 
treatment. EnMT is a process also occurring during normal stem 
cells expansion but needs to be finely regulated to be revers-
ible. Although different strategies have been proposed to coun-
teract the excessive EnMT in HCEnCs and prolong passages in 
culture, this process has still not been fully understood and suc-
cessfully counteracted. In this perspective, we herein identified 
a single GSK-3 inhibitor, CHIR99021, able to revert and avoid 
EnMT in primary HCEnCs from old donors. HCEnCs can thus 
be maintained in culture until late passages in vitro (P8) without 
loosing their morphology, as shown from circularity assessment. 
In accordance, CHIR99021 reduced expression of a-SMA and 
CD44 EnMT markers, while restored endothelial markers such as 
ZO-1, Na+/K+ ATPase and N-cadherin. The CHIR99021 mediat-
ed EnMT reduction does not increase proliferation, as demon-
strated by FACS, cell count and upregulation of the proliferation 
repressor p21, similarly to what previously found in neural stem 
cells. CHIR99021 reversed for the first time EnMT process at late 
passages in HCEnCs from old donors, an innovation in this field 
that allows using a greater number of discarded corneas deriving 
from old donors and opens the way for a more controlled regen-
eration of this tissue. These results represents therefore a novel 
and important advancement towards the development of corneal 
endothelial regenerative therapies.

Keywords: Corneal endothelial regeneration, Endothelial-
mesenchymal transition, GSK-3 inhibitor
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CD99 MAINTAINS HOMEOSTASIS AND 
REGULATES DIFFERENTIATION IN HUMAN 
EPIDERMIS
Okubo, Toru - Regenerative Medicine Research Planning 
Division, Rohto Pharmaceutical Co., Ltd., Kizugawa, Japan
Wong, Yi Li - Basic Research and Development Division, Rohto 
Pharmaceutical Co., Ltd., Kizugawa, Japan
Uno, Eiko - Basic Research and Development Division, Rohto 
Pharmaceutical Co., Ltd., Kizugawa, Japan
Suda, Kazuma - Basic Research and Development Division, 
Rohto Pharmaceutical Co., Ltd., Kizugawa, Japan
Ishii, Tsuyoshi - Basic Research and Development Division, 
Rohto Pharmaceutical Co., Ltd., Kizugawa, Japan

CD99 is a transmembrane glycoprotein encoded by the MIC2 
gene. CD99 was reported to be expressed in the epidermis in 
2016, but its function has not been elucidated. This study aimed 
to clarify the role of CD99 in the human epidermis. CD99 was par-
ticularly expressed in cells of the basal layer of the human epider-
mis. When normal human epidermal keratinocytes (NHEKs) were 
cultured on plastic dishes, they were strongly expressed in mem-
branes in contact with other cells. NHEKs with high or low CD99 
expression were separated by flow cytometry and analyzed for 
gene expression. NHEKs with high CD99 expression had sig-
nificantly increased expression of differentiation-related genes 
such as K14 and HAS3 and genes related to barrier function such 
as CDH1 and CLDN1. We found that NHEKs with high CD99 ex-
pression decreased their colony-forming ability when cultured 
on culture dishes seeded with feeder cells. Epidermal cell sheets 
made by NHEKs with high CD99 expression did not show suf-
ficient stratification. Furthermore, the knockdown of CD99 in 
NHEKs resulted in cell hypertrophy, fewer cells expressing Ki67, 
and decreased not only differentiation markers such as IVL, LOR, 
and FLG, but also stem cell markers such as p63, and K14. These 
findings suggest that a decrease in CD99 causes abnormalities in 
various markers of stem cells and differentiation markers required 
for normal differentiation of NHEKs. Therefore, CD99 appears to 
be involved in maintaining skin homeostasis and initiating early 
differentiation in the human epidermis.

Keywords: Human Epidermal Keratinocytes, Differentiation 
Marker, Tissue Engineering
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ALTERING STEM CELL STATES BY CONTROLLING 
CELL SIGNALLING INFORMATION
Malleshaiah, Mohan - Institut de Recherches Cliniques de 
Montréal (IRCM), Montreal, QC, Canada
Meharwade, Thulaj - Institut de Recherches Cliniques de 
Montréal (IRCM), Montreal, QC, Canada
Joumier, Loick - Institut de Recherches Cliniques de Montréal 
(IRCM), Montreal, QC, Canada

Cell fate determination induced by cell signaling is central to stem 
cell and developmental biology. Pluripotent stem cells such as 
embryonic stem cells (ESC) are an attractive model for under-
standing the relationship between cell signaling and cell fates. 
Cultured mouse ESCs can exist in multiple cell states resembling 
distinct stages of early embryogenesis, such as Totipotent, Plu-

ripotent, Primed and Primitive Endoderm. The signaling mecha-
nisms regulating the Totipotent state acquisition and coexistence 
of these multiple cell states are poorly understood. Here we 
identify BMP4 as an inducer of the Totipotent state. However, we 
discovered that BMP4-mediated induction of the Totipotent state 
is constrained by the cross-activation of FGF, TGF-β, and WNT 
pathways. We exploited this finding to enhance the proportion 
of Totipotent cells in ESCs by rationally inhibiting the cross-ac-
tivated pathways using small molecules. Activation of the BMP4 
signaling in combination with inhibition of the cross-activated 
pathways resulted in efficient reprogramming of ESCs to the 
Totipotent state. Next, we utilized single-cell mRNA-sequencing 
(scRNA-seq) to analyze the resulting impact on cellular hetero-
geneity. The scRNA-seq analysis revealed that induction of the 
Totipotent state is accompanied by the suppression of both the 
Primed and Primitive Endoderm states. Furthermore, the repro-
grammed Totipotent cells generated in culture have a molecular 
and functional resemblance to the Totipotent cell stages of the 
preimplantation embryo. Our findings reveal a BMP4 signaling 
mechanism in ESCs to regulate multiple cell states, potentially 
significant for managing stem cell heterogeneity in differentiation 
and reprogramming.

Funding Source: 1) CIHR Project Grant #173273; 2) Maud 
Menten New Principal Investigator Prize #173596; 3) Fonds de 
Recherche Quebec - Santé Research Scholar Award # 254497; 
and 4) John R. Evans Leaders Fund from CFI.

Keywords: Totipotency, Embryonic Stem Cell Heterogeneity, 
Cell Signalling in Stem Cells

TOPIC: GERMLINE AND EARLY EMBRYO
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INHIBITION OF BMP4-MEDIATED CROSS-
ACTIVATION OF SIGNALING PATHWAYS 
ENHANCES TOTIPOTENT-LIKE STEM CELLS WITH 
BLASTOID FORMING POTENTIAL
Meharwade, Thulaj Dattatraya - Stem Cells and Cell 
Reprogramming, Montreal Clinical Research Institute (IRCM), 
Montreal, QC, Canada
Joumier, Loick - Department of Biochemistry and Molecular 
Medicine, Montreal Clinical Research Institute (IRCM), Montreal, 
QC, Canada
Parisotto, Maxime - Stem Cells and Cell Reprogramming, 
Montreal Clinical Research Institute (IRCM), Montreal, QC, 
Canada
Huynh, Vivian - Molecular Biology program, Montreal Clinical 
Research Institute (IRCM), Montreal, QC, Canada
Lummertz Da Rocha, Edroaldo - Department of Microbiology, 
Immunology and Parasitology, University of Santa Catarina, 
Florianopolis, Brazil
Malleshaiah, Mohan - Stem Cells and Cell Reprogramming, 
Montreal Clinical Research Institute (IRCM), Montreal, QC, 
Canada

Embryonic stem cells (ESC) are defined by their inherent ability 
to self-renew and give rise to all cell types within the organism. 
Recent evidence suggests that cultured mouse ESCs co-exist 
in multiple phenotypic states such as unbiased pluripotent state 
(naïve), totipotent (2Cell-like), EpiSC (primed) and are driven by 
distinct transcriptional regulators. An important aspect of these 
specific cell states is that they have different developmental po-
tency: while totipotent cells can give rise to both embryonic and 
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extraembryonic tissues, pluripotent cells give rise to only embry-
onic tissues and primed only to certain embryonic tissues. Howev-
er, the signaling mechanisms initiating this remarkable develop-
mental plasticity (co-existence of diverse cell fates) in genetically 
identical cells are unclear. Moreover, it remains unresolved which 
signaling pathway (if any) among those commonly active in ESC 
culture conditions is important to induce the Totipotent state. In 
this study, by examining various ESC culture conditions, we iden-
tified BMP4 signalling to promote Totipotent state. In addition, 
we also observed alternative cell states to be co-expressed and 
found BMP4 mediated signaling to curtail the induction of totipo-
tent state through cross-activation of FGF, Nodal and WNT path-
ways associated in promoting pluripotent and primed cell states, 
respectively. Furthermore, perturbation of cross-activated path-
ways using putative small molecules enabled in identification of a 
reprogramming condition (namely LBPXRS) to enhance totipotent 
state in ESCs. Integrated single-cell RNA-seq analysis of pre- and 
post-implantation mouse embryo, various ESC culture conditions 
and LBPXRS confirm the molecular features of LBPXRS akin to 
totipotent cell stages of pre-implantation embryo. Lastly, genera-
tion of in-vitro blastocyst-like structures (Blastoids) of phenotypi-
cally reprogrammed totipotent cells exhibited functional and mo-
lecular features akin to totipotent cell stages of preimplantation 
embryos. Therefore, our findings reveal a novel BMP4-mediated 
signaling mechanism in ESCs to regulate diverse cell fates, and 
close association between BMP4 signaling cross-activation and 
totipotent-like reprogramming.

Keywords: Totipotent-like stem cells, Signalling cross-activation, 
Blastoid

206

CRISPR-MEDIATED GENOME-WIDE SCREENING 
IN PRIMORDIAL GERM CELL SPECIFICATION
Wang, Xiukun - ESCBL, National Institutes of Health, NC, USA
Hu, Guang - ESCBL, NIEHS, Durham, NC, USA

The germ cell lineage ensures the transmission of heritable genet-
ic and epigenetic information to the next generation. In mammals, 
the pluripotent epiblast cells in the post-implantation embryos 
give rise to both the somatic and germ cell lineages during sub-
sequent development. Under inductive cell interactions, a small 
number of epiblast cells adopt the fate of the primordial germ 
cells (PGCs) and become the multipotent precursor of germ cells. 
However, the underlying mechanism is not fully understood. For-
tunately, the epiblast to PGC specification can be recapitulated in 
vitro using embryonic stem cells (ESCs), albeit with low efficien-
cy. The specification of PGCs is accompanied by the induction of 
key germ-cell genes, repression of the nascent somatic program, 
and widespread epigenetic remodeling. Here, we carried out a 
CRISPR/Cas9-mediated genome-wide genetic screen in PGC-like 
cells (PGCLCs) in vitro differentiation system and identified sever-
al key factors that are epigenetic barriers to PGCs specification. 
Phenotypically, when the knockout of these genes or the use of 
chemical inhibitors against them, it promoted PGCLCs differenti-
ation significantly up to ~20% in vitro. Consistently, the transcrip-
tional analysis showed that the germ cell maker genes are highly 
activated in the knockout cells. We are currently using genomic 
approaches including RNA-seq and Cut&Run to dissect the un-
derlying mechanism. Further, we are generating knockout mouse 
models to test whether the deletion can promote PGC specifica-
tion in vivo. Together, our study uncovered epigenetic barriers in 

PGC cell fate specification and illustrated the power of genetic 
screens in the study of cell fate transitions.

Funding Source: This work is supported by the Intramural 
Research Program of the NIH, National Institute of Environmental 
Health Sciences [Z01ES102745 to G.H., in part].

Keywords: primordial germ cells (PGCs), CRISPR-mediated 
screening, epigenetic barriers
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AN RNAI SCREEN OF RNA HELICASES IDENTIFIES 
EIF4A3 AS A REGULATOR OF EMBRYONIC STEM 
CELL IDENTITY
Li, Dan - Center for Regenerative Medicine, Massachusetts 
General Hospital and Harvard University, Boston, MA, USA
Yang, Jihong - Department of Medicine, Columbia University 
Irving Medical Center, New York, NY, USA
Malik, Vikas - Department of Medicine, Columbia University 
Irving Medical Center, New York, NY, USA
Huang, Yuting - Department of Medicine, Columbia University 
Irving Medical Center, New York, NY, USA
Huang, Xin - Department of Medicine, Columbia University Irving 
Medical Center, New York, NY, USA
Zhou, Hongwei - Department of Medicine, Columbia University 
Irving Medical Center, New York, NY, USA
Wang, Jianlong - Department of Medicine, Columbia University 
Irving Medical Center, New York, NY, USA

Embryonic stem cells (ESCs) can self-renew and differentiate into 
multiple cell lineages, the unique feature collectively known as 
pluripotency. Post-transcriptional and translational regulatory lay-
ers are being increasingly scrutinized for their roles in controlling 
pluripotency. In these regulatory layers, RNA helicases are heav-
ily involved in RNA metabolism to direct their roles in gene ex-
pression, yet their functions in pluripotency control remain largely 
unexplored. To systematically explore the roles of RNA helicases 
in ESCs and dissect their mechanistic actions on stem cell plu-
ripotency, we started from an RNA interference (RNAi) screen of 
RNA helicases and identified that eIF4A3 (aka Ddx48), a DEAD-
box (Ddx) helicase component of the exon junction complex, is 
essential for the maintenance of ESCs. Mechanistically, we show 
that eIF4A3 depletion causes the loss of pluripotency via cell cy-
cle dysregulation. eIF4A3 binds to mRNAs encoding the pluripo-
tency-related cell cycle regulators and controls these transcripts 
in a post-transcriptional manner. Specifically, eIF4A3, particularly 
its helicase activity, is required for the efficient nuclear export of 
Ccnb1 mRNA, which encodes Cyclin B1, a key component of the 
pluripotency-promoting pathway during the cell cycle progres-
sion of ESCs. Our results reveal a previously unappreciated role 
for eIF4A3, emphasizing its function as an RNA helicase in main-
taining stem cell pluripotency through post-transcriptional control 
of the cell cycle.

Keywords: RNA Helicase, eIF4A3, Pluripotency
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IDENTIFICATION OF ENPEP AS A CRUCIAL 
EPIGENETICALLY REGULATED MARKER DURING 
EARLY TROPHOBLAST DIFFERENTIATION
Huang, Wen - Department of Obstetrics and Gynaecology, 
University of Hong Kong, Hong Kong
Chen, Andy Chun Hang - Department of Obstetrics and 
Gynaecology, The University of Hong Kong, Hong Kong
Fong, Sze Wan - Department of Obstetrics and Gynaecology, 
The University of Hong Kong, Hong Kong
Ng, Ernest Hung Yu - Department of Obstetrics and 
Gynaecology, The University of Hong Kong, Hong Kong
Yeung, William Shu Biu - Department of Obstetrics and 
Gynaecology, The University of Hong Kong, Hong Kong
Lee, Yin Lau - Department of Obstetrics and Gynaecology, The 
University of Hong Kong, Hong Kong

Early trophoblast differentiation is crucial for embryo implantation, 
placentation and fetal development. Previous studies revealed 
that dynamic changes in DNA methylation occurred during pre-
implantation embryo development and a few epigenetic gate-
keepers were identified to safeguard the trophoblast fate. How-
ever, the underlying regulatory mechanism is poorly understood. 
Recently, we established human expanded potential stem cells 
(hEPSC-em) directly from preimplantation embryos, providing a 
powerful tool for studying early trophoblast differentiation. To 
investigate the roles of DNA methylation on trophoblast differ-
entiation, trophoblastic spheroids derived from hEPSC-em were 
treated with Tet methylcytosine dioxygenase inhibitor (dimethy-
loxalylglycine, DMOG) and DNA methyltransferase (5-Azacytidine, 
5-AzaC) inhibitor during differentiation. We found that DMOG 
treatment hindered trophoblast differentiation with reduced ex-
pression of trophoblast markers including KRT7, HLA-G, SDC1, 
ERVW-1 and CGB3, and reduced the attachment of trophoblastic 
spheroids onto receptive Ishikawa cells; while 5-AzaC promoted 
trophoblast differentiation. We further conducted integrative and 
bioinformatic analyses to identify new epigenetic determinants. 
We found that Aminopeptidase A (ENPEP) was hypermethylated 
in 8-cell and morula-stage embryos with promoter methylation 
levels of 57.5% and 70.8% respectively, but hypomethylated in 
trophectoderm (37.3%) and trophoblastic stem cells (TSC) (1.6%), 
which was negatively correlated with its expression. Concordant-
ly, progressive demethylation of ENPEP was detected during 
trophoblast differentiation. Moreover, DMOG treatment delayed 
demethylation of ENPEP and suppressed its expression. We gen-
erated an ENPEP-/- hEPSC-em line using CRISPR/Cas9 approach 
and found that ENPEP deletion delayed the downregulation of 
pluripotent markers and decreased the expression of trophoblast 
markers in hEPSC-em-derived trophoblastic spheroids. In addi-
tion, ENPEP-/- hEPSC-em line exhibited lower efficiency of TSC 
derivation and impaired its competence in extra-villous tropho-
blast and syncytiotrophoblast differentiation. These results sug-
gested that ENPEP was epigenetically regulated and played a 
vital role in trophoblast fate commitment.

Funding Source: National Key Research and Development 
Program of China (2022YFC2702503), Shenzhen Science and 
Technology Program (KQTD20190929172749226), Health@
InnoHK from Innovation and Technology Commission.

Keywords: Trophoblast differentiation, Human expanded 
pluripotent stem cells, DNA methylation
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SINGLE-CELL CLUSTERING AND CLASSIFICATION 
OF EMBRYONIC STEM CELLS USING GENE 
REGULATORY NETWORKS
Joumier, Loïck R. - Stem Cells and Cell Reprogramming, IRCM, 
Montréal, QC, Canada
Meharwade, Thulaj - Stem Cells and Cell Reprogramming, 
Institut de Recherches Cliniques de Montréal (IRCM), Montreal, 
QC, Canada
Parisotto, Maxime - Stem Cells and Cell Reprogramming, Institut 
de Recherches Cliniques de Montréal (IRCM), Montreal, QC, 
Canada
Huynh, Vivian - Stem Cells and Cell Reprogramming, Institut 
de Recherches Cliniques de Montréal (IRCM), Montreal, QC, 
Canada
Lummertz Da Rocha, Edroaldo - Systems Biology, Federal 
University of Santa Catarina, Santa Catarina, Brazil
Malleshaiah, Mohan - Stem Cells and Cell Reprogramming, 
Institut de Recherches Cliniques de Montréal (IRCM), Montreal, 
QC, Canada

Individual cells often have distinct morphological, functional, 
and molecular features. Interest in such cellular heterogeneity 
within a biological sample or tissue is increasing studies using 
single-cell technologies such as single-cell mRNA-sequencing 
(scRNA-seq). Cell fate decisions of individual cells shape the nor-
mal development of an embryo as well as the disease state such 
as cancer. Thus, it is crucial to precisely understand the molec-
ular mechanisms that drive these decisions. We culture mouse 
ESCs in non-reprogramming conditions (BMP4-mediated) and 
reprogramming conditions (inhibition of BMP4-cross-activated 
signaling pathways) to characterize and quantify the alterations 
in cell state heterogeneity. Our single-cell analysis confirmed 
reprogramming of mouse ESCs to the totipotent state by inhib-
iting BMP4-cross-activated signaling pathways. Molecular mech-
anisms can be illustrated and quantified by mathematical models 
called Gene Regulatory Networks (GRNs). Specific GRNs often 
drive cell fate specification during development and disease. Pro-
genitor cells such as stem cells can transition from one functional 
state to another, an ability known as cell plasticity. For instance, 
embryonic stem cells (ESCs) are known to stochastically transi-
tion between the totipotent and pluripotent states. By using GRN, 
RNA velocity and trajectory bioinformatic tools, we predict and 
describe the molecular networks involved in pluripotent-to-toti-
potent state transitions in ESCs. Our results show that circadian 
clock genes, such as Bhlhe40, Bhlhe41, and Nr1d1, are important 
regulators in pluripotent-to-totipotent stem cell state transitions. 
In scRNA-seq analysis, cell states are partitioned and annotated 
by observing the expression of biomarker genes. This manual an-
notation task is often subjective and labor-intensive. We question 
the accuracy of describing a cell fate using clustering methods 
and biomarker-based annotation practices in single-cell analysis. 
As a solution, we propose to use Artificial Intelligence and GRNs 
to build classification tools that accurately annotate cell states (or 
fates) in single-cell analysis.

Keywords: Single-cell RNA sequencing analysis, RNA velocity 
and trajectory analysis., Gene Regulatory Networks
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THE PLURIPOTENCY FACTOR TEX10 FINETUNES 
WNT SIGNALING FOR PGC AND MALE GERMLINE 
DEVELOPMENT
Wang, Jianlong - Medicine, Columbia University Irving Medical 
Center, New York, NY, USA
Huang, Xin - Medicine, Columbia University Irving Medical 
Center, New York, NY, USA
Li, Dan - Medicine, Columbia University Irving Medical Center, 
New York, NY, USA
Ma, Fanglin - Cell, Developmental and Regenerative Biology, 
Icahn School of Medicine at Mount Sinai, New York, NY, USA
Malik, Vikas - Medicine, Columbia University Irving Medical 
Center, New York, NY, USA
Shi, Xianle - Medicine, Columbia University Irving Medical 
Center, New York, NY, USA
Yang, Jihong - Medicine, Columbia University Irving Medical 
Center, New York, NY, USA
Zang, Ruge - Medicine, Columbia University Irving Medical 
Center, New York, NY, USA
Zhou, Hongwei - Medicine, Columbia University Irving Medical 
Center, New York, NY, USA

Testis-specific transcript 10 (Tex10) is a critical factor for plurip-
otent stem cell maintenance and preimplantation development. 
Here, we dissect its late developmental roles in primordial germ 
cell (PGC) specification and spermatogenesis using cellular (de-
gron) and animal (conditional knockout) models. We discover 
that Tex10 binds the Wnt negative regulator genes, marked by 
H3K4me3, at the PGC-like cell (PGCLC) stage in restraining Wnt 
signaling. Depletion and overexpression of Tex10 hyperactivate 
and attenuate the Wnt signaling, resulting in compromised and 
enhanced PGCLC specification efficiency, respectively. Using 
the Tex10 conditional knockout mouse models combined with 
single-cell RNA sequencing, we further uncover critical roles 
of Tex10 in spermatogenesis, with Tex10 loss causing reduced 
sperm number and motility associated with compromised round 
spermatid formation. Notably, defective spermatogenesis in 
Tex10 knockout mice correlates with aberrant Wnt signaling up-
regulation. Therefore, our study establishes Tex10 as a previously 
unappreciated player in PGC specification and male germline de-
velopment by fine-tuning Wnt signaling.

Keywords: pluripotency, Spermatogenesis, Wnt signaling
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NAKED MOLE-RATS IN A DISH - A NOVEL IPSC-
BASED TOOL TO UNDERSTAND MECHANISMS 
OF HETEROCHRONY, LONGEVITY AND 
REPRODUCTIVE LIFESPAN
Bayerl, Jonathan - Department of Obstetrics, Gynecology and 
Reproductive Sciences, University of California, San Francisco, 
CA, USA
Pavlovic, Bryan - Department of Neurology, University of 
California, San Francisco, CA, USA
Bernard, Julia - Department of Obstetrics, Gynecology and 
Reproductive Sciences and Bakar Aging Research Institute 
(BARI), University of California, San Francisco, CA, USA
Villeda, Saul - Department of Anatomy, University of California, 
San Francisco, CA, USA
Holmes, Melissa - Department of Psychology, University of 
Toronto, Mississauga, ON, Canada
Pollen, Alex - Department of Neurology, University of California, 
San Francisco, CA, USA
Laird, Diana J. - Department of Obstetrics, Gynecology and 
Reproductive Sciences, University of California, San Francisco, 
CA, USA

Although the average lifespan has increased over the last century, 
regulation of aging still remains elusive. In many organisms, evo-
lution has bound lifespan tightly to fecundity. In flies and worms, 
removal of the germline promotes longevity, whereas a functional 
ovary in humans is associated with better health. Understanding 
the mechanistic relationship between fertility and aging would 
potentially benefit both fields. A species that defies evolutionary 
constraints on reproduction and longevity is the naked mole-rat 
(NMR), a small eusocial rodent with a >30-year life expectancy 
and lifelong fecundity. Similar to ants, NMRs live in colonies with 
different castes: one queen reproduces while other females re-
main pre-pubertal through social suppression. Observations 
that queens outlive subordinates, together with the potential for 
reproductive activation of subordinates upon queen removal, 
suggest an epigenetic basis for puberty and lifespan. An in vitro 
system would facilitate the study of eusociality, reproduction and 
longevity. Previously, NMR iPSCs exhibited limited pluripotency 
and were derived from animals of unknown origin. We devised a 
robust, efficient and scalable platform to generate bona fide NMR 
iPSCs from males, females, subordinates and queens from birth 
to 12 years of age, representing an entire NMR “colony in a dish”. 
These NMR iPSCs meet stringent pluripotency criteria, including 
ICM-like molecular signature, genomic stability as well as in vi-
tro differentiation potential and in vivo integration in E3.5 mouse 
embryos. The duration of NMR reprogramming is exceedingly 
long, reminiscent of the previously reported prolonged 2-week 
pre-implantation. Strikingly, NMR iPSCs form blastoids resem-
bling rodent blastocysts. Finally, we observed discrete pheno-
types of iPSCs derived from queens compared to similarly aged 
subordinates, including slower proliferation and higher frequency 
of transgene silencing. These phenotypes indicate a retention of 
epigenetic memory of the source animal based on reproductive 
status, and further support protracted developmental tempo and 
epigenetic resilience in queen iPSCs as strategies for longevity. 
This collection of NMR stem cells provides an accessible toolbox 
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for mechanistic studies of early development, aging and repro-
ductive longevity.

Funding Source: This project is supported by an EMBO 
postdoctoral fellowship, the Chan Zuckerberg Biohub and the 
W.M. Keck foundation.

Keywords: naked mole-rat, iPSC, epigenetic memory, fertility, 
aging
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INTEGRATED SINGLE-CELL ROADMAP OF 
EMBRYOS ALLOW INTERROGATION OF 
BLASTOID AND STEM CELL MODELS
Ouyang, John F. - Cardiovascular and Metabolic Disorder 
Program, Duke-NUS, Singapore
Rackham, Owen - Cardiovascular and Metabolic Disorders, 
Duke-NUS Medical School, Singapore

Single-cell profiling has allowed us to identify the lineage speci-
fication and temporal dynamics during early development. Sev-
eral studies have profiled different stages of early development, 
ranging from pre-implantation to post-implantation to gastrulating 
embryos. However, technical differences present a barrier to data 
interpretation and further incorporation of new single-cell data. 
Here, we integrated these datasets to construct a single-cell 
roadmap of early embryo development spanning embryos ob-
tained from embryonic day 3 to day 19. Detailed analysis of this 
roadmap unravelled key regulators driving lineage specification 
during implantation & gastrulation as well as cell-cell communi-
cation between cell types of different lineages. More important-
ly, this single-cell roadmap is designed such that new single-cell 
datasets can be easily incorporated and compared. This allowed 
us to interrogate recent blastocyst organoid (blastoid) models, as-
sessing their developmental maturity and elucidating unknown 
cell populations. We envision that our single-cell roadmap can be 
further used to understand inter-species differences during early 
development and evaluate the fidelity of other in vitro differenti-
ation models. Overall, this single-cell roadmap provides a com-
prehensive description of the molecular changes during early de-
velopment, which will be of use by stem cell biologists to probe 
various stem cell models.

Keywords: single-cell atlas, early embryo development, blastoid
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PROTEOME ASYMMETRY IN MOUSE 
AND HUMAN EMBRYOS BEFORE FATE 
SPECIFICATION
Iwamoto-Stohl, Lisa Karin - Department of Physiology, 
Development and Neuroscience, University of Cambridge, UK
Petelski, Aleksandra - Department of Bioengineering and 
Barnett Institute, Northeastern University, Boston, MA, USA
Meglicki, Maciej - Department of Physiology, Development and 
Neuroscience, University of Cambridge, UK
Fu, Ziruo - Department of Physiology, Development and 
Neuroscience, University of Cambridge, UK
Specht, Harrison - Department of Bioengineering and Barnett 
Institute, Northeastern University, Boston, MA, USA
Huffman, Gray - Department of Bioengineering and Barnett 
Institute, Northeastern University, Boston, MA, USA
Derks, Jason - Department of Bioengineering and Barnett 
Institute, Northeastern University, Boston, MA, USA
Weberling, Antonia - Department of Physiology, Development 
and Neuroscience, University of Cambridge, MA, USA
Weatherbee, Bailey - Department of Physiology, Development 
and Neuroscience, University of Cambridge, UK
Gantner, Carlos - Department of Physiology, Development and 
Neuroscience, University of Cambridge, UK
Mandelbaum, Rachel - Division of Reproductive Endocrinology 
and Infertility, Department of Obstetrics and Gynecology, 
University of Southern California, Los Angeles, CA, USA
Paulson, Richard - Division of Reproductive Endocrinology and 
Infertility, Department of Obstetrics and Gynecology, University 
of Southern California, Los Angeles, CA, USA
Slavov, Nikolai - Department of Bioengineering and Barnett 
Institute, Northeastern University, Boston, MA, USA
Zernicka- Goetz, Magdalena - Department of Physiology, 
Development and Neuroscience, University of Cambridge, UK

Pre-patterning of the embryo, driven by spatially localized fac-
tors, is a common feature across several non-mammalian spe-
cies. However, mammals display regulative development and 
thus it was thought that the blastomeres of the early embryo do 
not show such pre-patterning. Unexpectedly, the blastomeres of 
2-cell mouse and human embryos have been reported to have 
distinct developmental fates, potential and heterogeneous abun-
dance of certain transcripts. Nevertheless, the extent of the ear-
liest intra-embryo differences remains unclear and controversial. 
Here, utilizing multiplexed and label-free single-cell proteomics 
by mass-spectrometry, we show that the 2-cell mouse embryo 
contains an alpha and beta cell as defined by differential abun-
dance of hundreds of proteins exhibiting strong functional enrich-
ment for protein synthesis, transport, and degradation. The 4-cell 
mouse embryo also comprises alpha and beta cells with increas-
ingly diverging proteomes. Intriguingly, halved mouse zygotes 
display asymmetric protein abundance that resembles alpha and 
beta blastomeres, suggesting differential proteome localization 
already at the zygote stage. When the subsequent fate of alpha 
and beta cells was assessed, alpha cells were found to be more 
likely to give rise to a blastocyst competent to develop further. 
Proteins involved in protein transport and degradation, including 
Gps1 and Nedd8, are highly abundant and asymmetrically distrib-
uted in alpha and beta cells. Depletion of Gps1 and Nedd8 in one 
cell of the 2-cell mouse embryo impacts lineage segregation in 
blastocysts. Human 2-cell stage blastomeres also form two clus-
ters that share strong concordance with clusters found in mouse, 
both in terms of differentially abundant proteins and functional 
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enrichment. To our knowledge, this is the first demonstration of 
intra-zygotic and inter-blastomere proteomic asymmetry in mam-
mals.

Funding Source: Rosetrees Trust (M877), Leverhulme Trust 
(RPG-2018-085), Wellcome Trust (207415/Z/17/Z), Open 
Philanthropy Grant, NIH R01 (HD100456-01A1), New Innovator 
Award (DP2GM123497) and Allen Distinguished Investigator 
award.

Keywords: Single-cell proteomics, Mammalian embryonic 
development, Cell fate specification
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ZFP281 COORDINATES DE NOVO DNA 
METHYLTRANSFERASES AND TET1 IN DRIVING 
PRIMED PLURIPOTENCY
Huang, Xin - Medicine, Columbia University Medical Center, 
New York, NY, USA
Balmer, Sophie - Developmental Biology Program, Sloan 
Kettering Institute, New York, NY, USA
Lyu, Cong - Research Center for Eco-Environmental Sciences, 
Chinese Academy of Sciences, Beijing, China
Malik, Vikas - Department of Medicine, Columbia University, 
New York, NY, USA
Wang, Hailin - Research Center for Eco-Environmental Sciences, 
Chinese Academy of Sciences, Beijing, China
Xie, Wei - Tsinghua Center for Life Sciences, Tsinghua 
University, Beijing, China
Hadjantonakis, Anna-Katerina - Developmental Biology 
Program, Sloan Kettering Institute, New York, NY, USA
Wang, Jianlong - Department of Medicine, Columbia University, 
New York, NY, USA

The continuum of pluripotency encompassing the naïve, forma-
tive, and primed pluripotent stem cell states recapitulates the in 
vivo embryonic epiblast development during the pre-to-post-im-
plantation period. The progression and transition between these 
pluripotent states are accompanied by a sharp activation of the 
de novo DNA methyltransferases and the reorganization of tran-
scriptional and epigenetic landscapes. Here we identified Zinc 
Finger Protein 281 (ZFP281) as an essential factor in the forma-
tive-to-primed pluripotent state transition. Using a knockout 
mouse model and a knockin degron cell system, we revealed that 
transcription of DNMT3A/3B depends on the activity of ZFP281 in 
embryonic stem cells, epiblast-like cells, and epiblast stem cells. 
Mechanically, chromatin-bound ZFP281 and DNA hydroxylase 
TET1 are decreased in the formative state but recovered in the 
primed state and increases in chromatin-bound ZFP281 and TET1 
are important to compete with DNMT3A/3B for establishing the 
DNA methylation and gene expression programs in the primed 
state. In addition, ZFP281 and TET1 depend on the formation of 
the R-loop structures at the ZFP281 target gene promoters for 
their chromatin occupancy. Our study demonstrates a compre-
hensive role of ZFP281 in modulating DNA methylation- and de-
methylation-associated transcriptional programs driving the for-
mative-to-primed transition and maintaining primed pluripotency.

Keywords: Pluripotent state transition, DNA methylation, DNMT3 
and TET1
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IDENTIFYING MOLECULAR REGULATORS OF 
MAMMALIAN DEVELOPMENTAL PAUSING USING 
A CRISPR/CAS9 SCREEN APPROACH
Fothergill-Robinson, Julie - Molecular Genetics, University of 
Toronto, Lunenfeld-Tanenbaum Research Institute, Toronto, ON, 
Canada
Ramalho-Santos, Miguel - Molecular Genetics, University of 
Toronto, Lunenfeld-Tanenbaum Research Institute, Toronto, ON, 
Canada

Developmental pausing, also called diapause, is a reproductive 
mechanism employed to separate fertilization from birth by tem-
porarily arresting embryonic development in response to environ-
mental perturbations. Characterized as a unique state of devel-
opment, the molecular mechanisms controlling diapause within 
the mammalian embryo are largely unknown. Our lab previously 
identified the mTOR pathway as a central regulator of mammalian 
diapause. In 2016, we reported that inhibition of mTOR induces a 
paused pluripotent state in mouse embryos and embryonic stem 
cells (ESCs) that recapitulates diapause. In order to broadly identi-
fy pathways that regulate diapause within the embryo, I have em-
ployed a genome-wide CRISPR/Cas9 screening approach using 
our mouse ESC pausing model. Data from this CRISPR screen ap-
proach and follow-up experiments has uncovered a diverse array 
of pathways and factors involved in metabolism, DNA repair, and 
chromatin regulation that I am exploring further. I have validated 
the screen hits in a secondary screen and am dissecting the role 
of chromatin factors that appear to provide vulnerabilities specifi-
cally in the paused state, and not in other pluripotent ESC states. 
Understanding the role of the pathways that regulate diapause 
will have implications for research on reproduction, development, 
aging, and cancer. Our most recent progress and findings will be 
discussed in further detail during the poster session.

Keywords: Diapause, Embryonic Development, Chromatin 
Regulation
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PLURIPOTENCY IS REGULATED BY SET-ESRRB
Lim, Patrick Siang Lin - Genetics, The Hebrew University, 
Jerusalem, Israel
Meshorer, Eran - Genetics, Hebrew University of Jerusalem, 
Israel

The multifunctional protein SET is a chaperone of linker histone 
H1 and is also involved in many cellular processes, including in-
hibition of histone acetylation and in oncogenesis. In a pluripo-
tent state, SET exists mainly in one isoform, SETα, whereas its 
alternative isoform, SETβ, is predominantly expressed in differ-
entiated cells. In our previous work (Harikumar, Lim et al., Stem 
Cell Reports, 2020) using SET-KO ESCs, we found that absence 
of SET is embryonic lethal and leads to premature differentiation 
and transition out of a naïve pluripotent transcriptomic state. To 
date, attempts to obtain genome-wide binding profiles of SET 
have failed, and further, the functions of the two SET isoforms in 
ESCs remain elusive. To this end, we generated SET-KO cell lines 
capable of doxycycline-inducible addback of either HA-epitope 
tagged SETα or SETβ, enabling us to perform ChIP-seq experi-
ments for SETα-HA and SETβ-HA independently and to identi-
fy binding-sites common and unique to both isoforms. Genomic 
profiling with our ChIP-seq data revealed that SET accumulates 
at the boundaries of characterised ESC super enhancers and at 
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the binding sites of several pluripotency factors, including Oct4, 
Nanog, and Sox2. In addition, SET is enriched at the promoters of 
expressed genes. Many of these genes are themselves targets of 
core pluripotency factors and are implicated in embryonic devel-
opment and lethality phenotypes. Further, we identified several 
thousand ChIP-seq peaks shared by both isoforms; and a subse-
quent HOMER de novo motif discovery analysis detected a high 
enrichment of binding-motifs associated with nuclear receptors, 
including the pluripotency marker ESRRB. Interestingly, co-immu-
noprecipitation experiments of SET followed by liquid chromatog-
raphy mass spectrometry (LC-MS/MS) identified a direct interac-
tion with ESRRB. RNA-seq experiments following isoform-specific 
addback in a SET-KO background reveal that SETα has a greater 
repressive effect than SETβ on genes with proximal ESRRB bind-
ing sites. Many of these genes are related to aberrant early de-
velopmental phenotypes. Taken together, our results suggest a 
co-regulatory role for SET and ESRRB in pluripotency.

Keywords: Pluripotency, ESRRB, Super Enhancers
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UNIQUE ROLES OF DIFFERENT CANONICAL WNT 
LIGANDS IN EARLY HUMAN DEVELOPMENT
Rizou, Eleni Anastasia - Biosciences, Rice University, Houston, 
TX, USA
Heintzelman, Kaitlyn - Biosciences, Rice university, Houston, TX, 
USA
Warmflash, Aryeh - Biosciences, Rice University, Houston, TX, 
USA

WNT ligands play crucial roles in mammalian gastrulation and 
the formation of the A-P axis. Previous studies in mice have 
demonstrated that Wnt3 is necessary for initiating gastrulation, 
while other WNTs are less critical at gastrulation stage and play 
roles in later development. In 2D micropatterned human gastru-
lation models, WNT3, WNT3A, WNT6, and WNT8A are the ca-
nonical WNT ligands with the highest RNA expression. We tested 
whether these WNTs could function interchangeably during ear-
ly development as might be expected from their high sequence 
conservation. We generated tetracycline-inducible hESC lines 
to over-express each WNT ligand together with a nuclear mark-
er to trace and quantify their expression levels. We subjected 
these cell lines to differentiation assays that probe the capacity 
of these ligands to induce mesoderm from pluripotent cells, to 
induce neural crest within the ectoderm, and to posteriorize neu-
ral cells. We observed that WNT3 and WNT3A can perform all 
these functions while WNT6 and WNT8A only induce a subset of 
these cellular behaviors. Whether these differences result purely 
from variations in the potency of the ligands or to other function-
al differences requires further investigation. Overall, our findings 
demonstrate that different Wnt ligands should not be viewed as 
redundant, and caution is required in interpreting their contribu-
tions to various cell signaling and cell fate behaviors.

Funding Source: NIH award R01GM126122

Keywords: Wnt ligands, morphogens, spatial patterning
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UNRAVELING SMALL NONCODING RNAS AND 
THEIR CHROMATIN STATE IN TRIPLE LINEAGE 
DIFFERENTIATION
Dahri, Ouafa - ANA, LUMC, Culemborg, Netherlands
Hita, Andrea - Epigenetics unit, Diagenode, Liege, Belgium
Schvartzman, Sol - Epigenetics unit, Diagenode, Liege, Belgium
Sage, Fanny - Anatomy and Embryology, Leiden University 
Medical Center, Leiden, Netherlands
Geijsen, Niels - Anatomy and Embryology, Leiden University 
Medical Center, Leiden, Netherlands
Alemany, Anna - Anatomy and Embryology, Leiden University 
Medical Center, Leiden, Netherlands

Small non-coding RNAs (sRNAs) have increasingly been found to 
have a wide range of functions in both healthy and pathophysio-
logical conditions. However, little is known about their regulatory 
programs during early development and their role in establish-
ing cell identity. To address this, we differentiated in vitro two 
isogenic induced-pluripotent stem cell(iPSC) lines, derived from 
the same patient but from different tissues, towards mesoderm, 
endoderm, and ectoderm. We measured changes in the tran-
scriptome by small noncoding-RNA sequencing and total RNA 
sequencing, chromatin accessibility by ATAC sequencing and 
methylation patterns by Twist Targeted Methylation Sequencing 
at various time points during differentiation, which allowed us to 
identify novel sRNA and mRNA markers at different stages of each 
germ layer establishment. By integrating all datasets together, we 
found genetic and epigenetic features that do not change during 
differentiation, suggesting an epigenetic ‘memory’ due to tissue 
origin in the different regulatory scales. Finally, we identify three 
categories of microRNA which, depending on whether they sit 
in inter-genic or intra-genic regions, share, or do not share, their 
regulatory mechanisms with their host gene. This study provides 
a first insight into the presence or absence of specific groups of 
sRNAs in iPSCs, based on their origin and upon differentiation 
into each of the three germ-layers.

Funding Source: This project was supported, in part, by grants 
from the Novo Nordisk Foundation (NNF21CC0073729),

Keywords: differentiation, sequencing, noncodingRNA
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THE REGULATION OF P-BODY ASSEMBLY BY 
O-GLCNACYLATION OF PSME3 MAINTAINS THE 
PLURIPOTENCY IN MOUSE EMBRYONIC STEM 
CELLS
Ogura, Chika - Department of Bioinformatics, Graduate School 
of Engineering, Soka University, Hachioji, Japan
Pecori, Federico - Department of Bioinformatics, Graduate 
School of Engineering, Soka University, Hachioji, Japan
Kondo, Nanako - Department of Science and Engineering for 
Sustainable Innovation, Faculty of Science and Engineering, 
Soka University, Hatioji, Japan
Miura, Taichi - National Institutes for Quantum and Radiological 
Science and Technology, National Institute of Radiological 
Sciences (NIRS), Chiba, Japan
Kume, Masahiko - Department of Integrated Biosciences, 
Graduate School of Frontier Sciences, The University of Tokyo, 
Kashiwa, Japan
Minamijima, Youhei - Department of Integrated Biosciences, 
Graduate School of Frontier Sciences, The University of Tokyo, 
Kashiwa, Japan
Yamamoto, Kazuo - Department of Integrated Biosciences, 
Graduate School of Frontier Sciences, The University of Tokyo, 
Kashiwa, Japan
Nishihara, Shoko - Glycan & Life Systems Integration Center 
(GaLSIC), Soka University, Hachioji, Japan

Glycosylation plays important roles, such as cell adhesion, sig-
nal regulation, endocytosis, protein folding and protein stability. 
O-linked β-N-acetylglucosamine (O-GlcNAc) is the only glyco-
sylation occurred in cytoplasmic and nuclear. O-GlcNAc is trans-
ferred to the serine (Ser) or threonine (Thr) residues of proteins 
by O-GlcNAc transferase (OGT) and removed from proteins by 
O-GlcNAcase (OGA). Mouse embryonic stem cells (mESCs) were 
established from pre-implantation embryos and maintain plurip-
otency by the complicated mechanisms. We and some groups 
have been revealed that O-GlcNAc is required for maintenance of 
ESCs pluripotency. However, its mechanism is still largely unclear 
because there are divergent O-GlcNAcylated proteins. Here, we 
explored O-GlcNAcylated proteins in mESCs and mouse epi-
blast-like cells (mEpiLCs). We found that proteasome activator 
subunit 3 (Psme3) protein as a O-GlcNAcylation protein in both 
mESCs and mEpiLCs. It has been reported that Psme3 binds to 
the 20S proteasome and facilitates protein degradation. How-
ever, the relationship between regulation of mESCs pluripoten-
cy and that of proteasome regulation by O-GlcNAc is unknown. 
Psme3 was O-GlcNAcylated on Ser111 and interacted with DEAD 
box polypeptide 6 (Ddx6), which is necessary for processing bod-
ied (P-bodied) assembly. P-bodies are cytoplasmic organelles that 
lack membranes and are formed by phase separation involved 
in the storage or decay of untranslated mRNAs. Loss of O-Glc-
NAcylation on Se111 of Psme3 caused inhibition of the interaction 
between Psme3 and Ddx6 and an increased in P-bodies, result in 
mESCs differentiated. Moreover, expressions of pluripotent core 
transcription factors such as Klf2 and Klf4 were decreased at the 
protein level and P-bodies were increased in mESCs by reduction 
in O-GlcNAcylation on Se111 of Psme3. Our results demonstrated 
that O-GlcNAcylation of Psme3 is required for maintenance of the 
pluripotency in mESCs through regulation of P-body assembly.

Funding Source: This work was supported by Japan Society for 
the Promotion of Science (JSPS) KAKENHI grant JP18K06139 

(to S.N.) and Japan Science and Technology Agency (JST)-Mirai 
Program grant JPMJMI18GB (to S.N.).

Keywords: O-GlcNAc, pluripotency, P-body
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DIVERGENT ROLES OF OCIAD FAMILY 
PROTEINS IN MITOCHONDRIA GOVERN HUMAN 
PLURIPOTENT STEM CELL DIFFERENTIATION
Kamat, Kajal - Molecular Biology and Genetics Unit, Jawaharlal 
Nehru Centre for Advanced Scientific Research, Bengaluru, 
India
Inamdar, Maneesha - Molecular Biology and Genetics Unit, 
Jawaharlal Nehru Centre for Advanced Scientific Research, 
Cardiovascular Development, Disease Mechanism and Institute 
for Stem Cell Science and Regenerative Medicine, Bangalore, 
Bengaluru, India

Human pluripotent stem cells (PSCs) exist in a continuum of de-
velopmental sub-states with diverging potencies. How these dis-
crete cellular states arise, transition and ultimately impact differ-
entiation outcomes is unclear. Regimens that can prime cells for 
selective differentiation, while simultaneously retaining attributes 
of pluripotency, can be exploited for controlled and efficient 
expansion strategies. Increased insights into mechanisms con-
trolling stem cell sub-states is required to trap and expand such 
tunable states in vitro. We previously reported that the conserved 
OCIA domain containing protein, Asrij/OCIAD1 promotes pluripo-
tency and is downregulated during differentiation. Notably, Asrij/
OCIAD1 depletion in human embryonic stem cells (hESCs) gen-
erates a metabolic sub-state with increased oxidative phosphor-
ylation and propensity for differentiation. Loss of Asrij/OCIAD1 
enhances mesoderm specification through a shift in mitochon-
drial dynamics and energy metabolism. Here we investigated the 
role of its paralog, OCIAD2 in pluripotency and differentiation of 
hESCs. We observed that OCIAD2 expression increases as stem 
cells differentiate. Constitutive OCIAD2 overexpression or its 
depletion by CRISPR/Cas9-mediated gene targeting, perturbed 
mitochondrial morphology and increased ROS levels, but had no 
apparent effect on pluripotency. However, directed mesoderm 
differentiation analysis revealed that OCIAD2 facilitates differen-
tiation of hESCs. Interestingly, pharmacological enhancement of 
mitochondrial respiration in OCIAD2 depleted hESCs restored 
their mesoderm differentiation potential. Thus, OCIAD proteins 
play distinct and opposing roles in pluripotent stem cells, which 
may reflect differences in mitochondrial function. Taken together, 
our study proposes how mitochondrial activity of pluripotent stem 
cells can be tuned to give distinct differentiation responses. This 
will help identify targets for modulating mitochondrial function to 
devise strategies for enhancing the differentiation potential of hu-
man stem cells.

Keywords: Human pluripotent stem cell differentiation, 
mitochondria, mesoderm differentiation
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TOPIC: HEMATOPOIETIC, IMMUNE, AND ENDOTHE-
LIAL
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REPROGRAMMING OF HUMAN PLURIPOTENT 
STEM CELLS-DERIVED MACROPHAGES 
TOWARDS KUPFFER-LIKE CELLS AND INHIBITION 
OF PATHOGEN INFECTION
Na, Jie - Department of Basic Medical Sciences/School of 
Medicine, Tsinghua University, Beijing, China

Many human pathogens target or primarily affect the liver due to 
the large volume of blood going through this organ. The myriad 
of hepatic sinusoids offers a nutrient-rich microenvironment for 
microorganisms to thrive. Kupffer cells are the largest population 
of tissue residential macrophages and have pivotal roles in the 
defense against pathogens in the liver. Kupffer cells are derived 
from yolk sac myeloid progenitors (YSMPs), formed early during 
embryogenesis, then migrate and reside in the liver. We have es-
tablished a simple and highly efficient protocol to produce a large 
number of macrophages (iMACs) from human pluripotent stem 
cells. ScRNA-seq analysis revealed that cells in the induced differ-
entiation culture mainly comprised macrophages and monocytes. 
These iMACs displayed robust phagocytotic activity but relatively 
weak inflammatory cytokine release activity compared to adult 
peripheral blood monocyte-derived macrophages. Upon co-cul-
ture with human hepatocytes, iMACs adapt to the tissue micro-
environment, transform to Kupffer cell-like morphology, display 
corresponding gene expression change and reprogrammed their 
epigenome. Kupffer-like iMACs showed a strong inhibitory effect 
towards HCV and pathogenic bacteria S. Pneumoniae. The inhi-
bition depends on iMAC in direct contact with pathogens and re-
quires scavenger receptors. Upon engulfing different pathogens, 
iMACs turned on distinct sets of immune genes depending on the 
type of pathogens. Our results suggest that human pluripotent 
stem cells derived iMACs can be a useful model system to study 
the immunopathogenic response in liver infection.

Funding Source: The National Key Research and Development 
Program of China Grant 2019YFA0110001, 2022YFA1103103; 
The National Natural Science Foundation of China (NSFC) Grant 
31970819, 32270784

Keywords: Kupffer cells, human pluripotent stem cells, Infection
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ENHANCING THE IMMUNOTHERAPEUTIC 
EFFECT OF CYTOKINE INDUCED KILLER 
CELLS BY CHEMICAL INDUCTION TO TREAT 
PANCREATIC CANCER
Chiou, TzyyWen - Department of Life Science, National Dong 
Hwa University, Shoufeng, Taiwan
Liu, Jen-Wei - Department of Clinical Research, Everfront 
Biotech Inc, Taipei, Taiwan
Lee, Jui-Hao - Department of Clinical Research, Everfront 
Biotech Inc, Taipei, Taiwan
Yang, Hsin-Han - Department of Life Science, National Dong 
Hwa University, Hualien, Taiwan
Wu, Jhen-Rong - Department of Life Science, National Dong 
Hwa University, Hualien, Taiwan
Chen, Yu-Chieh - Department of Life Science, National Dong 
Hwa University, Hualien, Taiwan
Lin, Hsin-Lei - Department of Life Science, National Dong Hwa 
University, Hualien, Taiwan

The development of immunotherapy using autologous or allo-
geneic immune cells, such as cytokine-induced killer cells (CIK) 
or natural killer cells, has had an enormous impact on the treat-
ment of cancer in recent years. However, most of the immu-
notherapy clinical trials for pancreatic ductal adenocarcinoma 
(PDAC) patients failed to reveal good clinical outcomes due to 
the immunosuppressive microenvironment of the PDAC and the 
cancer-associated fibroblast (CAF). In this study, two strategies 
were proposed to enhance the immunosuppression effects: ac-
tivating the CIK and regulating the immunosuppressive microen-
vironment of PDAC and CAF. We showed that a small molecule, 
n-butylidenephthalide (BP), with multi-targeting characteristics in-
cluding inhibiting the immune checkpoint PD-1 on immune cells, 
suppressing CD47 on cancer cells, as well as down-regulating the 
immunosuppressive cytokines including IL-6 and IL-1α/β secreted 
by CAFs. To further explore the feasibility of BP in the treatment 
of immunosuppressive PDAC, a CAF-PDAC xenograft murine 
model was established. Besides, a biocompatible wafer contain-
ing BP with slow-releasing characteristics was designed for the 
in-situ regulation of the local environments. It was found that the 
combination of wafer implantation and CIK injection could signifi-
cantly reduce the CAF-PDAC tumor growth when compared to 
the CIK-only or the wafer-only group. It was proven that local de-
livery of BP successfully regulated the CAF-PDAC microenviron-
ment and enhanced the therapeutic effects of CIK. These findings 
demonstrated that BP might have the potential to break through 
the limitation of CIK therapy for PDAC patients.

Funding Source: The authors appreciate the funding from 
National Science Council, Taiwan (MOST-111-2221-E-259-001-
MY3) and the support from Everfront Biotech Inc.

Keywords: Activation of cytokine induced killer cells, Treatment 
for pancreatic cancer, Regulation of cancer microenvironment
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LINEAGE TRACING OF 3D-CULTURED T CELL 
DEVELOPMENT REVEALS TRANSCRIPTIONAL 
SIMILARITY BETWEEN T-IPS-T CELLS AND 
HUMAN THYMOCYTES
Ishiguro, Yoshitaka - CiRA, Kyoto University, Kyoto, Japan
Iriguchi, Shoichi - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Shinohara, Tokuyuki - T-CiRA, Takeda Pharmaceutical 
Company, Fujisawa, Japan
Shina, Sara - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Kassai, Yoshiaki - T-CiRA, Takeda Pharmaceutical Company, 
Shonan, Japan
Kaneko, Shin - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan

T cells induced from induced pluripotent stem cells (iPSCs) de-
rived from antigen-specific T cells (iPS-T cells) are an attractive 
tool for T cell immunotherapy. In CAR-transduced T cells, primary 
CD8 + T cells in combination with CD4 + T cells showed supe-
rior antitumor reactivity in vivo. It indicates potential antitumor 
efficacy of CD8+ iPS-T therapy combined with CD4+ iPS-T cells. 
We previously reported the induction method of cytotoxic T cell 
derived iPS-T (T-iPS-T) cells from hematopoietic progenitor cells 
induced from iPSCs(iHPCs). After that, the cytotoxic T-iPS-T cell 
induction is well established, however, the induction of T-iPS-T 
cells which have helper potential is still challenging. Recently, 
3 dimensional (3D) organoid culture made it possible to induce 
CD4+ iPS-T cells from iPSCs, but this method requires the use of 
a murine cell line, making it difficult to develop a large-scale pro-
duction. We successfully induced mature CD4+ T-iPS-T cells and 
CD8+ T-iPS-T cells from iHPCs by 3D organoid culture. To find 
key genes for the induction of CD4+ T-iPS-T cells in feeder-free 
CD4+ differentiation culture, we performed lineage tracing anal-
ysis of 3D-cultured T-iPS-T cell maturing process by scRNA-seq 
and compared the result with a previously reported dataset of 
human thymocytes. Weekly UMAP plot of T-iPS-T cells showed 
gradual maturation confirmed by reported transcriptional mark-
ers. In merged plots of T-iPS-T cells and human thymocytes, 
T-iPS-T cells were plotted on the maturation process depicted by 
human thymocytes. It revealed transcriptional similarity in matur-
ing process between T-iPS-T cells and human thymocytes and 
implied gene candidates for inducing CD4+ T-iPS-T cells. These 
results may promote the clinically applicable production of helper 
T-iPS-T cells.

Keywords: iPS-T, scRNA-seq, CD4
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REGENERATION OF INVARIANT NKT CELLS 
FROM IPS CELLS WITH 3D CULTURE SYSTEM
Shiina, Sara - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Ueda, Tatsuki - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Iriguchi, Shoichi - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Kitayama, Shuichi - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Uemura, Yasushi - Exploratory Oncology Research & Clinical 
Trial Center, National Cancer Center Japan, Kashiwa, Japan
Kaneko, Shin - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan

Recently, cancer immunotherapies have received much attention, 
but their efficacy against solid tumors has been difficult to achieve. 
invariant NKT (iNKT) cells can be expected to have therapeutic 
effects on solid tumors due to their adjuvant effects and ability 
to improve the immunosuppressive microenvironment of tumor. 
However, acquiring sufficient numbers of iNKT cells from patients 
is an obstacle to iNKT cell-based immunotherapy because their 
frequency in the total lymphocyte population is only 0.01-0.1%. To 
solve this problem, we have reported the regeneration and ex-
pansion of human iNKT cells via induced pluripotent stem cells 
(iPSCs) with 2D culture system (2D-re-iNKT cells). 2D-re-iNKT 
cells can mature dendritic cells (DCs) and subsequently induce 
cytotoxic T cells. However, 2D-re-iNKT cells have some charac-
teristic deviations from primary iNKT cells, such as the lower pro-
liferative capability and the Th1-skewed profile. We hypothesized 
that these differences resulted from inefficiencies in the in vitro 
differentiation procedure. In this study, we differentiated human 
iPSCs into iNKT cells by 3D organoid culture system (3D-re-iNKT 
cell). 3D-re-iNKT cells expressed the specific TCR of iNKT cells 
and showed a higher proliferative capacity than 2D-re-iNKT cells 
when stimulated with αGalCer, an antigen widely used in iNKT 
cell research and clinical trials. Furthermore, when immature DCs 
and 3D-re-iNKT cells were co-cultured to investigate the adjuvant 
effect on 3D-re-iNKT cells, the expression of mature markers of 
DCs was up-regulated and the production of IL-12 was detected. 
These results together indicate regeneration of iNKT cells from 
iPSCs by 3D culture system gives rise to regenerated iNKTs with 
functions comparable to primary iNKT cells and provides a better 
cell source for iNKT cell-therapy.

Funding Source: This work was supported by JST SPRING, 
Grant Number JPMJSP2110.

Keywords: T cell, iPS cell, cell therapy
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EZH2 INHIBITION IMPROVES DEFINITIVE 
HEMATOPOIETIC STEM CELL DIFFERENTIATION 
FROM HUMAN INDUCED PLURIPOTENT STEM 
CELLS
Ding, Jianyi - Cellular and Molecular Therapeutics Branch, 
National Heart Lung and Blood Institute, National Institutes of 
Health, Bethesda, MD, USA
Li, Yongqin - Cellular and Molecular Therapeutics Branch, 
National Heart Lung and Blood Institute, National Institutes of 
Health, Bethesda, MD, USA
Salisbury-Ruf, Christi - Cellular and Molecular Therapeutics 
Branch, National Heart Lung and Blood Institute, National 
Institutes of Health, Bethesda, MD, USA
Zou, Jizhong - iPSC Core Facility, National Heart Lung and 
Blood Institute, National Institutes of Health, Bethesda, MD, USA
Larochelle, Andre - Cellular and Molecular Therapeutics Branch, 
National Heart Lung and Blood Institute, National Institutes of 
Health, Bethesda, MD, USA

De novo generation of human hematopoietic stem cells (HSCs) 
from induced pluripotent stem cells (iPSCs) holds immense po-
tential for cellular therapy of blood disorders. However, current 
protocols induce iPSCs to produce immature progenitors with 
limited multilineage engraftment capacity in vivo. Emerging ev-
idence indicates that acquisition of a definitive HSC phenotype 
during ontogeny is restricted by a distinct epigenetic barrier. In 
particular, the Polycomb Repressor Complex 2 (PRC2) partici-
pates in transcriptional repression during hematopoietic devel-
opment via H3K27me3 methylation at target genes. PRC2 con-
sists of multiple core subunits, including EZH2 and its homolog 
EZH1. Knockdown of EZH1 during iPSC differentiation was shown 
to promote the emergence of hematopoietic cells with multipo-
tentiality but their functionality in vivo was not demonstrated. In 
another study, inhibition of EZH2 overcame the protracted cel-
lular maturation of newly born neurons in iPSC cultures. Here, 
we hypothesized that repression of EZH2 by addition of a small 
molecule inhibitor (GSK126) at various stages of human iPSC dif-
ferentiation might enable molecular maturation of primitive hema-
topoietic progenitors in culture and elicit a definitive HSC pheno-
type. To determine the impact of GSK126 on the extent of HSC 
maturation, we first tracked the CD45+CD34+CD45RA-CD90+ 
cell surface phenotype customarily accepted to define a popula-
tion enriched in HSCs. Inhibition of EZH2 at the endothelial-to-he-
matopoietic transition stage of iPSC differentiation significantly 
increased percentages (12% to 24%) of phenotypically-defined 
HSCs at day 12 of differentiation. Next, we assessed the self-re-
newal and proliferative capacities of iPSC-derived cells in sec-
ondary clonogenic assays. Notably, we observed a significant (up 
to 30-fold) increase in replating efficiency from cells arising from 
GSK126-supplemented cultures compared to controls. Ongoing 
single-cell transcriptomics and transplantation analyses will fur-
ther confirm HSC identity and function in vivo. Hence, inhibition 
of key epigenetic regulators may be required to promote the full 
functionality of HSCs engineered ex vivo.

Keywords: induced pluripotent stem cell (iPSC), hematopoietic 
stem cell (HSC), EZH2

250

INVESTIGATING TRANSCRIPTIONAL NETWORKS 
INVOLVED IN BLOOD LINEAGE COMMITMENT
Shafiq, Samiyah - Cancer Sciences, The University of 
Manchester, UK
Hamashima, Kiyofumi - IMCB, A*STAR, Singapore
Lacaud, Georges - Cancer Research, Manchester, UK
Loh, Yuin-Han - Cell Biology and Therapies, IMCB, Singapore
Batta, Kiran - Cancer Sciences, The University of Manchester, 
UK

Direct reprogramming of somatic cells could represent a safer 
therapeutic alternative than the differentiation of iPSCs, bypass-
ing a pluripotent state to generate patient-specific blood cells for 
regenerative medicine. However, this potential is hindered by the 
stochastic nature and low efficiencies of reprogramming. To in-
vestigate dynamic cellular processes involved in reprogramming 
MEFs to HSPCs we developed a dox-inducible system to repro-
gram MEFs by overexpressing only two transcription factors, TAL1 
and LMO2. Reprogrammed cells are positive for hematopoietic 
cell surface markers, have colony-forming potential and express 
many HSPC marker genes. iHSPCs generated can differentiate 
into cells of myeloid, erythroid and megakaryocyte lineages. Bulk 
RNA sequencings at regular intervals (Days 2, 4 and 14) during re-
programming reveal the upregulation of hematopoietic genes and 
the downregulation of fibroblast genes as early as day 2. When 
integrated with ATAC sequencing data, our results show that ac-
cessibility and expression of several TFs required for specifying 
haematopietic phenotype such as Gata1 and Fli1, are increased. 
Single-cell RNA sequencing analyses were performed to define 
the specific population of successfully reprogrammed cells in 
starting fibroblasts as wel as early stage reprogrammed cels to 
determine the factors driving their success. Trajectory analysis 
uncovered a small subpopulation of cells which transitioned from 
fibroblast towards a hematopoietic state and exhibited increased 
expression of endothelial to hematopoietic transition (EHT) mark-
er genes such as Sox7, Gata2 and Procr. These cells are distinct 
from the remaining population due to their specific expression 
of hematopoietic factors and the cell cycle phase in which they 
reside. Preliminary data indicates expression of Heparin binding 
growth factor by fibroblasts is associated with a higher likelihood 
of successful reprogramming. Further validations are underway 
to determine whether the expression of these genes can reduce 
the stochasticity of reprogramming and increase its efficiency.

Keywords: Direct reprogramming, Induced HSPCs, scRNA Seq
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DEVELOPING IPSC-DERIVED MACROPHAGES 
(IMACS) FOR OFF-THE-SHELF CELL THERAPY - A 
VERSATILE NEW CELL TYPE IN THE EVOCELLS 
PLATFORM FOR IMMUNO-ONCOLOGY AND 
BEYOND
Haake, Kathrin - Evotec International GmbH, Göttingen, 
Germany
Mirenda, Michela - Evotec France SAS, Toulouse, France
Gouxette, Lucie - Evotec France SAS, Toulouse, France
Scheinpflug, Philine - Evotec International GmbH, Göttingen, 
Germany
Holtzinger, Audrey - Evotec International GmbH, Göttingen, 
Germany
Esquerré, Michael - Evotec France SAS, Toulouse, France
Pfänder, Stefanie - Evotec International GmbH, Göttingen, 
Germany
Paillasse, Michael - Evotec France SAS, Toulouse, France
Sommermeyer, Daniel - Evotec International GmbH, Göttingen, 
Germany
Bombarde, Oriane - Evotec France SAS, Toulouse, France
Ysebaert, Loïc - Oncopole (IUCT-O), Toulouse, France
Despas, Fabien - Oncopole (IUCT-O), Toulouse, France
Austen, Matthias - Evotec International GmbH, Göttingen, 
Germany
Wagner, Nadja - Evotec International GmbH, Göttingen, 
Germany
Braun, Monika - Evotec International GmbH, Göttingen, 
Germany
Scheel, Andreas - Evotec International GmbH, Göttingen, 
Germany
Dangl, Markus - Evotec International GmbH, Göttingen, Germany

Induced pluripotent stem cell (iPSC)-derived immune cells have 
opened a wide range of possibilities for cell therapy ranging from 
applications in the field of immuno-oncology to regenerative 
medicine. Off-the-shelf immune cells derived from iPSC offer the 
opportunity to overcome many of the challenges connected to 
autologous approaches including limitations in patient material, 
as well as manufacturing and logistic complexity. Recently, mac-
rophages have gained increasing attention for clinical translation 
due to their unique plasticity and immunomodulatory character-
istics. This is also reflected in the emergence of CAR-directed 
autologous macrophages as a new potential treatment for solid 
tumors, due to their characteristics beneficial for accessing and 
reprogramming the immunosuppressive tumor microenviron-
ment. We aim to generate genetically modified iPSC-derived 
macrophages (iMACs) as an innovative, off-the-shelf source for 
cell therapies. Using a validated GMP iPSC line, we have estab-
lished a proprietary feeder- and cell sorting-free 3D differen-
tiation protocol that enables robust and scalable production of 
iMACs. To ensure reproducible high quality and safety of our cell 
product, we perform stringent monitoring of all process stages 
using flow cytometry, transcriptome analysis (scRNAseq), as well 
as functional assays comparing iMACs to blood-derived counter-
parts.

Keywords: Macrophages, iPSC, Cell Therapy
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HEMATOPOIETIC STEM CELL-DERIVED 
PLATELET PROGENITORS POSSESS STRIKING 
HETEROGENEITY THAT CHANGES WITH AGE
Deguzman, Angela M. - Biological Sciences, San Jose State 
University, San Jose, CA, USA
Manso, Bryce - Baskin School Of Engineering/Institute For The 
Biology of Stem Cells, University of California, Santa Cruz, CA, 
USA
Avila, Sarah Beth - Baskin School Of Engineering/Institute For 
The Biology of Stem Cells, University of California, Santa Cruz, 
CA, USA
Smith-Berdan, Stephanie - Baskin School Of Engineering/
Institute For The Biology of Stem Cells, University of California, 
Santa Cruz, CA, USA
Forsberg, E. Camilla - Baskin School Of Engineering/Institute for 
the Biology of Stem Cells, University of California, Santa Cruz, 
CA, USA

Hematopoietic stem cells differentiate into all blood cells, in-
cluding Megakaryocyte progenitors (MkPs) and subsequently, 
platelets. Recently, our lab uncovered molecular and functional 
differences between young and old MkPs. This finding has led us 
to define two phenotypic subpopulations of MkPs; canonical (cM-
kPs), and rare non-canonical (ncMkPs). We have also discovered 
that this initial MkP heterogeneity changes with age, as ncMkPs 
dramatically and specifically increase in number and frequency. 
Deepening our understanding of platelet generation has the po-
tential to inform cardiovascular and thrombotic disease, a leading 
global health concern among the aged population. We sought to 
uncover underappreciated heterogeneity among young, steady-
state MkPs, and if that changed with age. First, we asked what 
surface proteins define young, unperturbed MkPs. We performed 
targeted flow cytometry analysis informed by bulk RNAseq of 
MkPs to identify and test candidate markers. We found that spe-
cific cell surface proteins exhibited differential expression among 
steady-state MkPs, indicating greater heterogeneity than previ-
ously observed. To better visualize steady-state heterogeneity, 
we combined nine candidate markers that demonstrated bimodal 
or highly variable expression across MkPs and applied dimension-
ality reduction analysis (UMAP) to our standardized flow cytome-
try data. We observed striking heterogeneity among young MkPs 
and defined multiple clusters of phenotypically-unique subpop-
ulations. Second, we assessed MkP heterogeneity of old mice 
in parallel to young. Interestingly, aged MkPs also demonstrated 
elevated heterogeneity at both individual marker and combina-
torial (UMAP) levels. Further, specific subclusters of MkPs were 
expanded with advancing age. Finally, we assessed human 
MkPs for features analogous to the mouse. We found that, simi-
lar to mice, human MkPs possess phenotypic heterogeneity that 
changes with age. Collectively, this new data defines phenotyp-
ically distinct subpopulations of MkPs in both mice and humans 
that change with age. Excitingly, these findings may advance our 
understanding of platelet generation by specific MkP subpopu-
lations, whose changes with age could contribute to uncovering 
basic biology underlying thrombotic and cardiovascular disease.

Funding Source: CIRM EDUC2-12677 awarded to San Jose 
State University NIA R01 (NIH 5R01AG062879-03) awarded to E. 
Camilla Forsberg

Keywords: Stem and progenitor cell heterogeneity, Aging, 
Megakaryocyte progenitor and platelet
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TUNABLE OUTCOMES IN VASCULAR 
DIFFERENTIATION USING COMPUTATIONALLY 
DESIGNED PROTEIN AGONISTS
Phal, Ashish - Bioengineering, University of Washington, 
Seattle, WA, USA
Edman, Natasha - Biochemistry, University of Washington, 
Seattle, WA, USA
Redler, Rachel - Cell Biology, New York University School of 
Medicine, New York, NY, USA
Schlichthärle, Thomas - Biochemistry, University of Washington, 
Seattle, WA, USA

Cells progress through a highly specific series of lineages during 
development that are spatially and temporally controlled. This 
process relies on the secretion and reception of extracellular 
cues through complex signaling networks that control vital bio-
chemical, transcriptional and structural processes. Growth factors 
and cytokines achieve this by causing self-association of recep-
tor pairs in the plasma membrane; however, the precise signal-
ing requirements for differentiation can be studied in more detail 
using synthetic ligands that either 1) drive receptor association 
in novel geometries and valencies, or 2) exhibit specificities for 
receptors of signaling pathways not achievable by native growth 
factors. In this study we designed robust and hyperstable cy-
clic homo-oligomers with up to 8 subunits using repeat protein 
building blocks that can be modularly extended. Cryo-electron 
microscopy structures and solution x-ray scattering data closely 
match the design models. By incorporating a designed fibroblast 
growth factor receptor (FGFR) c-isoform specific binding module, 
we use these scaffolds to drive FGF receptor association and 
observe potent valency- and geometry-dependent activation of 
Ca2+ and MAPK pathways. We also showed that these synthetic 
agonists have a capacity to drive endothelial cell differentiation 
through an FGF-mimetic trajectory. Interestingly, we demonstrate 
that the c-isoform specificity of our designs allows us to control 
the outcomes of vascular differentiation into either endothelial 
or perivascular fates, and into highly specific arterial, venous or 
lymphatic endothelial fates. Our results highlight the potential of 
using highly specific designed agonists to precisely investigate 
the signaling requirements for cellular differentiation processes, 
towards the development of better regenerative strategies.

Keywords: Vascular differentiation, Computationally designed 
proteins, FGF signaling
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EXTRAMEDULLARY HEMATOPOIESIS AND 
IMMUNE TRAINING DRIVE INFLAMMATION AND 
ASSOCIATED ORGAN DAMAGE IN SYSTEMIC 
LUPUS ERYTHEMATOSUS
Grigoriou, Maria - Laboratory of Inflammation and 
Autoimmunity, Clinical, Experimental Surgery & Translational 
Research, Biomedical Research Foundation of the Academy of 
Athens, Greece
Zervopoulou, Eleni - Center of Clinical, Experimental Surgery 
and Translational Research, Biomedical Research Foundation 
of the Academy of Athens, Greece
Doumas, Stavros - Department of Medicine, MedStar 
Georgetown University Hospital, Washington, WA, USA
Boumpas, Athina - Department of Medicine, University of Crete, 
Heraklion, Greece
Yiannakou, Danae - Institute of Computer Science, Foundation 
for Research and Technology Hellas, Heraklion, Greece
Pavlidis, Pavlos - Institute of Computer Science, Foundation for 
Research and Technology Hellas, Heraklion, Greece
Gasparoni, Gilles - Department of Genetics-Epigenetics, 
Saarland University, Saarbrücken, Germany
Walter, Jörn - Department of Genetics-Epigenetics, Saarland 
University, Saarbrücken, Germany
Filia, Anastasia - Center of Clinical, Experimental Surgery and 
Translational Research, Biomedical Research Foundation of the 
Academy of Athens, Greece
Gakiopoulou, Harikleia - Department of Pathology, Medical 
School, National & Kapodistrian University of Athens, Greece
Banos, Aggelos - Center of Clinical, Experimental Surgery and 
Translational Research, Biomedical Research Foundation of the 
Academy of Athens, Greece
Mitroulis, Ioannis - Department of Internal Medicine, University 
Hospital of Alexandroupolis, Democritus University of Thrace, 
Alexandroupolis, Greece
Boumpas, Dimitrios - Department of Internal Medicine, Attikon 
University Hospital, National and Kapodistrian University of 
Athens, Greece

Extramedullary hematopoiesis (EMH) is an emerging player in au-
toimmune disorders to meet the increased demand for effector 
cells in the periphery. In Systemic Lupus Erythematosus (SLE), de-
regulation of hematopoiesis is characterized by myeloid skewing 
and priming of proinflammatory hematopoietic stem/progenitor 
cells (HSPCs). Here, we use the NZBW/F1 model to explore the 
contribution of EMH to SLE pathogenesis. EMH takes place in the 
F1-L (NZBW/F1-Lupus) spleen and correlates with lupus nephritis 
(LN) activity. Transcriptomic analysis of splenic HSPCs reveals a 
higher inflammatory potential than their bone marrow (BM) coun-
terparts. β-glucan -an inducer of innate immunity- exacerbated 
splenic EMH, increased neutrophil production and worsened LN. 
Mechanistically, the methylome of BM-HSPCs supports epigene-
tic tinkering towards their myeloid skewing. Transcriptomic signa-
tures of HSPCs in patients with high disease activity show similar 
changes to the ones observed in mice. EMH and trained immunity 
contribute to SLE pathogenesis by sustaining and amplifying the 
inflammatory response and increasing the risk for flare.

Funding Source: This work was supported by a research grant 
from the ERC (GA 742390). MG, AF and IM were supported 
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by the HFRI and the GSRT (GA. 452 and Τ2EDK-02288, MDS-
TARGET).

Keywords: Hematopoietic Stem and Progenitor Cells, 
Autoimmunity, Extramedullary Hematopoiesis
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IDENTIFICATION OF GENE REGULATORY 
NETWORKS ESSENTIAL FOR HEMATOPOIETIC 
PROGENITOR CELL AND T CELL EMERGENCE 
FROM HUMAN PLURIPOTENT STEM CELL VIA 
CRISPR SCREENS
Siu, Mona Men Yi - Medical Genetics, The University of British 
Colombia (UBC), Vancouver, BC, Canada
Flaschner, Emily - School of Biomedical Engineering, University 
of British Columbia, Vancouver, BC, Canada
Michaels, Yale - School of Biomedical Engineering, University of 
British Columbia, Vancouver, BC, Canada
Zandstra, Peter - School of Biomedical Engineering, University of 
British Columbia, Vancouver, BC, Canada

Established cell-based therapies using haematopoietic stem and 
progenitor cells (HSPCs) and T cells have demonstrated a tre-
mendous potential for treating blood disorders and cancer. How-
ever, access to the therapy is limited by the shortage of compat-
ible donors and the complexity of patient-specific manufacturing 
processes. Human pluripotent stem cells (hPSCs) differentiation 
represents a renewable way to generate HSPCs and T cells in 
vitro. While there have been attempts to differentiate hPSCs into 
various haematopoietic cell types, the intrinsic and extrinsic regu-
latory mechanisms that control the generation of definitive HSPCs 
and T cells are not fully known. Our lab has recently developed a 
chemically defined and robust protocol to generate T cell compe-
tent HSPCs from hPSCs. Using single-cell RNA-sequencing, we 
have identified differentially expressed genes (DEGs) across he-
mogenic endothelial cell, HSPC, mast cell, myeloid cell, erythroid 
cell, and progenitor T cell populations. To improve T cell yield and 
to understand the impact of individual transcription factors (TFs) 
on HSPC emergence and the establishment of T cell competence, 
we performed a CRISPR-Cas9 knockout (KO) screen targeting 70 
TFs. In our preliminary analysis, we have confirmed the impor-
tance of known T-cell specific TFs GATA3 and TCF7 during T cell 
emergence. Specifically, removal of these two genes reduced the 
output of CD5+, CD7+ T cell progenitors while not affecting the 
emergence and expansion of CD43+, CD45+ HSPCs. We have 
also identified additional top candidate genes including YBX1 to 
be essential for T cell development. Building on this foundation, 
we plan to perform Perturb-seq to further examine the regulatory 
mechanisms pioneering TF candidates on T cell specification. We 
have also utilized the computational methods such as NicheN-
et and IQCELL to infer ligand-receptor-target links and identify 
signalling pathways upstream of the effector TFs. Preliminary 
studies suggest that NOTCH and PPAR signalling pathways are 
strong enhancers for T-lineage specification. This study will con-
tribute to our understanding of the gene interactions that orches-
trate HSPC and T cell emergence, and underpin new strategies 
to scale up the production of therapeutically relevant cell types in 
future stem cell therapy.

Keywords: Hematopoietic Stem and Progenitor Cells and T cell 
emergence, CRISPR screens, Gene regulatory networks
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BOOSTING MITOCHONDRIAL RECYCLING 
REJUVENATES HEMATOPOIETIC AND IMMUNE 
SYSTEMS
Chiang, Yihsuan - Department of Oncology, Ludwig Institute for 
Cancer Research, University of Lausanne, Switzerland
Girotra, Mukul - Department of Oncology, Ludwig Institute for 
Cancer Research, University of Lausanne, Switzerland
Charmoy, Melanie - Department of Oncology, University of 
Lausanne, Switzerland
Ginefra, Pierpaolo - Department of Oncology, Ludwig Institute 
for Cancer Research, University of Lausanne, Switzerland
Carrasco Hope, Helen - Department of Oncology, Ludwig 
Institute for Cancer Research, University of Lausanne, 
Switzerland
Bataclan, Charles - Department of Biomedical Sciences, 
University of Lausanne, Switzerland
Yu, Yi-Ru - Department of Oncology, Ludwig Institute for Cancer 
Research, University of Lausanne, Switzerland
Schyrr, Frederica - Department of Biomedical Sciences, 
University of Lausanne, and ISREC, School of Life Sciences, 
Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland
Franco, Fabien - Department of Oncology, Ludwig Institute for 
Cancer Research, University of Lausanne, Switzerland
Geiger, Hartmut - Institute of Molecular Medicine, Ulm, Germany
Cherix, Stephane - Orthopedic and Traumatology Service, 
Lausanne University Hospital (CHUV), Lausanne, Switzerland
Ho, Ping-Chih - Department of Oncology, Ludwig Institute for 
Cancer Research, University of Lausanne, Switzerland
Naveiras, Olaia - Department of Biomedical Sciences, University 
of Lausanne and and ISREC, School of Life Sciences, Ecole 
Polytechnique Fédérale de Lausanne (EPFL), Switzerland
Auwerx, Johan - Institute of Bioengineering, Ecole Polytechnique 
Fédérale de Lausanne (EPFL), Switzerland
Held, Werner - Department of Oncology, University of Lausanne, 
Switzerland
Vannini, Nicola - Department of Oncology, Ludwig Institute for 
Cancer Research, University of Lausanne, Switzerland

Hematopoietic stem cells (HSCs) generate all blood lineages and 
ensure the correct homeostasis between myeloid and lymphoid 
lineages during the entire life of an organism. However, HSCs 
decrease their regenerative potential and undergo toward a my-
eloid-biased fate skewing with age. This phenomenon leads to a 
reduction of B and T cell compartments and immune dysfunction. 
Consequently, elderly patients are more susceptible to severe 
viral and fungal infections. It was reported that HSC aging is as-
sociated with defective autophagy and accumulation of damaged 
mitochondria. And emerging studies showed that dysregulation 
of mitochondria metabolism correlates closely with hematopoiet-
ic aging process. However, the clear causal relationship between 
mitochondrial metabolism and HSC aging remains unknown. We 
were wondering if metabolic modulator can rejuvenate aged 
HSCs, rescue loss-of-function of aged HSCs and improve over-
all immune response. We used mito-QC reporter mice and mi-
tochondrial stain to analyze mitochondrial network upon in vitro 
treatment of metabolic modulator. In vivo long-term blood recon-
stitution assays and LCMV infection model were used to estimate 
the effect of metabolic modulator on HSC functionality. Here 
we reported that interventions aimed to modulate mitochondria 
recycling and metabolism can rejuvenate aged HSCs and thus 
preserving the lymphoid compartments and immune function. In 
vitro administration of the mitophagy inducer Urolithin A on aged 
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HSCs restore their blood and immune reconstitution capability. 
Moreover, Urolithin A supplemented in the mouse diet, improves 
bone marrow functionality, expands the lymphoid compartment 
and boost immune response against viral infection in old mice. 
Finally, we discovered that HSCs rejuvenation is associated with 
mitophagy induction and re-establishment of mitochondria ho-
meostasis and fitness in aged HSCs. In summary, we identified 
mitophagy as potent regulator of aging process and as valuable 
target for rejuvenating approaches in HSCs.

Keywords: hematopoietic stem cell (HSC), mitochondrial 
metabolism, HSC aging
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GENERATION OF LARGE NUMBERS OF 
MEGAKARYOCYTES FROM HUMAN 
PLURIPOTENT STEM CELLS
Lin, Leon - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Chang, Wing - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Dalton, Bob - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Eaves, Allen - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Gharaee, Nadia - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Jervis, Eric - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Louis, Sharon - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
McManus, Sarah - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Walasek, Marta - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Wognum, Bert - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada

Platelets (PLTs) are generated by the differentiation of hemato-
poietic stem and progenitor cells (HSPCs) into megakaryocytes 
(MKs), a rare subset of large polyploid bone marrow cells. Meth-
ods that promote the differentiation of human pluripotent stem 
cells (hPSCs) into MKs and PLTs could be used to alleviate PLT 
shortages and reduce transfusion-related complications. Here, 
we describe an efficient feeder- and serum-free culture system 
that promotes the differentiation of hPSCs into polyploid MKs with 
high yields and the ability to generate PLT-like particles (PLPs). 
The 17-day protocol consists of two stages. First, hPSC clumps 
were cultured in Matrigel®-coated plates for 12 days, during which 
they underwent mesoderm induction and then hematopoietic 
differentiation using a multi-stage protocol and respective me-
dia supplementation. Next, non-adherent cells were harvested, 
replated, and cultured for 5 additional days for megakaryocytic 
differentiation. Finally, cells were assessed for MK marker ex-
pression (CD41/CD42), DNA ploidy, and PLP production by flow 
cytometry and immunofluorescence (IF) microscopy. Two embry-
onic stem cell lines (H1 and H9) and two induced pluripotent stem 
cell lines (1C and R038) were used in this study. On average, 85% 
of the cells expressed CD41 (range: 80 - 90%), 69% co-expressed 
CD41 and CD42 (range: 56 - 77%), and 302 CD41+CD42+ cells 
were generated per seeded hPSC (range: 223 - 425; n = 12 - 29 
for 4 hPSC lines). DNA ploidy profiles of the CD41+ cells showed 
on average 25% and 10% for 4N and 8N+ ploidy, respectively (n 
= 6 - 28 for 4 hPSC lines). The PSC-derived MKs produced on 

average 3.5 PLPs per MK (range: 3.2 - 5.1; n = 12 - 28 for 4 hPSC 
lines; gating based on blood PLTs). The culture system was then 
validated for scale-up in three dimensional (3D) rotary suspen-
sion cultures where hPSC aggregates were maintained and dif-
ferentiated into MKs and PLPs in the absence of Matrigel®. This 
3D hPSC culture generated MKs/PLPs with similar efficiency and 
yields as the original 2D protocol (average of 56% CD41+CD42+ 
cells, 48% 4N+ cells, 5.6 PLPs per MK, and a potential yield of 
~150 million CD41+CD42+ cells in a 100 mL bioreactor; n = 2 - 3 for 
1C and H9). In conclusion, we have developed a culture system 
capable of generating high numbers of polyploid, PLP-shedding 
MKs that is amenable to scale-up method development.

Keywords: hPSC, megakaryocyte/platelet, differentiation
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NEPHRON PROGENITOR FATE SPECIFICATION 
IS CONTROLLED BY THE RENIN-ANGIOTENSIN 
SYSTEM IN HUMAN IPSC-DERIVED KIDNEY 
ORGANOIDS
Rahmani, Waleed - Cumming School of Medicine, University of 
Calgary, AB, Canada
Chung, Hyunjae - Snyder Institute for Chronic Diseases, 
University of Calgary, AB, Canada
Sinha, Sarthak - Comparative Biology and Experimental 
Medicine, University of Calgary, AB, Canada
Biernaskie, Jeff - Comparative Biology and Experimental 
Medicine, University of Calgary, AB, Canada
Chun, Justin - Snyder Institute for Chronic Diseases, University 
of Calgary, AB, Canada

Nephron progenitor cells (NPCs) are multipotential cells respon-
sible for generating podocytes, proximal tubules, loops of Hen-
le, and distal tubules. Nephrogenesis is dependent upon NPCs 
maintaining a balance between self-renewal and differentiation 
controlled by SIX2 and WNT, respectively. The molecular mech-
anisms that underpin NPC sensitivity to WNT and differentiation 
are unclear. The renin-angiotensin system (RAS) is critical for nor-
mal kidney development as in-utero exposure to RAS inhibitors 
leads to kidney dysgenesis. Using induced pluripotent stem cell 
(iPSC) derived kidney organoids, we sought to understand the 
impact of RAS on NPC fate specification. We hypothesize that 
angiotensin (Ang II) and angiotensin receptor blockers (eg. Losar-
tan) can regulate NPC fate specification in our organoid model. 
Human iPSC-derived kidney organoids were generated using 
the Takasato protocol. Organoids were treated between days 7 
to 16 of the protocol (during nephrogenesis) with vehicle control, 
Ang II, losartan, or Ang II and losartan. Alternatively, organoids 
were treated for only 24hrs. To ascertain the effect on NPC dif-
ferentiation, we analyzed the organoids using single-cell RNA se-
quencing and confocal imaging. Organoids expressed the major 
RAS genes within expected cell populations. By day 16, Ang II and 
losartan-treated organoids were smaller than control. However, 
Ang II increased the number of glomeruli, the size of each glomer-
ulus, and the number of Ki67- NEPHRIN+ cells. Losartan treatment 
decreased the size of each glomeruli but maintained the number 
of proliferating NEPHRIN cells. NPCs and podocyte precursors 
were the most transcriptionally sensitive cells to Ang II and lo-
sartan, respectively. Ang II upregulated podocyte differentiation 
genes (WNT4, FOXC2, PAX8), depleted NPCs, and increased 
the number of differentiated podocytes. Losartan downregulated 
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podocyte differentiation genes, increased SIX2 expression, and 
increased the number of NPCs. Overall, our preliminary data sug-
gest that NPC fate specification is controlled by RAS as Ang II 
accelerated podocyte differentiation and AGTR1 inhibition stalled 
podocyte differentiation. Our work provides new insights into the 
role of RAS in nephrogenesis and improved organoid protocols 
for the study of glomerular diseases in vitro.

Funding Source: KRESCENT and CIHR

Keywords: Organoid, Nephron progenitor, Podocytes
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UNDERSTANDING THE MECHANISM BEHIND 
WNT7B REGULATION OF MEDULLARY FATE AND 
FORMATION IN MAMMALIAN KIDNEYS
Parvez, Riana K. - Development, Stem Cell, and Regenerative 
Medicine, University of Southern California, Los Angeles, CA, 
USA
Csipan, Reka - Stem Cell and Regenerative Medicine, University 
of Southern California, Los Angeles, CA, USA
Guo, Jinjin - Stem Cell and Regenerative Medicine, University of 
Southern California, Los Angeles, CA, USA
Kim, Sunghyun - Molecular and Computational Biology, 
University of Southern California, Los Angeles, CA, USA
McMahon, Andrew - Stem Cell and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA

The mammalian kidney is a complex organ in which the radial 
organization reflects different functional compartments. This or-
ganization underlies the corticomedullary axis which allows for 
the generation of an osmolarity gradient within the medulla. This 
gradient enables the concentration of the primitive urine, a key 
function of the kidney. Within the medulla, epithelial (nephron and 
collecting ducts), interstitial, and vascular cell populations work 
together to generate the osmolarity gradient. Previous work in the 
McMahon lab has shown that the Wnt ligand Wnt7b is required for 
the formation of the medullary compartment of the kidney, con-
trolling oriented cell division and regulating apoptosis in the ep-
ithelium as well as controlling medullary capillary development. 
Strikingly, mice that lack Wnt7b have no medulla and die soon 
after birth, while collecting duct-specific knockouts of Wnt7b have 
an attenuated phenotype compared to the ubiquitous knockout 
and eventually die at P10 due to dehydration. While the data 
suggest that Wnt7b is critical for medullary formation, its mecha-
nism of action, the specific populations responding to its signal, 
and the temporal requirement for Wnt7b signaling are not well 
understood. Since Wnt7b is expressed in the epithelial popula-
tions of the kidney, we characterized the transcriptional effect of 
ubiquitous, collecting duct-specific, and nephron-specific loss of 
Wnt7b using mouse models, finding that the phenotypic severi-
ty varies depending on the knockout population. To understand 
what non-epithelial populations may be responsive to Wnt7b, we 
utilized single cell transcriptomic data to identify putative target 
populations of interstitial and endothelial cells that may directly 
respond to Wnt7b signal through canonical Wnt signaling. To un-
derstand whether Wnt7b is required during the establishment of 
the medullary osmolarity gradient or during adulthood, we char-
acterized inducible knockouts of Wnt7b from P7 and adult mice. 
Taken together, we aim to further our understanding of the mech-
anism behind Wnt7b regulation of medullary fate and function 
during development and adulthood in the mammalian kidney.

Keywords: Wnt signaling, kidney, development
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KUPFFER CELL-DERIVED IL-6 IS REPURPOSED 
FOR HEPATOCYTE DEDIFFERENTIATION VIA 
ACTIVATING PROGENITOR GENES FROM 
INJURY-SPECIFIC ENHANCERS
Cui, Lei - State Key Laboratory of Cell Biology, Shanghai 
Institute of Biochemistry and Cell Biology, Center for Excellence 
in Molecular Cell Science, Chinese Academy of Sciences, 
University of Chinese Academy of Sciences, Shanghai, China
Hui, Lijian - State Key Laboratory of Cell Biology, Shanghai 
Institute of Biochemistry and Cell Biology, Center for Excellence 
in Molecular Cell Science, Chinese Academy of Sciences, 
University of Chinese Academy of Sciences, Shanghai, China

Stem cell-independent reprogramming of differentiated cells, 
also known as in vivo dedifferentiation and transdifferentiation, 
has been lately uncovered as an important paradigm to repair 
injured tissues. Following injury, mature hepatocytes re-activate 
reprogramming/progenitor-related genes (RRG) and dedifferenti-
ate to liver progenitor-like cells (LPLC) in both mice and humans, 
which contribute remarkably to liver regeneration. However, it 
remains largely unknown which and how external factors trig-
ger hepatocyte reprogramming. Here, by employing single-cell 
transcriptional profiling and lineage-specific depletion tools, we 
uncovered that periportal-specific formation of LPLC in biliary in-
juries was initiated by regionally activated Kupffer cells, but not 
peripheral blood monocytes-derived macrophages. Unexpected-
ly, using in vivo screening, the proinflammatory factor IL-6 was 
identified as the key niche signal repurposed for RRG induction 
via activation of STAT3, which drove RRG expression through 
binding to their pre-accessible enhancers in mature hepatocytes. 
Notably, RRG were activated from injury-specific rather than liver 
embryogenesis-related enhancers. Collectively, these findings 
depict an injury-specific niche signal and the inflammation-me-
diated transcription in driving the conversion of hepatocytes into 
progenitor phenotype.

Keywords: Kupffer cell-derived IL-6, in vivo hepatocyte 
reprogramming, transcriptional regulation of genes
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HEPATOCYTE PLASTICITY AND METABOLIC 
REPROGRAMING UPON DEREGULATION OF WNT 
BETA CATENIN ACTIVITY
Sun, Tianliang - Medicine, Icahn School of Medicine at Mount 
Sinai, New York, NY, USA
Almeida, Joana - Medicine, Icahn School of Medicine at Mount 
Sinai, New York, NY, USA
Cogliati, Bruno - Medicine, Icahn School of Medicine at Mount 
Sinai, New York, NY, USA
Yang, Suebin - Medicine, Icahn School of Medicine at Mount 
Sinai, New York, NY, USA
Ramamoorthy, Anupriya - Medicine, Icahn School of Medicine at 
Mount Sinai, New York, NY, USA
Tchorz, Jan - NIBR, Novartis, Basel, Switzerland

The WNT/β-catenin pathway regulates multiple cellular process-
es upon injury and during nonalcoholic steatohepatitis–hepato-
cellular carcinoma (NASH-HCC) development and serves as one 
of the most frequently activated pathways (up to 50% HCCs). 
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The underlying molecular mechanisms of how the WNT/β-caten-
in pathway initiates and drives NASH-HCC progression are still 
largely unknown. The ZRNF3/RNF43-LGR4/5 axis can fine-tune 
WNT/β-Catenin activity and plays a key role during liver regen-
eration and liver metabolic zonation. We have recently shown 
that the deletion of ZNRF3/RNF43 leads to the activation of the 
WNT/β-catenin pathway and results in increased hepatocyte 
proliferation, the conversion of all hepatocytes to a pericentral 
phenotype, and, eventually, to massive HCC formation (Sun et 
al., 2021, Cell Stem Cell). The molecular determinants during this 
pathogenesis process have remained elusive. We hypothesize 
that the deregulation of WNT/β-catenin activity levels shapes cell 
fate by boosting cell fitness adaption and enabling the patholog-
ical outcomes. Using a combined approach of gene expression 
profiling, spatial transcriptomics profiling, in vivo clonal tracing, 
characterization of injury models, and WNT/β-catenin pathway 
modulation in mice, we now show that there is a zonal selection of 
cell stress and proliferation upon deregulation of WNT/β-catenin 
activity. RNF43 /ZNRF3 in mutant mice results in metabolic repro-
gramming of periportal hepatocytes and induces clonal expan-
sion in a subset of hepatocytes, ultimately promoting liver tumors, 
while the same deletion in pericentral hepatocytes leads to the 
elimination of these clones in the liver. The cross- talk between 
nutrient sensing and WNT/β-catenin pathway may drive this zonal 
selection of cell growth. This highlights the importance of safe-
guarding mechanisms that constrict uncontrolled WNT/β-catenin 
signaling and proper liver metabolic zonation, which is neces-
sary to ensure liver homeostasis. Together, ZNRF3 and RNF43 
cooperate to safeguard liver homeostasis by spatially and tem-
porally restricting WNT/β-catenin activity, balancing metabolic 
function and hepatocyte proliferation. Zonal-based deregulation 
of WNT/β-catenin activity drives the initiation and progression of 
NASH-HCC.

Keywords: metabolic reprogramming and tumor initiation, liver 
metabolic zonation, cell identity and plasticity
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ACTIVATING TRANSCRIPTION FACTOR-2 
SUPPORTS THE ANTIOXIDANT CAPACITY AND 
ABILITY OF HUMAN MESENCHYMAL STEM 
CELLS TO PREVENT ASTHMATIC AIRWAY 
INFLAMMATION
Kwon, Hyungu - Deparment of Biomedical Sciences, University 
of Uslan College of Medicine, Seoul, Korea
Ju, Hyein - Biomedical Sciences, University of Ulsan College of 
Medicine, Seoul, Korea
Ryu, Chae-Min - Center for Cell Therapy, Asan Medical Center, 
Seoul, Korea
Yun, HongDuck - Biomedical Sciences, University of Ulsan 
College of Medicine, Seoul, Korea

Glutathione (GSH), an abundant nonprotein thiol antioxidant, par-
ticipates in several biological processes and determines the func-
tionality of stem cells. A detailed understanding of the molecular 
network mediating GSH dynamics is still lacking. Here, we show 
that activating transcription factor-2 (ATF2), a cAMP-response 
element binding protein (CREB), plays a crucial role in maintain-
ing the level and activity of GSH in human mesenchymal stem 
cells (MSCs) by crosstalking with nuclear factor erythroid-2 like-2 

(NRF2), a well-known master regulator of cellular redox homeo-
stasis. Priming with ascorbic acid 2-glucoside (AA2G), a stable 
vitamin C derivative, increased the expression and activity of 
ATF2 in MSCs derived from human embryonic stem cells and um-
bilical cord. Subsequently, activated ATF2 crosstalked with the 
CREB1-NRF2 pathway to preserve the GSH dynamics of MSCs 
through the induction of genes involved in GSH synthesis (GCLC 
and GCLM) and redox cycling (GSR and PRDX1). Accordingly, 
shRNA-mediated silencing of ATF2 significantly impaired the 
self-renewal, migratory, proangiogenic, and anti-inflammatory ca-
pacities of MSCs, and these defects were rescued by supplemen-
tation of the cells with GSH. In addition, silencing ATF2 attenuated 
the ability of MSCs to alleviate airway inflammatory responses in 
an ovalbumin-induced mouse model of allergic asthma. Consis-
tently, activation of ATF2 by overexpression or the AA2G-based 
priming procedure enhanced the core functions of MSCs, improv-
ing the in vivo therapeutic efficacy of MSCs for treating asthma. 
Collectively, our findings suggest that ATF2 is a novel modulator 
of GSH dynamics that determines the core functionality and ther-
apeutic potency of MSCs used to treat allergic asthma.

Keywords: Mesenchymal stem cell, activating transcription 
factor-2(ATF2), Glutathione
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FINDING A NOVEL TGF-BETA1 SIGNALING 
CAPABLE OF MANIPULATING THE LINEAGE 
SPECIFICATION OF BONE-MARROW 
MESENCHYMAL STEM CELLS
Wang, Ying Wen - Department of Life Sciences and Institute of 
Genome Sciences, National Yang Ming Chiao Tung University, 
Taipei City, Taiwan
Luo, Ching Wei - Department of Life Sciences and Institute of 
Genome Sciences, National Yang Ming Chiao Tung University, 
Taipei, Taiwan

SMAD signalings play crucial roles in regulating cell fate decision 
of mesenchymal stem cells (MSCs) in the bone marrow. TGF-β1, 
the main factor for activating SMAD signalings, is the most abun-
dant cytokine in bones. It not only promotes the expansion of 
MSCs but also hinders their differentiation into osteoblasts or 
adipocytes. Surprisingly, in addition to inhibition of adipogenesis 
via its canonical SMAD2/3 signaling, we here found that TGF-β1 
also activates SMAD1/5/8 signaling, which is typically induced 
by BMPs to promote MSC differentiation toward osteoblasts or 
adipocytes. As TGF-β1 coexists with BMPs in the bone marrow 
but counteracts BMP-driven differentiation, we thus hypothesize 
that the cross of TGF-β1 into SMAD1/5/8 would manipulate the 
fate decision of MSCs that differs to BMPs in the bone niche. 
Indeed, in diverse MSCs, blockage of SMAD1/5/8 signaling, but 
not SMAD2/3 signaling, activated by TGF-β1 merely relieved its 
effect on the inhibition of BMP-promoted osteogenesis without 
impacting its effect on the suppression of adipogenesis. Such 
a signal manipulation also increased the calcification capacity 
in both in vitro MSC culture and ex vivo bone culture models. 
Mechanism dissection revealed that TGF-β1 primarily activates 
SMAD1 phosphorylation via receptor complexes formed by TG-
FBR2 and ALK5. Interestingly, reporter assay and quantification 
of osteogenesis-related genes indicated that this signaling initial-
ly activates BMP-responsive genes but turns to suppression in 
a time-dependent manner. ELISA, co-immunoprecipitation, and 
ChIP results further profiled that such a transition is due to forma-
tion of mixed SMAD1-SMAD2/3 complexes, which would further 
allow recruitment of specific repressors. In conclusion, our find-



133

P
O

S
T

E
R

 A
B

S
T

R
A

C
T

 G
U

ID
E

W
E

D
N

E
S

D
A

Y
, 

14
 J

u
N

E
 2

0
2

3

ings highlight a novel TGF-β1-mediated signaling pathway that 
specifically hinders osteogenesis through mixed SMAD complex-
es. These findings also provide a way to fine-tune the balance 
between osteogenesis and adipogenesis in the aging bone or 
adipocyte-enriched bone microenvironment.

Keywords: Mesenchymal stem cell, SMAD, TGF-β
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INTERNAL FORCE POLARIZATION ALIGNED BY 
TISSUE GEOMETRY DICTATES STEM CELL FATE
Kuo, Jean Cheng - Institute of Biochemistry and Molecular 
Biology, Natioanl Yang Ming Chiao Tung University, Taiwan

The presence of unbalanced mesenchymal stem cell (MSC) differ-
entiation is a recognized cause of decreased bone formation and 
also a hallmark of osteoporosis. Hence, developing approaches 
to control MSC osteogenesis in the bone microstructures, such 
as bone geometric features, is of great interest. The focal adhe-
sions (FAs) sense mechanical cues and transduce these into bio-
logical signals, but how FA-mediated signals control MSC lineage 
differentiation remains largely unknown. Here, we have deter-
mined the biochemical role of FAs in geometric cue-controlled 
MSC lineage commitment. By imposing geometric constraints 
via micropatterning, we were able to prove that FA organization 
can control the distribution of actomyosin-mediated intracellular 
tension, the nuclear-actomyosin force balance, and changes in 
nuclear deformability. This mechanism controls nucleus translo-
cation of the transcription co-activator YAP, and in turn modulates 
the switch in MSC commitment between adipogenic and osteo-
genic fates. These discoveries led us to suggest that tuning FA 
organization by using geometric variations could contribute to 
the fundamental mechanisms of osteoporosis treatment.

Keywords: mesenchymal stem cells, focal adhesions, nuclear 
deformation
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RECAPITULATING BOVINE MUSCLE TISSUE 
DEVELOPMENT FOR ENHANCEMENT OF 
CULTIVATED MEAT PRODUCTION
Dvash, Tami - Research and Development, Aleph Farms, Israel
Molotski, Natali - Research and Development, Aleph Farms, 
Rehovot, Israel
Rom, Aviv - Research and Development, Aleph Farms, Rehovot, 
Israel
Zehorai, Eldar - Research and Development, Aleph Farms, 
Rehovot, Israel
Rabinovich-Toidman, Polina - Research and Development, 
Aleph Farms, Rehovot, Israel
Maor-Shoshani, Ayelet - Research and Development, Aleph 
Farms, Rehovot, Israel
Nicenboim, Julian - Research and Development, Aleph Farms, 
Rehovot, Israel
Lavon, Neta - Research and Development, Aleph Farms, 
Rehovot, Israel

The overall footprint of meat and its associated impacts on the 
environment and public health has increased the need for new 
and complimentary production systems that are in balance with 

their use in natural resources. In the last decade the new field 
of cellular agriculture has emerged. Meat produced from animal 
cells in cell culture permits the optimized production of only the 
edible parts of the animal. This allows consumers to maintain the 
culinary and sensory qualities of the meat, while substantially low-
ering greenhouse gas emissions by 92%, reducing land use by 
95% and water use by 78%. To meet consumer expectations for 
higher quality products, production methodology better recapitu-
late the natural developmental processes in cow. These process-
es consist of formation of tissue consisting of extra cellular matrix 
(ECM), adipocytes and skeletal muscle cells. Various differentia-
tion protocols have been established in cow cells originating from 
mesenchymal stem cells and satellite cells. However, bovine em-
bryonic stem cells (bESCs) exhibit the most reliable and eternal 
source for production of cultivated meat, allowing an efficient and 
reproducible differentiation process, suitable for mass produc-
tion. Aleph Farms has developed in-house, short and efficient, an-
imal component-free bESCs differentiation protocol towards mus-
cle cells in 2D and 3D cultures. Our short, and scalable protocol 
mimics natural developmental pathways. Activation of TGF-beta 
pathway alongside inhibition of GSK3 pathway yield a mesoder-
mal progenitor cell population that upon further induction can dif-
ferentiate to muscle cells, adipocyte and ECM producing cells. 
Commitment to mesodermal lineage occurs in 3D culture in or-
ganoid like structures, thus bioreactor scalable. We show that our 
mesoderm progenitor cells highly express TBXT, TBX6, MSGN1 
and PAX3 while losing OCT4 and NANOG expression. We show 
that further differentiation of this progenitor population results in 
cells exhibiting muscle fiber morphology expressing Six1, MyoD1, 
MyoG, MYH3, MYH7, MYH8, Myoglobin (MB) and Myomaker 
(MYMK). Our work demonstrates an innovative, scalable method 
to reach cultivated meat production from bESC through activa-
tion/inhibition of classical developmental pathways.

Keywords: Cultivated meat, Cellular agriculture, bovine 
embryonic stem cells (bESC)



134

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 C
E

LL
u

L
A

R
 i

D
E

N
T

iT
Y

 (
C

i)
282

THE ROLE OF EPIGENETICS AND CHROMATIN 
DYNAMICS IN REGULATION OF SKELETAL 
MUSCLE MYOFIBERS AND THEIR ASSOCIATED 
MUSCLE STEM CELLS
Sahinyan, Korin - Human Genetics, McGill University, Montreal, 
QC, Canada
Blackburn, Darren - Human Genetics, McGill University, 
Montreal, QC, Canada
Simone, Marie-Michelle - Human Genetics, McGill University, 
Montreal, QC, Canada
Lazure, Felicia - Molecular Oncology, Moffitt Cancer Center, 
Tampa, FL, USA
Yamada, Yasuhiro - Stem Cell Pathology, University of Tokyo, 
Japan
Rudnicki, Michael - Department of Cellular and Molecular 
Medicine, Sprott Center for Stem Cell Research, Ottowa, ON, 
Canada
Perkins, Theodore - Department of Biochemistry, Sprott Center 
for Stem Cell Research, Ottowa, ON, Canada
Kwan, Tony - Human Genetics, McGill Genome Centre, 
Montreal, QC, Canada
Bourque, Guillaume - Human Genetics, McGill Genome Centre, 
Montreal, QC, Canada
Jahani-Asl, Arezu - Department of Cellular and Molecular 
Medicine, University of Ottawa Brain and Mind Research 
Institute, Ottowa, ON, Canada
Soleimani, Vahab - Human Genetics, McGill University, Montreal, 
QC, Canada

Epigenetic mechanisms have an integral role in gene expres-
sion and proper tissue and cell functioning including in skeletal 
muscle. While skeletal muscle has a great regenerative capaci-
ty, this ability is highly compromised in muscle wasting diseases. 
Muscle integrity and regeneration is dependent on the proper 
functioning of muscle stem cells (MuSCs) and their associated 
niche components including the myofibers. Therefore, studying 
the chromatin state and epigenetic mechanisms regulating myo-
fibers and MuSCs will provide insights into proper skeletal muscle 
regeneration as well as identifying novel therapeutic avenues for 
muscle wasting diseases. We have developed a novel method 
that can identify the accessible chromatin at a single myofiber 
resolution. This method can be used to identify the differences 
in the epigenome of myofibers under various physiological or 
disease stimuli. Application of this technique revealed significant 
chromatin differences in myofibers under regeneration as well 
as myofibers in a dystrophic niche. The complete mechanistic in-
sights of muscle function and muscle regeneration also requires 
understanding of the epigenetic regulation of MuSCs. We have 
discovered that the master transcriptional repressor REST/NRSF 
is required for the maintenance of skeletal MuSC pool as the 
genetic deletion of REST in the mouse MuSCs leads to loss of 
lineage identity and induction of apoptosis and subsequent de-
pletion of the MuSC pool. We have determined that in MuSCs and 
their progenitors, REST regulates heterochromatin at non-mus-
cle and developmental genes. Overall, our work provides novel 

findings into the epigenetic mechanisms mediated by REST that 
regulate MuSC survival and muscle regeneration.

Funding Source: Canadian Institute of Health Research (CIHR) 
Natural Sciences and Engineering Research Council of Canada 
(NSERC) Richard and Edith Strauss Foundation

Keywords: Epigenetics, Muscle Stem Cells, Muscle 
Regeneration
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METHIONINE METABOLISM REGULATES 
PLURIPOTENT STEM CELL THROUGH ZINC 
MOBILIZATION
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Zixuan Sim, Erinn - School of Life Science and Technology, 
Tokyo Institute of Technology, Yokohama, Japan
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Tokyo Institute of Technology, Yokohama, Japan
Furuta, Nao - School of Life Science and Technology, Tokyo 
Institute of Technology, Yokohama, Japan
Kahio, Soshiro - Department of Genetics, Graduate School of 
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Kanbe, Taiho - Graduate School of Biostudies, Kyoto University, 
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University, Kumamoto, Japan
Arakawa, Akihiro - Research Institute for Bioscience Products 
and Fine Chemicals, Ajinomoto Co. Inc., Kawasaki, Japan
Ozawa, Hiroki - Research Institute for Bioscience Products and 
Fine Chemicals, Ajinomoto Co. Inc., Kawasaki, Japan
Yokoyama, Mizuho - Research Institute for Bioscience Products 
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Miura, Masayuki - Department of Genetics, Graduate School of 
Pharmaceutical Sciences, The University of Tokyo, Bunkyo-ku, 
Japan
Kume, Shoen - School of Life Science and Technology, Tokyo 
Institute of Technology, Yokohama, Japan

Pluripotent stem cells (PSCs) exhibit a unique feature that re-
quires S-adenosylmethionine (SAM) for the maintenance of their 
pluripotency. Methionine deficiency in the medium reduced SAM 
in undifferentiated PSCs, altered their epigenetic state and thus 
rendering PSCs in a state potentiated for differentiation (Shiraki 
et al., Cell Metab 2014)(Ozawa et al., Stem Cells 2022). In this 
study, we find that methionine deprivation triggers a reduction in 
intracellular protein-bound Zn content and upregulation of Zn ex-
porter SLC30A1 in PSCs. Culturing PSCs in Zn-deprived medium 
results in decreased intracellular protein-bound Zn content, re-
duced cell growth, and potentiated differentiation, which partially 
mimics methionine deprivation. PSCs cultured under Zn depriva-
tion exhibit an altered methionine metabolism-related metabolite 
profile (Sim et al., Cell Reports 2022). We conclude that methi-
onine deprivation potentiates differentiation partly by lowering 
cellular Zn content. We establish a protocol to generate function-
al pancreatic β cells by applying methionine and Zn deprivation. 
Our results reveal a link between Zn signaling and methionine 
metabolism in the regulation of cell fate in PSCs.

Keywords: methionine, zinc, metabolism
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SPATIOTEMPORAL ORCHESTRATION OF 
MULTICELLULAR TRANSCRIPTIONAL PROGRAMS 
AND IN SITU CELL-CELL COMMUNICATION IN 
ACUTE SPINAL CORD INJURY
Li, Zhu Xia - Center for Cell Lineage and Development, Chinese 
Academy of Sciences, Guangzhou, China

Spinal cord injury (SCI) involves a complex cascade of cellular and 
pathological changes that last for months to years. However, the 
most dramatic molecular responses and overwhelming reorga-
nization occur in the first few days, which determine the overall 
progression and prognosis of SCI, yet remain poorly understood. 
Here, we resolve the comprehensive spatiotemporal architecture 
of multicellular gene expression in a mouse model of acute SCI. 
The spatial transcriptomic analyses unveil dynamic and coordi-
nated transcriptional programs and regulatory networks, identify 
and quantify in situ cell-cell interactions from gene expression, 
and highlight the “early-reacting” spatial clusters, gene modules 
and cell types. For example, we reveal a distinct population of 
white matter-originated, Igfbp2-expressing reactive astrocytes, 
which migrate to the grey matter and express multiple axon/
synapse supporting molecules that might foster spinal cord re-
covery. Together, our dataset and analyses not only showcase 
the spatially-defined molecular features endowing the cell (sub)
types with new biological significance, but also provide a molec-
ular atlas for disentangling the spatiotemporal organization of the 
spinal cord and the dynamic landscape of gene expression and 
cell communication in SCI.

Keywords: spatial transcriptomics, spinal cord injury, astrocyte

288

IDENTIFYING KEY REGULATORS IN THE DIRECT 
CONVERSION OF HUMAN SKIN FIBROBLASTS 
TO NEURONS BY GENE REGULATORY NETWORK 
ANALYSIS
Li, Li - Physiology and Biophysics, State University of New York, 
Buffalo, NY, USA
Feng, Jian - Physiology and Biophysics, State University of New 
York, Buffalo, NY, USA
Zhu, Binglin - Physiology and Biophysics, State University of 
New York, Buffalo, NY, USA

Transdifferentiation between cell types has relied on knowl-
edge-based search for optimal reprogramming factors. Our re-
cent study found that the overexpression of ASCL1, miR9/9*-124, 
nPTB shRNA, and p53 shRNA efficiently converted human skin 
fibroblasts to neurons. By analyzing longitudinal RNA-seq data 
of human skin fibroblasts being converted with various combina-
tions of these reprogramming factors, we constructed gene regu-
latory network (GRN) models capturing the high order information 
important for neuronal conversion. Examination of gene commu-
nities and transcription factors (TFs) in the GRNs identified OTX2 
and LMX1A as the key regulators of conversion to neurons, as 
they had strongest connections to genes functionally associated 
with neuronal development and differentiation. We confirmed the 
critical roles of OTX2 and LMX1A experimentally as their knock-
down markedly impaired the conversion. The study shows that 
GRN models are effective in augmenting empirical discovery of 

optimal reprogramming factors in the transdifferentiation of hu-
man skin fibroblasts to neurons. Further improvements in this 
approach may identify a generally applicable principle for direct 
cell-fate conversion.

Funding Source: This work is supported by the US Department 
of Veterans Affairs Merit Award BX002452 and the National 
Institutes of Health grant NS113763 to J.F.

Keywords: neuronal transdifferentiation, gene regulatory 
network, transcription factors
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THE TRANSCRIPTIONAL AND REGULATORY 
LANDSCAPE OF CELLS IN THE DEVELOPING 
HUMAN CEREBELLUM
Zhong, Suijuan - State Key Laboratory of Cognitive 
Neuroscience and Learning, Normal University, Beijing, China
Wang, Xiaoqun - State Key Laboratory of Cognitive 
Neuroscience and Learning, Beijing Normal University, Beijing, 
China
Wu, Qian - State Key Laboratory of Cognitive Neuroscience and 
Learning, Beijing Normal University, Beijing, China

Human cerebellar development is precisely orchestrated by mo-
lecular regulatory networks to finally achieve cytoarchitecture 
and coordinate motor and cognitive functions. However, the un-
derstanding of cell type- and time-specific gene expression pat-
terns and the regulatory landscape of human cerebellar devel-
opment is limited. Here, we combined single-cell transcriptomics 
and chromatin accessibility states to systematically depict an inte-
grative landscape of the molecular features and cellular composi-
tion of the developing human cerebellum covering GW 12-27. We 
identified 80 cell subtypes and described their developmental 
trajectories. The multiomic data reveal molecular networks gov-
erning progenitor differentiation and cell fate determination along 
the trajectories. Our data indicate that cell lineage regulation oc-
curs in a hierarchical manner and that a combination of several 
transcription factors is required for fate divergence, offering an 
informative regulatory map to show how and when cell fates are 
determined. We found that the progenitors of these cells highly 
expressed primate-specific genes such as TMEM14B and ARH-
GAP11B, which are key regulators of human neocortex expansion 
and folding. In addition, we analyzed cell-cell interactions and 
communication to reveal how different types of neurons and glial 
cells differentiate and function in a synchronized and coordinated 
manner. In particular, our data revealed that Purkinje cells and 
Bergmann glia may regulate granule cell migration via different 
ligand-receptor pairs. We finally illustrated that genes and SNPs 
of cerebellar dysfunction-related diseases could be mapped onto 
cell types, indicative of the cellular basis and possible pathogen-
esis mechanisms of neuropsychiatric disorders.

Keywords: Cerebellum development, Single cell sequencing, 
Purkinje Cell
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LUNG PERIBRONCHIAL LGR5+ FIBROBLASTS 
COLLOCATE WITH R-SPONDIN SECRETING 
NEURONAL CELLS IN HUMANS AND PIGS
Lampe, Ross - Comparative Medicine Institute, North Carolina 
State University, Raleigh, NC, USA
Marquez-Murphy, Yanet - Jorge Piedrahita Lab, North Carolina 
State University, Raleigh, NC, USA
Edwards, Laura - Jorge Piedrahita Lab, North Carolina State 
University, Raleigh, NC, USA
Carson, Charles - Jorge Piedrahita Lab, North Carolina State 
University, Raleigh, NC, USA
Piedrahita, Jorge - Jorge Piedrahita Lab, North Carolina State 
University, Raleigh, NC, USA

LGR5, a well known marker for stem cells including follicular and 
intestinal stem cells, is expressed in two distinct lung populations 
in humans but not mice. Using a transgenic pig model that allows 
identification of LGR5 expressing cells (LGR5-H2BGFP), we previ-
ously demonstrated that one of these populations, peribronchial 
LGR5-expressing fibroblasts (LGR5-PeriBF), located just under the 
airway basement membrane, is a prominent cell type in pig lungs.
These LGR5-expressing peribronchial fibroblasts are similarly lo-
cated along human lung airways and are associated with lung 
diseases such as chronic obstructive pulmonary disease (COPD) 
and idiopathic pulmonary fibrosis (IPF). Following our IHC evi-
dence that LGR5-PeriBF are located in close proximity to S100B+ 
and PGP9.5+ neuronal cells, we decided to test the hypothesis 
that neuronal cells play a role in potentiating the LGR5-PeriBF 
canonical WNT pathway. Exploration of human single-cell RNA-
seq data revealed that LGR5-PeriBF are the only cell type that ex-
presses LGR5 in mature adult lungs. Moreover, R-spondin (RSPO) 
ligands for LGR5 originate almost entirely from nearby neuronal 
cells including perineurial (PeriNAF), endoneurial (EndoNAF) 
and epineurial (EpiNAF) fibroblasts as well as non-myelinating 
Schwann cells (nmSC). To further understand this LGR5-PeriBF to 
neuronal cell association, cell-cell junctions in the peribronchial 
region were examined for commonality. It was found that, in hu-
mans, cadherin-11 (CDH11) uniquely associates LGR5-PeriBF and 
PeriNAF cell types. Additionally, in our transgenic LGR5-H2BGFP 
pigs, CDH11 and cadherin-13 (CDH13) were differentially over-ex-
pressed in bulk RNAseq data of LGR5-PeriBF sorted cells. This 
adherens junction colocalization of LGR5-PeriBF with PeriNAF 
lung airway cells may constitute an RSPO signaling niche for an 
LGR5 potentiated WNT/β-catenin pathway in lung diseases and 
injury repair.

Funding Source: NIH R21OD019738 (JAP)

Keywords: Lung, peribronchial, perineurial, endoneurial, 
Schwann, LGR5, RSPO, WNT, CDH11, CDH13, S100B, PGP9.5
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DEFINING THE MECHANISMS OF 
DYSFUNCTIONAL FERRITINOPHAGY IN 
BETA PROPELLER PROTEIN-ASSOCIATED 
NEURODEGENERATION
Chen, Claire - Krieger School of Arts & Sciences, Johns Hopkins 
University, Baltimore, MD, USA
Chua, Jason - Department of Neurology, Johns Hopkins School 
of Medicine, Baltimore, MD, USA
Stumpf, Sarah - Institute for Cell Engineering, Johns Hopkins 
University School of Medicine, Baltimore, MD, USA

Beta-propeller protein-associated neurodegeneration (BPAN) is a 
congenital neurodegenerative disorder and subtype of neurode-
generation with brain iron accumulation (NBIA), manifesting with 
childhood intellectual disability followed by progressive parkin-
sonism, dystonia, and dementia in adolescence or early adult-
hood. BPAN is X-linked and caused by mutations in WDR45/WIPI4, 
a critical effector of vesicle maturation in the highly conserved 
degradation pathway of autophagy. Although prior studies have 
found that mutations in WDR45/WIPI4 lead to impairments in au-
tophagic flux and abnormal accumulation of degradative cargo, 
the molecular mechanisms underlying brain iron accumulation 
and neuron-selective degeneration in BPAN remain undefined. In 
the present study, we evaluate cell type-specific derangements in 
ferritinophagy, a selective form of autophagy that regulates intra-
cellular iron content and turnover. To do this, we use a novel cell 
model of BPAN comprised of human induced pluripotent stem 
cells edited by CRISPR/Cas9 to knock-in a BPAN-related muta-
tion (c.C52>T, p.Gln18X), from which we generate isogenic neu-
rons, astrocytes, and skeletal muscle cells. In comparing mutant 
against wild-type cells and neurons against non-neurons, we are 
assessing immunocytochemical, Western, and qPCR analyses of 
ferritinophagy machinery: ferritin, an essential intracellular carrier 
of iron, and NCOA4, a selective autophagy receptor for degrad-
ing ferritin. We expect that ferritinophagy proteins fail to undergo 
normal autophagic degradation and are mislocalized in BPAN 
cells, and that these derangements are most severe in neurons. 
By clarifying how and to what extent ferritinophagy is dysfunction-
al in BPAN and on a cell type-specific basis, we will further our 
understanding of BPAN pathogenesis and the neurotoxic effects 
of dysfunctional autophagy. In so doing, our studies will provide 
the basis for investigating novel and neuron-specific mechanisms 
of rescuing dysferritinophagy and inform treatment strategies for 
BPAN and other neurodegenerative autophagiopathies.

Keywords: BPAN, autophagy, ferritin
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NEURONAL ACTIVITY-DEPENDENT 
TRANSCRIPTOME AND CHROMATIN PROFILE OF 
HUMAN FETAL NEURONS
Newman-Toledo, Shayla Indira - Neurobiology, University of 
Massachusetts Chan Medical School, Worcester, MA, USA
Baddoo, Genevieve - Neurobiology, University of Massachusetts 
Chan Medical School, Worcester, MA, USA
Prouty, Shannon - Neurobiology, University of Massachusetts 
Chan Medical School, Worcester, MA, USA
Boulting, Gabriella - Neurobiology, University of Massachusetts 
Chan Medical School, Worcester, MA, USA

Primate and human pluripotent stem cells (hPSCs) allow for the 
investigation of unique and clinically relevant aspects of human 
brain development and neurobiology that are not represented in 
traditional rodent model systems. To employ human pluripotent 
stem cell-based models effectively, we must compare differen-
tiated cells to the relevant primary human tissues to accurately 
assess cellular identity and maturity level. However, there are 
limited resources available for such comparisons. The human de-
veloping brain contains dozens of different cell types that under-
go multiple protracted maturation stages, and neuronal activity is 
required for the proper development and differentiation of certain 
neuronal subtypes within the neocortex. Most recent single-cell 
transcriptional data sets of human brain are from adult tissue. 
However, hPSC-derived neurons are immature and most close-
ly resemble early-mid embryonic stages of brain development. 
Furthermore, neuronal activity-dependent gene expression may 
reveal additional cellular complexity that is not apparent at a bas-
al state. In this study, we aim to provide a deeper understanding 
of the cellular identities within the developing human neocortex 
and the multitude of neuronal activity-dependent gene expres-
sion profiles present at this stage of development. To do this, we 
are generating a multiomic, single-cell dataset of primary human 
fetal cortical cultures and their activity-dependent transcriptional 
profiles. This data set will provide the transcriptional identity and 
chromosome accessibility profiles of neuronal and non-neuronal 
cell types of the mid-gestational developing neocortex alongside 
their neuronal depolarization-dependent gene expression pat-
terns.

Keywords: Neuronal Development, Activity-dependent gene 
expression, Single-cell profiling

298

AGING MICROGLIA AND THEIR IMPACT ON 
NEURAL STEM CELL FUNCTION IN THE SVZ
Harrison, Samuel - Cell Systems and Anatomy, UTHSA, San 
Antonio, TX, USA
Cutler, Ronald - Cell Systems and Anatomy, UTHSA, San 
Antonio, TX, USA
Solano Fonseca, Rene - Cell Systems and Anatomy, UTHSA, 
San Antonio, TX, USA
Kokovay, Erzsebet - Cell Systems and Anatomy, UTHSA, San 
Antonio, TX, USA

Neurogenesis, the production of new neurons, occurs through-
out life in brain regions known as neural stem cell (NSC) niches. 
There are two niches in the brain, the hippocampus and subven-
tricular zone (SVZ). The niches are specialized to provide support 
for NSC survival and proliferation. The SVZ is the largest NSC 

niche in the rodent brain and is responsible for producing neu-
rons that integrate into the olfactory bulbs and producing progen-
itors that migrate to areas of ischemic or traumatic brain injury. 
Neurogenesis drastically declines with age which contributes to 
the decrease in cognitive capacity and reduced injury repair seen 
in aging. The causes of age-related NSC dysfunction are not ful-
ly understood but reduced number of NSCs and progenitors in 
the niche is associated with age. However, apoptosis does not 
increase significantly in the SVZ during aging. We show that mi-
croglia, the immune cells of the brain, are morphologically distinct 
from neighboring striatum in young and aged mice. During ag-
ing, microglia in the SVZ become activated before reduced NSC 
numbers are observed. This pro-inflammatory activation occurs 
much earlier in the niche and to a greater degree than microglia 
in other brain regions. We show that young SVZ microglia have 
reduced phagocytic capacity compared to whole brain microg-
lia in vitro suggesting that these niche microglia are specialized 
not to phagocytize stem cells and progenitors. However during 
aging SVZ microglia exhibit increased phagocytosis becoming 
more similar to microglia from other brain regions. Furthermore, in 
young microglia we observe very little evidence of phagocytosis 
in the niche in vivo. During aging we show that there is a signifi-
cant increase in the number of microglia that have NSC and pro-
genitor markers within the lysosomes, strongly suggesting that 
during aging microglia begin to engulf NSCs and progenitors. Us-
ing anti-inflammatory and C3 complement inhibitory interventions 
we see an increase in SVZ proliferation in aged mice. Interesting-
ly while we see decreased amounts of SVZ microglial activation 
with these interventions, we see an increase in microglia phago-
cytosis of progenitor cells. This indicates that SVZ microglia could 
be a key regulator of neurogenesis in the aged SVZ.

Funding Source: NIH-NINDS R01NS102448  WILLIAM AND 
ELLA OWENS MEDICAL RESEARCH FOUNDATION NIH-NINDS 
R21NS113344 T32 AG 021890

Keywords: neurogenesis, microglia, neural stem cell
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INVESTIGATING THE DRIVING GENETIC 
FACTORS OF BRAIN OVERGROWTH IN AUTISM 
SPECTRUM DISORDER
Chen, Siwei - Center for Regenerative Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Shcherbina, Anna - Biomedical Informatics, Stanford University, 
Stanford, CA, USA
Schafer, Simon - Salk Institute for Biological Sciences, Salk 
Institute, La Jolla, CA, USA
Mamun, Md Mahfuz Al - Center for Regenerative Medicine, 
Massachusetts General Hospital, Boston, MA, USA
Ramesh, Janani - Center for Regenerative Medicine, 
Massachusetts General Hospital, Boston, MA, USA
Mattingly, Zoe Alexandra - Center for Regenerative Medicine, 
Massachusetts General Hospital, Boston, MA, USA
Swank, Alexandra Gang Fen - Center for Regenerative Medicine, 
Massachusetts General Hospital, Boston, MA, USA
Narayanan, Cyndhavi - Department of Psychiatry and Behavioral 
Sciences, Stanford University, Stanford, CA, USA
Banerjee, Sravani - Department of Psychiatry and Behavioral 
Sciences, Stanford University, Stanford, CA, USA
Chetty, Sundari - Center for Regenerative Medicine, 
Massachusetts General Hospital, Boston, MA, USA

Autism spectrum disorder (ASD) is a common and complex neu-
rodevelopmental disorder characterized by impairments in social 
interaction and communication, as well as repetitive behaviors. 
Approximately 15-20% of individuals with ASD have disproportion-
ate megalencephaly (ASD-DM), with disproportionate enlarge-
ment in both gray and white matter volume. Individuals with ASD-
DM have more severe behavioral and cognitive impairments and 
are less responsive to standard therapeutic interventions, leading 
to very poor prognoses relative to individuals with ASD and nor-
mal head circumferences. Increases in brain size often precede 
clinical symptoms, suggesting that understanding the underlying 
mechanisms regulating brain overgrowth could provide a window 
of opportunity for intervention or mitigation of symptoms. Here, 
we use reprogrammed peripheral blood mononuclear cells (PB-
MCs) to generate induced pluripotent stem cells (iPSCs) and de-
rive neural progenitor cells (NPCs) from autistic individuals with 
early brain enlargement (ASD-DM), autistic individuals with nor-
mal brain size (ASD-N), and typically developing control individ-
uals with normal brain size (TD-N). We demonstrate substantial 
changes in cell proliferation, cell cycle, and DNA damage repair 
pathways following RNA-sequencing and gene network analyses 
of the NPCs in ASD. P53 signaling and programmed cell death 
are particularly down-regulated in ASD-N vs ASD-DM. Further-
more, by integrating this cellular and gene expression data with 
structural magnetic resonance imaging (MRI) and behavioral and 
clinical data on the same individuals, we identify candidate driver 
genes associated with brain overgrowth and specific clinical fea-
tures. This work begins to provide a direct link from the cellular 
basis to the neural and behavioral manifestations of the ASD-DM 
phenotype and highlight potential therapeutic targets in ASD.

Keywords: Autism spectrum disorder, Brain overgrowth, iPSCs
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TRANSCRIPTOMICS OF ENTERIC NEURAL 
CREST IN THE SOX10DOM MOUSE MODEL OF 
HIRSCHSPRUNG DISEASE IDENTIFY DEFECTS IN 
ENTERIC PROGENITORS PROCEEDING ALTERED 
NEURONAL ALLOCATION
Avila, Justin - Vanderbilt Brain Institute, Vanderbilt University, 
Nashville, TN, USA
Benthal, Joseph - Human Genetics, Vanderbilt University, 
Nashville, TN, USA
Southard-Smith, Michelle - Human Genetics, Vanderbilt 
University, Nashville, TN, USA

The Enteric Nervous System (ENS) derives from the neural crest 
and is essential for normal gastrointestinal motility. Sox10 is an 
essential transcription factor for normal formation of the ENS and 
mutant alleles of this gene lead to notable defects in ENS devel-
opment including absence of enteric ganglia in the distal bowel, a 
hallmark of Hirschsprung disease. Our prior studies of Dominant 
megacolon (Sox10Dom) mutants found that these mice also ex-
hibit altered transit of luminal gcontents in the small intestine due 
to abnormal neuron subtype ratios. This was unexpected since 
SOX10 is expressed in the neural crest progenitors that colonize 
the fetal intestine and is downregulated as neuronal lineages 
mature. We hypothesized that SOX10-regulated gene networks 
in ENS progenitors influence enteric neuron subtype allocation 
in early ENS development. We conducted single-cell RNA-Se-
quencing (scRNA-Seq) on ENS progenitors during fetal mouse 
development. Sox10 (Tg(Sox10-HIST2H2BE/Venus)ASout) and 
Phox2b (Tg(Phox2b-HIST2H2BE/Cerulean)1Sout) transgenic lines 
that label enteric progenitors and developing neurons respec-
tively were incorporated into crosses with the Sox10Dom allele to 
comprehensively label developing ENS populations. Fluorescent 
activated cell sorting was used to isolate developing progenitors 
and forming enteric neurons at 15.5 days post-coitus (dpc) that 
were then encapsulated using 10XGenomics methods for subse-
quent paired-end next-generation sequencing. Analysis of wild-
type populations revealed three neuronal trajectories, suggesting 
a previously unappreciated level of complexity during early ENS 
lineage divergence. RNA velocity analysis identified transit-am-
plifying and intermediate progenitor-to-neuronal transition zones. 
Cross-comparisons of wild-type and Sox10Dom scRNA-Seq data 
sets revealed a shift in cell distribution and the presence of a 
novel progenitor cluster exclusively within the Sox10Dom popula-
tions. Decreased cell distributions were also observed along the 
transit-amplifying transition zone of Sox10Dom lineages. These 
results indicate that three neuronal lineages are initially present 
at 15.5 dpc and that SOX10 influences neuronal subtype alloca-
tion between two of these major lineages through effects in a 
transient amplifying population.

Keywords: Enteric Development, Neural Crest Lineage, Sox10
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INDIVIDUAL VARIATION IN THE EMERGENCE 
OF ANTERIOR-POSTERIOR NEURAL IDENTITIES 
FROM HUMAN PLURIPOTENT STEM CELLS
Kim, Suel-Kee - Neuroscience, Yale University, New Haven, CT, 
USA
Seo, Seungmae - Lieber Institute for Brain Development, 
Baltimore, MD, USA
Stein-O’Brien, Genevieve - Lieber Institute for Brain 
Development, Baltimore, MD, USA
Jaishankar, Amritha - Lieber Institute for Brain Development, 
Baltimore, MD, USA
Ogawa, Kazuya - Lieber Institute for Brain Development, 
Baltimore, MD, USA
Micali, Nicola - Neuroscience, Yale University, New Haven, CT, 
USA
Luria, Victor - Neuroscience, Yale University, New Haven, CT, 
USA
Karger, Amir - IT-Research Computing, Harvard Medical School, 
Boston, MA, USA
Wang, Yanhong - Lieber Institute for Brain Development, 
Baltimore, MD, USA
Weinberger, Daniel - Lieber Institute for Brain Development, 
Baltimore, MD, USA
Chenoweth, Joshua - Lieber Institute for Brain Development, 
Baltimore, MD, USA
Hoeppner, Daniel - Lieber Institute for Brain Development, 
Baltimore, MD, USA
Sestan, Nenad - Neuroscience, Yale University, New Haven, CT, 
USA
Colantuoni, Carlo - Neurology, Johns Hopkins School of 
Medicine, Baltimore, MD, USA
McKay, Ronald - Lieber Institute for Brain Development, 
Baltimore, MD, USA

Variability between human pluripotent stem cell (hPSC) lines re-
mains a challenge and opportunity in biomedicine. We identified 
differences in early lineage emergence across hPSC lines that 
can be mapped to the anterior-posterior axis of embryonic de-
velopment. Dynamic lineage-related and stable cell line-specific 
transcriptional signatures in pluripotency interacted to regulate 
early fates. Stable line-specific signatures predicted retinoic 
acid (RA) response and regional bias in forebrain vs. hindbrain 
development. Replicate hPSC lines and paired adult donor tis-
sue demonstrated that cells from individual humans expressed 
unique transcriptional signatures throughout life, which are asso-
ciated with evolutionarily recent genes. In contrast, replicate lines 
from one donor showed divergent gene expression and differ-
entiation phenotypes linked to distinct chromatin states, showing 
that epigenetic mechanisms also contribute to stable transcrip-
tional and neural fate differences. This variation in lineage bias 
and its correlation with RA signaling was also observed in a large 
collection of hPSC lines. These results indicate that stable tran-
scriptional differences between hPSC lines initiate human neu-
ronal diversity.

Keywords: Pluripotent stem cells, Human variation, Retinoic acid 
signaling

306

EPIGENETIC REGULATION OF DEVELOPMENTAL 
TIMING IN HUMAN EMBRYONIC STEM CELLS
Xu, Nan - Developmental Biology, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA
Studer, Lorenz - Developmental Biology, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA

Embryonic development follows a series of developmental 
events at a particular sequence and tempo. While the order is 
evolutionarily conserved across species, the timescale of many 
developmental processes is considerably longer in humans com-
pared to rodents. This difference in tempo is recapitulated in hu-
man and mouse embryonic stem cells (ESCs) in vitro, suggesting 
cell-autonomous mechanisms that act as intrinsic developmental 
timers. Although protein turnover rates and metabolic rates have 
been shown to scale with developmental tempo, we do not know 
the genetic basis of these parameters and how they differ be-
tween species. By performing a whole-genome CRISPR screen 
during neural conversion of human ESCs, we uncovered epigen-
etic regulators that act as speed limits for this process, including a 
co-factor for H3K4 methyltransferase, and core subunits of Poly-
comb Repressive Complex 2 (PRC2). Loss of these epigenetic 
regulators leads to premature expression of a subset of bHLH 
transcriptional factors specific for neural lineage and accelerates 
neural conversion. Specifically, loss of core PRC2 subunits eras-
es H3K27me3, resulting in a broader, smoothening effect on the 
epigenetic landscape that allows for a more rapid response of 
developmental genes. Additionally, we found PRC2 inhibition ap-
pears to accelerate later neuronal differentiation and other germ 
layer differentiation as well. Our results highlight a deterministic 
role of the epigenetic landscape in setting the human develop-
mental tempo. Future works will focus on understanding differen-
tial landscapes between species and potential crosstalk between 
metabolism and epigenome. Collectively, this work will shed light 
on the general principles of timing mechanisms and set the stage 
for more efficient differentiation protocols for disease modeling 
and stem cell-based therapies.

Keywords: developmental timing, human embryonic stem cells, 
epigenetics

310

INVESTIGATING HOW BMP SIGNALING ALTERS 
CHROMATIN ACCESSIBILITY AND GENE 
EXPRESSION DURING DIFFERENTATION OF 
MOUSE EMBRYONIC STEM CELLS INTO SPINAL 
DORSAL INTERNEURONS
Gallardo, Salena - Neurobiology, University of California, Los 
Angeles, CA, USA
Gupta, Sandeep - Neurobiology, University of California, Los 
Angeles, CA, USA
Butler, Samantha - Neurobiology, University of California, Los 
Angeles, CA, USA

Spinal dorsal interneurons (dIs) mediate somatosensation: our 
ability to sense the environment, permitting us to react to pain 
or touch, and move in a coordinated manner. When dIs are dam-
aged, after injury or disease, individuals are no longer able to 
interpret sensory information from the periphery. Spinal dIs are 
generated when discrete domains of neural progenitor cells 
arise along the dorsal-ventral axis of the neural tube. Growth 
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factors, including the bone morphogenic protein (BMPs) family, 
drive the transcriptional changes needed to specify at least six 
populations of dIs (dI1-dI6). BMP signaling is transduced by two 
R-Smads, Smad1 and Smad5, during spinal cord development. 
Previous studies have demonstrated that activated R-Smads 
bind to both pre-acetylated nucleosome depleted sites, as well 
as closed chromatin. However, it remains unknown how Smad1/5 
binding modulates the overall architecture and accessibility of 
chromatin during dI specification. To assess the consequences 
of BMP signaling on global chromatin composition, we are using 
previously defined directed differentiation protocols that derive 
bona fide dIs from mouse embryonic stem cells (mESCs). Using 
RNA-Seq and ATAC-Seq, we have profiled gene expression and 
open chromatin regions across the timeline of our protocols, at 
the key developmental decision points. These studies will uncov-
er the regulatory genomic regions responsible for patterning and 
dI specification during spinal cord development. Currently, our 
pluripotent stem cell dI differentiation protocols do not direct the 
formation of homogeneous populations of dI subtypes. We thus 
anticipate that information from this study will be used to gener-
ate pure populations of dIs for drug screen platforms and/or cel-
lular replacement therapies seeking to restore somatosensation

Keywords: spinal dorsal interneurons, BMP signaling, in vitro 
differentiation
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SINGLE NUCLEUS MULTI-OMICS REVEALS 
EPIGENETIC AND 3D GENOME STRUCTURE 
MEMORY OF ALZHEIMER DISEASE IN DIRECTLY 
REPROGRAMMED HUMAN NEURONS AND 
PRIMARY ENTORHINAL CORTEX
Wang, Bang-an - Genomic Analysis Laboratory, Salk Institute, 
San Diego, CA, USA
Jones, Jeffrey - Laboratory of Genetics, Salk Institute, San 
Diego, CA, USA
Wu, Yue - Genomic Analysis Laboratory, Salk Institute, San 
Diego, CA, USA
Zhou, Jingtian - Genomic Analysis Laboratory, Salk Institute, San 
Diego, CA, USA
Berube, Peter - Genomic Analysis Laboratory, Salk Institute, San 
Diego, CA, USA
Bartlett, Anna - Genomic Analysis Laboratory, Salk Institute, San 
Diego, CA, USA
Castanon, Rosa - Genomic Analysis Laboratory, Salk Institute, 
San Diego, CA, USA
Nery, Joseph - Genomic Analysis Laboratory, Salk Institute, San 
Diego, CA, USA
Gage, Fred - Laboratory of Genetics, Salk Institute, San Diego, 
CA, USA
Ecker, Joseph - Genomic Analysis Laboratory, Salk Institute, San 
Diego, CA, USA

Since partial maintenance of age-dependent molecular signa-
tures, induced neurons directly converted from patients’ fibro-
blast provide an unique opportunity to study the biological events 
occurring along with aging in many neurodegenerative disorders. 
Like late-onset Alzheimer’s disease is typically diagnosed as the 
sporadic form and age-dependent way. Its molecular biomarker 
and pathogenesis mechanism are still challenging to explore due 
to the limited brain samples from live patients which are molec-
ularly diagnosed. Here, by using single-cell multiomics technolo-
gies, we identified the conserved AD specific DNA methylation 

signatures in human fibroblast and fibroblast-induced neurons 
from sporadic AD patients. The comparison between these in 
vitro cell models with the corresponding primary entorhinal cor-
tex brain tissues from the same individuals is showing that they 
shared the epigenetic biomarkers and molecular processes. 
Further analysis on the multimodal measurements of transcrip-
tional and 3D genome structure configuration, our single nucleus 
multi-omics data reveal the linkage of expression regulations and 
chromosome interactions at the AD specific hotspots, which col-
lectively demonstrate the recapitulation of age-related epigenetic 
features in induced neurons and its modeling application for bio-
marker detection and neuronal diseases.

Keywords: SINGLE NUCLEUS MULTI-OMICS, INDUCED 
NEURONS,, EPIGENETIC BIOMARKER
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NOVEL FUNCTION OF PRO-APOPTOTIC BH3-
ONLY PROTEINS BIM AND BIK IN NEURONAL 
DIFFERENTIATION
Basundra, Richa - Neuroscience Center, University of North 
Carolina at Chapel Hill, NC, USA
Zanellati, Maria Clara - Cell Biology and Physiology, UNC, 
Chapel Hill, NC, USA
Beltran, Adriana - Department of Genetics, UNC, Chapel Hill, 
NC, USA
Cohen, Sarah - Cell Biology and Physiology, UNC, Chapel Hill, 
NC, USA
Deshmukh, Mohanish - Neuroscience Center, UNC, Chapel Hill, 
NC, USA

Human embryonic stem cells (hESCs) and induced pluripotent 
stem cells (iPSCs) are of significant importance for their wide-
spread application in disease modelling and clinical therapeu-
tics. Considerable research has focused on developing efficient 
models of neuronal differentiation but the dynamic changes in 
fundamental cell biological pathways that occur during neuronal 
differentiation remain less explored. The apoptotic pathway un-
dergoes striking changes during neuronal differentiation. While 
the undifferentiated hESCs are highly sensitive to apoptotic stim-
uli such as DNA damage, these cells become markedly resistant 
with neuronal differentiation. However, less is known about the 
mechanisms by which the apoptotic pathway becomes restricted 
during neuronal differentiation. Here, we examined the expres-
sion of the various apoptotic genes during hESC differentiation 
into neurons (e.g. cortical, nociceptive or dopaminergic neurons). 
As expected with neurons becoming more resistant to apoptosis, 
we found expression of the pro-apoptotic proteins BAX and BAK 
to decrease and the anti-apoptotic proteins BCL-2 and BCL-XL to 
increase during neuronal differentiation. In contrast, the pro-apop-
totic BH3-only gene family exhibited unexpected patterns of 
expression. The BH3-only gene family are the first components 
of the core apoptotic pathway that are activated in response to 
apoptotic stimuli. We were surprised to find that the pro-apoptotic 
BH3-only proteins BIM and BIK increased their expression both at 
RNA and protein level even when the cells were becoming more 
resistant to apoptosis. To examine if these proteins might have 
functions unrelated to apoptosis, we generated CRISPR knock-
out hESCs for BIM and BIK as well as BIM/BIK double knockouts. 
All three knockout hESCs appeared indistinguishable from wild-
type cells at the undifferentiated stage. Strikingly however, upon 
cortical neuronal differentiation, all three knockout cells exhibited 
thicker axons in comparison to the wild type neurons. In ongoing 
studies, we are examining this phenotype in detail. Together, our 
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results point to a previously unknown function of the pro-apoptot-
ic proteins BIM and BIK in regulating axonal architecture during 
neuronal differentiation.

Keywords: BH3-only proteins, non-apoptotic, Axonal 
architecture
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DISSECTION OF SAFETY AND IDENTITY PROFILE 
OF HIPSC-DERIVED NSCS BY TRANSCRIPTIONAL 
AND REGULATORY ANALYSES: IMPLICATIONS 
FOR CELL THERAPY APPROACHES TO 
NEURODEGENERATIVE DISORDERS
Luciani, Marco - Gene and Neural Stem Cell Therapy for 
Lysosomal Storage Diseases, San Raffaele Telethon Institute for 
Gene Therapy (SR-Tiget), Milan, Italy
Meneghini, Vasco - Gene And Neural Stem Cell Therapy For 
Lysosomal Storage Diseases, San Raffaele Telethon Institute for 
Gene Therapy (SR-Tiget), Milan, Italy
Garsia, Chiara - Gene And Neural Stem Cell Therapy For 
Lysosomal Storage Diseases, San Raffaele Telethon Institute for 
Gene Therapy (SR-Tiget), Milan, Italy
Beretta, Stefano - Bioinformatics Core, San Raffaele Telethon 
Institute for Gene Therapy (SR-Tiget), Milan, Italy
Merelli, Ivan - Bioinformatics Core, San Raffaele Telethon 
Institute for Gene Therapy (SR-Tiget), Milan, Italy
Cifola, Ingrid - Institute for Biomedical Technologies (ITB), 
National Research Council (CNR), Segrate, Italy
Petiti, Luca - Computational and Chemical Biology, Fondazione 
Istituto Italiano di Tecnologia, Genoa, Italy
Peano, Clelia - Institute of Genetic and Biomedical Research, 
National Research Council (CNR), Rozzano, Italy
Miccio, Annarita - Laboratory of Chromatin and Gene Regulation 
During Development, Imagine Institute, Paris, France
Gritti, Angela - Gene And Neural Stem Cell Therapy For 
Lysosomal Storage Diseases, San Raffaele Telethon Institute for 
Gene Therapy (SR-Tiget), Milan, Italy

Human iPSC-derived neural stem/progenitor cells (hiPSC-NSCs) 
are a promising source for cell/gene therapy approaches for neu-
rodegenerative disorders with an unmet clinical need. A compre-
hensive evaluation of hiPSC-NSCs identity is key to establishing 
efficacy and safety criteria for prospective clinical application. To 
this end, we combined the global evaluation of the transcriptional 
(by RNA-seq and scRNA-seq) and epigenetic (by H3K27Ac ChIP-
seq) signatures in hiPSCs, hiPSC-NSCs, and human fetal-derived 
NSCs (hfNSCs; a clinically-relevant, somatic NSC source) with 
functional in vivo studies aimed to assess the behavior of hiP-
SC-NSCs upon transplantation in the murine brain. The results of 
RNA-seq and ChIP-seq analysis revealed a complete switch-off 
of pathways involved in pluripotency, cell cycle, and Myc-signal-
ling and concomitant acquisition of a distinct “neural signature” 
in hiPSC-NSCs. The hiPSC to hiPSC-NSC transition is character-
ized by a dramatic change in the usage of cell-specific enhancers, 
which contact genes involved in NSC commitment and mainte-
nance. In addition, hiPSC-NSC enhancers are decorated with 
Transcription Factor Binding Sites (TFBSs) of NSC-associated 
Transcription Factors. Transcriptional and epigenetic differenc-
es between hiPSC-NSCs and hfNSC were not associated with 
aberrant differentiation or reactivation of pluripotent “memory” 
and could be mostly ascribed to different culture conditions and 
maturation stages. Single-cell RNA-seq analyses confirmed the 
heterogeneity of hiPSC-NSC and hfNSC lines, which are mainly 

composed of radial glia-like cells at different stages of maturation 
and glial-committed progenitors, with only a small percentage 
of neuronal progenitors, preferentially in hiPSC-NSCs. Upon in-
traventricular transplantation in immunodeficient neonatal mice, 
hiPSC-NSCs showed robust engraftment, widespread migration 
and integration in the brain parenchyma, and predominant differ-
entiation into oligodendrocytes and astrocytes, with no evidence 
of abnormal proliferation or re-expression of pluripotency mark-
ers up to 10 months after the transplant. The results of this study 
support the use of fully-characterized hiPSC-NSC populations for 
cell-based approaches to treat neurodegenerative and demyelin-
ating disorders.

Keywords: Neural Stem Cell, hiPSC, Identity
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SCALABLE DIFFERENTIATION OF 
HYPOTHALAMIC ARCUATE NUCLEUS NEURONS 
FROM HUMAN PLURIPOTENT STEM CELLS
Jovanovic, Vukasin M. - Division of Preclinical Innovation, 
National Center for Advancing Translational Sciences (NCATS), 
Rockville, MD, USA
Inman, Jason - DPI, NCATS/NIH, Rockville, MD, USA
Ormanoglu, Pinar - DPI, NCATS/NIH, Rockville, MD, USA
Sen, Chaitali - DPI, NCATS/NIH, Rockville, MD, USA
Simeonov, Anton - DPI, NCATS/NIH, Rockville, MD, USA
Tristan, Carlos - DPI, NCATS/NIH, Rockville, MD, USA
Singec, Ilyas - DPI, NCATS/NIH, Rockville, MD, USA

The hypothalamus is the main integration site of endocrine and 
neuronal systems regulating autonomous and behavioral re-
sponses related to sleep, circadian rhythm, thermoregulation, 
hormone release, arousal, reproductive cycling, thirst, hunger, 
and satiety. Neuroendocrine dysfunction of hypothalamic neu-
rons in the arcuate nucleus is associated with obesity, type 2 di-
abetes, hyperlipidemia, high blood pressure, and cardiovascular 
disease. Proopiomelanocortin (POMC) neurons in the arcuate 
nucleus of the hypothalamus respond to postprandially secreted 
hormones (e.g., insulin) to inhibit appetite and increase energy 
expenditure. However, access to human hypothalamus for trans-
lational research related to identification of new drugs for weight 
loss remains very limited. Here we report controlled, efficient, and 
scalable differentiation of human pluripotent stem cells (hPSCs) 
into pure populations of POMC neurons with arcuate nucleus 
identity. Combined use of several small molecules that modulate 
different developmental pathways specifies hPSCs into ventral 
diencephalon followed by a hypothalamic identity. Time-course 
gene expression analysis (RNA-seq) of independent hPSC lines 
revealed strong upregulation of typical hypothalamus cell-type 
specific transcription factors over the course of 21 days (e.g., NKX 
2.1, RAX, OTP, ARX, ISL1). Importantly, no upregulation of dorsal 
forebrain markers (e.g., PAX6 and FOXG1) was observed. These 
findings were further validated by protein expression analysis 
(immunocytochemistry, Western blot). Comparison of the top 
differentially expressed genes of stem cell-derived neurons to 
human brain tissue confirmed a distinct hypothalamic molecular 
signature. Additional phenotypic characterization revealed inhibi-
tory properties (GABA, GAD65/67) and subpopulation of tyrosine 
hydroxylase positive (TH+) dopamine neurons. Administration of 
human recombinant insulin to cultures of electrically active neu-
rons increased firing rate in dose dependent manner. Lastly, this 
differentiation approach was automated using a robotic cell cul-



142

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 C
E

LL
u

L
A

R
 i

D
E

N
T

iT
Y

 (
C

i)
ture system enabling the production of large numbers of hypo-
thalamic neurons for translational applications.

Keywords: Hypothalamus, Proopiomelanocortin, Obesity
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A MIR-124-MEDIATED TRANSCRIPTIONAL 
AND POST-TRANSCRIPTIONAL MECHANISM 
CONTROLLING THE CELL FATE SWITCH OF 
ASTROCYTES TO INDUCED-NEURONS
Papadimitriou, Elsa - Neurobiology, Hellenic Pasteur Institute, 
Athens, Greece
Karagkouni, Dimitra - Pathology, Harvard Medical School, Beth 
Israel Deaconess Medical Center, Broad Institute of MIT and 
Harvard, Boston, MA, USA
Karamitros, Timokratis - Microbiology, Hellenic Pasteur Institute, 
Athens, Greece
Thanou, Irini - Neurobiology, Hellenic Pasteur Institute, Athens, 
Greece
Iohan, Lukas da Cruz Carvalho - Bioinformatics Multidisciplinary 
Environment, Brain Institute, Federal University of Rio Grande do 
Norte, Natal, Brazil
Gkemisis, Christos - Neurobiology, Hellenic Pasteur Institute, 
Athens, Greece
Gaitanou, Maria - Neurobiology, Hellenic Pasteur Institute, 
Athens, Greece
Costa, Marcos Romualdo - U1167-RID-AGE Facteurs de 
Risque et Déterminants Moléculaires des Maladies Liées au 
Vieillissement, University Lille, INSERM, CHU Lille, Institute 
Pasteur de Lille, France
Thomaidou, Dimitra - Neurobiology, Hellenic Pasteur Institute, 
Athens, Greece

Direct astrocytic reprogramming holds therapeutic promise for 
the amelioration of neuronal loss during neurodegeneration 
or brain trauma. For this, many neurogenic factors, mainly tran-
scription factors (TFs) and to some extend miRNAs or chemical 
compounds have been employed for the direct conversion of 
astrocytes to induced neurons (iNs) in a variety of in vitro and in 
vivo approaches. The miRNA miR-124 has been employed sup-
plementary to neurogenic TFs and other miRNAs to enhance di-
rect neurogenic conversion, however its reprogramming capacity 
and independent mechanism of action haven’t been studied in 
depth. Here we show that miR-124 is a potent driver of the repro-
gramming switch of primary mouse cortical astrocytes towards an 
immature neuronal fate by repressing many astrocytic regulatory 
genes and upregulating gene signatures characteristic of inter-
mediate progenitor cells (IPCs) and cortical layer neurons. Iden-
tification of miR-124 direct targets in our analysis using publicly 
available Ago HITS-CLIP data from mouse cortex, revealed the 
RNA-binding protein Zfp36l1 – implicated in ARE-mediated mRNA 
decay – as a prominent target. Further experiments highlighted 
the importance of miR-124:Zfp36l1 interaction during the neuro-
genic conversion as inferred by the de-repression of the neuro-
genic interactome of Zfp36l1 at the post-transcriptional level. To 
this end miR-124 contribution in iNs’ production largely recapit-
ulates endogenous neurogenesis pathways, being further en-
hanced upon addition of the neurogenic compound ISX9, which 
greatly improves iNs’ functional maturation. Additionally, gene 
regulatory network analysis revealed the major TFs that dictate 
the reprogramming process at the transcriptional level. Important-
ly, AAV-mediated overexpression of miR-124 in a mouse model of 
cortical trauma combined with BrdU treatment pointed towards a 
capacity of miR-124 in directly converting reactive astrocytes to 

immature iNs of cortical identity, while ISX9 supplementation con-
ferred a survival advantage to newly produced iNs, still without 
reinforcing their maturation state. However, certain downstream 
effectors of miR-124 and ISX9 identified here bear the potential 
to amplify their combined in vivo reprogramming action and en-
hance iNs’ maturation.

Keywords: Direct reprogramming of astrocytes to induced 
neurons using neurogenic miRNAs, In vitro and in vivo 
reprogramming capacity of miR-124, RNA binding protein Zfp36l1
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SINGLE-CELL RNA-SEQUENCING IDENTIFIES 
DISEASE-ASSOCIATED OLIGODENDROCYTES IN 
MALE APP NL-G-F-A AND 5XFAD MICE
Kang, Soi - Chemistry, Dongguk University, Jung-gu, Korea
Kim, Jongpil - Chemistry, Dongguk University, Seoul, Korea

Alzheimer’s disease (AD) is associated with progressive neuronal 
degeneration as amyloid-beta (Aβ) and tau proteins accumulate 
in the brain. Glial cells were recently reported to play an important 
role in the development of AD. However, little is known about the 
role of oligodendrocytes in AD pathogenesis. Here, we describe 
a disease-associated subpopulation of oligodendrocytes that is 
present during progression of AD-like pathology in the male Ap-
pNL-G-F and male 5xFAD AD mouse brains and in postmortem 
AD human brains using single-cell RNA sequencing analysis. Ab-
errant Erk1/2 signaling was found to be associated with the ac-
tivation of disease-associated oligodendrocytes (DAOs) in male 
AppNL-G-F mouse brains. Notably, inhibition of Erk1/2 signaling 
in DAOs rescued impaired axonal myelination and ameliorated 
Aβ-associated pathologies and cognitive decline in the male Ap-
pNL-G-F AD mouse model.

Keywords: Alzheimer’s Disease, Single-cell anaylsis, 
Oligodendrocyte
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UNDERSTANDING AND EXPLORING NEW 
STRAGIES TO INDUCE HUMAN PLURIPOTENT 
STEM CELLS DIFFERENTIATION INTO 
INTERNEURON SUBTYPES
Hu, Ruiqi - Neuroscience, Icahn School of Medicine at Mount 
Sinai, New York City, NY, USA
Boshans, Linda - Neuroscience, Icahn School of Medicine at 
Mount Sinai, New York City, NY, USA
Zhu, Bohan - Genetics and Genomic Sciences, Icahn School of 
Medicine at Mount Sinai, New York City, NY, USA
Cai, Maggie - Icahn School of Medicine at Mount Sinai, New 
York City, NY, USA
Sanchez-Priego, Carlos - Neuroscience, Icahn School of 
Medicine at Mount Sinai, New York City, NY, USA
Williams, Sarah - Neuroscience, Icahn School of Medicine at 
Mount Sinai, New York City, NY, USA
Somersel, Yvette - Neuroscience, Icahn School of Medicine at 
Mount Sinai, New York City, NY, USA
Tsankov, Alexander - Genetics and Genomic Sciences, Icahn 
School of Medicine at Mount Sinai, New York City, NY, USA
Ma, Sai - Genetics and Genomic Sciences, Icahn School of 
Medicine at Mount Sinai, New York City, NY, USA
Yang, Nan - Neuroscience, Icahn School of Medicine at Mount 
Sinai, New York City, NY, USA

Deficiencies in interneurons have been linked to the develop-
ment of various neurodevelopmental and neurodegenerative dis-
orders, such as autism spectrum disorder, epilepsy, schizophre-
nia, and Alzheimer’s disease. The derivation of mature subtypes 
of human interneurons from patients can serve as a foundation 
for exploring the causes and potential treatment targets for dis-
eases related to interneuron dysfunction. Transcription factor (TF) 
- mediated cell fate programming represents a promising avenue 
for improving disease modeling in vitro and generating clinically 
relevant cell types for potential use in cell replacement therapies. 
Direct programming involves utilizing one or more TFs to force 
the establishment of a distinct transcriptional network, leading to 
a new cell fate. We have previously reported a significant tran-
scriptional shift in human pluripotent stem cells (PSCs) resulting 
from the overexpression of Ascl1 and Dlx2. In the current study, 
we evaluated two critical components of this transformation: the 
trajectory of the programming process, the uniformity of the termi-
nal cell population, and their similarity to their corresponding cell 
types in vivo. Using single-cell RNA-seq, we profiled the differen-
tiation over time. When organizing the cells according to differ-
entiation pseudo-time, a unidirectional trajectory was observed 
with no apparent branching points or roadblocks from pluripoten-
cy (e.g., POU5F1) to GABAergic neuron states (e.g., MAP2, DCX, 
DLX5, GAD1/2). Next, we analyzed the neurons at their mature 
stage and characterized their regional and subtype identities. 
Such insights allowed us to improve our method further to rapidly 
generate cortical GABAergic neurons, which serves as a basis for 
developing more specific and relevant models in the future.

Keywords: human Pluripotent stem cell, GABAergic neuron, 
reprogramming
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ENHANCED MATURATION OF HUMAN STEM 
CELL DERIVED INTERNEURONS BY MTOR 
ACTIVATION
Manley, William - Child and Adolescent Psychiatry, The 
Children’s Hospital of Philadelphia, PA, USA
Anderson, Stewart - Child and Adolescent Psychiatry, CHOP, 
Philadelphia, PA, USA

The use of stem cell derived neurons for cell-based therapies is 
limited by a protracted maturation. We present a novel approach 
for accelerating the post-mitotic maturation of human stem cell 
derived interneurons via the constitutive or transient activation 
of mTOR signaling. For constitutive activation, Lox sites were 
placed within PTEN, a key mTOR inhibitor, in a cortical interneu-
ron (CIn) reporter line in which GFP is expressed by the Lhx6 lo-
cus. Following directed differentiation and purification by FACS, 
the CIns were exposed to Cre-expressing lentivirus, then trans-
planted into mouse neocortex or plated onto cultured rat neo-
cortex. Input synaptogenesis and dendritogenesis was greatly 
enhanced in the PTEN-deleted CIns. Whole-cell recording of the 
PTEN-deleted CIns in slices of transplanted neocortex revealed 
multiple indices of enhanced maturation. Finally, we observed 
similar effects using transient, doxycycline-inducible activation of 
AKT. Enhanced maturation of neurons was further characterized 
by single nuclei RNA-seq (sNuc-Seq) and pseudotime analysis 
of neurons dissociated from medial ganglionic eminence like 
IPSC-derived spheroids with doxycycline-inducible activation of 
AKT. We thus present an inducible, reversible approach for ac-
celerating the maturation of human stem cell derived CIns, and 
to study the influences of this disease-related signaling system in 
human neurons.

Keywords: maturation, AKT, PTEN
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P53 SUPPORTS HIGH EFFICIENCY CELLULAR 
REPROGRAMMMING
Galloway, Kate E. - Chemical Engineering, Massachusetts 
Institute of Technology, Cambridge, MA, USA
Beitz, Adam - Chemical Engineering, Massachusetts Institute of 
Technology, Cambridge, MA, USA
Lende, Brittany - Chemical Engineering, Massachusetts Institute 
of Technology, Cambridge, MA, USA

The tumor-suppressor protein p53 regulates proliferation and 
transcription, binds nucleosome-dense regions, and maintains 
genomic integrity. In reprogramming, interference with p53 in-
creases reprogramming rates. Putatively, p53 inhibits cell-fate 
transitions. However, we find that p53 plays a central role in sup-
porting high efficiency reprogramming. We recently developed a 
chemogenetic cocktail that increases reprogramming rates 100-
fold via a p53 mutant. Curiously, mutant p53 induces accumula-
tion of native p53 in rapidly proliferating cells. To track this popu-
lation through the reprograming process, we developed a live-cell 
sensor of p53 accumulation by which we could identify and iso-
late cells. Even with high levels of p53, rapidly proliferating cells 
reprogram at high efficiency, suggesting p53 does not limit re-
programming. Knockdown of native p53 reduces accumulation of 
p53 and eliminates the mutant-induced boost in reprogramming 
efficiency. We hypothesize that accumulation of p53 protects 
reprogramming cells from genotoxic-levels of replication stress, 



144

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 C
E

LL
u

L
A

R
 i

D
E

N
T

iT
Y

 (
C

i)
enabling cells to persist and reprogram despite transcription-as-
sociated genomic stress. To test our hypothesis, we developed 
synthetic constructs that tune the level of native p53 accumula-
tion. We find that reprogramming rates correlate with the levels 
of p53 accumulation. We hypothesize that p53 mitigates DNA 
damage induced by transcription-associated genomic stress. Us-
ing mathematical modeling, we examined the p53 response to 
transcription-associated genomic stress. By limiting the transacti-
vation activity of native p53, mutant p53 induces accumulation of 
p53 to support high rates of reprogramming. To test this predic-
tion, we inhibited the ATR-Chk1 replication stress-response that 
triggers p53 activation. Inhibition of Chk1 reduced p53 accumula-
tion and reprogramming yield. Together, our data suggest a dual 
role for p53 in cell-fate transitions, serving to gate proliferation 
and limit genomic stress. By biasing the p53 response towards 
repair during high rates of transcription and proliferation, mutant 
p53 co-opts native p53 to promote reprogramming.

Funding Source: National Institute of General Medical Sciences 
of the National Institutes of Health: R35-GM143033

Keywords: reprogramming & direct conversion, molecular 
mechanisms of plasticity, p53
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INVESTIGATING THE ROLES OF TEASHIRT 
GENES IN THE PANCREATIC ENDOCRINE 
SPECIFICATION
Goh, Mee Yee - Developmental Biology and Regenerative 
Medicine, Lee Kong Chian School of Medicine, Nanyang 
Technological University, Singapore
Eng, Shermaine - Institute of Medical Biology, Institute of 
Medical Biology, Agency for Science, Technology and Research 
(A*STAR), Singapore
Strutt, James - Institute of Medical Biology, Institute of Medical 
Biology, Agency for Science, Technology and Research 
(A*STAR), Singapore
Tsuneyoshi, Norihiro - Institute of Medical Biology, Institute of 
Medical Biology, Agency for Science, Technology and Research 
(A*STAR), Singapore
Trott, Jamie - Institute of Medical Biology, Institute of Medical 
Biology, Agency for Science, Technology and Research 
(A*STAR), Singapore
Narayaan, Gunaseelan - Institute of Medical Biology, Institute of 
Medical Biology, Agency for Science, Technology and Research 
(A*STAR), Singapore
Junnarkar, Seetanshu Bharat - Skin Research Institute of 
Singapore, Skin Research Institute of Singapore, Agency for 
Science, Technology and Research (A*STAR), Singapore
Hanley, Neil - Faculty of Biology, Medicine & Health, University 
of UK, UK
Dunn, Norris Ray - Developmental Biology & Regenerative 
Medicine, Lee Kong Chian School of Medicine, Nanyang 
Technological University, Singapore

The generation of insulin-producing β cells from the in vitro dif-
ferentiation of human pluripotent stem cells (hPSC) both for dis-
ease modelling and the treatment of diabetes has been pursued 
aggressively in recent years. Current protocols heavily rely on 
our understanding of pancreatic development in the mouse and 
other vertebrates. Fundamental differences in the gene regula-
tory networks governing mammalian pancreatic development 

and the specification of endocrine cell types do however exist 
amongst different species. Pancreatic and duodenal homeobox 
1 (PDX1) encodes a well-characterized transcription factor crucial 
for human pancreatic organogenesis: homozygous loss of PDX1 
results in pancreatic agenesis, while heterozygous mutations are 
associated with β cell dysfunction. Despite its importance in pan-
creatic specification and glucose homeostasis, surprisingly little 
is known about the identity of the transcriptional targets down-
stream of PDX1. To address this knowledge gap, we developed a 
comparative bioinformatics pipeline incorporating human in vitro 
and in vivo gene expression data sets as well as PDX1 ChIP-seq 
and epigenome data (H3K27ac at active enhancers) to identify 
candidate effectors of PDX1. From this pipeline, we identified 
teashirt zinc finger homeobox 2 and -3 (TSHZ2/3) as potential 
downstream targets of PDX1 transcriptional regulation. During 
the directed differentiation of hPSC towards the pancreatic pro-
genitor fate and consistent with the predictions of our pipeline, 
TSHZ2/3 expression is observed soon after the activation of 
PDX1. Significantly, TSHZ2/3 expression is decreased in hPSC 
lacking PDX1 and PDX1 ChIP-seq confirms that PDX1 binds to re-
gions in both genes whose putative enhancers are marked by 
H3K27ac. Lastly, TSHZ2/3 expression has been documented in 
the human pancreatic primordium. Here, we outline experimen-
tal strategies and preliminary data, including the inactivation of 
TSHZ2/3 by CRISPR-Cas9, that we have undertaken to elucidate 
the roles of TSHZ2/3 in the development of the human pancreas.

Keywords: teashirt, pancreas, differentiation
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USP7: A CRITICAL REGULATOR OF NGN3 
STABILITY AND PANCREATIC ENDOCRINE 
LINEAGE DEVELOPMENT IN MOUSE AND 
HUMAN INDUCED PLURIPOTENT STEM CELLS 
(IPSC) ORGANOID MODELS
Sancho, Rocio - Centre for Gene Therapy and Regenerative 
Medicine, King’s College London, UK
Manea, Teodora - Centre for Gene Therapy and Regenerative 
Medicine, King’s College London, UK
Nelson, Jessica - Cancer Stem Cell Lab, Institute of Cancer 
Research, London, UK
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Research, London, UK

Understanding the key elements of beta-cell development is cru-
cial for devising treatments to generate functional beta cells for 
diabetes patients. The transcription factor NGN3 plays a crucial 
role in endocrine progenitors’ commitment and beta-cell differ-
entiation. In this study, we search for new NGN3 binding partners 
and identified the deubiquitinating enzyme USP7 as a crucial reg-
ulator of NGN3 stability. Our findings indicate that USP7 stabilizes 
NGN3 through deubiquitination, ensuring proper endocrine de-
velopment and beta-cell differentiation. In mice, deletion of Usp7 
in the embryonic pancreas resulted in reduced islet formation and 
hyperglycemia in adulthood due to hindered NGN3-mediated en-
docrine specification. scRNA-Seq analysis of the human embry-
onic pancreas at different gestational weeks further suggested 
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that this mechanism operates in human pancreas development. 
Furthermore, inhibition of USP7 during beta-cell differentiation in 
human iPSCs-derived pancreas progenitor organoids led to a de-
cline in NGN3-expressing progenitor cells and impaired beta-cell 
differentiation. These results highlight the central importance of 
the USP7-NGN3 axis in beta-cell development, opening avenues 
for novel therapeutic approaches for diabetes

Funding Source: WT (215138/Z/18/Z and 218461/Z/19/Z to 
TM and CMG). CRUK (FC001039), MRC (FC001039), the WT 
(FC001039), EPSRC (EP/T003103/1), and Breast Cancer Now 
(CTR-Q5-Y2) to AB, JKN, IE. MRC (MR/S000011/1) and MRC/JDRF 
(MR/T015470/1) to R.S.

Keywords: Pancreas development, iPSCs organoids beta cell 
differentiation, Neurogenin3 stability
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CELL REPLACEMENT THERAPY FOR TYPE 1 
DIABETES
Wu, Siqin - Clinical Sciences, Intervention and Technology 
(CLINTEC), Karolinska Institutet, Stockholm, Sweden
Chandel, Shivam - Clinical Sciences, Intervention and 
Technology (CLINTEC), Karolinska Institute, Stockholm, Sweden
Bryzgalova, Galyna - Department of Molecular Medicine and 
Surgery, Karolinska Institute, Stockholm, Sweden
Ortega Melin, Yesenia - Clinical Neuroscience, Section for 
Ophthalmology and Vision, Karolinska Institute, Stockholm, 
Sweden
Åstrand, Carolina - Department of Protein Science, KTH Royal 
Institute of Technology, Stockholm, Sweden
André, Helder - Clinical Neuroscience, Section for 
Ophthalmology and Vision, Karolinska Institute, Stockholm, 
Sweden
Hedhammar, My - Department of Protein Science, KTH Royal 
Institute of Technology, Stockholm, Sweden
Berggren, Per-Olof - Department of Molecular Medicine and 
Surgery, Karolinska Institute, Stockholm, Sweden
Lanner, Fredrik - Clinical Sciences, Intervention and Technology 
(CLINTEC), Karolinska Institute, Stockholm, Sweden

Type 1 diabetes can be treated with transplantation of cadaveric 
pancreatic islets, but this approach is limited by shortage of donor 
islets and low viability of islets after transplantation. Transplanta-
tion of pluripotent stem cell derived pancreatic islets (SC-islets) 
into the anterior chamber of eye (ACE) can potentially solve these 
problems by utilizing a renewable cell source and the possibil-
ity of non-invasive longitudinal evaluation post transplantation. 
Because successful stem cell therapy for type 1 diabetes relies 
on large-scale production of high-quality functional islets, we in 
this study developed a highly efficient protocol for differentiation 
of multiple hPSC lines into functional pancreatic islets. As com-
pared to SC-islets generated using other protocols, our SC-islets 
showed strong glucose responsiveness and good proportions of 
mono-hormonal a and b cells, but very low proportions of poly-
hormonal cells and proliferating cells. To understand if ACE is 
suitable for clinical transplantation, we transplanted SC-islets into 
ACE of a large-eyed pre-clinical animal model. Our results show 
that the injected SC-islets were integrated onto the iris tissue and 
became vascularized. The transplants closely resemble human 
islets in both size and morphology, and contain mainly mono-hor-
monal endocrine cells expressing either insulin, glucagon or so-
matostatin. Human insulin c-peptide could be detected in both 
serum and anterior chamber fluid collected after transplantation. 

We also transplanted SC-islets into both ACE and kidney capsule 
of a diabetic mouse model. Two months after transplantation, 
SC-islets reversed diabetic symptoms in mice. Taken together 
these results show that ACE transplantation of SC-islets gener-
ated using our new protocol could be an ideal solution for treat-
ment of type 1 diabetes.

Keywords: Stem cell therapy for type 1 diabetes, in vitro 
pancreatic islet differentiation, human pluripotent stem cells
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HOMOGENEITY OF XEN CELLS IS CRITICAL 
FOR GENERATION OF CHEMICALLY INDUCED 
PLURIPOTENT STEM CELLS
Jeong, Dahee - Department of Stem Cell Biology, Konkuk 
University, Gwangjin-gu, Korea
Lee, Yukyeong - Department of Stem Cell Biology, Konkuk 
University, Seoul, Korea
Lee, Seung-Won - Department of Stem Cell Biology, Konkuk 
University, Seoul, Korea
Ham, Seokbeom - Department of Stem Cell Biology, Konkuk 
University, Seoul, Korea
Lee, Minseong - Department of Stem Cell Biology, Konkuk 
University, Seoul, Korea
Choi, Na Young - Department of Stem Cell Biology, Konkuk 
University, Seoul, Korea
Wu, Guangming - Department of Cell and Developmental 
Biology, Max Planck Institute for Molecular Biomedicine, 
Münster, Germany
Hans, Schöler - Department of Cell and Developmental Biology, 
Max Planck Institute for Molecular Biomedicine, Münster, 
Germany
Ko, Kinarm - Department of Stem Cell Biology, Konkuk 
University, Seoul, Korea

In induced pluripotent stem cells (iPSCs), pluripotency is induced 
artificially by introducing the transcription factors Oct4, Sox2, Klf4, 
and c-Myc. When a transgene is introduced using a viral vector, 
the transgene may be integrated into the host genome and cause 
a mutation and cancer. No integration occurs when an episomal 
vector is used, but this method has a limitation in that remnants 
of the virus or vector remain in the cell, which limits the use of 
such iPSCs in therapeutic applications. Chemical reprogramming, 
which relies on treatment with small molecule compounds to in-
duce pluripotency, can overcome this problem. In this method, 
reprogramming is induced according to the gene expression pat-
tern of extra-embryonic endoderm (XEN) cells, which are used as 
an intermediate stage in pluripotency induction. Therefore, iPSCs 
can be induced only from established XEN cells. We induced XEN 
cells using small molecules that modulate a signaling pathway 
and affect epigenetic modifications, and devised a culture meth-
od in which can be produced homogeneous XEN cells. At least 
4 passages were required to establish morphologically homoge-
neous chemically induced XEN (CiXEN) cells, whose properties 
were similar to those of XEN cells, as revealed through cellular 
and molecular characterization. Chemically induced pluripotent 
stem cells (CiPSCs) derived from CiXEN cells showed characteris-
tics similar to those of mouse embryonic stem cells (mESCs). Our 



146

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 C
E

LL
u

L
A

R
 i

D
E

N
T

iT
Y

 (
C

i)
results show that the homogeneity of CiXEN cells is critical for the 
efficient induction of pluripotency by chemicals.

Funding Source: This research was supported by 
National Research Foundation of Korea (NRF) grant (NRF-
2021R1F1A1057192) and Korea Environment Industry & 
Technology Institute(KEITI) (2021003310002).

Keywords: Chemical reprogramming, Reprogramming, Extra-
embryonic endoderm cells, XEN
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NOVEL PLURIPOTENT CELL IN THE OSKM-
MEDIATED DIRECT REPROGRAMMING
Nam, Juhyeon - Stem Cell Convergence Research Center, 
Korea Research Institute of Bioscience and Biotechnology 
(KRIBB), Daejon, Korea
Ha, Jeongmin - Center of Genome Engineering, Institute of Basic 
Science, Yuseong-gu, Korea
Baek, Areum - Stem Cell Convergence Research Center, Korea 
Research Institute of Bioscience and Biotechnology, Yuseong-
gu, Korea
Kim, Bum Suk - Department of Life Sciences, Pohang University 
of Science and Technology, Pohang, Korea
Min, Byungkuk - Stem Cell Convergence Research Center, 
Korea Research Institute of Bioscience and Biotechnology, 
Yuseong-gu, Korea
Lee, Jae-Geun - Microbiome Convergence Research Center, 
Korea Research Institute of Bioscience and Biotechnology, 
Yuseong-gu, Korea
Lee, Jeong-Soo - Microbiome Convergence Research Center, 
Korea Research Institute of Bioscience and Biotechnology, 
Yuseong-gu, Korea
Kim, Jong Kyoung - Department of Life Sciences, Pohang 
University of Science and Technology, Pohang, Korea
Kim, Janghwan - Stem Cell Convergence Research Center, 
Korea Research Institute of Bioscience and Biotechnology, 
Yuseong-gu, Korea

Direct reprogramming refers to the conversion of somatic cells 
to target cells without passing through induced pluripotent stem 
cells (iPSCs). This process is faster than iPSC reprogramming and 
avoids the risk of tumorigenesis associated with generating plu-
ripotent stem cells, making it well-suited for regenerative medi-
cine. Thus, we investigated the pluripotent factor-mediated direct 
reprogramming (PDR) process, with a focus on the intermediate 
stage. Our previous results showed that the cytoskeletal linker 
Desmoplakin (Dsp) has stage-specific expression during PDR and 
that knockdown of Dsp impedes direct reprogramming and fin re-
generation in zebrafish. Notably, reduced expression of Dsp im-
paired the formation of granular-shaped intermediate cells (gICs) 
during reprogramming, as well as a blastema, which are multipo-
tent cells that form during regeneration (Ha et al., Science Ad-
vances, 2022). In addition, we confirmed that the gICs identified 
in our study differ from iPSCs due to their low expression of plu-
ripotent marker genes. We aimed to verify whether gICs have a 
high differentiation potential similar to blastema. We isolated gICs 
and induced spontaneous differentiation, which resulted in the 
differentiation of gICs into cells representing all three germ lay-
ers. Furthermore, when we injected gICs and iPSCs into an NSG 
mouse, iPSCs showed 100% tumor incidence, while gICs showed 
less than 20%. These results suggest that we may have isolated 
blastema-like cells in mammals and that it is possible to produce 

pluripotent cells with characteristics distinct from conventional iP-
SCs for regenerative medicine.

Funding Source: This research was supported by 
grants from the National Research Foundation of Korea 
(2019R1A2C2087606) and KRIBB research initiative program 
(KGM5362313) funded by the Ministry of Science and ICT

Keywords: Direct reprogramming, Regeneration, Pluritpotent 
stem cells
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TRANSIENT METHIONINE DEPRIVATION 
TRIGGERS HISTONE MODIFICATION AND 
POTENTIATES DIFFERENTIATION OF INDUCED 
PLURIPOTENT STEM CELLS
Ozawa, Hiroki - School of Life Science and Technology, Tokyo 
Institute of Technology, Yokohama, Japan
Kambe, Azusa - School of Life Science and Technology, Tokyo 
Institute of Technology, Yokohama, Japan
Hibi, Kodai - School of Life Science and Technology, Tokyo 
Institute of Technology, Yokohama, Japan
Murakami, Satoshi - School of Life Science and Technology, 
Tokyo Institute of Technology, Yokohama, Japan
Oikawa, Akira - Graduate School of Agriculture, Kyoto University, 
Kyoto, Japan
Handa, Tetsuya - Institute of Innovative Research, Tokyo 
Institute of Technology, Yokohama, Japan
Fujiki, Katsunori - Institute for Quantitative Biosciences, The 
University of Tokyo, Japan
Nakato, Ryuichiro - Institute for Quantitative Biosciences, The 
University of Tokyo, Japan
Shirahige, Katsuhiko - Institute for Quantitative Biosciences, The 
University of Tokyo, Japan
Kimura, Hiroshi - Institute of Innovative Research, Tokyo Institute 
of Technology, Yokohama, Japan
Shiraki, Nobuaki - School of Life Science and Technology, Tokyo 
Institute of Technology, Yokohama, Japan
Kume, Shoen - School of Life Science and Technology, Tokyo 
Institute of Technology, Yokohama, Japan

Human pluripotent stem cells (hPSCs) possess the capacity for 
unlimited self-renewal and the potential to generate many func-
tionally differentiated cell types, which are expected to be useful 
as alternative cell source for cell replacement therapy, disease 
modeling, and drug discovery. As cells exhibit lineage-specific 
nutrient requirements that are dependent on endogenous meta-
bolic network, elucidating the metabolic mechanisms underlying 
cellular physiology will provide novel possibilities for manipulat-
ing cell fate by developing optimized media formulations. hPSCs 
exhibit a unique metabolic state in which they exhibit a high re-
quirement for S-adenosyl methionine (SAM), which is generate 
through methionine (Met). Met restriction triggers rapid metabolic 
changes followed by a significant transcriptional response with 
epigenetic changes, rendering hPSCs in a biased state for differ-
entiation. In this research, we addressed the unknown mechanism 
underlying the potentiation of differentiation. The rapid decrease 
in intracellular SAM results in a significant reduction in H3K4me3 
marks, particularly in specific genes encoding pluripotency core 
transcription factors and components of the cholesterol metabol-
ic pathway. During differentiation, loss of H3K27me3 occurs in 
definitive endodermal signature genes, including GATA6, CER1, 
and EOMES, switching from a bivalent to monovalent state. The 
results suggest that these genes are key regulators of the transi-



147

P
O

S
T

E
R

 A
B

S
T

R
A

C
T

 G
U

ID
E

W
E

D
N

E
S

D
A

Y
, 

14
 J

u
N

E
 2

0
2

3

tion from a pluripotent state to definitive endoderm lineage com-
mitment. Our results show the molecular mechanism of the po-
tentiation of differentiation by Met deprivation. Taking advantage 
of the differences in metabolic features between hPSCs and their 
derivatives, the metabolic selection is a simple but effective solu-
tion for cost-effective manufacturing highly purified hPSCs-de-
rived differentiated cells.

Funding Source: Grants-in-Aid from MEXT, Japan 
(#JP21H02978, JP17K09455, JP18H05527), Platform Project for 
Supporting Drug Discovery and Life Science Research (BINDS) 
from AMED (JP21am0101105, JP22ama121020, support #1207), 
and Japanese IDDM.

Keywords: Methionine, Histone modification, Induced 
Pluripotent Stem Cells
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ADRENALINE STIMULATES BODY-WIDE STEM 
CELL ACTIVATION FOR LIMB REGENERATION
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Regenerative Biology, Harvard University, Cambridge, MA, USA
Groves, Bobby - Department of Stem Cell and Regenerative 
Biology, Harvard University, Cambridge, MA, USA
Wong, Alan - Department of Stem Cell and Regenerative 
Biology, Harvard University, Cambridge, MA, USA
Losner, Julia - Department of Stem Cell and Regenerative 
Biology, Harvard University, Cambridge, MA, USA
Singer, Hani - Department of Stem Cell and Regenerative 
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Chiu, Isaac - Department of Immunology, Harvard Medical 
School, Boston, MA, USA
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Cambridge, MA, USA
Whited, Jessica - Department of Stem Cell and Regenerative 
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Many species throughout the animal kingdom naturally regener-
ate complex body parts following amputation. Most research has 
focused on identifying mechanisms that influence cell behaviors 
in the remaining stump tissue, adjacent to the injury site. Roles 
for activation steps that occur outside of the injury site remain 

largely unexplored, yet they may be critical for regeneration. 
Here, we discovered a novel role for peripheral nervous system 
in stimulating a body-wide activation response to amputation 
that readies progenitor cells for regeneration in salamanders. 
Notably, this systemic response is mediated by adrenaline and 
mTOR signaling. This work challenges the predominant concep-
tual framework centering the injury site alone in the regenerative 
response, arguing instead for body-wide stem cell activation as 
a primary step upon which molecular cues at the injury site build 
tissue. Our results provide a foundation for future studies of body-
wide regenerative responses in species with limited regenerative 
prowess, which may fuel the ultimate development of therapeutic 
approaches for stimulating human limb regeneration.

Keywords: systemic responses, adrenaline, limb
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CELLULAR POPULATION DYNAMICS SHAPE THE 
ROUTE TO HUMAN PLURIPOTENCY PROMOTED 
BY A PARACRINE HGF-MET-STAT3 AXIS
Angiolillo, Silvia - Department of Industrial Engineering, 
University of Padova, Italy
Gagliano, Onelia - Industrial Engineering, University of Padova, 
Italy 
Panariello, Francesco - Telethon Institute of Genetics and 
Medicine (TIGEM), Pozzuoli, Italy
Luni, Camilla - Department of Civil, Chemical, Environmental and 
Materials Engineering, University of Bologna, Italy
Grimaldi, Antonio - Telethon Institute of Genetics and Medicine 
(TIGEM), Pozzuoli, Italy
Frison, Roberta - Industrial Engineering, University of Padova, 
Italy
Schiebinger, Geoffrey - Department of Mathematics, University 
of British Columbia, Vancouver, BC, Canada
Cacchiarelli, Davide - Telethon Institute of Genetics and 
Medicine (TIGEM), Pozzuoli, Italy
Elvassore, Nicola - Department of Industrial Engineering, 
University of Padova, Italy

The route to induced pluripotency via human cellular repro-
gramming is characterized by plastic intermediate stages whose 
features are still largely unknown. This has long hindered the 
efficiency of human reprogramming. By taking advantage of a 
microfluidic approach, we perform reprogramming with high ef-
ficiency, thus highlighting an active and pivotal role of a confined 
microenvironment. To profile the dynamic reciprocity between 
reprogramming cells and their microenvironment, we profile the 
time-course of secretome and single-cell transcriptome. This re-
veals the functional role of extrinsic pathways across subpopu-
lations emerging along reprogramming trajectories. This protein 
communication dynamically shapes a permissive extracellular 
environment resembling primitive node formation during embryo 
development. Among other factors, we pinpoint the HGF/MET/
STAT3 axis as a potent enhancer of reprogramming, which acts 
via HGF accumulation within the confined system of microfluidics, 
and in conventional dishes needs to be supplied exogenously to 
enhance efficiency. Our data integrate the notion of human cel-
lular reprogramming as a transcription factor-driven process with 
the concept that it is deeply dependent on extracellular context 
and cell population determinants.

Keywords: hiPSCs, Microfluidic reprogramming, multi-comics
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PROSPECTIVE ISOLATION OF TOTIPOTENT 
MURINE EMBRYONIC STEM CELLS
Sasamoto, Yuzuru - Ophthalmology, Boston University 
Chobanian and Avedisian School of Medicine, Boston, MA, USA
Wilson, Brian - Transplant Research Program, Boston Children’s 
Hospital, Boston, MA, USA
Karpova, Svetlana - Medicine, VA Boston Healthcare System, 
Boston, MA, USA
Yeung, Philip - Transplant Research Program, Boston Children’s 
Hospital, Boston, MA, USA
Frank, Natasha - Medicine, Brigham and Women’s Hospital, 
Boston, MA, USA
Frank, Markus - Transplant Research Program, Boston 
Children’s Hospital, Boston, MA, USA

Embryonic stem cells (ESCs) isolated from the blastocyst inner cell 
mass (ICM) possess in their majority developmental pluripotency. 
In contrast, a recently identified subpopulation of 2C-like ESCs 
possesses totipotency, with a unique capacity to give rise not only 
to all embryonic lineages, but also to extra-embryonic placental 
tissue. A scarcity of cell surface markers suitable for isolation has 
limited the further study of 2C-like ESCs to date. Here, we show 
that 2C-like ESCs can be prospectively isolated from murine ESC 
cultures using monoclonal antibody-mediated receptor engage-
ment and cell sorting based on high expression of the cell surface 
stem cell determinant, ATP-binding cassette member B5 (Abcb5). 
Purified Abcb5-positive ESCs not only expressed higher levels 
of the pluripotency markers Oct4, Klf4 and Nanog compared to 
Abcb5-negative ESC bulk populations, but also expressed higher 
levels of the 2C-like subpopulation-defining totipotency inducer 
Klf5 and its transcriptional regulators Tbx3 and Dppa2. Addition-
ally, Abcb5-positive ESCs displayed developmental totipotency 
upon isolation, as shown by a capacity for trophoblast induction 
and, following in vivo transplantation, for teratoma formation with 
additional expression of the placental markers Pl1 and Mash2. A 
newly created transgenic Abcb5 lineage tracing mouse model 
confirmed that developmental tissues of all three germ layers and 
the placenta are derived from 2C-like Abcb5-positive ESCs. Suc-
cessful prospective isolation of totipotent Abcb5-positive 2C-like 
ESCs paves the way towards further investigation of mechanisms 
of totipotency and advances utilization of mouse ESCs towards 
novel placental applications.

Funding Source: NIH grants 5K99EY031741 to Y.S., 
5R01EY025794, 5R24EY028767, 1P01AG071463-01A1 to N.Y.F., 
M.H.F., 1R01HL161087 to N.Y.F., M.H.F., VA Research and 
Development Merit Review Award 1I01RX000989 to N.Y.F., 
Harvard Stem Cell Institute seed grant to N.Y.F.

Keywords: Totipotency, Embryonic stem cells, ABCB5
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BENCHMARKING AND IMPROVING ALGORITHMS 
THAT AID CELL FATE ENGINEERING WITH 
COMPFORCE AND IMCELL
Su, Emily - Institute for Cell Engineering, Johns Hopkins 
University, Baltimore, MD, USA
Ly, Brandon - Institute for Cell Engineering, Johns Hopkins 
University, Baltimore, MD, USA
Cahan, Patrick - Institute for Cell Engineering, Johns Hopkins 
University, Baltimore, MD, USA

One reason that designing cell fate engineering (CFE) protocols 
is difficult is because the search space of entities to perturb (e.g. 
cytokines, growth factors, small molecules, transcription factors 
(TFs)) and when to perturb them is vast. Ad hoc strategies to re-
duce the search space typically leverage knowledge from devel-
opment and differential expression analysis. Recently, several 
computational methods have been devised that formally integrate 
gene regulatory networks, for example by adjusting TF scores 
based on network properties. However, the relative performance 
of these methods and the extent to which they offer gains over 
differential expression analysis alone is an open question. To an-
swer this question, we developed a computational platform, Com-
pForce, which consists of (1) a standardized re-implementation of 
the most prominent computational CFE prediction tools, and (2) 
literature-based and synthetic gold standards. In our comprehen-
sive benchmarking, we found that existing network-based tools 
do not offer clear improvements over differential expression. This 
is due to their reliance on local network centrality metrics. These 
results inspired us to consider other strategies to improve CFE 
prediction tools. The first is to avoid individual metrics of network 
centrality. The second is to return optimized TF sets rather than 
ranked lists, which cannot adequately account for redundan-
cy or synergism among TFs. Our new method, IMCell, returns 
optimized TF sets that maximize the activation or repression of 
specified target programs by solving a modified version of the In-
fluence Maximization problem. Using CompForce, we show that 
IMCell vastly out-performs differential expression and existing 
network-based tools. We also extend IMCell to dynamic contexts 
to predict multi-step differentiation protocols that transition cells 
through specified intermediate states. We are now prospective-
ly testing IMCell predictions to engineer synovial joint progenitor 
populations.

Funding Source: This work was supported by the National 
Institutes of Health under grant R35GM124725 to P.C. and the 
National Science Foundation Graduate Research Fellowship 
under grant no. 1746891 to E.S.

Keywords: cell fate engineering, gene regulatory networks, 
reprogramming
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A FAST AND ROBUST PROTOCOL FOR NON-
INTEGRATIVE GENERATION OF MONOCLONAL 
INDUCED PLURIPOTENT STEM CELLS FROM 
HUMAN SKIN BIOPSIES WITHIN FOUR WEEKS
Johannsen, Hannah - Research and Development, Miltenyi 
Biotec B.V. & Co. KG, Bergisch Gladbach, Germany
Haberhausen, Diana - Research and Development, Miltenyi 
Biotec B.V. & Co. KG, Bergisch Gladbach, Germany
Richter, Sven - Research and Development, Miltenyi Biotec B.V. 
& Co. KG, Bergisch Gladbach, Germany
Barth, Sofie - Research and Development, Miltenyi Biotec B.V. & 
Co. KG, Bergisch Gladbach, Germany
Bosio, Andreas - Research and Development, Miltenyi Biotec 
B.V. & Co. KG, Bergisch Gladbach, Germany
Knöbel, Sebastian - Research and Development, Miltenyi Biotec 
B.V. & Co. KG, Bergisch Gladbach, Germany

Human induced pluripotent stem cells (iPSCs) with their poten-
tial to differentiate into countless different cell types in vitro and 
in vivo hold great potential for allogenic as well as autologous 
cellular therapy. However, many traditional techniques used for 
generation of iPSCs from somatic cells entail the risk for genomic 
integration and therefore limit their use in a clinical setting. In ad-
dition, the established protocols are often lengthy and require the 
subsequent screening for unwanted vector integration. Transient 
mRNA-based reprogramming eliminates this risk and is one of the 
fastest and most efficient reprogramming technologies available 
today. We hereby present a fast and robust protocol to generate 
monoclonal iPSCs of high quality from human skin punch biopsies 
within four weeks. Fibroblasts from healthy donors were isolated 
from abdominal skin via combined mechanical and enzymatic 
dissociation. The cells were expanded for only one passage be-
fore starting the reprogramming routine, eliminating the need for 
extensive upstream expansion of fibroblasts and thus minimizing 
the risk for cultivation induced aberrations. Cells were then trans-
fected for five consecutive days with an mRNA cocktail contain-
ing the transcription factors POU5F1 (OCT3/4), SOX2, KLF4, MYC, 
NANOG and LIN28A. During a short growth phase iPSC colonies 
formed with high efficiency and could be further expanded into 
stable monoclonal cell lines after an optional isolation step. Due 
to the optimized reprogramming protocol and mRNA mixture, 
no feeder cells, conditioned medium or B18R protein were nec-
essary. Generated iPSCs showed typical stem cell morphology 
and marker expression. Classic pluripotency markers like Oct3/4, 
Sox2, Tra-1-60, SSEA-5 and SSEA-4 were expressed at high lev-
els, while cells showed minor expression of differentiation mark-
er SSEA-1. Moreover, the generated iPSCs exhibited a normal 
karyotype in passage four after reprogramming and successfully 
differentiated into the three germ layers endoderm, ectoderm 
and mesoderm. In summary, the described protocol allows for 
efficient and reliable integration-free generation of high quality 
monoclonal iPSCs from human skin punch biopsies within only 
four weeks and will therefore facilitate especially the generation 
of iPSCs from individual donors.

Keywords: Reprogramming, mRNA, Transfection
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THE EFFECTS OF DOPAMINE ON BREAST 
CANCER STEM CELL BEHAVIOUR
Karoutas, Adam - Tumour Host Interaction Laboratory, The 
Francis Crick Institute, London, UK
Malanchi, Ilaria - Tumour Host Interaction Laboratory, The 
Francis Crick Institute, London, UK

Tumour-host interactions are essential for cancer progression. 
In particular, primary tumour sympathetic innervation has been 
reported to promote breast cancer cell growth. However, the 
effects of specific neurotransmitters on cancer cell plasticity are 
not fully elucidated. Here we investigated the role of a series of 
neurotransmitters in mammosphere formation and propagation 
to unravel potential impact on cancer stem cell like behaviour. 
Surprisingly, exposure of cancer cells to dopamine and not other 
transmitters resulted in increased mammosphere propagation. 
While the role of dopamine in the brain has been extensively char-
acterized, its peripheral impact on cancer behaviour is less under-
stood. We confirmed the presence of dopamine within hyperpla-
sias and fully formed tumours in genetic spontaneous models of 
breast cancer progression. Exposure of cancer cells to dopamine 
increased stem cell associated markers SOX9, SOX2 and KLF4 
via the D1-like dopamine receptor family. Pharmacological inhi-
bition of D1 receptors led to loss of stem markers, while a D1 re-
ceptor agonist increased their expression. In order to investigate 
the long-term effects of dopamine on tumour growth, we treated 
cancer cells with dopamine in vitro and examined their in vivo 
behaviour. Orthotopical injections of cancer cells pre-exposed 
to dopamine on syngeneic mice grew larger tumours compared 
to controls. Accordingly with an increase in aggressive tumour 
growth, we detected an increased resistance to chemotherapy. 
Surprisingly, when pre-treated cells were injected intravenously 
to form experimental metastasis, we detected reduced metastat-
ic growth initiation. After isolation of cancer cells from the lung, 
cells pre-exposed to dopamine displayed increased colony for-
mation in vitro, indicative of increased intrinsic stem cell potential. 
How pre-exposure to dopamine impacts cancer cell behaviour 
on these different contexts is being currently investigated. Col-
lectively, our results indicate an unexpected role of peripheral 
dopamine on breast cancer progression by imposing an altered 
cellular behaviour with increased stem cell like characteristics.

Keywords: cancer stem cells, breast cancer, epigenetics

356

TRANSCRIPTIONAL PROGRAMMING FOR THE 
DIFFERENTIATION OF HUMAN EMBRYONIC 
STEM CELLS INTO FOREBRAIN NEURONS
Torres Rojas, Carolina - Developmental Neurobiology, St. Jude 
Children’s Research Hospital, Memphis, TN, USA
Yang, Xiaoyang - Developmental Neurobiology, St. Jude 
Children’s Research Hospital, Memphis, TN, USA
Peng, Jamy - Developmental Neurobiology, St. Jude Children’s 
Research Hospital, Memphis, TN, USA

Embryonic stem cells can differentiate into neural stem cells. The 
differentiation potential of neural stem cells is spatiotemporally 
restricted to neuronal and glial lineages. This complex process is 
tightly controlled by many factors including transcription factors. 
The Sine Oculis Homeobox 3 (SIX3) is a transcription factor that 
controls gene expression in a spatiotemporal specific manner. 
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SIX3 functions in Shh signaling, Wnt signaling, postnatal ependy-
mal cell maturation, and in post-proliferative neurons of the hypo-
thalamus and pituitary. However, we still do not know what regu-
lates SIX3 expression during development in human brain. Also, it 
is unclear how SIX3 controls its targets in different developmental 
stages. More than 60 mutations in SIX3 have been causally as-
sociated with Holoprosencephaly (HPE), which occurs during the 
first few weeks of pregnancy in one in 5,000 live births. HPE is 
characterized by many signs including brain malformation, sei-
zures, and developmental delay. Mutations in SIX3 in HPE are 
of unknown penetrance. SIX3[G34R] mutation was carried by the 
healthy mother to cause different phenotypes in the progeny: 
HPE in the male offspring but not pathogenic in his half-sister. Our 
lab obtained experimental findings suggesting that SIX3 gene is 
epigenetically regulated by the UTX-53BP1 axis during human 
neural differentiation. UTX is a lysine-27-specific demethylase of 
histone 3, and 53BP1 is a factor that binds to specific histones at 
double-strand break sites and contributes to the maintenance of 
heterochromatin and genome stability. Therefore, our hypothesis 
is that SIX3 alterations differentially affect the expression of its 
target genes and epigenetic mechanisms during different stages 
of forebrain development. To address these questions, we are 
investigating SIX3 functions in UTX-KO human neural stem cells 
cultured in forebrain differentiation media, the effects of SIX3 
suppression by CRISPRi, and the effects of SIX3[G34R] mutagen-
esis at 11, 17, and 24 days of forebrain neural differentiation. The 
successful completion of these experiments will illuminate the 
molecular and developmental targets of SIX3 during neurogene-
sis and forebrain development and contribute with more insights 
about the relationship between the UTX-53BP1 axis and SIX3.

Funding Source: 3R01GM134358-03S1

Keywords: forebrain neuronal differentiation, Sine Oculis 
Homeobox 3, mutagenesis

358

TRANSCRIPTIONAL COUPLING WITH 
RNA PROCESSING CONTROLS ZYGOTIC 
GENOME ACTIVATION AND TOTIPOTENT 
REPROGRAMMING
Xu, Jingzhao - Medical School, Tsinghua University, Beijing, 
China
Hao, Xiaowen - Medical School, Tsinghua University, Beijing, 
China
Ma, Shaoqian - Medical School, Tsinghua University, Beijing, 
China
Shen, Xiaohua - Medical School, Tsinghua University, Beijing, 
China

After fertilization, the zygote activates its genome, which is initially 
transcriptionally quiescent, to enable gene expression, a process 
known as zygotic genome activation (ZGA), which subsequent-
ly initiates development. Transcription promiscuously occurs 
across the genome at the basal level in the zygote and is shifted 
to zygotic genes during ZGA at the late two-cell stage of mouse 
embryos. Despite the importance of this critical transition, the 
mechanisms governing the remodeling of RNA polymerase (Pol) 
II binding from intergenic regions to genes are largely unknown. 
Regulated phosphorylation of repeated heptads in the carbox-
yl terminal domain (CTD) of the largest subunit of Pol II controls 
its binding and elongation activity on chromatin. Serendipitously, 
we found that truncation of the Pol II CTD reprograms pluripotent 
mouse embryonic stem cells (ESCs) into a totipotent-like state. In 

particular, gene-centric transcription in ESCs shifted to noncoding 
intergenic regions, resembling promiscuous transcription prior to 
ZGA. In addition, these reprogrammed cells exhibit characteristics 
of two-cell embryos in terms of gene signature, epigenetic state, 
nuclear architecture, and cell cycle, and also possess the abili-
ty to give rise to embryonic and extraembryonic lineages when 
transplanted into early embryos. Mechanically, the CTD promotes 
gene transcription but inhibits random transcription of intergen-
ic regions. Deletion of the CTD decoupled genic transcription 
and RNA processing, leading to precocious release of Pol II from 
the promoter into the gene body, thereby reducing elongation. 
In contrast, in intergenic regions, deletion of the CTD abolished 
the ability of Pol II to sense nascent RNA, thereby enhancing its 
binding and translocation activity to upregulate intergenic RNA 
production. Taken together, these results demonstrate the critical 
role for the Pol II CTD in coupling transcription and RNA process-
ing to activate gene expression during ZGA, providing unprece-
dented insights linking fundamental nuclear events to embryonic 
development. This work also provides a new means for generat-
ing totipotent cells.

Keywords: ZGA, totipotent reprogramming, RNA Pol II CTD

360

REGULATION OF KEY TRANSCRIPTS BY RNA 
EXOSOME IMPACTS PROLIFERATION AND 
DIFFERENTIATION IN STEM CELLS AND CANCER
Skamagki, Maria - Memorial Sloan Kettering, New York, NY, 
USA
Zhang, Cheng - Department of Molecular Pharmacology & 
Experimental Therapeutics, Center for Individualized Medicine, 
Mayo Clinic College of Medicine, Rochester, MN, USA
Galleti, Giuseppe - Division of Hematology and Medical 
Oncology, Department of Medicine, Weill Cornell Medical 
College, New York, NY, USA
Diop, Mame - Cancer Biology and Genetics Program, Memorial 
Sloan Kettering Cancer Center, New York, NY, USA
Rajasekhar, Vinagolu - Department of Surgery, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA
Del Latto, Michael - Department of Radiation Oncology, 
Memorial Sloan Kettering Cancer Center, New York, NY, USA
Kim, Amanda - Department of Radiation Oncology, Memorial 
Sloan Kettering Cancer Center, New York, NY, USA
Li, Zhuoning - Microchemistry and Proteomics, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA
Miele, Matthew - Microchemistry and Proteomics, Memorial 
Sloan Kettering Cancer Center, New York, NY, USA
Zhao, Rui - Department of Biochemistry and Molecular Genetics, 
University of Alabama, Birmingham, AL, USA
Romesser, Paul - Department of Radiation Oncology, Memorial 
Sloan Kettering Cancer Center, New York, NY, USA
Giannakakou, Paraskevi - Division of Hematology and Medical 
Oncology, Department of Medicine, Weill Cornell Medical 
College, New York, NY, USA
Bott, Matthew - Cancer Biology and Genetics Program, 
Memorial Sloan Kettering Cancer Center, New York, NY, USA
Li, Hu - Department of Molecular Pharmacology & Experimental 
Therapeutics, Center for Individualized Medicine, Mayo Clinic 
College of Medicine, Rochester, NY, USA
Kim, Kitai - Human Stem Cell & Genome Engineering Center, 
University of California, New York, NY, USA

Self-renewal and tissue differentiation programs involve net-
works that balance proto-oncogenes (promoting self-renew-
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al), gate-keeping tumor suppressors (limiting self-renewal), and 
care-taking tumor suppressors (maintaining genomic integrity). 
Therefore, it is vital to understand how these mechanisms are 
preserved to ensure faithful cell proliferation and tissue differenti-
ation. The eukaryotic RNA exosome complex is an essential and 
conserved protein complex that can degrade or process RNA 
substrates. While the importance of the housekeeping function 
of the core exosome subunits in RNA processing is known, the 
role of the different exosome components in cell fate transitions 
is not clear. Our previous work suggested that lower expression 
of one of the exosome subunits due to aging strongly correlated 
with poor DNA damage response and genomic instability, known 
features of RNA exosome-deficient disease phenotypes. In this 
study we find and describe the dominant downstream mRNA tar-
gets of the RNA exosome and elucidate how they balance prolif-
eration and differentiation in stem and progenitor cells. We show 
that the regulation of certain transcripts is highly conserved, and 
deregulation of RNA exosome is a selection mechanism in col-
orectal cancer.

Keywords: RNA exosome, stem cells, differentiation

362

A ZINC-FINGER C2H2 TYPE PROTEIN ZNF 
REGULATES PLURIPOTENCY OF HUMAN 
PLURIPOTENT STEM CELLS
Chen, Wei-Ju - Genomics Research Center, Academia Sinica, 
Taipei, Taiwan
Chen, Mei-Ju - Department of Bioinformatics and Computational 
Biology, The University of Texas MD Anderson Cancer Center, 
TX, USA
Huang, Wei-Kai - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Chiang, Fa-Hsuan - Institute of Molecular and Cellular Biology, 
National Taiwan University, Taipei, Taiwan
Lu, Jean - Genomics Research Center, Academia Sinica, Taipei, 
Taiwan

Human pluripotent stem cells (hPSCs) and human induced plurip-
otent stem cells (hiPSCs) are characterized by its abilities to pro-
liferate infinitely (self-renewal) and differentiate into almost all cell 
types in our body. However, the ultimate functions of controlling 
pluripotency by zinc-finger protein family remain unknown. Here, 
an uncharacterized protein ZNF, a zinc-finger C2H2 type family 
member protein, was found enriched in hPSCs. ZNF knockdown 
impaired the pluripotency of hPSCs which were shown by down-
regulated key pluripotent markers such as OCT4, SOX2, NANOG, 
KLF4, PODXL. Meanwhile, ZNF overexpression can partially de-
lay cell differentiation. ZNF knockdown also significantly inhibit-
ed iPSC reprogramming. Inducible ZNF knockout approach also 
blocked the pluripotency of hPSCs and the teratoma formation in 
the mice model. Using protein sequence alignment, the ZNF pro-
tein shared 92% similarity with CTCF. Moreover, ZNF possessed 
DNA-binding ability through ChIP-seq analysis. Combined with 
transcriptomic target gene analysis after loss of ZNF, ZNF ChIP-
seq indicated that ZNF was potentially involved in chromatin re-
modeling in hPSCs.

Keywords: Embryonic stem cell, DNA binding protein, chromatin

364

DYNAMIC RNA REGULATION ORCHESTRATES 
WNT/BETA-CATENIN-DRIVEN MESODERMAL 
CELL FATE SPECIFICATION
Sangokoya, Carolyn - Pathology, University of California, San 
Francisco, CA, USA
Blelloch, Robert - Department of Urology, University of 
California, San Francisco, CA, USA

Post-transcriptional regulation orchestrates diverse cellular 
mechanisms that regulate pluripotent stem cell biology and pat-
tern early mammalian development. We have recently shown 
that post-transcriptional regulation of Profilin-2, an actin / dy-
namin-binding protein, enables FGF signaling, ERK activation, 
and early stem cell differentiation by controlling endocytosis. In 
the present study, we use three-dimensional embryoid cell mod-
els and chimeras to illuminate coordinate control of the Profilin-2 
transcript by RNA-binding proteins Ago2 and IRP1/2 and reveal a 
critical point at the axis of cell signaling, cell adhesion (structure) 
and cell fate. We dissect the role for post-transcriptional regula-
tion of Profilin-2 and subsequently reveal an essential function 
in the initial specification of mesodermal lineages, due to effects 
on the localization of beta-catenin during critical pluripotent cell 
state transitions.

Funding Source: This work was supported by NIH/Eunice 
Kennedy Shriver National Institute of Child Health and Human 
Development Grant K08HD105017.

Keywords: Wnt, mesoderm, post-transcriptional regulation
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366

DDX18 COORDINATES NUCLEOLUS PHASE 
SEPARATION AND CHROMATIN ORGANIZATION 
TO CONTROL THE PLURIPOTENCY OF HUMAN 
EMBRYONIC STEM CELLS
Zhou, Hongwei - Medicine, Columbia Medical Center, New York 
City, NY, USA
Chen, Lingyi - College of Life Sciences, Nankai University, 
Tianjin, China
Chen, Yong - State Key Laboratory of Molecular Biology, 
Shanghai Institute of Biochemistry and Cell Biology, Shanghai, 
China
Esteban, Miguel - CAS Key Laboratory of Regenerative Biology, 
Guangzhou Institutes of Biomedicine and Health, Guangzhou, 
China
Shen, Xiaohua - Basic Medical Sciences in School of Medicine, 
Tsinghua University, Beijing, China
Wang, Jianlong - Medicine, Columbia Center for Human 
Development, New York, NY, USA
Bao, Xichen - Center for Cell Lineage and Development, 
Guangzhou Institutes of Biomedicine and Health, Guangzhou, 
China
Ding, Junjun - Black Family Stem Cell Institute, Icahn School of 
Medicine at Mount Sinai, New York, NY, USA
Faiola, Francesco - Black Family Stem Cell Institute, Icahn 
School of Medicine at Mount Sinai, New York, NY, USA
Hou, Xiukun - Department of Thyroid and Neck Cancer, Tianjin 
Medical University Cancer Institute and Hospital, Tianjin, China
Huang, Xin - Medicine, Columbia Center for Human 
Development, New York, NY, USA
Lemischka, Ihor - Black Family Stem Cell Institute, Icahn School 
of Medicine at Mount Sinai, New York, NY, USA
Li, Dan - Medicine, Columbia Center for Human Development, 
New York, NY, USA
Li, Yanjing - State Key Laboratory of Molecular Biology, 
Shanghai Institute of Biochemistry and Cell Biology, Shanghai, 
China
Malik, Vikas - Medicine, Columbia Center for Human 
Development, New York, NY, USA
Modic, Miha - Institute of Neurology, The Francis Crick Institute 
and University College London, London, UK
Shi, Xianle - Medicine, Columbia Center for Human 
Development, New York, NY, USA
Yang, Jihong - Medicine, Columbia Center for Human 
Development, New York, NY, USA

Pluripotent stem cells are unique in their large nucleus and 
manifestly open chromatin structure with hypertranscription-
al activities. How the nucleolus, the largest membraneless and 
phase-separated subnuclear organelle, maintains its structural 
integrity in preserving pluripotent chromatin remains incomplete-
ly understood. By studying nucleolus-specific DEAD-box RNA 
helicase-18 (DDX18) in human embryonic stem cells, we discover 
mechanisms controlling nucleolus phase separation and chro-
matin organization. Specifically, the interaction and droplet mis-
cibility between DDX18 and NPM1 in granular component (GC) 
of the nucleolus, facilitated by RNA species, maintain nucleolar 
structural integrity in restricting centromere clustering and peri-
nucleolar heterochromatin (PNH) formation. DDX18 depletion 
disrupts the coexistence of immiscible dense fibrillar component 
(DFC) and GC. Finally, we develop the NoCasDrop technique to 
achieve the tethering of centromere clustering around nucleolus 
for enhanced PNH formation with the derepression of develop-

ment-related genes. Together, we establish DDX18 as a critical 
factor coordinating nucleolus phase separation and chromatin 
organization to maintain pluripotency.

Funding Source: Wang laboratory was supported by NIH 
(GM129157, HD095938, and HD097268). The research in 
Chen laboratory was supported by the Strategic Priority 
Research Program of the CAS and the National Natural Science 
Foundation of China.

Keywords: DDX18; pluripotency; nucleolus; phase separation; 
multiphase immiscibility, ribosome biogenesis; centromere; 
perinucleolar heterochromatin;, chromatin interaction; 
NoCasDrop
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HISTONE LYSINE METHYLTRANSFERASE 
NSD2: AN ESSENTIAL REGULATOR OF HUMAN 
ERYTHROPOIESIS
Katiyar, Shobhita - Stem Cell Research Center, Department of 
Hematology, Sanjay Gandhi Post Graduate Institute of Medical 
Sciences, Lucknow, India
Shah, Arunim - Stem Cell Research Center, Department of 
Hematology, Sanjay Gandhi Post Graduate Institute of Medical 
Sciences, Lucknow, India
Rahman, Khaliqur - Department of Hematology, Sanjay Gandhi 
Post Graduate Institute of Medical Sciences, Lucknow, India
Chaturvedi, Chandra Prakash - Stem Cell Research Center, 
Department of Hematology, Sanjay Gandhi Post Graduate 
Institute of Medical Sciences, Lucknow, India

Erythropoiesis is the process of hematopoietic stem cell prolifera-
tion and differentiation to form mature erythrocytes. Steady-state 
erythropoiesis is coordinated by various transcription factors and 
epigenetic regulators. Histone methyltransferases (HMTs) are 
critical epigenetic regulators that drive activation and repression 
during lineage progression by modifying histone proteins. Nu-
clear receptor-binding SET domain protein 2 (NSD2) is H3K36 
methyltransferase (HKMT) that regulates B cell differentiation and 
mature B cell function during normal hematopoiesis. Mutation in 
NSD2 induces Wolf-Hirschhorn syndrome, while knockdown (KD) 
of NSD2 leads to abnormal lymphocytes and deficiency in an-
tibody production. However, the biological function of NSD2 in 
human erythropoiesis is yet to be explored. Thus the aim of pres-
ent study was to understand the role of NSD2 during erythroid 
differentiation. Lentiviral mediated NSD2 knockdown was done 
during ex-vivo erythroid differentiation in CD34+ HSPCs (hemato-
poietic stem and progenitors). 70-80% NSD2 KD was obtained at 
mRNA level post 72 hrs of induction. It was observed that NSD2 
KD lead to significant decrease in β-globin gene expression sug-
gesting that NSD2 regulates the expression of β-globin gene 
during erythroid differentiation. Furthermore, NSD2 KD lead to 
reduced formation of Megakaryocyte Erythroid progenitors (MEP) 
populations at day 4 of erythroid differentiation. NSD2 KD lead 
to decrease in 75-80% BFU-E and significant reduction in CFU-E 
cells as observed in Methocult assay and by FACS. NSD2 KD at 
later stages lead to block in terminally differentiating (Polychro-
matic and orthochromatic) erythroblasts with increase in CD71 
population along with proerythroblasts and basophilic erythro-
blasts. NSD2 KD decreases cell proliferation while inducing apop-
tosis on early and maturing erythroblasts. NSD2 KD alters eryth-
roid specific (GATA1, FOG1, KLF1) and heme biosynthesis genes 
(PBGD, FECH) as revealed by gene expression analysis. Our find-
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ings suggest that NSD2 regulates the process of erythropoiesis 
and is crucial for normal erythroid differentiation.

Funding Source: This work is funded by Wellcome Trust 
DBT India Alliance grant IA/16/1/502372 awarded to Dr. C.P 
Chaturvedi & ICMR SRF 2020 awarded to Shobhita Katiyar and 
Arunim Shah.

Keywords: Nuclear receptor-binding SET domain protein 2 
(NSD2), Erythroid differentiation, Flowcytometry
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SINCMAT : A SINGLE-CELL BASED METHOD FOR 
PREDICTING MATURATION TRANSCRIPTION 
FACTORS
Barvaux, Sybille - Luxembourg Centre for Systems Biomedicine, 
University of Luxembourg, Luxembourg
Okawa, Satoshi - Luxembourg Centre for Systems Biomedicine, 
University of Luxembourg, Esch/Alzette, Luxembourg
Jung, Sascha - CIC bioGUNE, Bilbao, Spain
Del Sol Mesa, Antonio - Luxembourg Centre for Systems 
Biomedicine, University of Luxembourg, Esch/Alzette, 
Luxembourg

One of the major goals of regenerative medicine is to generate 
tissue-specific mature and functional cell types for clinical applica-
tions. However, current direct cell differentiation/reprogramming 
strategies are still unable to systematically produce fully mature 
and functional cells, especially in in vitro systems. To address this 
important challenge in the field, we have developed SinCMat, a 
single-cell based computational method for predicting cell matu-
ration transcription factors (TFs) for in vitro use. A large body of 
evidence indicates that the acquisition of cell identity is neces-
sary, but not sufficient, for the generation of functionally mature 
cells. Emerging evidence has demonstrated that environment 
signals play a significant role in the cell maturation process by 
modifying the gene expression through Signal-dependent Tran-
scriptions Factors (STFs), a class of TFs expressed in a broadly 
manner across cell types and activated by external stimuli. Sin-
CMat is based on a recently proposed concept where Identity 
Transcription Factors (ITFs), along with epigenetic modifiers, set a 
cell-type specific epigenetic landscape during cell differentiation, 
allowing a further transcriptional regulation. Once differentiated, 
STFs can be activated in response to environment signals during 
cell maturation, therefore honing the expression of cell-restricted 
genes. In particular, with the help of prior TF-target information, 
SinCMat leverages the co-targeting property of ITFs and STFs 
on functional genes. We applied SinCMat to a wide range of cell 
types using the publicly available single-cell RNA sequencing 
data from the Mouse Cell Atlas and the Human Cell Landscape. 
To assess the performance of SinCMat, we created SinCMatDB, 
a manually curated database providing a total of 1209 experimen-
tally validated cell maturation cues, including TFs as well as ex-
ogenous treatments. SinCMat was able to identify known matura-
tion TFs and predicted novel candidates for further experimental 
validations. In conclusion, we have developed the first single-cell 
RNA-seq based computational tool for predicting cell maturation 
TFs that considers both identity and environment components. 

We expect SinCMat to be an important resource for studies aim-
ing at producing functionally mature cells for clinical applications.

Funding Source: Supported by the Luxembourg National 
Research Fund (C19/BM/13624979)

Keywords: Functional cell maturation, Reprogramming, Cellular 
therapy
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A NON-SYNDROMIC OROFACIAL CLEFT RISK 
LOCUS TETHERS TO A TRANSCRIPTIONAL AND 
A TRANSLATIONAL REGULATOR IN NEURAL 
CREST CELLS
Bartusel, Michaela - Department of Biology, Massachusetts 
Institute of Technology, Cambridge, MA, USA
Rehimi, Rizwan - Center for Molecular Medicine Cologne 
(CMMC), University of Cologne, Germany
Nikolic, Milos - Center for Molecular Medicine Cologne (CMMC), 
University of Cologne, Germany
Crispatzu, Giuliano - Center for Molecular Medicine Cologne 
(CMMC), University of Cologne, Germany
Darnell, Alicia - David H. Koch Institute for Integrative Cancer 
Research, Massachusetts Institute of Technology, Cambridge, 
MA, USA
Kim, Skylar - Department of Biology, Massachusetts Institute of 
Technology, Cambridge, MA, USA
Kolovos, Petros - Department of Molecular Biology and 
Genetics, Democritus University of Thrace, Alexandroupolis, 
Greece
Rada-Iglesias, Alvaro - Institute of Biomedicine and 
Biotechnology of Cantabria (IBBTEC), CSIC/University of 
Cantabria, Santander, Spain
Calo, Eliezer - Department of Biology, Massachusetts Institute of 
Technology, Cambridge, MA, USA

Non-syndromic orofacial clefts (nsOFC) affecting the lip and/or 
palate are one of the most common craniofacial defects in new-
borns. Such face-specific dysmorphisms arise when the develop-
ment of cells responsible for the morphogenesis of the human 
face is perturbed. The multipotent neural crest cells (NCCs) are 
the cell type that contributes to most of the tissues that comprise 
the vertebrate face. Defects in NCCs are thought to underlie 
nsOFC, but in most cases, the etiological mechanism that causes 
nsOFC is still elusive. We use nsOFC-associated risk loci reported 
in GWAS to identify new genes linked to nsOFC. We find a topo-
logically associated domain shared by the protein-coding genes 
DDX1 and MYCN. We show that NCC-specific knockouts of DDX1 
or MYCN in chicken embryos result in craniofacial malformations 
that resemble nsOFC. Since the MYCN transcription factor has 
previously been reported to be associated with facial dysmor-
phisms including nsOFC, we focus on DDX1. DDX1 belongs to the 
DEAD-box family of proteins that control multiple steps of RNA 
metabolism in cells. We define and characterize DDX1 as a new 
regulator of protein synthesis in NCCs. Molecularly, DDX1 coop-
erates with RTCB to control tRNA metabolism in NCCs. Our find-
ings identify a mechanism by which defects in tRNA metabolism 
can affect NCC maintenance, which positions the misregulation 
of translation as a contributor to the complex nature of nsOFC.

Keywords: Transcription, Translation, Neural Crest
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374

THE EPITHELIAL TO MESENCHYMAL TRANSITION 
(EMT) IN EARLY DIFFERENTIATION: INTEGRATING 
AND INTERROGATING CELL ORGANIZATION, 
CELL BEHAVIOR, AND CELL IDENTITY
Dalgin, Gokhan - Allen Institute for Cell Science, Seattle, WA, 
USA
Allen Institute for Cell Science - SCGE, Seattle, WA, USA
Theriot, Julie - Department of Biology and HHMI, University of 
Washington, Seattle, WA, USA
Hookway, Caroline - Assay Development, Allen Institute for Cell 
Science, Seattle, WA, USA
Rafelski, Susanne - Assay Development, Allen Institute for Cell 
Science, Seattle, WA, USA

The Allen Institute for Cell Science aims to understand the prin-
ciples by which human induced pluripotent stem cells (hiPSC) 
establish and maintain robust dynamic localization of cellular 
structures, and how cells transition between states during differ-
entiation and disease. The epithelial to mesenchymal transition 
(EMT) is a state change that occurs in both normal and patho-
logical contexts such as development and cancer metastasis, 
respectively. EMT has been described as a change in behavior 
from largely non-motile to migratory, a change in organization 
from apical-basal to front-back polarity, and a change in identity 
by protein/transcript expression profile. However, to understand 
the dependencies and relationships between these three as-
pects of EMT that are currently unknown, we are employing a 
large-scale, multi-modal data integration approach using hiPSC 
from the Allen Cell Collection (allencell.org). We are developing 
a standardizable framework to combine live imaging of dynamic 
cell behavior with cell identity characterization via multiplexed im-
munolabeling or RNA-FISH. In parallel, we have performed a sin-
gle cell RNA-seq (scRNA-seq) experiment with high temporal res-
olution over the duration of EMT. Psuedotime trajectory analysis 
on this data shows more variation in the pseudotime assignment 
at timepoints associated with dramatic behavioral changes. We 
are now using this data to identify novel probes to perform label-
ing of fixed cells after live-cell imaging as described above. This 
integrative approach allows us to formally compare EMT in differ-
ent contexts. For example, we have compared EMT induced in 
hiPSC by two methods- upregulating the WNT signaling pathway 
with a small molecule inhibitor of GSK3 beta vs. treatment with 
growth factors BMP-4 and Activin-A. We have also tested how 
different extracellular matrix proteins within the substrate and/or 
solution surrounding hiPSC, including those leading to the forma-
tion of lumenoids, affect EMT. We believe that this multi-modal, 
multi-scale approach might serve as a template for studying EMT 
in various contexts and aid in understanding cell states and tran-
sitions more generally.

Keywords: EMT, State, Differentiation
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NUTRITIONAL REQUIREMENTS OF HUMAN 
INDUCED PLURIPOTENT STEM CELLS
Lyra-Leite, Davi M. - Department of Pharmacology, Center for 
Pharmacogenomics, Northwestern University, Chicago, IL, USA
Copley, Raymond - Media and Cell Line Development, Clever 
Carnivore, Chicago, IL, USA
Freeman, Phillip - Process Development, Clever Carnivore, 
Chicago, IL, USA
Pongpamorn, Praeploy - Department of Pharmacology, Center 
for Pharmacogenomics, Northwestern University, Chicago, IL, 
USA
Shah, Disheet - Department of Pharmacology, Center for 
Pharmacogenomics, Northwestern University, Chicago, IL, USA
McKenna, Donald - Media and Cell Line Development, Clever 
Carnivore, Chicago, IL, USA
Lenny, Brian - Department of Epidemiology and Cancer Control, 
St. Jude Children’s Hospital, Memphis, TN, USA
Pinheiro, Emily - Department of Pharmacology, Center for 
Pharmacogenomics, Northwestern University, Chicago, IL, USA
Weddle, Carly - Department of Pharmacology, Center for 
Pharmacogenomics, Northwestern University, Chicago, IL, USA
Fonoudi, Hananeh - Department of Pharmacology, Center for 
Pharmacogenomics, Northwestern University, Chicago, IL, USA
Sapkota, Yadav - Department of Epidemiology and Cancer 
Control, St. Jude Children’s Hospital, Memphis, TN, USA
Burridge, Paul - Department of Pharmacology, Center for 
Pharmacogenomics, Northwestern University, Chicago, IL, USA

Since 2004, the use of DMEM/F12 as basal media for human plu-
ripotent stem cell culture has remained largely consistent, being 
the backbone of commercial media and chemically defined alter-
natives such as our own B8. Even though DMEM/F12 is a complex 
formulation, few experiments have been published to compare 
suitable alternatives for hiPSC culture. One of those, indicated 
that a relatively simpler medium, MEMa, could sustain similar lev-
els of cell growth, indicating that a complex basal medium might 
not be essential. Hence, over the past three years, we performed 
extensive analysis to understand which of the 52 components 
of DMEM/F12 are needed for hiPSC growth and maintenance, 
and at which conditions and concentrations they are required. 
We then developed a novel formulation called BMEM, comprised 
of only 39 components, all demonstrated to be essential for hiP-
SC culture. BMEM-cultured cells present robust cell proliferation, 
expression of pluripotency markers, and differentiation potential 
into multiple lineages as compared to those cultured in B8-sup-
plemented DMEM/F12. Additionally, hiPSC cultured in BMEM con-
sistently have enhanced expression of pan-pluripotency markers 
such as POU5F1 and NANOG over those cultured in DMEM/F12, 
along with increased expression of markers of the primed state 
and reduced expression of markers of the naïve state. Combined, 
this suggests BMEM maintains hiPSC in a higher primed pluripo-
tent state. We have cultured hiPSC in BMEM for >80 passages, 
including the generation of >20 lines in BMEM, and successfully 
transitioned >40 lines from DMEM/F12-based media to BMEM. 
Lastly, BMEM can be generated in-house at large scale with basic 
equipment for 1/250th of the cost of commercial media.

Funding Source: American Heart Association Postdoctoral 
Fellowship (874276)

Keywords: Human Induced Pluripotent Stem Cells, Cell Culture 
Media, Nutritional Requirements
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378

TELOMERE LENGTH IN HUMAN PLURIPOTENT 
STEM CELLS
Rehakova, Daniela - CTEF-ICRC, St. Anne’s University Hospital 
Brno, Czech Republic
Farkas, Simon - Faculty of Science, Masaryk University, Brno, 
Czech Republic
Fojtova, Miloslava - CEITEC, Masaryk University, Brno, Czech 
Republic
Hampl, Aleš - Faculty of Medicine, Department of Histology and 
Embryology, Masaryk University, Brno, Czech Republic
Koutná, Irena - ICRC-CTEF, St. Anne’s University Hospital, Brno, 
Czech Republic

Human pluripotent stem cells (hPSC), albeit human induced plu-
ripotent stem cells (hiPSC) or human embryonic stem cells (hESC), 
are a powerful tool in research and also hold great potential for 
clinical applications. One of their basic properties is active telo-
merase, which leads to telomere length maintenance or even 
lengthening in low passages (Zeng Sicong et al., 2014). Short 
telomeres can lead to early senescence in cells differentiated 
from hPSC. Therefore we used Southern blot analysis of terminal 
restriction fragments (TRFs) to test if the telomere length chang-
es during reprogramming and culture of hiPSC in low passages. 
Contrary to previously published work (Yehezkel Shiran et al., 
2011), we did not find any trend within the tested hiPSC lines. We 
next tested the possible impact of culture conditions on telomere 
length. We compared the telomere length of hPSC lines cultured 
for 15 passages in feeder-dependent and feeder-free systems. 
We also tested the effect of hypoxic/normoxic culture conditions. 
We did not prove any influence of culture conditions on the telo-
mere length.

Funding Source: Supported by: European Regional 
Development Fund - Project ENOCH (No. CZ.02.1.01/0.0/0.0/16
_019/0000868); Ministry of Health of the Czech Republic, grant 
nr. NU22-08-00629. All rights reserved.

Keywords: telomeres, hPSC, hiPSC
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ALTERNATIVE SPLICING MEDIATED BY RNA-
BINDING PROTEIN RBM24 FACILITATES 
CARDIAC MYOFIBRILLOGENESIS IN A 
DIFFERENTIATION STAGE-SPECIFIC MANNER
Su, LiangYu - Department of Life Science, National Taiwan 
University, Taipei, Taiwan
Lu, Serena Huei-An - Department of Life Science, National 
Taiwan University, Taipei, Taiwan
Lee, Kang-Zheng - Department of Life Science, National Taiwan 
University, Taipei, Taiwan
Hsu, Paul Wei-Che - Institute of Molecular and Genomic 
Medicine, National Health Research Institutes, Miaoli, Taiwan
Yeh, Yu-Chen - Department of Life Science, National Taiwan 
University, Taipei, Taiwan
Tsai, Su-Yi - Department of Life Science, National Taiwan 
University, Taipei, Taiwan

Mutations in genes encoding sarcomeric proteins lead to failures 
in sarcomere assembly, resulting in cardiomyopathies that are 
a leading cause of morbidity and mortality worldwide. Splicing 
variants of sarcomeric proteins are crucial at different stages of 
myofibrillogenesis, accounting for sarcomeric structural integrity. 
RBM24 (RNA-binding motif protein 24) is known as a tissue-spe-
cific splicing regulator that plays an essential role in cardiogene-
sis. However, it had been unclear if the developmental stage-spe-
cific alternative splicing facilitated by RBM24 contributes to 
sarcomere assembly and cardiogenesis. Our aim is to study the 
molecular mechanism by which RBM24 regulates cardiogenesis 
and sarcomere assembly in a temporal-dependent manner. By 
ablating RBM24 from human embryonic stem cells (hESCs) us-
ing CRISPR/Cas9 techniques, the derived RBM24−/− hESCs still 
differentiated into sarcomere-hosting cardiomyocytes. Neverthe-
less, the knockout cell lines exhibited disrupted sarcomeric struc-
tures with punctate Z-lines due to impaired myosin replacement 
during early myofibrillogenesis. Transcriptomics revealed >4000 
genes regulated by RBM24. Among them, core myofibrillogen-
esis proteins (eg, ACTN2 [α-actinin 2], TTN [titin], and MYH10 
[non-muscle myosin IIB]) were misspliced. Consequently, MYH6 
(muscle myosin II) cannot replace nonmuscle myosin MYH10, 
leading to myofibrillogenesis arrest at the early premyofibril stage 
and causing disrupted sarcomeres. Intriguingly, we found that the 
ABD (actin-binding domain; encoded by exon 6) of the Z-line an-
chor protein ACTN2 is predominantly excluded from early cardiac 
differentiation, whereas it is consistently included in human adult 
heart. CRISPR/Cas9-mediated deletion of exon 6 from ACTN2 
in hESCs, as well as forced expression of full-length ACTN2 in 
RBM24−/− hESCs, further corroborated that inclusion of exon 6 is 
critical for sarcomere assembly. Overall, we have demonstrated 
that RBM24-facilitated inclusion of exon 6 in ACTN2 at distinct 
stages of cardiac differentiation is evolutionarily conserved and 
crucial to sarcomere assembly and integrity. To conclude, RBM24 
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) acts as a master regulator to modulate the temporal dynamics 
of core myofibrillogenesis genes and thereby orchestrates sarco-
mere organization.

Keywords: Actins, Alternative Splicing, Sarcomeres
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NEW HIGH THROUGHPUT PHENOTYPIC 
SCREENING PLATFORM FOR HYPERTROPHIC 
CARDIOMYOPATHY DRUG DISCOVERY USING 
HUMAN IPS CELL DERIVED CARDIOMYOCYTES
Kondo, Shigeru - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Fujisawa, Japan
Miki, Kenji - Takeda-CiRA Joint Program, Kyoto University, 
Fujisawa, Japan
Deguchi, Kohei - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Limited, Fujisawa, Japan
Sakoda, Ayaka - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Limited, Fujisawa, Japan
Koakutsu, Misato - Takeda-CiRA Joint Program, Kyoto 
University, Fujisawa, Japan
Naka, Yuki - Takeda-CiRA Joint Program, Kyoto University, 
Fujisawa, Japan
Sasaki, Masako - Takeda-CiRA Joint Program, Kyoto University, 
Fujisawa, Japan
Nishimoto, Tomoyuki - T-CiRA Discovery and Innovation, 
Takeda Pharmaceutical Company, Limited, Fujisawa, Japan
Imahashi, Kenichi - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Limited, Fujisawa, Japan
Yoshida, Yoshinori - Takeda-CiRA Joint Program, Kyoto 
University, Kyoto, Japan

Hypertrophic Cardiomyopathy (HCM) is mainly associated with 
mutations in sarcomere protein genes, such as MYH7 and MYB-
PC3. Although new small molecules such as sarcomere modu-
lators are being extensively developed in clinical trials, novel 
drug discovery research is still warranted due to still-unsatisfied 
unmet needs, e.g., direct anti-hypertrophic effect. To identify nov-
el candidate therapeutic targets, we have developed 384 well-
based high-throughput phenotypic screening platforms using iPS 
cell-derived cardiomyocytes (iPSC-CMs). Human iPSCs harboring 
HCM-causing mutations in MYH7 (MYH7-R719Q) or MYBPC3 cre-
ated by genome editing technology and patient-derived iPSCs, 
were differentiated to cardiomyocytes then disease-characteris-
tic morphological phenotype (hypertrophy by cell area, cell num-
ber, sarcomere orientation) was measured using a high content 
imaging system combined with computational analysis method. 
We also established “regression assay” to evaluate the reverse 
effect of identified compounds against hypertrophied cell size 
based on the fluorescence immunostaining signal patterns of car-
diac troponin. Our highly diverse compound library including drug 
repositioning and annotated compounds provided new active 
compounds and novel candidate therapeutic targets, and some 
targets were validated using HCM patient-derived cells. Whereas 
sarcomere modulators did not show any anti-hypertrophic effect 
in our assay system, clinically approved statin’s anti-hypertrophic 
effect has been extensively compared, indicating our platform’s 
rigid data outcome which is important for selecting candidate 
therapeutic targets as novel therapy against HCM. Using this 

platform, we identified several targets which should be promising 
toward further compound optimization and clinical application.

Keywords: Hypertrophic Cardiomyopathy (HCM), High-
throughput Phenotypic Screening, iPS cell-derived 
cardiomyocytes
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CRISPR-CAS9 KNOCKOUT OF PITX2C IN HPSC 
DERIVED ATRIAL CARDIOMYOCYTES AS AN IN 
VITRO TARGET DISCOVERY ASSAY FOR ATRIAL 
FIBRILLATION
Mantineo, Helene - Cardiovascular Disease Initiative, The 
Broad Institute of MIT and Harvard, Cambridge, MA, USA
Xiao, Ling - Cardiovascular Disease Initiative and Precision 
Cardiology Laboratory and Cardiovascular Research Center, 
The Broad Institute of MIT and Harvard and Massachusetts 
General Hospital, Boston, MA, USA
Diaz Verdugo, Carmen - Cardiovascular Disease Initiative and 
Precision Cardiology Laboratory, The Broad Institute of MIT and 
Harvard, Cambridge, MA, USA
Fleming, Stephen - Cardiovascular Disease Initiative and 
Precision Cardiology Laboratory, The Broad Institute of MIT and 
Harvard, Cambridge, MA, USA
Hill, Matthew - Cardiovascular Disease Initiative and Precision 
Cardiology Laboratory and Cardiovascular Research Center, 
The Broad Institute of MIT and Harvard and Massachusetts 
General Hospital, Boston, MA, USA
Ellinor, Patrick - Cardiovascular Disease Initiative and Precision 
Cardiology Laboratory and Cardiovascular Research Center, 
The Broad Institute of MIT and Harvard and Massachusetts 
General Hospital, Boston, MA, USA

Genome-wide association studies have identified Pitx2 locus at 
4q25 as the strongest risk locus associated with atrial fibrillation 
(AF) in human patients. Pitx2 is a paired like homeodomain 2 tran-
scription factor, and Pitx2c is the cardiac specific isoform of Pitx2 
that plays important roles in cardiac asymmetric development. 
Pitx2c is expressed in the adult left atria, and downregulation of 
Pitx2 in transgenic mouse models increases the susceptibility 
to AF. However, the lack of a comprehensive understanding of 
Pitx2c downstream regulated target genes and atrial selective 
Pitx2c interactome hinders the development of a cellular assay 
for the identification of druggable targets for AF. To investigate 
the function of Pitx2c in atrial cardiomyocytes, we first performed 
a CRISPR/Cas9 knockout (KO) assay of Pitx2 in human pluripo-
tent stem cell (hPSC) derived atrial cardiomyocytes (aCMs) using 
multiple guide RNAs targeting different exons of the Pitx2 gene 
and analyzed the resulting cellular structures by cell painting. 
We found that a CRISPR guide RNA specifically targeting Pitx2c 
resulted in dramatic changes of cell structure and morphology. 
Functional validation of Pitx2c KO in aCMs by optical cell voltage 
mapping showed a shortened atrial action potential duration that 
provides a vulnerable substrate promoting AF. These findings of-
fer us a valuable in vitro cellular assay for AF target discovery. To 
further develop an in vitro AF cellular assay, we also successful-
ly generated a Pitx2c heterozygous (Het) KO hPSC line and will 
perform cell painting and functional studies in Pitx2c Het hPSC 
derived aCMs.

Keywords: Atrial Fibrillation, CRISPR/Cas9 KO, In vitro model
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390

DNA-PKCS INHIBITOR EXACERBATES 
DOXORUBICIN-INDUCED CARDIOTOXICITY
Kwok, Maxwell K. S. - Department of Medicine and 
Therapeutics, The Chinese University of Hong Kong, Hong Kong
Song, Yi - Department of Obstetrics and Gynaecology, The 
Chinese University of Hong Kong, Hong Kong
Zhang, Tao - Department of Obstetrics and Gynaecology, The 
Chinese University of Hong Kong, Hong Kong
Poon, Ellen - School of Biomedical Science, The Chinese 
University of Hong Kong, Hong Kong

The DNA protein kinase catalytic subunit (DNA-PKcs) is critically 
important for DNA repair. DNA-PKcs inhibitors, which sensitize 
tumour cells to DNA damaging agents, are currently in clinical tri-
als with doxorubicin (DOX) to treat advanced solid tumours and 
leukaemia. Although effective against cancer, DOX can cause 
severe cardiotoxicity through DNA damage and mitochondrial 
dysfunction. The combined effects of DOX+DNA-PKcs inhibitor 
treatments on cardiotoxicity are unknown. We used a clinically 
relevant, DOX-sensitive human pluripotent stem cell (hPSC)-car-
diomyocyte (CM) model, as well as an in vivo mouse model to 
evaluate the cardiotoxicity of AZD7648, a specific DNA-PKcs 
inhibitor currently in clinical trials.AZD7648 was found to exac-
erbate cardiotoxicity caused by DOX in vitro and in vivo. In hP-
SC-CMs, AZD7648 suppressed DNA-PKcs phosphorylation, 
blocked DNA repair and caused DNA damage to persist. Con-
sequently, AZD7648 worsened DOX-induced mitochondrial func-
tion, and compromised viability. To confirm the role of DNA-PKcs 
in AZD7648 induced cardiotoxicity, we used siRNA to knock-
down DNA-PKcs. Compared to random siRNA control, siRNA 
against DNA-PKcs reduced mitochondrial function of hPSC-CMs 
at different doses of DOX and at different time points. This sug-
gests that cardiotoxicity may be a common feature of DNA-PKcs 
inhibitors when used with DOX. Lastly, we examined the cardio-
toxicity of DOX and DOX+AZD7648 in mice. Body weight was 
lower in the DOX+AZD7648 than DOX only cohort. A decrease in 
heart weight was also observed in DOX+AZD7648 group relative 
to DOX only, showing that DOX+AZD7648 can damage the heart 
in vivo. Together, our results reveal cardiac safety concerns asso-
ciated with the use of DNA-PKcs inhibitors in combination therapy 
and highlight the importance of further investigations with in vivo 
animal models and active clinical monitoring to ensure safe treat-
ment for cancer patients.

Funding Source: Hong Kong Children’s Cancer Foundation 
Hong Kong Research Grants Council Early Career Scheme

Keywords: Human pluripotent stem cell-cardiomyocyte, DNA 
Damage, Cardiotoxicity
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DECODING EXTRACELLULAR VESICLE 
SECRETION DURING MYOCARDIAL 
INFARCTION USING HUMAN IPSC-DERIVED 
CARDIOMYOCYTES
Viola, Margarida - Department of Experimental Cardiology, 
University Medical Center Utrecht, Netherlands
Maas, Renee - Department of Experimental Cardiology, 
University Medical Center Utrecht, Netherlands
Bebelman, Maarten - Department of Pathology, Cancer Center 
Amsterdam, Amsterdam UMC, Amsterdam, Netherlands
Pegtel, Michiel - Department of Pathology, Cancer Center 
Amsterdam, Amsterdam UMC, Amsterdam, Netherlands
Vader, Pieter - Department of Experimental Cardiology, 
University Medical Center Utrecht, Netherlands
Sluijter, Joost - Department of Experimental Cardiology, 
University Medical Center Utrecht, Netherlands

Extracellular vesicles (EVs) are phospholipid-bilayer enclosed 
particles secreted by all cells and mediate cellular crosstalk by in-
tercellular transfer of cargo molecules, such as nucleic acids and 
proteins. EVs have a fundamental role in regulating physiological 
and pathological processes and hold great promise as early bio-
markers, therapeutic agents, and drug delivery vehicles. EVs re-
leased by cardiac cells after myocardial infarction (MI) have been 
described to shape inflammation in a mouse model. Furthermore, 
injection of mitochondria-containing cardiomyocyte EVs into the 
mouse heart improved cardiac function after MI. Despite the clear 
relevance of cardiomyocyte EVs to cardiac repair following MI, 
the molecular mechanisms governing cardiomyocyte EV for-
mation and release are unknown, mainly due to the absence of 
translational in vitro models and challenges in robust EV isolation 
from small cell numbers. Here, we developed a human iPSC-de-
rived cardiomyocyte model expressing tetraspanin-NanoLuc re-
porters that robustly quantify EV release without the need of EV 
isolation. This allowed us to screen for drugs that modulated EV 
secretion and revealed multiple cardiomyocyte EV biogenesis 
mechanisms. We found that the kinase ROCK and the enzyme 
nSmase2 are involved in EV production by human cardiomyo-
cytes. Moreover, nutrient starvation reduced EV release, whereas 
hypoxia and stimulation with TNF-alpha increased EV secretion. 
Further characterization revealed that human iPSC-derived car-
diomyocytes secrete distinct EV subpopulations under normoxic 
and hypoxic conditions. Finally, proteomic analysis showed that 
hypoxia changes the cargo of cardiomyocyte EVs. To conclude, 
human iPSC-derived cardiomyocytes expressing tetraspanin-Na-
noLuc reporters offer a robust method to study cardiomyocyte 
EV biogenesis under physiological and pathological conditions, 
which may ultimately guide new therapeutic strategies to pro-
mote cardiac repair after MI.

Funding Source: This work was funded by the European 
Research Council (ERC) consolidator grant EVICARE (#725229).

Keywords: iPSC-derived cardiomyocytes, Extracellular vesicles, 
Myocardial infarction
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MOLECULAR AND METABOLOMIC 
CHARACTERIZATION OF HIPSC-DERIVED 
CARDIAC FIBROBLASTS TRANSITIONING TO 
MYOFIBROBLASTS
Nagalingam, Raghu Sundaresan - Departments of Biomedical 
Physiology and Kinesiology, and Molecular Biology and 
Biochemistry, Simon Fraser University / BC Children’s Hospital 
Research Institute, Burnaby, BC, Canada
Jayousi, Farah - Departments of Biomedical Physiology and 
Kinesiology, and Molecular Biology and Biochemistry, Simon 
Fraser University, BC Children’s Hospital Research Institute, 
Vancouver, BC, Canada
Hamledari, Homa - Departments of Biomedical Physiology and 
Kinesiology, and Molecular Biology and Biochemistry, Simon 
Fraser University, BC Children’s Hospital Research Institute, 
Vancouver, BC, Canada
Lindsay, Chloe - Departments of Biomedical Physiology and 
Kinesiology, and Molecular Biology and Biochemistry, Simon 
Fraser University, BC Children’s Hospital Research Institute, 
Vancouver, BC, Canada
Klein Geltink, Ramon - Department of Pathology and Laboratory 
Medicine, University of British Columbia, BC Children’s Hospital 
Research Institute, Vancouver, BC, Canada
Lange, Philipp - Department of Pathology and Laboratory 
Medicine, University of British Columbia, BC Children’s Hospital 
Research Institute, Vancouver, BC, Canada
Rose, Robert - Department of Cardiac Sciences, Department 
of Physiology and Pharmacology, University of Calgary, AB, 
Canada
Czubryt, Michael - Centre and Department of Physiology and 
Pathophysiology, University of Manitoba, St. Boniface Hospital 
Albrechtsen Research Centre, Winnipeg, MB, Canada
Tibbits, Glen - Departments of Biomedical Physiology and 
Kinesiology, and Molecular Biology and Biochemistry, Simon 
Fraser University, BC Children’s Hospital Research Institute, 
Vancouver, BC, Canada

Cardiac fibrosis is a central risk factor for arrhythmias and heart 
failure. Fibrosis disrupts matrix protein turnover resulting in in-
creased matrix deposition, which affects cell-to-cell communica-
tion, elevates myocardial stiffness, and serves as a substrate for 
promoting arrhythmogenesis. The underlying cause of fibrosis is 
the phenotype conversion of fibroblasts to myofibroblasts, which 
is triggered by mechanical stress and/or pathological signaling. 
Cardiac fibroblasts derived from hiPSC (hiPSC-CFbs) have the 
potential to hold greater clinical relevance and in precision dis-
ease modeling than murine fibroblasts. However, it is unclear 
how passaging promotes the phenotype transition of hiPSC-Fbs 
to myofibroblasts and the signaling mechanisms involved. Thus, 
we hypothesize that passaging of hiPSC-CFbs promotes genes 
responsible for the myofibroblasts phenotype and increased mi-
tochondrial metabolism. We passaged and collected hiPSC-CFbs 
from passage 0 to 3 (P0 to P3) and treated P0 with TGFβ1 to pro-
mote a myofibroblast phenotype. For transcriptomic profiling, 
qPCR analysis and NanoString analysis with a fibrosis codeset 
were used. For proteomic profiling, we used mass spectrome-
try. A Seahorse assay was used for metabolomic profiling across 
the different passages of cells. Immunofluorescent imaging was 
performed to see the phenotypic changes and mitochondrial 
content intracellularly after passaging. We observed that the pas-
saging and TGFβ1 treatment of hiPSC-CFbs promoted a gradual 
increase in the genes responsible for myofibroblast phenotype, 

including collagen, periostin, fibronectin, and collagen fiber pro-
cessing enzymes while downregulating the proliferation markers. 
Most importantly, TGFβ1 canonical and hippo signaling pathways 
were influenced by passaging. The Seahorse assay revealed that 
passaging and TGFβ1 treatment increased mitochondrial respira-
tion consistent with the notion that the phenoconversion process 
requires high energy demand. Based on these data, hiPSC-CFbs 
passaging enhanced the fibroblast phenoconversion to myofi-
broblasts, influenced fibrotic signaling pathways, and enhanced 
mitochondrial metabolism. Thus, hiPSC-CFbs can mimic the in 
vitro cardiac fibrotic condition, which may help test and identify 
potential anti-fibrotic therapies.

Keywords: Cardiac Fibrosis, Cardiac Fibroblast, Myofibroblast
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ALPHA KINASE 3 SIGNALLING AT THE 
SARCOMERIC M-BAND IS REQUIRED FOR 
CARDIAC FUNCTION
Elliott, David - Murdoch Children’s Research Institute, 
Melbourne, Victoria, Australia
McNamara, James - The Novo Nordisk Foundation Center for 
Stem Cell Medicine, reNEW, Murdoch Children’s Research 
Institute, Parkville, Australia
Molendijk, Jeffery - Physiology and Anatomy, The University of 
Melbourne, Parkville, Australia
Parker, Benjamin - Physiology and Anatomy, The University of 
Melbourne, Parkville, Australia
Voges, Holly - The Novo Nordisk Foundation Center for Stem 
Cell Medicine, reNEW, Murdoch Children’s Research Institute, 
Parkville, Australia
Bolk, Francesca - The Novo Nordisk Foundation Center for Stem 
Cell Medicine, reNEW, Murdoch Children’s Research Institute, 
Parkville, Australia
Charitakis, Natalie - The Novo Nordisk Foundation Center for 
Stem Cell Medicine, reNEW, Murdoch Children’s Research 
Institute, Parkville, Australia
Mehiabadi, Neda - The Novo Nordisk Foundation Center for 
Stem Cell Medicine, reNEW, Murdoch Children’s Research 
Institute, Parkville, Australia
Karavendzas, Kathy - The Novo Nordisk Foundation Center 
for Stem Cell Medicine, reNEW, Murdoch Children’s Research 
Institute, Parkville, Australia
Pointer, Hayley - The Novo Nordisk Foundation Center for Stem 
Cell Medicine, reNEW, Murdoch Children’s Research Institute, 
Parkville, Australia
Watt, Kevin - The Novo Nordisk Foundation Center for Stem 
Cell Medicine, reNEW, Murdoch Children’s Research Institute, 
Parkville, Australia
Ramialison, Mirana - The Novo Nordisk Foundation Center 
for Stem Cell Medicine, reNEW, Murdoch Children’s Research 
Institute, Parkville, Australia
Lopes, Luis - Institute of Cardiovascular Science, University 
College London, UK
Elliott, Perry - Institute of Cardiovascular Science, University 
College London, UK
Porrello, Enzo - The Novo Nordisk Foundation Center for Stem 
Cell Medicine, reNEW, Murdoch Children’s Research Institute, 
Parkville, Australia

Pathogenic variants in alpha kinase 3 (ALPK3) cause cardiomy-
opathy and musculoskeletal disease. How ALPK3 mutations re-
sult in disease remains unclear because little is known about this 
atypical kinase. Using a suite of engineered human pluripotent 
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stem cells (hPSCs) we show that ALPK3 localizes to the M-Band of 
the sarcomere. ALPK3 deficiency disrupted sarcomeric organiza-
tion and calcium kinetics in hPSC-derived cardiomyocytes and re-
duced force generation in cardiac organoids. Phosphoproteom-
ic profiling identified ALPK3-dependant phospho-peptides that 
were enriched for sarcomeric components of the M-band and the 
ubiquitin-binding protein SQSTM1. Analysis of the ALPK3 interac-
tome confirmed binding to M-band proteins including SQSTM1. 
Importantly, in hPSC-derived cardiomyocytes modeling ALPK3 
deficiency and cardiomyopathic ALPK3 mutations, sarcomeric 
organization and M-band localization ofSQSTM1 were abnormal. 
These data suggest ALPK3 has an integral role in maintaining sar-
comere integrity and proteostasis in striated muscle. We propose 
this mechanism may underly disease pathogenesis in patients 
with ALPK3 variants.

Funding Source: The Novo Nordisk Foundation Center for Stem 
Cell Medicine, reNEW.

Keywords: cardiomyopathy, sarcomere, cell signalling
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PROTEIN-ENCAPSULATED DOXORUBICIN 
REDUCES CARDIOTOXICITY IN HIPSC-
CARDIOMYOCYTES AND CARDIAC SPHEROIDS 
WHILE MAINTAINING ANTICANCER EFFICACY
Arzt, Madelyn - Board of Governors Regenerative Medicine 
Institute, Cedars-Sinai Medical Center, Los Angeles, CA, USA
Burridge, Paul - Department of Pharmacology, Northwestern 
University Feinberg School of Medicine, Chicago, IL, USA
Cejas, Romina - Department of Pharmacology, Northwestern 
University Feinberg School of Medicine, Chicago, IL, USA
Cui, Xiaojiang - Department of Surgery, Cedars-Sinai Medical 
Center, Los Angeles, CA, USA
Fan, Xuemo - Department of Pathology, Cedars-Sinai Medical 
Center, Los Angeles, CA, USA
Gao, Bowen - Department of Surgery, Cedars-Sinai Medical 
Center, Los Angeles, CA, USA
Giuliano, Armando - Department of Surgery, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA
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University of Southern Mississippi, Hattiesburg, MS, USA
Jenkins, Amelia - Board of Governors Regenerative Medicine 
Institute, Cedars-Sinai Medical Center, Los Angeles, CA, USA
Liu, Qizhi - Department of Surgery, Cedars-Sinai Medical Center, 
Los Angeles, CA, USA
Mozneb, Maedeh - Board of Governors Regenerative Medicine 
Institute, Cedars-Sinai Medical Center, Los Angeles, CA, USA
Pohlman, Stephany - CIRM Bridges to Stem Cell Research 
Program, California State University, Channel Islands, Los 
Angeles, CA, USA
Sharma, Arun - Board of Governors Regenerative Medicine 
Institute, Cedars-Sinai Medical Center, Los Angeles, CA, USA
Yu, Changjun - Division of Chemistry and Chemical Engineering, 
California Institute of Technology, Pasadena, CA, USA
Zhang, Yi - Department of Biomedical Sciences, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA

The chemotherapeutic doxorubicin (DOX) detrimentally impacts 
the heart during cancer treatment. This necessitates develop-
ment of non-cardiotoxic delivery systems that retain DOX anti-
cancer efficacy. We utilized human induced pluripotent stem 
cell-derived cardiomyocytes (hiPSC-CMs), endothelial cells (hiP-
SC-ECs), cardiac fibroblasts (hiPSC-CFs), multi-lineage cardiac 

spheroids (hiPSC-CSs), patient-specific hiPSCs, and multiple hu-
man cancer cell lines to compare the anticancer efficacy and re-
duced cardiotoxicity of single protein encapsulated doxorubicin 
(SPEDOX-6) to standard unformulated (UF) DOX. Cell viability as-
says and immunostaining in human cancer cells, hiPSC-ECs, and 
hiPSC-CFs revealed successful uptake of SPEDOX-6 and effica-
cy in killing these proliferative cell types. In contrast, hiPSC-CMs 
and hiPSC-CSs exhibited substantially lower cytotoxicity during 
SPEDOX-6 treatment compared to UF DOX. SPEDOX-6-treated 
hiPSC-CMs and hiPSC-CSs maintained their functionality, shown 
via sarcomere contractility assessment, calcium imaging, and 
multielectrode arrays. This study demonstrates the potential of 
SPEDOX-6 to alleviate cardiotoxic side effects associated with UF 
DOX, while maintaining its anticancer potency.

Funding Source: American Heart Association, National Institute 
of Health

Keywords: Cancer, Cardiotoxicity, iPSC
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EARLY ONSET OF CARDIAC PROGENITOR 
MATURATION LEADS TO THEIR DEPLETION 
AND CARDIAC PATHOLOGY DEVELOPMENT IN 
DUCHENNE MUSCULAR DYSTROPHY
Beckerova, Deborah - International Clinical Research Center, 
St. Anne’s University Hospital, Brno, Czech Republic
Pešl, Martin - Department of Biology, Masaryk University, Brno, 
Czech Republic
Dobrovolná, Hana - Department of Clinical Biochemistry, St. 
Anne’s University Hospital, Brno, Czech Republic
Soška, Vladimír - Department of Clinical Biochemistry, St. Anne’s 
University Hospital, Brno, Czech Republic
Rotrekl, Vladimír - International Clinical Research Center, St. 
Anne’s University Hospital, Brno, Czech Republic

Duchenne muscular dystrophy (DMD) is a rare, X- linked neuro-
muscular disorder caused by mutations of the dystrophin gene 
resulting in progressive skeletal muscle loss followed by car-
diomyopathy. Current medical care for DMD is palliative, and a 
better understanding of DMD pathologies is needed for targeted 
interventions and improved therapies. In addition to the widely 
accepted role of dystrophin in myocytes, we have previously 
shown that DMD derived pluripotent stem cells present impaired 
self- renewal as well as elevated DNA damage. The damage was 
at least partially caused by deregulation of nitric oxide synthase 
(NOS) and subsequent production of reactive oxygen/nitrogen 
species. Here we present that dystrophin deficient cells show 
impaired cardiac differentiation efficacy as illustrated by forming 
fewer spontaneously contracting organoids with higher rate of 
cardiomyocyte (CM) death, increased content of collagen and al-
tered transcriptional program during the differentiation process. 
Characterization of the developing cardiovascular progenitor (CP) 
population shows both higher and earlier activation of DMD CP 
markers with subsequent attenuation of their transcription. Fur-
thermore, earlier onset of transcription of genes associated with 
maturation compared to wild type (WT) coincides with a decrease 
in proliferation in the organoid. DMD CP population also presents 
higher levels of inflammation and DNA damage, thus recapitulat-
ing phenotype of mdx mouse and human DMD hearts. NOS inhi-
bition attenuates DNA damage and improves beating organoid 
formation; however, it does not prevent CM death or significantly 
affect transcription of cardiac development related genes. There-
fore, NOS inhibition may be tested as a complementary treatment 
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) to current medical care and as a target for further molecular-level 
investigation and modulation.

Funding Source: Funded by National Institute for Research of 
Metabolic and Cardiovascular Diseases (Programme EXCELES, 
ID LX22NPO5104), by the European Union – Next Generation 
EU and by Ministry of Health of the Czech Republic, grant NU20-
06-00156.

Keywords: Cardiac progenitor, Duchenne muscular dystrophy, 
Cardiac pathology
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STUDYING AUTOIMMUNE MEDIATED 
MYOCARDITIS USING AN HIPSC-MODEL OF THE 
HUMAN HEART
Fleischer, Sharon - Biomedical Engineering, Columbia 
University, New York, USA
Nash, Trevor - Biomedical Engineering, Columbia University, 
New York, USA
Tamargo, Manuel - Biomedical Engineering, Columbia 
University, New York, USA
Zhuang, Richard - Biomedical Engineering, Columbia University, 
New York, USA
Liberman, Martin - Biomedical Engineering, Columbia University, 
New York, USA
Li, Vanessa - Biomedical Engineering, Columbia University, New 
York, USA
Lamberti, Morgan - Biomedical Engineering, Columbia 
University, New York, USA
Geraldino-Pardilla, Laura - Medicine, Columbia University, New 
York, USA
Winchester, Robert - Medicine, Columbia University, New York, 
USA
Vunjak-Novakovic, Gordana - Biomedical Engineering, Columbia 
University, New York, USA

Myocardial injury develops in approximately 25-50% of system-
ic lupus erythematosus (SLE) patients and presentation ranges 
from asymptomatic to heart failure. While the diverse landscape 
of patient autoantibodies may explain a significant fraction of clin-
ical heterogeneity, their direct contribution to myocardial injury 
remains unknown. Here, we used a human iPSC-derived model 
of the human heart to study the effects of autoantibodies isolat-
ed from SLE patients with and without myocardial inflammation. 
For a subset of patients with myocardial inflammation and systol-
ic dysfunction, the autoantibodies exhibited increased reactivity 
with cardiac tissues, resulting in decreased viability, altered calci-
um handling, tissue remodeling, and differential gene expression. 
We further demonstrated that autoantibodies isolated from these 
patients led to increased oxidative stress and impaired respira-
tion. The model further allowed us to demonstrate that autoanti-
bodies which target the cell surface delineate these patients from 
the other patient groups, and to identify potential disease-relat-
ed autoantibodies. We therefore propose that the human tissue 
model of SLE-induced myocardial inflammation described here 
can provide a framework to characterize the molecular mecha-
nisms of autoantibody-mediated injury and explain clinical het-
erogeneity.

Keywords: Cardiac tissue engineering, Disease modeling, 
Autoimmune
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MULTIPLEXED GENERATION AND FUNCTIONAL 
ANNOTATION OF HYPERTROPHIC 
CARDIOMYOPATHY-ASSOCIATED MYH7 
MISSENSE VARIANTS IN ISOGENIC GENE-EDITED 
HIPSC-DERIVED CARDIOMYOCYTES
Friedman, Clayton E. - School of Medicine, University of 
Washington, Seattle, WA, USA
Fayer, Shawn - Genome Sciences, University of Washington, 
Seattle, WA, USA
Pendyala, Sriram - Genome Sciences, University of Washington, 
Seattle, WA, USA
Chien, Wei-Ming - Medicine/Cardiology and Cardiology/Hospital 
Specialty Medicine, University of Washington, Seattle, WA, USA
Loiben, Alexander - Medicine, University of Washington, Seattle, 
WA, USA
Tran, Linda - Medicine, University of Washington, Seattle, WA, 
USA
Chao, Leslie - Medicine, University of Washington, Seattle, WA, 
USA
Mckinstry, Ashley - Medicine, University of Washington, Seattle, 
WA, USA
Ahmed, Dania - Medicine, University of Washington, Seattle, 
WA, USA
Karbassi, Elaheh - Laboratory Medicine & Pathology, University 
of Washington, Seattle, WA, USA
Fenix, Aidan - Laboratory Medicine & Pathology, University of 
Washington, Seattle, WA, USA
Murry, Charles - Medicine and Bioengineering and Laboratory 
Medicine & Pathology, University of Washington, Seattle, WA, 
USA
Starita, Lea - Genome Sciences, University of Washington, 
Seattle, WA, USA
Fowler, Douglas - Genome Sciences and Bioengineering, 
University of Washington, Seattle, WA, USA
Yang, Kai-Chun - Medicine/Cardiology and Cardiology/Hospital 
Specialty Medicine, University of Washington, Seattle, WA, USA

Hypertrophic cardiomyopathy (HCM) is an inheritable cardiac 
condition affecting 1:200-500 people and is characterized by idio-
pathic left ventricular hypertrophy that can cause sudden cardiac 
death and/or heart failure. Autosomal-dominant, missense muta-
tions in MYH7 (encoding the sarcomeric thick filament MHC-β) ac-
count for 33% of genotype+ HCM cases. Despite this, 75% of clin-
ically reported MYH7 missense variants are variants of unknown 
significance (VUS). Human induced pluripotent stem cell-derived 
cardiomyocytes (hiPSC-CMs) are a powerful tool to study the ef-
fect of MYH7 VUS, however, the identification of new variants by 
genetic testing outpaces methods to gene edit hiPSCs. Thus, we 
developed a novel method called CRISPRa On-Target Editing 
Retrieval (CRaTER) which increased successful gene-editing by 
25-fold compared to current methods. We leveraged CRaTER to 
enrich for hiPSCs edited with a library of MYH7 single nucleotide 
variants (SNVs) and recovered 113 different SNVs. As deleterious 
mutations can reduce protein stability, we flow sorted MYH7 vari-
ant hiPSC-CMs into bins based on differing MHC-β abundance 
followed by next generation sequencing of each bin to calculate 
variant abundance scores. This multiplexed assay identified 31 
MYH7 missense variants as functionally abnormal (lower abun-
dance scores than synonymous controls), including all tested 
pathogenic variants and VUS. This MHC-β depletion phenotype 
was validated in clonal hiPSC-CMs and is supported by western 
blotting of myocardium from a patient with a pathogenic MYH7 
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missense mutation. Additionally, single-cell contractility analy-
ses of hiPSC-CMs with a known pathogenic MYH7 variant and 
reduced MHC-β abundance revealed hyperdynamic physiology 
relative to isogenic controls, suggesting MHC-β loss could be in-
volved with systolic dysfunction. Together, CRaTER enables the 
generation of isogenic variant hiPSC lines at unprecedented scale 
for applications in disease modeling. Functional analysis of MYH7 
variant hiPSC-CMs has revealed a novel correlation between loss 
of MHC-β protein and clinical pathogenicity that is useful for strat-
ifying previously untested MYH7 variants in hiPSC-CMs at scale. 
Further investigation into the consequences of MHC-β loss will be 
key to elucidating MYH7-based HCM pathogenesis.

Keywords: MYH7, hypertrophic cardiomyopathy, disease 
modelling
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SINGLE-CELL RNA SEQUENCING REVEALS 
MATURATION TRAJECTORY IN HUMAN 
PLURIPOTENT STEM CELL-DERIVED 
CARDIOMYOCYTES IN 2D AND 3D ENGINEERED 
CARDIAC TISSUES AND CHAMBERS
Wong, Andy - Research and Development, Novoheart, Irvine, 
CA, USA
Cheng, Shangli - Ming Wai Lau Centre for Reparative Medicine, 
Karolinska Institutet, Hong Kong
Brenière-Letuffe, David - Ming Wai Lau Centre for Reparative 
Medicine, Karolinska Institutet, Hong Kong
Ahola, Virpi - Ming Wai Lau Centre for Reparative Medicine, 
Karolinska Institutet, Hong Kong
Keung, Hoi Yee - Ming Wai Lau Centre for Reparative Medicine, 
Karolinska Institutet, Hong Kong
Gurung, Bimal - School of Life Sciences, The Chinese University 
of Hong Kong, Hong Kong
Zheng, Zongli - Ming Wai Lau Centre for Reparative Medicine, 
Karolinska Institutet, Hong Kong
Costa, Kevin - Research and Development, Novoheart, Irvine, 
CA, USA
Lieu, Deborah - Research and Development, Novoheart, Irvine, 
CA, USA
Keung, Wendy - Research and Development, Novoheart, Irvine, 
CA, USA
Li, Ronald - Research and Development, Novoheart, Irvine, CA, 
USA

Human engineered cardiac tissue models are increasingly used 
for in vitro studies as stem cell-derived cardiomyocytes (CMs) 
have become more accessible with optimized differentiation. 
However, the resulting derived CMs often have inconsistent 
and varying levels of post-differentiation maturity, and are typi-
cally still much less mature than their in vivo counterparts. It is, 
therefore, important to understand what additional factors, such 
as in vitro environmental complexity, can affect the maturity of 
these cells. In this study, the transcriptomes of human pluripotent 
stem cell-derived CMs (healthy hESC and hiPSC) were compared 
by performing single-cell RNA sequencing across CMs that had 
been cultured in different engineered cardiac tissue configura-
tions: 2D human ventricular cardiac anisotropic sheet, 3D human 
ventricular cardiac tissue strip, and 3D human ventricular cardiac 
organoid chamber (hvCOC). Spontaneously formed 3D cardiac 
spheroid aggregates (CS) were used as a control. Post differenti-
ation, CMs in fabricated tissues were cultured in their respective 
constructs for ~15 days prior to dissociation of the tissues into 

single cells for RNA isolation. Libraries were constructed using 
the 10X Chromium system and sequenced using the Illumina No-
vaSeq 6000 and Illumina NextSeq500 Systems. To identify cell 
phenotypes in the stem cell-derived tissue constructs, the 2,000 
most variable genes were selected using the Seurat R package, 
and the cells were projected onto a two-dimensional space. Clus-
tering of CMs and fibroblasts was performed separately for both 
cell types. Our results suggest that maturity increases with the 
complexity level of the engineered tissues, with CS exhibiting the 
fewest markers of maturity while hvCOC exhibited the most. It is 
also interesting to note the order in which hallmarks of maturity 
develop: the contractile components developed first, followed by 
electrophysiology and oxidative metabolism. Outcomes of this 
study demonstrated the application of single-cell RNA-sequenc-
ing for evaluating maturation in engineered cardiac tissues, and 
the finding that more complex engineered tissue models provide 
a more physiologically mature in vitro cardiac tissue model for 
drug screening and disease modeling.

 Keywords: Development Modeling, Human Engineered Cardiac 
Tissues, Single-Cell RNA Sequencing

TOPIC: EPITHELIAL INCLUDES SKIN GUT LUNG
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AUTOPHAGY-RELATED COMPOUND SCREENING 
FOR COVID-19 DRUG DEVELOPMENT
Watanabe, Yukio - Medical, Center for iPS Cell Research and 
Application (CiRA), Kyoto University, Kyoto, Japan
Hashimoto, Rina - Medical Department, Center for iPS Cell 
Research and Application (CiRA), Kyoto University, Kyoto, Japan
Fuse, Hiromitsu - Medical Department, Center for iPS Cell 
Research and Application (CiRA), Kyoto University, Kyoto, Japan
Ohta, Akira - Medical Department, Center for iPS Cell Research 
and Application (CiRA), Kyoto University, Kyoto, Japan
Matsumura, Yasufumi - Medical Department, Department of 
Clinical Laboratory Medicine, Graduate School of Medicine, 
Kyoto University, Kyoto, Japan
Nagao, Miki - Medical Department, Department of Clinical 
Laboratory Medicine, Graduate School of Medicine, Kyoto 
University, Kyoto, Japan
Yamamoto, Takuya - Medical Department, Center for iPS Cell 
Research and Application (CiRA), Kyoto University, Kyoto, Japan
Takayama, Kazuo - Medical Department, Center for iPS Cell 
Research and Application (CiRA), Kyoto University, Kyoto, Japan

It is essential to develop not only drugs that target viral proteins 
but also drugs that target host proteins to deal with broad spec-
trum coronavirus including severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). It has been reported that autophagy 
is deeply involved in coronavirus infection. However, to our knowl-
edge, a comprehensive anti-SARS-CoV-2 drug evaluation using 
an autophagy compound library has not been performed. In this 
study, we performed drug screening using airway organoids and 
an autophagy compound library, aiming to identify compounds 
that could treat broad spectrum coronavirus infection. Among 80 
autophagy compounds, cycloheximide and thapsigargin reduced 
SARS-CoV-2 infection efficiency in a dose-dependent manner. 
Cycloheximide treatment reduced the infection efficiency of 
not only 6 SARS-CoV-2 variants (B.1.1.214, B.1.617.2, BA.1, BA.2, 
BA.2.3, and BA.5), but also human coronavirus (HCoV)-229E and 
HCoV-OC43. Cycloheximide treatment could cancel the viral 
infection-mediated induction of innate immune response. How-
ever, even low-dose (1 μM) cycloheximide treatment altered the 
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) expression profile of ribosomal RNAs, thus side effects, such 
as inhibition of protein synthesis in host cells should be noted. 
These results suggest that cycloheximide showed broad spec-
trum anti-coronavirus activity in vitro.

Funding Source: This research was supported by the iPS Cell 
Research Fund, the JSPS KAKENHI (Grant Number: 21H03795), 
and the AMED (Grant Number: JP20fk0108533, JP21fk0108492, 
and JP21gm1610005).

Keywords: drug screening, airway organoids, SARS-CoV-2
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IN VITRO THYMIC EPITHELIAL PROGENITOR 
DEVELOPMENT FROM IPSCS AS A MODEL FOR 
DISSECTING GENETIC THYMIC DISORDERS
Pala, Francesca - IDGS, LCIM, National Institutes of Health, 
Bethesda, MD, USA
Amini, Kayla - IDGS, LCIM, NIH, Bethesda, MD, USA
Bosticardo, Marita - IDGS, LCIM, NIH, Bethesda, MD, USA
Notarangelo, Luigi - IDGS, LCIM, NIH, Bethesda, MD, USA

Thymic epithelial cells (TECs) play a critical role in the develop-
ment of T cells as they provide essential cues to hematopoietic 
progenitors for proliferation and differentiation in the thymus. For 
this reason, genetic mutations that affect TECs prevent develop-
ment of T cells. We have previously reported that T cell develop-
ment is blocked in patients with hematopoietic-intrinsic genetic 
defects using an artificial thymic organoid system, but this model 
does not allow to test for thymic defects. To address this, we have 
generated multiple induced pluripotent stem cell (iPSC) lines from 
patients carrying mutations in genes involved in thymic stromal 
development and/or function, including TBX1, HOXA3, FOXI3, 
PAX1, AIRE, EXTL3, and TP63. Previously published differentiation 
protocols mostly started from embryonic stem cells and we have 
optimized them for iPSCs, with the ultimate goal of differentiating 
these patient-derived lines into TECs and assess whether these 
mutations alter TEC generation. Analysis of the developmental 
progression of these lines from definitive endoderm to thymic 
epithelial progenitors using RNA-seq and ATAC-seq will provide 
insights into the transcriptional network governing this process in 
homeostasis and disease. Moreover, once we successfully gen-
erate TECs, we plan to incorporate them into our artificial thymic 
organoid system to create a model that is based solely on the 
patients’ cells to provide an accurate reproduction of T cell devel-
opment in the thymus of patients with T cell immunodeficiencies.

Funding Source: This work was supported by the Division of 
Intramural Research, NIAID, NIH.

Keywords: Thymic epithelial cells, Thymic development, T- cell 
Immunodeficiency model
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VALUABLE MODEL: SKIN-DERIVED PRECURSOR 
CELLS FROM HUMAN AUTOPSY-DERIVED SCALP 
FIBROBLASTS FOR NEURODEGENERATIVE 
DISEASE RESEARCH
Beh, Suet Theng - Banner Sun Health Research Institute, Sun 
City, AZ, USA
Serrano, Geidy - Banner Sun Health Research Institute, Sun City, 
AZ, USA
Beach, Thomas - Banner Sun Health Research Institute, Sun 
City, AZ, USA

The Human Cells Core for Translational Research (HCCTR), estab-
lished in 2018, takes advantage of the Brain and Body Donation 
Program (BBDP) tissue resource to build a human fibroblast bank-
ing program using postmortem scalp tissues. Tissues are used 
to obtain fibroblasts by directly culturing scalp explants, and 85 
cases of various ages, APOE genotypes, and disease diagnoses 
have been banked. The banked fibroblasts were confirmed as 
fibroblast-specific using both immunofluorescence and RT-qPCR 
assays, as they tested positive for markers and genes associated 
with fibroblasts and negative for those associated with keratino-
cytes and epithelial cells. Here we report that human skin-derived 
precursors (hSKPs) were successfully isolated from banked fibro-
blasts and presented properties of self-renew and differentia-
tion potentials. Stem cell characterization of mature hSKPs was 
confirmed through immunofluorescence and RT-qPCR. In vitro 
differentiation potential of mature hSKPs was demonstrated to 
have multilineage potential, resulting in the formation of fat-, carti-
lage- and bone-like cells. Furthermore, we demonstrated that the 
banked cells were successfully reprogrammed to human induc-
ible pluripotent stem cells (iPSCs) and directly reprogrammed into 
induced neuronal cells (iN cells). The hiPSCs exhibited typical hiP-
SC morphology, a normal euploid karyotype, a high expression 
of crucial pluripotency markers, and can differentiate into three 
lineages. Additionally, these induced iN cells express a variety of 
neuron-specific proteins and have the ability to form functional 
synapses. Our study showed that routinely collect and bank fibro-
blasts from scalps of neuropathologically characterized donors, 
which can then be used to generate hSKPs, reprogram them into 
hiPSCs, and directly convert them into iN cells. Through this cell 
banking program, a valuable human cell resource is being creat-
ed to improve our understanding of normal aging and age-related 
neurodegenerative diseases. It also provides an opportunity to 
investigate potential underlying mechanisms and establish effec-
tive disease modeling. These cryogenically preserved cells are 
accessible to researchers through a request on the program web-
site of the Banner Sun Health Research Institute (BSHRI).

Funding Source: National Institute on Aging; Arizona Biomedical 
Research Commission; Arizona Department of Health Services; 
Sun Health Foundation.

Keywords: Skin-derived precursors (SKPs), Somatic stem cell, 
Induced pluripotent stem cells
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HUMAN AIRWAY EX VIVO MODELS: NEW TOOLS 
TO STUDY THE AIRWAY EPITHELIAL CELL 
RESPONSE TO SARS-COV-2 INFECTION
Assou, Said - INSERM, Institute for Regenerative Medicine and 
Biotherapy, Montpellier, France
Morichon, Lisa - CEMIPAI, University of Montpellier, France
Gros, Nathalie - CEMIPAI, University of Montpellier, France
Bourdin, Arnaud - Department of Respiratory Diseases, 
University of Montpellier, France
Muriaux, Delphine - CEMIPAI, University of Montpellier, France
De Vos, John - IRMB, Inserm U1183, University of Montpellier, 
France

Airway-liquid interface cultures of primary epithelial cells and of 
induced pluripotent stem cell-derived airway epithelial cells (ALI 
and iALI, respectively) are physiologically relevant models for re-
spiratory virus infection studies because they can mimic the in 
vivo human bronchial epithelium. Here, we investigated gene ex-
pression profiles in human airway cultures (ALI and iALI models) 
infected or not with severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) using bulk and single-cell transcriptome data-
sets. SARS-CoV-2 2 infection significantly increased the expres-
sion of interferon-stimulated genes and inflammatory genes at 
day 4 post-infection, indicating activation of the interferon and im-
mune responses to the virus. Extracellular matrix genes also were 
altered in infected cells. 3D Confocal microscopy, flow cytometry 
and RT-qPCR analysis revealed a plasticity of the tissue to fight 
infection. Single-cell RNA sequencing data shows that SARS-
CoV-2 infection damaged the respiratory epithelium, particularly 
mature ciliated cells. The expression of genes encoding intercel-
lular communication and adhesion proteins also was deregulat-
ed, suggesting a mechanism to promote shedding of infected 
epithelial cells. These data demonstrate that ALI/iALI models help 
to understand the airway epithelium response to SARS-CoV-2 in-
fection and are a key tool for developing COVID-19 treatments.

Keywords: iPS cells, Human airway models, SARS-CoV-2 
infection
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INTESTINAL SUB-EPITHELIAL MYOFIBROBLASTS 
AUGMENT BMP SIGNALING TO PROMOTE STEM 
CELL REGENERATION
McCarthy, Neil - Medical Oncology, Dana-Farber Cancer 
Institute, Boston, MA, USA
Madha, Shariq - Medical Oncology, Dana-Farber Cancer 
Institute, Boston, MA, USA
Tie, Guodong - Medical Oncology, Dana-Farber Cancer Institute, 
Boston, MA, USA
Shivdasani, Ramesh - Medical Oncology, Dana-Farber Cancer 
Institute, Boston, MA, USA

Intestinal stem cells (ISCs) sustain and replenish a continually 
shedding epithelium and are housed in crypt invaginations of 
the mucosa. Here, ISCs self-replicate and produce daughter tran-
sit-amplifying cells, or progenitors, that are pushed towards the 
tops of crypts into finger-like protrusions called villi where they 
terminally differentiate. During intestinal damage, including in-
flammatory bowel disease, the epithelium regenerates ISCs by 
de-differentiation of crypt progenitors. A crucial question in stem 
cell biology is how regeneration is achieved. At homeostasis, ISCs 

depend on a surrounding mesenchymal environment termed 
“the niche”. The niche sustains the proper balance between ISC 
self-replication and differentiation via signaling gradients, includ-
ing Bone Morphogenetic Proteins (BMPs), which promote epi-
thelial differentiation. The niche is composed of a heterogenous 
mixture of cells that are anatomically, molecularly, and function-
ally distinct, including PDGFRA+ fibroblasts and smooth muscle. 
PDGFRA+ sub-epithelial myofibroblasts (SEMFs) occur closest to 
the epithelial-mesenchymal barrier, concentrate at tops of crypts, 
produce abundant BMPs, and promote in vitro epithelial differ-
entiation. Sub-cryptal localized trophocytes and smooth muscle 
provide ISC sustaining factors, including BMP inhibitors, and are 
required to maintain ISCs in vivo and in vitro. While the niche sus-
tains epithelial homeostasis, it is unclear what role it plays during 
ISC regeneration. We find that the transcriptomes of sub-cryptal 
supporting cells are largely unchanged following epithelial dam-
age and ISC loss. In contrast, SEMFs reduce expression of BMP 
ligands and increase expression of BMP antagonists. Epithelial 
BMP activity, reflected in nuclear pSMAD expression, becomes 
attenuated as a result. Using in vitro and in vivo perturbations, we 
detail a previously unappreciated role for SEMFs in ISC regenera-
tion via modulation of peri-cryptal BMP signaling.

Funding Source: Supported by National Institutes of Health 
awards U01DK103152 and R01DK121540 (to R.A.S.) and 
K01DK125639 (to N.M.).

Keywords: intestinal stem cell regeneration, stem cell-niche 
interactions, intestinal sub-epithelial myofibroblasts
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RAPID ASSESSMENT OF VIABILITY IN PATIENT-
DERIVED CANCER ORGANOIDS
Olsen, Cathy - Marketing, Molecular Devices, LLC, San Jose, 
CA, USA
Sirenko, Oksana - Marketing, Molecular Devices, LLC, San Jose, 
CA, USA
Greenow, Kirsty - Marketing, Cellesce, Cardiff, UK
Lim, Angeline - Marketing, Molecular Devices, LLC, San Jose, 
CA, USA

Cancer cell lines grown in 2D have long served as experimental 
surrogates for cancers. In recent years, the 3D culture of cancer 
cells, often alongside other cell types in formats where they can 
form multi-layered structures, is enabling new models for cancer 
research that are considered more biologically relevant. Cancer 
organoids derived from patient tissue offer researchers a high-
ly relevant disease model system, as these organoids and the 
patients from which they were derived have been shown to re-
spond similarly to drugs. Recently, these models have become 
more widely utilized, thanks to standardization and scalability that 
have made available large numbers of uniformly sized and highly 
viable organoids. Characterization of organoid response to can-
didate drug treatment is a powerful research tool that provides 
a wealth of detailed information. While automation can help to 
scale up the process, screening a large number of compounds re-
quires significant effort and hands-on time. Streamlining the pro-
cess is important for rapid identification of compounds that can 
be followed up with more time-consuming studies. We demon-
strate here the methods for analyses of key parameters such as 
cell viability or metabolic markers that allow rapid identification 
of effective drug candidates, and can be combined with more 
complex image analysis. We have worked with several colorec-
tal cancer organoid lines derived from patient tissues. Organoids 
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) were placed in 384-well microplates either manually or using an 
automated liquid handling system and treated with a set of twelve 
selected anti-cancer compounds, including romidepsin, cisplatin, 
doxorubicin, and trametinib, for 3 or 5 days. Organoid number 
and overall morphology were assessed by label-free transmitted 
light imaging, then organoids were lysed and assayed for viability 
using a luminescent ATP assay. The cell viability assay was used 
to quantitatively analyze drug responses, which were combined 
with automated image analyses for characterization of compound 
effects on organoid size and morphology. We demonstrated dif-
ferential effects of various compounds on cell viability and struc-
ture. We demonstrated the usefulness of the microplate read-
er-based ATP assay and label-free imaging methods for rapidly 
gauging drug response in patient-derived organoids.

Keywords: patient-derived organoids, cancer, three-dimensional 
cell culture
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AUTOPHAGIC FLUX IS UNAFFECTED IN 
OCA1A PATIENT DERIVED RETINAL PIGMENT 
EPITHELIUM
Leigh, Arnold Y. - Ophthalmic Genetics and Visual Function 
Branch, National Institutes of Health, Bethesda, MD, USA
Abu-Asab, Mones - Ophthalmic Genetics and Visual Function 
Branch, National Institutes of Health, Bethesda, MD, USA
Bharti, Kapil - Ophthalmic Genetics and Visual Function Branch, 
National Institutes of Health, Bethesda, MD, USA
Brooks, Brian - Ophthalmic Genetics and Visual Function 
Branch, National Institutes of Health, Bethesda, MD, USA
George, Aman - Ophthalmic Genetics and Visual Function 
Branch, National Institutes of Health, Bethesda, MD, USA
Sharma, Ruchi - Ophthalmic Genetics and Visual Function 
Branch, National Institutes of Health, Bethesda, MD, USA

Oculocutaneous albinism type 1A (OCA1A) is caused due to mu-
tations in the TYROSINASE gene and results in pigmentation 
defects of the skin, hair, and eyes. Retinal pigment epithelium 
(iRPE) derived from OCA1A patients via induced pluripotent stem 
cell (iPSC) technology exhibits pigmentation defects such as the 
accumulation of pre-melanosomes, absence of mature melano-
somes, and increased presence of abnormal and degenerating 
melanosomes. Here, we investigated the levels of intracellular 
debris in OCA1A- iRPE due to defective melanosome accumula-
tion and the subsequent impact on the autophagy pathway. All 
human iPSC work was approved by the NIH Institutional Review 
Board, protocol #11-E1-0245 (NCT01432847). Three control and 
two OCA1A iPSC lines used in the study have been reported 
earlier (George et al., 2022). An isogenic pair of iPSC composed 
of normal TYR gene and CRISPR/Cas9 mediated TYR knockout 
were also generated. Directed differentiation of iPSCs towards 
RPE was performed as described earlier (Sharma et al., 2021). 
Autophagosomes were studied using transmission electron mi-
croscopy (TEM). Protein expression of autophagy-related genes 
was studied using Western blotting. OCA1A patient-derived iRPE 
exhibited a lack of pigmentation and mature melanosomes. The 
number of autophagosomes in OCA1A-iRPE was increased, but 
no significant change was observed in protein levels of ATG5 
and ATG7 between OCA1A and CTRL-iRPE. No changes were 
observed in the protein levels of LAMP2, a marker of lysosomes, 
whereas LAMP1 which localizes to lysosomes and melanosomes 
was significantly downregulated in OCA1A-iRPE. The autophagy 
marker protein LC3b remained unchanged, but p62 levels were 
significantly upregulated in OCA1A-iRPE, as studied by Western 

blotting post Bafilomycin A treatment. mTOR which plays a vital 
role in regulating autophagy and its phosphorylated form p-mTOR 
(Ser2448) were both down-regulated in OCA1A-iRPE, but the 
p-mTOR/mTOR ratio remained unchanged. OCA1A iRPE exhibits 
increased build-up of cellular debris in the form of enlarged auto-
phagosomes and increased protein levels of p62, which could be 
due to abnormal melanosome accumulation. No changes in auto-
phagic flux and p-mTOR/mTOR levels suggest that OCA1A-iRPE 
might be adapted to efficient processing of increased build-up of 
cellular debris.

Keywords: albinism, retinal pigment epithlium, autophagy
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EFFECTS OF LUNG MESENCHYME FROM 
BRONCHOPULMONARY DYSPLASIA PATIENTS 
ON LUNG EPITHELIAL ORGANOIDS
Brastrom, Lindy K. - Internal Medicine - Gastroenterology, 
University of Michigan, Ann Arbor, MI, USA
Hein, Renee - Cell and Developmental Biology, University of 
Michigan, Ann Arbor, MI, USA
Cui, Tracy - Department of Pediatrics and Communicable 
Diseases, University of Michigan, Ann Arbor, MI, USA
Glass, Ian - Department of Pediatrics, Genetic Medicine, 
University of Washington, Seattle, WA, USA
Popova, Antonia - Department of Pediatrics and Communicable 
Diseases, University of Michigan, Ann Arbor, MI, USA
Spence, Jason - Cell and Developmental Biology, University of 
Michigan, Ann Arbor, MI, USA

Bronchopulmonary dysplasia (BPD) is a chronic lung disease 
which develops in infancy and can persist throughout life. BPD 
commonly occurs in premature newborns as the lungs contin-
ue to develop and mature up to, and after, a normal term birth. 
Thus, premature newborns have underdeveloped lungs and of-
ten require lifesaving oxygen supplementation and mechanical 
ventilation which can cause damage resulting in BPD. BPD pa-
tient lungs have larger and more simplified alveoli than healthy 
counterparts; however, the mechanisms leading to BPD are not 
fully understood. Alveolar development requires coordinated 
mesenchyme-epithelial interactions. Recent work has shown that 
hyperoxia can affect mesenchymal cell transcription and protein 
secretion, suggesting that perturbations to the mesenchyme may 
contribute to BPD. Despite this, there is still much unknown re-
garding how mesenchymal cells, through physical interactions or 
secreted factors, influence epithelial cell function during normal 
human development and in the context of BPD. To address this 
gap, our lab has developed several primary human tissue organ-
oid and explants, and iPSC-derived lung organoids that allow us 
to interrogate undifferentiated epithelial progenitor cells, airway, 
and alveolar cells. Here, we use well-characterized lung mesen-
chyme from healthy and age-matched BPD patients. We function-
ally interrogate healthy and BPD patient mesenchymal cells to 
determine how they influence epithelial cell behavior, differenti-
ation, and function using co-cultures with human tissue models. 
This work will aid in our understanding of the progression of BPD, 
specifically how the lung mesenchyme influences epithelial de-
velopment.

Keywords: lung disease, mesenchyme, bronchopulmonary 
dysplasia
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RECAPITULATION OF THE PATHOPHYSIOLOGY 
OF INFLAMMATORY BOWEL DISEASE USING 
HUMAN IPS CELL-DERIVED COLONIC EPITHELIAL 
CELLS
Yokoi, Fuki - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Deguchi, Sayaka - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Takayama, Kazuo - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan

Inflammatory bowel disease (IBD) is a chronic inflammation of the 
gastrointestinal tract. To our knowledge, the pathogenesis of IBD 
remains unknown and there is no treatment to achieve complete 
recovery. There are only a few IBD models that allow us to ana-
lyze how colonic epithelial cells are damaged in IBD. Therefore, 
we tried to establish an IBD model using human induced plurip-
otent stem cells-derived colonic epithelial cells (iPS-CECs). We 
confirmed that the expression levels of colonic markers were ex-
pressed in the iPS-CECs at high levels suggesting that iPS-CECs 
have colonic characteristics. To recapitulate IBD, iPS-CECs were 
treated with pro-inflammatory cytokines, tumor necrosis factor-α 
(TNF-α), interferon-gamma (IFN-γ), and interleukin 1 beta (IL-1β), 
produced by immune cells in the intestine of IBD. The gene ex-
pression levels of inflammatory markers (e.g., IL-8 or IL-6) and 
human beta-defensin-2 (hBD-2) in iPS-CECs were increased by 
cytokines treatment. Consistently, ELISA analysis showed that the 
IL-8 production capacity of cytokines-treated iPS-CECs was 25.7 
times higher than that of vehicle-treated iPS-CECs. These results 
suggest that IBD-related inflammatory responses could be repro-
duced by cytokines treatment. In addition, we found that lactate 
dehydrogenase (LDH) release in cytokines-treated iPS-CECs 
was 2.6 times higher than that in vehicle-treated iPS-CECs. We 
also evaluated the gene expression levels of markers of colonic 
epithelial cells (colonocytes, goblet cells, enteroendocrine cells, 
and intestinal stem cells). The cytokines treatment decreased the 
gene expression levels of colonocyte and goblet cell markers, 
while it increased the gene expression levels of intestinal stem 
cell marker. Taken together, these results suggest that cytokines 
treatment causes cytotoxicity and alters the cellular composition 
of iPS-CECs. In conclusion, we succeeded in recapitulating IBD 
pathophysiology using iPS-CECs.

Funding Source: This research was supported by the iPS Cell 
Research Fund, the Japan Agency for Medical Research and 
Development (AMED) (JP21gm1610005), and Japan Science and 
Technology Agency (JST), ACT-X (JPMJAX222A).

Keywords: inflammatory bowel disease, human iPS cells, colonic 
epithelial cells
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PERTURBATION OF EPITHELIAL CELL STEMNESS 
LEADS TO COLITIS IN CBP-AA-KNOCKIN MICE 
THROUGH ENHANCED BINDING OF CBP TO P53
Chen, Ching-Chow - Department and Graduate Institute of 
Pharmacology, National Taiwan University College of Medicine, 
Taipei, Taiwan
Lin, Yi-Ting - Department of Pharmacology, National Taiwan 
University, College of Medicine, Taipei, Taiwan
Liu, Chi - Department of Pharmacology, National Taiwan 
University, College of Medicine, Taipei, Taiwan

Inflammatory bowel diseases (IBDs) including Crohn’s disease 
(CD) and ulcerative colitis (UC) are chronic inflammation of intes-
tine to result in bloody diarrhea and severe abdominal pain. Its 
etiology involves dynamic alterations in multiple cell types includ-
ing epithelial, stem, mesenchymal and immune cells. The single 
layer epithelium is composed of different specialized intestinal 
epithelial cells (IECs) characterized by high turnover rate to main-
tain barrier integrity. The IECs are tightly orchestrated by a rapid 
self-renew of intestinal stem cells (ISCs). Abnormalities in intesti-
nal barrier integrity are associated with elevation of intestinal per-
meability and lead to intestinal inflammation. CBP is a transcrip-
tional coactivator modulating DNA accessibility for transcription 
factors. We previously demonstrated that IKKa phosphorylating 
CBP at Ser1382/1386 (human) plays a critical role in regulating 
cell fate by enhancing CBP binding to NF-kB but suppressing its 
binding to p53. These suggested that post-translational modifica-
tion (PTM) of CBP plays an important role in regulating cell fates. 
CBP-AA-knockin mice were therefore generated by replacing 
CBP Ser1383/1387 with alanines (AA) and exhibit a spontaneous 
colitis phenotype. Proximity ligation assay showed an abundant 
binding of CBP to p53 in colonic IEC of CBP-AA mice instead of 
binding to NF-kB (p65) in CBP-WT mice. The role of impaired CBP 
phosphorylation in regulating colonic stem cells was unveiled by 
reduced number of Lgr5-eGFP+ stem cells in CBP-AA/Lgr5-eGFP 
mice demonstrated by immunofluorescence (IF) staining and flow 
cytometry analysis. A near-physiological primary epithelial 3D or-
ganoids grown from a single Lgr5+ stem cell in colonic crypt and 
consisting of various differentiated epithelial lineages are estab-
lished. CBP-AA organoids show reduced organoid-forming effi-
ciency and organoid size, while those from CBP-AA/Vil-p53KO 
mice are not seen and colitis phenotype is diminished in these 
mice as well. These suggest that a defect in PTM of CBP phos-
phorylation might dampen IEC stemness through a CBP/p53-de-
pendent pathway, contributing to spontaneous colitis in CBP-AA 
mice. A new insight that PTM of CBP phosphorylation modulates 
IECs stemness per se and its defect translated into a clinically 
important human IBD is explored.

 Keywords: IBDs, Lgr5, CBP, P53, organoid, Intestinal epithelial 
cells (IECs), Intestinal stem cells (ISCs), Post-translational 
modification (PTM)
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DISSECTION OF PARTICULATE MATTER 10 
EXPOSURE BASED ON 2D AND 3D INTESTINAL 
EPITHELIUM MODEL SYSTEM
Son, Ye Seul - Stem Cell Convergence Research Center, Korea 
Research Institute of Bioscience and Biotechnology (KRIBB), 
Daejeon, Korea
Son, Mi-Young - Stem Cell Convergence Research Center, 
Korea Research Institute of Bioscience and Biotechnology, 
Daejeon, Korea

Particulate matter (PM) is classified as one of air pollution and 
cause of various diseases. PM through direct ingestion or inha-
lation has been a known cause of inflammatory disease and an 
imbalance of the gut microbiome in the GI tract. However, the role 
of PM10 as a risk factor for the exacerbation of inflamed intestinal 
epithelium has still unknown. Here, we established the chronic 
inflamed intestinal epithelium models using human pluripotent 
stem cells (hPSCs)-derived 2D and 3D intestinal epithelial mod-
els for the study of the deleterious effect of PM10. The inflamed 
2D human intestinal epithelial cells (hIECs) and 3D human intes-
tinal organoids (hIOs) exhibited pathology such as inflammatory 
response, decreased intestinal markers, and disturbed epithelial 
barrier function. The PM10 exposure affects additive disease se-
verity and lead to altered gene expression in inflamed 2D hIECs 
and 3D hIOs. Importantly, we identified that the PM10 exposure 
impaired the calcium signaling pathway and protein digestion 
and absorption pathway in inflamed 2D IECs and 3D hIOs. These 
results demonstrated that the calcium signaling-mediated delete-
rious effect of PM10 such as intestinal dysfunctions in inflamed 2D 
and 3D intestinal epithelium models and may be used as promis-
ing therapeutic candidates.

Keywords: human intestinal epithelium, human intestinal 
organoid, Particulate matter 10

TOPIC: GERMLINE AND EARLY EMBRYO

472

GENOME-WIDE ANALYSIS OF 
HAPLOINSUFFICIENCY DISORDERS UTILIZING 
HUMAN EMBRYONIC STEM CELLS AND NEURAL 
PROGENITOR CELLS
Sarel-Gallily, Roni - Genetics, The Hebrew University of 
Jerusalem, Israel
Golan Lev, Tamar - Department of Genetics, The Hebrew 
University, Jerusalem, Israel
Sagi, Ido - Department of Genetics, The Hebrew University, 
Jerusalem, Israel
Yilmaz, Atilgan - Department of Genetics, The Hebrew 
University, Jerusalem, Israel
Benvenisty, Nissim - Department of Genetics, The Hebrew 
University, Jerusalem, Israel

Haploinsufficiency describes a phenomenon where one function-
ing allele of a gene in a diploid cell or organism is insufficient for a 
normal phenotype. Although haploinsufficiency underlies several 
human diseases, the effect of haploinsufficiency on human em-
bryonic stem cell (hESC) growth and proliferation has not been 
thoroughly studied. Here, we aimed to identify genes affecting 
the normal growth of hESCs when one of their two alleles is lost. 
To establish a genome-wide loss-of-function screening for het-

erozygous mutations, we fused normal haploid cells with a library 
of mutant haploid hESCs. We have identified over 600 genes with 
a negative effect on hESC growth in a haploinsufficient manner 
and characterized them as genes that show less tolerance to mu-
tations, more conservation during evolution and depletion from 
telomeres and X chromosome. Interestingly, a large fraction of 
these haploinsufficiency genes is associated with the extra-cellu-
lar matrix and the plasma membrane. We have revealed an enrich-
ment of genes causing haploinsufficiency disorders within WNT 
and TGF-b signal transduction pathways. We could thus identify 
haploinsufficiency-related genes and pathways that show growth 
retardation in early embryonic cells, suggesting dosage-depen-
dent phenotypes in hESCs. There are several neurodegenerative 
disorders affected by haploinsufficiency phenomenon, and many 
of them are related to autism. We thus differentiated the library 
of heterozygote mutations into neural progenitor cells (NPCs) 
and identified about the genes essential for their normal differ-
entiation in a haploinsufficient manner. We were able to identify 
neuro-related dosage-sensitive pathways and detected several 
autism-related genes with a haploinsufficiency effect, suggesting 
that they can be modelled at early stages of differentiation. Over-
all, we have constructed a novel model system for studying hap-
loinsufficiency in both hESCs and NPCs, and thus were able to 
characterize important dosage-dependent genes and pathways 
involved in their normal growth and pathology. The initial part of 
the research was published in Cell Reports (2022).

Keywords: Haploinsufficiency Disorders, Human Pluripotent 
Stem Cells, Neural Progenitor Cells
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INTER-GASTRULOID HETEROGENEITY REVEALED 
BY SINGLE CELL TRANSCRIPTOMICS TIME 
COURSE: IMPLICATIONS FOR ORGANOID BASED 
PERTURBATION STUDIES
Kafetzopoulos, Ioannis - Epigenetics Department, University of 
Cambridge, UK
Marioni, John - European Bioinformatics Institute, European 
Molecular Biology Laboratory, Cambridge, UK
Reik, Wolf - Cambridge Institute, Altos Labs, Cambridge, UK
Rosen, Leah - European Bioinformatics Institute, European 
Molecular Biology Laboratory, Cambridge, UK
Santambrogio, Alice - Epigenetics Department, University of 
Cambridge, Babraham Institute, Cambridge, UK
Stapel, Carine - Epigenetics Department, University of 
Cambridge, Babraham Institute, Cambridge, UK

Recent advances in organoid and genome editing technologies 
are allowing for perturbation experiments at an unprecedented 
scale. However, before doing such experiments it is important to 
understand the gene expression profile in each of the organoid’s 
cells, as well as how much heterogeneity there is between individ-
ual organoids. Here we characterise an organoid model of mouse 
gastrulation called gastruloids using single cell RNA-sequencing 
of individual organoids at half-day intervals between day 3 and 
day 5 of differentiation (roughly corresponding to E6.5-E8.75 in 
vivo). Our study reveals multiple differentiation trajectories that 
have hitherto not been characterised in gastruloids. Intriguingly, 
we observe that individual gastruloids displayed a strong bias 
towards producing either mesodermal (largely somitic) or ecto-
dermal (specifically neural) cell types. This bifurcation is already 
seen at the earliest sampled time point, and is characterised by 
increased activity of WNT-associated pathways in mesodermal-
ly-biased gastruloids as compared to neurally-biased gastruloids. 
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Notably, at day 5, mesodermal gastruloids show an increase in 
the proportion of neural cells, while neural gastruloids do not 
produce notably more mesodermal cells. This is in line with pre-
vious studies on how the balance between these cell types is 
regulated. We demonstrate using in silico simulations that with-
out proper understanding of the inter-organoid heterogeneity, 
perturbation experiments have either very high false positive or 
negative rates, depending on the statistical model used. Thus in 
future studies, modelling of inter-organoid heterogeneity will be 
crucial when designing organoid-based perturbation studies.

Funding Source: European Research Council (ERC)

Keywords: Gastruloid, Lineage Commitment, Multi-seq
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HUMAN PLURIPOTENT STEM CELL AS A 
PLATFORM FOR IN VITRO MODELING OF 
INTRACRANIAL GERM CELL TUMORS
Clairmont, Cullen - Medical College, University of Connecticut 
School of Medicine, Farmington, CT, USA
McDonough, Justin - Cellular Engineering, The Jackson 
Laboratory for Genomic Medicine, Farmington, CT, USA
Ryan, Mallory - Cellular Engineering, The Jackson Laboratory of 
Genomic Medicine, Farmington, CT, USA
Gell, Joanna - Pediatric Hematology-Oncology, Connecticut 
Children’s, The Jackson Laboratory for Genomic Medicine, 
Farmington, CT, USA
Lau, Ching - Pediatric Hematology-Oncology, Connecticut 
Children’s, The Jackson Laboratory for Genoimic Medicine, 
Farmington, CT, USA

Intracranial germ cell tumors (iGCTs) are a rare pediatric and ad-
olescent/young adult (AYA) tumor arising from primordial germ 
cells (PGCs). The paucity of in-vitro models for studying iGCTs has 
stifled research; however, the recent development of human PGC-
like cells (hPGCLCs) generated from human pluripotent stem cells 
(hPSCs) opened novel avenues to explore the transformation of 
PGCs into iGCTs. iGCTs harbor few somatic mutations, but alter-
ations in the KIT/RAS pathways are most common and play a key 
role in tumorigenesis. There is likely genetic predisposition for 
developing iGCT because individuals from East Asian nations are 
disproportionally diagnosed with iGCTs. Interestingly, a germline 
variant of the histone lysine demethylase JMJD1C has been iden-
tified in Japanese patients with iGCTs. The mechanism by which 
these mutations alter PGC development and lead to tumorigenic 
transformation is not fully understood, but the hPSC-to-hPGCLC 
method provides for the investigation of these mechanisms. We 
sought to develop an in-vitro model of PGC transformation into 
iGCTs using the hPSC-to-hPGCLC method. We hypothesize that 
hPSCs, engineered to harbor somatic and/or germline mutations 
found in iGCTs, can be differentiated into hPGCLCs and then 
meaningfully evaluated for tumorigenic potential. Two parental 
hPSC cell lines, one from a European Caucasian male (KOLF2.1J) 
and one a Japanese male (WTC11.1J), were genetically targeted, 
cultured, and differentiated. hPSCs harboring the JMJD1C mu-
tation S880P and/or the KIT mutation D816V were genetically 
engineered using CRISPR/Cas9. Single mutants were generat-
ed as homozygous and heterozygous, while the double mutant 
lines have heterozygous mutations at both loci. For each engi-
neered hPSC line, hPGCLCs were generated using the two-step 
differentiation method, in which hPSCs were first differentiated 
into incipient mesoderm-like cells (iMeLCs) before being formed 
into aggregates that contain hPGCLCs. Each engineered hPSC 

line was evaluated for their ability to maintain pluripotency and to 
differentiate into iMeLCs and PGCLCs. PGCLCs generated from 
hPSCs with iGCT-relevant mutations are an important tool for in-
vestigating the effect of these genes on hPGCLC transformation 
and developing targeted therapeutics for iGCTs.

Keywords: human pluripotent stem cells, human primordial 
germ cells, intracranial germ cell tumor
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GENERATION AND CHARACTERIZATION OF 
TRIPLOID HUMAN EMBRYONIC STEM CELLS AND 
THEIR DIFFERENTIATED DERIVATIVES
Haim, Guy - Genetics, The Hebrew University, Jerusalem, Israel
Golan-Lev, Tamar - The Azrieli Center for Stem Cells and 
Genetic Research, Department of Genetics, The Hebrew 
University of Jerusalem, Israel
Koren, Amnon - Molecular Biology and Genetics, Cornell 
University, Ithaca, NY, USA
Benvenisty, Nissim - The Azrieli Center for Stem Cells and 
Genetic Research, Department of Genetics, The Hebrew 
University of Jerusalem, Israel

Humans are diploid organisms, and only a few tissues in our body 
naturally harbor cells with different number of complete genomic 
copies. However, triploidy in human embryos is not very rare, as it 
is responsible for ~10% of spontaneous miscarriages, and surpris-
ingly, some of these pregnancies proceed to term. These triploid 
infants suffer from many physical and mental deficiencies, usually 
leading to their early death. To investigate the impact of triploidy 
on human development, we generated triploid human embryon-
ic stem cells (hESCs) by fusing haploid and diploid hESCs. This 
allowed us to study the behavior of triploid compared to diploid 
hESCs carrying the same genetic background. Triploid hESCs 
showed a typical morphology of hESCs, with a larger volume than 
the diploid cells (leading to decreased surface area to volume 
ratio). We analyzed the genome-wide transcription, methylation, 
and replication timing profiles, as well as the pluripotency of 
these cells. Both diploid and triploid hESCs express all pluripotent 
stem cell markers, although we identified differential expression 
of genes linked to several transport and metabolic processes. 
To explore the cell size’s effect on triploid hESCs’ transcriptome, 
we analyzed the expression of membrane-associated proteins in 
triploid cells, identifying a significant decreased expression of ion 
channels. Interestingly, we observed a very significant decrease 
in the ability of triploid hESCs to differentiate to the three germ 
layers and especially into the neural lineage, both in vivo and in 
vitro, compared to their diploid counterparts. This inhibition in dif-
ferentiation may correspond to the downregulation of ion chan-
nels, as we show that many of these genes are essential in neural 
progenitor cells but not in hESCs. Notably, our research raises 
the possibility that triploidy-related pathologies may emerge due 
to the physical dimensions of the cells affecting their initial stages 
of development, and emphasizes our unique platform in studying 
the effects of ploidy on early human development.

Keywords: Human pluripotent stem cells, Polyploidy, Human 
development
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ENGINEERED THREE-DIMENSIONAL VESSELS-
ON-A-CHIP TO MODEL INFLAMMATORY 
RESPONSES USING HIPSC-DERIVED VASCULAR 
CELLS AND MONOCYTES
Bulut, Merve - Anatomy and Embryology, Leiden University 
Medical Center, Leiden, Netherlands
Wiendels, Maury - Department of Anatomy and Embryology, 
Leiden University Medical Center, Leiden, Netherlands
van den Hil, Francijna - Department of Anatomy and 
Embryology, Leiden University Medical Center, Leiden, 
Netherlands
de Graaf, Mees - Department of Anatomy and Embryology, 
Leiden University Medical Center, Leiden, Netherlands
Vila Cuenca, Marc - Department of Anatomy and Embryology, 
Leiden University Medical Center, Leiden, Netherlands
Mummery, Christine - Department of Anatomy and Embryology, 
Leiden University Medical Center, Leiden, Netherlands
Orlova, Valeria - Department of Anatomy and Embryology, 
Leiden University Medical Center, Leiden, Netherlands

Inflammation is a major contributor to many vascular diseases 
leading to EC dysfunction and tissue damage. The hallmark of in-
flammatory responses is the infiltration of immune cells to the site 
of inflammation. Endothelial cells (ECs) that form the inner lining 
of all blood vessels facilitate the capture of circulating immune 
cells upon activation by local pro-inflammatory mediators. Leu-
kocyte recruitment cascade has been extensively studied using 
EC monolayers, however these models fail to mimic the complex 
and multicellular composition of human vasculature. To this end, 
we recently developed a physiologically relevant in vitro human 
vascular model to study inflammatory responses. 3D Vessels-
on-a-Chip (VoC) platform integrates hiPSC-derived ECs and hiP-
SC-derived mural cells into a lumen patterned in collagen I matrix 
using viscous finger patterning technique. The endothelial bar-
rier is formed on the following day which is directly associated 
with the surrounding hiPSC-mural cells, recapitulating physiolog-
ical cell-cell interaction. Deposition of the basement membrane 
components, such as laminin and collagen IV, by vascular cells 
was confirmed by the immunofluorescent staining. Upon treat-
ment with pro-inflammatory mediators (TNFα, IL1β, IFNγ), vascular 
cells upregulated the surface expression of adhesive receptors 
(ICAM-1), and released potent proinflammatory mediators (IL-6, 
IL-8, MCP-1), that are essential for the leukocyte recruitment cas-
cade. Pre-treated vessels were next perfused with hiPSC-derived 
monocytes under controlled flow at physiological shear stress 
using a microfluidic pump. Adhesion of hiPSC-monocytes was 
significantly higher to the inflamed endothelial barrier under flow. 
Furthermore, preliminary results suggest that continuous expo-
sure of physiological shear stress to the captured hiPSC-mono-
cytes promotes their breaching and extravasation across the en-
dothelial barrier. In conclusion, we developed an entirely isogenic 
hiPSC-derived 3D VoC model recapitulating key physiological 
aspects of vascular biology, which is valuable to study inflamma-
tory responses and barrier function. Using hiPSCs derived from 
patients with specific disease genotypes presents opportunities 

to investigate the mechanisms of inflammatory responses in vas-
cular diseases.

Funding Source: This project has received funding from the 
European Union’s Horizon 2020 research and innovation 
programme under grant agreement No. 812954.

Keywords: hiPSC-endothelial cells and monocytes, Vessels-on-
a-Chip, Inflammatory responses
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DERIVED BONE MARROW ORGANOIDS TO 
MODEL HEMATOPOIETIC DEVELOPMENT AND 
DISEASE IN A COMPLEX HUMAN NICHE
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Munich, Germany
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University Hospital, Ludwig-Maximilians-University Munich, 
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Jonsson, Gustav - Institute of Molecular Biotechnology Austria 
(IMBA), Vienna, Austria
Sterr, Michael - Institute of Diabetes and Regeneration 
Research, Helmholtz Diabetes Center, Helmholtz Center 
Munich, Neuherberg, Germany
Geuder, Johanna - Anthropology and Human Genomics, Faculty 
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Germany
Mizoguchi, Yoko - Pediatrics, Graduate School of Biomedical 
Sciences, Hiroshima University, Hiroshima, Japan
Rudelius, Martina - Institute of Pathology, Faculty of Medicine, 
Ludwig-Maximilians-University Munich, Germany
Penninger, Josef - Institute of Molecular Biotechnology Austria 
(IMBA), Vienna, Austria
Marr, Carsten - Institute of AI for Health, Helmholtz Munich 
- German Research Center for Environmental Health, 
Neuherberg, Germany
Klein, Christoph - Pediatrics, Dr. von Hauner Children’s Hospital, 
University Hospital, Ludwig-Maximilians-University Munich, 
Germany

Organoids generated from induced pluripotent stem cells (iPSCs) 
are powerful tools to model human development and diseases 
in vitro. Three-dimensional model systems to study hematopoie-
sis in concert with vasculogenesis and osteogenesis are needed. 
Here we developed a method for the generation of complex hu-
man iPSC-derived bone marrow organoids (BMOs) consisting of a 
de novo vascular network, a multilineage hematopoietic compart-
ment and a heterogeneous mesenchymal compartment. After 
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embryoid body (EB) formation mesoderm was induced and pat-
terned by a sequential combination of Wnt activation and Activin/
Nodal inhibition. EBs were embedded into a 3D matrix and stim-
ulated with defined cytokine cocktails to generate hematopoietic 
progenitor cells while maintaining endothelial and mesenchymal 
cell generation. Sprouted EBs were then separated and trans-
ferred into a 96-well plate to promote full organoid maturation un-
til day 17. Analysis of cellular composition by scRNA-seq revealed 
a hematopoietic compartment consisting of myeloid cells, such 
as GMPs, neutrophils, monocytes and macrophages, but also 
megakaryocyte-like cells, lymphoid progenitors and a cluster of 
cells expressing genes of HSPCs. The endothelial compartment 
was characterized by arterial gene expression. In the mesenchy-
mal compartment we could identify pericyte-like cells, as well as 
smooth-muscle cells and osteochondrogenic precursors. These 
three main cellular compartments were confirmed by flow cytom-
etry. Sorted HSPCs and MSPCs showed multilineage potential. 
Using confocal, two-photon and electron microscopy we found 
a complex spatial architecture of hematopoietic cells embedded 
into a lumen-forming vascular network covered by pericytes rem-
iniscent of human bone marrow in vivo. Moreover, gene-edited 
BMOs modelled aspects of an inherited bone marrow failure syn-
drome. Finally, BMOs can be transplanted into immunodeficient 
mice and connect to the murine vasculature. In summary, human 
iPSC-derived BMOs may prove useful to study hematopoietic de-
velopment and disease evolution in a complex three-dimensional 
environment. Since the lack of vasculature and immune cells is 
a common limitation of current organoid protocols, BMOs offer 
further potential for incorporation into other organoid systems.

Keywords: bone marrow organoid, hematopoiesis, human niche
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REPURPOSING OF FDA APPROVED DRUGS 
TO TARGET QKI-7 AND RESCUE DIABETIC 
VASCULOPATHY
Cornelius, Victoria Ann - Wellcome-Wolfson Institute for 
Experimental Medicine, Queen’s University Belfast, UK
Zhang, Shu-Dong - School of Biomedical Sciences, Ulster 
University, Belfast, UK
Grieve, David - Wellcome-Wolfson Institute for Experimental 
Medicine, Queen’s University Belfast, UK
Margariti, Andriana - Wellcome-Wolfson Institute for 
Experimental Medicine, Queen’s University Belfast, UK

Vascular disease is a major cause of morbidity and mortality in 
diabetes mellitus. Whilst underlying mechanisms remain poorly 
defined, it is clear that endothelial cell (EC) dysfunction plays a 
central role, thereby representing a potential therapeutic target. 
Due to problems surrounding primary ECs, iPSC derived ECs (iPS-
ECs) have emerged as valuable research models. We assessed 
the ability of diabetic derived iPS-ECs (dbiPS-ECs) to effectively 
recapitulate the disease phenotype. Sequencing and functional 
analysis revealed dbiPS-ECs to have reduced angiogenic ca-
pacity, mitochondrial dysfunction, impaired barrier function and 
increased ROS generation versus those from healthy donors; 
demonstrating dbiPS-ECs as clinically relevant models of diabetic 
vasculopathy that could help uncover pathogenic mechanisms 
and develop novel therapies. We previously highlighted QKI-7 to 
be a critical mediator of vascular dysfunction in experimental dia-
betes with knockdown in vivo following hindlimb ischemia to sig-
nificantly restore blood flow and reperfusion. Further evaluation 
since has revealed QKI-7 to promote the degradation of down-
stream homeostatic genes, COL4A2, TMEM184A and PPP1R15A 

in dbiPS-ECs resulting in impaired tube formation, identifying 
three mediators of QKI-7 orchestrated angiogenic dysfunction 
and further highlighting QKI-7 as an attractive therapeutic target 
for diabetic vasculopathy. Connectivity mapping of QKI-7 gene 
signatures against FDA approved compounds was subsequently 
performed to identify drugs which may suppress its activity, with 
three drugs found to have potential to target QKI-7 expression. 
In vitro studies in dbiPS-ECs confirmed the ability of each drug to 
suppress QKI-7 signalling and restore vascular function, quanti-
fied by tube formation, barrier function and ROS production. Tak-
en together, these findings validate the use of dbiPS-ECs as dis-
ease models, provide a key insight into the signalling pathways 
underlying diabetic vasculopathy, particularly identifying QKI-7 
as a central mediator of EC dysfunction and highlights COL4A2, 
TMEM184A and PPP1R15A as key regulators of vascular function. 
Importantly, our results indicate repurposing of FDA approved 
drugs to specifically target QKI-7 as a promising therapeutic strat-
egy for this debilitating condition.

Funding Source: This work was supported by grants from 
British Heart Foundation (PG/18/29/33731), and Northern Ireland 
Department for the Economy (USI-159).

Keywords: iPS-ECs, Diabetic Vasculopathy, QKI-7
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TARGETED HESC DIFFERENTIATION IDENTIFIES 
USB1 AS A NOVEL MIRNA DEADENYLASE THAT 
REGULATES HEMATOPOIETIC DEVELOPMENT 
AND BONE MARROW FAILURE
Jeong, Ho-Chang - Division of Hematology, Washington 
University, Saint Louis, MO, USA
Shukla, Siddharth - Department of Biochemistry, University of 
Colorado, Boulder, CO, USA
Huynh, Thao - Department of Biochemistry, University of 
Colorado, Boulder, CO, USA
Fok, Wilson - Division of Hematology, Washington University in 
St. Louis, MO, USA
Parker, Roy - Department of Biochemistry, University of 
Colorado, Boulder, CO, USA
Batista, Luis - Division of Hematology, Washington University in 
St. Louis, MO, USA

Mutations in the 3’ to 5’ RNA exonuclease USB1 (U6 Biogenesis 
1) impair hematopoiesis, leading to bone marrow failure (BMF), 
and predisposition to hematologic cancer in patients with Poikilo-
derma with Neutropenia (PN). While USB1 is known to regulate 
U6 snRNA maturation, the molecular mechanism of PN remains 
unknown, as U6 levels are normal and RNA splicing is unaffected 
in patients. To understand the etiology of hematopoietic failure 
in PN, we utilized CRISPR/Cas9 to generate human embryonic 
stem cells harboring the PN-associated mutation c.531_delA in 
USB1, and subjected them to an in vitro differentiation protocol 
that recapitulates the major steps of blood development. These 
targeted hematopoietic differentiation experiments show that the 
USB1_ c.531_delA mutation severely impairs blood development, 
both of erythroid and myeloid lineages, similarly to what is ob-
served in patients. We demonstrate that hematopoietic failure in 
USB1 mutants can be reverted by expression of WT USB1, and 
that this failure is not caused by reduced levels of U6 snRNA or 
defects in splicing. Rather, we show that dysregulated miRNA lev-
els during hematopoiesis lead to impaired development in USB1 
mutants. Our data demonstrates that impaired miRNA levels in 
USB1_ c.531_delA hematopoietic cells are caused by a failure to 
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) remove destabilizing 3’ end adenylated tails, establishing USB1 
as a novel miRNA deadenylase. These results were confirmed 
when we purified recombinant human WT and mutant USB1 and 
tested its activity on 5’-FAM labeled miRNA substrates with differ-
ent 3’ end additions: WT, but not mutant USB1, removed adenos-
ines from the 3’ end of miRNAs in a time-dependent manner. We 
then show that the expression of impaired miRNAs in USB1 mu-
tants restores hematopoietic development in these cells. Finally, 
we show that 3’ end adenylation is performed by PAPD5/7 in vivo, 
and that the chemical inhibition of PAPD5/7 rescues hematopoi-
etic development in USB1 mutants. This work shows that USB1 
acts as a miRNA deadenylase and suggests PAPD5/7 inhibition 
as potential therapy for PN patients. The identification of USB1 
as a deadenylase emphasizes the importance of adenylation and 
deadenylation as 3’ end modifications that regulate decay of mul-
tiple ncRNAs, analogous to the regulation of protein stability by 
ubiquination and deubiquination.

Keywords: Hematopoiesis, Bone marrow failure, miRNAs
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DEFINING PUTATIVE EARLY MARKERS DURING 
DEFINITIVE MESODERM SPECIFICATION WITH 
NK/T CELL POTENTIAL
Yang, MengWei - Center for Regenerative Medicine, Boston 
University, Boston, MA, USA
Amirault, Julian - Molecular and Transitional Medicine, Boston 
University, Boston, MA, USA
Gojanovich, Aldana - Center for Regenerative Medicine, Boston 
University, Boston, MA, USA
Heinze, Dar - Research, Clade Therapeutics, Boston, MA, USA
Mostoslavsky, Gustavo - Center for Regenerative Medicine, 
Boston University, Boston, MA, USA

We aim to identify early developmental gene markers that are 
up-regulated during the emergence of lateral plate and meso-
derm formation using a platform of iPSCs differentiation towards 
T and NK cells. Identification of this early gene signature can help 
identify and isolate the earliest hematopoietic stem cell and pro-
vide access to an improve T cell differentiation protocol. We used 
a doxycycline inducible iPSC line to induce the Notch intracellu-
lar domain NICD1, which was instrumental in the emergence of 
definitive hematopoiesis. Cells from different time points during 
differentiation, including day 0-4, were used to map the gene sig-
natures during the early stages of T cell differentiation via 10x 
genomics single-cell sequencing and Flow cytometry. Selected 
genes were validated via qRT-PCR and used to test isolation of 
progenitors with T/NK cell potential. Induction of the Notch 1 path-
way immediately after exit from pluripotency yields robust meso-
dermal formation with potential for T and NK differentiation. In 
the early stages, as the cells leave pluripotency and enter the 
primitive streak, we found that dox-induced iPSCs and non-in-
duced iPSCs navigate two different pathways of differentiation 
from day 0-2, which later converge back together into one pop-
ulation by day 4. This differential gene signature is associated 
with the emergence of nascent mesoderm strongly reminiscent 
of normal human embryonic development. Taking advantage of a 
novel protocol for the differentiation of human iPSC into T and NK 
cells, we have identified a gene set signature associated with the 
earliest emergence of nascent mesodermal cells with definitive 
hematopoietic potential.

Keywords: Notch activation, Mesoderm, T and NK differentiation
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A DERMAL FIBROBLAST DERIVED HUMAN 
INDUCED PLURIPOTENT STEM CELL (HIPSC) LINE 
THAT EFFICIENTLY DIFFERENTIATES INTO NK 
CELLS
Bailey Steinitz, Lindsay - Cell Biology, Thermo Fisher Scientific, 
Carlsbad, CA, USA
Chandra, Vivek - Cell Biology, Thermo Fisher Scientific, 
Carlsbad, CA, USA
Merzouk, Sarra - Cell Biology, Thermo Fisher Scientific, 
Carlsbad, CA, USA
Pierpoint, James - Cell Biology, Thermo Fisher Scientific, 
Carlsbad, CA, USA
Willems, Erik - Cell Biology, Thermo Fisher Scientific, Carlsbad, 
CA, USA

Natural killer (NK) cells are specialized cells of the immune sys-
tem that play critical roles in innate and adaptive immunity. Their 
ability to target and kill tumor cells have made them a promising 
candidate for the next generation of cell-based immunotherapies. 
NK cells, like T cells, can be engineered to express chimeric an-
tigen receptors (CARs) to improve targeting the cancer cell of in-
terest. NK cell therapies have the potential to use as an allogenic 
therapeutic with main advantages being reduced cost and great-
er accessibility to patients. The use of primary NK cells to reach 
expansion requirements for manufacturing has proved difficult, 
and their genetic engineering is more challenging compared to 
other immune cell types. However, human induced pluripotent 
stem cells can be utilized to generate a nearly endless supply of 
NK cells and their genomes can be engineered easily. Here, we 
report the generation of a human induced pluripotent stem cell 
(hiPSC) lines with the intent to identify iPSC lines that are amena-
ble to NK differentiation. We identified that one of the hiPSC lines 
derived from human dermal fibroblasts, which was normal in a 
variety of pluripotency and genomic stability assays, efficiently 
differentiates into NK cells. These NK cells express functional NK 
cell markers, and we also demonstrate that these hiPSC differ-
entiated NK cells are functional by different cell- based assays 
like target cell killing and cytokine release assays. In summary, 
we have identified iPSC lines and a differentiation workflow that 
enable efficient generation of functional iPSC- derived NK cells.

Keywords: Natural Killer cells, human Induced Pluripotent Stem 
Cells, NK cell characterization
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INVESTIGATING THE ROLE OF APOPTOSIS 
REGULATION IN CANCER THERAPY-INDUCED 
VASCULAR TOXICITIES USING HUMAN IPSC-
ENDOTHELIAL CELLS
Florido, Mary Heather Celine C. - Harvard Stem Cell and 
Regenerative Biology and Harvard Stem Cell Institute, 
Environmental Health Department, John B. Little Radiation 
Center, Harvard University, Harvard T.H. Chan School of Public 
Health, Cambridge, MA, USA
Rubin, Lee - Harvard Department of Stem Cell and Regenerative 
Biology, Harvard University, Harvard Stem Cell Institute, 
Cambridge, MA, USA
Sarosiek, Kristopher - Environmental Health, Harvard University, 
Harvard T.H. Chan School of Public Health, John B. Little Center 
of Radiation Sciences, Boston, MA, USA
Spetz, Johan - Department of Environmental Health, Harvard 
University, John B. Little Center for Radiation Sciences, Harvard 
T.H. Chan School of Public Health, Boston, MA, USA

Advances in cancer treatments have improved overall survival 
rates of cancer patients. However, cytotoxic and targeted ther-
apies can inflict collateral damage on healthy tissues and trigger 
apoptosis (programmed cell death), leading to long-term toxici-
ties. Vascular toxicity is the second most prevalent clinical conse-
quence for cancer survivors after chemotherapy or radiation ther-
apy, and manifests itself as atherosclerosis, heart failure, acute 
thrombosis, or venous thromboembolism. The development of 
vascular toxicity is poorly understood, in part due to the lack of 
suitable in vitro model systems for mechanistic study. Using hu-
man pluripotent stem cells (hPSCs) for in vitro disease modeling, 
we investigated cancer therapy-induced vascular toxicities in hP-
SC-derived vascular endothelial (ECs) and smooth muscle cells 
(VSMCs). We hypothesized that high levels of apoptotic priming 
in these cell types would predispose them to dying in response 
to cancer therapies, resulting in a range of presentation and se-
verity of vascular toxicity. Using BH3 profiling, we find that ECs 
and VSMCs are both primed for apoptosis, contributing to their 
high sensitivity to cancer therapies. We treated ECs and VSMCs 
with a panel of chemotherapeutic agents and radiation therapy 
and found divergent levels of sensitivity in ECs versus VSMCs to 
specific classes of agents, which were then linked to particular 
cardiovascular toxicities in patients based on pharmacovigilance 
data. We also found that radiation therapy preferentially induced 
apoptosis in vascular ECs and not parenchymal cells in vivo, indi-
cating that ECs are the “weakest link” within most healthy tissues, 
with their loss driving cardiovascular and other tissue failure. Im-
portantly, knockdown of pro-apoptotic BAX and BAK protects ECs 
from a panel of anti-cancer agents, therefore blocking apoptosis 
could potentially prevent toxicities in cancer patients. Altogether, 
we have developed an in vitro human platform to investigate vas-
cular toxicity in response to chemotherapeutics, and show that 
vascular cells respond diversely to a variety of drugs. In future 
work we will investigate how age modifies vascular apoptotic reg-
ulation. These results will improve therapy regimens in the clinic, 
and ultimately decrease vascular toxicities in patients.

Funding Source: F31 NIH NCI Award #1F31CA275321-01

Keywords: apoptosis and cell death, cardiovascular toxicities 
and cancer therapy, hiPSC-Endothelial cells, vasculature
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VEGFR-3 IS A NOVEL MARKER FOR LEUKEMIC 
STEM CELLS
Kim, Hee-Je - Hematology, Catholic Hematology Hospital, Seoul 
St. Mary’s Hospital, College of Medicine, The Catholic University 
of Korea, Seoul, Korea
Lee, Ji Yoon - Department of Biomedical Science, CHA 
University, Seongnam, Korea
Han, A-Reum - Department of Biomedical Science, CHA 
University, Seongnam, Korea

Acute myeloid leukemia (AML) is a lethal cancer with high relapse 
and presents uncontrolled proliferation of immature cells. Refrac-
tory to chemotherapy and even hematopoietic stem cell trans-
plantation (HSCT) is mainly caused by existence of leukemic stem 
cells (LSCs) under the leukemic microenvironments, which have 
multi-drug resistant features. Despite the apparent diversity and 
heterogeneity of LSCs and leukemic niches, cellular and molec-
ular characteristics for LSCs are still very poorly understood and 
none of markers can clearly target the rare populations of repop-
ulating leukemic cells. Vascular endothelial growth factor recep-
tor-3 (VEGFR-3) is commonly expressed in mature lymphatic cells. 
Several papers showed VEGFR-3 as a marker for representing the 
progenitor itself or otherwise the supporter cells to maintain pro-
genitor cells in pathophysiologic condition for AML. VEGFR-3 and 
its ligand VEGF-C are expressed in AML blasts and are closely in-
volved in disease progression and used as an indicator for clinical 
outcomes, according to recent literatures including our previous 
reports. VEGF-C/VEGFR-3 axis can induce receptor phosphoryla-
tion and it occurs both in internally or externally in hematopoiet-
ic cells including AML as well as normal cells. We hypothesized 
that CD45dimCD34+CD38- LSCs include VEGFR-3+ leukemic 
blast cells and their protection against cancer drugs occurs by 
VEGRF-3 internalization under abundant VEGF-C ligand by PCR, 
immunostaining, colony forming assays, and FACS analyses. To 
prove it, we used VEGFR-3 antagonist and found that specific in-
hibition of VEGFR-3 in ALDHdimCD34+CD38- LSCs can decline 
leukemia homing and engraftment of bone marrow in repetitive 
studies of NSG AML mice in vivo experiments. Those results 
strongly suggested the pivotal role of VEGFR-3 as a LSCs marker. 
Furthermore, VEGFR-3+ LSCs are relevant for non-responsive to 
conventional therapies in the study. Lastly, findings of increased 
expression of Wilms’ tumor gene 1 and survivin by VEGFR-3+ stro-
mal cells co-culturing suggest a protective role against apoptosis 
in leukemic niche and promote the leukemic cells proliferation 
throughout the mechanism of increasing cytosolic VEGFR-3. This 
study suggests the identity of LSCs expressing VEGFR-3+ as a 
prognostic and target therapeutic candidate for AML.

Keywords: acute myeloid leukemia, leukemic stem cell, 
VEGFR-3
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RAPID AND CONSISTENT GENERATION 
OF FUNCTIONAL MICROGLIA FROM 
REPROGRAMMED HIPSCS TO STUDY 
MECHANISMS IN NEURODEGENERATION AND 
NEUROINFLAMMATION
Raman Srivastava, Malathi - Product Management, bit.bio Ltd, 
Cambridge, UK
Fairbairn, Camilla - Cell Type Development, bit.bio Ltd, 
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Cambridge, UK
Hickman, Richard - Bioinformatics, bit.bio Ltd, Cambridge, UK
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Cambridge, UK
Milde, Stefan - Cellular Phenotyping, bit.bio Ltd, Cambridge, UK
O’Reilly, Rose - MSAT, bit.bio Ltd, Cambridge, UK
Garnett, Hannah - MSAT, bit.bio Ltd, Cambridge, UK
Patell-Socha, Farah - Product Management, bit.bio Ltd, 
Cambridge, UK
Moreau, Thomas - Cell Biology Research, bit.bio Ltd, Cambridge, 
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Bernard, Will - Cell Type Development, bit.bio Ltd, Cambridge, 
UK
Metzakopian, Manos - Research and Development, bit.bio Ltd, 
Cambridge, UK
Kotter, Mark - CEO, bit.bio Ltd, Cambridge, UK

Microglia are the tissue-resident macrophages of the brain, ac-
counting for 75-80% of leukocytes and 10-15% of total cells within 
the central nervous system (CNS). They survey neuronal function, 
play roles in neurogenesis, synaptic remodelling, are the first 
responders to infection, and are thereby implicated in various 
CNS diseases. The life sciences sector relies predominantly on 
rodent models to mimic disease states for drug discovery. How-
ever, animal models do not always recapitulate human cell and 
disease phenotypes. To bridge this translational gap, several in 
vitro human models have been developed for the study of mi-
croglia, most typically primary microglia extracted directly from 
either embryonic, neonatal or adult tissue. However, primary 
cells are limited in supply, difficult to source, and often show do-
nor-to-donor and user variability. There is a need for functional, 
consistent, scalable disease-relevant human microglia cells for 
neuroimmune research and the development of therapeutic or 
preventive strategies for neurodegeneration. We used transcrip-
tion factor mediated precision cellular reprogramming technolo-
gy, opti-ox™, to rapidly and consistently generate mature, func-
tional, and physiologically relevant microglia, named ioMicroglia, 
from hiPSCs, at scale. ioMicroglia, 10 days post-revival, display 
typical morphology and express key phenotypic markers includ-
ing TMEM119, P2RY12, and IBA1. RNA sequencing demonstrates 
that ioMicroglia have a transcriptomic signature similar to primary 
adult and foetal microglia. Consistent phagocytic and cytokine se-
cretion functionality, with various stimuli, including amyloid beta, 
has been demonstrated for ioMicroglia, across multiple indepen-
dent laboratories within industry and academia, highlighting the 
experimental reproducibility of ioMicroglia. Importantly, ioMicrog-
lia can be co-cultured with neurons to more closely mimic in vivo 
brain function. In conclusion, with opti-ox precision cellular repro-
gramming, hiPSCs are rapidly converted into functional microglia 

offering a robust and scalable source of human microglia which 
can be used as a relevant in-vitro model to investigate the role of 
the CNS’s immune system in health and disease, and to develop 
novel therapies for neuroinflammation.

Keywords: microglia, neurodegeneration, neuroinflammation
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MODELING THROMBOCYTOPENIA ABSENT 
RADIUS SYNDROME USING INDUCED 
PLURIPOTENT STEM CELLS
Nations, Catriana C. - Cell and Molecular Biology, University of 
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Adams, Jenea - Biomedical Graduate Studies, University of 
Pennsylvania, Philadelphia, PA, USA
French, Deborah - Center for Cellular and Molecular 
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Xing, Yi - Pathology and Laboratory Medicine, University of 
Pennsylvania, Philadelphia, PA, USA
Gadue, Paul - Pathology and Laboratory Medicine, University of 
Pennsylvania, Philadelphia, PA, USA

Thrombocytopenia absent radius (TAR) syndrome is a rare con-
genital disorder primarily characterized by absence of the radii, 
severely reduced numbers of megakaryocytes (MKs), and throm-
bocytopenia. TAR is caused by mutations in the RBM8A gene, 
and although it has no known roles in MK biology, it may affect 
megakaryopoiesis through its role as a core factor in the ex-
on-junction complex which is important for RNA splicing, partic-
ularly of genes regulating apoptosis and cell cycle. In vivo, MKs 
differentiate from hematopoietic progenitor cells (HPCs) through 
a process in which they increase RNA processing, undergo en-
domitosis, and depend upon the proper regulation of apoptosis 
factors to prevent premature death before packaging its cellular 
contents into platelets. To investigate whether TAR syndrome 
impairs the maturation of MKs due to changes in the splicing of 
relevant genes, we have generated two TAR patient induced 
pluripotent stem cell (iPSC) lines as well as isogenic corrected 
lines that contain a CD43-promoter-driven RBM8A construct to 
restore expression in HPCs and MKs. In our model, TAR iPSCs 
generate MKs with a 3-fold decrease in cell number and express 
significantly higher levels of MK surface markers. TAR MKs also 
display larger size, are more granular, and have similar in vitro 
proplatelet-forming potential compared to corrected MKs, sug-
gesting TAR MKs may be maturing faster than the corrected 
lines. Transcriptome analysis of TAR and corrected MKs revealed 
significant changes in gene expression related to cell cycle and 
MK maturation. Splicing analysis also demonstrated differential 
splicing of genes in pathways related to proliferation such as E2F 
targets, G-2M checkpoint and Myc Targets (Hallmark). In addition 
to global changes, we found that TAR MKs displayed differen-
tial splicing of the mRNA-binding factor IGF2BP3, which is known 
to mediate MK morphogenesis during ontogeny. The TAR MKs 
preferentially express the short isoform of this gene which is only 
30% the size of full length IGF2BP3 and likely does not have full 
functionally. Together, these data suggest that TAR syndrome al-
ters MK development through the alternative splicing of genes in 
relevant pathways. These results expand our understanding of 
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how splicing may impact lineage-specific development and dis-
ease presentation.

Funding Source: This work has been supported in part by T32-
HD083185 and F31HL165833.

Keywords: induced pluripotent stem cells, disease model, 
megakaryopoiesis
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EXAMINING HEMATOPOIETIC STEM CELL 
FITNESS IN LOW EARTH ORBIT
Pham, Jessica - Medicine, University of California, San Diego, 
CA, USA
Ladel, Luisa - Medicine, University of California, San Diego, CA, 
USA
Balaian, Larisa - Medicine, University of California, San Diego, 
CA, USA
Isquith, Jane - Medicine, University of California, San Diego, CA, 
USA
Nandi, Shuvro - Cellular and Molecular Medicine, University of 
California, San Diego, CA, USA
Oliver, Isabelle - Medicine, University of California, San Diego, 
CA, USA
Kulidjian, Anna - Orthopedic Surgery, Scripps MD Anderson 
Cancer Center, La Jolla, CA, USA
Whisenant, Thomas - Medicine, University of California, San 
Diego, CA, USA
Alexandrov, Ludmil - Medicine, University of California, San 
Diego, CA, USA
Jamieson, Catriona - Medicine, University of California, San 
Diego, CA, USA

The International Space Station (ISS) offers a unique macroenvi-
ronment to study biology. The effects of microgravity in low earth 
orbit (LEO) can be leveraged to study inflammation and age-re-
lated diseases in an accelerated timeframe. As part of an ongo-
ing study, we launched aged-normal CD34+ hematopoietic stem 
and progenitor cells (HSPC) into space to assess stem cell health 
and fitness in LEO over a mission duration of 30+ days. To study 
HSPCs in their microenvironment, we developed a nanobiore-
actor system capable of maintaining stem cell health and fitted 
for live cell imaging on orbit. To maximize information from these 
month-long missions, HSPCs are transduced with Fucci2BL, a cell 
cycle transit reporter. The bicistronic fluorescent reporter allows 
us to image and assess stem cell cycling in real-time. Fluores-
cence intensity quantification analysis shows that HSPCs cycle 
faster in LEO compared to their paired ground control, potentially 
a result of accelerated stem cell exhaustion. With the retrieval of 
greater than 60% viable cells, we performed whole genome se-
quencing (WGS) and whole transcriptome sequencing (RNA-seq) 
of flight and ground control samples. Preliminary WGS analysis 
shows that telomere length is shortened in flight. In summary, we 
have a system capable of studying the effects of microgravity on 
age-related cellular stress and inflammation of normal HSPCs.

Keywords: Microgravity, Hematopoietic stem cells, 
Nanobioreactor
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VISCOELASTIC HYDROGELS REGULATE 
NEPHROGENESIS IN DIFFERENTIATING KIDNEY 
ORGANOIDS
Nerger, Bryan A. - Bioengineering, Harvard University, 
Cambridge, MA, USA
Lee, Nathan - Division of Renal Medicine, Brigham and Women’s 
Hospital, Boston, MA, USA
Bertsch, Pascal - Regenerative Biomaterials, Radboud Institute 
for Molecular Life Sciences, Nijmegen, Netherlands
Bonventre, Joseph - Division of Renal Medicine, Brigham and 
Women’s Hospital, Boston, MA, USA
Mooney, David - Bioengineering, Harvard University, 
Cambridge, MA, USA

Kidney organoids with nephron segments can be generated from 
the directed differentiation of human pluripotent stem cells, but 
these organoids do not fully recapitulate the structure and func-
tion of adult kidneys. We hypothesize that scaffolds, which mimic 
the mechanical microenvironment in the developing kidney, may 
improve the physiological relevance of human kidney organoids. 
Here, we integrate differentiating kidney organoids into alginate 
hydrogels that are engineered to match the stiffness and vis-
coelasticity of the metanephric mesenchyme in the developing 
kidney. We observe that organoid differentiation efficiency is de-
pendent on the timing of embedding within the alginate hydrogel. 
Furthermore, in contrast to low-concentration Matrigel or type I 
collagen, we find that non-degradable alginate supports the dif-
ferentiation of kidney organoids over several weeks with proper 
nephron patterning. Organoid differentiation in alginate also de-
creases the ratio of proximal-to-distal nephron segments as com-
pared to suspension culture, and the morphology of distal tubular 
nephron segments is significantly more convoluted in organoids 
differentiated in alginate relative to suspension culture. Finally, 
by tuning the viscoelasticity of the alginate hydrogel, we observe 
differences in the spatial organization of nephron segments in the 
resulting kidney organoids. Taken together, these results provide 
a fundamental understanding of how scaffold mechanics regu-
lates nephrogenesis in three-dimensional culture and will inform 
new strategies for engineering nephrons.

Funding Source: NIH (NIBIB, T32EB016652; NIDDK, 
F32DK134115)

Keywords: extracellular matrix, biomaterials, human pluripotent 
stem cell differentiation
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ENGINEERING GLOMERULAR CAPILLARY WALL 
DEVELOPMENT AND FUNCTION WITH SMAD2 
VARIANTS ASSOCIATED WITH CONGENITAL 
HEART DEFECTS
Bhattacharya, Rohan - Biomedical Engineering Center for 
Biomolecular and Tissue Engineering, Duke University, Durham, 
NC, USA
Ward, Tarsha - Genetics, Harvard Medical School, Boston, MA, 
USA
Kalejaiye, Titilola - Biomedical Engineering, Duke University, 
Durham, NC, USA
Mishra, Alekshyander - Biomedical Engineering, Duke University, 
Durham, NC, USA
Leeman, Sophia - Biomedical Engineering, Duke University, 
Durham, NC, USA
Seidman, Christine - Genetics, Harvard Medical School, 
Cardiovascular Division, Department of Medicine, Brigham and 
Women’s Hospital, Howard Hughes Medical Institute (HHMI), 
Harvard University, Boston, MA, USA
Seidman, Jonathan - Genetics, Harvard Medical School, Boston, 
MA, USA
Musah, Samira - Biomedical Engineering, Medicine, Pratt School 
of Engineering, Center for Biomolecular and Tissue Engineering, 
Duke University, Division of Nephrology, Department of 
Medicine, School of Medicine, Developmental and Stem 
Cell Biology Program and Department of Cell Biology, Duke 
University, Durham, NC, USA

Early cardiovascular and renal development involves extensive 
cell lineage diversification through distinct and shared molecu-
lar signaling networks. Recent clinical observations suggest that 
congenital heart defects (CHD) in the presence of SMAD2 vari-
ants are associated with global impairment in development, often 
resulting in a combination of heart defects and aberrant glomer-
ulogenesis. Despite growing recognition that CHD can alter the 
predictive ability of risk factors involved in glomerular develop-
ment and function, these hypotheses remain unproven. Here, 
we coupled human iPS cells and CRISPR to facilitate isogenic 
comparisons of loss-of-function SMAD2 variants in kidney podo-
cyte differentiation. Our results show that abrogation of SMAD2 
causes biased mesoderm lineage commitment. By harnessing 
the developmental programming, we differentiated mesoderm 
cells into intermediate mesoderm (IM) cells via temporal control 
of WNT-BMP7 signaling pathways. The mutant IM cells display 
epithelial-to-mesenchymal transition with a myofibroblast-like 
phenotype and necroptosis. Upon further lineage priming to-
wards kidney podocytes, the mutants failed to develop charac-
teristic morphological features such as the arborized cytoarchi-
tecture. The mutant podocytes demonstrated mislocalization and 
altered expression of lineage markers along with expression of 
αSMA and NKD2, which are associated with fibrosis. Isogenic en-
dothelial cells also exhibited a mesenchymal-like behavior. Our 
results indicate that SMAD2 variants of isogenic human iPS cell 
derivatives show a dysregulated TGF-ß/SMAD2 signaling axis 
causing aberrant changes in transcriptomic and proteomic pro-
files, consequently dysregulating cell fate decisions. We further 
investigated these SMAD2 LoF mutations’ role in developing the 
glomerular filtration barrier, the kidneys’ primary site for blood fil-
tration. Reconstitution of the tissue-tissue interface with isogenic 
podocytes and endothelial cells in a glomerulus-on-a-chip plat-
form corroborated significant protein loss through the barrier 
resembling proteinuria. Using CRISPR-based isogenic disease 

modeling experiments, we enabled a more precise interrogation 
of the impact of LoF SMAD2 variants on lineage specification and 
glomerular filtration barrier function.

Keywords: Glomerulus-on-a-chip, pediatric nephropathy, 
Cardiorenal syndrome
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DEVELOPING A LIVER-ON-CHIP MODEL FOR 
SIMULATING LIVER INFLAMMATORY RESPONSE
Chawla, Dhvanii - Institute of Tissue Engineering and 
Regenerative Medicine, School of Biomedical Sciences, Faculty 
of Medicine, The Chinese University of Hong Kong, China
Chan, Hon Fai Vivas - Institute of Tissue Engineering and 
Regenerative Medicine, The Chinese University of Hong Kong, 
School of Biomedical Sciences, Faculty of Medicine, The 
Chinese University of Hong Kong, China
Pang, Chun Keung - School of Biomedical Sciences, The 
Chinese University of Hong Kong, China
Tuan, Rocky - Institute of Tissue Engineering and Regenerative 
Medicine, School of Biomedical Sciences, Faculty of Medicine, 
The Chinese University of Hong Kong, China

Inflammation is a common response seen in liver diseases and is 
usually managed by immunosuppressive therapies. Uncontrolled 
inflammation can lead to irreversible damage and liver failure that 
may require liver transplantation. Since human-based in vitro mod-
els can potentially mimic our biology more accurately than animal 
models, organ-on-chip platforms developed using cell and organ-
oid culture have recently been employed to investigate disease 
mechanisms and perform drug testing. In this project, human em-
bryonic stem cell (hESC) derived hepatocyte like cells (HLC) and 
HepG2 cells were cultured for modelling inflammatory conditions 
and screening potential therapeutic agents such as drugs and 
stem cell-derived products. To model inflammation, THP-1 mono-
cytic cell line was polarized into pro-inflammatory macrophages 
using PMA and treated with LPS to obtain conditioned medium. 
We show that hESC successfully differentiated into HLCs and ex-
hibited hepatic markers in 2D, while cultured HepG2 cells can 
form hepatic spheroids in 3D culture systems. We also uniquely 
developed a conditioned medium containing cytokines such as 
IL-6, TNF-α, IL-1β released from macrophages and used it for sim-
ulating the inflammatory disease microenvironment. HepG2 cells 
and the hepatocytes showed a significant drop in cell number 
in the CCK8 assay and in the albumin production measured by 
ELISA after treatment with conditioned medium, suggesting detri-
mental impact on the cultured cells. This approach has preliminari-
ly demonstrated that inflammatory conditions can be recapitulat-
ed by administering conditioned medium containing cytokines to 
liver cells. This work has laid the foundation for developing more 
advanced hepatocyte cultures such as 3D organoid and organ-
on-chip models to simulate inflammation in the liver, investigate 
disease mechanisms, and screen potential therapeutic agents. It 
would be of interest to investigate possible co-culturing of other 
liver cell types and integration of multiple organ-on-chips with bi-
osensing monitoring and perfusion systems to model multi-organ 
diseases in the future.

Funding Source: This work was supported by the National 
Key Research and Development Program of China 
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(2019YFA0111300); Research Grants Council of Hong Kong (ECS 
(24204819), NSFC/RGC (N_CUHK432/20)).

Keywords: Inflammatory cytokines, liver-on-a-chip, hepatic 
organoid
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IPSC-DERIVED HEPATOCYTES FOR 
INVESTIGATION OF LIVER-SPECIFIC THYROID 
HORMONE FUNCTION
Ludwik, Katarzyna - Core Unit Pluripotent Stem Cells & 
Organoids (CUSCO), Berlin Institute of Health at Charité - 
Universitätsmedizin Berlin, Germany
Jahn, Regina - Core Unit Pluripotent Stem Cells and Organoids, 
Berlin Institute of Health at Charité - Universitätsmedizin Berlin, 
Germany
von Kügelgen, Nicolai - Core Unit Bioinformatics, Berlin Institute 
of Health at Charité - Universitätsmedizin Berlin, Germany
Seifert, Joshua - Institut für Experimentelle Endokrinologie, 
Charité - Universitätsmedizin, Berlin, Germany
Wirth, Eva - Department of Endocrinology and Metabolism, 
Charité - Universitätsmedizin, Berlin, Germany
Köhrle, Josef - Institut für Experimentelle Endokrinologie, Charité 
- Universitätsmedizin, Berlin, Germany
Stachelscheid, Harald - Core Unit pluripotent Stem Cells & 
Organoids (CUSCO), Berlin Institute of Health at Charité - 
Universitätsmedizin Berlin, Germany

Thyroid hormones (TH) and their receptors (THRA/B) are critical 
for liver development and normal function. In hepatocytes, TH 
regulates de novo lipogenesis, beta-oxidation, and carbohydrate 
and cholesterol metabolisms. Low T3 levels, due to i.e. hypothy-
roidism, manifest in abnormal serum lipids and increased risk of 
non-alcoholic fatty liver disease (NAFLD). Existing knowledge re-
garding TH effects in healthy and diseased liver is predominantly 
derived from mouse studies, liver-cancer derived cell lines and 
primary human hepatocytes. Mouse models are not ideal, due to 
significant gene ortholog differences that hinder full understand-
ing of TH axis components. Hepatic cancer cell lines cannot be 
used to investigate healthy cell phenotypes and primary human 
hepatocytes have limited availability and culture life span. Due to 
these limitations, there is an unaddressed need for a translation-
ally relevant model system that allows for investigation of T3 role 
in healthy human-hepatocytes. To breach this gap, we adapted 
existing differentiation protocols to derive a robust and repro-
ducible method for generation of iPSC-derived hepatocytes. Re-
sulting cultures displayed functional characteristics of mature he-
patocytes, including albumin secretion, cytochrome activity, and 
lipid uptake. IPSC-derived hepatocytes were able to internalize 
T3 as shown by radioactively labelled T3 uptake assay. Upon 
24h stimulation of iPSC-hepatocytes with 50nM T3, we observed 
changes in expression of more than ~300 genes, consistent with 
known T3-target genes (KLF9, G6PC1, PKC1). Based on GOterm 
analysis T3-challenge resulted in upregulation of genes associ-
ated with fatty acid metabolism and gluconeogenesis. Addition-
ally, we investigated the effects of persistent (7 days) exposure 
of iPSC-hepatocytes to 5nM T3. This treatment resulted in gene 
expression changes of ~2000 genes. Exposure to prolonged low 
level T3 improved hepatocyte maturation signature, as evident 
by upregulation of cytochrome C genes (CYP2B6, CYP3A4) and 
downregulation of AFP. GOterm analysis showed that continued 
T3 affected gene networks associated with lipid and steroid ho-
meostasis, and alcohol and fatty acid metabolism. Taken together 

our results show that iPSC-derived hepatocytes are a new viable 
model for investigation of TH-action in liver.

Funding Source: LocoTact CRC/TR 296

Keywords: Hepatocytes, Thyroid hormones, Gene expression
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ENGINEERING OF THE LIVER-INTESTINE HYBRID 
TRANSCRIPTOME STATE OF HIPSC-DERIVED 
HEPATOCYTE-LIKE CELLS
Thomitzek, Antonia - Toxicology, Leibniz Research Centre for 
Working Environment and Human Factors at TU Dortmund, 
Germany
Nell, Patrick - Toxicology, Leibniz Research Centre for Working 
Environment and Human Factors at TU Dortmund, Germany
Feuerborn, David - Toxicology, Leibniz Research Centre for 
Working Environment and Human Factors at TU Dortmund, 
Germany
Kattler, Kathrin - Genetics and Epigenetics, Saarland University, 
Saarbrücken, Germany
Hellwig, Birte - Statistics, Technical University Dortmund, 
Germany
Rahnenführer, Jörg - Statistics, Technical University Dortmund, 
Germany
Walter, Jörn - Genetics and Epigenetics, Saarland University, 
Dortmund, Germany
Hengstler, Jan - Toxicology, Leibniz Research Centre for 
Working Environment and Human Factors at TU Dortmund, 
Germany

Pluripotent stem cell (PSC)-derived hepatocyte-like cells (HLC) 
are a promising future alternative to primary hepatocytes in phar-
ma- and toxicological studies, however, some important limita-
tions remain. We found that HLC are trapped in a hybrid tran-
scriptome state of liver and intestinal gene transcription occurring 
in the same cells, preventing full lineage commitment of HLC and 
limiting the establishment of mature hepatocyte functionality. 
Bulk-level overrepresentation analysis, as well as regulon anal-
ysis at the single-cell level identified sets of regulatory factors 
discriminating HLC, fetal hepatocytes and PHH, indicating a cen-
tral role for the nuclear receptor FXR and the intestine patterning 
transcription factor CDX2 in HLC hybrid state regulation. Com-
bined FXR expression plus agonist exposure enhanced the ex-
pression of hepatocyte-associated genes and increased the abil-
ity of bile canalicular secretion as well as lipid droplet formation, 
thereby increasing HLCs’ similarity to PHH. However, the hybrid 
features associated with intestinal differentiation remained large-
ly unaffected. To address this, we knocked-out CDX2 in hiPSC 
which reduced gene expression associated with intestinal differ-
entiation in HLC. Our data suggests that identification and sub-
sequent manipulation of key regulators of the HLC hybrid state 
are required to overcome the hybrid state preventing complete 
hepatocyte differentiation of HLC.

Keywords: Hepatocyte-Like Cells, In-Vitro Differentiation, Hybrid 
State
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SCREENING PLATFORM FOR HUMAN ALPHA-1 
ANTITRYPSIN DEFICIENCY USING IPSC-DERIVED 
HEPATOCYTE-LIKE CELLS
Papastavrou, Vanesa Vasiliki - Definigen, Cambridge, UK
Gatti, Gemma - Definigen, Cambridge, UK
Gil, Carlos - Definigen, Cambridge, UK
Heslop, James - Technology Development, Definigen, 
Cambridge, UK
Lim, Donovan - Definigen, Cambridge, UK

Alpha-1 antitrypsin deficiency (A1ATD) is a clinically under-recog-
nized genetic disorder that causes the defective production of 
alpha-1 antitrypsin protein (A1AT). The most prevalent cause of 
A1ATD is a homozygous missense mutation (p.E342K) in A1AT 
known as variant PiZZ. This mutation causes misfolding and pro-
motes the intracellular accumulation of polymers of A1AT in he-
patocytes. This accumulation can lead to severe liver damage, 
yet, no specific treatments are available for A1ATD-associated 
liver disease. Therefore, there is an urgent need to develop nov-
el therapeutics capable of alleviating the disease phenotype. 
However, the lack of physiologically-relevant disease modelling 
platforms hinders their development. Human-induced pluripotent 
stem cell (iPSC)-derived hepatocyte-like cells (HLCs) provide a 
new approach to studying disease mechanisms. Using CRISPR/
Cas9 we have studied pairs of A1TAD (PiZZ) and healthy (PiMM) 
HLCs derived both from healthy or A1ATD donors. In this study, 
we aim to develop a bioassay that mimics the accumulation of 
polymer in the A1ATD liver and that can reproducibly capture a 
response to a reference drug, carbamazepine (CBZ), known to re-
duce the accumulation of the polymeric A1AT. Four pairs of PiMM 
and PiZZ iPSC lines were successfully differentiated into HLCs 
and screened for disease markers using high-content imaging. 
The diseased lines displayed increased intracellular accumula-
tion of polymeric A1AT compared to their isogenic controls. Upon 
treatment with CBZ, all diseased cell lines showed a decrease 
in intracellular accumulation of polymeric A1AT in a concentra-
tion-dependent manner. This dose-dependent phenotypic resto-
ration was consistent across all the tested lines and could capture 
the differences in drug response expected in cells with a variety 
of genetic backgrounds. Taken together, we have developed 
a specific and robust in vitro model of A1ATD that recapitulates 
the disease pathophysiology and is responsive to small mole-
cule-based treatments making it highly applicable to candidate 
drug screening in A1ATD.

Keywords: Alpha-1 Antitrypsin Deficiency, Liver Disease, 
Screening
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EN MASSE ORGANOID INTERROGATION 
REVEALS THE IMPACT OF METABOLIC STATUS 
ON GENETIC SUSCEPTIBILITY TO NASH
Kimura, Masaki - Division of Gastroenterology, Hepatology 
and Nutrition & Division of Developmental Biology, Cincinnati 
Children’s Hospital Medical Center, Cincinnati, OH, USA
Takebe, Takanori - Gastroenterology, Hepatology and Nutrition, 
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, 
USA
Iguchi, Takuma - Gastroenterology, Hepatology and Nutrition, 
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, 
USA
Iwasawa, Kentaro - Gastroenterology, Hepatology and Nutrition, 
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, 
USA

Non-alcoholic fatty liver disease (NAFLD) in the U.S. has many 
unhealthy consequences and strongly contributes to the fact 
that approximately 10% of Americans have type 2 diabetes(T2D). 
While multiple genetic variants (>60) have been reported to be as-
sociated with NAFLD, disease-modifying alleles account for only 
a small percentage of the risk inheritance, especially because 
gene and environmental factors collaboratively contribute to the 
NAFLD phenotype. In this study, we have developed a pooled 
human organoid-panel (PoP) strategy using cryopreservable fore-
gut progenitor cells that is able to differentiate into human liver 
organoids with NASH and T2D like symptoms en masse under 
optimized culturing conditions. This model was used for tran-
scriptomic characterization of organoids derived from 24 pooled 
donors with minimal donor-dependent variations of hepatic gene 
expression. Live image based BODIPY analysis further showed 
significant lipid droplet accumulation, which was linked to SNP 
information from individual donors. Furthermore, the phenotypic 
profiling of our steatohepatitis PoP model captured known GWAS 
risk variants for hepatic steatosis, specifically PNPLA3-rs738409, 
GCKR-rs1260326 and rs780094 -risk alleles. Analysis of GCKR-
rs1260326 carriers generated using CRISPR-Cas9 gene editing 
revealed that rs1260326 carriers have more prominent steatosis, 
GCK activity and increased de novo lipogenesis genes including 
SREBF1, FASN and ACC. To validate the organoid-based screen-
ing results, GCKR genotype associations in 1091 patients in the 
NASH clinical cohort were analyzed stratified by diabetes status. 
Consistent with PoP model analysis, GCKR-rs1260326-T allele el-
evates disease severity only under diabetic state. Transcriptomic, 
metabolomic, and pharmacological analyses revealed mitochon-
drial dysfunction caused by GCKR-rs1260326, and treatment of 
the GCKR-rs1260326 carriers steatohepatitis-organoid model 
with oxidative uncoupler, but not metformin, normalized mito-
chondrial function and suppressed fatty acid-induced inflamma-
tory responses. In summary, the integration of in vitro PoP models 
with in vivo clinical data provided insights to improve capturing 
the highly variable in vivo pathogenesis of NAFLD/NASH risk vari-
ants.

Keywords: Human liver organoid, Non-alcoholic fatty liver 
disease, Glucokinase regulatory protein rs1260326
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REDEFINING PROGENITOR LANDSCAPE IN 
ANIMAL AND HUMAN LIVER DEVELOPMENT
Iwasawa, Kentaro - Division of Developmental Biology, 
Cincinnati Children’s Hospital and Medical Center, Cincinnati, 
OH, USA
Takebe, Takanori - Division of Gastroenterology, Hepatology 
and Nutrition, Division of Developmental Biology, Cincinnati 
Children’s Hospital Medical Center, Cincinnati, OH, USA

Comprehensive developmental roadmap of the liver is still un-
clear. Current developmental dogma is that ventral foregut en-
doderm that lacks posteriorized caudal type homeobox2 (Cdx2) 
expression is considered as a major source that drives the liver 
development. Contrasting to this prevailing notion, we and others 
reported the derivation of hepato-biliary-pancreatic precursors 
from posteriorized Cdx2 positive endoderm in human stem cell 
culture system. We herein combined rodent genetics and human 
organoid approach to define progenitor landscape during early 
hepatogenesis process. Utilizing the lineage tracing in mouse 
models, we demonstrated Foxa2+ Cdx2+ visceral endoderm (VE) 
derived hepatocyte located in the interzonal region at embryon-
ic day 18.5. Consistently, single cell RNA sequencing of the de-
veloping mouse gut endoderm revealed competency of Foxa2+ 
Cdx2- definitive endoderm (DE) and Foxa2+ Cdx2+ VE in the dif-
ferentiation of hepatoblasts. The human induced pluripotent stem 
cell (hiPSC) were differentiated into foregut and VE co-differen-
tiating midgut endoderm to model the foregut-midgut-visceral 
tri-boundary interaction in human development. The epigenetic 
analysis showed activation of VE markers such as Dpp4 in the 
hiPSC derived Cdx2+ posterior gut endoderm and Dpp4 based 
magnetic-activated cell sorting enriched VE-like cells. In agree-
ment with this, the hiPSC Cdx2+ posterior gut endoderm that in-
cludes Foxa2+ Cdx2+ Dpp4+ VE reproducibly emanate hepatic 
progenitors in our 3D foregut-midgut-visceral tri-boundary model. 
Finally, retinoic acid-dependent expression of the secreted Wnt 
antagonists Sfrp1/Sfrp2 in anterior gut mesenchyme precedes 
the activation of hepatic transcriptional program in the Cdx2+ en-
doderm and the overactivation of Wnt signaling abolishes hepatic 
potential both in mouse and human model systems. In conclu-
sion, these experiments unfold the previously underappreciated 
endodermal progenitors of vertebrate liver organogenesis aris-
ing through interactions of regionalized endoderm and mesen-
chyme. We have established a novel hepatocyte progenitor with 
key molecular insights that involve the suppression of the Wnt 
pathway, resulting in a revised embryonic roadmap of hepatic for-
mation and an improved recapitulation of the liver in vitro.

Funding Source: KI is an Overseas Fellow of the Japan 
Society for the Promotion of Science. TT is a New York Stem 
Cell Foundation - Robertson Investigator. This work was also 
supported by NIH Director’s New Innovator Award (DP2 
DK128799-01) for TT.

Keywords: Liver, Organogenesis, Organoid
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DEVELOPMENT OF A LIBRARY OF NONHUMAN 
PRIMATE PLURIPOTENT STEM CELLS AND STEM 
CELL DERIVED HEPATOCYTE-LIKE CELLS TO 
STUDY SPECIES-SPECIFIC HOST RESPONSES 
AND RESTRICTIONS OF HEPATOTROPIC 
VIRUSES
Schwartz, Robert - Medicine, Weill Cornell Medical College, 
New York, NY, USA
Bram, Yaron - Department of Medicine, Weill Cornell Medicine, 
New York, NY, USA
Chandar, Vasuretha - Department of Medicine, Weill Cornell 
Medicine, New York, NY, USA
Park, Jiwoon - Department of Medicine, Weill Cornell Medicine, 
New York, NY, USA
Frankel, Angela - Department of Medicine, Weill Cornell 
Medicine, New York, NY, USA
Gaska, Jenna - Department of Molecular Biology, Princeton 
University, Princeton, NJ, USA
Ploss, Alex - Department of Molecular Biology, Princeton 
University, Princeton, NY, USA

Infectious diseases contribute significantly to human morbidity 
and mortality. Many pathogens that cause disease in humans, ex-
hibit a very narrow host range, which poses challenges both for 
study and for developing effective clinical therapies. In prior work 
we have shown that species-specific differences in the kinetics, 
diversity and magnitude of host dependency factors influence vi-
ral tropism and can be used to identify unique host susceptibility 
and resistance factors that can be used to target viral infection in 
humans. Here, we developed and utilized a novel platform to sys-
tematically define such species-specific host dependency factors 
contributing to infection outcome. We aimed to capitalize on a 
collection of dermal fibroblasts from several non-human primate 
species (chimpanzee, bonobo, gorilla, orangutan, olive baboon, 
rhesus macaque, and squirrel monkey) that we used to gener-
ate induced pluripotent stem cells (iPSCs) and differentiated in a 
stepwise manner to hepatocyte-like cells (HLCs). We then aimed 
to leverage this platform to characterize Hepatitis B Virus (HBV) 
infection. HBV currently infects over 250 million people world-
wide and is the 10th leading cause of death. We compared HBV 
infections in HLCs derived from human, chimpanzee, bonobo, 
gorilla, orangutan, olive baboon, and rhesus macaque. Human, 
chimpanzee, and bonobo HLCs were permissive to HBV viral en-
try and had robust HBV pgRNA, DNA, and protein production. 
Orangutans HLCs were permissive to HBV viral entry but had less 
robust HBV pgRNA, DNA, and protein production. Rhesus ma-
caque HLCs were not permissive to HBV viral entry or infection 
but transduction with the human sodium-taurocholate co-trans-
porter polypeptide (NTCP) receptor restored HBV viral entry and 
infection. Unexpectedly olive baboon HLCs were not permissive 
to HBV viral entry or infection and this could not be rescued with 
expression of the human NTCP receptor. Orthologs of essential 
host factors critical for supporting the viral life-cycle are largely 
conserved across these species however the differential HBV 
susceptibility in the orangutan and olive baboon HLCs remains 
unclear and is being currently explored. Our goal is to leverage 
these species-specific differences to identify HBV host depen-
dency factors that can then be used for targeted HBV therapy.

Keywords: nonhuman primate, pluripotent stem cell, hepatitis B 
virus
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) TOPIC: MESENCHYMAL STROMAL CELLS, ADIPOSE, 
AND CONNECTIVE TISSUE

568

A SCALABLE APPROACH TO GENERATE PRE-
VASCULARIZED AND FUNCTIONAL HUMAN 
BEIGE ADIPOSE ORGANOIDS
Escudero, Melanie - Faculté des Sciences et Ingénierie, Institute 
RESTORE, Université Toulouse III Paul Sabatier, Toulouse, 
France
Vaysse, Laurence - Faculté Sciences et Ingénierie, Institut 
RESTORE, Université Toulouse III Paul Sabatier, CNRS U5070, 
EFS, ENVT, Inserm U1301, Toulouse, France
Eke, Gozde - Faculté Sciences et Ingénierie, Laboratoire 
d’Analyse et d’Architecture des Systèmes, Centre National de 
la Recherche Scientifique (LAAS-CNRS), Université de Toulouse, 
INSA, UPS, Toulouse, France
Peyrou, Marion - Fisiopatologia de la Obesidad y Nutrición, 
CIBER - Fisiopatologia de la Obesidad y Nutrición, Madrid, 
Spain
Villarroya, Francesc - Department of Biochemistry and Molecular 
Biomedicine, University of Barcelona, Spain
Bonnel, Sophie - Faculté Sciences et Ingénierie, Institut 
RESTORE, Université Toulouse III Paul Sabatier, CNRS U5070, 
EFS, ENVT, Inserm U1301, Toulouse, France
Jeanson, Yannick - Faculté Sciences et Ingénierie, Institut 
RESTORE, Université Toulouse III Paul Sabatier, CNRS U5070, 
EFS, ENVT, Inserm U1301, Toulouse, France
Boyer, Louisa - Faculté Sciences et Ingénierie, Laboratoire 
d’Analyse et d’Architecture des Systèmes, Centre National de 
la Recherche Scientifique (LAAS-CNRS), Université de Toulouse, 
INSA, UPS, Toulouse, France
Vieu, Christophe - Faculté Sciences et Ingénierie, Laboratoire 
d’Analyse et d’Architecture des Systèmes, Centre National de 
la Recherche Scientifique (LAAS-CNRS), Université de Toulouse, 
INSA, UPS, Toulouse, France
Chaput, Benoit - Service de Chirurgie Plastique, Reconstructrice 
et Esthétique, Centre Hospitalier Universitaire Rangueil, 
Toulouse, France
Yao, Xi - Faculté de Médecine, Université Côte d’Azur, INSERM, 
CNRS, iBV, 06103, Nice, France
Deschazeaux, Frédéric - Faculté Sciences et Ingénierie, Institut 
RESTORE, Université Toulouse III Paul Sabatier, CNRS U5070, 
EFS, ENVT, Inserm U1301, Toulouse, France
Dani, Christian - Faculté de Médecine, Université Côte d’Azur, 
INSERM, CNRS, iBV, 06103, Nice, France
Carrière, Audrey - Faculté Sciences et Ingénierie, Institut 
RESTORE, Université Toulouse III Paul Sabatier, CNRS U5070, 
EFS, ENVT, Inserm U1301, Toulouse, France
Malaquin, Laurent - Faculté Sciences et Ingénierie, Laboratoire 
d’Analyse et d’Architecture des Systèmes, Centre National de 
la Recherche Scientifique (LAAS-CNRS), Université de Toulouse, 
INSA, UPS, Toulouse, France
Casteilla, Louis - Faculté Sciences et Ingénierie, Institut 
RESTORE, Université Toulouse III Paul Sabatier, CNRS U5070, 
EFS, ENVT, Inserm U1301, Toulouse, France

Beige adipose tissues (beige AT) are key regulators of human 
physiology through their unique plasticity and ability to dissipate 
energy as heat according to the needs. Maladaptive plasticity of 
beige adipose tissues is known to be associated with metabol-
ic disorders, aging and more recently massive burn and cancer 
associated cachexia extending its role beyond thermoregulation. 

Understanding beige AT emergence and maintenance in human 
is of great therapeutic interest but is hindered by the lack of suit-
able in vitro models recapitulating the complex microenviron-
ment and functionality of native mature tissue. When cultured in 
adequate 3D culture conditions, stem cells can undergo in-vivo 
like morphogenesis and turn into self-organized structures called 
organoids. One limitation of their use in therapeutic applications 
including transplantation is the difficulty to grow them beyond 
millimetric scale. In this study a scalable approach is proposed to 
generate pre-vascularized and functional human beige adipose 
organoids using human stromal vascular fraction of white adipose 
tissue as a source of adipose-derived mesenchymal ste m cells 
(ASCs) and endothelial progenitors. To this aim, we engineered 
defined chemical and biomechanical environments, applicable at 
multiple tissue scales, to drive self-organization of ASC-derived 
spheroids into GelMA hydrogel towards beige adipogenesis and 
vascular formation. Resulting vascularized organoids display key 
features of native beige AT including inducible UCP1 expression, 
increased uncoupled mitochondrial respiration and batokines 
secretion. Guided assembly of spheroids allows the translation 
of organoid morphogenesis to the macroscopic scale with the 
generation of vascularized centimeter-scale beige adipose mi-
cro-tissues. Our approach represents a significant advance in 
the development of more physiological in vitro human beige AT 
models opening new ways for wide range applications from basic 
research to biotherapies. Besides, by exploiting the versatility of 
ASC functions and differentiation potential, we believed that this 
generation process of ASC-based microtissues could be easily 
transferred to other tissues and clinical applications.

Funding Source: French National Agency for Research (hiPSC-
Adipospheres, Printiss Project ), French RENATECH network, 
FEDER European Regional Funds, French Région Occitanie, 
CARe – Graduate School N°ANR-18-EURE-0003.

Keywords: Adipose derived stem cells, Organoid 
morphogenesis, Guided-assembly

570

CHEMICALLY DEFINED BIOMATRICES FOR 3D 
MANUFACTURING OF STEM CELLS
Segeletz, Sandra - Innovation and Research, denovoMATRIX 
GmbH, Dresden, Germany
Thamm, Kristina - Services, denovoMATRIX, Dresden, Germany
Worden, Hannah - Bioprocess Research and Development, PBS 
Biotech, Camarillo, CA, USA
Gray, Kelly - Bioprocess Research and Development, PBS 
Biotech, Camarillo, CA, USA
Jung, Sunghoon - Bioprocess Research and Development, PBS 
Biotech, Camarillo, CA, USA

The application of stem cell-based therapies relies on the manu-
facturing of substantial amounts of stem cells for treating a large 
set of patients. Current 2D culture methods are incapable to meet 
this high demand for stem cells due to their limited scalability as 
a result of cost, space, and handling constraints. To upscale stem 
cell expansion processes cells can be encapsulated, grown in 
aggregates, or on microcarriers. Independent of the setup, the 
expansion phase ideally results in high cell yield with preserved 
stem cell quality. This can be achieved by optimizing the cell’s mi-
croenvironment by reducing shear stress, manual handling, and 
mimicking the in vivo niche of the cells. An essential part of the 
in vivo niche is the extracellular matrix (ECM) which is composed 
of glycosaminoglycans (GAGs) and structural proteins with bind-
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ing sites for specific integrins. To functionally recreate the ECM, 
yet simplify it to a minimal system, we designed biomatrices that 
combine GAG mimetics with synthetic biofunctional peptides, 
modular in composition and concentration. We further developed 
a method to apply these biomatrices onto 3D surfaces. With this 
method we were able to create ready-to-use microcarriers specif-
ically tailored for mesenchymal stromal cells (MSCs) and induced 
pluripotent stem cells (iPSCs), cell types frequently used for cell-
based therapies. The 3D culture on beadMATRIX microcarriers 
in a PBS Vertical-Wheel® bioreactor enabled MSC expansion 
in clinically relevant scales while maintaining MSC identity and 
potency. The microcarrier-based expansion of iPSCs in agitated 
culture on beadMATRIX+ microcarriers showed superior expan-
sion rates and iPSC quality compared to aggregate culture. Thus, 
our biomatrix-coated microcarrier system contributes to meeting 
the goal of cost-effective and reliable manufacturing processes of 
high-quality MSCs and iPSCs for therapeutic applications.

Keywords: biomatrix, mesenchymal stromal cells, microcarrier 
culture
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HUMAN PLURIPOTENT STEM CELL-
BASED SYSTEMS RECAPITULATING 
INTRAMEMBRANOUS OSSIFICATION
Ikeda, Yuki - Department of Oral Anatomy and Developmental 
Biology, Osaka University, Suita, Japan
Tani, Shoichiro - Center for Disease Biology and Integrative 
Medicine, The University of Tokyo, Bunkyo-ku, Japan
Moriishi, Takeshi - Department of Cell Biology, Nagasaki 
University, Nagasaki, Japan
Kuroda, Aiko - Department of Cell Biology, Nagasaki University, 
Nagasaki, Japan
Matsuo, Yuki - Department of Cell Biology, Nagasaki University, 
Nagasaki, Japan
Inui, Chizuko - Department of Oral Anatomy and Developmental 
Biology, Osaka University, Suita, Japan
Abe, Makoto - Department of Oral Anatomy and Developmental 
Biology, Osaka University, Suita, Japan
Maeda, Takashi - Department of Oral Anatomy and 
Developmental Biology, Osaka University, Suita, Japan
Chung, Ung-il - Center for Disease Biology and Integrative 
Medicine, The University of Tokyo, Bunkyo-ku, Japan
Hojo, Hironori - Center for Disease Biology and Integrative 
Medicine, The University of Tokyo, Bunkyo-ku, Japan
Matsushita, Yuki - Department of Cell Biology, Nagasaki 
University, Nagasaki, Japan
Sawase, Takashi - Department of Applied Prosthodontics, 
Nagasaki University, Nagasaki, Japan
Ohba, Shinsuke - Department of Oral Anatomy and 
Developmental Biology, Osaka University, Suita, Japan

Vertebrates form their skeletal tissues through two modes of 
ossification: endochondral and intramembranous ossification. In 
endochondral ossification, cartilage is initially formed and gradu-
ally replaced by bone, whereas in intramembranous ossification, 
bone is directly formed by osteoblasts derived from mesenchyme. 
Especially in humans, the molecular and cellular mechanisms un-
derlying intramembranous ossification are less known than those 
underlying endochondral ossification. Paraxial mesoderm- and 
neural crest-derived bones are developed by both modes of os-

sification depending on the site; however, determinants of the 
modes of ossification remain to be clarified. Therefore, we aimed 
to develop human pluripotent stem cell (hPSC)-based systems 
recapitulating paraxial mesoderm-derived intramembranous os-
sification, to better understand the human intramembranous os-
sification process. We first induced the sclerotome through the 
primitive streak, paraxial mesoderm, and somites by stepwise 
treatments of hPSCs with several small molecules in a two-di-
mensional culture. The sclerotome population was then cultured 
on spheroid plates for 15 days. The in vitro-induced spheroids 
showed significant upregulation of osteoblast-related genes with 
no upregulation of chondrocyte-related ones; immunohistochem-
ical analysis revealed that the induced spheroids were enriched 
with cells expressing osteoblast-related factors. When the spher-
oids were implanted into renal capsules of immunodeficient mice, 
radio-opaque structures appeared around the implanted site in 
X-ray micro-computed tomography images at 8 weeks after im-
plantation. Immunohistochemical analysis showed that cells ex-
pressing osteoblast-related factors were dominant in the struc-
tures, and no cartilage formation was detected; human nuclear 
antigen-positive cells composed the structures. These data sug-
gest that the hPSC-derived spheroids include osteoblast progen-
itors and have potential to induce intramembranous ossification 
in vivo. Given that hPSC-derived spheroids generated by another 
culture protocol induced endochondral ossification in vivo, these 
two methods will contribute to our understanding of the process 
of human intramembranous ossification in comparison with that 
of endochondral ossification.

Keywords: bone, pluripotent stem cells, intramembranous 
ossification

578

IN VIVO DELIVERY OF BASE EDITOR FOR GENE 
CORRECTION OF HUMAN DMD MUSCLE TISSUE 
IN MICE
Park, Mihnjeong - Pharmacy, Seoul National University, Seoul, 
Korea
Cha, Hyuk-Jin - Pharmacy, Seoul National University, Seoul, 
Korea

Precise gene correction owing to the recent advances in genome 
editing techniques, enables the establishment of isogenic pair of 
human pluripotent stem cells (hPSCs) from the patients habor-
ing the pathogenic mutations, which would be useful for drug 
development and mechanism study for rare genetic diseases. 
Duchenne muscular dystrophy (DMD), occurring mutations in ex-
ons of X chromosome-linked DMD gene to encode the dystrophin 
protein, results from the loss of functional dystrophin expression. 
Thus, restoration of functional dystrophin with precise genome 
editing tools in vivo, would be a therapeutic approach for DMD 
patients. In order to examine the efficacy of in vivo therapeutic 
approach of gene correction in human muscle tissue harboring 
DMD mutation, we produced the muscle- enriched teratoma from 
DMD patient iPSCs (D-iPSCs) with inducible MyoD1 expression in 
mice model. The teratoma from D-iPSCs developed skeletal mus-
cle tissue without dystrophin protein. Thus, the determination of 
dystrophin protein in teratoma from D-iPSCs after introduction of 
genome editing tools would be a valid approach to directly assess 
the functional recovery of the therapeutic gene editing. Then we 
injected the base editor mRNA-encapsulated lipid nanoparticles 
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) into the DMD tissue in mice, which showed remarkable dystro-
phin recovery in teratoma muscle tissue.

Funding Source: Mistry of Food and Drug Saftey of South Korea 
(KFDA) (KDY0002259316-22202)

Keywords: Duchenne muscular dystrophy, hiPSC, base editor, in 
vivo gene editing, teratoma, Adenine base editor, MyoD1,

580

DEFECTIVE AUTOPHAGY IN GNE MYOPATHY 
RESULTS FROM NON-CANONICAL MTOR 
ACTIVATION
Kim, Dong-Woo - Pharmacy, Seoul National University, Seoul, 
Korea
Cha, Hyuk-Jin - Pharmacy, Seoul National University, Seoul, 
Korea

Autophagy, a key cellular event for tissue homeostasis, plays cru-
cial roles in not only muscle development but also regeneration to 
affect the muscle stem cells. Thus, there are emerging evidence 
to prove that defects in autophagy contributes to the pathogene-
sis of diverse myopathies. GNE myopathy, a recessive autosomal 
disease by mutations in GNE (Glucosamine-(UDP-N-Acetyl)-2-Epi-
merase/N-Acetylmannosamine Kinase) is epitomized by deficient 
sialic acid production and the formation of rimmed vacuoles. How-
ever, both the mechanisms by which autophagy is altered and 
the causal link between autophagy and GNE myopathy remains 
undetermined. Along with multiple isogenic GNE myoblasts de-
rived from human pluripotent stem cells (hPSCs) showing muta-
tion-specific phenotypes, we established knockout of GNE (GNE 
KO) in the C2C12 myoblast model. Transcriptome analysis from 
two sets of GNE disease models, revealed that gene sets, associ-
ated with ‘autophagy’ were highly enriched in a mutation-depen-
dent manner. Through phospho-proteome assay and successive 
biochemical analysis, we found that mTOR activity, of which ac-
tivation inhibited Ulk1 complex dependent autophagy initiation, 
was increased in a non-canonical manner in GNE KO. Thus, inhi-
bition of non-canonical mTOR activation with copanlisib, a newly 
FAD-approved PI3K inhibitor, rescued the defective autophagy 
in GNE KO, suggesting that copanlisib would be a feasible thera-
peutic option for GNE myopathy patients.

Keywords: Isogenic disease models, PI3K/AKT/mTOR; 
Autophagy, GNE myopathy
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DIRECT CONVERSION OF FIBROBLAST INTO 
SKELETAL MUSCLES BY TARGETING RECEPTOR 
SIGNALING PATHWAYS WITH AI-DESIGNED 
MINIPROTEINS
Keshri, Riya - Department of Biochemistry, Institute for Stem Cell 
and Regenerative Medicine, University of Washington, Seattle, 
WA, USA
Phal, Ashish - Department of Bioengineering, University of 
Washington, Seattle, WA, USA
Schlichthaerle, Thomas - Institute of Protein Design, University of 
Washington, Seattle, WA, USA
Srivatsan, Sanjay - UW Genomics Sciences, University of 
Washington, Seattle, WA, USA
Jhajharia, Samriddhi - ISCRM, University of Washington, Seattle, 
WA, USA
Smith, Alec - ISCRM, UW Physiology and Biophysics, University 
of Washington, Seattle, WA, USA
Mack, David - ISCRM, UW Physiology and Biophysics, University 
of Washington, Seattle, WA, USA
Shendure, Jay - UW Genomics Sciences, University of 
Washington, Seattle, WA, USA
Mathieu, Julie - Department of Comparative Medicine, ISCRM, 
University of Washington, Seattle, WA, USA
Baker, David - Institute of Protein Design, University of 
Washington, Seattle, WA, USA
Ruohola-Baker, Hannele - Department of Biochemistry, ISCRM, 
University of Washington, Seattle, WA, USA

A direct conversion of non-muscle cells into a skeletal muscle 
cell fate is a promising potential therapeutic avenue for tissue re-
pair. Advanced skeletal muscle regenerative medicine is much 
needed to treat the muscle atrophy caused by trauma, surgery, 
aging, or congenital myopathies when the satellite cells lose their 
ability to repair. Here, our distinctive approach is to develop a 
therapeutically favorable strategy for direct conversion of human 
fibroblast into reprogrammed myotubes (iSKMs) by targeting the 
accurate signaling pathways using artificial intelligence (AI)-de-
signed miniproteins. We are generating highly specific synthetic 
miniproteins against the receptors and utilizing various scaffolds 
to change valency and topology of miniproteins to screen for ag-
onists. For instance, we have identified splice variant specific ag-
onists with good biochemical properties (high stability and solu-
bility) for FGFR, EGFR, PDGFR, TrkA, Insulin receptor etc. We have 
screened the agonist or antagonist miniproteins and identified 
the key targeted pathways in human fibroblast required for myo-
genic trans-differentiation. Further, we analyzed our single-cell 
sequencing data through a pathway analysis pipeline and identi-
fied these crucial pathways upregulated during myogenic trans-
differentiation. Our strategy excludes stem cell transplantation, 
or genetic alterations, or lentiviral/ retroviral transduction that are 
likely to be tumorigenic. Exploiting the ability of receptor kinases 
to convert into myogenic fate has the potential for regenerative 
therapeutics and broad applications in research purposes, such 
as drug screening and disease modeling.

Keywords: miniproteins, Skeletal Muscle, transdifferentiation
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TOPIC: NEURAL
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DEVELOPMENT OF AN OPEN SCIENCE 
COLLECTION OF PATIENT-DERIVED IPSCS 
FOR STUDYING DISEASE MECHANISMS IN 
NEURODEGENERATIVE DISEASES
Chen, Xiuqing - The Neuro’s Early Drug Discovery Unit, 
Montreal Neurological Institute, Montreal, QC, Canada
Abdian, Narges - The Neuro’s Early Drug Discovery Unit, 
Montreal Neurological Institute, Montréal, QC, Canada
Boivin, Marie-Noëlle - The Neuro’s Clinical Biological Imaging 
and Genetic Repository, Montreal Neurological Institute, 
Montréal, QC, Canada
Durcan, Thomas - The Neuro’s Early Drug Discovery Unit, 
Montreal Neurological Institute, Montréal, QC, Canada
Enjambre, Sophiya - The Neuro’s Clinical Biological Imaging and 
Genetic Repository, Montreal Neurological Institute, Montréal, 
QC, Canada
Ferry, Nicolas - The Neuro’s Clinical Biological Imaging and 
Genetic Repository, Montreal Neurological Institute, Montréal, 
QC, Canada
Gaborieau, Lydiane - The Neuro’s Clinical Biological Imaging 
and Genetic Repository, Montreal Neurological Institute, 
Montréal, QC, Canada
Goldsmith, Taylor - The Neuro’s Early Drug Discovery Unit, 
Montreal Neurological Institute, Montréal, QC, Canada
Karamchandani, Jason - The Neuro’s Clinical Biological Imaging 
and Genetic Repository, Montreal Neurological Institute, 
Montréal, QC, Canada
LaFleur, Kevin - The Neuro’s Clinical Biological Imaging and 
Genetic Repository, Montreal Neurological Institute, Montréal, 
Canada
Nicouleau, Michael - The Neuro’s Early Drug Discovery Unit, 
Montreal Neurological Institute, Montréal, QC, Canada
Wang, Peng - The Neuro’s Clinical Biological Imaging and 
Genetic Repository, Montreal Neurological Institute, Montréal, 
QC, Canada
You, Zhipeng - The Neuro’s Early Drug Discovery Unit, Montreal 
Neurological Institute, Montréal, QC, Canada

Central nervous system (CNS) diseases, such as Parkinson’s Dis-
ease (PD) and Amyotrophic Lateral Sclerosis (ALS), are complex 
diseases with few treatments available to patients. In order to bet-
ter study effective treatments of these diseases, more represen-
tative models of the human brain and its diverse cell types need to 
be made available to researchers. The advent of patient-derived 
induced pluripotent stem cell (iPSC) technology opens up the 
possibility of generating human brain cells on a dish, facilitating 
discovery and translational research. At the Montreal Neurologi-
cal Institute (MNI), an open science collection of patient-derived 
iPSCs has been established through a collaboration between the 
Clinical, Biological, Imaging and Genetic repository (C-BIG) and 
the Early Drug Discovery Unit (EDDU). C-BIG is a collection of bi-
ologic samples (DNA, serum, PBMC, CSF, urine, stool or saliva), 
clinical information, imaging (de-faced MRI, CT scans, PET scans) 
and genetic data (RNA sequencing panels, SNV) from patients 
with neurologic disease as well as from health control subjects. 
The data and samples at C-BIG are accessible to research teams 
with scientifically and ethically valid proposal around the world, 
congruent with open science principles. Peripheral blood mono-
nuclear cells (PBMCs) from consenting healthy and diseased 
donors are then reprogrammed by the EDDU and edited using 

CRISPR-Cas9 technology to create knock-outs, knock-ins, and 
isogenic controls. The EDDU has generated over 80 new IPSCs, 
40 knock-out (KO) cell lines, 18 knock-in (KI) cell lines, and 24 dis-
ease corrected lines, reflecting many different diseases and dis-
ease-causing genetic variations. A rigorous QC process follows 
both reprogramming and gene editing where genome stability 
is consistently demonstrated as normal by analysis of karyotyp-
ing, qPCR for recurrent genetic abnormalities, and immunofluo-
rescence of pluripotency markers Nanog, OCT3/4, Tra1-60, and 
SSEA4. IPSCs are differentiated into different neural subtypes for 
the study of neurodegenerative diseases and are demonstrated 
to show appropriate protein expression as determined by immu-
nostaining and functionality through the detection of local electric 
impulses. Generated iPSCs are banked with C-BIG and are avail-
able for global distribution on a cost-recovery basis. Protocols 
and datasheets are available on EDDU Data Portal. So far, more 
than 45 collaborations with academic and industrial partners have 
taken place, aiming at expanding our research impact and speed 
up innovations in neuroscience that will benefit people affected 
by neurological disorders.

Funding Source: Brain Canada Foundation, Tanenbaum Open 
Science Institute.

Keywords: IPSC, open science, neurodegenerative disease
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MODELLING OF BILIRUBIN-INDUCED NEURO-
INFLAMMATION USING HIPSC-DERIVED BRAIN 
ORGANOIDS
Pranty, Abida Islam - Natural Science, Institute for Stem Cell 
Research & Regenerative Medicine, Heinrich Heine University 
Duesseldorf, University Hospital Duesseldorf, Germany
Wruck, Wasco - Medicine, Institute for Stem Cell Research 
& Regenerative Medicine, University Hospital, Duesseldorf, 
Germany
Adjaye, James - Medicine, Institute for Stem Cell Research 
& Regenerative Medicine, University Hospital, Duesseldorf, 
Germany

Bilirubin-induced neurological damage (BIND) has been a subject 
of studies for decades, yet the core molecular mechanisms of the 
damage remain largely unknown. BIND, which is also known as 
kernicterus, occurs as a consequence of defects in the bilirubin 
conjugation machinery, resulting unconjugated bilirubin (UCB) to 
accumulate and cross the blood–brain barrier. Severe hyperbili-
rubinemia due to a mutation within the UGT1A1 encoding gene, 
has a direct contribution in bilirubin conjugation causing kernic-
terus as a symptom of Crigler Najjar Syndromes (CNS1, CNS2) 
and Gilbert syndrome, which may result in permanent neurolog-
ical sequelae. Gunn rats and transgenic mice have been used 
as in vivo BIND models, however, these models cannot precisely 
recapitulate the human condition. Therefore, we are using human 
induced pluripotent stem cells (hiPSCs) derived 3D-brain organ-
oids as a potential in vitro model system to unveil the breadth 
of complexities at the cellular and molecular levels (Gene ontol-
ogies and pathways) that accompany the detrimental effects of 
UCB to the developing human brain. In this comparative study, 
hiPSCs derived from healthy and CNS patients were differentiat-
ed into day-20 brain organoids, these were then stimulated with 
200nM UCB and analyzed at 24 hours and 72 hours post-treat-
ment. The results obtained so far point at UCB-induced neuro-in-
flammation at 72 hours post-stimulation in both the healthy and 
patient cell line. Transcriptome and associated KEGG and Gene 
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) Ontology analyses revealed inflammation, neurodevelopmental, 
redox-status homeostasis and cell cycle repair-related pathways 
as perturbed upon UCB exposure. Distinct inflammatory path-
ways observed include MAPK signaling, calcium signaling, NFκ-ß 
activation, TNF signaling pathway, cytokine-cytokine receptor 
interaction, and upregulation of pro-inflammatory cytokines such 
as IL1, IL8, IL37 upon UCB stimulation. In summary, these initial 
results provide insights into how an iPSC-derived 3D-brain organ-
oid model can serve as a prospective platform to study the etiol-
ogy of BIND- Kernicterus.

Funding Source: medical faculty of Heinrich Heine University, 
Duesseldorf, Germany

Keywords: BIND, 3D-brain organoid, neuro-inflammation
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INVESTIGATING THE ROLE OF MICROGLIA 
MEDIATED NEUROINFLAMMATION IN 
AMYOTROPHIC LATERAL SCLEROSIS
Gao, Yujing - Biology, Astex Therapeutics Ltd, Cambridge, UK
Graham, Brent - Biology, Astex Therapeutics Ltd, Cambridge, UK
Tams, Daniel - Biology, Astex Therapeutics Ltd, Cambridge, UK

Amyotrophic Lateral Sclerosis (ALS) or Motor Neurone Disease 
(MND) is a neurodegenerative disorder caused by the progressive 
loss of motor neurons in the motor cortex and spinal cord. The 
pathological mechanisms underlying ALS are unclear, although 
neuroinflammation is a major factor contributing to disease pa-
thology. In ALS patients and animal models, resident macrophage 
cells called microglia demonstrate changes in morphology and 
function, including altered levels of pro-inflammatory cytokines. 
Although largely sporadic, a genetic cause underlies ~10% of ALS 
cases. A common genetic cause is the hexanucleotide repeat ex-
pansion (HRE) in C9ORF72, this accounts for ~40% of familial and 
~10% of sporadic ALS. To investigate the role of microglia induced 
neuroinflammation in ALS, we generated microglia from induced 
pluripotent stem cells (iPSC) carrying mutations in C9ORF72 and 
isogenic controls. Human iPSCs were differentiated into microglia 
using an established yolk-sac mesoderm induction method with 
minor modifications. Generation of microglia was verified by ex-
pression of established cell lineage markers including TREM2, IT-
GAM, P2RY12, PU.1 and IBA1. The inflammatory profile of microg-
lia upon lipopolysaccharide (LPS) stimulation was assessed via 
immunocytochemistry, flow cytometry, enzyme-linked immuno-
sorbent assays and real time PCR. Microglia with C9ORF72 HRE 
or knockout showed reduced capacity for cytokine production 
compared to isogenic controls. More specifically, secreted levels 
of IL-6, IL-10 and TNFa are reduced, suggestive of an impaired 
LPS induced inflammatory response. In summary, we established 
iPSC derived models for ALS and investigated the inflammato-
ry profile of microglia. Our preliminary microglia results confirm 
a complex loss and gain of function phenotype associated with 
C9ORF72 HRE ALS. Future work will broaden the phenotypic and 
functional profiling of these cell models using single cell RNAseq 
and explore disease phenotypes in motor neurons and microglia/
motor neuron co-culture systems.

Keywords: Neuroinflammation, Microglia, C9ORF72
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HIPSC-DERIVED EXCITATORY-INHIBITORY 
NEURON CO-CULTURES OF SCHIZOPHRENIA 
PATIENTS SHOW ABERRANT NEURONAL 
CONNECTIVITY AND ACTIVITY
Heider, Johanna - Molecular Neurobiology, Natural and Medical 
Sciences Institute at the University of Tübingen, Reutlingen, 
Germany
Hartmann, Sophia-Marie - Molecular Neurobiology, Natural 
and Medical Sciences Institute at the University of Tübingen, 
Reutlingen, Germany
Vogel, Sabrina - Molecular Neurobiology, Natural and Medical 
Sciences Institute at the University of Tübingen, Reutlingen, 
Germany
Breitmeyer, Ricarda - Molecular Neurobiology, Natural and 
Medical Sciences Institute at the University of Tübingen, 
Reutlingen, Germany
Wüst, Richard - Department of Psychiatry, Tübingen Center for 
Mental Health (TüCMH), University of Tübingen, Germany
Fallgatter, Andreas - Department of Psychiatry, Tübingen Center 
for Mental Health (TüCMH), University of Tübingen, Germany
Volkmer, Hansjürgen - Molecular Neurobiology, Natural and 
Medical Sciences Institute at the University of Tübingen, 
Reutlingen, Germany

Schizophrenia is a complex neuropsychiatric disorder often re-
lated to impairments in synaptic transmission and alterations of 
neuronal activity patterns. An imbalance of excitatory and inhib-
itory drive in the prefrontal cortex is suggested to contribute to 
some of the cognitive deficits observed in patients. However, 
there is still only little insight into the underlying morphological 
and functional mechanisms at play, especially in a human con-
text. Here, we present a neuronal co-culture model derived from 
schizophrenia patient iPSC to study disease phenotypes in a hu-
manized system in vitro. We demonstrate that iPSC-derived gluta-
matergic neurons and GABAergic interneurons robustly express 
lineage-specific synaptic markers and develop single-cell as wells 
as network activity when combined into co-cultures. Both gluta-
matergic neurons and interneurons derived from schizophrenia 
patients show a reduction of presynaptic terminals when cultured 
individually and in co-cultures. Interestingly, for excitatory as well 
as inhibitory neurons, formation of synapses onto glutamatergic 
neurons seems to be primarily affected. Single-cell calcium im-
aging in co-cultures demonstrates diverging activity patterns of 
glutamatergic and GABAergic neurons, stressing the need for 
cell type-specific activity analysis. Such subtype-specific exam-
inations revealed significantly altered calcium peak parameters 
for both types of neurons when comparing schizophrenia patient 
cells with healthy control neurons. In conclusion, we generated a 
2D in vitro human cellular test system to study morphological and 
functional signatures of glutamatergic and GABAergic neurons 
as well as their reciprocal interaction. We observed alterations of 
neuronal activity and synapse formation for both types of neurons 
derived from patients with schizophrenia. In the future, our model 
system could serve as a valuable in vitro platform for the mecha-
nistic study of disease candidate drugs.

Keywords: Schizophrenia, neuronal co-culture, disease 
modeling



183

P
O

S
T

E
R

 A
B

S
T

R
A

C
T

 G
U

ID
E

W
E

D
N

E
S

D
A

Y
, 

14
 J

u
N

E
 2

0
2

3

600

MITOCHONIC ACID 5 IS A NOVEL THERAPY 
FOR GAUCHER DISEASE TARGETING 
MITOCHONDRIAL DYSFUNCTION AND THE 
NLRP3 INFLAMMASOME AXIS
Tongu, Yoshiyasu - Clinical Biology and Hormonal Regulation, 
Tohoku University, Sendai, Japan
Toyohara, Takafumi - Department of Clinical Biology and 
Hormonal Regulation, Division of Nephrology, Endocrinology 
and Vascular Medicine, Tohoku University Graduate School of 
Medicine, Sendai, Japan
Kasahara, Tomoko - Department of Clinical Biology and 
Hormonal Regulation, Division of Nephrology, Endocrinology 
and Vascular Medicine, Tohoku University Graduate School of 
Medicine, Sendai, Japan
Saigusa, Daisuke - Laboratory of Biomedical and Analytical 
Sciences, Faculty of Pharma-Science, Teikyo University, Tokyo, 
Japan
Oikawa, Yoshitsugu - Department of Pediatrics, Tohoku 
University Graduate School of Medicine, Sendai, Japan
Soga, Tomoyoshi - Institute for Advanced Biosciences, Keio 
University, Yamagata, Japan
Abe, Takaaki - Department of Clinical Biology and Hormonal 
Regulation, Division of Nephrology, Endocrinology and Vascular 
Medicine, Tohoku University Graduate School of Medicine, 
Sendai, Japan

Gaucher Disease (GD) is an autosomal recessive disease and 
caused by glucocerebrosidase depletion. Type 2 and type 3 GD 
patients show neural symptoms induced by glucosylsphingosine 
accumulation in the brain which cause severe and lethal prog-
nosis. Because the enzyme replacement therapy is not sufficient 
due to poor penetration across the blood-brain barrier (BBB), nov-
el drugs for neuropathic GD are urgently needed. Because brain 
inflammation via mitochondrial dysfunction/NLRP3 inflammasome 
axis was reported in GD, drugs that improve mitochondrial func-
tion may play a therapeutic role. We recently established a mito-
chondrial homing drug, Mitochonic Acid (MA)-5 that can cross the 
BBB and is in Phase 1 clinical trial. Using microglia differentiated 
from GD patient-iPSCs, a key cell type in brain inflammation, we 
show that there is a significant increase in levels of mitochondrial 
DNA (mtDNA) released into the cytosol thus activating the NLRP3 
complex, and consequentially releases IL-1b. However, all these 
phenotypes were mitigated upon treatment with MA-5. Single cell 
RNA-seq was performed, and the effects of MA-5 were analyzed. 
Furthermore, we generated a GD mouse model where we admin-
istered a glucocerebrosidase inhibitor and confirmed the thera-
peutic effects of MA-5 in vivo. We show that MA-5 significantly 
extended the lifespan in mice and improved motor function as 
measured by the rotarod performance test. We also observed an 
increase in microglial numbers and activation in GD mouse brains 
compared to healthy control mice. Upon treatment with MA-5, we 
also observe similar effects on the mitochondrial phenotype as in 
our human GD microglia model. Additionally, we wanted to see 
how MA-5 alters the metabolism of these cells using metabolo-
mics. Our results show that the metabolome of GD mouse brains 
contain metabolites associated with inflammation and oxidative 
stress which were mitigated with MA-5 treatment. In conclusion, 
our studies have found that MA-5 ameliorates brain inflammation 
by regulating mitochondrial dysfunction / NLRP3 inflammasome 
axis in microglia and improve the neural symptoms of GD. Due 
to the involvement of the NLRP3 inflammasome complex in other 
inflammatory diseases, our drug is a potential therapeutic candi-

date to target this complex and thus have broad effects for incur-
able diseases.

Keywords: Gaucher Disease, NLRP3 inflammasome treatment, 
iPS-derived microglia
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MICROGLIA FERROPTOSIS CONTRIBUTES TO 
NEURODEGENERATION IN AN HIPSC-DERIVED 
TRI-CULTURE
Ryan, Sean - Rare and Neurologic Diseases, Sanofi, Cambridge, 
MA, USA

Ferroptosis is an iron-dependent form of regulated cell death. 
This pathway, as well as iron dysregulation, has been implicated 
in multiple neurodegenerative disorders, including Parkinson’s 
disease (PD) and Amyotrophic Lateral Sclerosis. While neuron 
susceptibility has been well established, how iron overload in-
fluences microglia physiology and disease response is poorly 
understood. In a tri-culture of human iPSC-derived neurons, as-
trocytes, and microglia, the microglia were the most sensitive to 
ferroptosis at the transcriptomic, protein, and functional level. Sin-
gle-cell RNA sequencing revealed a distinct ferroptotic signature 
in the microglia which correlated with marked increases in Fer-
ritin at the protein level and increases in IL-8 production. These 
ferroptotic signatures were rescued with pharmacological inhib-
itors. Strikingly, removal of microglia from the tri-culture system, 
massively delayed and dampened neuronal ferroptosis, strongly 
suggesting the microglia sensitize the neurons to ferroptosis-de-
pendent degeneration. Similar ferroptosis-associated signature 
(FAS) microglia were uncovered in PD, and the signature was also 
found in a large cohort of PD patient blood samples, raising the 
possibility that ferroptosis can be identified clinically. This work 
places microglial ferroptosis in the context of disease, reveals a 
potential role for this pathway in driving neuroinflammation, and 
suggests that further research into therapeutics that mitigate fer-
roptotic stress in not just neurons but also microglia may be of 
interest in treating neurodegenerative disorders.

Keywords: Ferroptosis, tri-culture, microglia
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REPRODUCIBLE GENERATION OF FUNCTIONAL 
HUMAN STEM CELL-DERIVED NEURAL CIRCUITS 
AT SINGLE CELL RESOLUTION
Striebel, Johannes - Department of Ophthalmology, University 
of Bonn, Germany
Habibey, Rouhollah - Department of Ophthalmology, University 
of Bonn, Germany
Busskamp, Volker - Department of Ophthalmology, University of 
Bonn, Germany

Application of in vitro neuronal networks to model neurological 
diseases is largely based on randomly formed networks. Such 
arbitrary structures cannot be reproduced among samples and 
do not reflect the in vivo network architecture like hierarchy and 
modularity. In order to create more realistic in vitro models of neu-
ronal networks, a tight control over network morphology is nec-
essary, ideally down to the single cell and sub-cellular levels. As 
a result, this would improve the robustness of electrophysiology 
data in reproducibly engineered in vitro networks, unlike the ran-
dom networks that exhibit uncontrollable network effects (noise) 
on electrophysiology data. Creating in vitro neural networks with 
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) an accurate structure is not a trivial task since different aspects 
like placement of neuronal cells, guidance of neurite growth, 
synaptic connections, readout efficiency etc. need to be consid-
ered. With our novel approach, we can create defined 2D neural 
networks by placing neurons in a microchannel scaffold atop a 
multielectrode array (MEA). Human induced pluripotent stem cell 
(hiPSC)-derived neurons are printed with µm precision using a 
custom-built cell-jet printer. Neuronal outgrowth is guided using 
microfluidics. Neurons grow along a predefined topography of 
channels and connect to other cells. Different cell types are used 
for circuit assembly. HiPSC-derived neurons offer the flexibility, 
scalability and diversity needed to build circuits bottom-up. Single 
neuronal cells start to show activity seven days after placement 
and can be studied over several weeks. Our MEA setup also en-
ables evoking neuronal activity using optogenetic or electrical 
stimulation. Here, we are able to engineer network motifs that are 
found in biological neural systems like retinal circuits. Our neu-
ral circuit system will be used for fundamental neuroscience and 
translational approaches such as modelling neurological diseas-
es on-chip.

Funding Source: Volkswagen Foundation, Joachim Herz 
Foundation

Keywords: hiPSC-derived neurons, microelectrode array 
electrophysiology, circuit engineering
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INVESTIGATING THE MECHANISM OF PTEN 
MUTATION-RELATED NEURODEVELOPMENTAL 
DISORDERS IN GENETICALLY ENGINEERED 
HUMAN PLURIPOTENT STEM CELLS-DERIVED 2D 
AND 3D NEURAL CULTURES
Dhaliwal, Navroop Kaur - Program in Developmental and Stem 
Biology, SickKids, Toronto, ON, Canada
Weng, Octavia - Program in Developmental and Stem Biology, 
Sickkids, Toronto, ON, Canada
Dong, Xiaoxue - Program in Developmental and Stem Biology, 
Sickkids, Toronto, ON, Canada
Ahmed, Mai - Program in Developmental and Stem Biology, 
Sickkids, Toronto, ON, Canada
Bhattacharya, Afrin - Program in Developmental and Stem 
Biology, Sickkids, Toronto, ON, Canada
Nishimura, Haruka - Program in Developmental and Stem 
Biology, Sickkids, Toronto, ON, Canada
Aggarwal, Aditi - Program in Developmental and Stem Biology, 
Sickkids, Toronto, ON, Canada
Choi, Wendy - Program in Developmental and Stem Biology, 
Sickkids, Toronto, ON, Canada
Wilson, Michael - Program in Genetics and Genome Biology, 
Sickkids, Toronto, ON, Canada
Moffat, Jason - Program in Genetics and Genome Biology, 
Sickkids, Toronto, ON, Canada
Wang, Lu-Yang - Program in Neurosciences and Mental Health, 
Sickkids, Toronto, ON, Canada
Muffat, Julien - Program in Neurosciences and Mental Health, 
Sickkids, Toronto, ON, Canada
Li, Yun - Program in Developmental and Stem Biology, Sickkids, 
Toronto, ON, Canada

Mutations in the PTEN gene are strongly associated with a variety 
of severe neurodevelopmental disorders including autism, mac-
rocephaly, and epilepsy. Currently, treatment options for these 
patients are extremely limited. In the present study, we used 

human pluripotent stem cells (hPSCs) based culture systems to 
study the mechanism of PTEN-related neurodevelopmental dis-
orders. To investigate the role of PTEN in human cortical neurons, 
we engineered a dual-targeted hPSC line (H1-iCas9-iNgn2) that 
contains doxycycline-inducible transgenes for Cas9 and Ngn2 
in the AAVS1 “safe-harbor” loci. Transduction with sgRNA-con-
taining lentivirus and doxycycline treatment can rapidly generate 
edited cortical human neurons in as little as a week. We found 
that PTEN mutant neurons are significantly hypertrophic and 
electrically hyperactive. Because PTEN is known to inhibit both 
the mTORC1 and mTORC2 pathways, we next investigated the 
molecular mechanisms of these cellular phenotypes by genetical-
ly manipulating individual mTOR complexes in the PTEN mutant 
human neural cells. Contrary to previous mouse model studies, 
we found that restoration of either mTORC1 or mTORC2 was 
sufficient to rescue the electrical hyperactivity and hypertrophic 
phenotypes in the PTEN mutant human cortical neurons. Consis-
tent with our lab’s previous findings, we showed PTEN-KO human 
brain organoids were larger in size and hPSCs-derived PTEN-KO 
human neural precursors (NPs) displayed significantly increased 
proliferation compared to their isogenic controls. Next, we 
showed that genetic intervention of either mTORC1 or mTORC2 
reverts the increased proliferation of PTEN-KO human NPs and 
the enlarged size of PTEN-KO human brain organoids. Together, 
this study demonstrates the molecular mechanisms that underlie 
PTEN-related human neurodevelopmental disorders and high-
lights the novel therapeutic targets.

Keywords: Engineered human pluripotent cell line, Cas9-Ngn2 
neuronal differentiation, neurodevelopmental disorder modelling

608

FRAGILE X SYNDROME: CHARACTERIZATION OF 
THE NEURODEVELOPMENTAL DEFECTS USING 
INDUCED PLURIPOTENT STEM CELLS DERIVED 
FROM PATIENTS
Dionne, Olivier - Biochemistry and Functional Genomics, 
Université de Sherbrooke, QC, Canada
Corbin, Francois - Biochemistry and Functional Genomics, 
Sherbrooke University, Sherbrooke, QC, Canada
Laurent, Benoit - Biochemistry and Functional Genomics, 
Sherbrooke University, Sherbrooke, QC, Canada

Fragile X Syndrome (FXS) is the most common hereditary cause 
of intellectual disability and autism spectrum disorder. FXS is 
caused by the lack of expression of the Fragile X Mental Retar-
dation Protein (FMRP), a widely expressed RNA-binding protein 
that plays a key role in the regulation of protein synthesis. Loss 
of FMRP-related translational regulation has been linked to ab-
normal synaptic transmission and improper dendritic spines mor-
phogenesis. However, our current understanding of FXS physi-
opathology remains limited, since most of the research that has 
looked into the subject has been conducted with animal models 
or human subjects. To overcome this issue, we decided to study 
FXS etiology using induced pluripotent stem cells (iPSCs) derived 
from FXS patients. We investigated the neurodevelopmental 
characteristics of the disease by i) evaluating the commitment 
of iPSCs towards neuronal differentiation in absence of FMRP 
expression. ii) assessing the neural progenitor cell (NPC) prolif-
eration and differentiation. We showed that FXS NPC exhibited 
dysregulated cell signaling, protein synthesis, proliferation, and 
cell fate upon differentiation. Multi-omics analyses of FXS NPC 
and neurons also revealed key mechanistic insights into how the 
loss of FMRP expression leads to these phenotypes. We seek 
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to further investigate the potential contribution of these mecha-
nisms to FXS pathophysiology and evaluate their modulation as a 
potential therapeutic avenue for FXS.

Keywords: Fragile X Syndrome, Neurodevelopmental Disorders, 
Intellectual Disability
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PHENOTYPIC HIGH-CONTENT SCREENING FOR 
THE IDENTIFICATION OF DRUG CANDIDATES 
TARGETING LEIGH SYNDROME IN PATIENT-
DERIVED NEURONAL PRECURSOR CELLS
Wittich, Annika - Fraunhofer Institute for Translational Medicine 
and Pharmacology ITMP, ScreeningPort, Hamburg, Germany
Zink, Annika - Department of General Pediatrics, Neonatology 
and Pediatric Cardiology, Heinrich Heine University, Düsseldorf, 
Germany
Haferkamp, Undine - Fraunhofer Institute for Translational 
Medicine and Pharmacology ITMP, ScreeningPort, Hamburg, 
Germany
Reinshagen, Jeanette - Fraunhofer Institute for Translational 
Medicine and Pharmacology ITMP, ScreeningPort, Hamburg, 
Germany
Wolf, Markus - Fraunhofer Institute for Translational Medicine 
and Pharmacology ITMP, ScreeningPort, Hamburg, Germany
Prigione, Alessandro - Department of General Pediatrics, 
Neonatology and Pediatric Cardiology, Heinrich Heine 
University, Düsseldorf, Germany
Pless, Ole - Fraunhofer Institute for Translational Medicine and 
Pharmacology ITMP, ScreeningPort, Hamburg, Germany

Leigh syndrome (LS) is a severe genetic neurodevelopmental 
disorder affecting 1 in 36,000 live births and classified as a rare 
disease. Most individuals with LS have defects in mitochondrial 
energy production, resulting from deficiency in enzymes of the 
mitochondrial respiratory chain, such as mitochondrially encod-
ed MT-ATP6. At present, there is no cure for this disease. Devel-
opment of novel treatment modalities to ameliorate rare diseas-
es is challenging for numerous reasons. Drug repurposing is a 
time- and cost effective drug development strategy for the iden-
tification of known drugs for alternative targets and indications. 
Previously, it was shown that induced pluripotent stem cell (iP-
SC)-derived neuronal precursor cells (NPCs) from patients could 
serve as an effective disease model for LS. NPCs are prolifera-
tive, retain the parental mitochondrial DNA and depend primar-
ily on oxidative phosphorylation. Patient-derived NPCs carrying 
the deleterious homoplasmic mutation (m.9185T>C) in MT-ATP6 
showed blunted ATP production and an increased mitochondrial 
membrane potential (ΔΨm). We established an automation-com-
patible image-based assay for ΔΨm quantification in live cells us-
ing the mitochondrial membrane potential indicator dye TMRM, 
which accumulates proportional to ΔΨm. Using this assay, we 
screened a highly annotated small molecule repurposing library 
with 5.632 compounds including (pre-)clinical, marketed and 
withdrawn drugs to identify novel therapeutic candidates that 
normalize mitochondrial metabolism for LS patients. We found a 
hit population of 187 drug candidates that reduced the ΔΨm in 
m.9185T>C NPCs by at least 32.5%. We confirmed this effect for 
100 compounds, tested 64 most active in dose-response titration 
experiments and validated their toxicity profile. Currently, drug 
candidates with dose-dependent effects are further profiled in 
secondary assays that are independent from ΔΨm. The drug-me-
diated effect will also be validated in other LS patient-derived 
NPCs and healthy controls. In summary, we have established a hit 

identification and validation pipeline using patient-derived NPCs 
enabling phenotypic screening for rare neurological diseases 
and identified potential drug candidates that have the potential to 
become treatment options for patients suffering from LS.

Funding Source: This project is funded by the European Joint 
Programme on Rare Diseases (EJP RD) and by the German 
Federal Ministry of Education and Research (Bundesministerium 
für Bildung und Forschung (BMBF), FKZ01GM2002B).

Keywords: High-content screen, Patient-derived neuronal 
precursor cells, Drug repurposing
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EXAMINING SELECTIVE VULNERABILITY TO TAU 
PATHOLOGY USING HUMAN IPSC-DERIVED 
NEURONS
Weidling, Ian - Neuroscience Discovery, AbbVie, Cambridge, 
MA, USA
Preiss, Christina - Cambridge Research Center, AbbVie, 
Cambridge, MA, USA
Srivastava, Gyan - Data and Statistical Sciences, AbbVie, 
Cambridge, MA, USA
Gibilisco, Lauren - Cambridge Research Center, AbbVie, 
Cambridge, MA, USA
Brennan, Melanie - Cambridge Research Center, AbbVie, 
Cambridge, MA, USA
Roth, Lindsay - Cambridge Research Center, AbbVie, 
Cambridge, MA, USA
Morozova, Olga - Cambridge Research Center, AbbVie, 
Cambridge, MA, USA
Nam, Kyongnyon - Cambridge Research Center, AbbVie, 
Cambridge, MA, USA
Thomas, Joji - Data and Statistical Sciences, Excelra Knowledge 
Solutions, Hyderabad, India
Philip, Philge - Data and Statistical Sciences, Excelra Knowledge 
Solutions, Hyderabad, India
Chancellor, Sarah - Cambridge Research Center, AbbVie, 
Cambridge, MA, USA
Kwon, Taekyung - Cambridge Research Center, AbbVie, 
Cambridge, MA, USA
Lee, Heyne - Neuroscience Research, AbbVie, Ludwigshafen, 
Germany
Reinhardt, Peter - Neuroscience Research, AbbVie, 
Ludwigshafen, Germany
Romanul, Nandini - Cambridge Research Center, AbbVie, 
Cambridge, MA, USA
Yanamandra, Kiran - Cambridge Research Center, AbbVie, 
Cambridge, MA, USA
Welker, Alessandra - Cambridge Research Center, AbbVie, 
Cambridge, MA, USA
Wu, Jessica - Cambridge Research Center, AbbVie, Cambridge, 
MA, USA
Langlois, Xavier - Cambridge Research Center, AbbVie, 
Cambridge, MA, USA
Manos, Justine - Cambridge Research Center, AbbVie, 
Cambridge, MA, USA

Alzheimer’s disease (AD) is characterized by a stereotypical pro-
gression of tau pathology throughout the brain. Tau alterations typ-
ically appear first in the hippocampus and cortex, while midbrain 
and hindbrain regions are relatively spared. These neuropatho-
logical observations suggest certain regions have a selective vul-
nerability to the disease processes, but the molecular underpin-



186

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 M
O

D
E

Li
N

g
 D

E
v

E
LO

P
M

E
N

T
 A

N
D

 D
iS

E
A

S
E

 (
M

D
D

) nings of selective vulnerability have yet to be well defined. Here, 
we took advantage of human induced pluripotent stem cell (hiP-
SC) technology to derive neuronal identities predicted to have 
different propensities to form tau aggregates following seeding 
using a recent in-house, well-established tau aggregation high 
content imaging assay. We differentiated commercially available 
hiPSC lines derived from apparently healthy donors (3 female, 2 
male, ages 15-64) into five neuronal populations resembling AD 
vulnerable and resilient neuronal subtypes from the forebrain, 
midbrain, and hindbrain. Protein and RNA markers specific to 
each neuronal subtype were measured via immunofluorescence, 
single cell RNA-seq and qPCR, which confirmed distinct expres-
sion of brain region- and neuronal subtype-specific markers for 
each hiPSC-derived neuronal population. When subjected to our 
tau seeding assay, the unique neuronal subtypes showed differ-
ential vulnerability to tau aggregation following seeding with ei-
ther sarkosyl-soluble or -insoluble AD brain-derived pathological 
tau with high concordance between donor lines and across seed 
types. Importantly, the differential vulnerability observed mirrors 
aspects of selective vulnerability to tau pathology observed in AD 
brains. These results build on previous in vitro studies by applying 
a recently developed hiPSC tau seeding model to hiPSC-derived 
neuronal populations with distinct regional identities, further val-
idating the physiological relevance of this model to Alzheimer’s 
disease. Disclosures: IW, CP, GS, LG, MB, LR, OM, KN, SC, TK, HL, 
PR, NR, KY, AW, JW, XL, and JM are employees of AbbVie. JT and 
PP are AbbVie contractors. The design, study conduct, and finan-
cial support for this research were provided by AbbVie. AbbVie 
participated in the interpretation of data, review, and approval of 
the publication.

Funding Source: The design, study conduct, and financial 
support for this research were provided by AbbVie. AbbVie 
participated in the interpretation of data, review, and approval of 
the publication.

Keywords: Alzheimer’s disease, Selective vulnerability, Tau
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MODELING THE EMERGENCE OF NEURAL 
NETWORK DYSFUNCTION IN RETT SYNDROME 
WITH MOSAIC ORGANOIDS
Baliaouri, Natella - Neurobiology, University of California, Los 
Angeles, CA, USA
Ibrahim, Diana - Neurobiology, University of California, Los 
Angeles, CA, USA
Emodi, Angel - Neurobiology, University of California, Los 
Angeles, CA, USA
Choi, Lauren - Neurobiology, University of California, Los 
Angeles, CA, USA
Kurdian, Arinnae - Neurobiology, University of California, Los 
Angeles, CA, USA
Samarasinghe, Ranmal - Neurology, David Geffen School of 
Medicine, Los Angeles, CA, USA
Novitch, Bennett - Neurobiology, University of California, Los 
Angeles, CA, USA

Rett syndrome (RTT) is an X-linked neurodevelopmental disorder 
primarily caused by heterozygous mutations in the MECP2 gene 
with symptoms including developmental delays, stereotyped 
movements, and seizures. The expression of dysfunctional and 
functional MECP2 in RTT is mosaic due to randomized X-chromo-
some inactivation. Both the proportion of dysfunctional cells and 
the specific mutation impact symptom severity. MECP2 dysfunc-

tion appears to impact neural network development by affecting 
the process of creating the excitation-inhibition balance required 
for normal neural circuit function. Prior organoid models relied on 
the use of RTT-patient derived induced pluripotent stem cells that 
either completely contain or lack MECP2 function to create or-
ganoids with homogenous cell populations. We have created and 
validated a mosaic organoid model for RTT and will present our 
progress using this system to understand the cell-autonomous 
and non-cell autonomous impacts of MECP2 dysfunction on hu-
man neurodevelopment. Our analysis is based on a multi-faceted 
approach including immunohistochemistry and electrophysiolog-
ical approaches.

Funding Source: NIMH R01MH130061, NICHD P50HD103557, 
NIDA R01DA051897, and pilot funding awards and core 
resources provided by the UCLA Broad Stem Cell Research 
Center.

Keywords: Rett Syndrome, Mosaic Organoids, Neural Network 
Development
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NOVEL MODULAR IN VITRO PLATFORM FOR THE 
STUDY OF EXTERNAL FORCE ON TISSUE
Bardoogo, Yael - Department of Biomedical Engineering, Tel 
Aviv University, Tel Aviv, Israel
Yadid, Moran - The Azrieli Faculty of Medicine, Bar Ilan 
University, Sefad, Israel
Hagel, Mario - Department of Biomedical Engineering, Tel Aviv 
University, Tel Aviv, Israel
Beldjilali Labro, Mégane - Department of Biomedical 
Engineering, Tel Aviv University, Tel Aviv, Israel
Rahav, Noam - Department of Biomedical Engineering, Tel Aviv 
University, Tel Aviv, Israel
Schlotterose, Luise - Department of Biomedical Engineering, Tel 
Aviv University, Tel Aviv, Israel
Marrero, Denise - Department of Biomedical Engineering, Tel 
Aviv University, Tel Aviv, Israel
Maoz, Ben M. - Department of Biomedical Engineering, Tel Aviv 
University, Tel Aviv, Israel

One of the biggest challenges of cell cultures in vitro is mimicking 
the mechano-physiological forces applied to cells including ap-
plying external forces. While different approaches were demon-
strated, none of them were able to induce external force without 
touching the cells which can be tuned and changed over time. 
In this work, we developed a modular platform that enables the 
induction of external forces on cells, without direct contact, with 
different forces, durations, and that can be applied to multiple cell 
types. In this work, we demonstrate the strength and versatility of 
the system by two examples: preload-and afterload: we demon-
strate how applying an external force on cardiomyocytes enables 
us to better assess drug response and cardio-physiology; and 
traumatic brain injuries (TBI): here we demonstrate how such a 
system can decouple the forces which apply on the brain during 
TBI and assist us to better understand the neuronal response to 
injury. It is important to note that this platform is very versatile and 
allows us to apply it to various tissues for better mimicking the 
forces which are applied to tissues in vivo.

Keywords: traumatic brain injury, cardiomyocytes preload and 
afterload, mechano-physiological forces
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IN VIVO EXAMINATION OF THE TREM2-
DEPENDENT HUMAN MICROGLIAL RESPONSES 
TO ALZHEIMER’S DISEASE PATHOLOGY USING 
PROTEOMICS IN CHIMERIC MICE
Jiao, Yun - Data and Genome Sciences, Merck & Co., Inc., 
Cambridge, MA, USA
Davtyan, Hayk - Institute for Memory Impairments and 
Neurological Disorders, University of California, Irvine, CA, USA
Ramil, Carlo - Chemical Biology, Merck & Co., Inc., Cambridge, 
MA, USA
Shabestari, Sepideh Kiani - Department of Neurobiology and 
Behavior, University of California, Irvine, CA, USA
Hasselmann, Jonathan - Department of Neurobiology and 
Behavior, University of California, Irvine, CA, USA
Chaderevian, Jean Paul - Department of Neurobiology and 
Behavior, University of California, Irvine, CA, USA
Tamburino, Alex - Data & Genome Sciences, Merck & Co., Inc., 
Cambridge, MA, USA
Mathew, Rebecca - Data & Genome Sciences, Merck & Co., Inc., 
Cambridge, MA, USA

Alzheimer’s disease (AD) is the most common neurodegenera-
tive disease. Recent genome-wide association studies identified 
many risk genes expressed in microglia, suggesting that microg-
lia play a central role in AD. One of the strongest risk genes, 
TREM2, is exclusively expressed by microglia. Loss of function 
mutations of TREM2 was showed to increase AD risk dramatical-
ly. TREM2 knockout in mice was shown to impair the ability of mi-
croglia to respond to beta-amyloid plaques. However, it remains 
unclear whether human TREM2 knockout microglia exhibit similar 
or perhaps additional functional deficits. To further examine the 
impact of TREM2 deletion on human microglia, we used CRIS-
PR to generate TREM-knockout (TREM2-KO) induced pluripotent 
stem cells (iPSCs). Isogenic wildtype and TREM2-KO iPSCs were 
differentiated into hematopoietic progenitors (HPCs) and trans-
planted into postnatal immunodeficient AD mice (hCSF1-5xFAD). 
Six months later, human microglia were isolated from chimeric 
mice and examined via bulk proteomic analysis. Analysis of pro-
teomic dataset revealed significant and novel impacts of TREM2 
deletion on the response of human microglia to beta-amyloid pa-
thology. The protein abundance of a set of AD risk genes showed 
TREM2-dependence in their response to beta-amyloid patholo-
gy. Immune-related pathways in human microglia were altered 
between TREM2 genotypes in AD mice. The engulfment and 
phagocytosis of mouse synapses by human microglia were also 
altered by the loss of TREM2. These data reveal important new 
information about changes occurring within human microglia in 
response to amyloid pathology and loss of TREM2 expression.

Keywords: Microglia, In vivo model, TREM2
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LABEL-FREE FUNCTIONAL CHARACTERIZATION 
OF IPSC-DERIVED NEURONS AT SUBCELLULAR 
RESOLUTION
Oldani, Silvia - MaxWell Biosystems, Zürich, Switzerland
D’Ignazio, Laura - MaxWell Biosystems, Zürich, Switzerland
Guella, Elvira - MaxWell Biosystems, Zürich, Switzerland
Manogaran, Praveena - MaxWell Biosystems, Zürich, Switzerland
Obien, Marie - MaxWell Biosystems, Zürich, Switzerland
Ronchi, Silvia - MaxWell Biosystems, Zürich, Switzerland
Seyock, Silke - MaxWell Biosystems, Zürich, Switzerland

In recent years, brain models derived from pluripotent stem cells 
have become a fundamental tool for studying common neuro-
logical disorders, such as epilepsy, Alzheimer’s disease, and 
Parkinson’s disease. The ability to measure the electrical activ-
ity of human iPSC-derived neurons in real time and label-free 
can provide much needed insights into the complexity of the 
neuronal networks. Nowadays, combining single cell resolution 
with high-throughput physiological assays, which can potentially 
deepen our understanding of subtype-specific neuronal activity, 
is especially valuable and yet difficult to achieve. In this study, 
the MaxTwo System (MaxWell Biosystems, Switzerland), a multi-
well high-density (HD)-MEA platform was used. MaxTwo HD-MEA 
System allows in vitro extracellular recordings of action potentials 
at different scales, ranging from network through single-neuron 
to subcellular features. Moreover, we showed the advantages of 
having an HD-MEA system featuring 26,400 electrodes per well, 
which are key to increase the statistical power of the data col-
lected from iPSC-derived neurons over multiple days/weeks and 
to capture the smallest neuronal signals. Finally, we present the 
Axon Tracking Assay, a tool for automated recording and analysis 
of individual axonal arbors of many neurons in parallel. The Axon 
Tracking Assay enables to measure action potential conduction 
velocity, axonal length, and number of axonal branches. With this 
unique method, we characterized the function and axonal struc-
ture of different iPSC-derived neuronal cell lines. Our HD-MEA 
platforms and the extracted metrics, such as firing rate, spike am-
plitude, and network burst profile among several others, provide 
an extremely powerful and user-friendly approach for in vitro drug 
screening and disease modelling.

Funding Source: This work is funded by the NEUREKA project, 
GA 863245, within the H2020 Framework Program of the 
European Commission. This work is funded by the HyVIS 
project, GA 964468, within the H2020 Framework Program of 
the European Commission.

Keywords: HD-MEA, iPSC-derived neurons, axons
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TARGETING TCF4 TRIPLET EXPANSION REPEAT 
IN FUCHS ENDOTHELIAL CORNEAL DYSTROPHY: 
TOWARDS A CELL PLATFORM FOR DISEASE 
MODELING
Landi, Elisa - cBITE, MERLN Maastricht University, ET Maastricht, 
Netherlands
Dehnen, Jasmin - Department of Cell Biology–Inspired 
Tissue Engineering, MERLN Institute for Technology-Inspired 
Regenerative Medicine, Maastricht, Netherlands
Zondag, Ruth - Department of Human Genetics, Radboud 
University Medical Center, Nijmegen, Netherlands
Albert, Silvia - Department of Human Genetics, Radboud 
University Medical Center, Nijmegen, Netherlands
Dickman, Mor - Department of Cell Biology–Inspired Tissue 
Engineering, MERLN Institute for Technology-Inspired 
Regenerative Medicine, Maastricht, Netherlands
LaPointe, Vanessa - Department of Cell Biology–Inspired 
Tissue Engineering, MERLN Institute for Technology-Inspired 
Regenerative Medicine, Maastricht, Netherlands
van Bokhoven, Hans - Department of Human Genetics, 
Radboud University Medical Center, Nijmegen, Netherlands

The CTG18.1 repeat expansion in the transcription factor 4 (TCF4) 
intron 3 is the main cause of Fuchs endothelial corneal dystrophy 
(FECD), a complex degenerative condition underlying cornea-re-
lated blindness. The prevailing paradigm is that the expanded re-
peat exerts toxic effects, resulting in dysfunction and loss of cor-
neal endothelial cells. However, due to the lack of in vivo models 
and multiple limitations related to the available in vitro platforms, 
the mechanisms fueling the disease are not fully understood. We 
explored the use of CRISPR/Cas9 for disease modelling by excis-
ing the CTG18.1 expansion in three FECD patient-derived induced 
pluripotent stem cell lines (iPSCs) and one healthy control. Us-
ing a dual-plasmid-based approach, we generated four ΔCTG18.1 
lines characterized by the complete excision of the CTG18.1 ex-
pansion, as confirmed by Sanger sequencing. The pluripotency 
was confirmed by immunocytochemistry of Oct4, Nanog, SSEA4 
and TRA-1-81 markers and tri-lineage differentiation. The Tcf4 
protein level was validated by Western blot analysis and poten-
tial CRISPR/Cas9 cleavage activity was investigated by PCR and 
Sanger sequencing of the predicted off-target sites. To produce 
feeder-free iPSC-derived corneal endothelium cells (iCEnCs), we 
used small molecule induction including transforming growth 
factor beta receptor inhibitor SB431542, GSK-3-specific inhibi-
tor CHIR99021 and retinoic acid according to recently published 
work. As a proof of concept, we differentiated the healthy con-
trol line towards iCEnCs, characterized by the morphology and 
positivity of human periocular mesenchyme (e.g. Pitx1, Foxc1) and 
corneal endothelium markers (e.g. Z0-1, Na+/K+, CD166) through 
immunocytochemistry at multiple time points. With this study, we 
aim to provide a valuable cell platform for investigating the con-
tribution of the CTG18.1 expansion to FECD pathogenesis, paving 
the way to a comprehensive characterization of the disease and 
validation of innovative therapies against FECD.

Keywords: Fuchs endothelial corneal dystrophy, CRISPR/Cas9 
gene editing, Corneal endothelium

624

CAS9-MEDIATED KNOCKINS OFTEN 
ASSOCIATED WITH MULTICOPY INSERTIONS OF 
THE PLASMID DONOR
Skarnes, William C. - Cellular Engineering, The Jackson 
Laboratory for Genomic Medicine, Farmington, CT, USA
Giansiracusa, Sofia - Cellular Engineering, The Jackson 
Laboratory for Genomic Medicine, Farmington, CT, USA
Kendra, Angelina - Cellular Engineering, The Jackson 
Laboratory for Genomic Medicine, Farmington, CT, USA
Meng, Chen - Cellular Engineering, The Jackson Laboratory for 
Genomic Medicine, Farmington, CT, USA
Ning, Gang - Cellular Engineering, The Jackson Laboratory for 
Genomic Medicine, Farmington, CT, USA
Parker, Devon - Cellular Engineering, The Jackson Laboratory 
for Genomic Medicine, Farmington, CT, USA
Rivera-Diaz, Jamilex - Cellular Engineering, The Jackson 
Laboratory for Genomic Medicine, Farmington, CT, USA

We developed a highly efficient CRISPR-based method to gener-
ate homozygous HaloTag knockins in human induced pluripotent 
stem cells (iPSCs). Following co-delivery of Cas9 RNP and plas-
mid donor DNA, a majority of single cell-derived clones appear 
to be correctly targeted events in both copies of the target gene. 
However, loss of HaloTag expression was observed in some ho-
mozygous clones prompting us to sequence knockin alleles by 
Cas9 nanopore targeted sequencing. Surprisingly, the loss of 
HaloTag expression is correlated with the presence of tandem ar-
rays of the entire plasmid donor. We then designed a PCR assay 
detect these aberrant events and found that 40-80% of knockin 
clones contained multicopy insertions. Further nanopore target-
ed sequencing of clones edited with a plasmid containing degen-
erate bases supports a rolling circle DNA replication mechanism 
for multicopy integration. Thus, our results reveal a frequent and 
undesirable ‘on-target’ effect associated with the use of circu-
lar plasmid donor templates for Cas9-mediated knockin experi-
ments.

Funding Source: NIH (NIA, NINDS)

Keywords: Genome editing, ‘on-target’ effects, induced 
pluripotent stem cells
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MODELLING INNER EAR DEVELOPMENT IN 
HUMAN IPSC DERIVED ORGANOIDS
Garcia Urbano, Ana - Centre for Craniofacial & Regenerative 
Biology, King’s College London, UK
Thiery, Alexandre - Centre for Craniofacial and Regenerative 
Biology, King’s College London, UK
Yang, Jingyan - Centre for Craniofacial and Regenerative 
Biology, King’s College London, UK
Mann, Zoe - Centre for Craniofacial and Regenerative Biology, 
King’s College London, UK
Streit, Andrea - Centre for Craniofacial and Regenerative 
Biology, King’s College London, UK

The sense of hearing allows awareness of the surroundings and 
orientation in the environment, and it is arguably the most im-
portant sense for human communication. Globally, hearing loss 
affects over 400 million people, and it is associated with envi-
ronmental causes, aging and with congenital mutations that lead 
to defects in ear development and function. Thus, understanding 
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the molecular mechanisms that drive the formation of a functional 
inner ear during normal development is key to uncover the rea-
sons behind otic impairment, and to identify potential therapies. 
The inner ear is responsible for sound perception and balance, 
and it arises from a relatively simple embryonic structure known 
as the otic vesicle, which is gradually transformed into the high-
ly specialised adult inner ear. Patterning of the otic vesicle, di-
rected by signals from surrounding tissues, is critical for normal 
development: any patterning defects cause ear malformation. 
How patterning is integrated with cell differentiation and ear 
morphogenesis remains an open question. Here, we explore the 
patterning events that shape the human ear taking advantage of 
inner ear organoids, 3D structures derived from human induced 
pluripotent stem cells (iPSCs) that mimic ear development in vitro. 
Extensive immunohistochemical characterization while organoids 
accurately recapitulate early stages of ear development, the ves-
icles are poorly patterned. These findings provide novel insight 
into their apparent lack of cochlea-associated cells and spatial 
organization. We are currently investigating the competency of 
iPSC-derived otic vesicles to respond to patterning signals, which 
will in turn enlighten future signal modulation studies in organoid 
cultures. Creating models that better replicate normal ear forma-
tion will allow us to address the fundamental principles under-
lying early ear development in humans and has the potential to 
ultimately model disease states.

Keywords: Inner ear development, organoids, patterning
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MODELLING HUMAN EPILEPSY IN A DISH: 
EXPLORING THE ROLE OF SCN1A LOSS OF 
FUNCTION IN PRENATAL BRAIN DEVELOPMENT
Morey, Nicolle - Biomedical Sciences, Macquarie University, 
Sydney, Australia
Bright, Fiona - Biomedical Sciences, Macquarie University, 
Sydney, Australia
Cho, Ann-Na - Biomedical Sciences, Macquarie University, 
Sydney, Australia
Ittner, Lars - Biomedical Sciences, Macquarie University, Sydney, 
Australia
Ke, Yazi - Biomedical Sciences, Macquarie University, Sydney, 
Australia
van Eersel, Janet - Biomedical Sciences, Macquarie University, 
Sydney, Australia

The sodium channel subunit, SCN1A, is detectably expressed 
postnatally and increases through to adulthood. Its expression 
on inhibitory interneurons demonstrates its role in synaptic inhi-
bition, thus, SCN1A dysfunction upsets a fine balance in brain cir-
cuitry, giving rise to epileptic disorders. SCN1A variants resulting 
in loss of protein function are responsible for the rare but severe 
Dravet Syndrome (DS). Most human cases of this infantile-onset 
epilepsy are attributed to SCN1A haploinsufficiency, resulting in 
pharmaco-resistant seizures, developmental delays, cognitive 
dysfunction, and high incidence of epilepsy-associated death. It 
is hypothesised that complete loss of function causes embryonic 
lethality, though the role of SCN1A in pre-natal brain development 
remains unclear. Though mouse models of this disorder have 
been studied extensively, the disparity between the mouse and 
human developing brain prompts the need for clinically relevant 
models. To explore its role during human embryonic develop-
ment, CRISPR-Cas9 technology was used to target the endog-
enous start codon of SCN1A, generating homozygous and het-
erozygous SCN1A knockouts in the human embryonic stem cell 

line, H9. These were validated by genotyping and next genera-
tion sequencing, confirming a 200bp deleted region. All knock-
out clones were karyotypically normal and immunocytochemistry 
verified expression of OCT4, SOX2 and TRA-181 within stem cell 
colonies, and lack of germ-layer marker expression, confirming 
their retained pluripotency. SCN1A knockout clones and unedited 
H9 cells then underwent targeted differentiation into 3D forebrain 
organoids of dorsal and ventral lineages to study the developing 
telencephalon in vitro. Preliminary data revealed early transcrip-
tional alterations in markers of the medial ganglionic eminence 
between knockout and control organoids, suggesting novel im-
plications for SCN1A in ventral forebrain induction during pre-na-
tal brain development. Further investigation will involve functional 
readouts of neuronal activity and a deeper exploration into cell-
type specific deficits associated with depleted SCN1A activity. 
Hence, our work sheds light on early DS-associated mechanisms 
during pre-natal neurodevelopment, directing future studies into 
therapeutic strategies.

Keywords: Neurodevelopment, Gene editing, Organoids
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INVESTIGATING THE IMPACT OF SPATA5 
DEFICIENCY DURING HUMAN CORTICOGENESIS 
USING CEREBRAL ORGANOIDS
Ding, Tianli - IGM, Nationwide Children’s Hospital, Columbus, 
OH, USA
Biel, Alecia - IGM, Nationwide Children’s Hospital, Columbus, 
OH, USA
Guo, Gongbo - IGM, Nationwide Children’s Hospital, Columbus, 
OH, USA
Rutherford, Ryan - IGM, Nationwide Children’s Hospital, 
Columbus, OH, USA
Koboldt, Daniel - IGM, Nationwide Children’s Hospital, 
Columbus, OH, USA
Pierson, Christopher - Laboratory Medicine/Clinical Pathology, 
Nationwide Children’s Hospital, Columbus, OH, USA
Hester, Mark - IGM, Nationwide Children’ s Hospital, Columbus, 
OH, USA

Variants of Spermatogenesis-associated protein 5 (SPATA5) are 
associated with several neurodevelopmental deficits, including 
microcephaly, intellectual disability, and epilepsy. SPATA5 be-
longs to the AAA ATPase family of proteins and has been pro-
posed to play a role in early spermatogenesis and in ribosome 
assembly. Recent evidence suggests a role for SPATA5 during 
neuronal axonal growth and in mitochondrial dynamics. However, 
the role for SPATA5 during human corticogenesis has not been 
studied and how SPATA5 deficiency causes neurodevelopmen-
tal deficits in patients is not known. Further, no study to date has 
performed neuropathological examinations in a patient contain-
ing SPATA5 variants. Here we report clinical and neuropathologi-
cal findings in a post-mortem NCH patient with compound hetero-
zygous SPATA5 variants (c.554G>A; p.Gly185Glu and c.1877G>C; 
p.Trp626Ser). The patient exhibited intellectual disability, micro-
cephaly, epilepsy, and progressive leukoencephalopathy. Immu-
nostaining analysis showed a reduction in the number of cortical 
neurons, particularly in layers 2/3. Astrogliosis was also prominent 
in superficial cortical zones. Western blot analysis revealed a re-
duction in SPATA5 protein levels, suggesting the variants contrib-
ute to decreased protein stability and/or degradation. Currently, 
we are investigating whether mitochondrial morphology and ribo-
somal biogenesis are compromised using post-mortem brain tis-
sue and in vitro models. We have established SPATA5 knockout 
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) induced pluripotent stem cell (iPSC) lines using CRIPSR-Cas9-me-
diated non homology end joining and are generating a cerebral 
organoid model to further investigate the impact of SPATA5 de-
ficiency during human corticogenesis. Results will be validated 
using post-mortem patient brain specimens. These findings are 
the first to establish a critical role for SPATA5 during human brain 
development and future studies will provide novel mechanistic 
insights into understanding how SPATA5 deficiency causes neu-
rodevelopmental deficits in patients.

Keywords: SPATA5, Cerebral Organoids, Neurodevelopment
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GENOME-WIDE EFFECTS OF SEX CHROMOSOME 
DOSAGE IN ISOGENIC NEURAL AND 
CARDIOMYOCYTE MODELS OF X CHROMOSOME 
ANEUPLOIDY
Groneck, Camille Elise - Department of Lab Medicine and 
Pathology, University of Washington, Seattle, WA, USA
Filippova, Gala - Department of Laboratory Medicine and 
Pathology, University of Washington, Seattle, WA, USA
Fang, He - Department of Laboratory Medicine and Pathology, 
University of Washington, Seattle, WA, USA
Ma, Wenxiu - Department of Statistics, University of California, 
Riverside, CA, USA
MacDonald, James - Department of Environmental and 
Occupational Health Sciences, University of Washington, 
Seattle, WA, USA
Bammler, Theo - Department of Environmental and 
Occupational Health Sciences, University of Washington, 
Seattle, WA, USA
Young, Jessica - Department of Laboratory Medicine and 
Pathology, University of Washington, Seattle, WA, USA
Murry, Chuck - Department of Laboratory Medicine and 
Pathology, University of Washington, Seattle, WA, USA
Van Dyke, Daniel - Department of Cytogenetics, Mayo Clinic, 
Rochester, MN, USA
Skakkebaek, Anne - Department of Clinical Genetics, Aarhus 
University, Aarhus, Denmark
Gravholt, Claus - Department of Clinical Medicine, Aarhus 
University, Aarhus, Denmark
Deng, Xinxian - Department of Laboratory Medicine and 
Pathology, University of Washington, Seattle, WA, USA
Berletch, Joel - Department of Laboratory Medicine and 
Pathology, University of Washington, Seattle, WA, USA
Disteche, Christine - Department of Laboratory Medicine and 
Pathology, University of Washington, Seattle, WA, USA

Sex chromosome dosage (SCD) is a fundamental genetic differ-
ence between females (XX) and males (XY). X chromosome inac-
tivation (XCI), which silences most genes on one X chromosome 
in females, balances X expression between the sexes. However, 
~15-25% of genes escape XCI and remain expressed from the in-
active X (Xi) in humans. Aberrant expression of escape genes has 
been implicated in genome-wide gene dysregulation and clinical 
phenotypes of sex chromosome aneuploidy (SCA) syndromes, in-
cluding Klinefelter (XXY), Turner (X), and Triple X (XXX), which are 
associated with cognitive and cardiovascular defects. Studying 
the impact of SCA in humans is complicated both by confounding 
variables (i.e. genetic variation or environmental and hormonal in-
fluences) and by inaccessibility of clinically relevant cell types. To 
address this, we generated isogenic sets of hiPSCs with different 
sex chromosome content on the same genetic background. XXY/
XY, XY/X, XX/X, and XXX/X isogenic pairs were derived by repro-

gramming cells from mosaic individuals or by selective removal 
of one X chromosome. These isogenic hiPSC lines are uniquely 
suited to address epigenetic and transcriptomic effects of SCD 
- dosage of the X chromosome and/or presence of a Y chro-
mosome - while minimizing individual variation. To examine the 
effects of SCD in clinically relevant cell types, we differentiated 
our hiPSC lines to neural precursor cells and cardiomyocytes. In-
creased SCD in XXY/XY and XXX/X isogenic pairs resulted in ge-
nome-wide changes in autosomal gene expression and in distinct 
DNA methylation patterns, which were more prevalent in compar-
ing XXX to X than XXY to XY. Gene expression and DNA methyl-
ation changes were noticeably less prominent for isogenic sam-
ples than among independent samples. Our data are consistent 
with trans-acting effects of SCD on autosomal gene regulation. 
In addition, we observed SCD-dependent changes in expression 
of escape genes including genes located in the pseudoautoso-
mal region. Cell lines with a single X chromosome showed the 
largest number of differentially expressed genes, consistent with 
severe developmental anomalies in Turner syndrome. Subsets 
of genes were differentially affected by SCD depending on cell 
type, stressing the importance of examining cell types relevant to 
SCA conditions.

Keywords: Sex Chromosome Dosage, X Chromosome 
Aneuploidy, Isogenic hiPSC Models

634

NEUROIMMUNE CORTICAL ORGANOIDS 
OVEREXPRESSING C4A EXHIBIT MULTIPLE 
SCHIZOPHRENIA ENDOPHENOTYPES
Taylor, Patrick - Biology, Herophilus, San Francisco, CA
USA
Modan, Sara - Biology, Herophilus, San Francisco, CA, USA
Stanton, Morgan M. - Biology, Herophilus, San Francisco, CA,
USA
Hariani, Harsh - Biology, Herophilus, San Francisco, CA, USA
Lopez-Tobon, Alejandro - Biology, Herophilus, San Francisco, 
CA, USA
Rao, Sneha - Biology, Herophilus, San Francisco, CA, USA
Rash, Brian - Biology, Herophilus, San Francisco, CA, USA
Ramkumar, Pavan - Machine Learning, Herophilus, San 
Francisco, CA, USA
Flanzer, Douglas - Engineering, Herophilus, San Francisco, CA, 
USA
Lash, Andy - Software, Herophilus, San Francisco, CA, USA
Shah, Kevan - Biology, Herophilus, San Francisco, CA, USA
Gyoneva, Stefka - Biology, Cerevel Therapeutics, Cambridge, 
MA, USA
Bardehle, Sophia - Biology, Cerevel Therapeutics, Cambridge, 
MA, USA
Kato, Saul - CEO, Herophilus, San Francisco, CA, USA
Skibinski, Gaia - Biology, Herophilus, San Francisco, CA, USA

Elevated expression of the complement component 4A (C4A) 
protein has been linked to an increased risk of schizophrenia 
(SCZ). However, there are few human models available to study 
the mechanisms by which C4A contributes to the development of 
SCZ. In this study, we established a C4A overexpressing neuro-
immune cortical organoid (NICO) model, which includes mature 
neuronal cells, astrocytes, and functional microglia. The C4A 
NICO model recapitulated several neuroimmune endopheno-
types observed in SCZ patients, including modulation of inflam-
matory genes and increased cytokine secretion. C4A expression 
also increased microglia-mediated synaptic uptake in the NICO 
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model, supporting the hypothesis that synapse and brain volume 
loss in SCZ patients may be due to excessive microglial pruning. 
Our results highlight the role of C4A in the immunogenetic risk 
factors for SCZ and provide a human model for phenotypic dis-
covery and validation of immunomodulating therapies.

Keywords: C4A, Neuroimmune Cortical Organoids, 
Schizophrenia
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SERUM-FREE DIFFERENTIATION AND CULTURE 
OF IPSC-DERIVED ASTROCYTES
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Munn, Christie - Discovery Research - Research and 
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Donegan, Madelyn - Discovery Research - Research and 
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Hilcove, Simon - Discovery Research - Product Management, 
FujiFilm Cellular Dynamics, Madison, WI, USA
Schachtele, Scott - Discovery Research - Product Management, 
FujiFilm Cellular Dynamics, Madison, WI, USA
Liu, Jeanie - Discovery Research - Research and Development, 
FujiFilm Cellular Dynamics, Madison, WI, USA

Astrocytes play a key role in synapse formation, neural net-
work maturation, and neurodegenerative disease phenotypes. 
Next-generation cellular models that combine induced pluripo-
tent stem cell (iPSC)-derived neurons and iPSC-derived astrocytes 
as 2D or 3D cultures are increasingly recognized as predictive 
models for compound screening and preclinical drug discovery. 
Many iPSC-derived astrocyte differentiation and culture protocols 
require serum, which has been shown to activate astrocytes and 
introduces unknown variables into the culture. In this study, we 
characterize the purity and performance of cryopreserved human 
iPSC-derived astrocytes differentiated and maintained in a se-
rum-free medium. First, we show that this differentiation process 
consistently yields a highly pure population of human astrocytes, 
as determined by flow cytometry or immunostaining for CD44, 
CD49f, S100β and GFAP. Gene expression analysis showed 
expression of relevant astrocytes markers (Aquaporin, EAAT2, 
ALDH1L1) further confirming an astrocyte phenotype. Function-
al analysis of these iPSC-derived astrocytes following 7 days of 
serum-free culture revealed robust and consistent glutamate up-
take across multiple lots. To examine the capacity of these iP-
SC-derived astrocytes to promote neural network formation, they 
were co-cultured with iPSC-derived glutamatergic and dopami-
nergic neurons. Astrocyte-containing cultures show enhanced 
neural network formation using multielectrode array (MEA) plat-
forms. Additionally, serum-free iPSC-derived astrocytes in com-
plex multi-cultures can form 3D neurospheres and support neural 
activity, as evaluated by formation of calcium oscillations. Lastly, 
these astrocytes successfully supported barrier function when 
co-cultured with iPSC-derived brain microvascular endothelial 

cells (BMECs) and pericytes. Together, these data demonstrate 
the highly consistent manufacturing of serum-free iPSC-derived 
astrocytes that display characteristic functions of astrocytes in 
both monoculture and multicellular 2D and 3D cultures.

Keywords: Neuroinflammation, Spheroid, Blood Brain Barrier 
(BBB)
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OPTIMIZATION OF THE DIFFERENTIATION AND 
PURIFICATION OF SATB2+ HUMAN CORTICAL 
NEURONS
Prouty, Shannon Larissa - Neurobiology, University of 
Massachusetts Chan Medical School, Worcester, MA, USA
Baddoo, Genevieve - Neurobiology, University of Massachusetts 
Chan Medical School, Worcester, MA, USA
Boulting, Gabriella - Neurobiology, University of Massachusetts 
Chan Medical School, Worcester, MA, USA
Newman-Toledo, Shayla - Neurobiology, University of 
Massachusetts Chan Medical School, Worcester, MA, USA

Generating specific neuronal cell types from human pluripotent 
stem cells (hPSCs) facilitates targeted model systems for studying 
human brain development and disease. Special AT-rich binding 
protein 2 (SATB2) expression in the brain is a hallmark of upper 
layer neocortical excitatory neurons and is required for the for-
mation of the corpus callosum. Further, the SATB2 gene is asso-
ciated by multiple genome-wide associated studies with autism 
spectrum disorder and schizophrenia. Despite the importance of 
SATB2-expressing neurons in brain development, we currently 
lack an efficient method for generating this cell type from hPSCs. 
In this study, we aim to improve the differentiation efficiency of 
SATB2+ neurons using a lentiviral reporter for the SATB2+ ex-
pression and small molecule screening. Achieving this goal will 
open new opportunities for in vitro modeling of SATB2+ neurons 
and their role in neurodevelopment.

Keywords: Neocortical Development, SATB2, Neuronal 
Differentiation

640

DOSE DEPENDENT EFFECTS OF KETAMINE ON 
ELECTRICAL ACTIVITY IN HUMAN CORTICAL 
ORGANOIDS
Dixon, Thomas - Psychiatry, California Institute of Regenerative 
Medicine, La Jolla, CA, USA
Martin-Burgos, Blanca - Neuroscience, University of California, 
San Diego, La Jolla, CA, USA
Puppo, Francesca - Pediatrics, University of California, San 
Diego, La Jolla, CA, USA
Muotri, Alysson - Pediatrics, University of California, San Diego, 
La Jolla, CA, USA

Human induced pluripotent cell-derived organoids directed to-
wards cortical lineages have shown periodic and regular oscil-
latory electrical events from spontaneously developed neural 
network formation in months-old cultures. These network events 
are dependent on glutamatergic and GABA-ergic signaling and 
when compared to neonatal EEG forms show resemblance to 
early delta waves in utero. Delta-band activity is relevant in sev-
eral psychiatric disorders including decreased delta activity in 
sleep as a known-predictor of depression symptoms. Ketamine 
is thought to increase delta activity during sleep in addition to 
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) its rapid antidepressant and dissociative anesthetic effects. 3D 
human cortical organoid cultures are likely to be useful surro-
gates to determine electrical activity responses for mechanistic 
understanding of rapid-acting psychiatric medications. To inves-
tigate the effect of ketamine at physiologically relevant concen-
trations we fine-tuned previous protocols in our lab where corti-
cal organoids were differentiated for 3-6 months from iPSCs. We 
used two modalities to investigate neural cell function: calcium 
imaging, and electrical activity analysis from multi—electrode 
arrays (MEAs). Calcium fluxes with Zeiss microscopy and Axion 
Biosystems MEAs were recorded in live imaging conditions with 
baseline states were recorded prior to treatment. Ketamine was 
added to treat cells at physiologically relevant concentrations in 
three varying doses starting with 2.5 μM modeling sub-dissocia-
tion anti-depressant action and up to 100μM modeling deep an-
esthesia. Control-treated organoids were given isotonic solution 
and active treatment wells were randomized to condition. Initial 
results with three biological replicates and at least four technical 
replicates suggested ketamine had decreased total network ac-
tivity in spontaneously firing organic cultures. Further results sug-
gest that there is a dose-dependency to decreasing spiking rate 
with ketamine, and possibly a thresholding effect whereby after 
3D neural cultures reach a certain concentration below 100μM 
there is a rapid decrease in firing rate. We hope these 3D organ-
oid models will prove useful for determining electrophysiological 
patterns of response to ketamine which may eventually be trans-
lated from cells to patients.

Keywords: ketamine, organoid, MEA
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IMPAIRED CA2+ NEURONAL ACTIVITY AND 
DIFFERENTIAL GENE EXPRESSION OF NEURONS 
IN RETT SYNDROME PATIENT-DERIVED HUMAN 
CEREBRAL ORGANOIDS
Osaki, Tatsuya - Picower Institute for Learning and Memory, 
Massachusetts Institute of Technology, Cambridge, MA, USA
Sur, Mriganka - The Picower Institute for Learning and Memory, 
Massachusetts Institute of Technology, Cambridge, MA, USA

Human cerebral organoids from induced pluripotent stem cells 
are powerful experimental systems for analyzing human brain 
developmental processes in vitro. Patient-derived brain organ-
oids, furthermore, recapitulate disease processes based not only 
on differential gene expression but also subsequent structural 
changes. Most brain organoid research to date has capitalized 
on the anatomical characteristics of organoids to model disease 
phenotypes that impact human brain growth. Mutations in the 
X-linked methyl-CpG binding protein 2 (MECP2) gene, which 
are associated with Rett syndrome (RTT), are widely believed 
to downregulate and upregulate numerous downstream genes, 
causing unorganized and/or abnormal neuronal activity. Howev-
er, the early developmental activity-dependent changes associ-
ated with MeCP2 mutation typically proceed alongside or even in 
the absence of measurable structural changes, raising the ques-
tion of whether organoids from patient-derived cells possess suf-
ficient complexity to model disease processes. Here, we cultured 
and characterized Rett syndrome patient-derived human cerebral 
organoids which had two specific MeCP2 mutations (V247X and 
R306C mutations), and measured neuronal activity in live organ-
oids using a calcium sensor with two-photon and three-photon 
microscopy. We found abnormalities in the amount and pattern 
of neuronal activity in RTT organoids compared to isogenic con-
trols. Treatment with NMDA and AMPA receptor antagonists sup-

pressed this activity, indicating that the neuronal activity is asso-
ciated with synapse formation and synaptic transmission in the 
organoids. Transcriptome analysis further revealed differential 
gene expression related to inhibitory neurotransmission such as 
GABAA receptors and excitatory transmission between RTT or-
ganoids and isogenic controls. Furthermore, optogenetic stimula-
tion performed under two-photon imaging with red-shifted chan-
nelrhodopsin and GCaMP6, to study synaptic transmission and 
potentiation in organoids, revealed clear responses of neurons 
in organoids upon optical stimulation. Together, these findings 
provide fundamental new information on neuronal and circuit 
mechanisms that influence electrical activity in brain organoids 
and their early developmental changes in Rett syndrome.

Funding Source: NIH grant R01MH085802 and the Simons 
Foundation Autism Research Initiative (SFARI) through the 
Simons Center for the Social Brain (SCSB)

Keywords: Organoid, Rett syndrome, Stem cell
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HUMAN-SPECIFIC FMRP REGULATION OF 
RACK1 IS CRITICAL FOR PRENATAL CORTICAL 
DEVELOPMENT
Zhao, Xinyu - Neuroscience, University of Wisconsin, Madison, 
WI, USA
Bhattacharyya, Anita - Waisman Center, University of Wisconsin, 
Madison, WI, USA
Guo, Yu - Neuroscience, University of Wisconsin, Madison, WI, 
USA
Mendez, Natasha - Neuroscience, University of Wisconsin, 
Madison, WI, USA

Fragile X messenger ribonucleoprotein 1 protein (FMRP) deficien-
cy leads to fragile X syndrome (FXS), an autism spectrum disorder. 
The role of FMRP in prenatal human brain development remains 
unclear. Here we show that FMRP is important for human and ma-
caque prenatal brain development. Both FMRP-deficient neurons 
in human fetal cortical slices and FXS patient stem cell-derived 
neurons exhibit mitochondrial dysfunctions and hyperexcitability. 
Using multiomics analyses, we have identified both FMRP-bound 
mRNAs and FMRP-interacting proteins in human neurons and un-
veiled a previously unknown role of FMRP in regulating essen-
tial genes during human prenatal development. We demonstrate 
that FMRP interaction with CNOT1 maintains the levels of recep-
tor for activated C kinase 1 (RACK1), a human-specific FMRP tar-
get. Genetic reduction of RACK1 leads to both mitochondrial dys-
functions and hyperexcitability, resembling FXS neurons. Finally, 
enhancing mitochondrial functions rescues deficits of FMRP-defi-
cient cortical neurons during prenatal development, demonstrat-
ing targeting mitochondrial dysfunction as a potential treatment.

Keywords: fragile X syndrome, FMRP, mitochondria
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CHARACTERIZATION OF 16P11.2 DELETION 
EFFECTS ON CORTICAL DEVELOPMENT AND 
NEURONAL NETWORK FUNCTION IN PATIENT-
SPECIFIC HUMAN MODELS OF DISEASE
Yu, Lucy - Neurology, Boston Children’s Hospital, Boston, MA, 
USA
Sundberg, Maria - Department of Neurology, Boston Children’s 
Hospital, Boston, MA, USA
Polanco, Taryn - Department of Neurology, Boston Children’s 
Hospital, Boston, MA, USA
Osenberg, Sivan - Department of Pediatrics-Neurology, Baylor 
College of Medicine, Houston, TX, USA
Cappuccio, Gerarda - Department of Pediatrics-Neurology, 
Baylor College of Medicine, Houston, TX, USA
Bajic, Aleksandar - Department of Genetics, Baylor College of 
Medicine, Houston, TX, USA
Maletic-Savatic, Mirjana - Department of Pediatrics-Neurology, 
Baylor College of Medicine, Houston, TX, USA
Sahin, Mustafa - Department of Neurology, Boston Children’s 
Hospital, Boston, MA, USA

A variety of different neurodevelopmental disorders, includ-
ing autism spectrum disorder, schizophrenia, bipolar disorder, 
deficits in social communication and delays in speech develop-
ment have been associated with copy number variations of the 
16p11.2 region. 16p11.2 deletion also causes macrocephaly and 
increased body mass index. Recently, a number of studies with 
human iPSC derived neurons have been conducted in vitro to 
study the disease phenotypes of these neuronal cells. Despite 
of these efforts, the molecular mechanisms underlying these dis-
orders have remained largely unresolved. In this study we aimed 
to investigate how cortical neuron development and function is 
altered in the setting of 16p11.2 deletion. To answer this question, 
we transduced iPSCs with human NGN2-lentiviral vector for mak-
ing of glutamatergic neurons and human ASCL1/DLX2-lentiviral 
vector for making of GABAergic neurons. We collected samples 
from these neuronal cultures for RNA sequencing, metabolomics, 
and for functional assays on low-density micro-electrode array 
(MEA) and high-density MEA platforms. Our preliminary function-
al data demonstrate that the 16p11.2 deletion in glutamatergic 
neuron networks leads to increased weighted mean firing rate, 
number of bursts, neurite length and neuron conduction veloci-
ty compared to control neurons. Furthermore, the expression of 
different lipids was altered in these neurons compared to control 
neurons. These results indicate that the 16p11.2 deletion affects 
negatively the development of cortical neurons in vitro. In the fu-
ture, these network deficits may be utilized for testing of different 
drugs in cell culture and for the development of new therapies for 
the 16p11.2 CNV disorders.

Funding Source: Rosamund Stone Zander Translational 
Neuroscience Center Boston Children’s Hospital, The Rothberg 
Family Fund for Cognitive Science Boston Children’s Hospital.

Keywords: Copy number variations in neurodevelopmental 
disorders, High density multi-electrode array, cortical neuron 
development in vitro
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MICROGLIA GENE KNOCKDOWN OF DDX39B 
ALTERS VIABILITY OF HUMAN ALS/FTD 
NEURONS
Couto, Alexander - Stem Cell Biology and Regenerative 
Medicine, University of Southern California, Los Angeles, CA, 
USA
Chang, Jonathan - Stem Cell Biology and Regenerative 
Medicine, University of Southern California, Los Angeles, CA, 
USA
Hung, Shu-Ting - Stem Cell Biology and Regenerative Medicine, 
University of Southern California, Los Angeles, MA, USA
Rubin-Sigler, Jasper - Stem Cell Biology and Regenerative 
Medicine, University of Southern California, Los Angeles, CA, 
USA
Ichida, Justin - Stem Cell Biology and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative 
disease characterized by progressive loss of motor neurons and 
shares pathological and genetic etiology with frontotemporal de-
mentia (FTD). Recent discoveries have elucidated the influence 
microglia have over disease progression in ALS/FTD, as with 
many other neurodegenerative disorders, revealing an appeal-
ing target for therapeutic interventions. However, the capability 
to harness the neuroprotective properties of the inflammatory 
response while diminishing the exacerbation of disease pathol-
ogy, remains a source of debate. To investigate this, we targeted 
recently identified key genetic regulators of microglia functional 
states to examine the characteristic properties and each states’ 
capacity to conserve neuronal integrity in an in vitro model of 
ALS/FTD neurodegeneration. We found that suppression of the 
microglia DEAD-box-helicase gene, DDX39B, had the most po-
tent effect on neighboring neuron viability. Using transcriptomics 
and proteomics, we classified the induced microglia state from 
knockdown of DDX39B, as with an array of other genetic regu-
lators. Ultimately, our screen identifies potential microglia states 
that would impede in vivo ALS disease pathology and the key 
genetic regulators that can induce each functional state.

Keywords: ALS, Microglia, Neurons
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USING STEM-CELL DERIVED BRAIN ORGANOIDS 
TO INVESTIGATE THE ROLE OF KDM6B IN 
AUTISM SPECTRUM DISORDER AND EARLY 
BRAIN DEVELOPMENT
Ryan, Seant G. - Department of Neurobiology, University of 
California, Los Angeles, CA, USA
Buth, Jessie - Department of Neurobiology and Broad Center for 
Regenerative Medicine and Stem Cell Research, University of 
California, Los Angeles, CA, USA
Durrani, Amina - Department of Neurobiology and Broad Center 
for Regenerative Medicine and Stem Cell Research, University 
of California, Los Angeles, CA, USA
Gulesserian, Harout - Department of Neurobiology and Broad 
Center for Regenerative Medicine and Stem Cell Research, 
University of California, Los Angeles, CA, USA
Turcios, Felix - Department of Neurobiology and Broad Center 
for Regenerative Medicine and Stem Cell Research, University 
of California, Los Angeles, CA, USA
Novitch, Bennett - Department of Neurobiology and Broad 
Center for Regenerative Medicine and Stem Cell Research, 
University of California, Los Angeles, CA, USA

Autism Spectrum Disorders (ASDs) are neurodevelopmental con-
ditions that affect over 50 million individuals worldwide. ASDs 
often present as changes in motor/social skills, altered sensory 
processing ability, and restricted behaviors/interests. ASDs are 
associated with changes in neuronal connectivity and synaptic 
function, however, the mechanisms underlying these changes 
remain unclear. Lysine Demethylase 6B (KDM6B), which enables 
gene expression by promoting removal of repressive H3K27me3 
chromatin marks on promoters, is highly associated with ASDs 
with heterozygous loss. In developing mice, homozygous loss of 
Kdm6b gene function leads to thinning of the cerebral cortex. Ad-
ditionally, mice lacking one copy of Kdm6b display autistic-like 
behaviors. To assess the roles that KDM6B plays in human brain 
development we modeled the effects of disrupting its function 
using a selective inhibitor of KDM6B demethylase function along 
with CRISPR/Cas9-mediated inactivation of KDM6B gene func-
tion. KDM6B disruption resulted in changes in the size of neural 
progenitor rosettes and neuronal production, without noteworthy 
effects on neuronal migration. In my presentation, I will present 
our ongoing work exploring the consequences of KDM6B loss 
on progenitor maintenance, neurogenesis, and synaptogenesis 
in greater detail. In determining KDM6B’s role in neural develop-
ment, we seek to understand how ASDs arises and identify new 
therapeutic targets to improve patient quality of life.

Funding Source: The Eli and Edythe Broad Center of 
Regenerative Medicine and Stem Cell Research at UCLA, 
Rose Hills Foundation and CSUN CIRM Bridges 3.0 Stem Cell 
Research & Therapy Training Program (EDUC2-12718).

Keywords: Brain Organoids, 3D Culture, Lysine Demethylase 6B
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APPLYING A NOVEL IPSC-DERIVED MICROGLIA 
PROTOCOL TO INVESTIGATE CELL-
AUTONOMOUS PHENOTYPES IN PARKINSON’S 
DISEASE
Nonose, Yasmine - Parkinson’s Disease, New York Stem Cell 
Foundation, New York, NY, USA
Croft, Gist - Parkinson’s Disease, New York Stem Cell 
Foundation, New York, NY, USA
Ijaz, Laraib - Parkinson’s Disease, New York Stem Cell 
Foundation, New York, NY, USA
Khurana, Vikram - Ann Romney Center for Neurologic Diseases, 
Brigham and Women’s Hospital and Harvard Medical School, 
Boston, MA, USA
Skowronska, Marta - Parkinson’s Disease, New York Stem Cell 
Foundation, New York, NY, USA
Studer, Lorenz - Center for Stem Cell Biology, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA
Tipon, Regine - Parkinsons Disease, New York Stem Cell 
Foundation, New York, NY, USA
Zhou, Ming-Ming - Parkinson’s Disease, New York Stem Cell 
Foundation, New York, NY, USA
Zimmer, Matthew - FACS, New York Stem Cell Foundation, New 
York, NY, USA

Microglia are the tissue-resident macrophages of the central 
nervous system and have important roles in brain development, 
homeostasis, and disease. The concentration of microglial cells 
is particularly high in the substantia nigra pars compacta of the 
midbrain, where dopaminergic neurons die in Parkinson’s Dis-
ease (PD), and microglial activation and neuroinflammation is a 
hallmark of the disease. Since microglial development is inter-
twined with that of the neural tissue, we applied a protocol that 
considers their ontogeny and maturational context to generate 
iPSC-derived microglia. In this study, we used isogenic PD-model 
iPSC lines carrying SNCA (alpha-synuclein ) triplication and LRRK2 
G2019S mutation to evaluate microglia-intrinsic PD phenotypes. 
After small molecule-mediated differentiation, we assayed the iP-
SC-derived cells for microglial identity markers and functionality. 
The protocol generated CD11c-positive erythromyeloid progeni-
tors (EMPs) that infiltrated neurospheres. EMPs matured when 
co-cultured with neuronal cells, exhibiting strong Iba-1 signal and 
characteristic microglial morphodynamics. We adapted the proto-
col to allow the cryopreservation of early EMPs (day 15) and older 
maturation stages (day 24 and 30), verifying their viability after 
thawing in both mono- and co-culture. Early EMPs exhibited the 
highest viability and proliferation potential after thaw, while older 
stages performed better when thawed on neuronal cultures. Fi-
nally, cells generated with this protocol, including thawed cells, 
were able to phagocytose zymosan, demonstrating a key microg-
lial function and the potential of these cells to model microglia 
in both health and disease. Our next steps include applying this 
protocol to investigate cell-autonomous disease phenotypes 
through the evaluation of neuroinflammatory responses and cell-
to-cell interactions.

Funding Source: This project is part of Aligning Science Across 
Parkinson’s (ASAP), a global basic research initiative.

Keywords: iPSC-derived microglia, Parkinson’s Disease, 
Differentiation protocol
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MULTIDONOR HUMAN CORTICAL CHIMEROIDS 
REVEAL INDIVIDUAL SUSCEPTIBILITY TO 
NEUROTOXIC TRIGGERS
Anton-Bolanos, Noelia - Stem Cell and Regenerative Biology, 
Harvard University, Boston, MA, USA
Faravelli, Irene - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Faits, Tyler - Stanley Center for Psychiatric Research, Broad 
Institute, Cambridge, MA, USA
Trattaro, Sebastiano - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Kastli, Rahel - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Andreadis, Sophia - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Adiconis, Xian - Stanley Center for Psychiatric Research, Broad 
Institute, Cambridge, MA, USA
Nehme, Ralda - Stanley Center for Psychiatric Research, Broad 
Institute, Cambridge, MA, USA
McCarroll, Steven - Stanley Center for Psychiatric Research, 
Broad Institute, Cambridge, MA, USA
Levin, Joshua - Stanley Center for Psychiatric Research, Broad 
Institute, Cambridge, MA, USA
Arlotta, Paola - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA

Inter-individual genetic variation has been identified as an im-
portant modulator of disease susceptibility, such that different 
individuals show heterogeneous responses to disease risk fac-
tors. Modelling the contribution of human genetic background to 
phenotypes is limited by the necessity of using human models, 
and the difficulty of scaling these systems to represent many indi-
viduals. Here, we present human brain “Chimeroids”, a highly re-
producible, multi-donor brain organoid model that allows co-de-
velopment of human cerebral cortex from a panel of individuals 
in a single organoid, while maintaining developmental features 
similar to endogenous tissue. By re-aggregating single-donor 
organoids at the neural progenitor stage, Chimeroids maintain 
balanced donor contribution even when using hPSC lines with 
different biases for growth and differentiation. We leveraged this 
Chimeroid system to investigate susceptibility across multiple 
individuals to developmental exposure to neurotoxic stressors: 
ethanol and the anti-epileptic drug valproic acid. We show that 
individual donors vary in both the penetrance of the effect on tar-
get cell types, and the molecular phenotype within each affected 
cell type. Our results show that human genetic background is an 
important mediator of neurotoxin susceptibility, and introduce 
Chimeroids as a scalable system for high-throughput investiga-
tion of the contribution of diverse genetic backgrounds to brain 
function and disease.

Keywords: Brain-Organoids, Neurodevelopment, Disease-
modeling
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DYNAMIC CLONAL MIGRATION OF 
GLIOBLASTOMA STEM CELLS IN HUMAN 
CEREBRAL ORGANOIDS
Rafferty, Seamus - Neurology, University of Connecticut School 
of Medicine, Farmington, CT, USA
Imitola, Jaime - Neurology, University of Connecticut School of 
Medicine, Farmington, CT, USA
Watanabe, Fumihiro - Neurology, University of Connecticut 
School of Medicine, Farmington, CT, USA

Glioblastoma (GBM) is the most common and deadly primary cen-
tral nervous system tumor. It is associated with extremely poor 
prognosis and quality of life with very limited treatment options. 
It is known that continued GBM migration into healthy neuronal 
tissue drives its rapid spread throughout the brain and conse-
quently, mortality. These genetic and molecular mechanisms, 
however, are poorly understood. To define the migratory pattern 
and biological interactions of glioblastoma stem cells and normal 
tissue we established a method of microinjection of fluorescently 
tagged GBM stem cells into human iPSC-derived cerebral organ-
oids. We injected 50cells/ul GBM Red fluorescent protein GBM 
stem cells loaded into a custom-made micropipette and precise-
ly dispensed into organoids to micrometer precision. We have 
shown following injection, GBM stem cells rapidly adapt to the 
organoid microenvironment and establish proliferative niches of 
cancer cells in discrete clonal distribution in the organoids. Af-
ter clonal expansion mass is achieved, GBM stem cell migration 
progresses in a radial fashion from the bulk tumor to establish 
additional niches in tumor naïve areas within the organoid. This 
process propagates until the organoid has been completely en-
veloped by tumor. Experiments are ongoing to define the mi-
gratory and proliferation potential of cluster of GBM stem cells 
and apoptosis of both normal and tumor tissue. Two-photon mi-
croscopy will be utilized to capture time series images of single 
cell migration and bulk RNAseq to measure changes at the gene 
expression of heterotopic interactions between GBM stem cells 
and normal tissue and to explore reciprocal molecular adaptation 
between growing tumor and surrounding normal tissue.

Keywords: Glioblastoma, Organoid, Migration

658

MODELING ALZHEIMER’S DISEASE BY HUMAN 
PATIENT IPSC DERIVED CEREBRAL ORGANOIDS
Yao, Yao Lisette - Guangzhou Institutes of Biomedicine and 
Health (GIBH), Guangdong, China
Xu, He - Center of Excellence in Molecular Cell Science, CAS 
(SIBCB), Shanghai, China

Cerebral organoids are 3D neural tissues derived from human 
pluripotent cells via organoid culture techniques providing a 
better platform for researches in human brain development and 
brain-related diseases. Alzheimer’s disease (AD) is a common 
neurodegenerative disease in the elders, resulting in heavy bur-
dens to society and families. AD disease mechanism is the key to 
new drugs of AD, yet lacking proper AD disease models bringing 
a lot obstacle. Human induced pluripotent cells (iPSCs) obtain hu-
man specific gene backgrounds, which is closer to human beings 
rather than AD mice model. In our research, we established AD 
patient iPS cell lines and differentiated the iPSCs into cerebral 
organoids. We found that AD brain organoids had similar AD hall 
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) markers such as Aβ plaques, neurofillbrillary tangles (NFT) and 
neuronal death. With our optimized brain organoid culture sys-
tem, we established a better AD brain organoid disease model 
with functional electrophysiology by MAX Well MEA. Our AD ce-
rebral organoids provide a promising way for drug screening in 
the future.

Keywords: Alzheimer’s Disease, Cerebral Organoid, Disease 
Model
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MODELING FAMILIAL ALZHEIMER’S DISEASE 
USING INDUCED PLURIPOTENT STEM CELLS: 
A TOOL FOR INVESTIGATING THE DISEASE 
PATHOGENESIS AND DEVELOPING TREATMENTS
Hamam, Rimi - University of Montreal, QC, Canada
Bernier, Gilbert - Molecular Biology, University of Montreal, QC, 
Canada
Hanna, Roy - Molecular Biology, University of Montreal, QC, 
Canada
Serhani, Dounya - Molecular Biology, University of Montreal, QC, 
Canada

Alzheimer’s Disease (AD) is a neurological disorder, leading to 
memory loss, behavioral change, and degeneration of all cor-
tical areas. Pathological hallmarks are the presence of amyloid 
plaques, phospho-Tau tangles, synaptic atrophy, and neuronal 
death, Yet, the exact origin of age-related AD remains unknown. 
Early-onset Familial Alzheimer’s Disease (FAD), either of sporadic 
or familial origin, represents less than 2-3% of cases, and is ge-
netically linked to dominant point mutations in Amyloid Precursor 
Protein (APP), Presenilin 1 (PSEN1) or Presenilin 2 (PSEN2) genes. 
Despite this knowledge and the identification of FAD-associated 
mutations decades ago, there are still no treatment to prevent 
or slow FAD progression, since it is challenging to obtain tissue 
from the patient to study the disease before death. Induced plu-
ripotent stem cells (iPSCs) hold a great potential for studying AD. 
They are generated by reprogramming mature adult cells into a 
pluripotent state, allowing them to differentiate into any cell type, 
including neurons. In this study, we have reprogrammed human 
fibroblasts from 2 control and 4 FAD patients into iPSCs. All iPSC 
lines were showing the classical morphology of human iPSC col-
onies, and expressing the pluripotency marker. Using the default 
model of neural induction and Noggin, control and FAD iPSC 
lines could be differentiated into cortical neurons 60 days in vi-
tro. Using confocal immuno-fluorescence, we confirmed that FAD 
neurons from the FAD cell lines presented accumulation of p-Tau 
and amyloid. We plan to use it as screening platform in order to 
identify new drugs that are mutation specific. Our FAD model can 
provide a tool to investigate the effect of specific PSEN1 or PSEN2 
mutations on signaling pathways, and cellular function. This is a 
cost-effective and less time-consuming platform to discover and 
test new drugs, reducing the risk of adverse effects in patients 
during the clinical trial stage.

Keywords: iPSCs-derived neurones, Familial Alzheimer’s 
Disease (FAD), Disease modelling
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INVESTIGATING THE FUNCTIONAL 
CONSEQUENCES OF STRUCTURAL VARIATION 
MUTATIONS CAUSING INHERITED PERIPHERAL 
NEUROPATHIES USING PATIENT-DERIVED IPSCS 
AND SIMPLE MODEL ORGANISMS
Cutrupi, Anthony N. - ANZAC Research Institute, University of 
Sydney, New South Wales, Australia
Boyling, Alexandra - Northcott Neuroscience Laboratory, 
ANZAC Research Institute, Sydney, Australia
Narayanan, Ramesh - Northcott Neuroscience Laboratory, 
ANZAC Research Institute, Sydney, Australia
Perez-Siles, Gonzalo - Northcott Neuroscience Laboratory, 
ANZAC Research Institute, Sydney, Australia
Grosz, Bianca - Northcott Neuroscience Laboratory, ANZAC 
Research Institute, Sydney, Australia
Lai, Kaitao - Ancestry and Health Genomics Laboratory, The 
University of Sydney, Australia
Nicholson, Garth - Molecular Medicine Laboratory, Concord 
Repatriation General Hospital, Sydney, Australia
Vucic, Steve - Brain and Nerve Research Centre, Concord 
Repatriation General Hospital, Sydney, Australia
Kennerson, Marina - Northcott Neuroscience Laboratory, 
ANZAC Research Institute, Sydney, Australia

Inherited peripheral neuropathies (IPN) are a group of rare Men-
delian diseases affecting the motor and/or sensory neurons of 
the peripheral nervous system. The key pathophysiological hall-
mark of IPN is length-dependent axonal degeneration beginning 
with the longest nerves. Patients present with wasting and weak-
ness of distal limb muscles resulting in lifelong chronic disability. 
Currently there is no cure. Since up to 40% of IPN families remain 
genetically unsolved after excluding genome-wide gene coding 
mutations, our focus has been to screen unsolved IPN families 
for structural variation (SV) mutations. Using whole genome se-
quencing we have identified SVs causing distal hereditary motor 
neuropathy (DHMN1) and X-Linked Charcot Marie Tooth disease 
(CMTX3). However, the underlying pathogenic mechanisms of 
how the SV events cause degeneration of peripheral nerves in 
these families remains poorly understood. Our use of iPSC-de-
rived disease relevant neural tissues has facilitated unravelling 
the precise molecular events resulting from the genomic re-ar-
rangements in the respective families. We have shown the 
DHMN1 1.35 Mb complex insertion creates a novel gene-inter-
genic fusion transcript (UBE3C-IF) involving ubiquitin E3 ligase 
UBE3C. The presence of this aberrant transcript down regulates 
wild-type UBE3C protein expression in DHMN iPSC-derived mo-
tor neurons (MN). Overexpression of the UBE3C-IF transcript in 
C. elegans causes synaptic transmission deficits and heat stress 
susceptibility. The CMTX3 78-kb insertion results in temporally 
restricted down regulation of SOX3 in CMTX3 iPSC-derived neu-
roepithelial cells. SOX3 is a crucial developmental transcription 
factor and nearest gene to the SV breakpoint. Our results have 
expanded the spectrum of known disease mechanisms causing 
IPN and provided a disease relevant pre-clinical model for future 
therapy development. In addition, we have shown the growing 
importance of recognising SVs are an impactful class of mutation 
to consider in genetically undiagnosed IPN families.

Keywords: motor neuron degeneration, inherited peripheral 
neuropathies, transcriptome
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PHOX2B-PARMS PERTURB HINDBRAIN 
PATTERNING IN HUMAN PLURIPOTENT STEM 
CELL-DERIVED BRAINSTEM ORGANOIDS OF 
CONGENITAL CENTRAL HYPOVENTILATION 
SYNDROME
Lui, Nga Chu - Department of Surgery, The University of Hong 
Kong, Hong Kong
Li, Zhixin - Surgery, The University of Hong Kong, Hong Kong
Lai, Frank Pui-Ling - Surgery, The University of Hong Kong, Hong 
Kong
Lau, Sin-Ting - Surgery, The University of Hong Kong, Hong 
Kong
Ngan, Elly Sau-Wai - Surgery, The University of Hong Kong, 
Hong Kong

Congenital central hypoventilation syndrome (CCHS) is caused 
by the loss of retrotrapezoid nucleus (RTN) neurons in the brain-
stem, leading to an impaired ventilatory response to hypercarbia. 
PHOX2B-polyalanine repeat mutations (PHOX2B-PARMs) are 
associated with CCHS and it often occurs with Hirschsprung dis-
ease (HSCR) which affects the enteric nervous system (ENS) of 
the colon. However, it is still unclear how PHOX2B-PARMs con-
tribute to the pathogenesis of CCHS and HSCR and the underly-
ing disease mechanisms. In this study, using human pluripotent 
stem cells (hPSCs), we generated brainstem (HBSO) and cerebral 
(HCO) organoids, which contain hypercapnia-responsive neurons 
and resemble the RTN-respiratory center. HCOs and HBSOs de-
rived from PHOX2B-PARM mutant hPSCs lacked PHOX2B+V-
GLUT2+ RTN neurons, recapitulating the CCHS phenotypes. Sin-
gle-cell transcriptomic analyses of the organoids further revealed 
that PHOX2B+7Ala PARM interrupts the progenitor-to-neuronal 
transition of PHOX2B-expressing neurons and also the differen-
tiation of other hindbrain neurons. Dysregulations of Hedgehog 
pathway and HOX genes were observed in the neurons express-
ing PHOX2B-7Ala, suggesting that PHOX2B-PARMs disrupt the 
pattern specification process. A CCHS-HSCR hPSC line carrying 
a PHOX2B+7Ala PARM displayed severe defects in the produc-
tion of PHOX2B+ glutamatergic CNS neurons and dopaminer-
gic ENS neurons. The correction of PARM could rescue most 
of the CCHS-associated CNS phenotypes, but only some of the 
HSCR-associated ENS defects. This implies the clinical pheno-
types associated with CCHS-HSCR are likely contributed by the 
sensitizing genetic background of the patients. In sum, using the 
hPSC-derived brain organoid models, we defined the molecu-
lar mechanisms underlying the detrimental effects of PHOX2B-
PARMs in hindbrain development and demonstrated the different 
vulnerability of the CNS and ENS neurons to the PHOX2B-PARMs.

Funding Source: HMRF grants (Project no.:06173306, 07181926, 
08192786) from the Health Department of HKSAR; General 
Research Fund (GRF: HKU 17108019, 17101320) from the 
Research Grant Council of HKSAR

Keywords: PHOX2B-polyalanine repeat mutations, Congenital 
central hypoventilation syndrome, Human brainstem organoids
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ZIKA VIRUS INFECTION WORSEN THE 
PATHOLOGICAL PHENOTYPES IN NEURAL 
PROGENITORS DERIVED FROM HUNTINGTON’S 
DISEASE IPSC
Kuo, Hung-Chih - ICOB, Academia Sinica, Taipei, Taiwan
Chiu, Feng-Lan - ICOB, Academia Sinica, Taipei, Taiwan

Zika virus (ZIKV) preferentially infects human neural progenitor 
cells (hNPCs) and causes microcephaly in neonatal. However, 
mostly ZIKV studies focus on the healthy case, the impact of ZIKV 
infection in neurodegenerative disease, such as Huntington’s dis-
ease (HD) has been largely ignored. The progresses of HD could 
perturb by not only mutant huntingtin (muHTT) genetic contribu-
tions but also by the environmental factors. We infer the cross in-
teraction of endogenous genetic mutations and exogenous viral 
protein make the disease phenotypes more sever. In the present 
study, we demonstrated that HD-NPCs were more susceptible 
to ZIKV and exhibited a higher DNA damage and apoptotic cell 
death which could cause from the impairment of Non-homolo-
gous end joining (NHEJ) DNA repair pathway through Ku70 
downregulation. In addition, ZIKV enhanced the muHTT expres-
sion causing muHTT-induced genotoxic stress and increased the 
interaction between muHTT and Ku70 which would promote the 
ubiquitination of Ku70 protein and further disrupt the integrity of 
NHEJ DNA repair complex and then leads to impairment of the 
DNA repair activity. These finding support our hypothesis that 
ZIKV infection deteriorated HD pathological changes at neurode-
velopmental process and could further influence the progress of 
Huntington’s disease at the presymptomatic stage.

Keywords: HUNTINGTON’S DISEASE, IPSCs, ZIKA VIRUS
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MODELING PTSD USING AN AUTOMATED, HIGH-
THROUGHPUT PLATFORM FOR STUDYING 
HUMAN DISEASE
Paull, Daniel - Array, The New York Stem Cell Foundation 
Research Institute, New York, NY, USA
Horn, Grayson - Array, The New York Stem Cell Foundation, 
New York, NY, USA
Nimbalkar, Siddharth - Array, The New York Stem Cell 
Foundation, New York, NY, USA
Sapar, Maria - Array, The New York Stem Cell Foundation, New 
York, NY, USA
Bader, Heather - Psychiatry, Mount Sinai, New York, NY, USA
Bierer, Linda - PTSD Clinical Team, James J. Peters VA Medical 
Center, New York, NY, USA
Breen, Michael - Genetics and Genomic Sciences, Mount Sinai, 
New York, NY, USA
Brennand, Kristen - Department of Psychiatry, Yale University, 
New Haven, CT, USA
Chattopadhyay, Mitali - Psychiatry, Mount Sinai, New York, NY, 
USA
Deans, Michael - Neuroscience, Yale University, New Haven, 
CT, USA
Desarnaud, Frank - Traumatic Stress Research Group, Mount 
Sinai, New York, NY, USA
Flory, Janine - PTSD Clinical Team, James J. Peters VA Medical 
Center, New York, NY, USA
Goldberg, Jordan - Array, The New York Stem Cell Foundation, 
New York, NY, USA
Huckins, Larua - Department of Psychiatry, Yale University, New 
Haven, CT, USA
Hunter, Chistopher - Array, The New York Stem Cell Foundation, 
New York, NY, USA
Makotkine, Louri - Traumatic Stress Research Group, Mount 
Sinai, New York, NY, USA
McCarthy, Barry - Array, The New York Stem Cell Foundation, 
New York, NY, USA
Noggle, Scott - Array, The New York Stem Cell Foundation, New 
York, NY, USA
Rusielewicz, Tomasz - Array, The New York Stem Cell 
Foundation, New York, NY, USA
Seah, Carina - Neuroscience, Mount Sinai, New York, NY, USA
Staniskyte, Migle - PTSD Clinical Team, James J. Peters VA 
Medical Center, New York, NY, USA
Xu, Changxin - Psychiatry, Mount Sinai, New York, NY, USA
Yehuda, Rachel - Psychiatry, Mount Sinai, New York, NY, USA

Modeling complex human diseases in vitro has long been hin-
dered by the inability to analyze large numbers of patient sam-
ples in parallel. The intrinsic line-to-line variability in stem cells 
exacerbates the technical challenges of defining phenotypes 
in large-scale studies, highlighting the need for inter- and in-
tra-batch control. Variables such as incubation times, seeding 
densities, and cell handling all impact any given experiment and 
can swamp true signals with experimental noise, especially in bi-
ologically heterogeneous cohorts. To overcome these challeng-
es, we have developed robust, dynamic, high-throughput auto-
mated cell culture pipelines as part of the NYSCF Global Stem 
Cell Array®. This platform can differentiate large batches of cell 
lines (tens to hundreds per batch), with multiple batches running 
in parallel. Experiments can span a variety of plate formats from 
large (12/24 well) to small (96/384). The platform can run a vari-
ety of protocols, including media-based protocols and lentiviral 

or piggyBac-driven differentiations, resulting in a range of down-
stream cell types, including astrocytes, glutamatergic/GABAergic 
neurons, hepatocyte-like cells, and cardiomyocytes, along with 
3D neural and pancreatic organoids. Here we present our recent 
work establishing the first hiPSC models of post-traumatic stress 
disorder (PTSD) and examining the transcriptional response to 
stress mediators in hiPSC-glutamatergic neurons from a well-con-
trolled, entirely combat-exposed cohort. We found PTSD-spe-
cific glucocorticoid-induced transcriptomic changes with pro-
nounced glucocorticoid hypersensitivity in human neurons. We 
also revealed a co-regulated network of transcription factors with 
shared effector regulation capable of mediating glucocorticoid 
hyper-responsiveness in PTSD. These findings underscore the 
power of iPSC-derived NGN2-neurons as a model for mechanis-
tic investigations of PTSD and of our automated platform for de-
fining robust disease features across patient cohorts. We are thus 
applying automated platform to population-scale disease model-
ing toward therapeutic discovery across various disease areas, 
including diabetes, rare diseases, and neurological conditions 
such as autism spectrum disorder, schizophrenia, Alzheimer’s, 
and Parkinson’s Disease.

Funding Source: Funding for this work was received from 
DODW81XWH-15-1-0706 (R.Y.), R01ES033630 (K.J.B, L.H.), 
R01MH124839 (L.H.), R01MH118278 (L.H.) and the New York 
Stem Cell Foundaiton.

Keywords: Post Traumatic Stress Disorder, Automation, 
Neuropsychiatric
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MULTI-LEVEL 3D GENOME REORGANIZATION 
DURING NEURONAL DIFFERENTIATION IN 
HUMAN RETINAL ORGANOIDS
Qu, Zepeng - National Eye Institute, National Institutes of 
Health, Bethesda, MD, USA
Batz, Zachary - National Eye Institute, National Institutes of 
Health, Bethesda, MD, USA
Marchal, Claire - National Eye Institute, National Institutes of 
Health, Bethesda, MD, USA
Singh, Nivedita - National Eye Institute, National Institutes of 
Health, Bethesda, MD, USA
Swaroop, Anand - National Eye Institute, National Institutes of 
Health, Bethesda, MD, USA

Retinal development involves orderly generation of multiple cell 
types, with distinct gene expression patterns resulting from inter-
action of specific transcription factors with genomic DNA. Retinal 
organoids derived from human pluripotent stem cells recapitulate 
many developmental features, as revealed by bulk and single-cell 
RNA-seq data. To elucidate the spatiotemporal dynamics of the 
chromatin landscape and its relationship with coordinated gene 
expression changes during the specification of distinct neuronal 
cell types, we performed high-resolution in situ Hi-C analysis of 
human retinal organoids in chronological order during differen-
tiation. We demonstrate progressive changes in multi-level chro-
matin structures that can be correlated to specific stages of ret-
inal development. By integrating these data with corresponding 
transcriptomes, we show that genomic regions shifting towards 
A compartment are enriched for protein-coding retinal genes 
and higher expression whereas regions shifting towards B com-
partment include non-coding genes and exhibit low expression. 
Genes associated with retinal development are enriched near 
lost boundaries of topologically associated domains (TADs). 
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Moreover, higher-order assemblages of TADs (i.e., “TAD cliques”) 
tend to localize in the active chromatin regions and are enriched 
for expressed transcription factors. Additionally, regions gaining 
chromatin loops are enriched for genes related to neuronal dif-
ferentiation. We suggest that changes in chromatin organization 
fine-tune the commitment of distinct cell lineages in the retina by 
influencing the expression of specific transcription factors at dif-
ferent time periods. Our studies provide new insights into genom-
ic remodeling and gene regulation during cell type specification 
in the human retina and highlight the paradigm of using organ-
oids as a model for investigating human development.

Funding Source: This research was supported by the Intramural 
Research Programs of NEI Intramural Research Program 
Z01EY000450 and Z01EY000546.

Keywords: Retinal Organoids, 3D Genome, Human Retina 
Development
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MODELLING NEURODEGENERATION 
USING A HUMAN ISOGENIC SYSTEM: A 
NEXT GENERATION APPROACH TO STUDY 
FRONTOTEMPORAL DEMENTIA AND 
AMYOTROPHIC LATERAL SCLEROSIS
Bernard, William George - Cell Type Development, Bit Bio LTD, 
Cambridge, UK
Oosterveen, Tony - Cell Type Development, Bit Bio LTD, 
Cambridge, UK
Foulser, Luke - Cellular Phenotyping, Bit Bio LTD, Cambridge, 
UK
Mosis, Fuad - Cellular Phenotyping, Bit Bio LTD, Cambridge, UK
Magnani, Dario - Neurobiology, Charles Rivers Laboratories, 
Saffron Walden, UK
Ritsma, Laila - In Vitro Biology, Charles Rivers Laboratories, 
Leiden, Netherlands
Turner, Amanda - Product Management, Bit Bio LTD, 
Cambridge, UK
Pokorny, Sarah - MSAT, Bit Bio LTD, Cambridge, UK
Siorentas, Aris - MSAT, Bit Bio LTD, Cambridge, UK
Iovino, Mariangela - Neurobiology, Charles Rivers Laboratories, 
Saffron Walden, UK
Vlaming, Marijn - In Vitro Biology, Charles Rivers Laboratories, 
Leiden, UK
Fischer, David - Early Discovery, Charles Rivers Laboratories, 
Saffron Walden, UK
Milde, Stefan - Cellular Phenotyping, Bit Bio LTD, Cambridge, UK
Dovey, Oliver - Functional Genomics, Bit Bio LTD, Cambridge, 
UK
Firth, Karl - Manufaturing, Bit Bio LTD, Cambridge, UK
Metzakopian, Manos - Research and Development, Bit Bio LTD, 
Cambridge, UK

Development of therapies to treat neurodegenerative diseases 
is hampered because less than 10% of findings derived from pre-
clinical animal models can be translated to humans. Patient-de-
rived induced pluripotent stem cells (iPSCs) enable generation of 
in vitro models that can recapitulate human disease phenotypes. 
However, conventional human iPSC differentiation protocols 
are often lengthy, inconsistent, and difficult to scale. The lack of 
genetically matched controls for patient-derived models further 
complicates the investigation of disease phenotypes. bit.bio has 
developed opti-ox™, a robust iPSC reprogramming technology 
that overcomes these limitations and enables generation of ma-

ture cell types and isogenic disease models. Our objective was to 
generate disease models for frontotemporal dementia (FTD) and 
amyotrophic lateral sclerosis (ALS) for use with isogenic, wild type 
ioGlutamatergic Neurons to improve screening specificity and ac-
celerate drug discovery for these neurodegenerative disorders. 
We used CRISPR/Cas-9 gene editing to introduce the disease-rel-
evant mutation M337V in the TARDBP gene, encoding TDP-43, 
and the mutations P301S or N279K in the MAPT gene, encoding 
Tau. During the pathogenesis of FTD and ALS, mutant TDP-43 
and Tau proteins are prone to misfolding, aggregation and mislo-
calisation, and have been reported to affect a range of neuronal 
subtypes, including cortical glutamatergic neurons. Characteri-
sation of the FTD and ALS disease models showed that the ex-
pression profiles of TDP-43, Tau, and pan-neuronal and glutama-
tergic markers are highly similar to the ioGlutamatergic Neurons. 
We demonstrate characterisation of these disease models and 
the genetically matched control to show the differences in their 
transcriptome, neuronal activity and proteinopathy. Using opti-ox 
technology to produce hiPSC-derived isogenic disease models 
provides physiologically-relevant, robust, standardised tools for 
neurodegenerative research and drug discovery.

Keywords: Disease Model, Neuroscience, Reprogramming
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GLIA-INDUCED NEURONAL SYNAPTIC 
MATURATION IS ASSOCIATED WITH CHANGES 
IN EXPRESSION OF GENES IN TGFB- AND 
CHOLESTEROL BIOSYNTHESIS PATHWAYS
Pietilainen, Olli - Neuroscience Center, University of Helsinki, 
Finland
Vartiainen, Emilia - Neuroscience Center, University of Helsinki, 
Finland
Tegtmeyer, Matthew - Stanley Center for Psychiatric Research, 
The Broad Institute of MIT and Harvard, Cambridge, MA, USA
Nehme, Ralda - Stanley Center for Psychiatric Research, The 
Broad Institute of MIT and Harvard, Cambridge, MA, USA

The maturation of neurons and the development of synapses – 
while emblematic of neurons – also rely on interactions with as-
trocytes and other glia. Although glial cells are necessary for the 
functional maturation of neurons, many gaps remain in our un-
derstanding of the specific cellular and molecular programs that 
mediate these processes. We recently found that the presence 
of astrocytes enhanced synaptic gene-expression programs in 
neurons when in physical contact with astrocytes. These chang-
es in neurons correlated with increased expression in the cocul-
tured glia of genes that encode synaptic cell adhesion molecules, 
which were greatly enhanced in the glia in coculture. Here, to 
further investigate the molecular pathways underlying the glia-in-
duced neuronal maturation, we performed RNA sequencing 
(RNAseq) of human pluripotent stem cell (hPSC)-derived excit-
atory neurons that were cocultured with mouse glial cells and in 
monocultures at multiple stages (from 6 hours to 28 days) during 
differentiations. We reasoned that cellular responses to regulato-
ry interactions between neurons and glia would be in part mediat-
ed through changes in cell states that could be detected in gene 
expression differences between the culture conditions. We found 
that the changes in synaptic gene programs in neurons were pre-
ceded by induction of TGFB pathway genes in neurons within 
only hours (6 hours) after contact with astrocytes. This was quick-
ly (24 hours) followed by a downregulation of genes in the choles-
terol biosynthesis and in a reciprocal induction of cholesterol bio-
synthesis genes in astrocytes in coculture. The most significantly 
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) induced genes in astrocytes included Apoe and Clu (ApoJ) which 
encode for lipoproteins that shuttle cholesterol from astrocytes to 
neurons. Overall, our findings suggest that astrocyte-expressed 
genes with synaptic functions are associated with stronger ex-
pression of synaptic genetic programs in neurons and suggest a 
potential role for astrocyte-neuron interactions in schizophrenia, 
along with a central role of the TGFB and cholesterol biosynthesis 
pathway in regulating these programs.

Keywords: neuron, glial cells, cholesterol
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HUMAN INDUCED SENSORY NEURONS ADOPT 
ADULT MORPHOLOGY IN CO-CULTURE WITH 
RODENT SATELLITE GLIA
LeBlang, Chelsey J. - Cancer Biology/Neurobiology, Dana 
Farber Cancer Institute/Harvard Medical School, Boston, MA, 
USA
Miller, Toussaint - Cancer Biology/Neurobiology, Dana-Farber 
Cancer Institute/Harvard Medical School, Boston, MA, USA
Murphy, Maria - Cancer Biology/Neurobiology, Dana-Farber 
Cancer Institute/Harvard Medical School, Boston, MA, USA
Segal, Rosalind - Cancer Biology/Neurobiology, Dana Farber 
Cancer Institute/Harvard Medical School, Boston, MA, USA
Tasdemir-Yilmaz, Ozge - Cancer Biology/Neurobiology, Dana-
Farber Cancer Institute/Harvard Medical School, Boston, MA, 
USA

Chemotherapy Induced Peripheral Neuropathy (CIPN) is a neu-
rodegenerative disorder impacting the distal axons of peripheral 
sensory nerves, leading to debilitating symptoms including allo-
dynia, paresthesia, temperature sensitivity, and numbness. More 
than half of patients receiving chemotherapy develop CIPN, and 
in severe cases, symptoms lead to discontinuation of treatment 
and may persist thereafter. Recently, induced sensory neurons 
(iSNs) generated from pluripotent stem cells have been used to 
model human CIPN in vitro to better understand its pathogene-
sis, identify molecular targets of intervention, and test potential 
therapeutics. However, current differentiation protocols pro-
duce sensory neurons with an immature phenotype, mimicking 
the morphology and physiology of embryonic sensory neurons. 
Since CIPN and other peripheral neuropathies occur postnatally, 
it is crucial to develop a differentiation protocol that will produce 
sensory neurons with adult functionality. Current evidence sug-
gests that peripheral glial cells play an integral role in the devel-
opment of mature sensory neurons in vivo, leading to the devel-
opment of their hallmark pseudo-unipolar morphology. Here, we 
have tested the hypothesis that differentiation of induced human 
neural crest stem cells in co-culture with rodent E15 dorsal-root 
peripheral glia (rDRG), will quickly and efficiently produce mature 
hiSNs. Our results indicate that iSNs differentiated in co-culture 
with rDRGs transition to pseudounipolar morphology significantly 
more frequently than iSNs differentiated alone. Our data suggest 
that this transition requires physical contact between rDRG sat-
ellite glial cells and developing iSNs. Pseudounipolar morphol-
ogy is an essential component to sensory neuron cell signaling, 
allowing for efficient relay of information from the peripheral to 
the central nervous system. These new methods for generating 
iSNs with adult morphology will allow for targeted studies of de-
generating peripheral axons, as these are the projections that are 
specifically impacted in CIPN and in other neuropathies. More-
over, these studies provide a way to identify the molecular mech-
anisms underlying pseudounipolarization, and could eventually 

provide new methods for generating adult iSNs without the need 
for glial co-culture.

Keywords: induced Sensory Neurons, CIPN, Neurodevelopment
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INTERROGATION OF NEURAL DIFFERENTIATION 
DEFICITS IN CEREBRAL ORGANOIDS DERIVED 
FROM BIPOLAR DISORDER PATIENTS
Lee, Seongah - Center for Genomic Medicine, Massachusetts 
General Hospital/Harvard Medical School, Boston, MA, USA
Huang, Wei-Kai - Center for Genomic Medicine, Massachusetts 
General Hospital/Harvard Medical School, Boston, MA, USA
Karmacharya, Rakesh - Center for Genomic Medicine, 
Massachusetts General Hospital/Harvard Medical School, 
Boston, MA, USA

Bipolar Disorder (BD) is a psychiatric disorder characterized by 
extreme fluctuations in mood, with a lifetime prevalence rate of 
more than 1% worldwide regardless of ethnicity or socioeconomic 
background. New methods to study this disease in vitro are need-
ed as human brain tissue from patients are not readily accessible 
and animal models are not optimal for studying uniquely human 
diseases that involve neuroanatomical features that are signifi-
cantly different in humans. A promising experimental model is pa-
tient-specific 3D cerebral organoids – self-organizing tissues de-
rived from human induced pluripotent stem cells (iPSCs) – which 
are able to emulate key aspects of brain development, while dis-
playing many important functional features and neuroanatomical 
structures present within a developing human fetal brain. Through 
analysis of iPSC-derived cerebral organoids from bipolar patients 
stained with a number of neuronal and cortical plate markers, 
we found that the area and perimeter of neural rosettes was de-
creased in bipolar organoids compared to healthy control organ-
oids. Analysis of neuronal distribution in the organoids showed 
that there were relatively fewer MAP2+ neurons in the preplate 
layer of bipolar organoids. Ventricular zone thickness was greater 
in bipolar organoids, while the preplate layer thickness was great-
er in healthy control organoids. The decreased ratio of MAP2+ 
neurons in the preplate layer and decreased preplate layer thick-
ness in bipolar organoids is suggestive of aberrant neural differ-
entiation trajectories in BD organoids. Characterization of neural 
differentiation deficits in organoids derived from BD patients will 
provide a platform for investigation of mechanisms of pharmaco-
logical agents used in treatment of BD. Studies of BD using cere-
bral organoid models are limited, so this research can contribute 
to a better understanding of the neurobiology of BD and provide 
a path for personalized medicine approaches using patient-spe-
cific cerebral organoids.

Keywords: Bipolar Disorder, Cerebral Organoid, Neural 
Differentiation
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MECHANISMS AND CONSEQUENCES OF 
POST-MITOTIC NEURONAL SENESCENCE IN 
ALZHEIMER’S DISEASE
Herdy, Joseph - Neuroscience, University of California, San 
Diego (UCSD), CA, USA
Traxler, Larissa - Neuroscience, University of California, San 
Diego (UCSD), CA, USA
Agarwal, Ravi - Neuroscience, University of California, San 
Diego (UCSD), CA, USA
Karbacher, Lukas - LOG-G, Salk Institute, La Jolla, CA, USA
Schlachetzki, Johannes - Cellular and Molecular Medicine, 
University of California, San Diego (UCSD), CA, USA
Boehnke, Lena - Institute of Molecular Biology, University of 
Innsbruck, Austria
Zangwill, Dina - Biological Science, University of California, San 
Diego (UCSD), CA, USA
Galasko, Doug - Neuroscience, University of California, San 
Diego, CA, USA
Glass, Christopher - Department of Cellular and Molecular 
Medicine, University of California, San Diego (UCSD), CA, USA
Mertens, Jerome - Neuroscience, University of California, San 
Diego (UCSD), CA, USA
Gage, Fred - LOG-G, Salk Institute, La Jolla, CA, USA

The concept of senescence as a phenomenon limited to prolif-
erating cells has been challenged by growing evidence of se-
nescence-like features in terminally differentiated cells, including 
neurons. The persistence of senescent cells late in life is asso-
ciated with tissue dysfunction and increased risk of age-related 
disease. We found that Alzheimer’s disease (AD) brains have 
significantly higher proportions of neurons that express senes-
cence markers, and their distribution indicates bystander effects. 
AD patient-derived directly induced neurons (iNs) exhibit strong 
transcriptomic, epigenetic, and molecular biomarker signatures 
that illuminate a specific human neuronal senescence-like state. 
AD iN single-cell transcriptomics revealed that senescent-like 
neurons face oncogenic challenges, metabolic dysfunction, and 
display a proinflammatory signature. Integrative profiling of the 
inflammatory secretome of AD iNs and patient cerebral spinal flu-
id revealed a neuronal senescence-associated-secretory-pheno-
type (SASP), that could trigger astrogliosis in human astrocytes. A 
neuronal SASP thus represents a late-life proinflammatory gain-
of-function that could trigger a chronic paracrine response in re-
active cell types in the aged human brain. The mechanisms pro-
moting a SASP in senescent cells has been largely elucidated in 
proliferating cells, and little is known how such a response could 
be mediated in aged human neurons. Here, we provide an eval-
uation of neuronal SASP mechanisms in aged human neurons 
from AD and healthy age matched control patients, and strat-
egies to silence or attenuate this response. Although we show 
that senescent neurons can be removed by a senolytic approach, 
these results point to the possibility of a functional senomorphic 
that could be employed to silence a neuronal SASP while leaving 
the cells intact.

Keywords: Senescence, Alzheimer’s Disease, Induced Neurons
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MODELING EARLY ONSET EPILEPSY WITH IPSCS 
DERIVED NEURONS
Gonzalez, Ariana Berenice M. - Human Pluripotent Cell Core, 
University of North Carolina, Chapel Hill, NC, USA
Beltran, Alvaro - Neuroscience Center, University of North 
Carolina, Chapel Hill, NC, USA
Marquez, Ariana - Human Pluripotent Cell Core, University of 
North Carolina, Chapel Hill, NC, USA

Epilepsy is one of the most prevalent neurological disorders. 
Pathogenic bi-allelic variants in the SLC13A5 gene inactivate the 
sodium citrate transporter (NaCT) causing neonatal epilepsy re-
fractory to treatment. Early onset of seizures impairs brain devel-
opment, leading to detrimental cognitive and behavioral impair-
ments that worsen over time. NaCT is expressed in the brain, and 
SLC13A5 patients have elevated citrate levels, however, the role 
of variants and their impact on citrate levels and early seizures 
is unknown. Induced pluripotent stem cells (iPSCs) are an excel-
lent model system to study cellular and molecular mechanisms 
in the brain because they capture the genetic and epigenetic 
background of each patient and enable the generation of brain 
cells directly from patients. This system allows the analysis of the 
basic signaling mechanisms and cell-type specific measurements 
of gene and protein expression and function. In collaboration 
with the Tess Foundation, we generated seven iPSC lines from 
SLC13A5 variants obtained from affected probands and unaf-
fected parents and corrected the mutations using the CRISPR/
Cas9 system. The mutants and corrected iPSCs were differen-
tiated into neurons using a 3D neuronal differentiation method 
and the differences in action potentials were measured with and 
without citrate using multielectrode array (MEA) technology. Our 
data shows that SLC13A5 iPSCs derived cortical neurons from 
different variants undergo normal neuronal differentiation but dis-
play differences in action potentials. Neurons harvesting mutant 
SLC13A5 display premature bursting, delay in neuronal synchro-
nization and differences in activity and synchrony recovery after 
treatment with citrate. These studies provide an innovative func-
tional human model to test prospective therapeutics for safety 
and efficacy, including AAV gene therapy for the functional res-
cue of SLC13A5 function to prevent epilepsy in children. Further-
more, this study indicates precision therapeutics can benefit a 
significant number of people who suffers from epilepsy.

Keywords: EPILEPSY, NEURONS, CITRATE TRANSPORT

684

ELECTROPHYSIOLOGICAL NOCICEPTIVE AND 
ITCH ASSESSMENT OF HUMAN IPSC-DERIVED 
SENSORY NEURONS USING MULTI-ELECTRODE 
ARRAY (MEA) AND THEIR POTENTIAL AS AN 
ALTERNATIVE MODEL FOR DORSAL ROOT 
GANGLIA
Annand, Robert R. - Marketing, Reprocell, Beltsville, MD, USA
Hiranuma, Minami - Stem Cells, Reprocell, Yokohama, Japan
Okuda, Yuichi - Stem Cells, Reprocell, Yokohama, Japan
Watanabe, Tomohisa - Stem Cells, Reprocell, Yokohama, Japan

Sensory neurons are afferent neurons in sensory systems that 
transmit stimuli to the central nervous system as electrical sig-
nals. Primary afferent neurons that are affected by non-noxious 
and noxious stimuli are present in the dorsal root ganglia (DRG), 
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) and the DRG sensory neurons are used as an in vitro model of 
the nociceptive response. However, DRG derived from mouse 
or rat give a low yield of neurons, and they are difficult to cul-
ture. In addition, DRG from rodents sometimes show a different 
response from human neurons. To help alleviate this problem, 
we differentiated hiPSCs into sensory neurons. Previously, we 
measured the expression of sensory neuron-related genes and 
drug responses induced by noxious stimuli. In this study, we 
compare a mixed population of iPSC-derived cortical neurons to 
these sensory neurons for responses to capsaicin, menthol, and 
temperature by Multi-Electrode Array (MEA) analysis to confirm 
that the responses are sensory neuron specific. iPSC-derived 
cortical neurons did not respond to capsaicin and menthol at the 
same concentration as iPSC-derived sensory neurons showed 
a response to these stimuli. When temperature increased from 
37 °C to 46 °C the firing rate of iPSC-derived sensory neurons 
gradually increased. In contrast, iPSC-derived cortical neuron fir-
ing rates gradually decreased. These data suggest that the sen-
sory response is specific to sensory neurons. We measured the 
response of iPSC-derived sensory neurons to histamine and its 
receptor inhibitor pyrilamine. in the presence or absence of pyril-
amine. Increased levels of histamine caused an increased firing 
rate, which was blocked by pyrilamine. In another experiment, 
iPSC-derived sensory neurons responded to chloroquine, an 
itch-inducing compound, and they reached their firing rate peak 
at 5-10 min, whereas histamine-evoked activity reached its peak 
at 25-30 min. These data suggest iPSC-derived sensory neurons 
respond to itch stimuli. In conclusion, we have demonstrated our 
iPSC-derived sensory neurons show sensory neuron-specific 
reactions and may be able to substitute for rodent-derived DRG 
in in vitro models of sensory neurons. We believe that these iP-
SC-derived sensory neurons will be valuable for drug discovery 
research.

Funding Source: This research was funded by REPROCELL, 
Yokohama, Japan.

Keywords: Disease modeling, Neurons, Drug Discovery
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MODELING FRAGILE X SYNDROME WITH HUMAN 
HIPPOCAMPAL ORGANOIDS
Xu, Jie - The Graduate Program in Genetics and Molecular 
Biology, Emory University, Atlanta, GA, USA
Jin, Peng - Department of Human Genetics, Emory University, 
Atlanta, GA, USA
Kang, Yunhee - Department of Human Genetics, Emory 
University, Atlanta, GA, USA
Li, Yujing - Department of Human Genetics, Emory University, 
Atlanta, GA, USA
Wen, Zhexing - Department of Psychiatry and Behavioral 
Sciences, Emory University, Atlanta, GA, USA
Zhou, Ying - Department of Psychiatry and Behavioral Sciences, 
Emory University, Atlanta, GA, USA

Fragile X syndrome (FXS) is a leading genetic cause of intellectual 
disability and autism spectrum disorder. It is an X-linked dominant 
disorder, typically caused by CGG trinucleotide repeat expansion 
within the 5’ UTR of the FMR1 gene that leads to a complete loss 
of its encoding protein – Fragile X Messenger Ribonucleoprotein 
(FMRP). FMRP is a selective RNA-binding protein forming a mes-
senger ribonucleoprotein complex with polyribosomes in the reg-
ulation of protein synthesis. Years of studies have showed that 
hippocampus, one of the brain regions that plays critical roles in 

mood and cognition, is significantly impacted by the loss of FMRP. 
It is enlarged in individuals with FXS at younger ages, suggest-
ing the presence of an atypical developmental trajectory. In Fmr1 
KO mouse, global protein synthesis in the hippocampus is ele-
vated by 15–20%, and electrophysiological studies also revealed 
prolonged epileptiform discharges as well as impaired synaptic 
plasticity in the hippocampus. Despite the remarkable findings 
researchers have made over the past decades, how loss of FMRP 
affects human hippocampus development is still largely unknown. 
To address this question, we developed human hippocampal or-
ganoids (HOs) from iPSCs. Interestingly, we observed increased 
NPC proliferation and decreased generation of PROX1+ dentate 
gyrus granule cells in FXS HOs. To determine how loss of FMRP 
disrupts the trajectory of gene regulatory network, we profiled 
the dynamic of transcriptome of control and FXS HOs at different 
developmental stages using bulk RNA-seq. We found that genes 
involved in neuron development and synaptic transmission were 
upregulated in FXS during hippocampus development. To better 
understand the specificity and complexity of the effect of FMRP 
deficiency on human hippocampus development, we performed 
single-cell RNA-seq on day 150 HOs and found that both cell type 
composition and developmental trajectory were altered in FXS. 
Lastly, using eCLIP-seq, we identified a number of mRNAs that 
are specific targets to FMRP in the hippocampus. Together, our 
study not only delineated the molecular and cellular impacts of 
FMRP deficiency in hippocampus development, but also identi-
fied hippocampus-specific mRNA targets of FMRP, which have 
the potential to serve as therapeutic targets for FXS and autism 
in general.

Keywords: fragile X syndrome, hippocampal organoids, 
neurodevelopment
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EARLY NEURODEVELOPMENT AND 
CYTOARCHITECTURE IS ALTERED IN TUBEROUS 
SCLEROSIS
Chalkley, Mary - Cell and Developmental Biology, Vanderbilt 
University, Nashville, TN, USA
Guerin, Lindsey - Biochemistry, Vanderbilt University, Nashville, 
TN, USA
Mallahan, Samantha - Cell and Developmental Biology, 
Vanderbilt University, Nashville, TN, USA
Geben, Laura - Pharmacology, Vanderbilt University, Nashville, 
TN, USA
Brockman, Asa - Cell and Developmental Biology, Vanderbilt 
University, Nashville, TN, USA
Short, Brittany - Pediatrics, Vanderbilt University Medical Center, 
Nashville, TN, USA
Sahin, Mustafa - Neurology, Harvard Medical School, Boston, 
MA, USA
Hodges, Emily - Biochemistry, Vanderbilt University, Nashville, 
TN, USA
Ihrie, Rebecca - Cell and Developmental Biology, Vanderbilt 
University, Nashville, TN, USA
Ess, Kevin - Pediatrics, Vanderbilt University Medical Center, 
Nashville, TN, USA

Tuberous Sclerosis Complex (TSC) is a debilitating developmen-
tal disorder characterized by a variety of clinical manifestations. 
While benign tumors in the lungs, kidney, and brain are all hall-
marks of the disease, often the most severe symptoms of TSC 
are neurological, including seizures, autism, psychiatric disorders, 
and intellectual disabilities. TSC is caused by a heterozygous loss 
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of function mutation in the TSC1 or TSC2 genes, which encode 
the hamartin/tuberin proteins respectively. Hamartin/tuberin func-
tion as a heterodimer that negatively regulates mechanistic Tar-
get of Rapamycin Complex 1 (mTORC1). While TSC neurological 
phenotypes are well-documented, it is not yet known how early 
in neural development TSC1/2-mutant cells diverge from the typ-
ical developmental trajectory, and whether such phenotypes are 
seen in the heterozygous-mutant populations comprising the ma-
jority of cells in patients. To examine early neurodevelopmental 
phenotypes, we utilized TSC patient-derived induced pluripotent 
stem cells (iPSCs) with a heterozygous microdeletion mutation in 
TSC2. Within the field, it is debated whether second hits are re-
quired. To model this state, CRISPR was used to create a similar 
deletion mutation in the other TSC2 allele, producing a homozy-
gous mutant line. The heterozygous mutant was also corrected 
to wild type. This isogenic series was compared to another allelic 
series with TSC2 deleted. Using immunofluorescent microscopy 
and flow cytometry, we observed aberrant early neurodevelop-
ment in both sets of TSC2 mutant iPSCs. Homozygous mutant 
neural progenitors exhibit altered behavior as in vitro differentia-
tion proceeds, including changes in multicellular structures within 
the first 10 days with misexpression of key transcription factors 
associated with lineage commitment. Collectively, these data 
suggest that mutation/loss of TSC2 has early effects on gene ex-
pression in proper neural development. Indeed, our preliminary 
studies have found that DNA methylation is altered with some 
key genes in neurodevelopment being hypermethylated in the 
wild type cells and hypomethylated in TSC2 mutant cells. Under-
standing precisely when development is disrupted in TSC1/2- mu-
tant brain will be essential to tailoring treatment and determining 
whether prenatal treatment should be pursued.

Keywords: Tuberous Sclerosis, Neurodevelopment, stem cell
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VASCULARISATION OF HUMAN STEM CELL 
DERIVED 3D RETINAL ORGANOIDS
Sharma, Kritika - University Eye Hospital, University of Bonn, 
Germany
Busskamp, Volker - Department of Ophthalmology, University of 
Bonn, Germany

Retinal degeneration is the leading cause of irreversible blind-
ness in current population. Sudden photoreceptor cell loss ini-
tiates a cascade of pathways causing structural and functional 
disintegration of the retina. To investigate retinal diseases and 
explore respective targeted therapies, exclusive human-based 
models are cardinal. Retinal organoids (RO) are 3D in vitro struc-
tures that attempt to recapitulate the development, structure, and 
physiological functioning of in vivo human retina. The RO field has 
come a long way meticulously regulating features of organoid 
protocol like structural complexity, scalability and reproducibility. 
However, the lack of efficient distribution of oxygen and nutri-
ents result in loss of functional output at an early stage causing 
premature cell death and aggressive necrosis, leading to growth 
arrest. Self-organizing vascular systems within the developing or-
ganoids have shown to combat above mentioned drawbacks. In 
this project we make use of an efficient human induced pluripo-
tent stem cells (hiPSC)-derived inducible endothelial cell differen-
tiation protocol that gives rise to an endogenous, self-organising 
vascular system sustaining the long-term functioning of the RO. 
Using these hiPSCs, we successfully generated RO and tracked 
their development over the course of 32 weeks. hiPSC-derived 
endothelial cells were successfully characterised followed by in-

tegration into the organoid protocol to generate vasculature-like 
network. The aim here is to understand and explore the impact 
of this vascularization in the growing organoid. This incorporation 
indicated an improvement in the expanding size of the organoid 
when compared to non-vascularised ones. At later time points, 
the vasculature also reduced the apoptotic cell rate thereby im-
proving the stability of the 3D structure. Our results also indicate 
increased proliferation rate of early photoreceptors. How it pre-
serves the functionality of ganglion cells is ongoing. This signifi-
cant step in the RO field will therefore help in generating long-
term viable cultures that will help investigating age-related retinal 
degeneration. Lastly, increment in photoreceptor cell number in-
vites the opportunity to re-access patient-targeted cell transplan-
tation therapy for curing irreversible blindness.

Keywords: hiPSC, Retinal organoid, Vascularization
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PHYSIOXIA CONDITION GOVERN NEURAL CELL 
FATE IN HUMAN BRAIN ORGANOIDS THROUGH 
MODULATION OF CELL METABOLISM AND CELL 
DEATH PATHWAYS
Liput, Michal - Department of Stem Cell Bioengineering, 
Mossakowski Medical Research Institute PAS, Warsaw, Poland
Kuczynska, Zuzanna - Department of Stem Cell Bioegineering, 
Mossakowski Medical Research Institute PAS, Warsaw, Poland
Metin, Erkan - Department of Stem Cell Bioegineering, 
Mossakowski Medical Research Institute PAS, Warsaw, Poland
Zayat, Valery - Department of Stem Cell Bioegineering, 
Mossakowski Medical Research Institute PAS, Warsaw, Poland
Buzanska, Leonora - Department of Stem Cell Bioegineering, 
Mossakowski Medical Research Institute PAS, Warsaw, Poland

Low oxygen condition (5% O2) referred as “physioxia” is typical 
for neural stem cells endogenous niches. On the other hand, the 
advent of brain organoids (BO) technology enabled to obtain the 
only existing 3D biomimetic in vitro model for early human neu-
rodevelopment. Physioxia conditions are crucial to mimic natural 
niche of brain development, however most in vitro studies with 
BO are conducted in atmospheric (21%) level of oxygen. In this 
study we focus on the influence of physioxia on the metabolic 
and cell death pathways with regard to the ability for neural dif-
ferentiation in human BO. Up to date such studies in this model 
have not been reported. BO grown 44-days (44D) in different ox-
ygen conditions (21% and 5% O2) were used to decipher the role 
of the physioxia on neuronal differentiation and to uncover the 
molecular mechanism behind it. To reveal a modulatory mecha-
nism of physioxia on neuronal differentiation and cell metabolism, 
analysis of RNA-seq data was conducted. Gene ontology enrich-
ment analysis of transcriptomics data showed the upregulation 
of pathways involved in response to oxygen level, NAD and car-
bohydrate metabolism, whereas downregulated were processes 
including neuronal differentiation, dorsal/ventral pattern forma-
tion, apoptosis and positive regulation of glial cell proliferation 
in BO grown 44D in physioxia. Investigation of network predic-
tion between genes with known functions revealed interactions 
between neuronal and glial genes as well as those involved in 
cell metabolism and apoptosis pathways. Further RT-qPCR gene 
expression analysis in physioxia conditions showed decreased 
expression of: EMX1, SYP (mature neurons); GFAP, ALDH1L1 (gli-
al cells); MT-ATP6, MT-CO1, MT-ND5 (OXPHOS genes) and in-
creased level of MAP2, DCX (early neuronal markers) and LDHA, 
HK2, PGK1 (glycolytic genes). This suggests that physioxia at the 
stage of 44D BO prevails glycolysis over oxidative phosphory-
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) lation and promotes early neurogenesis, while suppressing glio-
genesis and further maturation of neurons. This is accompanied 
with significant decrease in expression of BNIP3, BAX, BCL2L1, 
BAK1, BAD (apoptosis), which may indicate neuroprotective role 
of physioxia. This study is a first insight into a modulatory role of 
physioxia on neural lineage specification in brain organoid model.

Funding Source: This work was supported by the National 
Science Centre Grant No. 2019/35/B/NZ3/04383, 2022/45/N/
NZ3/04202 and Statutory Funds from MMRI PAS.

Keywords: Brain Organoids, Physiological Oxygen Condition, 
Neural Differentiation
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DISEASE MODELING AND INVESTIGATION OF 
NMDA RECEPTOR MODULATORS IN NOVEL 2D 
AND 3D HUMAN IPSC-DERIVED NEURAL CELL 
SYSTEMS
Disse, Paul - Cellular Electrophysiology, University Hospital 
Muenster, Germany
Ritter, Nadine - Cellular Electrophysiology, University Hospital 
Muester, Germany
Aymanns, Isabel - Cellular Electrophysiology, University Hospital 
Muenster, Germany
Seebohm, Guiscard - Cellular Electrophysiology, University 
Hospital Muenster, Germany

N-Methyl-D-aspartate receptors (NMDARs) in the brain are es-
sential for information processing and learning. Malfunctions of 
NMDARs are associated with pathophysiological processes in 
neurodegeneration and diseases like Alzheimer’s, Parkinson’s, 
and drug addiction. A promising therapeutic approach to these 
diseases is the development of selective NMDAR modulators. If-
enprodil and several derivatives are known to be potent NMDAR 
selective antagonists. Using human induced pluripotent stem 
cells (hiPSCs) combined with electrophysiological techniques, we 
developed 2D and 3D screening systems for NMDAR modulators 
and their effect on human neurons.

Keywords: NMDAR, glutamatergic neurons, pharmacology
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ENABLING THE LONG-TERM MAINTENANCE 
OF ADHERENT NEURAL CELLS CULTURES 
IN A STABLE MICROENVIRONMENT VIA A 
MULTICOMPONENT PERFUSION CIRCUIT 
PLATFORM
Watmuff, Bradley - Biology, Cortical Labs, Melbourne, Australia
Doherty, Andrew - Hardware, Cortical Labs, Melbourne, 
Australia
Azadi, Azin - Hardware, Cortical Labs, Melbourne, Australia
Kagan, Brett - Biology, Cortical Labs, Melbourne, Australia

Advancements in synthetic biology for the development of cells 
differentiated from stem cell sources, coupled with recognition of 
stable microenvironments as critical for the maturation of these 
cultures, has created a need for a system capable of long-term 
maintenance and monitoring of adherent cultures. Current meth-
ods require cells to be removed from stable environments, such 
as incubators, and have media changes which have been shown 
to increase markers of stress in cell cultures and disrupt function. 
Here we showcase research into the development of a perfu-

sion circuit system which is capable of maintaining adherent cell 
cultures intervention free for extended periods of time. System 
viability was tested over 4 weeks by using functioning neural pro-
genitor cells derived from human induced pluripotent stem cells. 
By plating these cells on a high-density multielectrode array (Max-
Well Biosystems) along with traditional transparent dishes, the 
functional activity of these cells could also be monitored in real 
time. The system was perfused with Brainphys media (STEMCELL 
Technologies; 0.25% Penicillin/Streptomycin) and gas (air and 5% 
CO2) and then monitored. Results strongly support the viability of 
this approach, with an efficient gas exchange of 73.3±2% dissolved 
oxygen, stable pH of 7.4±0.4, and temperature of 37±0.5℃. Like-
wise, microscopy assessment of neural cells revealed the main-
tenance of dendrites and axons continued through the 4-week 
assessment. Electrophysiological assessment also revealed that 
neural activity was able to be maintained, even when cells were 
subjected to high density stimulation and recording through the 
closed-loop DishBrain pong environment for up to 16 hours. This 
represents that viability was maintained over significantly longer 
stimulatory and recording periods, as previously cell degradation 
would begin on sessions that exceeded 2 hours. While further 
research is still required, these results support the viability of this 
approach in the long-term maintenance of adherent cells with 
minimal intervention compared to regular methods. Ultimately it 
is proposed that future developments will be helpful in studying 
both development of these cell cultures and for long-term testing 
of pharmacological agents or disease models.

Funding Source: Research was funded by Cortical Labs Pty Ltd., 
of which all authors are current employees.

Keywords: cortical neurons, cell culture maintenance, perfusion 
circuit
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698

DERIVATION OF HUMAN FETAL-DERIVED EARLY 
NEUROEPITHELIAL PROGENITORS MIRRORING 
THE DEVELOPING HUMAN BRAIN
Tisch, Marcel - Genomics, Stem Cell Biology and Regenerative 
Medicine, University of Innsbruck, Austria
Günther, Katharina - Genomics, Stem Cell Biology and 
Regenerative Medicine, University of Innsbruck, Austria
Thier, Marc - HI-STEM, German Cancer Research Center, 
Heidelberg, Germany
Wörsdörfer, Philipp - Stem Cell and Regenerative Medicine, 
University of Würzburg, Germany
Suarez Cubero, Marta - Genomics, Stem Cell Biology and 
Regenerative Medicine, University of Innsbruck, Austria
Wischmeyer, Erhard - Cellular Neurophysiology, University of 
Bielefeld, Germany
Kwog, Chee Keong - Stem Cell and Regenerative Medicine, 
University of Würzburg, Germany
Fischer, Julia - Reconstructive Neurobiology, University of Bonn 
Medical Center, Bonn, Germany
Brüstle, Oliver - Reconstructive Neurobiology, University of Bonn 
Medical Center, Bonn, Germany
Flunkert, Julia - Human Genetics, University of Würzburg, 
Germany
Haaf, Thomas - Human Genetics, University of Würzburg, 
Germany
Schlaiß, Tanja - Gynecology and Obstetrics, University Hospital 
Würzburg, Germany
Liebscher, Simone - Medical Technologies and Regenerative 
Medicine, University of Tübingen, Germany
Schenke-Layland, Katja - Medical Technologies and 
Regenerative Medicine, University of Tübingen, Germany
Wagner, Nicole - Stem Cell and Regenerative Medicine, 
University of Würzburg, Germany
Ergün, Süleyman - Stem Cell and Regenerative Medicine, 
University of Würzburg, Germany
Trumpp, Andreas - HI-STEM, German Cancer Research Center, 
Heidelberg, Germany
Edenhofer, Frank - Genomics, Stem Cell Biology and 
Regenerative Medicine, University of Innsbruck, Austria

The isolation of long-term self-renewing neural stem cells (NSC) 
from human primary tissue mirroring the early neurodevelop-
ment is a long-standing aim. Here, we present the stabilization 
of neurulation-stage stem cells from human fetal brain tissue em-
ploying a chemically defined culture medium. We obtained highly 
proliferative, homogenous neural precursor cells, designated as 
fNPCs, being able to maintain NSC properties and normal karyo-
type > 50 passages. fNPCs can grow monoclonally and exhibit 
a naïve, non-polarized morphology expressing early neuroepi-
thelial markers including SOX1, PAX6, NESTIN, SOX2 and ZO-1 
judged by immunofluorescence and RT-qPCR. Flow cytometry 
analysis revealed the presence of bona fide NSC surface mark-
ers CD133, CXCR4 and PSA-NCAM in >90% of fNPCs. In vitro dif-
ferentiation of fNPCs yields progenies of central and peripheral 
lineages corroborating a naïve state of neuroepithelial multipo-
tency with high neurodevelopmental potential. In vitro and in vivo, 
fNPCs exhibit strong neurogenic potential and show astroglial dif-
ferentiation capacity in vitro. Electrophysiological analyses of fN-
PC-derived neurons revealed spontaneous action potentials and 
evident synapse formation is demonstrated by immunostainings 
and ultrastructural examination. Systematic comparative analysis 
of single cell RNA sequencing data confirmed a predicted cell 

type of early neuroepithelial stage and developmental age cor-
relating with 5.5 to 6 weeks post conception as judged by refer-
ence atlases. In particular, fNPCs express not only neuroepithelial 
(TJP1, HES1), but also radial glia (VIM, CDH) and neural plate bor-
der genes (SOX3, ZIC1). Furthermore, patterning towards ventral 
regional identity is indicated by upregulated NKX6-1, SFRP2 and 
downregulated NKX2.2. Together, our data suggest a novel early 
NSC population with broad central and peripheral nervous sys-
tem differentiation capacity and virtually unlimited proliferation. 
fNPCs will be instrumental to elucidate early neurodevelopmental 
processes and provide a novel source for cell replacement and 
drug screening applications.

Keywords: fetal neural progenitors, early neurodevelopment, 
single cell RNA sequencing
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ASSESSMENT OF MICROGLIAL ACTIVITY 
IN AN INDUCED PLURIPOTENT STEM CELL-
DERIVED NEURAL ORGANOID ON SYNTHETIC 
HYDROGELS TO STUDY NEUROINFLAMMATION
Favreau, Peter - Research and Development, Stem Pharm, Inc., 
Madison, WI, USA
Kulas, Joshua - Research and Development, Stem Pharm, Inc., 
Madison, WI, USA
Richards, Will - Research and Development, Stem Pharm, Inc., 
Madison, WI, USA
Greuel, Kaylie - Research and Development, Stem Pharm, Inc., 
Madison, WI, USA
Parham, Kailyn - Research and Development, Stem Pharm, Inc., 
Madison, WI, USA
Zimmermann, Joshua - Research and Development, Stem 
Pharm, Inc., Madison, WI, USA
Lebakken, Connie - Research and Development, Stem Pharm, 
Inc., Madison, WI, USA

Cerebral organoids derived from induced pluripotent stem cells 
(iPSCs) offer a promising platform for modeling neuroinflamma-
tion. A critical component of neuroinflammation modeling is reca-
pitulation of the physiological environment, including responses 
to a variety of insults from disease states, infection or injury. The 
interplay between neurons, microglia, endothelial cells, and oth-
er cell types following brain insults gives rise to an immune re-
sponse and release of inflammatory mediators. There is a critical 
need to model this dynamic interplay in vitro given the difficul-
ties of interrogating neuroinflammation in vivo. To this end, Stem 
Pharm has used its proprietary hydrogel technology as the basis 
to build a robust, human iPSC-derived neural organoid model for 
studying neuroinflammation. The neural organoids are formed 
in 96-well plates and ready for screening in as early as 21 days. 
Single-cell transcriptional analysis indicates that the organoids 
are comprised of diverse cell types, including neuronal subtypes, 
astrocytes, microglia, and endothelial cells. Synchronous calcium 
oscillations were recorded in organoids that were cultured for 
>40 days, consistent with physiologic establishment of signaling 
between neurons. Microglia integrate into the organoid at phys-
iologic levels (approximately 5% of total cell composition), dis-
tribute throughout the organoid structure, portray ramified mor-
phology at homeostasis, and respond appropriately to pro- and 
anti-inflammatory stimulants. We have investigated the effect of 
lipopolysaccharide (LPS) and interferon gamma (IFN-γ), amyloid 
beta (Aβ), and isolated apoptotic neurons. Aβ stimulation of or-
ganoids with and without microglia demonstrates the necessary 
role of microglia in components of the proinflammatory response. 
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) The addition of apoptotic neurons into the organoids increased 
the phagocytic marker CD-68 but not the proinflammatory mark-
er TNF-α, suggesting microglia in our organoids perform basal 
phagocytic activity without provoking a TNF- α transcriptional 
response. Collectively, these data suggest that Stem Pharm’s 
neural organoid platform is a robust platform for studying neu-
roinflammation in vitro and demonstrates a promising tool for pre-
diction of translation between preclinical and clinical outcomes.

Funding Source: This work has been supported by NIH NIEHS 
SBIR grants 1R43ES029898-01A1, 1R43ES029897-01, and 
1R43ES029897-01S1 to support participation in the NIH I Corps 
program.

Keywords: Cerebral organoids, Hydrogels, Neuroinflammation
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A 3D-PRINTED GELMA SCAFFOLD ASSEMBLY 
FOR THE CO-CULTURE OF HUMAN 
ENDOTHELIAL CELLS AND BETA CELLS
Soetedjo, Andreas Alvin Purnomo - NUS Graduate School for 
Integrative Sciences and Engineering, National University of 
Singapore, Singapore
Lee, Jia Min - Singapore Centre for 3D Printing, NTU, Singapore
Lau, Hwee Hui - Stem Cells and Diabetes Laboratory, IMCB, 
Singapore
Lau, Abraham - Stem Cells and Diabetes Laboratory, IMCB, 
Singapore
Goh, Guo Liang - Singapore Centre for 3D Printing, NTU, 
Singapore
An, Jia - Singapore Centre for 3D Printing, NTU, Singapore
Hunziker, Walter - WH Lab, IMCB, Singapore
Yeong, Wai Yee - Singapore Centre for 3D Printing, NTU, 
Singapore
Koh, Ye Xin - Department of Hepatopancreatobiliary and 
Transplant Surgery, Singapore General Hospital, Singapore
Teo, Adrian Kee Keong - Stem Cells and Diabetes Laboratory, 
IMCB, Singapore

A significant hallmark of Type 1 diabetes is the extensive diminu-
tion of β cell mass in the pancreas, which accounts for the impair-
ment of glucose homeostasis. Despite the success observed with 
the transplantation of islets into diabetic patients (such as with 
the Edmonton protocol), a critical complication still persists: the 
transplanted islets suffer from decreased survival due to a lack of 
functional blood vessels and oxygen supply. As such, a more ef-
fective support system for isolated islets that better replicates the 
interactions between β cells and vascular endothelial cells in the 
Islets of Langerhans is required. To achieve this, we conducted a 
systematic evaluation of the compatibility of various 3D-bioprint-
ed scaffold materials to co-culture human β cells with human um-
bilical vein endothelial cells (HUVECs) through the creation of dif-
ferent bioink formulations. Gelatine Methacryloyl (GelMA)-based 
scaffolds enable the attachment of HUVECs and β cells that re-
main viable after ten days of culture. The assembled co-culture 
scaffold also demonstrated functional glucose-stimulated insulin 
secretion from the β cells. This exploration provides a working 
basis for the development of a human islet delivery system, that is 
amenable to bioprinting, in the effort to restore insulin production 
in diabetes patients.

Keywords: 3D Printing, Co-Culture, Bioartificial pancreas

796

MODELLING CONGENITAL HYPERINSULINISM 
USING PATIENT DERIVED INDUCED 
PLURIPOTENT STEM CELLS
Garrone, Maria Cristina - Centre for Gene Therapy and 
Regenerative Medicine, King’s College London, UK
Sancho, Rocio - Centre for Gene Therapy and Regenerative 
Medicine, King’s College London, UK

Congenital Hyperinsulinism (CHI) is a severe monogenic disorder 
associated with enhanced insulin secretion and persistent hy-
poglycaemia. Symptoms firstly appear in new-borns and infants 
and all current non-invasive therapeutical treatments are mostly 
ineffective. Moreover, multiple questions are still unanswered in 
CHI research, with 50% of cases remaining genetically unsolved 
and the molecular mechanisms underlying CHI pathophysiolo-
gy not fully understood. In this study, we turned to patient de-
rived induced pluripotent stem cells to investigate functional and 
developmental changes in hyperinsulinemic β cells. We firstly 
identified deleterious disease-causing genomic variants from a 
cohort of 5 CHI iPSC lines. Exome-sequencing analysis revealed 
mutations in key pancreatic transcription factors (HNF1A, HNF4A), 
in the SUR1 subunit of KATP dependent channels (ABCC8) and 
in a key epigenetic regulator (EP300). Then, we developed an 
experimental pipeline to characterise the differentiation of iPSC 
lines to β-like cells and to test the effects of CHI-causing muta-
tions. We selected a homozygous mutation in the KATP depen-
dent channel SUR1 for CRISPR-Cas9 genome editing to model 
the most common and severe form of this disorder. These cells 
are currently being investigated for transcriptional, morphologi-
cal, and functional defects. Altogether, these data will provide us 
with a deeper understanding of the functional and developmental 
differences observed in CHI β-cells, will offer a valuable preclini-
cal model to explore alternative treatments for hyperinsulinemic 
patients while also providing valuable insights into β-cell biology.

Keywords: Congenital Hyperinsulinism, Pancreatic Beta Cells, 
Disease Modelling
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A METHOD FOR THE GENERATION OF HUMAN 
STEM CELL-DERIVED PANCREATIC DELTA CELLS
Belame Shivakumar, Sharath - Physiology and Biomedical 
Engineering, Mayo Clinic, Rochester, MN, USA
Peterson, Quinn - Department of Physiology and Biomedical 
Engineering, Mayo Clinic, Rochester, MN, USA

Cell-based therapies hold great promise in treating the increas-
ing burden of Type 1 diabetes. These therapies require human 
pancreatic beta cells that can properly respond to and secrete 
insulin in response to glucose levels in the body. Although islet 
transplantation has been effective, a shortage of donor islets re-
stricts its use in cell therapy. An alternative approach is the use 
of stem cell-derived beta cells (SC-β) for Type 1 diabetes treat-
ment. However, for proper functioning within islets, endocrine 
cells experience both paracrine and autocrine regulation, which 
is not present in single cells generated using stem cells. To im-
prove treatment efficacy to that of donor islets, SC-β cells can 
be combined with other stem cell-derived pancreatic endocrine 
cells, but this is limited by a lack of precise methods for generat-
ing these cell types. While SC-β and stem cell-derived alpha (SC-
α) cells have been successfully generated, other endocrine cell 
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types are not yet accomplished. Here we report the first protocol 
for generating human stem cell derived delta cells (SC-δ) from 
pluripotent cell sources. Using several small molecule screening 
approaches, we identified small molecules that could efficiently 
convert human embryonic stem cells into pancreatic delta cells. 
The protocol results in somatostatin expression in nearly 60% of 
the cell population, with 17% of the cells expressing only soma-
tostatin as monohormonal SC-δ cells. The resulting SC-δ cells 
expressed key delta cell-specific markers such as Hhex, Ptch1, 
and Pax6, and could secrete somatostatin in response to glu-
cose challenge. Furthermore, we demonstrate the ability of these 
SC-delta cells to inhibit the secretion of glucagon in SC-alpha 
cells. The identification of these small molecules has led to the 
development of a novel protocol that produces functional human 
SC-δ cells. This not only advances our understanding of human 
delta cells but also provides a basis for drug screening, disease 
modeling, and the development of designer islets, which has the 
potential to refine and improve current cell therapeutic regimens.

Keywords: Type 1 Diabetes, Stem cell-derived pancreatic delta 
cells, cell therapy
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UNRAVELING ISLET STRESS RESPONSE 
THROUGH CELL-TYPE-SPECIFIC 
TRANSCRIPTIONAL AND CHROMATIN ANALYSIS
Maestas, Marlie - Division of Endocrinology, Metabolism and 
Lipid Research, Washington University, Saint Louis, MO, USA
Augsornworawat, Punn - Division of Endocrinology, Metabolism 
and Lipid Research, Washington University in St. Louis, MO, 
USA
Velazco-Cruz, Leonardo - Division of Endocrinology, Metabolism 
and Lipid Research, Washington University in St. Louis, MO, 
USA
Maxwell, Kristina - Division of Endocrinology, Metabolism and 
Lipid Research, Washington University in St. Louis, MO, USA
Veronese-Paniagua, Daniel - Division of Endocrinology, 
Metabolism and Lipid Research, Washington University in St. 
Louis, MO, USA
Ishahak, Matthew - Division of Endocrinology, Metabolism and 
Lipid Research, Washington University in St. Louis, MO, USA
Marquez, Erica - Biomedical Engineering, Washington University 
in St. Louis, MO, USA
Millman, Jeffrey - Division of Endocrinology, Metabolism and 
Lipid Research, Washington University in St. Louis, MO, USA

Diabetes occurs when pancreatic beta cells fail to properly func-
tion or die, resulting in the onset and progression of the disease. 
As this occurs, the islets experience an increase in endoplasmic 
reticulum (ER) and inflammatory stress. This phenomenon has 
primarily been studied using murine models, yet this approach 
is limited by the species-specific differences between humans 
and mice. Furthermore, beta cells reside within islets of Langer-
hans, which are comprised of multiple cell types. However, pre-
vious studies have not explored the cell-type-specific respons-
es to ER and inflammatory stress in the islet. Stem cell-derived 
islets (SC-islets) can serve as a viable model system to address 
this gap. Using single-cell sequencing, we have examined the 
cell-type-specific transcriptional and chromatin responses to ER 
and inflammatory stress in human islets. To simulate stress in islets, 
we used thapsigargin, a mixture of cytokines (IL1B+IFNG+TNFa), 
and Brefeldin A (BFA). Through pairwise comparisons between 
control and stress conditions, we found that beta, alpha, and 
ductal cells are more susceptible to ER and inflammatory stress 

than other cell types in islets. Additionally, our analysis revealed 
candidate genes that can modulate stress response in SC-islets. 
By genetically editing SC-islets using lentiviral short-hairpin and 
open-reading-frame constructs, we have explored how these 
genes impact islet function and stress response. These results 
provide cell-type-specific index of islet stress response, enhanc-
ing our understanding of islet health during diabetes.

Keywords: Stem cell derived islets, multiomic single cell 
sequencing, genetic editing
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THE EFFECT OF THE VARIANT MTHFR 677TT 
GENOTYPE AND MODULATION BY RIBOFLAVIN 
ON PHENOTYPE AND EPIGENETIC PROFILE IN 
IPSC TO VSMC DIFFERENTIATION
Yang, Meimei - Regenerative Medicine Institute, University of 
Galway, Ireland
Lees-Murdock, Diane - Genomic Medicine Group, School of 
Biomedical Sciences, Ulster University, Coleraine, UK
Ward, Mary - Nutrition Innovation Centre for Food and Health 
(NICHE), School of Biomedical Sciences, Ulster University, 
Coleraine, UK
McNulty, Helene - Nutrition Innovation Centre for Food 
and Health (NICHE), School of Biomedical Sciences, Ulster 
University, Coleraine, UK
Barry, Frank - Regenerative Medicine Institute, School of 
Medicine, University of Galway, Ireland
Murphy, Mary - Regenerative Medicine Institute, School of 
Medicine, University of Galway, Ireland

The B vitamin riboflavin is required as flavin adenine dinucleo-
tide (FAD) by methylenetetrahydrofolate reductase (MTHFR), a 
key enzyme that generates the folate cofactors to supply meth-
yl groups for DNA methylation. The common MTHFR 677C→T 
polymorphism reduces enzyme activity in vivo and increases risk 
of hypertension and cardiovascular disease. Our previous trials 
demonstrated that riboflavin intervention lowers blood pressure 
specifically in hypertensive patients with MTHFR 677TT geno-
type. This modulatory effect of riboflavin on blood pressure may 
be mediated via DNA methylation of hypertension-related genes. 
This study aims to determine the contribution of the MTHFR gen-
otype to altered DNA methylation profiles at loci involved in the 
development of hypertension, and how riboflavin supplementa-
tion may alter the aberrant methylation profile of MTHFR 677TT 
cell lines. The fibroblasts from two donors with MTHFR 677CT 
genotype have been reprogrammed into iPSCs using non-in-
tegrating Sendai Viruses. The morphology of three iPSC lines 
from each donor resembled that of human embryonic stem cells, 
and no exogenous reprogramming factors were undetected af-
ter passage 10. The pluripotency of iPSC lines was verified both 
at mRNA and protein levels by qRT-PCR and immunostaining. 
The MTHFR 677CT genotype in the iPSC lines was confirmed 
by sanger sequencing. The differentiation capacity of the iPSC 
lines and their karyotype will be evaluated soon. Next-genera-
tion CRISPR technology, prime editing will then be used to create 
isogenic iPSC lines from iPSC lines bearing the MTHFR 677CT 
genotype. These techniques will enable us to create isogenic iP-
SCs with either the CC or TT genotype and allowing us an ex-vivo 
model for mechanistic research to study the impacts of the MTH-
FR 677C→T polymorphism. To identify new riboflavin-modifiable 
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) epigenetic targets for the treatment of hypertension, iPSCs will 
be differentiated into a hypertension-relevant cell type, vascular 
smooth muscle cells (VSMCs) under riboflavin deplete and re-
plete conditions followed by epigenome-wide sequencing. The 
study will enable a better understanding of the biological mecha-
nisms linking the MTHFR 677CT polymorphism with hypertension 
and provide a valuable resource for future large-scale initiatives 
aimed at advancing patient care.

Funding Source: The EpiHyper Project is funded by the Health 
Education Authority (HEA) North-South Research Programme, 
a collaborative scheme funded through the Irish Government’s 
Shared Island Fund.

Keywords: MTHFR, Riboflavin, VSMC differentiation
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A HUMAN IPSC-ARRAY-BASED GWAS IDENTIFIES 
A VIRUS SUSCEPTIBILITY LOCUS IN THE NDUFA4 
GENE AND FUNCTIONAL VARIANTS
Han, Yuling - Surgery, Weill Cornell Medical College, New York, 
NY, USA
Tan, Lei - Institute of Biomedicine and Biotechnology, Shenzhen 
Institute of Advanced Technology, Chinese Academy of 
Sciences, Shen Zhen, China
Zhou, Ting - Stem Cell Research Facility, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA
Yang, Liuliu - Surgery, Weill Cornell Medical College, New York, 
NY, USA
Carrau, Lucia - Microbiology, New York University, New York, 
NY, USA
Lacko, Lauretta - Surgery, Weill Cornell Medical College, New 
York, NY, USA
Saeed, Mohsan - Laboratory of Virology and Infectious Disease, 
The Rockefeller University, New York, NY, USA
Zhu, Jiajun - Surgery, Weill Cornell Medical College, New York, 
NY, USA
Zhao, Zeping - Surgery, Weill Cornell Medical College, New 
York, NY, USA
Dong, Xue - Surgery, Weill Cornell Medical College, New York, 
NY, USA
Moroziewicz, Dorota - The New York Stem Cell Foundation 
Research Institute, New York, NY, USA
Paull, Daniel - The New York Stem Cell Foundation Research 
Institute, New York, NY, USA
Zhang, Tuo - Genomic Resource Core Facility, Weill Cornell 
Medical College, New York, NY, USA
Chen, Zhengming - Department of Population Health Sciences, 
Weill Cornell Medicine, New York, NY, USA
Zhong, Aaron - Stem Cell Research Facility, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA
Schwartz, Robert - Physiology, Biophysics and Systems Biology, 
Weill Cornell Medicine, New York, NY, USA
tenOever, Benjamin - Microbiology, New York University, New 
York, NY, USA
Noggle, Scott - The New York Stem Cell Foundation Research 
Institute, New York, NY, USA
Rice, Charles - Laboratory of Virology and Infectious Disease, 
The Rockefeller University, New York, NY, USA
Qi, Qibin - Epidemiology and Population Health, Albert Einstein 
College of Medicine, New York, NY, USA
Evans, Todd - Surgery, Weill Cornell Medical College, New York, 
NY, USA
Chen, Shuibing - Surgery, Weill Cornell Medical College, New 
York, NY, USA

Genome-wide association studies (GWAS) have been broadly 
applied to identify genetic variants associated with human dis-
eases. However, population-based studies to identify disease-as-
sociated risk alleles typically require samples obtained from large 
number of individuals. Here, we developed a human induced 
pluripotent stem cell (hiPSC) array-based screening strategy to 
link human genetics with viral infectivity. We screened an array 
containing 77 hiPSC lines with diverse genetic backgrounds for 
sensitivity to Zika virus (ZIKV) infection. A GWAS identified a clus-
ter of single-nucleotide polymorphisms (SNPs) in a cis-regulatory 
region of the NDUFA4 gene, which was associated with suscepti-
bility to ZIKV infection. Loss of NDUFA4 led to decreased sensitiv-
ity to ZIKV infection and reduced viral replication. Isogenic hiPSC 
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lines carrying non-risk alleles of SNPs (rs917172 and rs12386620) 
or deletion of the cis-regulatory region exhibited decreased ND-
UFA4 expression and lower sensitivity to ZIKV infection. In addi-
tion, loss/reduction of NDUFA4 was associated with resistance 
to other viruses, including dengue virus and SARS-CoV-2. Mech-
anistic studies indicated that loss/reduction of NDUFA4 causes 
mitochondrial stress, which leads to the leakage of mitochondrial 
DNA and thereby upregulation of type I-interferon signaling. This 
tightly controlled platform provides a rapid and cost-efficient sys-
tem using a relatively small sample size to systematically evaluate 
association of genetic variants with certain diseases, a paradigm 
shift for population based GWAS, and identifies NDUFA4 as a 
previously unknown susceptibility locus for viral infection.

Keywords: GWAS, iPSC, ZIKV
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DOES VAPING DURING PREGNANCY HARM 
HUMAN EMBRYOS?
Etemadi, Shabnam - Bioengineering, University of California, 
Riverside, CA, USA
Talbot, Prue - Molecular, Cell and Systems Biology, University of 
California, Riverside, CA, USA

Exposure of pregnant women to electronic cigarettes (ECs) may 
influence human prenatal development. It is unknown what ef-
fect individual flavor chemicals in ECs have on human embryos in 
pregnant women who vape. Human embryonic stem cells (hESCs), 
which model the epiblast, were used to study the effects of men-
thol on early postimplantation development. Menthol, a commonly 
used flavor chemical in ECs, activates TRP (transient-receptor-po-
tential) channels, which are present in hESCs. A Ca2+ influx assay 
was performed to determine if menthol activated the TRPA1 and 
TRPM8 channels in hESCs. Ca2+ was measured in Fluo-8 loaded 
H9 hESCs growing in 96-well plates, and fluorescence was ana-
lyzed using a Synergy multi-mode plate reader. Nanomolar con-
centrations of menthol rapidly increased intracellular Ca2+, which 
was blocked by a TRPA1 inhibitor (AM0902). TRPM8 channels did 
not respond to menthol at nM concentrations. However, µM con-
centrations of menthol increased in intracellular Ca2+, which was 
blocked by a TRPM8 inhibitor (TC-I-2014). To determine if activa-
tion of TRP channels by menthol affected hESCs growth, time-
lapse data were collected in a BioStation CT every 4 hours using 
3×3 tiling, and growth features were extracted using StemCellQC 
software. Menthol at µM concentrations inhibited the increase in 
colony area during 48 hours of in-vitro incubation. The TRPA1 and 
the TRPM8 inhibitors reversed the effect of µM menthol and re-
stored the colony area to that of the untreated controls. hESCs 
treated with µM menthol for 48 hours were evaluated for apop-
tosis using Magic Red® Caspase-3/7 Assay Kit. Magic red fluo-
rescence was elevated in menthol-treated colonies indicating an 
increase in apoptosis. Apoptosis was confirmed by StemCellQC 
software (Brightness/Total Area ratio). The proliferation of hESCs 
treated with µM menthol was not affected when evaluated with a 
Ki-67 antibody. Given the high concentrations of menthol in ECs 
and the low concentrations that induce Ca2+ influx and apoptosis 
through TRP channels, it is likely that human embryos would be 
affected by menthol in pregnant women who vape. These data 
could help prevent alterations in normal development leading to 
birth defects. The use of ECs by pregnant women should be dis-

couraged until the effects of flavor chemicals on their embryos 
are fully understood.

Funding Source: Supported by a Training Grant EDUC4-12752 
from the California Institute for Regenerative Medicine.

Keywords: Human Prenatal Development, Pregnancy, Human 
Embryonic Stem Cells, Embryos, Birth Defects, Transient 
Receptor Potential Channels, Intracellular Calcium, H9 Growth, 
H9 Apoptosis, H9 Proliferation, Vaping, Electronic Cigarettes, 
Menthol
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HUMAN PLURIPOTENT STEM CELLS-DERIVED 
SERTOLI CELLS (PSC-SC) AS AN IMMUNE 
MODULATOR OF THE CELL TRANSPLANTATION 
THERAPHY IN A DIABETIC MICE MODEL
Lee, Chang Woo - CHA Advanced Research Institute, Bundang 
Medical Center, CHA University, Seongnam-si, Korea
Lee, Jeoung Eun - CHA Advanced Research Institute, Bundang 
Medical Center, CHA University, Seongnam-si, Korea
Han, A-Reum - CHA Advanced Research Institute, Bundang 
Medical Center, CHA University, Seongnam-si, Korea
Ryu, Gahee - CHA Advanced Research Institute, Bundang 
Medical Center, CHA University, Seongnam-si, Korea
Jo, Juhyeon - CHA Advanced Research Institute, Bundang 
Medical Center, CHA University, Seongnam-si, Korea
Lee, Dong Ryul - Department of Biomedical Sciences / CHA 
Advanced Research Institute, CHA University, Seongnam-si, 
Korea

Sertoli cells (SCs) are somatic cells that are a part of seminiferous 
tubules in testes and support germ cell development and matura-
tion. Also, SCs play a main role to protect male germ cells from im-
mune destruction by the formation of blood-testis-barrier and the 
secretion of several immunoregulatory factors. Based on these 
characteristics, it has been reported that SCs have been utilized 
to create a tolerogenic environment, to protect co-grafted tissue 
and cells. However, the clinical application of SCs would be very 
difficult because mature SCs are quiescent somatic cells in the 
testis and show lower proliferation activity in vitro. In this study, 
we reported that human pluripotent stem cells (PSCs) have been 
successfully differentiated into Sertoli cells (SCs) by stepwise dif-
ferentiation protocol. Also, human PSC-SCs have well expressed 
marker genes of SCs, such as GATA4, SOX9, CLDN11, and AR, 
as well as have shown immune-modulation activity similar to hu-
man bone marrow-mesenchymal stem cells. In diabetic-induced 
mice co-transplanted into subcutaneous tissue with EndoC-βH1 
cells (insulin-secreting cells) and PSC-SCs, lower blood glucose 
levels were maintained for 6 months than those transplanted En-
doC-βH1 cells alone. From these results, we suggest that human 
PSC-SCs could be a useful cell sources in cell transfer therapy for 
treatment of many diseases, as an immune modulator.

Funding Source: This work was supported by the 
National Research Foundation of Korea (NRF) grant 
(No.2022R1A2C1004718) and the Bio & Medical Technology 
Development Program of the NRF (No.2022M3A9I2082319) 
funded by the Korean government (MSIT).

Keywords: human pluripotent stem cells, Sertoli cells, Immune 
modulation
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) 816

TARGETING LIPID HANDELING DEFECTS- A 
POTENTIAL THERAPEUTIC STRATEGY FOR 
STARGARDT DISEASE
Farnoodian, Mitra - NEI, National Institutes of Health, Bethesda, 
MD, USA
Bharti, Kapil - NEI, NIH, Bethesda, MD, USA
Bose, Devika - NEI, NIH, Bethesda, MD, USA
Nelson, Luke - NEI, NIH, Bethesda, MD, USA
Sharma, Ruchi - NEI, NIH, Bethesda, MD, USA

Stargardt disease (STGD1) is a rare inherited retinal degenera-
tion affecting 1 in 10,000 children in the U.S. and is currently un-
treatable. Progressive photoreceptor (PR) cell death induced by 
atrophied retinal pigment epithelium (RPE) leads to vision loss in 
patients. Mutations in gene ABCA4 primarily cause the disease. 
Earlier stages of Stargardt disease are characterized by the ac-
cumulation of lipid-rich lipofuscin deposits in the RPE, suggesting 
a defect in lipid homeostasis in the eye. Recently, others and we 
have identified ABCA4 on the apical surface of RPE cells, chal-
lenging the current dogma that ABCA4 is a PR-specific protein. To 
discover the role of ABCA4 in RPE cells, we developed an in vitro 
model for Stargardt disease using ABCA4 mutant induced plurip-
otent stem cell (iPSC)-derived RPE. Fully characterized ABCA4-
/- iPSCs were differentiated into RPE using a developmentally 
guided protocol (S-iRPE). S-iRPE was cultured on semi-permeable 
membranes for 6 weeks to obtain a functionally mature and po-
larized monolayer tissue. Cells were collected after exposure to 
the photoreceptor outer segment regimen (8 days) and comple-
ment competent human serum (CC-HS) treatment to induce lipid 
deposits. Disease phenotype was evaluated using BODIPY and 
ceramide lipid staining. S-iRPE demonstrated the disease phe-
notype of lipid accumulation and progressive RPE atrophy com-
pared to healthy iPSC-RPE. Our ability to recapitulate Stargardt 
disease phenotype in ABCA4 mutant iPSC-RPE without the use 
of Stargardt POS suggests a cell-autonomous lipid metabolism 
defect in these cells. To discover if lipid lowering drugs could be 
used as therapeutic candidates for Stargardt’s diseases, we used 
the following drugs: ABCA1 activator (GW3965: LXR agonist), and 
metformin known to improve cellular lipid metabolism by acti-
vating the AMPK pathway. All drugs lowered lipid accumulation 
in S-iRPE cells. In conclusion, our data suggest the autonomous 
role of ABCA4 in RPE lipid metabolism contributes to Stargardt 
disease pathology, and improvement of the activity of the lipid 
metabolism pathway will likely change the disease course. Our 
results indicate that strategies for reducing lipid accumulation in 
the RPE provide promising therapeutic approaches for STGD1.

Keywords: Stargradt, RPE, Lipid accumulation
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PRECLINICAL MODELS USING ANTISENSE 
OLIGONUCLEOTIDE (ASO) THERAPY TO TARGET 
DISEASE CAUSING MUTATIONS IN AUTISM 
SPECTRUM DISORDER
Kuljanishvili, Mariami - Department of Neurosciences, 
University of California, San Diego, CA, USA
Owusu-Hammond, Charlotte - Department of Neurosciences, 
University of California San Diego, La Jolla, CA, USA
Tang, Isaac - Department of Neurosciences, Rady Children’s 
Institute for Genomic Medicine, UCSD, La Jolla, CA, USA
Cole, Tracy - The n-Lorem Foundation, Carlsbad, CA, USA
Gleeson, Joseph - Department of Neurosciences, Rady 
Children’s Institute for Genomic Medicine, UCSD, La Jolla, CA, 
USA

Autism Spectrum Disorder (ASD) is a neurodevelopmental condi-
tion involving social and communication impairments and repeti-
tive behavior. Recent studies implicate de-novo single-nucleotide 
mutations as causes of ASD in approximately 60%, many of which 
are gain-of-function (GOF), predicting they may respond to ASOs. 
Here we assess patient-induced pluripotent stem cells (iPSCs) di-
rected to neural differentiation the monogenetic syndromic forms 
of ASD genes: ASXL3 and PACS1, causing Bainbridge-Roper 
syndrome and Schuurs-Hoeijmakers syndrome, respectively. We 
generate induced neurons (iNs) from patient iPSC lines by lenti-
viral transduction of Doxycyline-inducible Neurogenin2 (NGN2), 
and profiled the transcriptome with RNAseq at weekly intervals. 
We found NGN2 led to reduced expression of IPSC marker genes 
and increased expression of neural genes over a 3-week time 
course. We also performed optimization of ASO dosing using 
qRT-PCR to assess expression of the positive control of the 5-10-
5 2’-O-methoxyethyl (MOE) gapmer ASOs targeting alpha-actinin, 
achieving 80-85% knockdown of targeted genes in patient iNs. 
In the future, we will assess the effects of ASOs targeting ASXL3 
and PACS1 on expression of these GOF mutations and on genes 
dysregulated in patient iNs. Our approach will contribute to the 
development of RNA therapeutics for ASD patients. The study will 
also aide our understanding of the reversibility of cellular markers 
of ASD, which will be correlated with clinical benefit observed in 
patients treated with these same ASOs.

Funding Source: CIRM Bridges To Stem Cell Research Training 
Grant Program San Diego State University

Keywords: Autism Spectrum Disorder, Antisense 
oligonucleotide therapy, Neuronal Differentiation
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DEVELOPING NOVEL MODELS TO 
CHARACTERIZE ADAR1 ACTIVITY IN 
METASTATIC BREAST CANCER
Sposito, Teresa - Medicine, University of California - Sanford 
Consortium for Regenerative Medicine, San Diego, CA, USA
Klacking, Emma - Medicine, University of California San Diego, 
Sanford Consortium for Regenerative Medicine, La Jolla, CA, 
USA
Steel, Kathleen - Medicine, University of California San Diego, 
Sanford Consortium for Regenerative Medicine, La Jolla, CA, 
USA
Ruiz, Antonio - Medicine, University of California San Diego, 
Sanford Consortium for Regenerative Medicine, La Jolla, CA, 
USA
Pham, Jessica - Medicine, University of California San Diego, 
Sanford Consortium for Regenerative Medicine, La Jolla, CA, 
USA
Jamieson, Catriona - Medicine, University of California San 
Diego, Sanford Consortium for Regenerative Medicine, La Jolla, 
CA, USA

Approximately 10 to 20% of patient diagnosed with breast cancer 
(BC) will develop metastatic disease which remains the leading 
cause of death. Breast is the second organ, after the lung, at high 
risk of developing brain metastases (BM). The incidence of BM 
is increasing due to improved treatments and detection of met-
astatic sites. Adenosine deaminase acting on dsRNA (ADAR1) is 
known to drive transcriptome remodeling through a plethora of 
mechanisms (including changes in amino acid sequence, mRNA 
splicing and/or canonical polyadenylation sites) which can also 
promote cancer stem cells progression. Our laboratory demon-
strated that ADAR1 p150, the interferon-inducible isoform, favors 
the alternative splicing of proteins with invasive potential in leuke-
mia stem cells. Moreover, in telomerase positive cancer, ADAR1 
was found to promote telomerase activity by resolving R-loop 
formation in RNA:DNA hybrids of aberrant telomeric repeats. 
In BC, ADAR1 plays an essential role in cell survival due to in-
creased apoptosis and reduced proliferation found in multiple BC 
cell lines engineered to express reduced levels of ADAR1. High 
levels of ADAR1 have been associated with shorter survival and 
disease progression in BC patients, however, the role of ADAR1 is 
only partially understood in the context of metastasis. We aim to 
establish orthotopic and organoid models to better characterize 
ADAR1 activity in BC metastatic niches, with a special focus on the 
less studied BM. We are now in the process of collecting tumor 
biopsies from metastatic BC patients at the University of Califor-
nia, San Diego. Overall, this study will provide new insights into 
the mechanistic role of ADAR1 in breast metastatic disease and 
establish novel models for the development of new therapeutics.

Funding Source: Beasley Award

Keywords: Metastasis, Breast Cancer, ADAR1

822

OPTIMIZATION OF A 2D MONOLAYER LARGE 
SCALE PRODUCTION METHOD FOR THE 
EXPANSION OF HIGH-QUALITY HUMAN 
PLURIPOTENT STEM CELLS IN CGMP HPSC 
CULTURE MEDIUM
Hunter, Arwen L. - STEMCELL Technologies Inc., Vancouver, 
BC, Canada
Neef, Olivia - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Snyder, Kimberly - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Eaves, Allen - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Louis, Sharon - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada

Efficient expansion of human pluripotent stem cells (hPSCs) is crit-
ical for applications requiring large numbers of high-quality cells 
for production of cell banks and directed differentiation. Tradi-
tionally, large-scale production in 2D monolayer culture has been 
performed using a large number of single-layer flasks. The devel-
opment of large-scale multilayer tissue-culture plastics and sta-
bilized hPSC maintenance media have led to improved methods 
for 2D expansion of hPSCs. Here, we demonstrate an optimized 
protocol for the 2D expansion of hPSCs in a 10-layer cell factory 
designed to maximize cell yields, while reducing consumption of 
expensive reagents such as media and matrix. hPSCs were seed-
ed as single cells in mTeSR™ Plus, supplemented with CloneR™2 
and ES-Qualified Matrigel® to coat the cell factory at 4.5 μg/cm2 
(n = 3 cell lines, n = ≥ 2 biological replicates). Using human embry-
onic (H9) and induced pluripotent (STiPS-003A and WLS-1C) stem 
cell lines, an average of 6.7 x 10^5 ± 7.6 x 10^4 (mean ± SD) viable 
cells were generated per mL of medium consumed. Using this 
optimized workflow, 5.6 x 10^5 ± 5.0 x 10^4 (mean ± SD) cells per 
cm2 are generated in 10 days, equivalent to 3.6 x 10^9 viable cells 
in a 10-layer cell factory, when starting from one well of a 6-well 
plate, with an intermediate expansion step in a T-175 cm2 flask. 
When harvesting single cells from a cell factory and single-layer 
companion T-175 cm2 flask, and re-plating in CloneR™2-supple-
mented mTeSR™ Plus, the recovery of viable cells after 24 hours 
is 108.8 ± 9.3% from the cell factory, compared to 122.6 ± 15.2% 
(mean ± SD) from the single-layer companion T-175 cm2 flask. hP-
SCs harvested as single cells from the cell factory retain > 90% 
viability, > 90% expression of markers of the undifferentiated 
state (OCT4 and TRA-1-60), and the capacity to differentiate to 
the three germ layers. We have developed a simple 2D hPSC ex-
pansion protocol, which has been optimized to reduce costs and 
time for users seeking to generate large numbers of high-quality 
hPSCs.

Keywords: scale-up, GMP, iPS Cells
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DEVELOPMENT OF A REAL-TIME ASSAY FOR 
TRACKING THE PROLIFERATION OF IPSCS AND 
IPSC-DERIVED ORGANOIDS
Chvatal, Stacie - Product Management, Axion BioSystems, 
Atlanta, GA, USA
van Dongen, Kim - Applications, Axion BioSystems, Eindhoven, 
Netherlands
Opdam-van de Laar, Nathalie - Applications, Axion BioSystems, 
Eindhoven, Netherlands
Meiler, Svenja - Product Management, Axion BioSystems, 
Eindhoven, Netherlands
Sullivan, Denise - Applications, Axion BioSystems, Atlanta, GA, 
USA
Thijssen-van Loosdregt, Inge - Applications, Axion BioSystems, 
Eindhoven, Netherlands
Millard, Daniel - Applications, Axion BioSystems, Atlanta, GA, 
USA

The flexibility and accessibility of induced pluripotent stem cell 
technology has allowed complex human biology to be repro-
duced in vitro at high throughput scales. Indeed, rapid advances 
in stem cell technology have led to widespread adoption for the 
development of in vitro models of human physiology to be used in 
screening applications in drug discovery and safety. Furthermore, 
advanced cell preparations, such as organoids, are under investi-
gation with aims toward establishing mature human phenotypes 
in vitro. For the development and validation of relevant in vitro 
iPSC-derived organoid models, it is critical to develop a label-free 
assay to track organoid growth and expansion. The objective of 
this work was to develop and validate a real-time, label-free im-
aging assay as an efficient approach for tracking proliferation of 
iPSCs and iPSC-derived organoids in vitro. An automated, scan-
ning microscope was used to acquire whole-vessel brightfield im-
ages of multiwell plates within an incubator, and image analysis 
algorithms computed parameters including confluency, colony 
size, and organoid cross-sectional area. Here, we characterized 
and validated this assay across multiple use-cases for iPSCs and 
iPSC-derived organoids. For iPSC-derived organoids, patient-de-
rived tumor organoids (PDTOs) were developed to model head 
and neck squamous cell carcinoma (HBSCC), with CRISPR editing 
to create specific mutations. Cross-sectional area was used to 
quantify the growth and expansion of wild-type and mutant or-
ganoids, with mutant organoids growing faster than wild-type in 
both patient models (fold change over 5 days: Patient 1 Mutant = 
2.3 +/-0.3, Patient 1 WT = 1.6 +/-0.3, Patient 2 Mutant = 2.4 +/- 0.5, 
Patient 2 WT = 1.8 +/- 0.6). A CellTiter-Glo Assay was performed 
on the same models yielding similar results. These results sup-
port the continued development and use of real-time, label-free 
imaging assays to efficiently track the growth and expansion of 
iPSCs and iPSC-derived organoid models.

Keywords: organoid, live-cell imaging, iPSC

826

ECLIPSE, AN AUTOMATED CRISPR PLATFORM 
FOR THE LARGE-SCALE GENERATION OF CELL 
MODELS FOR THE IPSC NEURODEGENERATIVE 
DISEASE INITIATIVE (INDI)
Sindhu, Camille - Synthego, Redwood City, CA, USA
King, Anna - Process Science, Synthego, Redwood City, CA, 
USA
Morell, Montse - Applied Research and Innovation, Synthego, 
Redwood City, CA, USA
Sailor, Dana - Programs, Synthego, Redwood City, CA, USA
Holden, Kevin - Science and Applied Research, Synthego, 
Redwood City, CA, USA

Major advances in gene editing using CRISPR have improved ac-
cessibility for the creation of disease relevant cell models, allow-
ing researchers to readily interrogate genetic drivers for disease 
and elucidate novel targets for previously untreatable disorders. 
The National Institutes of Health led iPSC Neurodegenerative 
Disease Initiative (iNDI) is the largest iPSC genome engineering 
project attempted with the goal of generating a widely available 
and standardized set of diseased cell models for over 100 single 
nucleotide variants (SNV) mutations associated with Alzheimer’s 
disease and related dementias (ADRD) in isogenic iPSC lines. The 
standardization of cell models is of vital importance for the gener-
ation of reproducible and actionable data in therapeutic develop-
ment. Despite this, the rapid generation of disease-relevant iPSCs 
at the scale needed for successful and efficient therapeutic de-
velopment remains challenging due to the technical challenges 
of using traditional manual gene editing approaches. As part of a 
multi-institution collaboration, Synthego was selected for the gen-
eration of 25 SNVs in the candidate KOLF2.1 iPSC line. Toward 
these goals, we describe the use of our automated, high through-
put CRISPR editing platform, ECLIPSE, for the rapid generation of 
knock-in iPSC models of ADRD. We leveraged our state-of-the-art 
knock-in methods and automated pipelines for the design, exper-
imental optimization, and clonal isolation of 23 of the candidate 
target mutations in iPSCs. For each SNV target, at least 3 clonal 
homozygous and 6 clonal heterozygous mutation lines were gen-
erated for a total of 264 clonal cell lines over a 6-month period. 
The utilization of automated systems such as our ECLIPSE plat-
form are critical catalysts for the rapid development of relevant 
cell models in large scale disease initiatives such as iNDI.

Keywords: CRISPR, iPSC, Alzheimers
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DNA DAMAGE AND CELL DEATH IN AN IN VITRO 
MODEL OF FUCHS ENDOTHELIAL CORNEAL 
DYSTROPHY
Sakakura, Saki - Ophthalmology, Keio University, Shinjuku-ku, 
Japan
Inagaki, Emi - Ophthalmology, Keio University, Tokyo, Japan
Sayano, Tomoko - Ophthalmology, Keio University, Tokyo, 
Japan
Sugai, Etsuko - Ophthalmology, Keio University, Tokyo, Japan
Yamazaki, Risa - Ophthalmology, Keio University, Tokyo, Japan
Fusaki, Noemi - Ophthalmology, Keio University, Tokyo, Japan
Hatou, Shin - Ophthalmology, Keio University, Tokyo, Japan
Hirayama, Masatoshi - Ophthalmology, Keio University, Tokyo, 
Japan
Negishi, Kazuno - Ophthalmology, Keio University, Tokyo, Japan
Tsubota, Kazuo - Ophthalmology, Keio University, Tokyo, Japan
Okano, Hideyuki - Physiology, Keio University, Tokyo, Japan
Shimmura, Shigeto - Ophthalmology, Keio University, Tokyo, 
Japan

Fuchs endothelial corneal dystrophy (FECD) is one of the leading 
causes of corneal transplantation caused by progressive loss of 
corneal endothelial cells. Corneal endothelial cells in FECD are 
vulnerable to oxidative stress resulting in mitochondrial dysfunc-
tion, cell degeneration and death. While cell death is an essential 
aspect of FECD, previous reports have often analyzed immor-
talized cell lines, thus making cell death evaluation difficult. We, 
therefore, established a new in vitro FECD model to evaluate the 
pathophysiology of FECD. Induced pluripotent stem cells (iPSC) 
were derived from monocytes of FECD patients, which were 
then induced into corneal endothelial cells. Following treatment 
with H2O2, a cell viability assay using Sytox Green staining re-
vealed that the cell death ratio was higher in FECD than control. 
Additionally, the Sytox Green assay elucidated that induced cells 
were more prone to cell death than immortalized cells. We then 
examined the underlying mechanisms of cell death. Immunofluo-
rescence analysis revealed higher levels of DNA double-strand 
breaks marker, γH2AX, in FECD compared to control cells. Next, 
we assessed PARP expression. PARP plays vital role in genomic 
stability and double-strand break repair. PARP expression level 
was higher in FECD than in control cells. In conclusion, this in vitro 
model of FECD could be suitable for assessing cell death pheno-
type in FECD and could be used for future studies on the patho-
physiology of FECD and drug development.

Funding Source: This work was supported by Grants-in-Aid 
for Scientific Research from Japan Society for the Promotion 
of Science to Shigeto Shimmura (Grant Number: KAKENHI 
19K09978), Japan Cornea Society (Novartis Pharma Grants 
2020) to Emi Inagaki.

Keywords: Fuchs endothelial corneal dystrophy, cell death, 
oxidative stress
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HEART MIMETIC MICROENVIRONMENT 
IMPROVES CHEMICALLY INDUCED DIRECT 
CARDIAC CONVERSION
Seo, Seung Ju - Department of Physiology, Graduate School 
of Medical Science, Brain Korea 21 Project, Yonsei University 
College of Medicine, Seodaemun-gu, Korea
Jin, Yoonhee - Department of Physiology, Yonsei University 
College of Medicine, Seodaemun-gu, Korea

Direct reprogramming via genetic modification is efficient but has 
potential risks such as genetic abnormalities and tumorigenici-
ty. Using chemically defined cardiomyocyte conversion without 
the requirement of gene delivery may be more suitable for ap-
plication in cardiac regenerative medicine because it overcomes 
safety problem associated with genetic modifications. Howev-
er, maturation of reprogrammed cardiomyocytes and efficiency 
of cardiac induction, which are important for regenerative po-
tential, still need to be improved. Here we report that three-di-
mensional heart mimetic microenvironment formed with cardiac 
decellularized extracellular matrix enhance efficiency of primary 
fibroblasts to chemically induced cardiomyocytes (CiCMs) and 
cardiac maturation. The CiCMs encapsulated with decellularized 
heart extracellular matrix-based hydrogel indicate further promot-
ed cardiomyocyte-specific marker gene expression, sarcomeric 
organization and electrophysiological properties. Our platform 
mimicking heart-like microenvironment may expand the possible 
application of CiCMs for regenerative medicine.

Funding Source: This work was supported by grants 
from the National Research Foundation of Korea (NRF) 
(2021R1C1C2009131, 2022M3A9B6082675) funded by the 
Ministry of Science and ICT (MSIT).

Keywords: Direct reprogramming, Cardiomyocyte, 
Decellularized extracellular matrix
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CARDIAC STEM CELLS SECRETE SPARC AND 
EXPRESS DESMIN AND REDUCED EXPRESSION 
OF SPARC OR DESMIN DISRUPTS MYOCARDIAL 
DIFFERENTIATION OF CARDIAC STEM CELLS
Weitzer, Georg - Medical University of Vienna, Department of 
Medical Biochemistry, Vienna, Austria
Leitner, Lucia - Center for Medical Biochemistry, MPL / MUW, 
Wien, Austria
Schultheis, Martina - Center for Medical Biochemistry, MPL / 
MUW, Wien, Austria
Kober, Julia - Center for Medical Biochemistry, MPL / MUW, 
Wien, Austria
Ableitner, Elisabeth - Center for Medical Biochemistry, MPL / 
MUW, Wien, Austria
Fuchs, Christiane - Center for Medical Biochemistry, MPL / MUW, 
Wien, Austria
Kizner, Valeria - Center for Medical Biochemistry, MPL / MUW, 
Wien, Australia
Fiedler, Kerstin - Center for Medical Biochemistry, MPL / MUW, 
Wien, Austria
Leiwe, Marina - Center for Medical Biochemistry, MPL / MUW, 
Wien, Austria
Hofstätter, Franziska - Center for Medical Biochemistry, MPL / 
MUW, Wien, Austria
Girlinger, Jakob - Center for Medical Biochemistry, MPL / MUW, 
Wien, Austria
Han, Su Ji - Center for Medical Biochemistry, MPL / MUW, Wien, 
Austria

Mammalian hearts contain cardiac stem cells throughout life; 
however, these cells could not be harnessed to repair damaged 
myocardium in vivo so far. Assuming physiological relevance of 
these cells which had evolved and had been maintained during 
evolution, we seek after their function using murine cardiac stem 
cell lines as am in vitro model system. We want to contribute to the 
understanding of the transcriptional and signaling network which 
directs myocardial differentiation, maturation and homeostasis 
in adult cardiac stem cells. Here we focus on the identification 
of cell autonomous and autocrine signals. We found that cardiac 
stem cells express and secrete SPARC and their differentiating 
progeny take up SPARC which promotes cardiomyogenesis in 
an autocrine manner. SPARC expression in cardiac progenitor 
cells is regulated by desmin expression and reduced expression 
of one or the other gene partially disrupts cardiomyogenesis. 
Preliminary data suggest an influence of SPARC and desmin on 
canonical and non-canonical TGF-ß signaling during myocardial 
differentiation of cardiac stem cells. Demonstration of SPARC se-
cretion and its influence on signal transduction and differentiation 
in cardiac stem cells opens the possibility that cardiac stem cells 
might fulfill their physiological function in homeostasis and age-
ing of the heart by a gland like secretion of factors which modu-
late the environmental influences for the benefit of a longer life.

Funding Source: Austrian Science Fund (FWF)

Keywords: Cardiac Stem Cells, SPARC, Desmin
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SCALING UP HUMAN ENGINEERED 
MYOCARDIUM FOR HEART REGENERATION
Coulombe, Kareen L. - Engineering, Brown University, 
Providence, RI, USA
Dwyer, Kiera - Engineering, Brown University, Providence, RI, 
USA
Soepriatna, Arvin - Engineering, Brown University, Providence, 
RI, USA
Kant, Rajeev - Engineering, Brown University, Providence, RI, 
USA
Daley, Mark - Engineering, Brown University, Providence, RI, 
USA
Roser, Stephanie - Engineering, Brown University, Providence, 
RI, USA
Minor, Alicia - Engineering, Brown University, Providence, RI, 
USA

As the field of heart regeneration aims to replace cardiomyocytes 
(CM) lost to injury or disease, scaling up cell numbers in engi-
neered tissues is required to meet the demands of dosing and 
delivery. It is estimated that up to 1 billion CMs die during a myo-
cardial infarction, necessitating delivery of a comparable number 
of cells to the region of cell loss. Engineered tissues overcome 
many limitations of cell injections by providing a 3D environment 
for maturation and syncytium formation that reduces arrhythmia 
risk, improves engraftment and localization of hiPSC-derived 
CMs, and provides increased mechanical support of the cardiac 
wall. To date, a lack of rigorous studies exploring the biomanufac-
turing design space for clinical translation of human engineered 
myocardium (hEM) poses a significant hurdle to their use in trans-
lational applications. To this end, we are focused on understand-
ing how scaling up hEM in size, CM number and density, and ma-
trix density impact the electromechanical function and surgical 
handling of the tissue. We fabricate hEM by mixing hiPSC-CMs 
(>90% pure) with 5% human cardiac fibroblasts in a collagen-1 
hydrogel and assess electromechanical function through optical 
mapping of action potentials and tensile mechanical testing. With 
an increase in CM density from 5 M/mL (standard in the field) to 
15, 30, or 50 M/mL, compaction decreased up to 6-fold, stiffness 
(measured by elastic modulus) decreased up to 20-fold, and ac-
tive stress generation decreased up to 6.5-fold. Despite this ap-
parent setback in hEM in vitro formation and function, a single 
hEM of 7 cm x 8 cm with 1 mm thickness was able to support 1 
billion cells with dynamic culture up to 7 days without inducing 
significant necrosis in the core. Further, geometric redesign to 
uniformly distribute tension during compaction and use of culture 
medium rich in fatty acids induce uniform AP propagation with a 
quiescent diastolic phase and no reentrant arrhythmia patterns . 
By understanding the design space and functional changes, this 
work supports the translational feasibility of using highly dense 
hiPSC-CMs within hEM as a regenerative therapy to remuscular-
ize the failing heart.

Funding Source: We gratefully acknowledge funding from 
NSF GRFP to K.D.D, AHA Postdoc Fellowship to A.H.S., Ford 
Foundation Fellowship to A.J.M., and NIH R01 HL135091, AHA 
19TPA34910085, and NIH P20 GM103652 Pilot Project to 
K.L.K.C.

Keywords: cardiac tissue engineering, heart regeneration, 
hiPSC-derived cardiomyocytes
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A NOVEL APPROACH TO DISCOVER KEY 
LIGAND-RECEPTOR INTERACTIONS REGULATING 
ZEBRAFISH HEART REGENERATION
Sequeira de Carvalho, Joao Afonso - Institute of Anatomy, 
University of Bern, Switzerland
Arora, Prateek - Institute of Anatomy, University of Bern, 
Switzerland
Marques, Ines J. - Institute of Anatomy, University of Bern, 
Switzerland
Timmer, Louk - Hubrecht Institute, Utrecht, Netherlands
Van Rooij, Eva - Hubrecht Institute, Utrecht, Netherlands
Mercader, Nadia - Institute of Anatomy, University of Bern, 
Switzerland

Myocardial infarction remains a major cause of human death 
worldwide due to the inability to remove the fibrotic scar and 
reduced cell proliferation. While the zebrafish heart retains its 
ability to regenerate throughout adulthood, the interaction and 
regulation of critical cell populations involved in this process are 
not fully understood. To investigate cell-to-cell interactions we re-
analyzed transcriptomics data from previously identified critical 
cell populations during zebrafish heart regeneration: periostinb+ 
fibroblasts, sox10+ cardiomyocytes and kdrl+ endocardial cells in 
a cryoinjury versus sham injury model. We evaluated intercellular 
interactions through Ligand Receptor (LR) based signaling creat-
ing a network of communication. Employing elements of network 
theory such as PageRank and hierarchical interacting partners we 
identified central nodes that regulate cell -cell interactions during 
heart regeneration. To further assist in novel target prediction, we 
performed an automated text mining on PubMed to determine 
potential LR candidates not studied in the context of heart re-
generation. Our analysis pointed to a preponderant role of Fibro-
blasts in orchestrating regeneration. We integrated and validated 
our network by assembling a broader transcriptomics meta-anal-
ysis with data from other zebrafish heart regeneration studies and 
across species from regenerating neonatal mouse hearts. Next, 
we selected 5 candidate interactors for biological validation. To 
do so we will generate full body knockouts (KO) and cell pop-
ulation-specific KO using CRISPR-Cas9 approaches. Moreover, 
we will use Lipid Nanoparticles to deliver mRNA of our candidate 
genes to the regenerating heart, to induce their overexpression. 
With our bioinformatics approach and its functional validation, our 
project aims to find important novel players involved in zebrafish 
heart regeneration. Our findings will be made accessible in a us-
er-friendly web app interface to the wider community.

Funding Source: Funded by European Union’s Framework 
Programme for Research and Innovation “Horizon 2020”. 
Reanima 2020. Grant agreement ID: 874764

Keywords: Heart regeneration, Ligand receptor, Meta analysis
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HUMAN CARDIOMYOCYTE DIFFERENTIATION 
FROM HIPSC ACCORDING TO MACHINE-
LEARNING
Etezadi, Fatemeh - iCeMS, Kyoto University, Kyoto, Japan
Ito, Shunichi - iCeMS, Kyoto University, Kyoto, Japan
Packwood, Daniel - iCeMS, Kyoto University, Kyoto, Japan
Nakano, Atsushi - UCLA, CA, USA

Cardiomyocytes derived from human induced pluripotent stem 
(iPS) cells are a promising cell source for heart tissue regeneration 
and enable the study of cardiac physiology and the developmen-
tal testing of new therapeutic drugs in a human setting. However, 
finding potential compounds for differentiation and maturation 
among many candidates is a resource and time-intensive pro-
cess, often requiring much trial and error. In this presentation, we 
describe the use of machine learning to predict potential com-
pounds for cardiomyocyte differentiation. Our machine-learning 
algorithms use three-dimensional molecular shape information 
as input and can predict whether the molecule has a cardiac dif-
ferentiation effect on the basis of a simple neural network mod-
el. The trained algorithms achieved a high-level accuracy (true 
positive rate of over 75 %), despite the small amount of training 
data used. By applying this model to a small selection of comput-
er-generated compounds, we could then identify ones that are 
predicted to show a cardiac differentiation effect. To demonstrate 
the utility of this model, we then assessed the differentiation and 
maturation markers expression profiles of cardiomyocytes after 
introducing predicted compounds into real hiPSC. These results 
demonstrated that the machine-learning approach could be tak-
en as an effective in-silico approach for accelerating the screen-
ing of compounds for stem cell research.

Keywords: Regenerative Medicine, Human Induced Pluripotent 
Stem Cell, Cardiomyocyte

TOPIC: EPITHELIAL INCLUDES SKIN GUT LUNG

979

TNF SIGNALING DEFICIENCY PROMOTES UVB-
INDUCED MELANOCYTE STEM CELL ACTIVATION 
AND MIGRATION
An, Luye - Biomedical Sciences, Cornell University, Ithaca, NY, 
USA
White, Andrew - Department of Biomedical Sciences, Cornell 
University, Ithaca, NY, USA
Zhuang, William - Department of Nutritional Science, Cornell 
University, Ithaca, NY, USA
Kim, Dahihm - Department of Biomedical Sciences, Cornell 
University, Ithaca, NY, USA

Cutaneous melanoma is one of the deadest skin cancers world-
wide, and the activation of melanocyte stem cells (McSCs) has 
been identified as a crucial step in melanoma initiation. Previous 
studies have found that ultraviolet B (UVB) induced inflamma-
tion increases the risk of melanoma initiation by elevating McSC 
activation. In this study, we aimed to investigate the effect of in-
hibiting tumor necrosis factor (TNF) signaling, a major pro-inflam-
matory pathway, on UVB induced McSC activation by globally 
knocking out Tnfrsf1a and Tnfrsf1b. Surprising, we found that the 
Tnfrsf1a/b knockout mice exhibited significantly higher McSC ac-
tivation following UVB irradiation. Further analysis revealed that 
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rophage phenotype and heighted inflammatory response in Tn-
frsf1a/b knockout mice. This study suggests that blockage of TNF 
signaling may cause controversial effect on melanoma initiation, 
and calls for further investigation of TNF signaling in inflammatory 
response.

Funding Source: NIAMS NIH 5R01AR075755-03 RRID: 
SCR_021740 RRID: SCR_021727

Keywords: melanocyte stem cell, UVB, tumor necrosis factor
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ADULT STEM CELL BEHAVIOUR IS CONTROLLED 
BY SNORNA HOST GENE LONG NON-CODING 
RNAS UNDERGOING RAPID EVOLUTION
Sipila, Kalle - Centre for Gene Therapy and Regenerative 
Medicine, King’s College London, UK
Philippeos, Christina - Centre for Gene Therapy and 
Regenerative Medicine, King’s College London, UK
Ganier, Clarisse - Centre for Gene Therapy and Regenerative 
Medicine, King’s College London, UK
Watt, Fiona - Centre for Gene Therapy and Regenerative 
Medicine, King’s College London, UK

A large portion of mammalian genomes is transcribed but not 
translated. Genes containing intronic snoRNA have recently 
emerged as a source of non-canonical transcripts that can regu-
late gene expression and in several cases can generate abundant 
long non-coding RNA species. Actively transcribed, non-coding 
parts of the genome provide a potential platform for the dynamic 
evolution of new functional sequences, but their biological and 
evolutionary roles remain largely unexplored. Here we show that 
long non-coding RNAs arising from snoRNA Host Genes (SN-
HGs), are a group of fast evolving, highly expressed transcripts 
that can profoundly impact adult stem cell biology. Using SNHG7 
and epithelial stem cells as a model, we describe a mechanism 
by which these RNAs can increase the proliferation and inhibit 
the differentiation of stem cells through sponging of specific mi-
croRNAs. SNHG7 lncRNA sequence is conserved only among 
primates and its function is lost whenever the short sequence 
required for microRNA binding is absent. Taken together, our re-
sults highlight the importance of fast-evolving genetic elements 
in the regulation of adult stem cell function and pave the way for 
further investigation into the biology and evolutionary dynamics 
of poorly conserved, actively transcribed non-coding sequences.

Keywords: Long non-coding RNA, Epidermal stem cells, 
Evolution
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UNCOVERING THE GENE REGULATORY 
NETWORK THAT MAINTAINS THE 
MULTIPOTENCY OF HUMAN AIRWAY BASAL 
CELLS
Le Suer, Jake - Center for Regenerative Medicine (CReM), 
Boston University, Boston, MA, USA
Matte, Taylor - Center for Regenerative Medicine (CReM), 
Boston University, Boston, MA, USA
Bawa, Pushpinder - Center for Regenerative Medicine (CReM), 
Boston University, Boston, MA, USA
Frum, Tristan - Department of Cell and Developmental Biology, 
University of Michigan Medical School, Ann Arbor, MI, USA
Spence, Jason - Department of Cell and Developmental Biology, 
University of Michigan Medical School, Ann Arbor, MI, USA
Randell, Scott - Marsico Lung Institute and Cystic Fibrosis 
Research Center, University of North Carolina, Chapel Hill, NC, 
USA
Hawkins, Finn - Center for Regenerative Medicine (CReM), 
Boston University, Boston, MA, USA

Basal cells (BCs) are the primary stem cell population of the hu-
man trachea and intrapulmonary airway epithelium, possessing 
the ability to regenerate the airways under both steady state and 
injury conditions. BC dysfunction, contributes to airway remodel-
ing in several chronic diseases. BC subpopulations, that differ in 
their proliferative capacity and differentiation ability, have been 
described in human airways. Despite the significance to human 
health, we lack a detailed understanding of the mechanisms that 
regulate the BC stem cell program and contribute to aberrant BC 
behavior during disease. Our overall goal is to define the core 
gene regulatory network that governs the stem cell potential of 
BCs. First, to assess for heterogeneity amongst human BCs, we 
fluorescently labelled subsets of early passage (P1) primary hu-
man BCs to track individual clones. BCs were transduced with 
a lentivirus with constitutive expression of GFP or tdTomato and 
tracked as they differentiated in-vitro in standard air liquid inter-
face (ALI) culture conditions. Next, we utilized the CellTag lentivi-
ral barcoding library paired with time series single-cell RNA-Se-
quencing to lineage trace the progeny of individual BC clones 
and overlay their transcriptomic profile with cell fate outcomes 
after these cells had differentiated in ALI culture. Florescent clon-
al analysis suggested significant variability in the proliferation 
and differentiation ability of labeled BC clones. For example, the 
largest clones were 9 times larger, in terms of surface area, com-
pared to average surface area of remaining clones. Through the 
barcoding/sequencing approach, we identified 70 unique clones, 
49 of which consisted of more than 2 cells. The 3 largest clones 
contributed to 53% of all barcoded cells. Using canonical markers 
and published transcriptional signatures, we assessed the num-
ber of basal, ciliated, and secretory cells within each clone. In a 
subset of clones, differences in differentiation competence was 
suggested. In summary, our findings support functional hetero-
geneity within clonal populations of airway basal cells. The ability 
to track individual human basal cells using lentiviral barcoding, 
paired with single-cell RNA-Sequencing allows for the correlation 
of transcriptional profiling with functional outcomes.

Keywords: Airway Basal Cell, Lentiviral Barcoding, Stem Cell 
Program
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WDR4 REGULATES INTESTINAL STEM CELL 
PROLIFERATION VIA THE REGULATION ON 
RIBOSOMAL BIOGENESIS
Kajal, Kreeti - Institute of Cellular and Organismic Biology, 
Academia Sinica, Taipei, Taiwan
Hsu, Hwei-Jan - Institute of Cellular and Organismic Biology, 
Academia Sinica, Taipei, Taiwan
Rastegari, Elham - McGovern Medical School at the University of 
Texas Health Sciences Center, Houston, TX, USA
Venkatachalam, Kartik - McGovern Medical School at the 
University of Texas Health Sciences Center, Houston, TX, USA

WD40 repeat protein, Wdr4, is known to control the differentia-
tion of embryonic and germline stem cells (GSCs) via protein-pro-
tein interactions. However, the physiological significance of Wdr4 
in animal health and somatic stem cells remains unclear. Here, we 
report that Wdr4 loss in Drosophila causes shortened lifespan, lo-
comotor defects, and increased susceptibility to stress. Wdr4 de-
pletion also results in aberrant midgut morphology and dramati-
cally increased proliferation of intestinal stem cells (ISCs), via JNK 
and Notch signaling activation, leading to increased progenitor 
cells accompanied by decreased absorptive enterocytes (ECs). 
To maintain gut integrity, the remaining ECs increase cell size 
by extra rounds of endoreplication. In addition, ECs display dis-
rupted cell-cell contact, leading to leaky gut, increased immune 
response probably due to infection, and redox stress, which is 
known to non-cell autonomously promote ISC proliferation. Fur-
thermore, the machine-learning and RNA-seq results suggest 
that Wdr4 controls ribosomal biogenesis, reminiscent of its role 
in controlling GSC homeostasis via the interaction with Mei-p26 
(a TRIM-NHL tumor suppressor) that suppresses ribosomal bio-
genesis via degrading oncogene Myc, which is known to activate 
JNK signaling. Interestingly, guts bearing mettl1 knockdown in 
ISCs, which is a catalytic subunit of the tRNA methyltransferase 
in mammals’ phenocopies, the wdr4 mutant gut with increased 
proliferation and ribosomal biogenesis. Most interestingly, over-
expressing human WDR4 partially rescues wdr4 mutant gut phe-
notypes, indicating a conserved role of Wdr4 in ISCs from insects 
to mammals. These results document the complexity of ISC regu-
lation by intrinsic and local signals and may shed light on the role 
of steady-state ribosomal biogenesis for stem cell homeostasis.

Funding Source: MOST and ICOB intramural funding support 
this research

Keywords: ROS, JNK, ribosomal biogenesis, Myc, Intestinal Stem 
Cell
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STEM CELL SECRETED PROTEINS IN INTESTINAL 
HOMEOSTASIS
Doupe, David Patrick - Department of Biosciences, Durham 
University, Durham, UK
Galbraith, Anona - Department of Biosciences, Durham 
University, Durham, UK
Ferraces-Riegas, Paula - Department of Biosciences, Durham 
University, Durham, UK

Epithelial stem cells maintain tissue homeostasis throughout 
adult life. Loss of the balance between cell loss and production is 
associated with declining tissue function in ageing and diseases 
such as cancer. Stem cells are therefore tightly regulated by their 

local microenvironment and have been studied extensively as 
signal-receiving cells. However, previous work from our lab and 
others has shown that stem cells make substantial contributions 
to their own microenvironment through autocrine signalling and 
regulation of the niche. The intestinal stem cells of the Drosophila 
midgut are an ideal model system to characterise stem cell con-
tributions to the niche as their cell fate and major regulatory path-
ways are conserved to mammalian epithelia. We have taken ad-
vantage of the genetic tools available in Drosophila to perform a 
targeted RNAi screen of conserved secreted proteins that are ex-
pressed specifically in intestinal stem cells. Quantification of cell 
density, proportions of stem, progenitor, and differentiated cells 
has allowed us to identify stem cell-derived proteins that regulate 
adult tissue homeostasis. These include the septate junction pro-
tein Tsf2 and regulators of the extracellular matrix. Further char-
acterisation has shown that Tsf2 regulates homeostatic turnover, 
shows changes in expression with age and impacts lifespan with-
out altering barrier function. Ongoing and future work will test for 
conservation of expression patterns and function in mammalian 
epithelial stem cells.

Funding Source: Academy of Medical Sciences/Wellcome 
Trust/Department of BEIS/British Heart Foundation/Diabetes UK 
Springboard Award SBF005\1022 Newcastle Liverpool Durham 
BBSRC-DTP (BB/M011186/1) studentship

Keywords: Epithelia, Homeostasis, Drosophila
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DEFINING THE ROLE OF HMGA2 IN THE 
CUTANEOUS RESPONSE TO UVB AND 
MELANOCYTE STEM CELL MIGRATION
Donahue, Leanne R. - Biomedical Sciences, Cornell University, 
Ithaca, NY, USA
An, Luye - Biomedical Sciences, Cornell University, Ithaca, NY, 
USA
Kim, Dahihm - Biomedical Sciences, Cornell University, Ithaca, 
NY, USA
White, Andrew - Biomedical Sciences, Cornell University, Ithaca, 
NY, USA

High mobility group AT -hook 2 (Hmga2) is a non-histone binding 
chromatin remodeling protein which is highly expressed during 
early stages of development and in many tumor types but has 
negligible expression in healthy somatic tissue. However, there 
is emerging evidence that it plays a role in the activation and mi-
gration of melanocyte stem cells from their hair follicle niche into 
the interfollicular epidermis in response to ultraviolet-b (UVB) light 
exposure. Using engineered mouse models and whole-mount 
imaging, we show that Hmga2-/- animals have a reduction in 
UVB-induced melanocyte stem cell migration to the interfollicu-
lar epidermis. We further show that Hmga2 expression is found 
within the interfollicular epidermis shortly after UVB, where it is 
associated with hyperkeratosis and immune cell recruitment into 
the skin. Since Hmga2 expression is primarily regulated by the 
micro-RNA Let-7, we next interrogated whether Let-7 signaling 
was altered in the Hmga2-/- mouse model to understand how 
the observed cutaneous effects may be related to Let-7 signal-
ing. A multifaceted approach using transcriptomic analysis and 
loss-of-function mouse models confirms that Let-7 signaling is 
disrupted following loss of Hmga2. This study highlights a novel 
role for Hmga2 in somatic tissue, providing further insights into 
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) the processes underlying UVB-mediated melanocyte stem cell 

migration.

Funding Source: This work is funded by the NIH 
(5R01AR075755-03 to ACW), the Cornell University Stem Cell 
Program Training Fellowship (to LRD), and the Cornell University 
Center for Vertebrate Genomics Scholar Award (to LRD)

Keywords: Melanocyte Stem Cell, UVB, Inflammation
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UNIFYING IMMUNOLOGICAL AND MICROBIOTA-
DEPENDENT MECHANISMS IN THE SKIN-GUT 
AXIS UNDERLYING THE ATOPIC MARCH
To, Eunice E. - Neurology, Boston Children’s Hospital, Boston, 
MA, USA
Ge, Mengxu - Neurology, Boston Children’s Hospital, Boston, 
MA, USA
Predes, Danilo - Neurology, Boston Children’s Hospital, Boston, 
MA, USA
Jackson, Sergio - Neurology, Boston Children’s Hospital, Boston, 
MA, USA
Leyva-Castillo, Manuel - Immunology, Boston Children’s 
Hospital, Boston, MA, USA
He, Xi - Neurology, Boston Children’s Hospital, Boston, MA, USA

Atopic dermatitis (AD) is the most diagnosed skin condition 
that affects approximately 20% of children and 5-10 % of adults. 
Alarmingly, AD patients often exhibit co-morbidities in other bar-
rier tissues such as the gastrointestinal tract, including a higher 
incidence of inflammatory bowel disease, a clinical observation 
referred to as atopic march. Despite our growing appreciation 
that skin epithelial barrier dysfunction, microbial dysbiosis and 
uncontrolled immune responses can initiate atopic diseases, the 
underlying mechanisms that drive these atopic trajectories have 
not been fully elucidated. Human and mouse genetic studies 
have shown that transmembrane protein 79 (Tmem79) is an im-
portant skin-barrier related gene involved in the development of 
AD. We recently identified Tmem79 as a specific Wnt antagonist 
that promotes the degradation of Frizzled receptors. Here, we uti-
lized multiple conditional deletion mouse models to specifically 
delete Tmem79 in skin epithelial cells or intestinal epithelial cells. 
Intestinal regeneration capacity was examined in an experimental 
model of colitis using dextran sulphate sodium (DSS). DSS sensi-
tivity was primarily driven by skin-specific but not intestine-spe-
cific deletion of Tmem79. Skin-specific deficiency of Tmem79 
compromised the integrity of the gut epithelial barrier and im-
paired intestinal regeneration, characterized by a reduction in 
proliferating Ki67+ cells, enteroendocrine cells and goblet cells. 
Co-housing experiments demonstrate microbial transfer confers 
protection against DSS challenge in mice lacking Tmem79 in the 
skin. RNA-sequencing revealed enriched inflammatory signa-
tures in colonic epithelial cells of mice with skin-specific deletion 
of Tmem79. Moreover, an elevation in IL-17-producing γδ (γδ17) T 
cells and T helper 17 (Th17) cells was observed in the skin-drain-
ing lymph nodes and colon of skin-specific conditional knockout 
mice, indicating skin-derived inflammation is a key driver impact-
ing intestinal stem cell regeneration. These novel findings signify 
a fundamental immunologic and microbiota-dependent mecha-
nism underpinning the atopic march that may have broader impli-

cations for other atopic diseases, including asthma, food allergy 
and allergic rhinitis.

Funding Source: -BCH Internal Pilot Study Grant -American 
Cancer Society Research Professorship Grant -Fulbright 
Postdoctoral Fellowship

Keywords: Atopic march, Regeneration, Immune response
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DIFFERENTIAL METABOLIC ADAPTATIONS 
DEFINE RESPONSES OF WINNER AND LOSER 
ONCOGENIC MUTANT STEM CELLS IN SKIN 
EPIDERMIS IN VIVO
Hemalatha, Anupama - Genetics, Yale University, New Haven, 
CT, USA
Perry, Rachel - Endocrinology, Yale University, New Haven, CT, 
USA
Greco, Valentina - Genetics, Yale University, New Haven, CT, 
USA

Skin stem cells detect and correct aberrancies induced by on-
cogenic mutations. Different oncogenes invoke different modes 
of epithelial tolerance: while wild-type (WT) cells outcompete 
β-catenin-Gain-of-Function (βcatGOF) mutant cells, HrasG12V 
mutant cells outcompete WT cells, yet are integrated into func-
tional tissue. We asked how metabolic states change as WT stem 
cells interface with mutant cells, and how this ultimately drives 
different cell competition outcomes. To do this, we combined 
two experimental modalities -1. optical redox imaging to visualize 
endogenous levels of the co-enzymes NAD(P)H & FAD, adapted 
within our in vivo imaging platform to enable long term tracking 
and visualization of metabolic states of stem cells within the live 
mouse, and 2. 13C6- glucose tracer- mass spectrometry to mea-
sure metabolic fluxes directly. By tracking the redox ratio (NAD(P)
H/FAD) with single cell resolution in the same mouse over time, 
we discover that both βcatGOF and HrasG12V mutations lead to 
a rapid drop in redox ratios (NAD(P)H/FAD), before other epider-
mal aberrancy, making it a first line of response to the mutations. 
However, the winner cells in each model (WT cells in βcatGOF 
and mutant cells in HrasG12V model), rapidly recover their redox 
ratios, irrespective of the mutation induced. Glucose flux studies 
reveal that both βcatGOF and HrasG12V mutant epidermis upreg-
ulate flux and fractional contribution of glucose through TCA cy-
cle, and thereby glucose oxidation, in line with the observed drop 
in NAD(P)H/FAD. Contrastingly, the “winner” mutation HrasG12V 
specifically upregulates pyruvate to lactate rates (glycolysis read-
out) while the “loser” βcatGOF mutation downregulates this step. 
Using pharmacological inhibition of mitochondrial activity, we 
find that upregulation of glucose oxidation is essential for the full 
penetrance of both mutant phenotypes. Hence, unique metabol-
ic adaptations define the hallmarks of winners and losers during 
cell competition in vivo and drive tissue outcomes. These novel 
findings contrast with the expectations of Warburg effect, a fun-
damental concept in cancer metabolism, wherein proliferative 
cells upregulate glycolysis at the expense of downstream mito-
chondrial oxidation, and instead reveal metabolic requirements 
for oncogenic tolerance in skin stem cells.

Keywords: Metabolic rewiring, Stem cells in cancer, Warburg 
effect
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Abstract Withdrawn 997

OPTIMIZATION AND CHARACTERIZATION 
OF HUMAN ADULT ALVEOLAR ORGANOID 
CULTURES
Dost, Antonella - Organoid Group, Hubrecht Institute, Utrecht, 
Netherlands
van Rooijen, Lisanne - Organoid Group, Hubrecht Institute, 
Utrecht, Netherlands
Epskamp, Wisse - Organoid Group, Hubrecht Institute, Utrecht, 
Netherlands
Clevers, Hans - Pharma Research and Early Development, 
Roche, Basel, Switzerland

Stem cells of the lung have a complex hierarchy and show incred-
ible plasticity and regenerative capacity. Nevertheless, respirato-
ry diseases are one of the main causes of death with increasing 
incidences. Chronic obstructive pulmonary disorder, and other 
pulmonary diseases, are poorly understood. Before we can start 
to understand the mechanisms of these pathologies, we need to 
gain better understanding of how the human lung normally re-
generates. Organoids are a valuable tool to study epithelial re-
generation in vitro. While airway organoids are well-established, 
alveolar organoids, modeling the distal parts of the lungs, have 
proven challenging. Current protocols sort for alveolar type 2 
(AT2) cells from fresh tissue and culture them in Wnt-activating 
media conditions. However, these conditions don’t allow for long-
term growth. Indeed, it is unclear if the general AT2 population 
contains a bona fide stem cell population or if they are facultative 
stem cells with limited growth capacity. Furthermore, differentia-
tion conditions for alveolar type 1 (AT1) cells are poorly defined. 
Here, we strive to optimize human adult alveolar organoid cul-
tures by testing different sorting and culturing strategies by ma-
nipulating common regeneration and developmental pathways in 
a temporal fashion. Our goal is to identify conditions that allow for 
long-term expansion of the alveolar stem population, and sepa-
rate conditions for AT2 and AT1 differentiation.

Keywords: Organoids, Lung, Alveolar
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THROUGH COLLAGEN FIBROBLASTS INHIBIT 
EPITHELIAL REGENERATION IN GROWING 
MURINE SKIN
Du, Shuangshuang - Genetics, Yale University, New Haven, CT, 
USA

Organs that undergo rapid cellular turnover depend on the or-
chestration of different cell types to regulate proper regeneration 
and maintain organismal health. In vitro, fibroblasts are essential 
for epithelial stem cell proliferation and expansion, but it is still 
unknown whether fibroblasts regulate epithelial cell behaviors in 
vivo. Here we show that fibroblasts downregulate epithelial pro-
liferation through collagen during murine postnatal growth, which 
contrasts with their role to promote proliferation in adult homeo-
stasis. We discover that reducing fibroblast number during post-
natal growth decreases collagen density and ultimately results in 
higher epithelial stem cell proliferation and density. With a reduc-
tion of fibroblasts, the epidermis becomes thicker maintaining the 
water-barrier function. Furthermore, we rule out inflammation as 
a mechanism driving epidermal phenotypes. Instead, we find that 
a collagen deficiency in fibroblasts induced by COL1A1 knock-out 
is sufficient to increase epithelial proliferation. When investigating 
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) the role of fibroblasts in adult mice, we find that fibroblast ablation 

decreases epithelial proliferation but not the integrity of dermal 
collagen. Our results demonstrate that fibroblasts inhibit epithe-
lial proliferation via collagen in postnatal growth, converse to the 
canonical mitogenic role of fibroblasts in adult mice. To under-
stand the molecular mechanism, we are actively investigating the 
role of signaling that uses collagen as a ligand to inhibit epithelial 
proliferation.

Funding Source: CSC-Yale Program, NIH DP1, and HHMI 
Scholar Awards.

Keywords: cell-cell interaction, proliferation, extracellular matrix
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CROSSTALK BETWEEN HAIR FOLLICLE STEM 
CELLS AND SENSORY NEURONS IN THE SKIN
Xu, Chiwei - Laboratory of Mammalian Cell Biology and 
Development, The Rockefeller University, New York, NY, USA
Nikolova, Maria - Laboratory of Mammalian Cell Biology and 
Development, The Rockefeller University, New York, NY, USA
Tierney, Matthew - Laboratory of Mammalian Cell Biology and 
Development, The Rockefeller University, New York, NY, USA
Almagro, Jorge - Laboratory of Mammalian Cell Biology and 
Development, The Rockefeller University, New York, NY, USA
Abdusselamoglu, Merve Deniz - Laboratory of Mammalian Cell 
Biology and Development, The Rockefeller University, New 
York, NY, USA
Parigi, Martina - Laboratory of Mammalian Cell Biology and 
Development, The Rockefeller University, New York, NY, USA
Pasolli, Amalia - Electron Microscopy Resource Center, The 
Rockefeller University, New York, NY, USA
Fuchs, Elaine - Laboratory of Mammalian Cell Biology and 
Development, The Rockefeller University, New York, NY, USA

In mammals, the skin is not only the main barrier to the external 
environment, but also the largest sensory organ. Wholemount 
staining with tissue clearing unveils a strikingly intimate associa-
tion between sensory nerves and stem cells residing in the upper 
bulge region of hair follicles. I’ve identified candidate ligand-re-
ceptor interactions between sensory neurons and hair follicle 
stem cells through single cell RNA-seq analysis, and established 
both an in vitro organoid co-culture system and in vivo genetic 
manipulation methods to interrogate their function. Our work has 
elucidated the mechanisms of how epithelial stem cells orches-
trate the innervation of their niche as well as the physiological 
significance of stem cell-nerve interactions.

Funding Source: C. H. Li Memorial Fellowship; National Cancer 
Center Postdoctoral Fellowship; Charles Revson Postdoctoral 
Fellowship

Keywords: stem cell, sensory nerve, inter-tissue communication

1003

AN ORGANOMIMETIC STEM CELL PLATFORM 
TO ELUCIDATE GUT MICROBIOME-HOST 
INTERACTIONS
Zhou, Jessica - Chemical Engineering, Columbia University, 
New York, NY, USA

The intestinal microbiome plays an important role in human 
health and disease. However, there is a considerable amount of 
the human intestinal microbiome that is uncharacterized due to 

difficulty conducting studies outside of the host while maintaining 
physiological relevance. Metagenomic studies across multiple 
publicly available human microbiome databases have discovered 
a bacterium with high prevalence in the human microbiome that 
has never been isolated or cultivated before. To our knowledge, 
we are the first to have successfully co-cultured this bacterium 
with intestinal tissue derived from human embryonic stem cells 
(hESCs). We speculate that tissues derived from hESCs will offer a 
more reproducible, standardized, and genetically homogeneous 
platform than primary tissue as hESCs don’t have inconsistency 
among different samples including sample retrieval variability, ge-
netic background, medical history, age, or gender. By using an 
organomimetic platform of the human intestine capable of reca-
pitulating tissue composition, 3D structures, and oxygen gradient 
we aim to elucidate the role of this bacterium in gut homeostasis. 
Our bulk RNA sequencing data showed 250 genes differentially 
expressed in hESC-derived intestinal tissue following co-culture. 
Among other pathways, there was a significant up-regulation of 
the IL-17 pathway which has been previously shown to be essen-
tial for regulating mucosal host defense against many invading 
pathogens. Therefore, our preliminary data suggests a potential 
crucial role of this bacterium in immune regulation to maintain gut 
homeostasis.

Keywords: In vitro intestinal model, Microbiome-host interaction, 
Tissue engineering using stem cells

1005

CLUSTERS OF SENESCENT CELLS PROMOTE 
ACTIVITY OF NORMAL SKIN STEM CELLS FOR 
INCREASED REGENERATION
Wang, Xiaojie - Developmental and Cell Biology, University of 
California, Irvine, CA, USA
Plikus, Maksim - Developmental and Cell Biology, University of 
California, Irvine, CA, USA
Mortazavi, Ali - Developmental and Cell Biology, University of 
California, Irvine, CA, USA
Shettigar, Nitish - Developmental and Cell Biology, University of 
California, Irvine, CA, USA
Ramos, Raul - Developmental and Cell Biology, University of 
California, Irvine, CA, USA

In normal tissues, fate of resident stem cells is tightly controlled by 
specialized niche cells. In the skin, hair follicle stem cells are prin-
cipally regulated by signals from mesenchymal cells of the der-
mal papilla – key hair follicle niche cells. Under normal conditions, 
niche signals maintain hair stem cells in the resting state and acti-
vate them only transiently at the onset of new hair growth. In hairy 
melanocytic nevus – a benign and common skin condition in hu-
mans, long hairs grow excessively, suggesting overabundance 
of stem cell activating signals. Compared to normal skin, nevus 
skin is enriched for oncogene-induced senescent melanocytes, 
that distribute in form of small clusters near hair follicles. Using 
genetic mouse models for melanocytic nevus, that harbor hu-
man-like oncogene activating mutations in either Nras or Bras, we 
show human-like hair overgrowth phenotype. Molecular profiling 
of nevus melanocytes identified a number of enriched signaling 
factors, that constitute the so-called Senescent Associated Se-
cretory Phenotype (SASP). Focusing on individual SASP factors, 
we have identified key molecular drivers of the hairy nevus effect 
and new signaling pathways that prominently activate quiescent 
hair follicle stem cells. Overall, our findings from the hairy nevus 
model suggest that SASP factors from senescent cells can have 
beneficial, promoting effects on tissue resident stem cells, and 
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that profiling SASP factors can be a fruitful strategy for identifying 
new stem cell-regulating mechanisms.

Keywords: cellular senescent, adult stem cells, regeneration

1007

RETINOIC ACID PROMOTES HAIR 
REGENERATION BY RESOLVING LINEAGE 
PLASTICITY IN WOUNDED SKIN
Tierney, Matthew - The Rockefeller University, New York, NY, 
USA

Stem cells upended from their niche upon injury display a 
wide-ranging lineage plasticity that enables their direct contri-
bution to repair. However, this unsettled state persists in both 
chronic wounds and cancer. Here we identify retinoic acid (RA) 
as a critical metabolite at the intersection between homeostatic 
regeneration and wound repair in the skin. Using high-through-
put approaches and 3D cultures, we defined conditions able to 
resolve lineage plasticity in hair follicle stem cells (HFSCs). Tem-
poral control of RA activity in combination with established HFSC 
niche signals enabled the ex vivo recapitulation of stepwise dif-
ferentiation programs that yield each hair lineage. During wound 
repair, RA availability in the HFSC niche is transiently reduced to 
favor skin re-epithelialization and can be functionally rescued to 
promote hair growth. Together, these findings underscore the 
potential for targeting lineage plasticity to restore tissue function 
in diseased states and report the minimal requirements to pro-
duce a suite of hair cell types outside the body.

Keywords: Lineage plasticity, Wound repair, Skin and hair follicle

1009

FRIZZLED5 MAINTAINS HOMEOSTASIS OF 
ADULT INTESTINAL EPITHELIUM THROUGH 
ORGANIZATION OF CHROMATIN ACCESSIBILITY
Deng, Lu - Linheng Li Lab, Stowers Institute for Medical 
Research, Kansas City, MO, USA
He, Xi - Stowers Institute for Medical Research, Kansas City, MO, 
USA
Li, Linheng - Stowers Institute for Medical Research, Kansas 
City, MO, USA

The homeostasis of the intestinal epithelium is maintained 
through complex yet poorly understood intestinal stem cell (ISC) 
dynamics. Here, we demonstrate that Frizzled5 (Fzd5), a Wnt 
pathway receptor, acts as a cell fate determinator and regulates 
adult intestinal homeostasis. Fzd5 is broadly expressed along-
side the crypt-villus, with enrichment in crypt-resident transition 
state cells. Knockout of Fzd5 in Lgr5+ ISCs led to diminished 
self-renewal. Krt19+ cells’ ability to trace all epithelial cell lineag-
es was abrogated in the absence of Fzd5. Instead, they formed 
sporadic labeling cells belonging to enterocytes. However, nei-
ther of these two models disrupted crypt integrity. We further 
performed Fzd5 knockout in all epithelial cells, utilizing the Villin-
Cre-ERT2 model, and found severe crypt deterioration. The crypt 
loss was mainly due to stem cell diminish, proliferation inhibition, 
aberrant differentiation, and increased apoptosis. We proposed 
the model that Fzd5 governed crypt cell variable competence in 
which they become biased towards renewal or differentiation. 
ScRNA-seq revealed RNA profiling change primarily in ISCs and 
transition state cells. And CUT&Tag of transcription initiator Pol II 
and histone activator H3K4me3 demonstrated that the differenc-

es in transcription mounts could be ascribed to a similar change 
in the chromatin level. Integrated ScRNA-seq and ScATAC-seq 
analyses showed that the Fzd5 controlled chromatin accessibility 
and regulated stem and lineage-related gene expression in ISCs 
and transition state cells, mainly through activating Wnt and re-
pressing Smad2 signalings. In addition, Wnt3A and Wnt5A acted 
as major ligands for Fzd5 in our organoid culture system, con-
firming both canonical Wnt and non-canonical Wnt were involved. 
Collectively, these data reveal that Fzd5, a Wnt receptor receiving 
signals derived from the niche, is a crucial intestinal homeostasis 
regulator, which provides novel insights into ISCs dynamics.

Keywords: Fzd5, Intestinal stem cell dynamics, Single-cell 
transcriptome and epigenome
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GENERATING FUNCTIONAL HUMAN 
THYMIC EPITHELIAL CELLS FROM INDUCED 
PLURIPOTENT STEM CELLS
Ramirez Salazar, Eric - Molecular and Cellular Oncogenesis 
Program, Ellen and Ronald Caplan Cancer Center, The Wistar 
Institute, Philadelphia, PA, USA
Li, Ling - Molecular and Cellular Oncogenesis Program, Ellen 
and Ronald Caplan Cancer Center, The Wistar Institute, 
Philadelphia, PA, USA
Schenck, Shelby - Molecular and Cellular Oncogenesis 
Program, Ellen and Ronald Caplan Cancer Center, The Wistar 
Institute, Philadelphia, PA, USA
Ni, Vincent - Molecular and Cellular Oncogenesis Program, 
Ellen and Ronald Caplan Cancer Center, The Wistar Institute, 
Philadelphia, PA, USA
Thacker, Gatha - Molecular and Cellular Oncogenesis Program, 
Ellen and Ronald Caplan Cancer Center, The Wistar Institute, 
Philadelphia, PA, USA
Herlyn, Meenhard - Molecular and Cellular Oncogenesis 
Program, Ellen and Ronald Caplan Cancer Center, The Wistar 
Institute, Philadelphia, PA, USA

The thymus plays an essential role in the maturation of T cells and 
their ability to distinguish self from non-self antigens. Thymic at-
rophy associated with aging is a well-known factor conferring the 
decline in immunity, making this group more susceptible to infec-
tious diseases and cancer. Several factors contribute to the dete-
rioration of the immune system, including the failure to stimulate 
the maturation of lymphocyte progenitors, resulting in a reduced 
pool of naive T cells, limited T cell receptor diversity, impaired an-
tigen recognition, and decreased T and B effector cell functions. 
These determinants combine to impart immune senescence in 
aging humans. This is one of the main reasons why common vac-
cines are less effective in the elderly than younger individuals. 
Despite significant advances in developmental biology and im-
munology, sufficient progress has yet to be made in understand-
ing human thymus development, function, and age-related atro-
phy. Most of our understanding of human thymus development 
and functions is based on rodent models that differ in their lym-
phoid and stromal cell subpopulations, the critical components of 
lymphocyte differentiation. Advancements in induced pluripotent 
stem cell (iPSC) technology and humanized mouse model estab-
lishment provide unique platforms for understanding human thy-
mocyte function. iPS cells enable the reprogramming of an adult 
cell to generate CD34+ hematopoietic stem cells (HSCs) and thy-
mocyte precursors, which are essential for developing new ther-
apies. Our goal has been to use iPSC technology to generate an 
autologous humanized mouse model by generating iPSC-derived 
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) thymic and HSCs. Our group has established several iPSC cell 

lines derived from melanoma patients. Utilizing these, we devel-
oped iPSC-derived thymic epithelial cells expressing common 
thymic epithelial markers such as EpCAM, FOXN1, and STAB1. 
We have generated organoids with the iPSC-derived thymic epi-
thelial cells, which can induce differentiation of HSCs into CD45+ 
hematopoietic progenitor stem cells and CD3+ thymocyte pro-
genitor cells. Our next steps are to test the iPSC-derived thymic 
organoids in vivo to recreate the immune system in immune-defi-
cient mice. This model will serve as the platform for understand-
ing immunotherapy resistance in melanoma patients.

Funding Source: This work was supported by NIH grants P01 
CA114046-13, R01 CA258113, and R01 CA255295

Keywords: Inducble Pluripotent Stem Cells, thymic epithelial 
cells, lymphocyte differentiation

1013

HUMAN PLATELET LYSATE PROMOTES THE 
ECTODERMAL LINEAGE DIFFERENTIATION OF 
HAIR FOLLICLE-DERIVED STEM CELLS
Vathsalya, Manchi - Nitte University Centre for Stem Cell 
Research and Regenerative Medicine, NITTE (Deemed to be 
University), Mangalore, India
Shetty, Nikhil - Department of Dermatology, Nitte Deemed to be 
University, Mangalore, India
Shetty, Shricharith - Department of Dermatology, Nitte Deemed 
to be University, Mangalore, India
Shetty, Veena - Nitte University Centre for Stem Cell Research 
and Regenerative Medicine, Nitte Deemed to be University, 
Mangalore, India
Yeshwanth, Sunil - Department of Pathology, Nitte Deemed to 
be University, Mangalore, India
Shetty, Jayaprakasha - Nitte University Centre for Stem Cell 
Research and Regenerative Medicine, Nitte Deemed to be 
University, Mangalore, India
Mathur, Akanksha - Nitte University Centre for Stem Cell 
Research and Regenerative Medicine, Nitte Deemed to be 
University, Mangalore, India
Basavarajappa, Mohana - Nitte University Centre for Stem Cell 
Research and Regenerative Medicine, Nitte Deemed to be 
University, Mangalore, India

Hair follicle stem cells (HFSCs) residing in the bulge of hair fol-
licles are typically involved in the maintenance of skin homeo-
stasis. Besides being highly proliferative, HFSCs can generate 
neurons as well as glial cells with a potential application in neu-
rodegenerative diseases. Melanocytic differentiation is another 
propensity of HFSCs, that can be explored for treating pigmentary 
disorders. However, the clinical application of HFSCs requires 
xeno-free culture conditions. Recently, human platelet lysate 
(hPL) has been explored as an alternative to fetal bovine serum. 
Therefore, the present study investigated the influence of hPL in 
retaining stem cell phenotype and ectodermal differentiation of 
HFSCs. Full-thickness skin tissues were digested in 0.1% dispase 
and the hair follicles were separated out. The explants were cul-
tured in DMEM supplemented with 5% hPL. Basic characteristics, 
such as morphology and growth kinetics were analyzed along 
with the expression of stem cell markers, such as CD29, Nanog, 
and OCT4 by flow cytometry. Neuronal induction medium was 
supplemented with β-mercaptoethanol, basic fibroblast growth 
factor, epidermal growth factor (EGF), 3-isobutyl-1-methyl xan-
thine, and dibutyryl cyclic adenosine monophosphate (dBcAMP). 

Melanocytic induction medium consisted of human melanocyte 
growth supplement, EGF, dBcAMP, α-melanocyte stimulating hor-
mone, and endothelin-1. Following induction, the cells were char-
acterized by morphology, immunofluorescence assay, real-time 
polymerase chain reaction (qRT-PCR), and cytochemical staining. 
HFSCs in hPL displayed positivity for CD29 as well as Nanog 
and Oct4. Further, cells induced into neurons exhibited neuro-
nal-like morphological features with dendritic branching patterns 
and expressed neurogenic markers, such as nestin, β3-tubulin, 
Sox10, GLB1, GFAP, MAP2, and nerve growth factor. Cells grown 
in melanocyte induction media stained positive with L-DOPA dye, 
expressed melanocyte-specific markers, such as tyrosinase, ty-
rosinase-related protein 1, and dopachrome tautomerase. The 
findings validate that HFSCs could serve as a putative source of 
stem cells for ectodermal cell therapy. Further, hPL is an excellent 
serum-free culture supplement as it supports the expansion and 
differentiation of HFSCs.

Funding Source: This work was supported by Nitte (Deemed to 
be University), Mangaluru, India.

Keywords: Hair follicle stem cells, Ectodermal differentiation, 
Human platelet lysate

TOPIC: GERMLINE AND EARLY EMBRYO
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HUMAN PARTHENOTE STEM CELLS: THE 
CHALLENGES
Kiessling, Ann A. - Stem Cell Science, Bedford Research 
Foundation, Bedford, MA, USA
Albertini, David - Developmental Cell Biology, Bedford Research 
Foundation, Bedford, MA, USA
Gervasi, Maria - Animal Science, University of Massachusetts, 
Amherst, MA, USA

Pluripotent stem cells derived from unfertilized human eggs hold 
the promise of uniform gene editing at the haploid state. Haploid 
egg chromosomes genetically modified following extrusion of the 
second polar body (MII eggs) and before artificial activation would 
pass on the genetic modification to all daughter parthenote stem 
cells, whether haploid or undergoing diploidization. Derivation 
of human parthenote stem (hPS) cells has been hampered by 
federal funding restrictions, ethical concerns about women do-
nating eggs for research, the paucity of human eggs for study, 
and the lack of response of human eggs to artificial activation 
protocols successful in animal models. Our previous studies of 
freshly collected, or cryopreserved, MII human oocytes revealed 
activation rates of approximately 90%, progression to blastocysts 
of approximately 22%, but no stable stem cell lines. Most of the 
activated MII human eggs arrested at the 6- to 8-cells. To improve 
the artificial activation of human eggs, we have utilized eggs dis-
carded by egg banks for fertility treatment. Each cycle of egg col-
lection yields oocytes at various stages of maturation: some are 
at MII and cryopreserved for fertility treatments, and others are 
dysmorphic or immature and discarded. We have studied such 
discarded eggs with two purposes: to ascertain their potential to 
undergo successful activation, and to attempt to re-set their mat-
uration state to improve their potential. An ambient temperature 
transport system was developed for the discarded eggs to avoid 
cryopreservation. To evaluate their meiotic maturation compe-
tence on arrival, half (88 eggs) were stained with Hoechst 33258 
and fluorescent phalloidin. Of those, 99% were alive, half were 
MII, 23% were MI, 19% were germinal vesicle (GV) stage, 6% had 
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activated enroute. Following overnight culture of the remaining 81 
discarded eggs, 98% were alive, 29% were spontaneously acti-
vated, 50% were MII, 10% were MI and 7% were GVs. Pilot studies 
of activation potential of the discarded eggs reveal approximately 
40% undergo cleavage following either Sr++, or Ca++ ionophore 
treatment. These results support the potential of human eggs 
routinely discarded during fertility procedures to assist in over-
coming the barriers to successful derivation of hPS cells.

Funding Source: Bedford Research Foundation

Keywords: Human parthenote stem cells, Discarded human 
eggs, Artificial activation of human eggs

1017

TAURO-URSODEOXYCHOLIC ACID (TUDCA) 
A TOOL TO ENHANCE CHIMERIC EMBRYO 
DEVELOPMENT
Strell, Phoebe - Veterinary and Biomedical Sciences, University 
of Minnesota, Minneapolis, MN, USA
Low, Walter - Neurosurgery, University of Minnesota, 
Minneapolis, MN, USA

Organ demand outpaces the current supply of organs for trans-
plantation. Regenerative medicine has sought alternative meth-
ods to generate an inexhaustible source of organs, with one ap-
proach being blastocyst complementation to produce exogenic 
organs in chimeric animals. However, developing highly effica-
cious and competent interspecies chimeras has been impeded 
by various interspecies chimeric barriers. One of these proposed 
barriers is interspecies cell competition and survival of the do-
nor stem cells and host embryos. Tauro-ursodeoxycholic acid 
(TUDCA) is a bile acid that has been shown to have anti-apop-
totic effects in embryos. Thus, TUDCA may be a tool to enhance 
chimeric competency. In this study, we assessed TUDCA’s ef-
fect on cell growth and apoptosis in donor stem cells. We also 
investigated TUDCA’s effect on mouse embryos by assessing 
early embryonic morphology and apoptotic cells. From our cell 
culture experiments, we found that lower concentrations of TUD-
CA trended towards no difference in cell growth and apoptosis, 
but high concentrations of TUDCA were cytotoxic. We also found 
that 100uM TUDCA concentration resulted in healthy mouse em-
bryo morphology and reduced apoptosis. These findings suggest 
that TUDCA is a tool that lowers the level of apoptosis expressed 
by the host embryo but does not necessarily impact the donor 
cells cultured separately. TUDCA has the ability to alleviate some 
stress in the host embryo, making it possibly more amenable to 
donor cells used during blastocyst complementation.

Keywords: embryogenesis, chimeras, stem cells

1019

DIETARY INDUCTION OF ENDOMETRIAL 
EPITHELIAL REGENERATION
Shah, Vyom - Beyaz Laboratory, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY, USA
Akyildiz, Oguzhan - Beyaz Laboratory, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY, USA
Beyaz, Semir - Beyaz Laboratory, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY, USA
Eskiocak, Onur - Beyaz Laboratory, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY, USA
Yueh, Brian - Beyaz Laboratory, Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY, USA

Endometrial ailments such as endometriosis, infertility, and en-
dometrial cancer impact 1 in 4 women in the US, accentuating 
the significant need to improve our understanding of endometri-
al biology. Endometrial stem cells regenerate the endometrium 
monthly, and their dysregulation is implicated in endometrial dis-
eases. Recent studies have underscored the capacity for the met-
abolic reprogramming of stem cells, but little is known about the 
metabolic regulation of stem cell states in endometrial physiology 
and disease. Here, we explore how fatty acids affect endometrial 
stem cell regeneration. We performed a diverse fatty acid (FA) 
screen on human and mouse endometrial organoids and discov-
ered a subset of ω-6 fatty acids converging on arachidonic acid 
(AA) with stem cell-enhancing effects. Using bulk and single-cell 
RNA sequencing analysis, we found AA to induce de novo stem 
cell states, dedifferentiation programs, and repair-associated 
stem cell reprogramming signatures in response to AA. Metabol-
ic interactome modeling revealed AA to beget Prostaglandin E2 
(PGE2) and activate the Ptger4 → cAMP → PKA signaling axis to 
promote stemness in mice and humans. This data demonstrates 
that dietary AA is a conserved promoter of endometrial regener-
ation that mimics the injury repair response through PGE2-Ptger4 
signaling. These findings highlight the significance of dietary fatty 
acids in regulating endometrial tissue regeneration.

Keywords: Reprogramming, Endometrium, Metabolism

1021

FATTY ACID METABOLISM CONTROLS 
CELLULAR TRAFFICKING FOR FUNCTIONAL 
REPRODUCTION VIA NUTRITION SIGNALING
Amartuvshin, Oyundari - Institute Of Cellular and Organismic 
Biology, Academia Sinica, Taipei, Taiwan
Hsu, Hwei-Jan - Institute of Cellular and Organismic Biology, 
Academia Sinica, Taipei, Taiwan
Ko, Yi-Ting - Institute of Cellular and Organismic Biology, 
Academia Sinica, Taipei, Taiwan
Lin, Chi-Hung - Institute of Cellular and Organismic Biology, 
Academia Sinica, Taipei, Taiwan

Cell metabolism is recently known to control stem cell behavior 
for tissue homeostasis. However, the involved mechanisms are 
largely unclear. To have a systemic study of stem cell metabolism 
at an organismic level, we have conducted an RNAi-based screen 
for metabolic enzymes that control Drosophila ovarian germline 
stem cell (GSC) fate. One of the candidates, Acetyl-CoA Carboxy-
lase (ACC) catalyzes acetyl-CoA to malonyl-CoA which promotes 
fatty acid synthesis (FAS) but suppresses fatty acid oxidation 
(FAO). Here, we report that ACC regulates cellular trafficking to 
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) maintain GSCs and ensure GSC progeny proper differentiation, 

contributing to functional reproduction. Interestingly, nutritional 
deprivation feeding restored homeostatic balances in ACC-de-
pleted germline. Our findings argues a role of ACC in maintaining 
cellular energy balance for germline homeostasis and may offer 
therapeutic chances for metabolic disorders by nutrient interven-
tions.

Keywords: stem cell metabolism, nutrient signaling, cellular 
trafficking
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PIG EXTRAEMBRYONIC ENDODERM (XEN) 
CELLS CAN BE ESTABLISHED IN A CHEMICALLY 
DEFINED CULTURE SYSTEM
Jeong, Jinsol - Agribiotechnology, Seoul National University, 
Seoul, Korea
Choi, Kwang-Hwan - Agribiotechnology, Seoul National 
University, Seoul, Korea
Lee, Dong-Kyung - Agribiotechnology, Seoul National University, 
Seoul, Korea
Oh, Jong-Nam - Agribiotechnology, Seoul National University, 
Seoul, Korea
Lee, Mingyun - Agribiotechnology, Seoul National University, 
Seoul, Korea
Ahn, Yelim - Agribiotechnology, Seoul National University, 
Seoul, Korea
Kim, Dong-Wook - Agribiotechnology, Seoul National University, 
Seoul, Korea
Lee, Chang-Kyu - Agribiotechnology, Seoul National University, 
Seoul, Korea

Extraembryonic endoderm (XEN) cells can be derived from blas-
tocyst primitive endoderm (PrE), becoming a useful tool for study-
ing mammalian development, including early lineage segregation 
and embryo patterning in vitro. The establishment of stem cells 
representing the respective lineages in blastocysts has been ro-
bustly attempted in domestic animals, especially pigs, to recon-
stitute embryogenesis in vitro for comparative studies. Several 
studies on pig XEN cells have been conducted under serum-free 
conditions supplemented with signaling molecules but these cul-
ture conditions compromised the self-renewal ability of XEN cells 
when compared to FBS-containing media, possibly because of 
inappropriate extrinsic cues. Therefore, we developed a chemi-
cally defined culture system for pig XEN cells by dissecting the 
signals governing the core gene network of the PrE lineage and 
found that several signaling pathways are essential for maintain-
ing their rapid proliferation rate. These cells recapitulated the 
molecular features and differentiation capacity of porcine PrE 
lineage, with PrE derivative-specific markers detected during pro-
liferation and XEN-derived spheroid formation, respectively. In 
addition, species-specific characteristics of pigs were observed, 
including the involvement of lipid metabolism and NANOG/GATA 
co-expression in XEN cells. Taken together, we derived stable 
pig XEN cell lines that efficiently proliferate in a serum-free cul-
ture system, producing reproducible and homogenous pig XEN 
cells. They can be employed as a cell culture model representing 
extraembryonic endodermal lineages to recapitulate mammalian 
embryogenesis. Further, our culture systems can shed light on 
more precise key molecules involved in PrE lineage development 
by excluding the effect of serum-derived factors. Therefore, our 

findings can contribute to the expansion of the understanding of 
developmental biology and its biomedical applications.

Funding Source: This work was supported by the BK21 Four 
program, the Korea Evaluation Institute of Industrial Technology 
(KEIT) [20012411]; and the National Research Foundation of 
Korea (NRF) grant [2021R1A2C4001837 & 2023R1A2C1005026].

Keywords: XEN, Pig, Signaling pathway
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IDENTIFYING THE ROLE OF EPIGENETIC 
GENE REGULATORY MECHANISMS DRIVEN 
THROUGH MATERNAL OBESITY ON EMBRYONIC 
NEUROGENESIS.
Alawathugoda, Thilina Thejinda - Department of Biochemistry 
and Molecular Biology, United Arab Emirates University, UAE
Ansari, Suraiya - Department of Biochemistry and Molecular 
Biology, United Arab Emirates University, Al Ain, UAE

Neurodevelopmental disorders have a complex etiology that 
starts very early on during embryonic development through the 
involvement of specific gene regulatory mechanisms. A per-
turbed metabolic environment due to maternal obesity could 
cause dyslipidemia and adversely affect the developing central 
nervous system of the embryo. Research shows that maternal 
obesity alters developmental neurogenesis and predisposes the 
developing fetus to neurodevelopmental disorders. Among sev-
eral gene regulatory mechanisms, altered histone modifications 
due to changes in the expression of histone-modifying enzymes 
or the levels of their substrates is proposed as a key mechanism 
of neurodevelopmental defects in offspring born to metabolically 
compromised pregnancies. This study uses the Wistar rat model 
of maternal obesity for the identification and functional validation 
of novel molecular mechanism/s of maternal obesity-mediated al-
terations on embryonic neurogenesis. Cortex tissue samples har-
vested from embryos of female Wistar rats fed with normal and 
high-fat diets are subjected to an array of molecular and biochem-
ical techniques. Genome-wide high-throughput RNA-sequencing 
revealed that maternal obesity dysregulated many genes of key 
developmental/signaling pathways in the developing embryo 
brain cortex. Alterations in global histone acetylation and methyl-
ation during cortical neurogenesis associated with these differen-
tial gene expressions have been identified and analyzed through 
High-throughput ChIP-Seq analysis. Possible molecular mecha-
nisms driving these specific histone modifications have also been 
tested for and proposed thus providing a complete molecular pic-
ture of the potential effect of a high fat-fed maternal environment 
on embryonic neurodevelopment. The knowledge thus gained is 
critical in the development of preventative strategies and verify-
ing therapeutic or diet interventions for abnormal neurogenesis 
and faulty embryo brain development of metabolically compro-
mised pregnancies.

Keywords: Maternal-obesity, cortical-neurogenesis, 
Neurodevelopmental-disorders
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TOPIC: HEMATOPOIETIC, IMMUNE, AND ENDOTHE-
LIAL

1027

RBFOX2-MEDIATED ALTERNATIVE SPLICING 
SELECTIVELY GOVERNS HEMATOPOIETIC STEM 
CELL SELF-RENEWAL
Gao, Longfei - Columbia Stem Cell Initiative, Columbia 
University Irving Medical Center, New York, NY, USA
Feng, Huijuan - Department of Systems Biology, Columbia 
University Irving Medical Center, New York, NY, USA
Zhang, Chaolin - Department of Systems Biology, Columbia 
University Irving Medical Center, New York, NY, USA
Ding, Lei - Columbia Stem Cell Initiative, Columbia University 
Irving Medical Center, New York, NY, USA

Hematopoietic stem cells (HSCs) persist throughout life via 
self-renewal. How HSCs are differentially regulated from down-
stream progenitors remains poorly understood. We found that 
HSCs displayed a distinct mRNA alternative splicing pattern and 
preferentially expressed Rbfox2, an alternative splicing factor, 
compared with multipotent progenitors (MPPs). Deletion of Rb-
fox2 from the hematopoietic compartment specifically depleted 
HSCs, but not progenitors, in the adult bone marrow. In contrast, 
deletion of Rbfox1 did not affect the number or function of HSCs. 
Rbfox2-deficient HSCs, but not progenitors, exhibited compro-
mised proteostasis, including an increased protein synthesis rate 
and accumulated misfolded/unfolded protein contents. Rbfox2 
loss altered the alternative splicing of Mpl in HSCs by increasing 
the fraction of functional full-length Mpl isoform. Small molecules 
that restore proteostasis rescued HSC depletion in Rbfox2-de-
ficient mice. Our work reveals that HSCs selectively rely on Rb-
fox2-mediated alternative splicing for their maintenance.

Keywords: hematopoietic stem cell, alternative splicing, 
proteostasis
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SOLUBLE SIGNALS TO IMPROVE VASCULAR 
INTEGRITY IN THE LUNG
Yuan, Yifan - Department of Medicine (Pulmonary), Yale 
University, New Haven, CT, USA
Raredon, Micha Sam - Department of Anesthesiology, Yale 
University School of Medicine, New Haven, CT, USA
Tang, Wenwen - Department of Pharmacology, Yale University 
School of Medicine, New Haven, CT, USA
Sharma, Lokesh - Department of Medicine (Pulmonary), Yale 
University School of Medicine, New Haven, CT, USA
Yuan, Qianying - Department of Pharmacology, Yale University 
School of Medicine, New Haven, CT, USA
Leiby, Katie - Department of Biomedical Engineering, Yale 
University School of Medicine, New Haven, CT, USA
Qian, Hong - Department of Anesthesiology, Yale University, 
Humacyte Inc, New Haven, CT, USA
Wu, Dianqing (Dan) - Department of Pharmacology, Yale 
University School of Medicine, New Haven, CT, USA
Kaminski, Naftali - Department of Medicine (Pulmonary), Yale 
University School of Medicine, New Haven, CT, USA
Niklason, Laura - Department of Anesthesiology, Yale University 
and Humacyte Inc, New Haven, CT, USA

Disorders in vascular integrity are a prominent feature in many 
pulmonary vascular diseases. Paracrine signals are enriched 
throughout the whole lung tissue and are critical in regulating the 
homeostasis and regeneration of the functional pulmonary mi-
crovasculature. Here, we studied paracrine signal interactions in 
the native human lung microvascular niche and identified soluble 
factors that are critical in endothelial integrity. Leveraging the pre-
viously published single-cell dataset, we applied single-cell RNA-
seq-based computational model Connectome to analyze ligand 
and receptor interactions in the native human lung microvascu-
lar niche. The spatial localization and secretion levels of soluble 
factors were confirmed using immunostaining and ELISA assays. 
The impact of soluble factors on cellular functions was assessed 
through electrical resistance impendence sensing and transwell 
assays. We also applied lipopolysaccharide (LPS) -induced lung 
injury model to confirm the effect of soluble factors on vascular in-
tegrity in animal settings. We identified that SLIT2, ANGPT1, ADM, 
VEGFD, and BMP5 strongly interact with microvascular endothe-
lium in the human lung microvascular niche. Immunostaining and 
ELISA assays confirmed their spatial localization and secretion 
level in native human distal lung samples. Upon treatment with 
these ligands, we found that VEGFD could markedly increase 
the electrical resistance and decrease the permeability of human 
lung microvascular, arterial, and venous endothelial cells in vitro. 
Furthermore, treatment with VEGFD reduced pro-inflammatory 
response including vascular permeability and immune cell infil-
tration in LPS-induced lung injury model. This data demonstrates 
strong cell-cell crosstalk interactions in the pulmonary microvas-
cular niche and suggests a potentially novel role of VEGFD in reg-
ulating vascular integrity and regeneration.

Funding Source: We would like to acknowledge the research 
funding from NIH (K99HL159261-01 to Y.Y.; R01HL148819 to 
L.E.N.; U01HL145567 to N.K.) for support of current research.

Keywords: Lung microasculature, Multi-omics, Paracrine signal
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CATHEPSIN LA IS NECESSARY FOR THE 
DEVELOPMENT OF HEMATOPOIETIC NICHE AND 
STEM CELL COLONIZATION
Kim, Ji Wook - Stem Cell Program and Division of Hematology/
Oncology, Boston Children’s Hospital - Harvard Medical School, 
Boston, MA, USA
Fedorov, Evan - Stem Cell Program and Division of Hematology/
Oncology, Boston Children’s Hospital, Boston, MA, USA
Zon, Leonard - Stem Cell Program and Division of Hematology/
Oncology, Boston Children’s Hospital, Boston, MA, USA

Hematopoietic stem cells (HSCs) reside in a transient sinusoidal 
hematopoietic niche during development. The embryonic hema-
topoietic niche develops as a highly branched sinusoidal network 
that supports HSC expansion. Later in development, the niche 
regresses to a less-branched structure where HSCs egress and 
migrate to an adult hematopoietic niche. To investigate mech-
anisms of the embryonic hematopoietic niche regression, we 
performed scRNA-seq on the niche endothelial cells (ECs) at 
two developmental time points, which revealed a dramatic tran-
scriptional change of niche ECs. We found that the expression of 
cathepsins, the lysosomal proteases, in the niche ECs diminishes 
during development. Morpholino knockdown of cathepsin la (ct-
sla) led to a deformed and less-branched vascular niche as evi-
denced by a 25.5% decrease in intervascular cavities (n = 14). To 
test if macrophages, another major source of cathepsins, are re-
sponsible for niche deformity, we ablated macrophages with irf8 
morpholino in ctsla morphant embryos. Regardless of the macro-
phage ablation, ctsla knockdown resulted in a niche with fewer 
branches and fewer intervascular cavities. (n = 8) Together, these 
data suggest that ctsla expression from embryonic niche ECs is 
likely responsible for the deformed vascular structure in an EC au-
tonomous manner. To test if impaired niche leads to a hematopoi-
etic defect, we live imaged Tg(runx1+23:mCherry) reporter line of 
HSPCs. Strikingly, the impaired niche of ctsla morphant contained 
significantly fewer HSPCs (51.2%, n = 17). Timelapse live imaging 
of Tg(CD41:GFP; flk:mCherry) reporter line of HSCs budding from 
the hemogenic endothelium demonstrated that a knockdown of 
ctsla does not affect the emergence of HSCs. EdU staining of 
HSPCs in the embryonic niche showed proliferation of HSPCs is 
not affected by ctsla knockdown (n = 12), suggesting that the de-
creased HSPCs in the ctsla morphant is attributable to impaired 
HSPC colonization of the niche. These results demonstrate that 
ctsla is necessary for neovascularization and HSC colonization of 
an embryonic hematopoietic niche.

Keywords: Hematopoietic niche, Cathepsin, Neovascularization
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SINGLE CELL INSIGHT INTO HAEMATOPOIETIC 
DIFFERENTIATION OF HUMAN EMBRYONIC 
STEM CELLS
Nnadi, Nneka Concilia - Human Genetics Unit, University of 
Edinburgh, UK
Medvinsky, Alexander - Institute of Stem Cell Research, 
University of Edinburgh, UK

One of the challenges in regenerative medicine remains generat-
ing functional haematopoietic stem cells (HSCs) of clinical quanti-
ty. Utilizing data from single cell RNA sequencing (scRNA-seq) of 
human embryonic stem cells (hESC) derived cells, we explored 

the differences that exist between in vitro and in vivo haemato-
poiesis, with the aim that understanding these differences could 
help improve future chances of generating HSCs in vitro. Func-
tional analysis into in vitro differentiation using an established 
haematopoietic differentiation protocol, confirmed that the cur-
rent differentiation strategies may be myeloid and NK lineage bi-
ased compared to haematopoietic lineages from umbilical cord 
blood. The population lineage dynamics was also observed to 
change over time. Using scRNA-seq, we investigated dynamic 
gene expression of cell populations emerging during hESC dif-
ferentiation. We observed that the haematogenic endothelium 
capable of generating the haematopoietic progenitors emerges 
as early as day 6 of differentiation. We also observed that priming 
of the arterial endothelial cells to the haematogenic endotheli-
um, and subsequent emergence of haematopoietic progenitors 
is associated with an increase in ribosomal and mitochondrial 
gene activity. Finally, a comparative analysis of the hESCs gen-
erated dataset with publicly available dataset of embryonic hae-
matopoietic tissues revealed that hESC derived haematopoiesis, 
associated with increased mitochondrial gene activity, is likely 
mimicking events of the yolk sac haematopoiesis, rather than the 
haematopoiesis occurring in the AGM region. Based on our data, 
we hypothesize that increased mitochondrial gene activity, likely 
promoted by the normoxic culture conditions, may be contribut-
ing to the challenge in generating HSCs from hESCs in the dish.

Keywords: Single Cell RNA Sequencing, Transcriptional 
landscape, Mitochondrial gene activity
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DETERMINING HOW BLOOD VESSELS ARE 
REGULATED DURING LIMB REGENERATION 
IN AXOLOTLS: DEVELOPING NOVEL GENETIC 
MANIPULATION METHODS
Savage, Aaron Michael - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Wagner, Alexandra - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Whited, Jessica - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA

Mammalian regenerative capacity is severely restricted and limbs 
cannot. Therefore, salamanders, such as axolotls, can provide 
important information on how tetrapods can regenerate limbs, 
which could lead to therapeutic intervention. Limb regeneration 
results in the growth of a fully functional, including requisite tis-
sues, generated via the formation of a blastema which dediffer-
entiates into different cell types. However, how vasculature re-
grows and interacts with other cells during regeneration is not 
well understood. We are currently characterizing vasculature 
using immunohistochemistry and HCR in situ and generating 
transgenics to visualize and modulate vasculature during devel-
opment and regeneration. Axolotl CRISPR knock-in Kdr (VEGFR2) 
founders express GFP and the avian TVA receptor, which permits 
viral entry; we will deliver cargo plasmids containing Cas9 and 
validated gRNAs identified through our transcriptional analyses. 
We have also used Tol2-mediated transgenesis to express endo-
thelially-restricted Cas9. Finally, we have established axolotl HCR 
in situ hybridization (HCR) for endothelial-specific genes. We will 
use HCR to validate transgenic lines and characterize vascular 
identities. We will determine how vascular disruptions affect tran-
scriptional profiles of all cell types via single-cell RNA sequencing 



227

P
O

S
T

E
R

 A
B

S
T

R
A

C
T

 G
U

ID
E

T
h

u
R

S
D

A
Y

, 
15

 J
u

N
E

 2
0

2
3

at time points to understand how blood vessels and other cell 
types interact during regeneration.

Funding Source: Human Frontier Science Program NIH

Keywords: Limb regeneration, Angiogenesis, Transgenesis
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INDUCTION OF MULTIPLE ENDOGENOUS 
CYTOKINES AS A NEW STRATEGY FOR 
MOBILIZATION OF HEMATOPOIETIC STEM CELLS 
FROM THE BONE MARROW TO THE BLOOD
Szade, Agata - Department of Medical Biotechnology, Faculty 
of Biochemistry, Biophysics and Biotechnology, Jagiellonian 
University, Krakow, Poland
Bednarz, Aleksandra - Department of Medical Biotechnology, 
Jagiellonian University, Krakow, Poland
Kozuch, Pawel - Department of Medical Biotechnology, 
Jagiellonian University, Krakow, Poland
Kowalski, Kacper - Department of Medical Biotechnology, 
Jagiellonian University, Krakow, Poland
Skulimowska, Izabella - Department of Medical Biotechnology 
and Laboratory of Stem Cell Biology, Jagiellonian University, 
Krakow, Poland
Bialonczyk, Wiktoria - Department of Medical Biotechnology, 
Jagiellonian University, Krakow, Poland
Malezyna, Kinga - Department of Medical Biotechnology, 
Jagiellonian University, Krakow, Poland
Kubiak, Andrzej - Laboratory of Stem Cell Biology, Jagiellonian 
University, Krakow, Poland
Jozkowicz, Alicja - Department of Medical Biotechnology, 
Jagiellonian University, Krakow, Poland
Szade, Krzysztof - Laboratory of Stem Cell Biology, Jagiellonian 
University, Krakow, Poland

Pharmacological mobilization of cells from the bone marrow (BM) 
to blood is used for collection of hematopoietic stem cells (HSCs) 
for transplantation. Successful transplantation is determined by 
the number and regenerative potential of HSCs present in the 
mobilized blood. In case of allogenic transplantation, graft versus 
host disease (GVHD) driven by T-cells present in the graft remains 
one of the biggest challenges of mobilized blood transplantation. 
Thus, there is still a need for new mobilizing therapies, which will 
allow for collection of sufficient number of functional HSCs, while 
minimizing the risk of GVHD in the recipient. Currently, the most 
commonly used mobilizing drug is recombinant G-CSF (rhG-CSF). 
Our aim is to develop an alternative strategy, which induces en-
dogenous G-CSF and other mobilizing factors to overcome the 
limitations of current clinical strategies. We discovered that cobalt 
protoporphyrin IX (CoPP) induces the mobilization of cells from 
BM. CoPP induces not only G-CSF, but also other cytokines with 
mobilizing properties, such as interleukin-6 (IL-6), CXCL1 (GROα) 
and CXCL2 (GROβ). To compare the kinetics of the CoPP- and 
rhG-CSF-induced mobilization, we analyzed the phenotype and 
numbers of blood cells in C57BL/6 mice injected daily with CoPP 
or rhG-CSF for 1 to 5 days. We observed the increase of hema-
topoietic stem and progenitor cells (HSPCs) in blood starting 
from day 2 in both groups. However, at day 4, in mice injected 
with CoPP the number of HSPCs increased sharply and was 4 
times higher than in the mice treated with rhG-CSF. Additionally, 
we saw differences in granulocyte mobilization. The increased 
numbers of mature granulocytes appeared already 6h after CoPP 
injection, and further started to rise at day 3. In comparison, in 
the mice treated with G-CSF the numbers of mature granulocytes 

started to increase only at day 3. In summary, CoPP induces more 
efficient and rapid mobilization of HSPCs than rhG-CSF. Different 
kinetics of CoPP- and recombinant rhG-CSF-induced mobilization 
suggests that other cytokines may modulate the effect of G-CSF 
and possibly affect the functional properties of mobilized cells. 
CoPP could be considered as a new potential drug for mobiliza-
tion, as it simultaneously induces multiple endogenous mobilizing 
factors.

Funding Source: This work was supported by the grants 
from DKMS Foundation, National Science Centre (grant no 
2019/35/D/NZ3/04406) and The National Centre for Research 
and Development (grant no LIDER/37/0133/L-11/19/NCBR/2020).

Keywords: Hematopoietic stem cells, Cell mobilization, 
Granulocyte colony-stimulating factor
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CONSERVED REGULATORS OF MITOCHONDRIAL 
ACTIVITY AND DYNAMICS MEDIATE 
DEVELOPMENTAL HEMATOPOIESIS
Inamdar, Maneesha - Molecular Biology and Genetics Unit, 
Jawaharlal Nehru Centre for Advanced Scientific Research, 
Bengaluru, India
Batabyal, Rajarshi - Molecular Biology and Genetics Unit, 
JNCASR, Bengaluru, India
Prakash, Aishwarya - Molecular Biology and Genetics Unit, 
JNCASR, Bengaluru, India

Mitochondrial morphology and dynamics are known to affect 
blood stem cell differentiation, proliferation and aging. Howev-
er, further roles of mitochondrial homeostasis in developmental 
hematopoiesis are unclear. We previously showed that the mi-
tochondrial morphology and dynamics regulator and stem cell 
protein Asrij/OCIAD1 is essential for maintenance of human plu-
ripotent stem cells in vitro as well as Drosophila blood progeni-
tors in vivo. Asrij/OCIAD1 depleted cells possess elongated mito-
chondria, leading to precocious differentiation and lineage bias. 
Hence, we hypothesized that additional mitochondrial regulators 
may control hematopoiesis. High throughput studies and our im-
munoprecipitation experiments revealed that Asrij interacts with 
the mitochondrial AAA proteases YME1L and AFG3L2 in human 
immortalized cells. Knockdown of proteases in Drosophila lymph 
gland hematopoietic progenitors caused lethality and develop-
mental delays. Interestingly, YME1L or AFG3L2 depletion from 
differentiated blood cells in circulation showed dramatic hyper-
proliferation and differentiation in the lymph gland. These effects 
could be rescued by pharmacologically quenching ROS by feed-
ing larvae with N-acetyl cysteine (NAC) or genetically by overex-
pressing catalase. Thus, AAA protease-mediated mitochondrial 
homeostasis is essential to regulate inter-organ communication 
that maintains hematopoiesis in response to systemic cues. We 
also investigated the role of mitochondrial homeostasis in the en-
dothelial to hematopoietic transition (EHT) in mouse embryonic 
hematopoiesis. Emerging HSCs have increased mitochondrial 
mass compared to the aortic endothelium. Further mitochondrial 
activity and potential are also increased, accompanied by chang-
es in morphology and expression of fission-fusion regulators. As-
rij null mice will further be used to study implications of perturbed 
mitochondrial homeostasis on EHT progression. This suggests 
that conserved mechanisms regulating mitochondrial homeosta-
sis actively control developmental hematopoiesis.

Keywords: Hematopoiesis, Mitochondria, Development
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SELECTIVE SENSING AND REVERSAL OF ADAR1-
MEDIATED BASE EDITING IN PRE-CANCER AND 
LEUKEMIA STEM CELLS
Crews, Leslie A. - Medicine, University of California San Diego, 
La Jolla, CA, USA
Ladel, Luisa - Medicine, University of California San Diego, La 
Jolla, CA, USA
Pham, Jessica - Medicine, University of California San Diego, La 
Jolla, CA, USA
Balaian, Larisa - Medicine, University of California San Diego, La 
Jolla, CA, USA
Ma, Wenxue - Medicine, University of California San Diego, La 
Jolla, CA, USA
Steel, Kathleen - Medicine, University of California San Diego, 
La Jolla, CA, USA
Mondala, Phoebe - Medicine, University of California San Diego, 
La Jolla, CA, USA
Diep, Raymond - Medicine, University of California San Diego, 
La Jolla, CA, USA
Wu, Christina - Medicine, University of California San Diego, La 
Jolla, CA, USA
Mason, Cayla - Medicine, University of California San Diego, La 
Jolla, CA, USA
van der Werf, Inge - Medicine, University of California San 
Diego, La Jolla, CA, USA
Oliver, Isabelle - Medicine, University of California San Diego, La 
Jolla, CA, USA
Reynoso, Eduardo - Medicine, University of California San 
Diego, La Jolla, CA, USA
Pineda, Gabriel - Medicine, University of California San Diego, 
La Jolla, CA, USA
Whisenant, Thomas - Center for Computational Biology and 
Bioinformatics, University of California San Diego, La Jolla, CA, 
USA
Wentworth, Peggy - Medicine, University of California San 
Diego, La Jolla, CA, USA
La Clair, James - Chemistry and Biochemistry, University of 
California San Diego, La Jolla, CA, USA
Jiang, Qingfei - Medicine, University of California San Diego, La 
Jolla, CA, USA
Burkart, Michael - Chemistry and Biochemistry, University of 
California San Diego, La Jolla, CA, USA
Jamieson, Catriona - Medicine, University of California San 
Diego, La Jolla, CA, USA

Innate immunity-induced adenosine deaminase acting on RNA1 
(ADAR1) base editing (BE) of adenosine to inosine (A-to-I) inhibits 
RNA viral replication and prevents retroviral integration into the 
human genome. However, inflammation-associated ADAR1p110 
to p150 splice isoform switching drives cancer stem cell (CSC) 
generation and therapeutic resistance in 20 malignancies. Previ-
ously, predicting and preventing ADAR1p150-mediated malignant 
RNA editing represented a significant challenge. Herein we de-
scribe: 1) a selective lentiviral ADAR1 activity reporter that enables 
non-invasive sensing of A-to-I BE; 2) a quantitative ADAR1p150 
intracellular flow cytometry assay; 3) inhibition of leukemia stem 
cell (LSC)-enriched ADAR1 expression and activity by a potent 
small molecule splicing modulator, Rebecsinib (17S-FD-895); 
and 4) successfully completed pre-IND studies with Rebecsinib. 
Whole transcriptome sequencing of primary hematopoietic stem 
and progenitor cells (HSPCs) and LSCs purified from myelopro-
liferative neoplasm and acute myeloid leukemia (AML) patient 

samples revealed a splice isoform switch in pre-leukemia pro-
genitors that favored ADAR1p150 production. In contrast to cat-
alytically inactive ADAR1 (E912A) mutant or ADAR2 proteins, the 
lentiviral ADAR1 nanoluciferase-GFP reporter showed a dose de-
pendent increase in A-to-I BE that responded to overexpression 
of wild-type ADAR1p150. In functional stromal co-culture assays, 
Rebecsinib brought about decreased myelofibrosis pre-LSC vi-
ability, survival, and self-renewal, commensurate with reduced 
ADAR1p150 protein expression and reporter activity. Because 
Rebecsinib exhibits a favorable therapeutic index in AML LSC-en-
grafted in vivo models, we performed IND-enabling multi-species 
studies to assess the toxicokinetic and pharmacodynamic per-
formance of this compound. With a clinically tractable formula-
tion, Rebecsinib showed predictable pharmacological (PK/PD) 
properties combined with favorable bioavailability and stability, 
thereby enabling twice-weekly intravenous dosing regimens with 
no evidence of systemic toxicity. Together, these results lay the 
foundation for developing Rebecsinib as a clinical ADAR1p150 an-
tagonist aimed at obviating malignant microenvironment-driven 
LSC generation.

Keywords: RNA editing, AML, leukemia stem cells
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INHIBITION OF HYPERACTIVATED LYSOSOMES 
RESOLVES INTRINSIC INFLAMMATION AND 
RESTORES YOUTHFUL PROPERTIES AND 
FUNCTIONS IN OLD HEMATOPOIETIC STEM 
CELLS
Qiu, Jiajing - Cell, Developmental and Regenerative Biology, 
Icahn School of Medicine at Mount Sinai, New York, NY, USA
Arif, Tasleem - Cell, Developmental and Regenerative Biology, 
Icahn School of Medicine at Mount Sinai, New York, NY, USA
Menon, Vijay - Cell, Developmental and Regenerative Biology, 
Icahn School of Medicine at Mount Sinai, New York, NY, USA
Lin, Miao - Cell, Developmental and Regenerative Biology, Icahn 
School of Medicine at Mount Sinai, New York, NY, USA
Benson, Deanna - Department of Neuroscience, Icahn School of 
Medicine at Mount Sinai, New York, NY, USA
Tzavaras, Nikos - Department of Neuroscience, Icahn School of 
Medicine at Mount Sinai, New York, NY, USA
Ghaffari, Saghi - Cell, Developmental and Regenerative Biology, 
Icahn School of Medicine at Mount Sinai, New York, NY, USA

Aging is the primary risk factor for many late-onset disorders. Ag-
ing of hematopoietic stem cells (HSCs) is specifically implicated in 
the rise of myeloid malignancies and immune deficiencies in the 
elderly. Despite major progress, mechanisms that promote aging 
of HSCs remain to be elucidated. As quiescence maintains HSCs’ 
health and function throughout life, loss of quiescence with age is 
linked to old HSCs’ defects including their myeloid-biased lineage 
commitment. We have identified dynamic lysosomal modulations 
as a switch in the precise control of HSC quiescence vs. prim-
ing/activation in young HSCs. Here we show that lysosomes are 
relatively depleted and lysosomal properties and functions are 
compromised, independently of the known defective autophagy, 
in old HSCs. Lysosomes were hyper-acidic and their activity en-
hanced in old relative to young HSCs. This was coupled with old 
HSCs’ alteration of expression of lysosomal enzymes Cathepsin 
C and D and the vacuolar H+ -adenosine triphosphatase ATPase 
(v-ATPase). Specifically, we show that lysosomal defects led to a 
build-up of cytosolic damaged mitochondrial DNA that activated 
the cGAS-STING/IRF3/TBK1 pathway resulting in increased intrin-
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sic inflammatory gene expression in old HSCs. The inhibition of 
lysosomal acidification by v-ATPase repression, ex vivo, restored 
lysosomal properties in old HSCs, and resulted in the normal ex-
pression of histone marks and intrinsic inflammatory genes simi-
lar to what was observed in young quiescent and healthy HSCs. 
This treatment also increased substantially the fraction of non-di-
viding old HSCs in culture, and the frequency of old HSCs-de-
rived LTC-ICs. Importantly, ex vivo inhibition of lysosomal activity 
increased old HSCs’ in vivo competitive repopulation ability by 
more than 8-fold over 21 weeks and balanced the production of 
lineages downstream of old HSCs. Overall, our work indicates 
that inhibiting lysosomal hyper-activation restores old HSCs’ ly-
sosomal properties, reduces intrinsic inflammation and restitutes 
stem cell function in old HSCs. These findings may be exploited 
for improving HSCs’ potential in the elderly.

Keywords: Hematopoietic Stem Cells, aging, lysosomes
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DISSECTING THE ROLE OF FOS EARLY 
ACTIVATION GENE IN HEMATOPOIETIC STEM 
CELL QUIESCENCE AND ACTIVATION
Vargel Bolukbasi, Ozge - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Garcia, Vivian - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Laurent, Brice - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Almada, Albert - Stem Cell Biology and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA
Horwitz, Naftali - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Wagers, Amy - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA

Most hematopoietic stem cells (HSCs) exist in a dormant state 
in the bone marrow of adult mice; however, HSCs can exit the 
marrow, travel through the circulation, expand, and differentiate 
when activated. Stimulation by mobilizing agents (such as G-CSF) 
drives quiescent HSCs to migrate into the bloodstream in greater 
numbers and also drives a quiescence to activation switch. Pre-
vious work from our lab identified Early growth response 1 (Egr1), 
a member of the EGR family of zinc finger proteins that interacts 
with members of the Activator Protein 1 (AP-1) class of transcrip-
tion factors, as a key regulator of HSC migration and proliferation 
in adult mice. Recently, we further demonstrated involvement of 
the EGR1-interacting AP-1 protein FOS in the activation from quies-
cence of muscle stem cells in response to tissue injury. Based on 
these results, we hypothesize that FOS may similarly orchestrate 
the activation-associated migration and differentiation of HSCs, 
stimulated by G-CSF. To test this hypothesis, we administered 
G-CSF to FOS-GFP reporter mice and monitored subsequent 
activation of FOS expression. Two hours after G-CSF administra-
tion, 5.6+/-2.0% of bone marrow HSCs of young adult mice and 
6.9+/-3.3% of HSCs from aged mice demonstrated induction of 
FOS expression. To determine the functional consequences of 
Fos induction in this subset of HSCs, we transplanted FOS+ and 
FOS- HSCs, competitively with congenic helper marrow cells, to 
monitor their engraftment, expansion, and differentiation capac-
ities. In parallel, we evaluated the in vitro differentiation and pro-
liferation capacity of the sorted FOS+ and FOS- HSCs by colony 
formation assay. Results to date indicate that Fos expression in 
HSCs is correlated with increased differentiation and loss of the 
stem cell pool. Finally, to examine the necessity of Fos induction 

for changing HSC functions, we analyzed constitutive or condi-
tional deletion of Fos in HSCs and other blood cells, using Fosfl/fl 
mice crossed to either Vav1-iCre or HSC-SCL-CreERT mice. While 
studies of HSC-SCL-CreERT; Fosfl/fl mice are still ongoing, anal-
ysis of Vav1-iCre; Fosfl/fl mice demonstrate that deletion of Fos 
early in hematopoietic ontogeny phenocopies germline knockout 
of Fos, with significant disruption of bone formation and induced 
extra-medullary hematopoiesis.

Keywords: Hematopoietic Stem Cell, Fos (c-Fos), Quiescence to 
Activation Switch
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FINE-TUNING ENDOGENOUS ENDOTHELIAL 
VASCULATURE IN HUMAN PLURIPOTENT 
SPHEROIDS
DeFronzo, Stefanie - Bioengineering, Northeastern University, 
Boston, MA, USA
Kakarla, Shravani - Bioengineering, Northeastern University, 
Boston, MA, USA
Dai, Guohao - Bioengineering, Northeastern University, Boston, 
MA, USA

Vascularized spheroids made from human pluripotent stem cells 
have garnered interest as a novel platform for the study of an-
giogenesis, tissue engineering and drug discovery. However, 
current methods require lengthy culture time and complex media 
changes with expensive growth factors. Here, we describe the 
creation of vascularized spheroids within a week using human 
pluripotent stem cells (hPSCs) transduced with doxycycline-in-
ducible ETV2. Involved in vascular development, ETV2 serves 
as a master regulator of endothelial cell specification. By mod-
ulating the expression of ETV2, we were able to tune the for-
mation of vascular endothelial networks within hPSC spheroids. 
Interestingly, control samples with no ETV2 upregulation also 
produced open-lumen vascular networks cultured in basal me-
dia alone. Furthermore, our results show that addition of growth 
factors (VEGF, FGF2) may actually hinder development of vascu-
lar networks, compared to endogenous ETV2 and control basal 
conditions. Preliminary quantitative PCR results show increased 
Ephrin-B2 expression in spheroids cultured with growth factors 
in contrast to those without, implying the ability to adjust vascu-
lar fate. Overall, our data suggest that the optimal conditions for 
promoting vascularization in these spheroids may be simpler than 
previously thought. Our results demonstrate that ETV2-transduc-
ed hPSCs efficiently form functional, self-assembled vascularized 
spheroids in a short amount of time, providing a valuable tool for 
further fine-tuning of vessels as well as the in vitro study of angio-
genesis and the discovery of anti-angiogenic drugs.

Keywords: Stem cells, Endothelial cells, Spheroid
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SELECTIVE TARGETING OF LEUKEMIC 
STEM CELLS THROUGH MODULATION OF 
SELENOPROTEIN BIOSYNTHESIS BY PSTK
He, Lingli - Harvard Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Leong, Wei Zhong - Department of Stem Cell and Regenerative 
Biology, Harvard University, Cambridge, MA, USA
Sharda, Azeem - Department of Stem Cell and Regenerative 
Biology, Harvard University, Cambridge, MA, USA
Scadden, David - Department of Stem Cell and Regenerative 
Biology, Harvard University, Cambridge, MA, USA

The exquisite differences in the susceptibility to oxidative stress 
of normal hematopoietic stem cells (HSCs) and leukemic stem 
cells (LSCs) is a result of their differing metabolic processes. In 
contrast to HSCs, LSCs have a higher dependence on antioxidant 
and detoxification pathways to defend against the damaging ef-
fects of ROS generated through mitochondrial oxidative respira-
tion. Our study discovered that modulating the expression of the 
critical enzyme, phosphoserine tRNA kinase (PSTK) in the sele-
noprotein biosynthesis pathway can selectively kill cancer cells. 
Abolishing PSTK leads to an expansion of HSCs, but impairs the 
differentiation of B and T cells; partial inhibition of PSTK has min-
imal impact on HSC functionality. Nevertheless, even moderate 
PSTK reduction in LSCs results in a disruption of selenoprotein 
synthesis, elevated intracellular ROS and induction of ferropto-
sis. The inhibition of PSTK through a degrader shows remark-
able therapeutic efficacy against acute myeloid leukemia (AML) 
in vivo, with limited side effects on normal HSCs. These findings 
highlight the heightened vulnerability of leukemia cells to PSTK 
depletion, and underscore the potential for precise regulation of 
PSTK levels as a therapeutic strategy for AML treatment without 
affecting HSC functionality.

Keywords: Oxidative stress, selenoprotein biosynthesis, acute 
myeloid leukemia

TOPIC: KIDNEY
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CHARACTERIZATION OF PROGENITOR CELLS IN 
THE ADULT MAMMALIAN KIDNEY
Hamidouche, Tynhinane - Biology, UCA_IRCAN, Nice, France

Homeostatic renal filtration relies on the integrity of podocytes, 
which function in glomerular filtration. These highly specialized 
cells are damaged in 90% of chronic kidney disease, represent-
ing the leading cause of end-stage renal failure. While podo-
cytes are thought to have a severely limited capacity for renew-
al in homeostatic conditions, recent studies highlighted modest 
podocyte renewal in adult mice following injury. Nonetheless, the 
mechanisms regulating podocyte renewal following injury in the 
adult organism remain largely unknown and controversial. Using 
a mouse model of Adriamycin-induced nephropathy, we report 
that proper recovery of filtration function following podocyte in-
jury in wild-type mice requires up-regulation of the endogenous 
gene encoding the protein component of telomerase TERT. To 
assess the cascade of events involved in podocyte renewal, we 
used a mouse model of TERT conditional overexpression that 
allows forceful renewal of kidney podocyte following a pulse of 
TERT. Specific and stochastic lineage-tracing approaches carried 

out in this model provide evidence that telomerase drives the ac-
tivation and clonal expansion of podocyte progenitor cells to give 
rise to monoclonal glomeruli. Using high throughput sequencing 
approaches further allowed us to unveil the core pathways in-
volved in TERT pro-regenerative functions in the adult kidney. 
To characterize podocyte progenitors, we carried out a kinetic 
single nuclei RNA-seq analysis upon TERT-induced regeneration. 
Such approach provides insight into the regenerative trajectory 
of the progenitor cell population during podocyte renewal and 
further highlight the factors triggering state transitions of these 
cells. Our findings demonstrate that the adult kidney bears intrin-
sic regenerative capabilities involving the protein component of 
telomerase, paving the way for innovative research toward the 
development of chronic kidney disease therapeutics.

Keywords: Kidney, Telomerase, Regeneration
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IN VITRO AND IN VIVO MOLECULAR 
SIGNATURES OF HUMAN PLURIPOTENT 
STEM CELL DERIVED NEPHRON PROGENITOR 
ORGANOIDS TO SUPPORT A POTENTIAL 
REGENERATIVE KIDNEY CELL THERAPY
Graneli, Cecilia - BioPharmaceuticals Research and 
Development Cell Therapy, AstraZeneca, Gothenburg, Sweden
Jonebring, Anna - Discovery Sciences, BioPharmaceuticals 
Research and Development, AstraZeneca, Mölndal, Sweden
Larsson, Susanna - BioPharmaceuticals Research and 
Development Cell Therapy, AstraZeneca, Mölndal, Sweden
Hong, Xuechong - BioPharmaceuticals Research and 
Development Cell Therapy, AstraZeneca, Mölndal, Sweden
Holmgren, Gustav - BioPharmaceuticals Research and 
Development Cell Therapy, AstraZeneca, Mölndal, Sweden
Funa, Nina - BioPharmaceuticals Research and Development 
Cell Therapy, AstraZeneca, Mölndal, Sweden
Vaithilingam, Vijay - BioPharmaceuticals Research and 
Development Cell Therapy, AstraZeneca, Mölndal, Sweden
Stauske, Michael - BioPharmaceuticals Research and 
Development Cell Therapy, AstraZeneca, Mölndal, Sweden
Wallentin, Hanna - Bioscience Renal, Research and Early 
Development, Cardiovascular, Renal and Metabolism (CVRM), 
BioPharmaceuticals Research and Development, AstraZeneca, 
Mölndal, Sweden
Svensson, Anna - Discovery Sciences, BioPharmaceuticals 
Research and Development, AstraZeneca, Mölndal, Sweden
Wigge, Leif - Discovery Sciences, BioPharmaceuticals Research 
and Development, AstraZeneca, Mölndal, Sweden
Ericson, Charlotte - Bioscience Renal, Research and Early 
Development, Cardiovascular, Renal and Metabolism (CVRM), 
BioPharmaceuticals Research and Development, AstraZeneca, 
Mölndal, Sweden
Sini, Marcella - Clinical Pharmacology and Safety Sciences, 
BioPharmaceuticals Research and Development, AstraZeneca, 
Mölndal, Sweden
Söderberg, Magnus - Clinical Pharmacology and Safety 
Sciences, BioPharmaceuticals Research and Development, 
AstraZeneca, Mölndal, Sweden
Hicks, Ryan - BioPharmaceuticals Research and Development 
Cell Therapy, AstraZeneca, Mölndal, Sweden
Hansen, Pernille - Bioscience Renal, Research and Early 
Development, Cardiovascular, Renal and Metabolism (CVRM), 
BioPharmaceuticals Research and Development, AstraZeneca, 
Mölndal, Sweden
Woollard, Kevin - Bioscience Renal, Research and Early 
Development, Cardiovascular, Renal and Metabolism (CVRM), 
BioPharmaceuticals Research and Development, AstraZeneca, 
Cambridge, UK

Novel therapies are needed to address the unmet clinical need 
of patients suffering from chronic kidney disease (CKD) and cell 
therapy is an innovative strategy that has the potential to deliver 
effective, curative treatment options to renal patients. There are 
several recent reports that have developed protocols to differ-
entiate human pluripotent stem cells (hPSCs) into kidney-lineage 
cells using organoid models and we have further developed a 
robust and scalable method to produce kidney organoids for 
cell therapy applications. hPSCs were used to generate nephron 
progenitor cells (NPCs) through a previously described stem cell 
differentiation protocol for the formation of kidney organoids. On 
day 10-11 of differentiation, NPCs were transplanted under the re-

nal capsule of a NOD background mice model, where we studied 
the in vivo maturation of NPCs up to five weeks after implanta-
tion. In parallel, we studied the in vitro differentiation progression 
and maturation of NPC kidney organoids generated in the same 
way. RNA sequencing of NPC kidney organoids during in vitro 
differentiation shows broad representation of renal cell types 
by expression of markers representing several cell populations 
present in the developing nephron. There is increased expres-
sion over time in vitro of key podocyte- and tubular cell markers, 
and in vitro maturation leads to strong enrichment of glomeru-
lar related makers and also upregulation of markers connected 
to a functional phenotype such as tubular transporters. We can 
currently show that NPC kidney organoids implanted under the 
kidney capsule continue differentiation towards mature renal cell 
types. Histological evaluation and huRNA sequencing indicate 
progression of NPC-differentiation in vivo, predominantly towards 
tubular like cells, and upregulation of renal functional pathways in 
grafts 5 weeks after implantation. 

Keywords: Cell Therapy, Kidney Orgaoids, Kidney Disease
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CELL-TRANSPLANTATION-INDUCED 
REPROGRAMMING STATE IS ESSENTIAL FOR 
HEPATOCYTE ENGRAFTMENT
Sun, Zhen - Chinese Academy of Sciences, Center for 
Excellence in Molecular Cell Science, Shanghai, China
Zhang, Ludi - Chinese Academy of Sciences, State Key 
Laboratory of Cell Biology, CAS Center for Excellence in 
Molecular Cell Science, Shanghai Institute of Biochemistry 
and Cell Biology, Chinese Academy of Sciences, University of 
Chinese Academy of Sciences, Shanghai, China
Li, Lin - Chinese Academy of Sciences, State Key Laboratory 
of Cell Biology, CAS Center for Excellence in Molecular Cell 
Science, Shanghai Institute of Biochemistry and Cell Biology, 
Chinese Academy of Sciences, University of Chinese Academy 
of Sciences, Shanghai, China
Li, Weiping - Chinese Academy of Sciences, State Key 
Laboratory of Cell Biology, CAS Center for Excellence in 
Molecular Cell Science, Shanghai Institute of Biochemistry 
and Cell Biology, Chinese Academy of Sciences, University of 
Chinese Academy of Sciences, Shanghai, China
Wu, Baihua - Chinese Academy of Sciences, State Key 
Laboratory of Cell Biology, CAS Center for Excellence in 
Molecular Cell Science, Shanghai Institute of Biochemistry 
and Cell Biology, Chinese Academy of Sciences, University of 
Chinese Academy of Sciences, Shanghai, China
Chen, Luonan - Chinese Academy of Sciences, State Key 
Laboratory of Cell Biology, CAS Center for Excellence in 
Molecular Cell Science, Shanghai Institute of Biochemistry 
and Cell Biology, Chinese Academy of Sciences, University of 
Chinese Academy of Sciences, Shanghai, China
Hui, Lijian - Chinese Academy of Sciences, State Key Laboratory 
of Cell Biology, CAS Center for Excellence in Molecular Cell 
Science, Shanghai Institute of Biochemistry and Cell Biology, 
Chinese Academy of Sciences and University of Chinese 
Academy of Sciences, Shanghai, China

For cell-based therapy, successful initial engraftment is critical. 
However, the mechanism of cell engraftment during transplan-
tation remains elusive. Recent studies have focused on under-
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) standing the effects of cell transplantation on the host microenvi-

ronment, while donor cell behavior after transplantation is largely 
unknown. Here, we elucidated that the transplanted hepatocytes 
(Tx-Heps) undergo a rapid reprogramming state transition, which 
is essential for cell engraftment. Through transcriptome sequenc-
ing and in situ staining analysis based on Tx-Heps, we demon-
strated that Tx-Heps displayed a reprograming signature during 
engraftment. Moreover, in vivo and in vitro functional experi-
ments have confirmed that Tx-Heps acquired bi-potential differ-
entiation ability. Notably, this reprogramming state is conserved 
in different transplantation models and species. Remarkably, 
lineage tracing experiments clearly showed that all successfully 
engrafted Tx-Heps undergo this reprogramming state. Important-
ly, hepatocyte-specific Arid1a ablation inhibited the formation of 
this reprogramming state and impaired cell engraftment. In con-
clusion, these findings depict that cell reprogramming in a given 
cell transplantation system, endowing Tx-Heps with the features 
of resistance to stress, survival and cell differentiation, facilitating 
cell engraftment as a new paradigm for understanding mecha-
nisms concerning regulation of systems for addressing basic is-
sues in cell transplantation, tumor metastasis/resistance and cell 
plasticity.

Keywords: Hepatocyte reprogramming, Cell engraftment, Cell 
transplantation

TOPIC: MESENCHYMAL STROMAL CELLS, ADIPOSE, 
AND CONNECTIVE TISSUE
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THE LANDSCAPE OF LONG NON-CODING RNAS 
IN HUMAN MESENCHYMAL STEM CELL-DERIVED 
SMALL EXTRACELLULAR VESICLES/EXOSOMES
Lee, Chien-Wei - Center for Translational Genomics and 
Regenerative Medicine Research, China Medical University 
Hospital, Taichung, Taiwan
Chen, Yi-Fan - International PhD Program for Translational 
Science, Taipei Medical University, Taipei, Taiwan
Hsiao, Allen - Department of Orthopaedics and Traumatology, 
The Chinese University of Hong Kong, Hong Kong
Wang, Amanda - Department of Orthopaedics and 
Traumatology, The Chinese University of Hong Kong, Hong 
Kong
Shen, Oscar - Faculty of Medicine, The Chinese University of 
Hong Kong, Hong Kong
Wang, Belle - Department of Orthopaedics and Traumatology, 
The Chinese University of Hong Kong, Hong Kong
Ho, Lok Wai - Department of Biomedical Engineering, The 
Chinese University of Hong Kong, Hong Kong
Lin, Wei-Ting - Doctoral Degree Program of Translational 
Medicine, National Yang Ming Chiao Tung University and 
Academia Sinica, Taipei, Taiwan
Choi, Chung Hang - Department of Biomedical Engineering, The 
Chinese University of Hong Kong, Hong Kong
Lee, Oscar - Department of Orthopedics, China Medical 
University Hospital, Taichung, Taiwan

The regenerative properties of mesenchymal stromal cells, also 
known as medicinal signaling cells (MSCs), are facilitated by the 
secretion of small extracellular vesicles (sEVs), also known as exo-
somes. The therapeutic potential of these sEVs can be increased 
through various licensing approaches, including cytokines, hy-
poxia, chemicals, and genetic modifications. The non-coding 

RNAs present within MSC-derived sEVs have been shown to play 
a crucial role in tissue regeneration. Despite extensive research 
on miRNA fingerprints, the landscape of long non-coding RNAs 
(lncRNAs) in MSC-sEVs has yet to be fully explored. In this study, 
the authors thoroughly characterized lncRNA signatures in hu-
man adipose-derived MSC sEVs, both with and without cytokine 
licensing, revealing unique lncRNA profiles distinct from their 
intracellular counterparts. The authors also identified 194 “me-
dicinal signaling lncRNAs” specific to MSC-sEVs and 27 “licens-
ing-responsive lncRNAs” upregulated by cytokines. An analysis 
of the lncRNA-protein interactome revealed a tightly connected 
network involved in chromatin remodeling, SWI/SNF superfam-
ily-type complex, and histone binding. Overall, this study sheds 
light on the landscape of lncRNAs in MSC-sEVs and advances our 
understanding of their therapeutic potential.

Funding Source: This work was supported by National Science 
and Technology Council, Taiwan (Reference no. 111-2320-B-039-
070-MY3) to CW Lee and by China Medical University Hospital 
(Reference no. DMR-110-226) to OK Lee.

Keywords: MSCs, Exosomes, lncRNAs
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DIFFERENCES IN ANGIOGENIC AND 
IMMUNOMODULATORY CAPACITIES OF 
EXTRACELLULAR VESICLES DERIVED FROM 
BONE MARROW- AND ADIPOSE-DERIVED 
MESENCHYMAL STROMAL/STEM CELLS AND 
IMPACTS OF IN VITRO EXPANSION
Liu, Yuan - Chemical and Biomedical Engineering, Florida State 
University, Tallahassee, FL, USA
Holmes, Christina - Chemical and Biomedical Engineering, 
Florida State University, Tallahassee, FL, USA
Li, Sun - Biomedical Sciences, Florida State University, 
Tallahassee, FL, USA

Recently, therapies utilizing extracellular vesicles (EVs) derived 
from mesenchymal stromal/stem cells (MSCs) have begun to 
show promise in clinical trials. However, EV therapeutic poten-
tial varies with MSC tissue source and in vitro expansion through 
passaging. To find the optimal MSC source for clinically translat-
able EV-derived therapies, this study aims to compare the angio-
genic, osteogenic, and immunomodulatory potentials and the 
protein and miRNA cargo compositions of EVs isolated from the 
two most common clinical sources of adult MSCs, bone marrow 
and adipose tissue, across different passage numbers. Primary 
adipose- and bone marrow- derived MSCs (ASCs and BMSCs) 
were isolated from adult Lewis rats. Although both MSC sourc-
es secreted EVs with similar mean sizes and average amount of 
protein per EV at passage 2 (P2), passage 4 (P4), and passage 8 
(P8), BMSCs showed a significantly higher EV yield per cell than 
ASCs at P2 (p < 0.01, n > 6) and P4 (p < 0.05, n > 6), but not at P8 
(n > 3). Transmission electron microscopy confirmed the morphol-
ogy of EVs at P2, P4, and P8 from ASCs and BMSCs. According 
to preliminary proteomics analysis, BMSC-EVs showed a higher 
number of unique protein types than ASC-EVs at the same pas-
sage, while BMSC-EVs and ASC-EVs each showed distinct pro-
tein profiles at different passage numbers. In vitro tube formation 
assays employing human umbilical vein endothelial cells (HU-
VECs) suggested that P2 ASC-EVs showed a significantly higher 
angiogenic capacity than BMSC-EVs (p ≤ 0.5, n = 5). These effects 
got stronger at P4, as indicated by increased numbers of nodes, 
branches, meshes and total tube length (p ≤ 0.5, n = 5). However, 
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differences between seemed to disappear at P8 (n = 2). Interest-
ingly, proliferation assays showed a higher HUVEC proliferation 
rate when co-cultured with BMSC-EVs than with ASC-EVs at P2 (n 
= 3), P4 (n = 3), and P8 (n = 2). Meanwhile, BMSC-EVs demonstrat-
ed significantly stronger M2-macrophage immunomodulatory ca-
pacity than ASC-EVs under LPS stimulation at P2, P4, and P8 as 
suggested by increased expression of Arg1 and IL-10 in qRT-PCR 
data (n ≥ 3), although no clear trends were observed without LPS 
stimulation. Further in vitro comparison studies of EV are currently 
underway to identify the optimal MSC-derived EV population for 
clinical bone regeneration therapies.

Keywords: MSC, EV, tissue engineering
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MESENCHYMAL STEM CELLS TRANSFER 
MITOCHONDRIA IN A 3D BIOPRINTED CHIMERIC 
MODEL SYSTEM
Bjerring, Julie Sofie - College of Health Sciences, Old Dominion 
University, Old Dominion, VA, USA
Sachs, Patrick - College of Health Sciences, Old Dominion 
University, Norfolk, VA, USA
Bruno, Robert - College of Health Sciences, Old Dominion 
University, Norfolk, VA, USA

Mitochondria are one of the most complex and vital organelles in 
eukaryotic cells. In recent years, it has been shown that through 
intercellular mitochondrial transfer, this important organelle pro-
vides a critical role in tissue homeostasis, damaged tissue repair, 
and tumor progression under physiological conditions. However, 
the mechanism of mitochondrial transfer and its effect on various 
cellular microenvironments has not yet been defined. Understand-
ing the metabolic effects of mitochondrial transfer and exploring 
the signaling leading to the intercellular mechanisms could pro-
vide advancements in both translational medicine and cell therapy 
for cancer progression and age-related diseases. Mesenchymal 
stem cells have been proposed as a therapeutic cell type for the 
rejuvenation of damaged and aged tissues. While there is good 
evidence in the literature for mitochondrial transfer from MSCs, 
there does not exist a sufficient high-throughput, biomimetic sys-
tem for studying the molecular impacts of this process. Therefore, 
we adapted a novel 3D bioprinting system to study mitochondrial 
transfer in biomimetic 3D cultures. Using a fluorescent GFP-MITO 
lentivirus, we were able to label mitochondrial protein in adipose 
derived stem cells (ASCs) to track mitochondrial transfer activity. 
The cells were co-cultured in 2D tissue flasks and printed into hy-
drogels using our 3D bioprinter. Through fluorescent microscopy, 
mitochondrial protein was observed traveling from stem cells to 
epithelial cell lines. We hypothesize this organelle trafficking aids 
in cell rescuing to stabilize mitochondria and improve metabolic 
function leading to successful rejuvenation of damaged and aged 
cell types. Further research to establish mitochondrial transfer, its 
mechanism(s), and molecular effects could lead insight into how 
this cellular communication rescues and normalizes metabolic 
factors of the stem cell microenvironment.

Keywords: Mitochondrial Transfer, 3D Bioprinting, Mesenchymal 
Stem Cell
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EXOSOMES TO PROMOTE A PRO-REGENERATIVE 
ENVIRONMENT IN UTERO AND REDUCE THE 
SEVERITY OF SPINA BIFIDA
Corradetti, Bruna - Center for Precision Environmental Health, 
Baylor College of Medicine, Houston, TX, USA
Cabrera, Robert - Center for Precision Environmental Health, 
Baylor College of Medicine, Houston, TX, USA
Finnell, Richard - Center for Precision Environmental Health, 
Baylor College of Medicine, Houston, TX, USA
Lin, Ying - Center for Precision Environmental Health, Baylor 
College of Medicine, Houston, TX, USA
Parchem, Jacqueline - Center for Precision Environmental 
Health, Baylor College of Medicine, Houston, TX, USA
Steele, John - Center for Precision Environmental Health, Baylor 
College of Medicine, Houston, TX, USA
Burgelain, Beck - Center for Precision Environmental Health, 
Baylor College of Medicine, Houston, TX, USA
Wlodarczyk, Bogdan - Center for Precision Environmental 
Health, Baylor College of Medicine, Houston, TX, USA

Transamniotic therapy mediated by placental mesenchymal stem 
cells (MSCs) has recently showed promise for the treatment of 
congenital disorders, including spina bifida (SB). MSCs accom-
plish the important task of communication with surrounding cells 
through a complex repertoire of soluble and vesicular emissions 
which act in tissue trophic, oxidative stress scavenging, anti-fi-
brotic, anti-inflammatory, anti-apoptotic and systemically respon-
sive manner. We tested the therapeutic potential of the exosomes 
(EXOs) released by amniotic fluid (AF)-derived MSCs to modulate 
the in-utero environment and mitigate the severity of SB in Fkbp8 
knockout mice. Fkbp8 -/- mice exhibit 100% penetrance and rep-
resent a highly relevant model, with strikingly similar features of 
human SB. Biodistribution data show that fluorescently labelled 
EXOs injected intraperitoneally in pregnant mice (E5) preferen-
tially accumulate within the uterus where they exert a therapeutic 
role. Data demonstrate that the injection of MSC-EXOs (109) i.p. 
into pregnant Fkbp8+/- dams resulting from heterozygous cross-
es at E8-12 is associated to a reduction in length of the SB lesion 
at E18.5 (3.06mm) compared to the PBS-treated homozygotes 
(5-8mm). The regenerative/protective effect of EXOs is also ob-
served in the skeleton structure following injection, with an ongo-
ing vertebrae closure visible at the level of the last thoracic and 
all lumbar vertebrae compared to untreated mice. The insights 
obtained from these preliminary studies support the potential role 
of AF-MSCs to be used for the development of cell-free strategies 
to improve the prognosis of patients with SB.

Keywords: Spina bifida, Exosomes, amniotic fluid-mesenchymal 
stem cells



234

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 T
iS

S
u

E
 S

T
E

M
 C

E
LL

S
 A

N
D

 R
E

g
E

N
E

R
A

T
iO

N
 (

T
S

C
) 1067

ENGINEERING MULTILAYERED CELL SHEETS 
USING HUMAN DENTAL PULP STEM CELLS 
UNDER XENO-FREE CULTURE CONDITIONS FOR 
HARD TISSUE REGENERATIVE MEDICINE
Mochizuki, Mai - Life Science Dentistry, The Nippon Dental 
University School of Life Dentistry, Tokyo, Japan
Nakahara, Taka - Developmental and Regenerative Dentistry, 
The Nippon Dental University, Tokyo, Japan

Regenerative therapies using human dental pulp-derived mes-
enchymal stem cells (DPSCs) need to be safe and highly repro-
ducible. We previously reported an effective culture method for 
DPSCs using type 1 collagen (COL) coating of cultureware under 
xenogeneic serum-free culture (XFM) conditions. COL-XFM cul-
tures of DPSCs produced abundant extracellular matrix proteins 
and formed a cell sheet structure (CS). However, CS formation 
required a long period (³2 weeks). The aim of this study was to es-
tablish a new culture method capable of rapidly and reproducibly 
forming CS for cell therapy.

DPSCs and iliac bone-derived bone marrow stem cells (BMSCs) 
were cultured under COL-XFM. All experiments were performed 
using cells at passages 3-6. DPSCs cultured at a specific cell 
density adhered to the culture dish at an early stage due to high 
expression of integrin α2β1 (a specific interactor with type I col-
lagen) and showed high proliferation. In addition, DPSCs formed 
a multi-layered CS featuring the production of multiple types of 
collagen for 10 days, and apoptotic cells were not observed. This 
multilayered CS (multi-CS) formed calcified nodules by induced 
osteogenic differentiation. Moreover, CS encapsulated with hy-
droxyapatite/β-tricalcium phosphate and implanted subcutane-
ously in immunodeficient mice resulted in significantly enhanced 
formation of bone-like hard tissue compared to BMSCs. Con-
versely, BMSCs cultured under the same conditions as DPSCs 
exhibited low integrin α2β1 expression and low proliferation. Al-
though they reached confluence, BMSCs did not form CS. We 
have established a new culture method for rapid formation of a 
mechanically strong multi-CS structure. Moreover, multi-CS can 
be easily adapted to making cell/scaffold constructs, providing 
highly reproducible outcomes. This new culture method is ex-
pected to permit safe and effective hard tissue engineering.

Funding Source: JSPS KAKENHI Grant-in-Aid for Research 
Activity Start-up (No. 18H06317 and 19K21403), Grant-in-Aid for 
Scientific Research (B) (No. 21H03147 ) and a research grant 
(2020 to) from the Nippon Dental University.

Keywords: Human dental pulp stem cell, Cell sheet, xenogenic 
serum-free culture
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AUTOLOGOUS IN UTERO MESENCHYMAL 
STEM/STROMAL CELL THERAPY FOR 
MYELOMENINGOCELE - A PILOT STUDY
Kumar, Priyadarsini - Surgery, University of California Davis, CA, 
USA
Pivetti, Christopher - Surgery, University of California, Davis, 
Sacramento, CA, USA
Galganski, Laura - Surgery, University of California, Davis, 
Sacramento, CA, USA
Vanover, Melissa - Surgery, University of California, Davis, 
Sacramento, CA, USA
Anderson, Jamie - Surgery, University of California, Davis, 
Sacramento, CA, USA
Yamashiro, Kaeli - Surgery, University of California, Davis, 
Sacramento, CA, USA
Paxton, Zachary - Surgery, University of California, Davis, 
Sacramento, CA, USA
Farmer, Diana - Surgery, University of California, Davis, 
Sacramento, CA, USA
Wang, Aijun - Surgery, University of California, Davis, 
Sacramento, CA, USA

We have established that early gestation placenta-derived mes-
enchymal stem/stromal cells (PMSCs) can potentially be used 
for treatment of myelomeningocele (MMC, spina bifida), a neural 
tube defect. The current standard of care for spina bifida is in 
utero skin closure over the defect during the second trimester 
of pregnancy. Our ongoing CuRe Trial (NCT04652908) for spina 
bifida utilizes banked allogeneic PMSCs seeded on sub-intestinal 
submucosa (SIS) extracellular matrix (PMSC-ECM) placed on the 
site of defect at the time of repair. Allogeneic cell banking, test-
ing and maintenance involves continued labor and costs, and the 
effect of long-term storage on the quality of banked cells is un-
determined. If feasible, offering autologous therapy as an option 
to MMC patients is a worthwhile alternative. MMC is diagnosed 
by ultrasound at 18-22 weeks of pregnancy, but it can potentially 
be detected during the first trimester (11-14 weeks) using nuchal 
translucency ultrasound imaging. Chorionic villus sampling (CVS) 
is a surgical procedure to obtain first trimester placental villus tis-
sue for genetic testing. In this pilot study, we tested the feasibili-
ty of an autologous therapy using the gold standard ovine MMC 
model. A cotyledon from the placenta was surgically obtained at 
the time of defect creation surgery gestational age (GA) 75 days 
(first trimester). Chorionic villi then underwent enzymatic diges-
tion and isolated cells were seeded for expansion. At passage 2, 
the cells were transduced with GFP expressing lentiviral vector 
and underwent further expansion for a total of four passages. The 
cells isolated were tested for MSC phenotype by PCR and neu-
roprotective capability by an established in vitro anti-apoptotic 
assay. 24 hours prior to the time of defect repair surgery (GA 105 
days, 2nd trimester) the cells were seeded onto the SIS-ECM at a 
density of 300,000 cells/cm2 and incubated at 37ºC, 5% CO2. 6 
fetuses were treated with PMSC-ECM patch. The three lambs that 
survived had a sheep locomotor rating (SLR) score of 14, 15 and 15 
at birth (median score 15). An SLR score of 0 indicates complete 
paralysis and a SLR score of 15 indicates normal ambulation. His-
torical control lambs that were treated with ECM only had a medi-
an SLR score of 6.5. This pilot study demonstrated the feasibility 
of an autologous therapy for MMC patients.

Keywords: Mesenchymal stem/stromal cells, spina bifida, 
autologous therapy
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TREATMENT OF MOUSE MODELS OF 
EXPERIMENTAL AUTOIMMUNE DISEASES BY 
ADMINISTRATION OF ACTIVATED ADIPOSE-
DERIVED MESENCHYMAL STEM/STROMAL CELLS
Saito, Takashi - Department of Legal Medicine, Osaka Medical 
and Pharmaceutical University, Takatsuki-shi, Japan
Kotani, Takuya - Department of Internal Medicine IV, Osaka 
Medical and Pharmaceutical University, Takatuski, Japan
Matsuda, Shogo - Department of Internal Medicine IV, Osaka 
Medical and Pharmaceutical University, Takatsuki, Japan
Suzuka, Takayasu - Department of Internal Medicine IV, Osaka 
Medical and Pharmaceutical University, Takatsuki, Japan
Sato, Takako - Department of Legal Medicine, Osaka Medical 
and Pharmaceutical University, Takatsuki, Japan
Takeuchi, Tohru - Department of Internal Medicine IV, Osaka 
Medical and Pharmaceutical University, Takatsuki, Japan

Adipose-derived mesenchymal stem/stromal cells (ASCs) have 
gained attention as a treatment for fibrotic disease. They have 
anti-inflammatory and fibrotic effects and modify the microenvi-
ronment at the site of engraftment. ASCs are typically isolated via 
enzymatic digestion using collagenases. Low-molecular-weight 
heparin (LMWH) exhibits multiple functions including anti-inflam-
matory, antifibrotic, and cell function-promoting effects. LMWH 
stimulation is expected to increase the therapeutic effect of ASCs 
by promoting cellular functions. This study aimed to confirm the 
therapeutic effect of LMWH-activated ASCs (hepASCs) in mouse 
models of several autoimmune diseases. ASCs were cultured in 
an LMWH-supplemented medium. LMWH significantly increased 
the number of ASCs and enhanced their anti-inflammatory, and 
antifibrotic effects. Systemic lupus erythematosus (SLE) is an au-
toimmune disease with multi-organ manifestations such as skin, 
lung, heart, and kidney. Lupus nephritis is one of the life-threaten-
ing complications in SLE, which correlates with high mortality rate. 
Lupus nephritis mouse model were prepared. Systemic sclerosis 
is a refractory autoimmune disease that causes inflammation, fi-
brosis, and vascular endothelial damage in systemic organs. In-
terstitial lung disease is a condition that may cause respiratory 
failure. Interstitial inflammation of the lungs induces fibrosis in dif-
fused alveolar damage. Mice with bleomycin-induced pulmonary 
fibrosis and systemic sclerosis were prepared. They were intra-
venously administered normal ASCs or hepASCs. The collagen 
content decreased significantly in the normal ASCs and hepASCs 
administered groups compared with that in the disease model 
mouse group. The relative mRNA expression of inflammation-re-
lated genes was significantly lower in the treatment group than in 
the pathological model group. hepASCs showed higher anti-in-
flammatory and antifibrotic effects than normal ASCs and may be 
a promising candidate for autoimmune diseases treatment.

Funding Source: This work was supported by JSPS KAKENHI 
(Grant Number 21K16312).

Keywords: stem cell-based therapy, Adipose-derived 
mesenchymal stem cells, autoimmune diseases
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EPIGENETIC REGULATIONS OF ADIPOSE-
DERIVED STEM CELLS DURING SPHEROID 
FORMATION AND PERIPHERAL NERVE 
REGENERATION
Wu, Chia-Ching (Josh) - Cell Biology and Anatomy and 
Bioengineering, National Cheng Kung University, Tainan, 
Taiwan
Chang, Ming-Min - Cell Biology and Anatomy, NCKU, Tainan, 
Taiwan

The neuropathogenesis was triggered after nerve injury. We 
are interested to discover the potential therapeutic approach 
for the regeneration of the peripheral nervous system (PNS). In 
adipose-derived stem cells (ASCs), we discovered the sphere 
formation which is important for morphological changes in adult 
stem cells and material modification using biomaterials. We found 
the fibroblast growth factor receptor was significantly increased 
during neural lineage cells (NLC) induction. Further analysis of 
ASC-derived spheres discovered the involvement of histone 
deacetylase (HDAC) 5 nucleus translocation during NLC induc-
tion. The HAT activities were decreased and the trimethylation 
of H3K4 and H3K9 were increased during spheroid formation. 
The supplement of FGF9 during NLC induction facilitated the 
Schwann cells (SCs) fate commitment via the FGF9-FGFR2-Akt 
phosphorylation pathway. The fate committed SC can partici-
pate in the myelin sheath formation during nerve regeneration. 
We also investigated the epigenetic changes of different HDACs 
after PNS injury. The HDAC inhibitor (HDACi) sodium phenylbu-
tyrate (PBA) was discovered to reduce SCs inflammation and 
improve sciatic nerve regeneration after injury. The PBA inhibit-
ed nuclear factor kappaB (NFkappaB)-p65 phosphorylation and 
translocation by regulating the HDAC3 expression and activity. 
Taken together, the epigenetic regulation on neural spheroid for-
mation in ASCs and the cellular responses of Schwann cells in the 
microenvironment after PNS injury play important roles for nerve 
repair and regeneration.

Funding Source: NSTC Taiwan

Keywords: adipose stem cell, neuronal induction, peripheral 
nerve regeneration
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TRANSPLANTATION OF HUMAN CRANIAL 
BONE-DERIVED MESENCHYMAL STEM CELLS 
AND REHABILITATION ENHANCE MOTOR 
FUNCTIONAL RECOVERY IN MICE AFTER 
TRAUMATIC BRAIN INJURY
Karim, Md. Salimul - Graduate School of Biomedical and Health 
Sciences, Hiroshima University, Hiroshima, Japan
Imura, Takeshi - Department of Rehabilitation, Hiroshima 
Cosmopolitan University, Hiroshima, Japan
Kurose, Tomoyuki - Graduate School of Biomedical and Health 
Sciences, Hiroshima University, Hiroshima, Japan
Nakagawa, Kei - Graduate School of Biomedical and Health 
Sciences, Hiroshima University, Hiroshima, Japan
Kawahara, Yumi - Space Bio-Laboratories Co. Ltd., Hiroshima, 
Japan
Yuge, Louis - Graduate School of Biomedical and Health 
Sciences, Hiroshima University, Hiroshima, Japan

Traumatic brain injury (TBI) is a major global health problem. The 
recovery and healing from TBI are often difficult due to the lim-
ited self-repair capabilities of brain tissues after trauma. There-
fore, stem cell transplantation and rehabilitation are suggested to 
treat TBI. In this study, we transplanted human cranial bone-de-
rived mesenchymal stem cells (hcMSCs) into a mouse model of 
TBI, and investigated the effects of different post-transplantation 
rehabilitation approaches for the recovery of motor function. In 
the present study, human frontotemporal cranial bone waste fol-
lowing neurosurgical procedures were used for the isolation of 
hcMSCs. Twenty four hours after TBI induction in mice, hcMSCs 
or PBS were transplanted intravenously. After transplantation, 
they were classified into a no-exercise group, a low-frequency 
exercise group with treadmill exercise 3 days a week (LF Ex), and 
a high-frequency exercise group with treadmill exercise 7 days 
a week (HF Ex). Treadmill exercise (TM) was performed for 20 
minutes at a speed of 6 m/min. Beam walking test and rotarod 
test were used for motor function evaluation. Injured brain tis-
sues were analyzed at days 8 and 35 days after TBI induction for 
mRNA and protein expression analysis by real-time polymerase 
chain reaction and western blotting, respectively. At 35 days after 
TBI induction, hcMSCs transplantation + HF Ex group significant-
ly improved motor function compared to the no exercise group, 
the hcMSCs transplantation + LF Ex group, the LF Ex group, and 
the HF Ex group. Furthermore, we found that the mRNA and pro-
tein expression levels of hepatocyte growth factor (HGF), nerve 
growth factor (NGF), and Growth-associated protein 43 (GAP-43) 
were significantly higher in the hcMSCs transplantation + HF Ex 
group compared to other groups. Previous studies have demon-
strated that NGF accelerates neural differentiation and increased 
expression of GAP-43 enhances synaptic regeneration and high 
expression of HGF ensures the efficacy of hcMSCs in promoting 
functional recovery following TBI. Therefore, the combined use of 
hcMSCs transplantation and rehabilitation may provide a promis-
ing therapeutic option for treating TBI.

Funding Source: This study was financially supported by the 
Program for Developing and Supporting the Next-Generation of 
Innovative Researchers at Hiroshima University, Japan.

Keywords: Traumatic brain injury, Mesenchymal stem cells, 
Rehabilitation
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ALTERED MICRORNA EXPRESSION PROFILE 
IN EXTRACELLULAR VESICLE OF THE BONE 
MARROW MESENCHYMAL STROMAL CELLS IN 
ACQUIRED APLASTIC ANEMIA PATIENTS
Nityanand, Soniya - Dr Ram Manohar Lohia Institute of Medical 
Sciences, Lucknow, India
Srivastava, Jyotika - Stem Cell Research Center, Department of 
Hematology, Sanjay Gandhi Post Graduate Institute of Medical 
Sciences, Lucknow, India
Saxena, Pragati - Stem Cell Research Center, Department of 
Hematology, Sanjay Gandhi Post Graduate Institute of Medical 
Sciences, Lucknow, India
Rai, Bhuvnesh - Stem Cell Research Center, Department of 
Hematology, Sanjay Gandhi Post Graduate Institute of Medical 
Sciences, Lucknow, India
Chaturvedi, Chandra - Stem Cell Research Center, Department 
of Hematology, Sanjay Gandhi Post Graduate Institute of 
Medical Sciences, Lucknow, India

Bone marrow mesenchymal stromal cell (BM-MSC) derived extra-
cellular vesicles (EVs) play a crucial role in determining the fate of 
hematopoietic stem and progenitor cells (HSPC) in the BM niche. 
Acquired aplastic anemia (AA) is a state of bone marrow failure 
characterized by peripheral pancytopenia and hypoplastic mar-
row with profound alteration in the HSPC numbers and functions. 
Recently, we have reported that EVs from BM-MSC of AA patients 
inhibit the proliferative and colony forming ability of HSPCs and 
promote apoptosis. It is now well established that one of the im-
portant components of EVs mediating their effector functions 
are microRNAs (miRs). Thus, we hypothesized that the miRs in 
BM-MSC EVs of AA patients may contribute to the impaired he-
matopoietic functions of HSPCs. Therefore, the aim of the study 
was to identify differentially expressed (DE) miRs, and their target 
pathways in AA BM-MSC EVs in comparison to normal controls 
(NC). To conduct the study, EVs were isolated using Total Exo-
some Isolation Kit and characterized following the MISEV 2018 
guidelines. RNA was isolated from BM-MSC EVs of AA (n=6) and 
NC (n=6). RNA quality was evaluated by RIN number followed by 
library preparation and NGS based Illumina miR profiling. Bioin-
formatic pipeline included DESeq and miRWalk2 to identify DE 
miRs and target genes, respectively. KEGG database embedded 
in miRNet tool was used for Pathway analysis and miR-gene net-
work (p=< 0.05). This study was approved by Institutional Ethics 
Committee and Stem Cell Research Committee. Our results show 
that morphology and size of EVs from AA and NC BM-MSC were 
similar. Both groups exhibited the expression of CD63, CD81 and 
TSG101 (EV markers) with negligible expression of calnexin (non-
EV marker). miR profiling revealed that EVs from AA BM-MSC had 
681 DE miRs out of which 11 were significantly upregulated and 
9 downregulated (>log2fold). Pathway and network analysis re-
vealed interaction between significantly altered miRs with genes 
involved in cell cycle, proliferation, apoptosis, T-cell activation, 
and hematopoiesis regulation. Our data highlights that EVs from 
AA BM-MSC have significantly altered miRs which may be of func-
tional importance in AA pathobiology. Future studies are warrant-
ed to elucidate the diagnostic and therapeutic potential of these 
EV miRs in AA.

Funding Source: Extramural grant by the Department of 
Biotechnology (DBT), New Delhi (BT/PR31421/MED/31/407/2019), 
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DBT Wellcome Trust India Alliance Grant (IA/I/16/1/502374) and 
DST INSPIRE Fellowship (IF170881).

Keywords: Extracellular Vesicles of Bone Marrow-MSC, 
microRNA, Aplastic Anemia
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A MULTIPLEX PROTEIN ASSAY TO SCREEN 
OSTEOGENIC PROPERTIES OF CALCIUM 
PHOSPHATE BIOMATERIALS - IN VITRO 
SELECTION AND IN VIVO VALIDATION IN A 
SUBCUTANEOUS IMPLANTATION MODEL
Eischen-Loges, Maria José R. - MERLN Institute for Technology-
Inspired Regenerative Medicine, Maastricht University, 
Maastricht, Netherlands
Roumans, Nadia - MERLN Institute for Technology-Inspired 
Regenerative Medicine, Maastricht University, MERLN Institute, 
Maastricht, Netherlands
Joris, Virginie - MERLN Institute for Technology-Inspired 
Regenerative Medicine, Maastricht University, Maastricht, 
Netherlands
Alaoui Selsouli, Yousra - MERLN Institute for Technology-
Inspired Regenerative Medicine, Maastricht University, 
Maastricht, Netherlands
Tahmasebi Birgani, Zeinab - MERLN Institute for Technology-
Inspired Regenerative Medicine, Maastricht University, 
Maastricht, Netherlands
van Griensven, Martijn - MERLN Institute for Technology-Inspired 
Regenerative Medicine, Maastricht University, Maastricht, 
Netherlands
LaPointe, Vanessa - MERLN Institute for Technology-Inspired 
Regenerative Medicine, Maastricht University, Maastricht, 
Netherlands
Habibovic, Pamela - MERLN Institute for Technology-Inspired 
Regenerative Medicine, Maastricht University, Maastricht, 
Netherlands

The intrinsic healing capacity of bone falls short in critical-sized 
defects. Autologous bone grafts, which are considered a gold 
standard treatment for these defects, are associated with consid-
erable drawbacks and the clinical performance of existing syn-
thetic bone graft substitutes remains inferior to their biological 
counterpart. This led to development of a growing number of new 
biomaterials for bone regeneration and with it, the demand for 
extensive in vitro and in vivo testing. Furthermore, a poor cor-
relation between in vitro and in vivo results in bone regenera-
tion research indicates a need to improve methodologies used 
to assess biomaterials in vitro. Therefore, we developed a tar-
geted protein multiplex assay containing a combination of mark-
ers related to osteogenesis, angiogenesis and inflammation, all 
relevant processes in bone regeneration, as a screening tool to 
identify increased osteogenic differentiation in human mesenchy-
mal stem cells exposed to different biomaterials. A library of cal-
cium phosphate (CaP)-based biomaterials, widely used synthetic 
bone graft substitutes, with inorganic additives was established 
and cells were cultured on these CaP particles. All materials were 
biocompatible and no cytotoxic effect was detected. The protein 
multiplex expression profile of cells exposed to these materials 
allowed us to identify materials predicted to have an increased 
osteogenic, angiogenic or inflammatory potential. Twelve mate-
rials were chosen which showed the most differences in protein 

profiles for subsequent in vivo evaluation in a mouse subcuta-
neous implantation model over 8 weeks. Osteogenic proper-
ties were shown through ectopic bone formation. Macrophage 
polarization was assessed as an indicator for the inflammatory 
response 7 days after implantation. Angiogenic potential was de-
termined by blood vessel quantification. Based on this ongoing 
work, we aim to describe the correlation between in vitro and in 
vivo results, justifying this screening tool for the in vitro assess-
ment of biomaterial performance for bone regeneration.

Funding Source: This research is funded by the Netherlands 
Organisation for Scientific Research Vidi grant (15604), the Dutch 
Province of Limburg (LINK project) and the Interreg Vlaanderen/ 
Nederland project ‘BIOMAT-on-microfluidic-chip’.

Keywords: Protein multiplex, human mesenchymal stem cells, 
calcium phosphate-based biomaterials
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GPCRS-G12/13-RHOA SIGNALING AXIS LOCKS 
MUSCLE STEM CELL IN QUIESCENCE
Peng, Yundong - Cardiac Development and Remodelling 
(Department I), Max Planck Institute for Heart and Lung 
Research, Bad Nauheim, Germany
Braun, Thomas - Cardiac Development and Remodelling 
(Department I), Max Planck Institute for Heart and Lung 
Research, Bad Nauheim, Germany
Schneider, Andre - Cardiac Development and Remodelling 
(Department I), Max Planck Institute for Heart and Lung 
Research, Bad Nauheim, Germany
Du, JingJing - Cardiac Development and Remodelling 
(Department I), Max Planck Institute for Heart and Lung 
Research, Bad Nauheim, Germany

GPCRs have emerged as important regulators that keep mus-
cle stem cells (MuSCs) from exiting the quiescent and undiffer-
entiated condition. However, the topography of the quiescent 
MuSC-specific GPCR signaling network has not to be elucidated 
yet. Here, we depicted a landscape of GPCR expression during 
MuSC quiescence, by comparative analysis the transcriptomic 
variations between quiescent and activated MuSCs. Meanwhile, 
using pharmacological and inducible-genetic approaches, we 
identified two niche-derived GPCR ligands, endothelin-3 (ET-3) 
and neurotensin (NT), which bind to EDNRB and NTSR2 respec-
tively, and subsequently trigger the G12/13 signaling pathway that 
reinforces MuSC quiescence through tuning of RhoA activity. In 
summary, our findings open a window on the GPCR-mediated 
regulatory architecture in quiescent MuSC, facilitating the identi-
fication of novel targets and repositioning of therapeutic agents 
for prevention and mitigation of myopathies associated with the 
disruption of MuSC quiescence.

Keywords: Muscle stem cell, quiescence, GPCR
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INTERSPECIES GENERATION OF FUNCTIONAL 
MUSCLE STEM CELLS
Lenardic, Ajda - Department of Health Sciences and 
Technology, ETH, Zürich, Switzerland
Domenig, Seraina - Department of Health Sciences and 
Technology, ETH, Zürich, Switzerland
Zvick, Joel - Department of Health Sciences and Technology, 
ETH, Zürich, Switzerland
Tarnowska-Sengül, Monika - Department of Health Sciences 
and Technology, ETH, Zürich, Switzerland
Bundschuh, Nicola - Department of Health Sciences and 
Technology, ETH, Zürich, Switzerland
Ghosh, Adhideb - Department of Health Sciences and 
Technology, ETH, Zürich, Switzerland
Bar-Nur, Ori - Department of Health Sciences and Technology, 
ETH, Zürich, Switzerland

Satellite cells, the stem cells of skeletal muscle tissue, hold a pro-
digious regeneration capacity. However, low satellite cell yield 
from autologous or donor-derived muscles preclude adoption of 
satellite cell transplantation for the treatment of muscle diseases 
including Duchenne muscular dystrophy (DMD). To address this 
limitation, we investigated whether sufficient quantity of satellite 
cells can be produced in allogeneic or xenogeneic animal hosts. 
First, we generated intraspecies mouse chimeras by injection of 
CRISPR/Cas9-corrected DMD-induced pluripotent stem cells (iP-
SCs) into mouse blastocysts carrying an ablation system of host 
satellite cells. Analysis of adult chimeras revealed exclusive gen-
eration of iPSC-derived satellite cells and derivative myoblasts. 
Similarly, injection of genetically-corrected DMD-iPSCs into rat 
blastocysts produced interspecies rat-mouse chimeras harbor-
ing mouse muscle stem cells. Notably, iPSC-derived muscle stem 
cells produced in either allogenic or xenogeneic animal hosts ef-
ficiently restored dystrophin expression in limb muscles of DMD 
mice following intramuscular transplantation. Our study thus pro-
vides a proof-of-principle for generation of therapeutically-com-
petent stem cells between divergent animal species, raising the 
possibility of procuring human stem cells in large animals for re-
generative medicine purposes.

Keywords: Myogenic stem cell niche regeneration, Blastocyst 
complementation, Duchenne muscular dystrophy
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MODULATION OF SIGNAL PATHWAYS IN HUMAN 
SKELETAL STEM CELLS TO UPREGULATE 
CARTILAGE REGENERATION
Lee, Lorene - Surgery, Stanford University, Stanford, CA, USA
Alam, Alina - Surgery, Stanford University, Stanford, CA, USA
Ambrosi, Thomas - Surgery, Stanford University, Stanford, CA, 
USA
Arouge, Elizabeth - Surgery, Stanford University, Stanford, CA, 
USA
Chan, Charles - Surgery, Stanford University, Stanford, CA, USA
Hu, Serena - Surgery, Stanford University, Stanford, CA, USA
Murphy, Matthew - Surgery, Stanford University, Stanford, CA, 
USA
Takematsu, Eri - Surgery, Stanford University, Stanford, CA, USA
Wang, Yuting - Surgery, Stanford University, Stanford, CA, USA
Hoover, Malachia - Surgery, Stanford University, Stanford, CA, 
USA

The vertebral column is a unique skeletal structure composed of 
intercalating vertebrae bone and intervertebral discs (IVD). This 
structure is not only essential for supporting the body’s structure 
and nervous system, but responsible for providing movement 
as well. Though crucial for normal body function, the vertebral 
column is susceptible to a wide range of genetic and injury-re-
lated disorders such as IVD degeneration and osteoarthritis. In 
an attempt to alleviate these conditions, research is being con-
ducted on using highly regenerative resident stem cell popula-
tions as potential therapies. In the past, we have isolated skeletal 
stem cell (SSC) populations and demonstrated their committed 
downstream progenitors give rise to bone, cartilage, and marrow 
stroma in mice and humans. Different from mesenchymal stro-
mal cells, bona fide SSCs represent a pure cell population that is 
intrinsically pluripotent. Using these isolation techniques, we dis-
covered resident SSCs in both mice and human IVDs. Within spe-
cies, these populations are distinct from each other depending 
on the source tissue location (cervical, thoracic, and lumbar) and 
display diversity in their capacity to differentiate into bone or car-
tilage. Using single cell-RNA sequencing, we found that human 
SSCs from each vertebral compartment upregulate specific and 
distinct factors. Some of these factors are conserved in mice and 
have been found to increase regeneration of damaged IVDs and 
vertebrae. We are now testing these factors in human vertebral 
specimens to evaluate if these signaling pathways are conserved 
and to provide translational information for vertebral regenera-
tion. The data gathered in this study sets the foundation for the 
clinical translation of stem cell-based therapies for preventing 
and reversing IVD-related musculoskeletal diseases.

Keywords: Skeletal stem cells, IVD, Cartilage
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ACTIVATION OF SKELETAL STEM CELLS FOR 
INTERVERTEBRAL DISC REGENERATION
Hoover, Malachia Y. - Stem Cell Biology and Regenerative 
Medicine, Stanford University School of Medicine, Sausalito, CA, 
USA
Arouge, Elizabeth - Stem Cell Biology and Regenerative 
Medicine, Stanford University, Stanford, CA, USA
Alam, Alina - Stem Cell Biology and Regenerative Medicine, 
Stanford University, Stanford, CA, USA
Ambrosi, Thomas - Stem Cell Biology and Regenerative 
Medicine, Stanford University, Stanford, CA, USA
Chan, Charles - Stem Cell Biology and Regenerative Medicine, 
Stanford University, Stanford, CA, USA
Lee, Lorene - Stem Cell Biology and Regenerative Medicine, 
Stanford University, Stanford, CA, USA
Takematsu, Eri - Stem Cell Biology and Regenerative Medicine, 
Stanford University, Stanford, CA, USA
Tong, Xinming - Schools of Engineering and Medicine, Stanford 
University, Stanford, CA, USA
Wang, Yuting - Department of Surgery, Division of Plastic and 
Reconstructive Surgery, Stanford University, Stanford, CA, USA

The intervertebral disc (IVD) is a highly specialized, fibrocartilag-
inous structure that deteriorates at a rate faster than any other 
connective tissue in the body. This condition is commonly re-
ferred to as IVD degeneration and a critical challenge for IVD 
repair is the development of effective treatments that reverses 
the fibrocartilage damage. Due to their cell intrinsic properties of 
self-renewal and differentiation, the utilization of tissue resident 
stem cells holds promise as a stem cell-based approach to com-
bat IVD degeneration. Our lab was the first to identify, isolate and 
functionally characterize bona fide skeletal stem cells (SSCs) and 
their committed downstream progenitors that give rise strictly to 
bone, cartilage, and marrow stroma in mice and humans. SSCs 
are distinct from mesenchymal stromal cells which represent 
highly heterogenous mixtures of cell types. More recently, we 
used our isolation methods to discover tissue resident SSCs with-
in mouse and human IVD and vertebra. Additionally, we found 
that the fate decisions of IVD SSCs can be guided by specific 
intrinsic and extrinsic cues. Furthermore, these factors can be 
transplanted into damaged spinal tissue to increase cartilage and 
bone in IVD and vertebrae tissues, respectively, using a novel 
mouse tail injury model. Collectively, our data shows that these 
factors can be used as potential stem cell-targeting therapy for 
combating degeneration of IVD as well as vertebra tissue. We aim 
to further this study by testing these factors using human spinal 
samples and set the foundation for the clinical translation of stem 
cell-based therapies for preventing and reversing IVD-related 
musculoskeletal diseases and hence, improve vertebral regen-
eration.

Funding Source: F31AR079265

Keywords: stem, regeneration, disc
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IDENTIFICATION AND CHARACTERIZATION OF 
NOVEL SKELETAL STEM CELL POPULATIONS IN 
MICE AND HUMANS
Coutu, Daniel - Regenerative Medicine Program, Ottawa 
Hospital Research Institute, Ottawa, Canada
Farhat, Stephanie - Regenerative Medicine Program, Ottawa 
Hospital Research Institute, Ottawa, Canada
Tilouche, Bahaeddine - Regenerative Medicine Program, 
Ottawa Hospital Research Institute, Ottawa, Canada
Short, Spencer - Regenerative Medicine Program, Ottawa 
Hospital Research Institute, Ottawa, Canada
Piron, Medjie - Regenerative Medicine Program, Ottawa 
Hospital Research Institute, Ottawa, Canada
Schroeder, Timm - Department of Biosystems Science and 
Engineering, ETH Zurich, Basel, Switzerland
Grammatopoulos, George - Orthopedic Surgery, The Ottawa 
Hospital, Ottawa, Canada
Carsen, Sasha - Research Institute, Children’s Hospital of 
Eastern Ontario, Ottawa, Canada
Campbell, Mark - Regenerative Medicine Program, Ottawa 
Hospital Research Institute, Ottawa, Canada
Dilworth, Jeffrey - Regenerative Medicine Program, Ottawa 
Hospital Research Institute, Ottawa, Canada

Skeletal tissues possess an amazing capacity to regenerate. 
However, this regenerative capacity decreases with age and co-
morbidities. In older individuals, skeletal tissues heal slowly and 
imperfectly despite advances in orthopedic surgery and rehabili-
tation. Current experimental approaches involve tissue engineer-
ing and stem cell-based regenerative therapies. Indeed, stem 
cells are responsible for growth, maintenance, and repair of skel-
etal tissues. However, they remain poorly characterized at the 
cellular and molecular levels which is a clear limitation for their 
clinical use. Our aim was to identify and characterize novel skele-
tal stem cell populations in murine and human tissues. To achieve 
this, we used genetic lineage tracing, spectral 3D confocal imag-
ing, computational image analysis, single cell transcriptomics and 
in vitro assays on mouse and human tissues. We show that the 
adult mouse skeleton contains self-renewing, multipotent skeletal 
stem cells (SSCs) with osteogenic, chondrogenic and adipogenic 
potential. These bona fide SSCs express Sox9 and are located 
in the resting zone of the growth plates and in periosteum. We 
further show that they persist after epiphyseal fusion in mature 
and old animals. Transcriptome analysis revealed that these cells 
express other putative SSCs markers, as well as genes involved 
in skeletal development, stem cell self-renewal, and fate decision. 
This data provides testable drug targets to pharmacologically 
manipulate SSCs fate decisions in situ. We showed that human 
tissues contain SSCs akin to murine tissues. This is the first ex-
perimental proof of self-renewal in postnatal SSCs in vivo. These 
findings provide actionable insights for the use of culture-expand-
ed stem cell product for regenerative medicine product or phar-
macological targeting of these stem cells in situ.

Funding Source: Stem Cell Network; the Arthritis Society; the 
Canadian Orthopedic Foundation; The Ottawa Hospital

Keywords: skeletal stem cells, musculoskeletal tissues, bone, 
cartilage
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LIGAMENTOCYTE DEDIFFERENTIATION TO A 
TRANSIENT PROGENITOR STATE FOR SCAR-
FREE LIGAMENT REGENERATION IN ZEBRAFISH
Anderson, Troy - Genetics and Development, Columbia 
University, New York, NY, USA
Mo, Julia - Genetics and Development, Columbia University, 
New York, NY, USA
Gagarin, Ernesto - Rehablitative and Regenerative Medicine, 
Columbia University, New York, NY, USA
Mao, Eric - Biological Sciences, Columbia University, New York, 
NY, USA
Leon, Gianna - ISRP, Packer Collegiate Institute, New York, NY, 
USA
Smeeton, Joanna - Rehabilitative and Regenerative Medicine, 
Columbia University, New York, NY, USA

Acute ligament injuries are common and associated with long-
term risks of recurrent ligament tears and osteoarthritis resulting 
from instability of the repaired joint. In mammals, poor healing re-
sults from a failure in differentiation during repair; cells rebuilding 
the healed ligament form a fibrotic scar rather than differentiating 
into ligamentocytes, as they do not express ligamentocyte mark-
er Scleraxis (Scx). In contrast, we recently described how adult 
zebrafish ligaments heal with scxa+ cells following an acute tran-
section injury. Here we define the early cellular and epigenetic 
drivers of ligament regeneration in adult zebrafish. Our studies 
reveal ligamentocyte dedifferentiation and later fate specification 
as key drivers of scar-free healing. Mature mammalian ligamento-
cytes are quiescent both in homeostasis and after acute injury. 
In contrast, we find injury-driven cell cycle re-entry in normally 
quiescent adult zebrafish ligamentocytes. Repeated live imaging 
of two independent ligamentocyte transgenic reporter zebrafish, 
scxa:mCherry and thbs4a_p1:eGFP, shows initial downregula-
tion and later re-expression of hallmark ligament genes during 
the regenerative healing process. Additionally, lineage tracing 
of mature ligamentocytes driven by a newly generated thbs4a_
p1:CreER allele, with tamoxifen-mediated BFP to DsRed reporter 
conversion prior to injury, shows that pre-existing ligamentocytes 
contribute to the final regenerated ligament. scRNAseq of joints 
across the healing time course highlight a transient population of 
injury-specific cells that reactivate developmental ligamentocyte 
genes. Furthermore, snATACseq analysis of joints during early 
regeneration points to dynamic chromatin accessibility changes 
associated with mature ligamentocyte genes. Together, these re-
sults indicate that adult zebrafish ligamentocytes have the unique 
potential to de-differentiate and proliferate to act as a progenitor 
pool in adult ligament healing. Through these studies, we devel-
oped the first adult vertebrate injury model for scar-free ligament 
regeneration. In future, by further characterizing the regulators of 
dedifferentiation and ligament fate restoration in a regenerative 
model, we aim to identify targets for therapies to improve mam-
malian ligament healing.

Funding Source: NIH NIDCR R00 DE027218 and F31 DE031970

Keywords: Ligament, Zebrafish, Regeneration
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A MULTIMODAL NEUROPROTECTIVE STEM CELL-
TISSUE ENGINEERING SOLUTION FOR TREATING 
RETINITIS PIGMENTOSA
Dromel, Pierre - Ophthalmology, InGel Therapeutics, Boston, 
MA, USA
Singh, Deepti - Ophthalmology, InGel Therapeutics, Boston, MA, 
USA
Young, Michael - Ophthalmology, Harvard Medical School, 
Boston, MA, USA

Stem cell therapies have shown great promise to restore vision 
in patients affected by retinal degenerative diseases. However, 
there are still challenges that remains due to the efficacy gap 
between in vitro studies and in vivo cell transplantation. This is 
partly due to the hostile microenvironments in which these cells 
are transplanted in. In a degenerative tissue, the host immune 
system and hostile conditions cause major challenges that need 
to be addressed. In retinitis pigmentosa (RP), the loss of vision is 
due to the death of both rod and cone photoreceptors. The ab-
sence of rods causes the loss of critical metabolic factors direct-
ly affecting cone survival and function. Therefore, cell therapies 
for RP are focusing on protecting, repairing, and replacing cone 
photoreceptors. To address this key issue, we have created a 3D 
hydrogel-based stem cell product that secretes neuroprotective 
factors in the vitreous to preserve cone photoreceptors. This bio-
compatible hydrogel mimics the in vivo extracellular matrix to of-
fer a thriving environment for cellular proliferation and viability. 
Our biomaterial encapsulates a novel enriched target cell popu-
lation that produces specific neurotrophic factors which are lost in 
RP. We have engineered this technology by combining material 
science and cell biology and have examined its effects in vitro on 
cone cells and in vivo with the rd-1 mice model (retinal degener-
ative mice). Our study shows that our technology is a multimodal 
therapy that targets specific neurodegenerative pathways such 
as neuro-glycolysis and neuro-inflammation. The neurotropic 
factors present can enhance glucose uptake by cone photore-
ceptors and reduce the expression of W6/32 markers indicating 
a reduction in neuro-inflammation. Following the injection of our 
stem cell-matrix product in the vitreous of rd-1 mice (P26) we ob-
served a 10-fold increase in cone survival (central retina) which 
translated into the mice ability to perceive light. This technology 
is the first of its type to be gene agnostic and which can target 
multiple pathways that are affected in RP patients.

Keywords: Retina, Tissue Engineering, Retinitis Pigmentosa
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1095

INVESTIGATING THE RESTORATIVE FUNCTIONS 
OF SLEEP IN NEURAL STEM CELLS AND 
REGENERATION
Malik, Vikas - Medicine, Columbia University Irving Medical 
Center, NY, USA
Zhou, Hongwei - Medicine, Columbia University Irving Medical 
Center, New York, NY, USA
Soni, Rajesh - Department of Pathology and Cell Biology, 
Columbia University Irving Medical Center, New York, NY, USA
Landry, Donald - Medicine, Columbia University Irving Medical 
Center, New York, NY, USA
Jelic, Sanja - Medicine, Columbia University Irving Medical 
Center, New York, NY, USA
Wang, Jianlong - Medicine, Columbia University Irving Medical 
Center, New York, NY, USA

Adequate sleep is considered restorative as circadian rhythm is 
reported to control adult stem cells from different sources to en-
sure tissue homeostasis. However, very little is known about the 
mechanistic control of stem cell functions by sleep. Despite sleep 
being an essential non-negotiable and conserved bodily function, 
human beings are the only mammals that actively avoid sleep in 
favor of other activities, e.g., work productivity or consumption 
of electronic media before bedtime, which delay sleep onset, re-
duce sleep duration, and compromise sleep quality. Women may 
need longer sleep duration than men and are more likely to suffer 
from anxiety and depression, which may also be related to their 
40% higher prevalence of insomnia, although causal evidence is 
lacking and underlying mechanisms are unclear. Utilizing plasma 
samples from a clinical trial involving healthy women with a ran-
domized crossover design of extended, objectively monitored 
sleep restriction (delaying bedtime by 1.5 hours over their regular 
schedule) that mimics “real-life” derangement of sleep duration 
(ClinicalTrials.gov NCT02835261), we performed metabolomic 
and proteomic profiling of the samples. We identified metabolites 
and proteins differentially enriched in adequate and restricted 
sleep conditions. Joint network pathway analysis showed enrich-
ment of terms like long-term potentiation and depression, neuro-
trophin signaling, circadian entrainment, glutamatergic synapse 
and glutamine and glutamate metabolism under restricted sleep 
condition, highlighting a strong link between sleep restriction 
and neuronal development phenotypes. Using neural stem cells 
(NSCs) differentiated from human embryonic stem cells, we found 
treatment with metabolic candidates enriched in sleep restriction 
led to aberrant G1 phase of cell cycle, and defective differentia-
tion of NSCs into neurons, astrocytes, and oligodendrocytes. We 
speculate that alterations in sleep can influence the daily dynam-
ics of NSC divisions, and our study may shed light on how sleep 
shapes adult stem cell functions in neural development.

Keywords: Sleep restriction, Neural Stem Cells, Multiomics

Clinical Trial ID number: NCT02835261

1097

SNIP1 AND PRC2 COORDINATE INTRINSIC 
APOPTOSIS, CELL DIVISION, AND 
NEUROGENESIS IN THE DEVELOPING BRAIN
Matsui, Yurika - Developmental Neurobiology, St. Jude 
Children’s Research Hospital, Memphis, TN, USA
Djekidel, Mohamed - Center for Applied Bioinformatics, St. Jude 
Children’s Research Hospital, Memphis, TN, USA
Lindsay, Katherine - Department of Developmental 
Neurobiology, St. Jude Children’s Research Hospital, Memphis, 
TN, USA
Samir, Parimal - Department of Microbiology and Immunology, 
University of Texas Medical Branch, Galveston, TX, USA
Connolly, Nina - Department of Developmental Neurobiology, 
St. Jude Children’s Research Hospital, Memphis, TN, USA
Chen, Hongfeng - Department of Developmental Neurobiology, 
St. Jude Children’s Research Hospital, Memphis, TN, USA
Fan, Yiping - Center for Applied Bioinformatics, St. Jude 
Children’s Research Hospital, Memphis, TN, USA
Xu, Beisi - Center for Applied Bioinformatics, St. Jude Children’s 
Research Hospital, Memphis, TN, USA
Peng, Jamy - Department of Developmental Neurobiology, St. 
Jude Children’s Research Hospital, Memphis, TN, USA

Neural progenitor cells (NPCs) are stem cells in the central ner-
vous system that give rise to neurons and glia. During develop-
ment, NPCs extensively undergo proliferation, apoptosis, and dif-
ferentiation in order to provide the structural organization of the 
brain. Aberrant NPC functions have been implicated in a number 
of neurological disorders and cancers including autism spectrum 
disorders, schizophrenia, and medulloblastoma. However, little is 
known about how NPCs properties are orchestrated at a molecu-
lar level. Here, we report the discovery of Snip1 as a key regulator 
of these NPC properties. The conditional deletion of Snip1 in the 
mouse embryonic brain causes dysplasia with robust activation 
of intrinsic apoptosis. Our transcriptomic analysis shows that loss 
of Snip1 reduces genes critical for cell cycle, neurogenesis, and 
cortical development, while inducing apoptotic genes and genes 
involved in developmental pathways. Mechanistically, Snip1 binds 
at the promoters of its target genes and facilitates the co-occu-
pancy of the polycomb repressive complex PRC2 and H3K27me3 
deposition. Our motif analysis further shows the preferential oc-
cupancy of Snip1 and PRC2 at loci with motifs including E2F pro-
teins, RELA and SP2. Deletion of PRC2 partially restores the gene 
expression profile of the Snip1-depleted brain and significantly 
improved brain dysplasia. Our findings reveal that Snip1 exerts 
loci-dependent regulation of PRC2 and H3K27me3 to transcrip-
tionally regulate the NPC functions in the developing brain.

Keywords: brain development, chromatin modifications, 
CUT&RUN

1099

KYNURENINE PATHWAY EFFECTS ON NEURAL 
STEM CELL FUNCTIONS
Cruz, Melanie - Cell Systems and Anatomy, University of Texas 
Health Science Center, San Antonio, TX, USA
Kokovay, Erzsebet - Cell Systems and Anatomy, University of 
Texas Health Science Center, San Antonio, TX, USA

In the adult brain, neurogenesis depends on neural stem cells 
(NSCs) residing in distinct niches such as the subventricular zone 
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) (SVZ) which lines the lateral ventricles. Hallmarks of neurodegen-

erative disorders include decreased neurogenesis and impaired 
NSC functions. While the effects of adult neurogenesis and pre-
served NSC functions are well documented, the regulation of 
such processes remains unclear; however, there is reason to be-
lieve the kynurenine pathway may play a role. Here we examine 
how adult mouse neural stem cells respond to various concentra-
tions of kynurenine and its downstream metabolites, kynurenic 
acid (KA) and quinolinic acid (QA), in vitro. Transgenic mice lack-
ing the kynurenine pathway enzyme kynurenine-3-monooxygen-
ase (KMO-/-) exhibit elevated levels of KA and decreased levels of 
QA, thus we expect exogenous treatment with KA to bolster pro-
liferation while treatment with QA should negatively impact prolif-
eration. These experiments demonstrate how altered kynurenine 
metabolite concentrations seen in neurodegenerative disorders 
affect cell proliferation and the prevalence of the quiescent state. 
We also explore potential mechanisms of action through the 
N-methyl-D-aspartate receptor, which is agonized by QA and an-
tagonized by KA, and the aryl hydrocarbon receptor, which can 
utilize both kynurenine and KA as ligands. In vivo experiments 
show increased proliferation within the SVZ of KMO-/- mice, as 
well as hyperproliferative growths into the lateral ventricle. Fur-
thermore, there are increases in doublecortin-positive SVZ neu-
roblasts, suggesting increased olfactory bulb interneuron forma-
tion. In habituation-dishabituation behavioral experiments there 
are indeed significant differences in olfaction between KMO-/- 
and wild-type mice. We hope to further elucidate mechanisms of 
action beyond the in vitro model to better understand how ky-
nurenine metabolism can play varied roles in damage recovery 
and neurodegeneration.

Funding Source: NIH-NIDSR01NA102448 William and Ella 
Owens Medical Research Foundation

Keywords: neural stem cells, kynurenine pathway, neurogenesis

1101

A SERIES OF DEVELOPMENTAL MILESTONES 
DEFINES THE EMERGENCE OF THE 
ADULT NEURAL STEM CELL STATE IN THE 
HIPPOCAMPUS
Bond, Allison M. - Neuroscience, Icahn School of Medicine at 
Mount Sinai, New York, NY, USA
Jimenez-Cyrus, Dennisse - Neuroscience, University of 
Pennsylvania, Philadelphia, PA, USA
Adusumilli, Vijay - Neuroscience, University of Pennsylvania, 
Philadelphia, PA, USA
Ming, Guo-li - Neuroscience, University of Pennsylvania, 
Philadelphia, PA, USA
Song, Hongjun - Neuroscience, University of Pennsylvania, 
Philadelphia, PA, USA

The dentate gyrus region of the hippocampus is one of only two 
regions in the adult mammalian brain where a population of neu-
ral stem cells is maintained throughout adulthood. Previously, we 
showed that Hopx-positive embryonic neural stem cells which 
contribute to developmental cytogenesis in the mouse dentate 
gyrus transition into quiescent adult neural stem cells, suggesting 
that a common lineage of neural stem cells contributes to devel-
opmental and adult neurogenesis. Quiescence is a hallmark fea-
ture of many adult stem cells, and presumably the transition to qui-
escence marks the shift from developmental to adult neural stem 
cell. However, the mechanisms underlying this critical transition 
remain completely unknown. Here we investigated the dynam-

ic properties of dentate gyrus neural stem cells during the early 
postnatal transition to a quiescence in male and female mice. We 
identified a timeline of molecular, cellular, and metabolic changes 
that define the transition to an adult neural stem cell state, includ-
ing changes in cell cycle dynamics, the transcriptome, autophagy, 
and cellular ROS levels. While some neural stem cell changes co-
incided with the transition to quiescence, others occurred before 
or after cell cycle exit, indicating that a series of milestones un-
derlies the transition to an adult neural stem cells state. Togeth-
er, our work supports a model wherein the transition to an adult 
neural stem cell state is not a singular switch from proliferation to 
quiescence, but is instead a more protracted, multi-step devel-
opmental process. Our study presents a framework from which 
future studies can build upon to investigate mechanisms driving 
the establishment and maintenance of the quiescent adult neural 
stem cell pool. Though this study focused on neural stem cells in 
the brain, many organ systems in the body harbor a population 
of quiescent adult stem cells, and the principles identified in the 
brain may apply broadly to the developmental establishment of 
other somatic stem cell populations.

Funding Source: NIH R35NS116843 to H.S., NIH R35NS097370 
to G.M., and NIH K01MH125144 to A.M.B.

Keywords: hippocampus, neural stem cell, quiescence

1103

IN VIVO AND EX VIVO CHARACTERIZATION 
OF TRANSPLANTED HUMAN IPSC-DERIVED 
DOPAMINE NEURONS FOR THE TREATMENT OF 
PARKINSON’S DISEASE
Petko, Alyssa - Neurology, BlueRock Therapeutics, New York, 
NY, USA
Bernal, Sonia - Neurology, BlueRock Therapeutics, New York, 
NY, USA
Harvey, Lucas - Neurology, BlueRock Therapeutics, New York, 
NY, USA
LoSchiavo, Deven - Neurology, BlueRock Therapeutics, New 
York, NY, USA
Paladini, Carlos - Neurology, BlueRock Therapeutics, New York, 
NY, USA
Seidenberg, Alec - Neurology, BlueRock Therapeutics, New 
York, NY, USA
Smith, Ryan - Neurology, BlueRock Therapeutics, New York, NY, 
USA
Srinivas, Maya - Neurology, BlueRock Therapeutics, New York, 
NY, USA
Tallman, Elizabeth - Neurology, BlueRock Therapeutics, New 
York, NY, USA
Tam, Edmund - Neurology, BlueRock Therapeutics, New York, 
NY, USA
Tivon, Yaniv - Neurology, BlueRock Therapeutics, New York, NY, 
USA
Wilkinson, Dan - Neurology, BlueRock Therapeutics, New York, 
NY, USA
Xu, Jim - Neurology, BlueRock Therapeutics, New York, NY, 
USA

Parkinson’s Disease (PD) is marked by loss of dopaminergic cells 
in the ventral midbrain that results in pathophysiological motor 
and cognitive deficiencies. Over the last decade, cell therapies 
have aimed to replace the lost dopamine (DA)-producing cells to 
reverse the pathophysiological symptoms of PD. Induced plurip-
otent stem cell (iPSC)-derived progenitor DA neurons transplant-
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ed into the striatum of PD model animals show great promise 
as an effective treatment for PD. To become an effective ther-
apy, the transplanted cells must contain a sufficient number of 
DA-producing neurons that can properly integrate into the host 
brain. An important part of this requires transplanted cells to 
make synaptic connections with the host brain for optimally timed 
DA release during motor initiation. This functional integration is 
critical for long-term functional efficacy. Here, we characterize 
a research-grade human iPSC-derived DA neuron cell therapy 
product, DA02, applying behavioral, molecular, and functional 
approaches during cell engraftment and maturation. We found 
that DA02-transplanted rats demonstrate complete rescue of 
amphetamine-induced rotations in 6-OHDA lesioned rats at four-
month timepoint post-engraftment. Using gene expression ap-
proaches, we show that DA02 cells contain mature markers of 
dopaminergic neurons. Furthermore, we observe no evidence of 
off-target neurons such as serotonergic or GABAergic cells. Us-
ing patch clamp electrophysiology, we observe spontaneous syn-
aptic events that indicate proper graft-host interactions. Features 
of intrinsic excitability such as action potential waveform are also 
similar to those of canonical DA neurons. In summary, these data 
provide important evidence of proof-of-concept for feasibility of 
an iPSC-derived DA cell therapy product for the treatment of PD.

Funding Source: BlueRock Therapeutics

Keywords: Dopamine, Parkinson’s Disease, Electrophysiology

1105

AN INVERSE AGONIST OF ROR-GAMMA, SR2211, 
PROMOTES OLIGODENDROCYTE MATURATION 
AND REMYELINATION IN VIVO
Barzegar, Mansoureh - Ophthalmology, Johns Hopkins, 
Baltimore, MD, USA
Li, Weifeng - Ophthalmology, Johns Hopkins School of 
Medicine, Baltimore, MD, USA
Dhukhwa, Asmita - Ophthalmology, Johns Hopkins School of 
Medicine, Baltimore, MD, USA
Gharagozloo, Marjan - Neuroimmunology, Johns Hopkins 
School of Medicine, Baltimore, MD, USA
Calabresi, Peter - Neuroimmunology, Johns Hopkins School of 
Medicine, Baltimore, MD, USA
Zack, Donald - Ophthalmology Ocular Molecular Biology, Johns 
Hopkins School of Medicine, Baltimore, MD, USA
Chamling, Xitiz - Ophthalmology, Johns Hopkins School of 
Medicine, Baltimore, MD, USA

Multiple Sclerosis (MS), the most common demyelinating disorder 
in young adults, is characterized by an immune-mediated loss of 
myelin, which could lead to severe neurological disabilities. Avail-
able treatment options for MS are limited to modulation of im-
mune responses to slow down the progression of the disease, 
but they do not directly promote remyelination. A complementary 
treatment that would effectively promote protection and/or res-
toration of damaged myelin would provide a significant benefit 
for MS patients. Therefore, our lab has been working to identify 
biologically active small molecules (SMs) that can stimulate en-
dogenous oligodendrocyte precursor cells (OPCs) to differentiate 
into mature and functionally active myelin producing oligoden-
drocytes (OLs). To that end, we developed a human embryonic 
stem cell (hESC) reporter system and performed high-through-
put drug screening using hESC-derived OPCs, which identified 
SR2211, an inverse agonist for retinoic acid receptor-related or-
phan receptor gamma (ROR-gamma), as a small molecule that 

can enhance the maturation of hOLs from hOPCs. Interestingly, 
inhibition of ROR-gamma has been shown to block the differenti-
ation of Th17 cells and the production of IL-17, which is associated 
with MS progression. However, the role of ROR-gamma in my-
elination is not clear. To examine the translatability of the OL-mat-
uration and myelination-promoting role of SR2211 in vivo, we 
established a cuprizone-induced demyelination mouse model, 
which is frequently used to evaluate remyelination independent 
of immunomodulation. Five weeks after the initiation of cuprizone 
feeding, a timepoint at which there is significant demyelination in 
the corpus callosum, mice on cuprizone diet received either ve-
hicle, SR2211, or Miconazole (positive control) daily through intra-
peritoneal injection for two weeks. Our initial analysis of the brain 
sections with Black-Gold staining and immunofluorescent stain-
ing for OPC/OL markers (PDGFRA, OLIG2, CC1, and MBP) showed 
promising improvement in myelination of the corpus callosum of 
SR2211-treated mice. Our study suggests that ROR-gamma could 
be a promising target for developing remyelination-based thera-
py for multiple sclerosis (MS) and other demyelinating diseases.

Funding Source: National Eye Institute

Keywords: Multiple Sclerosis, Human Embryonic Stem Cells 
Differentiation into Oligodendrocyte Progenitor Cells and 
Matured Oligodendrocyte, Remyelination Promoting Small 
Molecule

1107

UNEXPECTED MHC CLASS II EXPRESSION IN 
PUTATIVE PROGENITOR SUBPOPULATIONS OF 
ADULT HUMAN NEUROSPHERES
Womack, Nicole L. - ISCBRM, Stanford School of Medicine, Palo 
Alto, CA, USA
Eastman, Anna - ISCBRM, Stanford University, Stanford, CA, USA
Liu, Daniel - ISCBRM, Stanford University, Stanford, CA, USA
Raj, Suyash - ISCBRM, Stanford University, Stanford, CA, USA
Sinha, Rahul - ISCBRM, Stanford University, Stanford, CA, USA
Uchida, Nobuko - ISCBRM, Stanford University, Stanford, CA, 
USA
Weissman, Irving - ISCBRM, Stanford University, Stanford, CA, 
USA

The stem/progenitor hierarchy governing adult-born neurons 
and glia is well-characterized in rodents and other mammals, but 
poorly understood in humans. In order to probe for functional ev-
idence of multipotent progenitors, and to search for new markers 
to facilitate their prospective isolation, we harnessed the out-
growth of primary neurospheres derived from fresh postnatal hu-
man brain tissue in order to enrich for cells retaining cell division 
and differentiation activity. Using high-coverage single-cell RNA 
sequencing (scRNAseq), we identified a rare population within 
postnatal human brain neurospheres expressing several genes 
associated with a neural stem cell identity. We further identified 
several cell surface receptors uniquely expressed by this cluster, 
including CD74, whose protein-level expression was confirmed 
using flow cytometry. CD74 performs many functions, most nota-
bly as a chaperone for MHC Class II complex assembly, as well as 
a receptor for macrophage migration inhibitory factor (MIF). Since 
treatment with exogenous MIF did not affect expansion of post-
natal neurosphere cultures, nor fate choice upon differentiation, 
we turned our attention to MHC Class II. By scRNAseq, we deter-
mined that components and positive regulators of the MHC Class 
II complex were exclusively expressed by the CD74+ immature 
progenitor cluster. As MHC II is classically associated with anti-
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such as a putative neural progenitor is unexpected and intriguing. 
Ongoing work is aimed at uncovering the significance of MHC II 
heterogeneity in postnatal human neurospheres. Additionally, we 
are investigating whether MHC II expression in non-immune cells 
of the adult human cortex plays a role in neural-immune inter-
actions, possibly through regulation of phagocytosis or synaptic 
pruning, in the context of severe epilepsy.

Funding Source: CIRM Bridges 3.0 - Scholars Program

Keywords: Adult Human Neural Progenitor, MHC Class II, Single 
Cell Transcriptomics

1109

TIME POINT SPECIFIC ABLATION OF GDNF-
EXPRESSING NPCS IN SPINAL CORD INJURY 
REVEALS LONG TERM ROLE IN REGENERATION
Lou, Zi Jian J. - Institute of Medical Sciences, University of 
Toronto, ON, Canada
Zhang, Oliver - Institute of Medical Sciences, University of 
Toronto, ON, Canada
Kouhzaei, Sogolie - Genetics and Development, Krembil 
Research Institute, Toronto, ON, Canada
Khazaei, Mohammad - Genetics and Development, Krembil 
Research Institute, Toronto, ON, Canada
Fehlings, Michael - Institute of Medical Sciences, University of 
Toronto, ON, Canada

Neural Precursor Cell (NPC) transplantations are a promising 
field of research for treating spinal cord injury (SCI). However, it 
is currently unknown to what extent the transplanted cells con-
tribute to regeneration through the release of trophic factors that 
stimulate and protect endogenous tissue, and the generation of 
glial cells and neurons to replace lost neuronal tissue. Recent re-
search from our lab has shown that transplantation of NPCs which 
overexpress glial-derived neurotrophic factor (GDNF), a protein 
endogenously expressed by NPCs, rescues neuronal differen-
tiation in the transplanted NPCs, improves white matter sparing 
after injury, and improves the degree of functional recovery when 
compared to conventional NPCs. By expressing the GDNF pro-
tein under a progenitor cell state promoter, and inducing ablation 
of progenitor cells with the HSV-TK system, we can elucidate the 
mechanism and critical time period by which the overexpression 
of GDNF facilitates the previously observed recovery after trans-
plantation. Previous studies conducted in our laboratory have 
recorded increased functional recovery as early as 2 weeks af-
ter transplantation, at which point grafted cells have not yet fully 
differentiated and integrated with host circuits. We observed that 
the rats that sustained SCI and were given transplants of the NPC 
lines expressing GDNF showed improved functional recovery 
when compared to conventional NPCs. When compared to the 
constitutively active promoter expressing GDNF, the progenitor 
state promoter line of GDNF-expressing NPCS facilitated similar 
levels of recovery, as seen in the catwalk, grip strength, and in-
clined plane behavioural tests. This could indicate that the pro-
genitor promoter expresses GDNF for the necessary period of 
time to facilitate the benefits that we observed in the constitutive-
ly active EF1a::GDNF group. Ongoing tissue analysis will elucidate 
how the grafted undifferentiated GDNF-expressing NPCs contrib-
ute to functional recovery after the transplantation.

Keywords: Neural Stem Cells, Spinal Cord Injury, Cell 
transplantation

1111

ISOLATION AND THERAPEUTIC APPLICATION 
OF NEURAL STEM CELLS FROM THE NERVES OF 
ADIPOSE TISSUE
Stavely, Rhian - Department of Pediatric Surgery Research, 
Massachusetts General Hospital, Harvard University, Boston, 
MA, USA
Ott, Leah - Pediatric Surgical Research Laboratories, 
Massachusetts General Hospital/Harvard Medical School, 
Boston, MA, USA
Han, Christopher - Pediatric Surgical Research Laboratories, 
Massachusetts General Hospital/Harvard Medical School, 
Boston, MA, USA
Rahman, Ahmed - Pediatric Surgical Research Laboratories, 
Massachusetts General Hospital/Harvard Medical School, 
Boston, MA, USA
Hotta, Ryo - Pediatric Surgical Research Laboratories, 
Massachusetts General Hospital/Harvard Medical School, 
Boston, MA, USA
Goldstein, Allan - Pediatric Surgical Research Laboratories, 
Massachusetts General Hospital/Harvard Medical School, 
Boston, MA, USA

Diseases affecting the nervous system are notoriously difficult 
to treat, necessitating the development of new therapies for this 
urgent unmet clinical need. Neural stem cell (NSC) regenerative 
therapy is a promising approach to alleviating diseases of the ner-
vous system by replacing damaged neurons/glia, or by producing 
neurotrophic factors that protect and stimulate their repair. This 
approach requires an autologous source of NSC for adequate en-
graftment. The concept that cells from fat tissue can be isolated 
and induced to acquire the traits of neurons and glia has been 
known for 20 years, but the identity of this neurogenic population 
has remained elusive. Using elegant cell reporter models, we re-
port that these neurogenic cells originate from the neural crest-de-
rived Schwann cell population in both subcutaneous and visceral 
adipose tissue. Further experiments indicate that the neurogenic 
potential of adipose-derived cells was confined specifically to the 
Schwann cell-derived population, rather than mesenchymal stem 
cells. These cells represent only a minority of the heterogenous 
stem cell population from adipose tissue. Based off our findings 
we report novel methodologies to isolate NSCs from the nerves 
within adipose tissue from mice and human clinical samples. To 
understand the biological mechanisms underlying this process, 
RNA-sequencing was performed and showed that Schwann cells 
can dedifferentiate in vitro and subsequently acquire NSC-like 
properties. To test their functional potential, NSCs from the adi-
pose were transplanted into mouse models of neurointestinal dis-
ease (gastroparesis and Hirschsprung disease). The cells engraft-
ed, migrated, differentiated into neurons and glia, and exhibited 
calcium signaling properties consistent with neurons. Importantly, 
these cells rescued the functional deficits in both models. Fur-
thermore, we demonstrate that adipose-derived NSCs can fully 
reform functional nerves in a sciatic nerve gap model. NSCs could 
be successfully isolated from clinical samples of subcutaneous 
and visceral adipose tissue obtained by laparoscopy from lean 
and obese subjects with ages ranging 10 to 80 years old. The 
biological insight provided by these studies offers an opportunity 
to develop better cell therapies from autologous fat for nervous 
system diseases.

Keywords: neural stem cell, adipose, nerve
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1113

UNDERSTANDING THE SPATIOTEMPORAL 
EFFECTS OF GDF11 IN REJUVENATION OF THE 
AGED MOUSE BRAIN.
Saxena, Monika - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Gasperini, Caterina - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Guo, Jia - Department of Neurology, Columbia University, New 
York, NY, USA
Small, Scott - Department of Neurology, Columbia University, 
New York, NY, USA
Rubin, Lee - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA

Brain endothelial cells (ECs) form the blood-brain barrier (BBB) 
which functions, at least in part, to maintain brain homeostasis. 
ECs deteriorate with aging and neurodegenerative disease, lead-
ing to BBB dysfunction and a concomitant reduction in adult neu-
rogenesis. However, the infusion of young blood into old mice 
via heterochronic parabiosis can reverse some of these changes. 
GDF11 is a circulating factor in the blood and has beneficial ef-
fects on brain vasculature and neurogenesis in aged mice. MRI 
scanning of old mice after 28 days of GDF11-treatment revealed 
a spatiotemporal increase in cerebral blood volume (CBV) in 
the brain. Interestingly, we observed increased CBV in different 
regions of the cortex and dentate gyrus of the hippocampus (a 
niche of adult neurogenesis). This is consistent with our previous 
findings of increased brain vessel density following GDF11 ad-
ministration. Because systemic GDF11 appears not to cross the 
BBB, we hypothesize that it acts directly on the vascular cells. 
To this end, we performed a time course analysis of the aging 
mouse brain after GDF11 treatment to understand its sequential 
effects. We found that GDF11 treatment for 14 days increased the 
CD31+ blood vessel area in the cortex and hippocampus. More-
over, EC tight junction proteins, including Claudin5 and ZO1, 
and other young brain EC components, such as VEGF signaling, 
also increased, indicating improved functionality of the existing 
vessels. Furthermore, we observed increased doublecortin and 
c-fos-positive cells in the dentate gyrus, suggesting stimulation 
of neurogenesis and enhanced neuronal activity. Together, these 
data confirm that GDF11 acts in multiple brain regions to improve 
vascular and neuronal outcomes. Next, we are investigating the 
mechanism by which GDF11 exerts its effects in the aging brain to 
improve its therapeutic efficacy.

Funding Source: 1. R01AG072086 NIH/NIA 2. Simons 
Foundation (Collaboration on Plasticity in the Aging Brain) 3. 
R01NS117407 NIH/NINDS

Keywords: GDF11, Aging brain rejuvenation, adult neurogenesis, 
Blood brain barrier, endothelial cells
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EFFECTS OF MITOCHONDRIAL BIOGENESIS 
MODULATION ON NEURAL STEM CELLS IN 
VITRO AND AFTER TRANSPLANTATION IN A 
SPINAL CORD INJURY MODEL
Zahedi, Atena - Stem Cell Research Center, University of 
California, Irvine, CA, USA
El-Tahlawy, Dina - Stem Cell Research Center, University of 
California, Irvine, CA, USA
Wu, Anne - Stem Cell Research Center, University of California, 
Irvine, CA, USA
Totounji, Iyah - Stem Cell Research Center, University of 
California, Irvine, CA, USA
McDonald, Skylar - Stem Cell Research Center, University of 
California, Irvine, CA, USA
Habib, Raul - Stem Cell Research Center, University of 
California, Irvine, CA, USA
Nadimzadeh, Narjes - Stem Cell Research Center, University of 
California, Irvine, CA, USA
Martinez, Joshua - Stem Cell Research Center, University of 
California, Irvine, CA, USA
Yang, Ray - Stem Cell Research Center, University of California, 
Irvine, CA, USA
Khamnei, Neda - Stem Cell Research Center, University of 
California, Irvine, CA, USA
Nekanti, Usha - Stem Cell Research Center, University of 
California, Irvine, CA, USA
Piltti, Katja - Stem Cell Research Center, University of California, 
Irvine, CA, USA
Lakatos, Anita - Stem Cell Research Center, University of 
California, Irvine, CA, USA
Nishi, Rebecca - Stem Cell Research Center, University of 
California, Irvine, CA, USA
Anderson, Aileen - Stem Cell Research Center, University of 
California, Irvine, CA, USA

Central nervous system (CNS) cells have a high bioenergetic de-
mand making them vulnerable to mitochondria dysfunction. In 
spinal cord injury (SCI), the secondary injury phase is character-
ized by changes in the microenvironment that affect mitochon-
dria such as oxidative stress, loss of access to nutrients, and the 
presence of pro-inflammatory signals such as C1q. Human neural 
stem cells (hNSC) have shown great promise in clinical therapies 
for traumatic injuries due to their ability to generate new cells of 
the CNS and secrete neuroprotective cargo. We have derived 
and characterized several human neural stem cells (UCI-hNSC) 
lines and their potential for restoring locomotor function (efficacy) 
after SCI in mice. NSC lines exhibit variation in “mitochondria fit-
ness traits” (MFTs) that is linked to their capacity for in vivo repair. 
In this study, we hypothesize that resilience to stressors as well 
as enhancing NSC mitochondrial function, could enhance NSC 
repair capacity. Transcriptomic comparison of an efficacious line 
(UCI161) vs. a non-efficacious line (UCI152) revealed key differ-
ences in MFT categories: bioenergetics, biogenesis, permeabil-
ity transition, redox potential, and mitophagy and/or autophagy. 
UCI161 were shown to have higher Nrf2 levels, a key transcrip-
tion factor involved in stem cell self-renewal and antioxidant re-
sponse. Mitochondrial functional assays of mitochondria mem-
brane potential (MMP) and ATP production revealed that UCI161 
were better responders to bioenergetic drugs, whereas UCI152 
responded optimally to biogenesis enhancement. Conversely, 
treatment of hNSC with pro-inflammatory C1q resulted in loss of 
TFAM, a key biogenesis transcription factor, which led to loss of 



246

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 T
iS

S
u

E
 S

T
E

M
 C

E
LL

S
 A

N
D

 R
E

g
E

N
E

R
A

T
iO

N
 (

T
S

C
) mitochondria area, mtDNA instability, and activation of the in-

flammasome pathway. MFT screening of UCI161 and UCI152 with 
FDA-approved mitochondrial compounds identified a biogenesis 
drug candidate that increased TFAM and mitochondrial levels. 
Rag1 mice underwent a unilateral C5 cervical SCI followed by 
administration of UCI hNSC lines, hNSC pre-treated for 2 days, 
or hNSC plus drug supplementation via diet. Functional recov-
ery was assessed using locomotor tasks: Catwalk gait analysis 
(Noldus), horizontal adder beam, and Dynamic Weight Bearing 
(Bioseb).

Keywords: Mitochondria Biogenesis, Neural Stem Cells, Spinal 
Cord Injury

1117

ENRICHED DIFFERENTIATION OF HUMAN OTIC 
SENSORY NEURONS DERIVED FROM DENTAL 
PULP STEM CELLS
Zine, Azel - Laboratory of Bioengineering and Nanoscience, 
University of Montpellier, France
Messat, Yassine - Laboratory of Bioengineering and 
Nanosciences, University of Montpellier, France
Collart-Dutilleul, Pierre-Yves - Laboratory of Bioengineering and 
Nanosciences, University of Montpellier, France
Cuisinier, Frederic - Laboratory of Bioengineering and 
Nanosciences, University of Montpellier, France

Sensorineural hearing loss (SNHL) is one of the most common 
human sensory disorders. Most cases of SNHL are due to the 
degeneration of key structures of the sensory pathway in the 
cochlea such as the hair cells and the spiral ganglion neurons 
(SGNs). Because of the lack of regenerative capacity of the sen-
sory epithelium and SGNs, SNHL is permanent. Different stem 
cell-based approaches aiming at cell replacement are currently 
the subject of intensive research as putative therapeutic strate-
gies for SNHL. Nevertheless, the availability of renewable source 
of stem cells and efficient protocols for in vitro generation of otic 
neurosensory structures remain among crucial requirements to 
develop cell replacement for SNHL. Human dental pulp stem cells 
(hDPSCs) represent a readily accessible source of cells from an 
ectodermal origin to treat SNHL, but are new in the field of inner 
ear regenerative therapy. To this this end, we have developed a 
stepwise in vitro guidance procedure, which mimics the most im-
portant steps of in vivo otic development, to differentiate hDPSCs 
into otic neuronal progenitors (ONPs) and then to otic sensory 
neurons (OSNs). Initially, the hDPSCs were propagated as mono-
layer cultures expressed known mesenchymal and neural crest 
markers. Transition to culturing hDPSCs as 3D neurospheres 
grown under BMP pathway inhibition followed by BMP4 treat-
ment resulted in a significant upregulation of otic/placodal and 
ONP gene markers after 7 days in vitro. Furthermore, either ONP 
or OSN-like cells were obtained when the neurospheres were 
plated on a 2D Matrigel-coated substrate and exposed to Shh 
and Wnt pathway modulators for 1 week followed by treatment 
with NT3 and BDNF neurotrophins for 1 week. The differentiat-
ed cells displayed characteristic otic neuron bipolar morphology 
and upregulated a comprehensive panel of ONP and OSN gene 
markers. This study demonstrates that hDPSCs can be driven to 
differentiate inner ear neuronal lineages and thereby promotes 

their potential to be employed in cell-based therapies for autolo-
gous auditory nerve repair.

Funding Source: Supported by the University of Montpellier & la 
Fondation des Gueules Cassées (FGC)

Keywords: human dental pulp stem cells, otic development, 
spiral ganglion neurons

TOPIC: PANCREAS
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EXPANSION OF INSULIN-PRODUCING 
ISLET CELLS THROUGH MYCL-MEDIATED 
REPROGRAMMING FOR TISSUE REGENERATION
Yamada, Yasuhiro - Department of Molecular Pathology, 
University of Tokyo, Bunkyo-ku, Japan

β cells have a limited capacity for regeneration, which predis-
poses towards diabetes. Here, we show that, of the MYC fami-
ly members, Mycl plays a key role in proliferation of pancreatic 
endocrine cells. Genetic ablation of Mycl causes a reduction in 
the proliferation of pancreatic endocrine cells in neonatal mice. 
By contrast, the expression of Mycl in adult mice stimulates the 
proliferation of β and α cells, and the cells persist after withdrawal 
of Mycl expression. A subset of the expanded α cells give rise to 
insulin-producing cells after this withdrawal. Transient Mycl ex-
pression in vivo is sufficient to normalize the hyperglycaemia of 
diabetic mice. In vitro expression of Mycl similarly provokes active 
replication in islet cells, even in those from aged mice. Finally, 
we show that MYCL stimulates the division of human adult ca-
daveric islet cells. Our results demonstrate that the induction of 
Mycl alone expands the functional β-cell population, which may 
provide a regenerative strategy for β cells.

Keywords: β cell, reprogramming, Mycl

1121

MECHANISMS OF ID3 UPREGULATION
Wehrmaker, Amanda - Biology, CSU San Marcos, CA, USA
Itkin-Ansari, Pamela - Center for Genetics and Aging Research, 
Sanford Burnham Prebys Medical Discovery Institute, San 
Diego, CA, USA
Raghunathan, Megha - Center for Genetics and Aging Research, 
Sanford Burnham Prebys Medical Discovery Institute, San 
Diego, CA, USA

Pancreatic ductal adenocarcinoma (PDAC) carries one of the 
highest rates of mortality among cancers. Examination of RNA-
seq data from patient tumors revealed that high levels of the tran-
scriptional repressor Inhibitor of DNA Binding 3 (ID3) are associ-
ated with poor survival in PDAC. ID3 inhibits the activity of basic 
helix-loop-helix transcription factors through protein: protein in-
teractions that are notoriously difficult to target with small mole-
cules. Therefore, it is important to identify potentially targetable 
signaling pathways that regulate ID3 expression. Here we inves-
tigated the role of bone morphogenic protein (BMP) signaling 
on ID3 expression. When the PDAC lines PANC1 and 779e were 
treated with the BMP inhibitor Noggin for four hours, they exhib-
ited reduced ID3 expression at both the protein level, shown by 
Western blot and the RNA level, shown by qRT-PCR. To deter-
mine which BMP receptor was responsible for ID3 expression, 
PDAC cells were treated with dorsomorphin homolog 1 (DMH1), 
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a BMP receptor that specifically targets the ALK2 BMP receptor. 
Twenty-four-hour treatment with DMH1 profoundly reduced ID3 
expression. Further, treatment of PANC-1 and 779 with recom-
binant BMP2 significantly upregulated ID3 protein and RNA, an 
effect that was reversed by addition of Noggin or DMH-1 to BMP2 
treated cells. To determine whether BMP control of ID3 occurred 
through canonical signaling we examine the phosphorylation sta-
tus of the BMP effector pSMAD1,5,8 by Western blot. pSMAD1,5,8 
phosphorylation correlated closely with ID3 expression as it was 
induced by BMP2 and repressed by both Noggin and DMH1. Us-
ing SMAD1,5,8 phosphorylation as a readout of BMP signaling, 
we examined pancreata from the KPC mouse model of PDAC 
that expresses mutant forms of Kras and p53 in the pancreas. 
Pancreatic cancer lesions expressed high levels of pSMAD 1, 5, 
8 and moreover the pSMAD1,5,8 co-localized with ID3. Together 
the data suggest that canonical BMP signaling regulates ID3 ex-
pression in PDAC and small molecule inhibitors of BMP signaling 
could be used in the treatment of pancreatic ductal adenocarci-
noma. The BMP signaling pathway could be more easily targeted 
with drug than the transcriptional repressor ID3 in future treat-
ment.

Keywords: pancreatic ductal carcinoma, Inhibitor of DNA 
Binding 3, cell signaling
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PERFUSED FULL-SCALE BETA CELL GRAFTS 
TO SUPPORT MATURATION IN VITRO AND 
IMMEDIATELY DELIVER INSULIN IN VIVO
Bowers, Daniel T. - IVIVA Medical, Woburn, MA, USA
Singh, Manjot - IVIVA Medical, Woburn, MA, USA
Ford, Andrew - IVIVA Medical, Woburn, MA, USA
Cheng, Daniel - IVIVA Medical, Woburn, MA, USA
Przepiorski, Aneta - IVIVA Medical, Woburn, MA, USA
Nelson, Susan - IVIVA Medical, Woburn, MA, USA
Colucci, Nick - IVIVA Medical, Woburn, MA, USA
Enciso-Martinez, Eduardo - IVIVA Medical, Woburn, MA, USA
Yadav, Pushpendra - IVIVA Medical, Woburn, MA, USA
Condon, Natalie - IVIVA Medical, Woburn, MA, USA
Martin, Evan - IVIVA Medical, Woburn, MA, USA
Diamantides, Nicole - IVIVA Medical, Woburn, MA, USA
Sarikhani, Mohsen - IVIVA Medical, Woburn, MA, USA
Marsh, Graham - IVIVA Medical, Woburn, MA, USA
Gallegos, Thomas - IVIVA Medical, Woburn, MA, USA
Klassen, Charles - IVIVA Medical, Woburn, MA, USA
Ott, Harald - IVIVA Medical, Woburn, MA, USA

Several studies have shown that beta cells require an in vivo mat-
uration period after months long injection or implantation. This 
may be related to lack of a mature niche and lack of sufficient 
blood supply. For comparison, native pancreatic islets require 
blood flow of 10-30ml/min to enable physiological response to 
glucose fluctuations. To improve graft maturity pre-implantation 
and provide immediate blood supply and function post implan-
tation, we therefore designed a perfused biomimetic scaffold 
that simulates the native beta cell niche better than current en-
capsulation techniques. We developed a scalable technology to 
enable interposition of 15um thick semi-permeable biomimetic 
membranes between parallel hierarchical channels built to sup-
port 600k IEQs (n=15 full-scale scaffolds). We first seeded small-
scale grafts with primary rat islets and found that after 24 hours 
culture, insulin was produced at a stimulation index >5 compa-
rable to static controls. To verify that perfusion would enable 
bi-directional diffusion across our membrane and convection of a 

product similar in size to insulin, we seeded HEK cells that secrete 
luciferase in response to IFN (93,552 at Day2; 4,137,350 at Day7 
(RLUs)). Once scaffold function was confirmed, we differentiated 
hypo-immune induced pluripotent stem cells (Hypo1, Pancella) 
into endothelial cells and beta cells (adherent Millman Lab Proto-
col), producing insulin in the scaffold perfusate as long as 18 days 
in vitro. A graft was loaded with ~15,000 stem-cell beta-cell clus-
ters, while the vascular channel system was lined with endothelial 
cells, and attached extra-corporeally to the circulation of a healthy 
porcine recipient. The graft with a sub-therapeutic dose secreted 
c-peptide into the systemic circulation at a rate of ~24pmol/hr 
(810 pmol/hr if scaled to 500k clusters). The perfused biomimet-
ic graft design enables pre-implant maturation, glucose sensing 
and insulin secretion across a mechanical and endothelial based 
immune barrier, provides immediate blood supply at physiologic 
levels after implantation, supporting beta-cell engraftment and 
long-term function. Having recently shown hypo-immune human 
iPSC derived endothelial coverage in the graft vasculature, vali-
dation at scale with human islets and further large animal survival 
studies are next.

Funding Source: Juvenile Diabetes Research Foundation

Keywords: perfused, beta-cell, implant
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ROBUST ESTABLISHMENT AND EXPANSION OF 
HUMAN PANCREATIC DUCT ORGANOIDS IN 
PANCREACULT ORGANOID MEDIUM KITS
Quiskamp, Nina - Research and Development, STEMCELL 
Technologies, Vancouver, BC, Canada
Chang, George - Canada’s Michael Smith Genome Sciences 
Centre, BC Cancer, Vancouver, BC, Canada
Conder, Ryan - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Eaves, Allen - CEO, STEMCELL Technologies Inc., Vancouver, 
BC, Canada
Hasan, Misha - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Louis, Sharon - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Pan, Joanna - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Tai, Isabella - Canada’s Michael Smith Genome Sciences 
Centre, BC Cancer, Vancouver, BC, Canada
Tsai, Angela - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada

Organoids are a novel in vitro culture system that promotes the 
growth of primary and PSC-derived cells in three-dimensional cul-
ture to generate structures that recapitulate tissue morphology. 
We have developed PancreaCult™ Organoid Medium Kits (Hu-
man), which combine PancreaCult™ Organoid Initiation Medium 
(OIM) and serum-free PancreaCult™ Organoid Growth Medium 
(OGM) into a robust and standardized workflow for the establish-
ment and expansion of pancreatic duct organoids. To establish 
organoids, fresh or cryopreserved islet-depleted exocrine tissue 
was seeded in Corning® Matrigel® domes and cultured in Pancre-
aCult™ OIM. After 3 days, the medium was changed to Pancrea-
Cult™ OGM, and the organoids were passaged and maintained in 
this medium thereafter. Organoids were passaged as fragments 
every 4 - 7 days. Organoids were successfully established from 5 
out of 5 donors with a 2- to 6-fold expansion in cell numbers ev-
ery 7 - 14 days. Real-time PCR and immunofluorescence micros-
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) copy demonstrated that organoids expressed pancreatic duct 

markers (PDX1, SOX9, KRT19, CFTR, CA2, and MUC1), as well as 
the proliferation marker Ki-67 and the stem cell gene LGR5. Pan-
creatic duct organoids could be maintained for at least 10 passag-
es (n = 3) and cryopreserved as fragments that could be used for 
rapid re-establishment of cultures at later time-points. In addition 
to normal pancreatic duct cultures, PancreaCult™ OGM supported 
the efficient long-term expansion of three pre-established pan-
creatic ductal adenocarcinoma (PDAC) organoid lines and could 
be modified to suppress normal cell growth to select for tumor 
cells with activating KRAS mutations. Our results demonstrate 
that PancreaCult™ Organoid Medium Kits provide a robust and 
flexible in vitro culture system for the establishment and expan-
sion of normal pancreatic duct cells as well as the long-term ex-
pansion of PDAC organoids.

Keywords: organoid, pancreatic, PDAC

TOPIC: NO TISSUE SPECIFICITY
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AUTOMATED CELL AND COLONY MANAGEMENT 
FOR GENERATION OF HUMAN INDUCED 
PLURIPOTENT STEM CELL CLONES
Carson, Edward James - Biomedical Engineering, Cleveland 
Clinic/Case Western Reserve University, Cleveland, OH, USA
Luangphakdy, Viviane - Biomedical  Cleveland Clinic, Cleveland, 
OH, USA 
Swamydas, Muthulekha - BME, Cleveland Clinic, Cleveland, OH, 
USA
Handerhan, Brian - Cell X Technologies Inc., Cleveland, OH, 
USA
Powell, Kimerly - Biomedical, OSU, Columbus, OH, USA
Muschler, George - BME, Cleveland Clinic, Cleveland, OH, USA

Human Induced Pluripotent Stem Cells (iPSC) are a transformative 
technology and could revolutionize how patients are treated for 
some of the most disabling of chronic illnesses. They can be used 
to regenerate tissues or serve as important human models for dis-
ease mechanism and novel drug testing. However this progress 
has been hindered as iPSC expansion are labor intensive and 
subject to large variation in outcomes depending on the skill and 
subjective judgment between technicians and laboratories. The 
goal of this work is to develop automated repeatable workflows 
using the Cell X platform for: 1) Cell Source Selection, 2) Auto-
mation of “preferred” clone picking, 3) Automated identification 
and removal (“weed”) of unwanted differentiating cells, 4) Auto-
mated cell confluency monitoring of selected clones overtime, 
5) Automated feeding and 6) Documentation of clone attributes 
to measure quantitatively morphological attributes. Human skin 
fibroblasts were reprogrammed using the CytoTune Sendai kit. 
Automated clonal selection and expansion were performed using 
Cell X robot, which is contained within an enclosed BioSpherix 
Xvivo systen. Large field of view of the wells were imaged ev-
ery 2 days using Cell X, which allowed for tracking of cells from 
fibroblast isolation to colony formation. Automated weeding of 
residual fibroblasts and spontaneous differentiation to allow iPS 
clone growth was also performed. Once colonies reached suffi-
cient size, automated quantitative cell/colony morphology analy-
sis was used to segment colonies and quantify critical quality at-
tributeS. Colonies with desired characteristics were then selected 
and automatically picked. The entire colonies were removed with 
minimal fluidic shear force using multiple overlapping pick points, 

then transferred into 12-well plate. Automated media changes 
were performed at set time intervals during the expansion pro-
cess. We demonstrated here that reproducible and standardiz-
able protocols and tasks can be defined using Cell X platform to 
perform critical steps in iPSC fabrication. This platform will con-
tribute to the development of fully automated cell processing and 
fabrication methods to be developed in a manner consistent with 
the demands of a GMP environment that is entirely free of manual 
manipulation and subjective decision making.

Keywords: IPS, manufacturing, morphology
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EXPLORING THE MODALITIES OF X 
CHROMOSOME INACTIVATION MAINTENANCE 
ACROSS PRIMATES
Alfeghaly, Charbel - UMR7216 Epigenetics and Cell Fate, Paris, 
France
Cazottes, Emmanuel - UMR7216 Epigenetics and Cell Fate, 
Université Paris Cité, Paris, France
Morey, Celine - UMR7216 Epigenetics and Cell Fate, Université 
Paris Cité, Paris, France
Rougeulle, Claire - UMR7216 Epigenetics and Cell Fate, 
Université Paris Cité, Paris, France

X chromosome inactivation (XCI) is a well-established process to 
equalize the dosage of gene products from the X chromosome 
between females and males. The master regulator of this phe-
nomenon is the long noncoding RNA XIST which accumulates in 
cis on the future inactive X chromosome and acts as a platform 
for the recruitment of various protein complexes including chro-
matin remodelers. This induces a series of events such as the 
global loss of euchromatin active histone marks and the gain of 
heterochromatin repressive ones leading to the wide transcrip-
tional silencing of the X chromosome. Once established, the X 
inactive state was thought to be stable and transmitted during 
subsequent cell divisions. However, recent emerging studies re-
ported and linked unusual maintenance of XCI with numerous 
pathologies as autoimmunity and cancer susceptibility. Decades 
of extensive studies in mice revealed the dynamics, and molec-
ular mechanisms of XCI establishment and maintenance, some 
of which appears to be diverse from that of primates. Notably, 
in a recent study, the establishment of XCI during cynomolgus 
macaque development was unveiled, highlighting the diversity 
of XCI strategies across mammals and driving us to revisit major 
questions about the importance of dosage compensation. In this 
study, we used human and non-human primate primed embry-
onic stem cells in a post-XCI state to comprehend the underlying 
mechanisms of XCI maintenance and its degree of evolutionary 
conservation among closely related species. Using RNA Anti-
sense Purification (RAP-seq) and CUT&RUN, we both mapped 
at a high resolution XIST binding sites and characterized the 
chromatin landscape of the inactive X. This revealed marked dif-
ferences between species. The biological significance of such 
differences was approached by inducible XIST loss of function 
experiments. Intriguingly, loss of XIST expression has distinct 
molecular and cellular consequences depending on the context. 
While the underlying mechanisms are currently being investigat-
ed, these data point to major differences in the early steps of XCI 
among primates.

Keywords: X chromosome inactivation, Epigenetics, Evolution
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1131

EXPLORING THE ROLE OF LET-7 IN REVERSING 
STEMNESS OF HIGH-GRADE SEROUS OVARIAN 
CANCER
Zecena Osorio, Daniel Esau - Biology, California State 
University, San Bernardino, CA, USA

High-Grade Serous Ovarian Cancer (HGSOC) is the most malig-
nant form of ovarian cancer accounting for up to 70% of all ovar-
ian cancer cases with a recurrence rate of more than 80% after 
treatment for advanced cases. Cancer studies have demonstrat-
ed that cancer stem cells (CSCs) and the epithelial-mesenchymal 
transition (EMT) cause an increase in cancer aggressiveness, in-
cluding invasion, metastasis, and drug resistance. The Let-7 family 
of miRNAs function as tumor suppressors that inhibit growth and 
metastasis by suppressing pluripotency factors and oncogenes. 
Our previous study revealed Let-7i is substantially downregulated 
in HGSOC and its levels indirectly correlated with cancer aggres-
siveness. To better understand how to reverse aggressiveness in 
HGSOC, the objective is to understand the role of Let-7 in CSCs 
and its connection to EMT. We hypothesize that overexpressing 
Let-7 will reverse stemness in CSCs, partially through effects on 
EMT factors. To begin the investigation, RT-PCR was conduct-
ed to establish a baseline of Let-7 expression levels in multiple 
patient-derived cells where their expression levels were low 
while EMT factors (SNAIL, TWIST, ZEB1, and ZEB2) were highly 
expressed. We explored two patient-derived HGSOC samples, 
one of which was from a primary tumor, and the other from as-
cites, representing a metastasized tumor sample. To analyze 
the stemness, SOX2/OCT4 expression was measured through 
RT-PCR. Let-7 was overexpressed in the PDX4 and PDX6 cells 
which was confirmed through RT-PCR. Let-7 overexpression led 
to a decrease in the expression of the EMT factors SNAIL, ZEB1, 
and TWIST and a decrease in the expression of SOX2/OCT4. We 
conclude that an increase in Let-7 is correlated to a decrease in 
stemness in cancer stem cells. Further studies will determine the 
influence of let-7 on specific EMT factors and a spheroid assay 
will be conducted to determine the influence on stemness.

Funding Source: CIRM Bridges

Keywords: High-grade serous ovarian cancer, Let-7, Reverse 
stemness
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IDENTIFYING GENES REQUIRED FOR BLASTEMA 
SPECIFICATION AND REGENERATION IN THE 
AXOLOTL
Tajer, Benjamin Jes - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Blair, Steven - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Whited, Jessica - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA

Almost 2 million Americans live with limb loss, and there is no 
treatment that restores the full functionality of the original limb. 
Mammals cannot regenerate jointed appendages, yet salaman-
ders robustly regenerate complete limbs through the formation of 
a blastema. The blastema, a mass of dedifferentiated mesenchy-
mal cells, forms and proliferates shortly after injury, contributing 
to all mesenchymal structures of the regenerating limb. We must 
identify the genes required for blastema specification if we hope 

to recapitulate blastema formation and limb regeneration in hu-
mans. Several studies have profiled the blastema transcriptome, 
but, without a molecular blastema marker, they have been un-
able to isolate nascent blastema cells before they coalesce into 
a visible blastema. Kazald2 expression initiates within scattered 
mesenchymal cells shortly after injury and persists as they co-
alesce into a discrete blastema, disappearing after the blastema 
has differentiated. I am generating KAZALD2-GFP reporter axo-
lotls to isolate and profile the transcriptome of nascent blastema 
cells shortly after injury. Our understanding of blastema formation 
is also limited by the lack of blastema-less axolotl mutants. Re-
verse genetic studies targeting blastema-enriched or develop-
mental genes have produced mutants which suffer from delayed 
regeneration, but still ultimately regrow limbs. I am developing 
a forward genetic CRISPR screen to identify blastema-required 
genes in the Axolotl. I will transfect axolotl AL-1 cells with a gRNA 
library targeting ~1500 transcription factors, and transplant these 
cells into the axolotl limb, where I will test their ability to integrate 
into the blastema. I expect both efforts to reveal novel blastema 
specification genes.

Keywords: Blastema, Axolotl, Regeneration
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EXAMINING THE THERAPEUTIC POTENTIAL OF 
HESC-DERIVED CORNEAL ENDOTHELIAL CELL 
INJECTION AS AN ALTERNATIVE TO DESCEMETS 
MEMBRANE ENDOTHELIAL KERATOPLASTY
Riaz, Muhammad A. - Department of Ophthalmology, Johns 
Hopkins University, Baltimore, MD, USA
Khan, Shahid - The Wilmer Eye Institute, Johns Hopkins 
University School of Medicine, Baltimore, MD, USA
Izzi, Jessica - Department of Molecular and Comparative 
Pathobiology, Johns Hopkins University School of Medicine, 
Baltimore, MD, USA
Hutchinson, Eric - Department of Molecular and Comparative 
Pathobiology, Johns Hopkins University School of Medicine, 
Baltimore, MD, USA
Riazuddin, S. Amer - The Wilmer Eye Institute, Johns Hopkins 
University School of Medicine, Baltimore, MD, USA

Cornea is the outermost, transparent tissue of the eye compris-
ing five layers with corneal endothelium (CE) as the innermost 
layer. CE maintains corneal transparency by mediating hydration 
through barrier and pump functions. The genetic and environ-
mental insults lead to corneal endothelial cell (CEC) loss and if left 
untreated results in blindness. Corneal endothelial dystrophies 
are the leading cause of corneal transplantations performed in 
the United States each year. Currently, keratoplasty is the only 
treatment option for corneal endothelial dystrophies. Although 
keratoplasty has been effective in treating corneal edema, the 
global shortage of transplantable-grade donor CE and graft re-
jection remains an overwhelming impediment and compels for 
alternative therapies. We previously reported the efficacy of cryo-
preserved human embryonic stem cell (hESC)-derived CECs to 
form a functional CE on denuded Descemet’s membrane (DM) 
in rabbits and monkeys. Here, we extended our approach to de-
veloping an alternative treatment modality for Descemet’s mem-
brane endothelial keratoplasty (DMEK) by successfully demon-
strating that injection of cryopreserved hESC-derived CECs into 
the anterior chamber of rabbit and monkey eyes after removal of 
central 4mm DM and CE by Descemetorhexis forms a functional 
CE and the DM on the posterior stroma. All animals developed 
transparent corneas and CEC injected eye demonstrated corneal 
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) thickness comparable to the untreated eye. CEM-530 specular 

microscopy confirmed a uniform layer of CE exhibiting hexago-
nal/ polygonal cells. Moreover, optical coherence tomography 
showed anatomically normal cornea in the CEC-injected eye 
similar to the untreated eye. The immunohistochemical analysis 
illustrated the human-specific expression of collagen type VIII al-
pha 1 in the regenerated DM and zona occludens-1, and ATPase 
sodium/potassium subunit alpha1 expression in the regenerated 
CE. To the best of our knowledge, this is the first report confirm-
ing the efficacy of cryopreserved hESC-derived CECs to form a 
functional CE and the DM on the posterior stroma. These data 
will lead to the development of a minimally invasive, and donor 
tissue-independent, treatment modality and will make a paradigm 
by offering an unlimited source for the treatment of CE and DM 
dysfunction.

Funding Source: Maryland Stem Cell Research Fund

Keywords: cornea, corneal endothelial cell, human embryonic 
stem cell

1137

SOX2 MEDIATES OCT4 SUBDOMAIN DYNAMICS
MacCarthy, Caitlin - Cell and Developmental Biology, Max 
Planck Institute, Münster, Germany
Round, Ekaterina - Sample Environment and Characterization, 
European XFEL, Hamburg, Germany
Velychko, Sergiy - Genetics, Harvard Medical School, Boston, 
MA, USA
Müller-Hermes, Christoph - Molecular Targets and Therapeutics 
Center, Technical University Munich, Germany
Cojocaru, Vlad - The Institute for Advanced Studies in Science 
and Technology, Babeş-Bolyai University, Cluj-Napoca, 
Romania
Schöler, Hans - Cell and Developmental Biology, Max Planck 
Institute for Molecular Biomedicine, Münster, Germany
Wilmanns, Matthias - EMBL, Hamburg, Germany

The complexity of the mammalian genome is owed in part to 
multiple layers of transcriptional regulation, including the use of 
multiple transcription factors for the activation/inhibition of a sin-
gle gene. In pluripotency, Oct4/Sox2 coregulation is one of the 
most well-researched examples of this and yet a high-resolution 
structural data isn’t available. Data from Oct1/Sox2 structures 
combined with Oct4/Sox2 molecular simulations suggest that 
the addition of Sox2 affects the number and type of contacts as 
well as the affinity of each of Oct4’s subdomains. We successful-
ly crystalized the first two Oct4/Sox2/DNA ternary complexes on 
native targets Utf1 and HoxB1. Oct4/Sox2/Utf1 complex revealed a 
unique extended conformation in which the DNA binding domain 
(DBD) linker segment is entirely helical and the homeodomain 
(POUHD) was not bound to DNA, while the Sox2 HMG and Oct4 
POU specific (POUS) domains resemble prior Oct1 structures. 
A loosely bound POUHD in the Utf1 complex was confirmed by 
SAXS. Comparison of DNA geometry among Oct/Sox/DNA struc-
tures showed an absence of straightening in the Utf1 POUHD half-
site, likely due to its suboptimal binding sequence. DBD mutants 
confirmed the importance of each subdomain in DNA binding, 
transactivation, and maintenance of pluripotency. Furthermore, 
adding Sox2 partially rescued mutant activity more for POUHD 
compared to POUS mutants. However, reprogramming ability 
was lost for the majority of mutants regardless of subdomain. 
Molecular dynamics simulations (MDS) with the POUHD modeled 
into the Utf1 complex showed while this extended conformation 
does not allow POUHD binding to proximal DNA, it promotes dis-

tal DNA sampling. Together these data describe previously un-
known details about Oct4 subdomain dynamics in response to 
Sox2 co-binding, potentially shedding light on POU family bind-
ing-site search mechanisms.

Keywords: transcription factors, pluirpotency network, 
cooperative gene regulation

1139

FGF2, PART TWO: EVALUATION OF HOMOLOGS 
FOR USE IN HUMAN AND ANIMAL CELL 
CULTURE FOR THE LIFE SCIENCES AND 
CULTIVATED MEAT
Rees, Steven D. - Executive, Defined Bioscience, Inc., San 
Diego, CA, USA
Pierce, Rebecca - Research and Development, Defined 
Bioscience, San Diego, CA, USA
Mozo, Maria - Research and Development, Defined Bioscience, 
San Diego, CA, USA
Karpiak, Jerome - Research and Development, Defined 
Bioscience, San Diego, CA, USA

Fibroblast growth factor 2 (FGF2, or basic fibroblast growth fac-
tor) plays a critical signaling role across cell regeneration, growth, 
differentiation, migration, and survival, and has been instrumental 
in the maintenance and differentiation of stem cells, particularly in 
serum-free medium formulations. Recent improvements in FGF2 
stability and performance have centered on the human isoform 
for use in conspecific cell culture. Notably, earlier work showed 
differential high performance of cross-species homologs in hu-
man pluripotent stem (PS) cell culture. Considering the rapidly 
expanding interest in food-grade cultivation of agriculturally rele-
vant animal tissue stem cells, these data suggest that cross-spe-
cies usage of high-performing homologs could provide benefit for 
both the life science and cultivated meat industries. We previous-
ly showed that a wide range of nearly a dozen different species 
homologs of human FGF2 (72-99% identity) could be readily pro-
duced and purified with low-cost methods. To explore their func-
tional value for cell culture, we evaluated these same candidates 
for proliferation of animal-derived cell lines, and found candidates 
that showed improved growth compared to others despite spe-
cies similarity. We further explored the value of top-performing 
homologs in the culture of human PS cells, utilizing our HiDef-B8 
stem cell maintenance medium with the stabilized human FGF2 
component removed. These results highlight the value of growth 
factor homolog screening when optimizing the growth of human- 
and animal-derived cell lines. Subsequent efforts will explore oth-
er growth factors present in expansion and differentiation media 
used in life sciences and cultivated meat to identify top-perform-
ing candidates for potency, cell morphology, growth rate, and 
cost, enabling the use of affordable and high-functioning defined 
ingredients for cell culture.

Funding Source: Good Food Institute RFP Award No. 
REES042021

Keywords: FGF2 homologues, tissue stem cells, cultivated meat
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TRACK:  TISSUE STEM CELLS AND 
REGENERATION (TSC)

Session 2: Even

10:45 AM – 11:30 AM

TOPIC: CARDIAC

970

BIOMATERIAL HEART-IN-A-DISH MODELS 
USING HUMAN PLURIPOTENT STEM CELL 
CARDIOMYOCYTES FOR TRANSPLANTATION 
AND DRUG DEVELOPMENT
Nasir, Aishah - School of Medicine, Cancer and Stem Cells, 
University of Nottingham, UK
Blackburn, Chester - Pharmacy, University of Nottingham, UK
Figueredo, Grazziela - Pharmacy, University of Nottingham, UK
Owen, Robert - Pharmacy, University of Nottingham, UK
Hyde, Ralph - School of Medicine, University of Nottingham, UK
Vo, Nguyen T. N. - School of Medicine, University of Nottingham, 
UK
Hicks, Jacqueline - School of Medicine, University of 
Nottingham, UK
Coser, Conseulo - Pharmacy, University of Nottingham, UK
Yang, Jing - Pharmacy, University of Nottingham, UK
de Boer, Jan - Department of Biomedical Engineering, 
Eindhoven University of Technology, Eindhoven, Netherlands
Alexander, Morgan - Pharmacy, University of Nottingham, UK
Denning, Chris - School of Medicine, University of Nottingham, 
UK

Chronic heart failure currently does not have a cure or effective 
treatment and is the leading cause of mortality and morbidity, 
accounting for 64.3 million patients worldwide. Human pluripo-
tent stem cell derived cardiomyocytes (hPSC-CMs) offer a repro-
ducible resource of cells. However, a significant challenge lies 
around identifying physiologically relevant models for cardiovas-
cular disease modelling. Here we explore different models for 
understanding the complexities of the heart. Proprietary micro-
patterned polymer coated chemo-topography model identified 
from screening the TopoChip (~2000 micro-topographies) and 
polymer (~300 polymer chemistries) micro-arrays have been fab-
ricated using hot-embossing techniques to produce platforms for 
drug development. Heart-in-a-dish platforms have been used to 
investigate differences between healthy and diseased hPSC-CMs 
assessed by their contraction using CellOptiqTM and structural 
interactions quantified using artificial intelligence guided image 
analysis and custom sarcomere banding analytical tools. Mi-
cro-topographies improved structural integrity of hPSC-CMs by 
promoting cell elongation (aspect ratio 6-7) and alignment (sarco-
mere arrangement and bilityrize) whilst our proprietary polymer 
coating improved hPSC-CM function by increasing contraction 
amplitude and beat rate (~60-70 beats per minute). The combi-
natorial technologies can improve multiple maturation factors 
for better hPSC-CM modelling. Small-scale drug screening as-
says indicate improved toxicity assessments. The fully-synthetic 
“chemo-topography” platform completely eliminates the need 
for common animal-derived coatings currently used to support 
hPSC-CM attachment and reduces cost by ~300 fold. We expect 
this to benefit both supply as well as application of hPSC-CMs 

which include drug cardiotoxicity screening and scale-up produc-
tion to tissue-like implantable models of chronic heart failure.

Funding Source: EPSRC: Next Generation Biomaterials 
Discovery & Impact Acceleration Account, UoN: Interdisciplinary 
Centre for Analytical Science and Strategic Innovation funds, 
Animal Free Research UK (AFR-UK) and BHF.

Keywords: Human pluripotent stem cell cardiomyocytes, 
Biomaterial micro-topographies, Fully-synthetic, Xeno-free 
polymers

972

EFFICIENT DIRECT LINEAGE 
REPROGRAMMING OF FIBROBLASTS 
INTO INDUCED CARDIOMYOCYTES USING 
NANOTOPOGRAPHICAL CUES
Kim, Junyeop - Lab of Stem Cells and Cell Reprogramming, 
Dongguk University, Seoul, Korea
Kim, Jongpil - Chemistry, Dongguk University, Seoul, Korea

Induced cardiomyocytes (iCMs) generated via direct lineage re-
programming offer a novel therapeutic target for the study and 
treatment of cardiac diseases. However, the efficiency of iCM 
generation is significantly low for therapeutic applications. Here, 
we show the efficient direct conversion of somatic fibroblasts into 
iCMs using nanotopographic cues. Direct conversion into iCMs 
on nanopatterned substrates resulted in a dramatic increase in 
the reprogramming efficiency and maturation of iCM phenotypes 
compared with that on flat substrates. Additionally, the enhanced 
reprogramming by the substrate nanotopography was derived 
from changes in the activation of focal adhesion kinase and spe-
cific histone modifications. Taken together, these results suggest 
that nanotopographic cues can serve as an efficient stimulant for 
direct lineage reprogramming into iCMs.

Keywords: Direct reprogramming, induced 
Cardiomyocytes(iCM), Nanotopographical cues

976

GRAPHENE NANOSHEETS MEDIATE EFFICIENT 
DIRECT REPROGRAMMING INTO INDUCED 
CARDIOMYOCYTES
Kim, Sumin - Chemistry, Dongguk University, Seoul, Korea
Kim, Jongpil - Chemistry, Dongguk University, Seoul, Korea

In vivo cardiac reprogramming is a potential therapeutic strategy 
to replace cardiomyocytes in patients with myocardial infarction. 
However, low conversion efficiency is a limitation of in vivo car-
diac reprogramming for hear t failure. In this study, we showed 
that graphene nanosheets mediated efficient direct reprogram-
ming into induced cardiomyocytes in vivo. We observed that the 
administration of graphene nanosheets led to the accumulation 
of H3K4me3, which resulted in direct cardiac reprogramming. 
Importantly, the administration of graphene nanosheets com-
bined with cardiac reprogramming factors in a mouse model of 
myocardial infarction enhanced the effectiveness of directly re-
programmed cell-based cardiac repair. Collectively, our findings 
suggest that graphene nanosheets can be used as an excellent 
biomaterial to promote cardiac cell fate conversion and provide a 
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) robust reprogramming platform for cardiac regeneration in isch-

emic heart disease.

Keywords: Direct reprogramming, Induced Cardiomyocytes, 
Graphene Nanosheets

Abstract Withdrawn

TOPIC: EPITHELIAL INCLUDES SKIN GUT LUNG

980

SEX DIFFERENCES IN MELANOCYTE STEM CELL 
BEHAVIOR REVEALS THERAPEUTIC STRATEGIES 
FOR EPIDERMAL RE-PIGMENTATION
An, Luye - Biomedical sciences, Cornell University, Ithaca, NY, 
USA
Kim, Dahihm - Biomedical Sciences, Cornell University, Ithaca, 
NY, USA
Donahue, Leanne - Biomedical Sciences, Cornell University, 
Ithaca, NY, USA

Conditions of epidermal de-pigmentation, such as vitiligo, can be 
caused by cutaneous melanocyte loss. Although phototherapy 
and T cell suppression therapy have been widely used to induce 
epidermal re-pigmentation in vitiligo patients, full pigmentation 
recovery is rarely achieved due to our poor understanding of the 
cellular and molecular mechanisms governing this process. Here, 
we identify unique melanocyte stem cell (McSC) epidermal migra-
tion rates between male and female mice, which is due to sex-
ually dimorphic cutaneous inflammatory responses generated 
by ultra-violet B exposure. Using genetically engineered mouse 
models, and unbiased bulk and single-cell mRNA sequencing 
approaches, we determine that manipulating the inflammatory 
response through cyclooxygenase expression and activity regu-
lates McSC proliferation and epidermal migration in response to 
UVB exposure. Furthermore, we demonstrate that macrophages 
significantly influence epidermal melanocyte re-population via cy-
clooxygenase activity. These findings suggest a new therapeutic 
strategy for re-pigmentation.

Funding Source: NIH 5R01AR075755-03

Keywords: hair, melanocyte, epidermis

982

LONG TERM CULTURE OF PORCINE LGR6+ 
FOLIATE TASTE ORGANOIDS
Premathilake, Hasitha U. - Laboratory of Clinical Investigation - 
Diabetes Section, National Institute on Aging/National Institutes 
of Health, Baltimore, MD, USA
Vegesna, Nandita - Laboratory of Clinical Investigation - 
Diabetes Section, National Institute on Aging/National Institutes 
of Health, Baltimore, MD, USA
Egan, Josephine - Laboratory of Clinical Investigation - Diabetes 
Section, National Institute on Aging/National Institutes of Health, 
Baltimore, MD, USA
Doyle, Maire - Laboratory of Clinical Investigation - Diabetes 
Section, National Institute on Aging/National Institutes of Health, 
Baltimore, MD, USA

The prevalence of acute and chronic taste symptoms in the cur-
rent SARS-CoV-2 epidemic has highlighted the importance of 
taste perception to health and has made evident the paucity of 
clinical treatments for taste disorders. This is because our under-
standing of taste stem cell function and differentiation lags be-
hind that of other organ-resident stem cells. To date there are 
limited reports of studies on rodent taste organoids but none 
on higher-order animals. Recent clinical trials where pig organs 
have been transplanted into humans have highlighted the sim-
ilarity of pig organs to human ones. Hence, we set out to prop-
agate porcine taste organoids focusing on the least understood 
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papillae, the foliate papillae located on the side of the tongue. 
The pig foliate tissue was digested and plated using basement 
membrane extract as static 3D cultures, and dynamic cultures us-
ing the CLINOSTAR® system. Static cultures gave rise to small 
reticulate taste organoids within a few days in culture in media 
that promotes the maintenance of taste stem cells. These organ-
oids in passage 0 (P.0), originated both from single cells and small 
cell/tissue clumps. Over time the P.0 organoids grew into mul-
tiple dense structures comprising a proliferating outer cell layer 
that enclosed taste receptor cells (TRCs) oriented towards the 
interior of the organoid. These organoids once established, were 
expanded beyond passage 15 and were passaged every 10-14 
days in culture. In general, the organoids underwent an initial pe-
riod of expansion and a subsequent spontaneous differentiation 
period giving rise to mature TRCs. Gene expression analysis of 
these organoids revealed Lgr6-expressing stem cells with no 
Lgr5 expression evident. Pig foliate organoids harvested at Day 
14 and beyond exhibited the expression of Type I, II, III, and ma-
ture TRC markers such as ENTPD2, GNAT3, CA4, and KCNQ1, 
respectively. Previously, we showed that TRCs synthesize insulin 
and likewise the pig organoids also contained insulin, and insulin 
transcription factors MAFA and PAX4. The application of neuro-
trophins alleviated the adverse effect of the cancer drug Vismo-
degib on pig taste organoid proliferation and organoid formation. 
Our work indicates that pig taste organoid cultures are a relevant 
model for studying taste stem cell dynamics and their differenti-
ation into TRCs.

Funding Source: NIH/NIA Intramural Funds 1ZIAAG000291-14

Keywords: taste organoids, regeneration, insulin

984

IDENTIFICATION OF FACTORS CONVERTING 
ALVEOLAR TYPE 2 TO TYPE 1 CELLS USING 
HUMAN IPS CELLS
Bility, Yuko - CiRA, Kyoto, Japan
Gotoh, Shimpei - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan

During alveolar homeostasis and injury repair in adult lungs, cu-
boidal type 2 alveolar epithelial stem cells (AT2) proliferate and 
differentiate into thin-and-flat shaped type 1 alveolar epithelial 
cells (AT1) which cover the majority of the lung alveolar surface 
for gas-exchange. Previous studies using human AT2 cells re-
ported fetal bovine serum promoted AT2-to-AT1 differentiation 
and it has been difficult to identify the global signals that regulate 
their differentiation, because of the difficulty in stable culture of 
functional human AT2 cells. Induced pluripotent stem (iPS) cells 
are suitable for in vitro studies on human AT2 cells. We previ-
ously reported that suppression of canonical WNT signaling 
promoted differentiation from iPS cell-derived AT2 (iAT2) to AT1 
(iAT1). However, accumulating literature suggested that addition-
al signals would be involved in AT2-to-AT1 differentiation, moti-
vating us to screen compounds in the non-biased setting. Here, 
we aimed to search signaling pathways for inducing AT1 and we 
conducted compound screening using human iPS cells. First, we 
established an “on-gel culture method” of iAT2 optimized for 
the screening. Next, in order to precisely detect AT1, we gener-
ated AGER-mCherry-HiBiT knocked-in reporter iPS cells. After 
inducing alveolar progenitor cells from AGER reporter iPS cells, 
we generated alveolar epithelial cells in the “on-gel culture” and 
screened chemical compounds which induced AGER-positive 
cells. As a result of screening, several compounds were found to 

induce AGER-positive cells. We then asked whether those can-
didate compounds could promote iAT2-to-iAT1 differentiation, 
resulting that LATS-IN-1, a YAP signaling activator, was identified. 
When YAP-TAZ signaling was constitutively activated, AT2-to-AT1 
differentiation were promoted. These findings could be beneficial 
for elucidating the mechanism of human alveolar regeneration.

Funding Source: Funded by Kyorin Pharmaceutical Co. Ltd 
and Japan Agency for Medical Research and Development 
(JP19bm0704037 to S.G.)

Keywords: human iPSC-derived alveolar epithelial cells, 
chemical compound screening, AT2-AT1 differentiation

986

SIZE-DEPENDENT G1/S TRANSITION CONTROLS 
SKIN STEM CELL SIZE
Xie, Shicong - Biology, Stanford University, Stanford, CA, USA
de Medeiros, Gustavo - FMI, Basel, Switzerland
Liberali, Prisca - FMI, Basel, Switzerland
Skotheim, Jan - Biology, Stanford University, Stanford, CA, USA

In adult tissues, heterogeneity in stem cell cycle progression un-
derlies the spatiotemporal dynamics of how tissues turnover. We 
show that cell size homeostasis which couples cell cycle progres-
sion to cell growth is a major contributor to the heterogeneity of 
stem cell cycle timing. Using week-long longitudinal intravital im-
aging, we resolved 3D skin stem cell growth in vivo at single cell 
resolution within a living mouse. We find that the coupling of G1/S 
transition to cell size accounts for the majority of the heteroge-
neity of cell cycle timing, above other geometric or topological 
cell-level and tissue-level features. Furthermore, we find that dis-
rupting the dilution of retinoblastoma protein (RB), which couples 
G1/S transition to cell size in cultured cells, also leads to the dis-
ruption of cell size homeostasis in vivo. This work identifies that 
cell size homeostasis is largely autonomous in adult skin stem 
cells, and is a major determinant of their cell cycle dynamics.

Funding Source: NIGMS 1K99GM138712

Keywords: intravital imaging, epidermal stem cells, cell cycle

988

H2AZ1 AND H2AZ1 REGULATE DIVERGENT GENE 
NETWORKS DURING EPIDERMAL HOMEOSTASIS
Droll, Stephenie - Molecular Biosciences, Northwestern 
University, Evanston, IL, USA
Bao, Xiaomin - Molecular Biosciences, Northwestern University, 
Evanston, IL, USA
Levine, Maxwell - Molecular Biosciences, Northwestern 
University, Evanston, IL, USA
Zhang, Benny - Molecular Biosciences, Northwestern University, 
Evanston, IL, USA

The histone variant H2A.Z experienced duplication early in the 
vertebrate lineage, generating the H2AZ1 and H2AZ2 isoforms, 
which differ by only three amino acids. Studies have implicated 
H2AZ1 in survival, cell fate, and differentiation choices in embry-
onic and some adult tissue stem cells. The functional differenc-
es between H2AZ1 and H2AZ2 remain understudied. Therefore, 
we leveraged primary human keratinocytes as our model system 
and applied genomic approaches with 2D and organotypic cul-
ture models to define the roles of H2AZ1 and H2AZ2 in epider-
mal homeostasis. In human epidermis, the outermost terminally 
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) differentiated layer is continually shed and replaced by an under-

lying pool of progenitor keratinocytes. Western blot and qPCR 
revealed that progenitor keratinocytes express high levels of 
H2AZ1 and H2AZ2. shRNA-mediated depletion of either H2AZ1 
or H2AZ2 significantly impaired keratinocyte proliferation and 
migration in 2D culture and inhibited stratification in organotypic 
culture. To understand these defects, we utilized RNA-sequenc-
ing, revealing that H2AZ1 and H2AZ2 knockdown increase the 
expression of non-overlapping gene sets related to extracellular 
matrix. During differentiation, H2A.Z protein decreases but a re-
sidual remains. We performed ChIP-sequencing with an H2A.Z 
antibody and confirmed a genome-wide decrease in H2A.Z bind-
ing with remaining peaks enriched in promoter regions. In the dif-
ferentiated condition, RNA-sequencing revealed that both H2AZ1 
and H2AZ2 knockdown leads to down-regulation of cell cycle 
and DNA replication programs that exceeds what is observed 
in normal differentiation. H2AZ1 knockdown continued to dys-
regulate the extracellular matrix program while H2AZ2 uniquely 
impaired terminal differentiation. We establish that both H2A.Z 
isoforms are essential and cannot compensate for one another 
in epidermal homeostasis despite their structural similarity, sug-
gesting that the H2A.Z isoforms may distinctly regulate stem cell 
function in other tissues.

Funding Source: Research supported by NIH NIAMS R01-
AR075015 and NCI F31-CA261114

Keywords: epidermis, H2A.Z, keratinocyte

990

DYSREGULATION OF STEM CELLS 
COMPROMISES SKIN BARRIER FORMATION IN 
ATOPIC DERMATITIS PATHOGENESIS
Ge, Mengxu - Neurology, Boston Children’s Hospital, Boston, 
MA, USA
Predes, Danilo - Neurology, Boston Children’s Hospital, Boston, 
MA, USA
Chen, Maorong - Neurology, Boston Children’s Hospital, Boston, 
MA, USA
Kwong, Andrew - Gastroenterology, Boston Children’s Hospital, 
Boston, MA, USA
To, Eunice - Neurology, Boston Children’s Hospital, Boston, MA, 
USA
Jain, Aakanksha - Neurology, Boston Children’s Hospital, 
Boston, MA, USA
Ordovas-Montanes, Jose - Gastroenterology, Boston Children’s 
Hospital, Boston, MA, USA
Leyva-Castillo, Manuel - Immunology, Boston Children’s 
Hospital, Boston, MA, USA
He, Xi - Neurology, Boston Children’s Hospital, Boston, MA, USA

Atopic dermatitis (AD) is the most common chronic inflammato-
ry skin disease in children. The pathophysiology of AD remains 
poorly defined but involves skin barrier dysfunction, immune 
dysregulation and microbiome dysbiosis. Accumulating evi-
dence supports skin barrier dysfunction as an initiating factor in 
AD. Tmem79 is a predisposing gene for AD in mice and humans. 
Here, using Tmem79 global knockout (KO) and skin-specific con-
ditional knockout (cKO) mice, we demonstrated that Tmem79 in 
the skin plays a major role in epidermal hyperplasia and skin bar-
rier defects. Furthermore, we showed that epidermal hyperplasia 
is due to increased basal stem cell proliferation and altered dif-
ferentiation patterns, subsequently leading to barrier abnormali-
ties. Histological and ultrastructural images further revealed that 

the terminally differentiated layers of Tmem79 cKO epidermis 
display morphological differences, which are strongly associat-
ed with abnormal skin barrier formation. Additionally, impaired 
skin barrier function is accompanied by infiltration of γδ T cells, 
neutrophils and mast cells. Mechanistically, using a genome-wide 
CRISPR-Cas9 screen, we identified TMEM79 as a specific inhibi-
tor of the WNT pathway via promoting degradation of the Frizzled 
receptors. TMEM79-KO human keratinocytes exhibited Wnt sig-
naling activation in both proliferative and differentiated states. Im-
portantly, elevated Wnt signaling induced by TMEM79 deficiency 
can be fully suppressed by Wnt signaling inhibitors in vitro. Col-
lectively, we uncovered a novel mechanism involving hyperacti-
vation of Wnt signaling to regulate skin barrier formation, which 
may be a viable therapeutic target for AD.

Funding Source: 1. Kirby Innovation Award Program 2. BCH 
Internal Pilot Study Grant 3. American Cancer Society Research 
Professorship

Keywords: stem cell proliferation and differentiation, skin barrier 
dysfunction, Atopic dermatitis

992

ZNF711 COOPERATES WITH THE WNT/β-
CATENIN SIGNALING PATHWAY TO REGULATE 
DIFFERENTIATION AND GROWTH OF INTESTINE 
STEM CELLS AND COLORECTAL CANCER
Predes, Danilo - Neurology, Boston Children’s Hospital, Boston, 
MA, USA
Regimbald-Dumas, Yannik - Neurology, Boston Children’s 
Hospital, Boston, MA, USA
To, Eunice - Neurology, Boston Children’s Hospital, Boston, MA, 
USA
He, Xi - Neurology, Boston Children’s Hospital, Boston, MA, USA

The Wnt/β-catenin signaling governs development and homeo-
stasis by regulating proliferation and cell fate. In the gastrointesti-
nal tract (GI), a Wnt/β-catenin target gene program controls stem 
cell self-renewal and differentiation into the epithelia, which is 
responsible for digestion, nutrient absorption, and barrier forma-
tion. However, somatic mutations, such as in the adenomatosis 
polyposis coli (APC) gene, lead to Wnt signaling hyperactivation 
and improper expansion of stem cells which fuels tumorigenesis 
and culminates in colorectal cancer (CRC). CRC is the third most 
common cancer and the second most common cause of can-
cer-related death worldwide. 90% of CRCs involve Wnt signaling 
dysregulation, while APC mutations account for more than half of 
all CRC cases. Therefore, studying Wnt signal transduction and 
defining novel Wnt signaling regulators has critical significance 
in understanding stem cell biology and developing novel thera-
peutic strategies. By performing a cDNA expression screening, 
we identified ZNF711, an X-linked zinc finger transcription factor 
of unknown function, as a potent stimulator of TCF/β-catenin-de-
pendent transcription. Using a Wnt-specific reporter gene assay, 
we uncovered that Znf711 synergizes with Rspo1. Furthermore, 
we identified that Znf711 N-terminal acidic transactivation domain 
(TAD) binds to TCF4 and that both TAD and a C-terminal DNA 
binding domain (DBD) of Znf711 are essential for Wnt signaling 
activation, suggesting that both TCF4 and DNA binding are re-
quired for its activity. The knockdown (KD) of ZNF711 inhibits the 
Wnt signaling in human CRC cell lines (DLD-1, SW480, HT29, and 
LS174T) while also being accompanied by impaired growth and 
increased differentiation. Additionally, overexpression of Znf711 
in mouse intestinal organoids allows their growth without Wnt3a 
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supplementation, evidencing a Wnt-related function. Finally, the 
KD of Znf711 in mouse intestine organoids and patient-derived 
CRC organoids hinders proliferation and triggers differentiation. 
In sum, our data define Znf711 as a new transcription factor that 
cooperates with TCF/LEF to orchestrate stem cell maintenance 
and tumorigenesis. These findings delineate a novel mechanism 
in which Wnt signaling dictates stemness with therapeutic poten-
tial for CRC treatment.

Funding Source: R01DK121945, and American Cancer Society 
research professorship Grant #RP-20-116-06-COUN to X.H

Keywords: Wnt signaling, colorectal cancer, stem cell 
proliferation and differentiation

994

SOX17 INITIATES AN IMMUNE EVASION 
PROGRAM IN EARLY COLORECTAL ADENOMAS 
AND CANCERS
Goto, Norihiro - Department of Biology, MIT, Cambridge, MA, 
USA
Goto, Saori - Department of Biology, MIT, Cambridge, MA, USA
Agudo, Judith - Department of Cancer Immunology and 
Virology, Dana-Farber Cancer Institute, Boston, MA, USA
Yilmaz, Omer - Department of Biology, Massachusetts Institute 
of Technology, Cambridge, MA, USA

A hallmark of cancer is to avoid immune destruction, yet this 
process has been primarily investigated in the setting of locally 
advanced or metastatic cancer. Much less is known about how 
premalignant or early invasive tumor cells evade immune detec-
tion and elimination. To understand this process in early colorec-
tal cancers (CRCs), we investigated how naïve mouse and human 
colon cancer organoids that were engineered in vitro to harbor 
APC-null, KrasG12D, and p53-null (AKP) mutations adapted to the 
in vivo native colonic environment. Comprehensive transcriptom-
ic and chromatin analyses revealed that the endoderm specify-
ing transcription factor SOX17 became strongly upregulated in 
primary in vivo AKP-derived organoids compared to their naïve 
counterparts. Surprisingly, whereas SOX17 loss did not affect 
AKP organoid propagation in vitro, its loss dramatically reduced 
the ability of AKP tumors to persist in vivo. The small fraction of 
SOX17-null tumors that grew displayed notable IFNg-producing 
effector-like CD8+ T cell infiltrates in contraposition to the highly 
immune suppressive microenvironment in wild-type counterparts. 
This inability of SOX17-null AKP tumors to engraft and grow was 
rescued when they were transplanted into CD8+ T cell-deplet-
ed or immunocompromised colons. Mechanistically, in both en-
dogenous APC-null pre-malignant adenomas and organoid-de-
rived AKP CRCs, SOX17 suppresses the ability of tumor cells to 
sense and respond to IFNg which prevents an anti-tumor T cell 
response. SOX17 engages a fetal intestinal program that drives 
differentiation away from Lgr5+ tumor cells to produce immune 
evasive Lgr5- tumor cells with lower MHC-I expression. We pro-
pose that SOX17 is a master transcription factor turned on during 
the early steps of colon cancer to orchestrate an immune-evasive 
differentiation program that permits CRC progression.

Keywords: colorectal cancer, stem cell, immune evasion

996

ENVIRONMENTAL OXYGEN REGULATES DENTAL 
EPITHELIAL STEM CELL PROLIFERATION VIA 
ENERGY METABOLIC-EPIGENETICS INTERPLAY
Otsu, Keishi - Department of Anatomy, Iwate Medical University, 
Yahaba, Japan
Ikezaki, Shojiro - Department of Anatomy, Iwate Medical 
University, Yahaba, Japan
Harada, Hidemitsu - Department of Anatomy, Iwate Medical 
University, Yahaba, Japan

The microenvironment, including oxygen (O2), plays a role in 
regulating cell behavior. However, the mechanism of regulation 
in epithelial stem cells is not well understood. In this study, we 
examined the effect of environmental oxygen on the proliferation 
of dental epithelial stem cells in continuously growing mouse inci-
sors. Our results showed that slow-cycling dental epithelial stem 
cells were localized away from blood vessels and had higher ex-
pression of Hif1α and lactate dehydrogenase, but lower expres-
sion of markers for oxidative phosphorylation. This indicates that 
these stem cells are maintained in a glycolysis-dominant energy 
metabolic state under low oxygen conditions. Culturing dental 
epithelial cells under hypoxia increased the expression of gly-
colysis marker genes and lactate production, which is known to 
promote histone acetylation. Furthermore, when mouse incisors 
were cultured under hypoxia, the number of Ki67 positive cells in 
dental epithelial cells decreased, while acetylated histone H3 and 
H4 positive cells increased. Finally, treating cells with tricostatin, 
which induces histone acetylation, reduced the number of Ki67 
positive cells. These findings suggest that hypoxia maintains 
slow-cycling dental epithelial stem cells through lactate-induced 
histone acetylation, highlighting the interplay between energy 
metabolism and epigenetics in regulating epithelial stem cells.

Keywords: epithelial stem cells, metabolism, epigenetics

998

AIRWAY EPITHELIAL STEM CELLS: 
REGENERATIVE PROPERTIES, DIFFERENTIATIVE 
POTENTIAL AND SAFE EXPANSION FOR TISSUE-
ENGINEERING APPROACHES
Adamo, Davide - Department of Life Science, University of 
Modena and Reggio Emilia, Modena, Italy
Genna, Vincenzo Giuseppe - Holostem Terapie Avanzate S.r.l., 
Modena, Italy
Galaverni, Giulia - Department of Life Science, University of 
Modena and Reggio Emilia, Modena, Italy
Chiavelli, Chiara - Department of Medical and Surgical Sciences 
for Children and Adults, University of Modena and Reggio 
Emilia, Modena, Italy
Pellegrini, Graziella - Department of Life Science, University of 
Modena and Reggio Emilia, Modena, Italy

Respiratory diseases affect millions of people globally, emerg-
ing as one of the major causes of disability and death overall. 
Many pathological conditions can alter the structure and function 
of the different tracts of the respiratory system, substantially af-
fecting the patients’ life. In the case of wide structural alterations, 
the standard surgical strategies are ineffective or totally inappli-
cable and among the numerous reconstructive techniques and 
tissue-engineering (TE) approaches tested so far, no one has be-
come a well-established and routinely-applied clinical procedure. 
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) One of the major difficulties encountered in these clinical ap-

proaches is the regeneration of a self-renewing epithelium cov-
ering the transplanted graft, imperative to preserve respiratory 
functions. In TE strategies, the adult airway epithelial cells would 
be the most appropriate cellular source for restoring the airway 
epithelium. However, many difficulties have been encountered in 
the in-vitro expansion of these cells. Indeed, they were described 
as able to divide efficiently for a very limited number of passag-
es, beyond which they lose their differentiative potential and the 
ability to form a functional barrier. In the present study, we proved 
the ability of a clinical-grade culture system, to sustain the long-
term proliferative and differentiation potential of airway epithelial 
cells safely and effectively. Crucial, we identified the stem cells 
of the airway epithelium and proved their self-renew capacity. 
Furthermore, we hypothesized the use of some transcription 
factors as putative molecular markers to be adopted to evaluate 
the percentage of stem cells within an airway culture. Finally, the 
multiple analyses conducted at the single-cell level allowed us 
to understand the mechanisms that underlie the cellular special-
ization process. Therefore, here we propose a model showing 
how airway epithelial renewal and differentiation processes could 
occur. We believe that the information about regeneration, main-
tenance, and specialization of the respiratory epithelium gained 
from this study coupled with the established quality controls to be 
adopted from the biopsy collection up to the development of a 
TE construct represents important steps towards a safe and suc-
cessful TE approach for airway reconstruction.

Keywords: Respiratory epithelial stem cells, self-renewal and 
differentiation, airway tissue-engineering

1000

THE MIR-200 FAMILY INHIBITS EMBRYONIC 
SPECIFICATIONS OF SEBACEOUS PROGENITORS 
BY TARGETING BMP PATHWAY
Das, Arpan - Pathology, Northwestern University, Chicago, IL, 
USA
Bjerke, Glen - MCDB, University of Colorado, Boulder, CO, USA
Wang, Dongmei - Pathology, Northwestern University, Chicago, 
IL, USA
Yi, Rui - Pathology, Northwestern University, Chicago, IL, USA

Mammalian skin plays a critical role as the barrier. Role of stem 
cells (SCs) including epidermal and hair follicle (HF) SCs in the 
skin development and maintaining the homeostasis are well stud-
ied. So far, it is believed that HF-SCs differentiate and lead to the 
development of another epithelial skin appendage, sebaceous 
glands (SGs). Here, I am studying how the SG-fate is determined 
by finetuning one or a combination of signaling pathways by 
the miR-200 family of miRNAs (miR-200a, 200b, 200c, 141 and 
429), one of the highly expressed miRNA family in epithelial cells. 
These miRNAs coordinately regulate important physical prop-
erties of the cells including that control actin cytoskeleton, cell 
migration, proliferation, lipid biosynthesis. Interestingly, epitheli-
al specific induction of miR-200a, 200b and 429 at the onset of 
epidermal fate specification (embryonic day 11) but not the later 
time point largely abolishes the specification and morphogen-
esis of sebaceous glands. This suggests that miR-200 miRNAs 
negatively control sebaceous gland formation in a stage-specific 
manner. Single-cell RNA-seq and cell trajectory analysis confirm 
the specific blockage of sebaceous gland fate specification by 
targeting a subset of upper HF cells. Using an unbiased genomics 
approach, we have also detected miR-200 targets Nog, a BMP 
inhibitor, in keratinocytes. This suggests miR-200 miRNAs can 

change the expression pattern of BMP targets by downregulat-
ing Nog and results in perturbing the balance between signaling 
pathways. These studies together will define the molecular net-
work required for sebaceous gland fate specification and mor-
phogenesis and reveal the mechanism of miR-200 miRNAs in 
their inhibitory function of gland morphogenesis.

Keywords: skin stem cells, sebaceous gland development, 
microRNA

1002

INTERROGATING THE CELL-OF-ORIGIN OF 
BRCA2 MUTANT BREAST CANCER TO IDENTIFY 
NOVEL TARGETS FOR CHEMOPREVENTION
Joyce, Rachel - Department of Medical Biology, The University 
of Melbourne, ACRF Cancer Biology and Stem Cell Division, 
WEHI, Parkville, Australia
Pascual, Rosa - Department of Medical Biology, The University 
of Melbourne, ACRF Cancer Biology and Stem Cells Division, 
WEHI, Parkville, Australia
Heitink, Luuk - Department of Medical Biology, The University 
of Melbourne, ACRF Cancer Biology and Stem Cells Division, 
WEHI, Parkville, Australia
Vaillant, Francois - Department of Medical Biology, The 
University of Melbourne, ACRF Cancer Biology and Stem Cells 
Division, WEHI, Parkville, Australia
Chen, Yunshun - Department of Medical Biology, The University 
of Melbourne, ACRF Cancer Biology and Stem Cells Division, 
WEHI, Parkville, Australia
Smyth, Gordon - School of Mathematics and Statistics, The 
University of Melbourne, Bioinformatics Division, WEHI, Parkville, 
Australia
Lindeman, Geoff - Department of Medicine, The University of 
Melbourne, ACRF Cancer Biology and Stem Cells Division, 
WEHI, Parkville, Australia
Visvader, Jane - Department of Medical Biology, The University 
of Melbourne, ACRF Cancer Biology and Stem Cells Division, 
WEHI, Parkville, Australia

It is currently estimated that approximately one woman dies ev-
ery minute of breast cancer across the globe. While the great-
est risk factor for breast cancer development is having female 
reproductive organs, the cumulative life-time breast cancer risk 
for women who carry pathogenic mutations in their BRCA2 gene 
is significantly higher than non-carriers. To date, there have been 
no prospective studies or chemoprevention trials for BRCA2m-
ut/+ breast cancer, highlighting a need for the development of 
targeted breast cancer prevention strategies for BRCA2 muta-
tion carriers. Transcriptional and proteomic profiling coupled 
with downstream ex vivo functional assays were performed to 
interrogate the mammary stem cell hierarchies of premenopaus-
al BRCA2 mutation carriers and non-carriers, revealing dysreg-
ulation across the luminal compartment and an expansion of 
aberrant luminal progenitors displaying disrupted proteostasis. 
These data describe developments in our understanding of the 
cellular alterations present in putative BRCA2mut/+ breast can-
cer cells-of-origin, and uncover potential therapeutic targets for 
breast cancer prevention in these patients.

Keywords: mammary stem cell hierarchy, BRCA2, patient
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1004

RNA METHYLTRANSFERASE METTL3 IS 
ESSENTIAL FOR GENOMIC INTEGRITY AND 
SURVIVAL OF SMALL INTESTINAL STEM 
PROGENITORS
Danan, Charles - Cell and Molecular Biology, Perelman School 
of Medicine, University of Pennsylvania, Philadelphia, PA, USA
Naughton, Kaitlyn - Gastroenterology, Children’s Hospital of 
Philadelphia, PA, USA
Vellapan, Sangeevan - Department of Genetics, Rutgers 
University, New Brunswick, NJ, USA
Hayer, Katharina - Department of Biomedical and Health 
Informatics, Children’s Hospital of Philadelphia, PA, USA
McMillan, Emily - Gastroenterology, Children’s Hospital of 
Philadelphia, PA, USA
Zhou, Yusen - Department of Biomedical and Health 
Informatics, Children’s Hospital of Philadelphia, PA, USA
Shah, Premal - Department of Genetics, Rutgers University, New 
Brunswick, NJ, USA
Hamilton, Kate - Gastroenterology, Children’s Hospital of 
Philadelphia, PA, USA

Background: N6-methyladenosine (m6A), the most common co-
valent modification of mRNA, profoundly impacts mRNA transla-
tion, stability, splicing, and more. Recent studies demonstrated 
essential roles for m6A in stem cell survival, proliferation, plurip-
otency, and differentiation. Almost all m6A on mRNA is added by 
the METTL3-METTL14 methyltransferase complex. METTL3 and 
METTL14 are both considered essential members of the complex 
and deletion of either protein is used interchangeably to study 
the role of m6A in a target tissue. Gap in knowledge: Two recent 
studies demonstrate that METTL14 deletion in the intestinal epi-
thelium leads to a severe stem cell death phenotype in the colon 
with no detected phenotype in the small intestine, but the conse-
quence of METTL3 deletion has not been evaluated in homeosta-
sis of the intestinal epithelium We hypothesized that METTL3 de-
letion would phenocopy published studies of METTL14 deletion 
in the intestine. Results: We induced deletion of METTL3 in the 
intestinal epithelium using Vil1-CreERT2;Mettl3-fl/fl mice (METTL3 
KO). METTL3 KO mice lost weight in the days following tamox-
ifen injection and demonstrated near 100% mortality within two 
weeks. Histopathological analysis revealed unexpected severe 
defects in the small intestine including crypt enlargement and vil-
lus shortening. We identified abundant apoptosis, gamma-H2AX, 
and P21 staining in the highly proliferative stem progenitor cells 
(cells in the transit amplification zone of the crypt), indicative of 
DNA breaks, cellular senescence, and cell death. We deleted 
METTL3 in small intestinal organoids, which rapidly resulted in 
organoid death, mirroring in vivo results. Re-expression of a cat-
alytic inactive METTL3 could not rescue METTL3 KO organoids, 
suggesting m6A-mediated roles for METTL3 in the small intestine 
that are independent of METTL14. Ribosome profiling of MET-
TL3 KO organoids demonstrated downregulation of translation 
of ~1000 unique transcripts including many with critical roles in 
double stranded DNA break repair. Conclusion: METTL3, but not 
METTL14, is essential for small intestinal homeostasis at the lev-
el of intestinal epithelial stem progenitors. Our data support dis-
parate roles for METTL3 and METTL14 in the small intestine and 
raise the possibility of novel divergent roles for METTL3.

Funding Source: NIH/NIDDK R01DK124369 NIH/NIEHS 
R21ES031533 Penn NIH/NIDDK P30

Keywords: m6A, METTL3, Intestinal stem cell
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REJUVENATION OF TYPE II ALVEOLAR 
EPITHELIAL CELLS USING INTERRUPTED 
REPROGRAMMING TO REVERSE THE 
HALLMARKS OF AGING
Eiliazadeh, Anthony L. - Thoracic Surgery, University of Toronto, 
ON, Canada
Duchesneau, Pascal - Thoracic Surgery, University of Toronto, 
ON, Canada
Karoubi, Golnaz - Thoracic Surgery, University of Toronto, ON, 
Canada
Taniguchi, Daisuke - Thoracic Surgery, University of Toronto, 
ON, Canada
Waddell, Thomas - Thoracic Surgery, University of Toronto, ON, 
Canada

Autologous lung cell therapy applications for the elderly are lim-
ited by suitable cell sources given cellular health declines with 
age. Alveolar type 2 (AT2) cells, noted to be the distal lung epithe-
lial cell progenitor cell, have shown to be useful as a therapeutic 
cell source for a number of lung pathologies including Pulmonary 
Fibrosis. We look to identify aging hallmarks and use a novel 
transient reprogramming strategy to reverse damage resulting 
from age and disease. Our reprogramming approach is based on 
doxycycline-mediated induction of pluripotency stem cell genes, 
Oct4, Klf4, c-Myc, and Sox2 (OKMS), resulting in transient ex-
pression for a defined period, thus generating rejuvenated aged 
AT2-induced progenitor-like (AT2-iPL) cells. Our findings show 
that aged (≥65 years old) human AT2 cells have limited clonal 
potential and are functionally deficient compared to young (≤35 
years old) AT2 cells; aged alveolospheres are on average smaller 
and have less colony forming capacity in our 3D organoid mod-
el. Their also appears to be a different distribution of morpholo-
gies of these alveolospheres between aged and young donors 
which is being explored further. Investigating some of the aging 
hallmarks associated with physiological aging, we saw aged AT2 
cells have increased DNA damage and increased gene expres-
sion for senescence biomarkers including p21 and SA-β galac-
tosidase. After we have applied our interrupted reprogramming 
process to aged AT2 cells, we will characterize AT2-iPL cells and 
assess if they have restored functionality like young AT2 cells. 
Thus, providing a rejuvenated population for therapeutic use with 
the elimination of cell-intrinsic deficits after the reprogramming 
process.

Funding Source: CIHR

Keywords: Primary Human Lung Organoids, Ageing, Cellular 
Rejuvenation
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RECOMBINANT LAMININ PROTEINS PROVIDE A 
BIOLOGICALLY RELEVANT NICHE FOR PRIMARY 
CELLS IN VITRO, MIMICKING THE NATURAL 
NICHE FOR BOTH ADULT STEM CELLS AND 
PRIMARY CANCER CELLS
Kallur, Therese - BioLamina, Stockholm, Sweden
Eleuteri, Boris - Research and Development, BioLamina, 
Stockholm, Sweden
Kele, Malin - BD and Research and Development, BioLamina, 
Stockholm, Sweden
Xiao, Zhijie - Research and Development, BioLamina, 
Stockholm, Sweden

Major efforts have been made on cell culture protocols for cellular 
therapies, however, studies on cell substrates for pathologically 
relevant cell cultures are less frequent. Cancer cell models in par-
ticular are often based on cell-cell contacts leaving out the essen-
tial cell-extracellular matrix (ECM) responses and despite that 85% 
of all cancers are epithelial cancer in direct contact with the Ecm 
of the basement membrane. Laminins are a large ECM protein 
family enriched within the basement membranes, underling epi-
thelial tissues, and an essential part of the stem cell niches. The 
laminins have multiple, often cell type–specific functions, such 
as adhesion, differentiation, migration, phenotype maintenance, 
and resistance to apoptosis. We have analysed the expression 
patterns of the laminin proteins, in healthy and cancer tissues. We 
can demonstrate that there is a shift in laminin gene expressions 
within multiple cancer forms compared to healthy tissues. Both 
on protein and on relative expression level, within multiple major 
cancer types such as, lung adenocarcinoma, renal cancers, pan-
creatic cancer, glioma, and melanoma. The different laminin pro-
teins have different activities and their presence in a tumour can 
have positive or negative impact on 5-year survival probability, for 
example, in lung adenocarcinoma where high LAMA3 expression 
is associated with a negative 5-year survival vs high LAMA2 ex-
pression is associated with a positive 5-year survival (P=0,00051, 
n=494 resp. P=0,0027, n=500). We believe that these in vivo in-
sights can be translated to improve in vitro conditions for primary 
cells. Cells from lung, skin, and gut, can be maintained in vitro 
without the need for serum or other undefined components when 
a biologically relevant laminin isoform is used as substrate, also 
with direct effects on the cell survival, proliferation and migration, 
parameters of major focus within drug development assays.

Keywords: stem cell niche, extracellular matrix, cancer

1010

LOSS OF NF-KAPPAB INDUCING KINASE 
INCREASES SUSCEPTIBILITY TO COLORECTAL 
CANCER VIA TOP-DOWN TUMORIGENESIS 
FOLLOWING DIMINISHED REGENERATIVE 
CAPACITY OF STEM CELL NICHE
Morrison, Holly Ann - Biomedical Sciences and Pathobiology, 
Virginia Tech, Blacksburg, VA, USA
Rowe, Audrey - Biomedical Sciences and Pathobiology, Virginia 
Tech, Blacksburg, VA, USA
Eden, Kristin - Biomedical Sciences and Pathobiology, Virginia 
Tech, Blacksburg, VA, USA
Rothschild, Daniel - Biomedical Sciences and Pathobiology, 
Virginia Tech, Blacksburg, VA, USA
Baumgarner, Katherine - Cell Biology and Physiology, Via 
College of Osteopathic Medicine, Spartanburg, SC, USA
Brown, Stephan - Cell Biology and Physiology, Via College of 
Osteopathic Medicine, Spartanburg, SC, USA
Holl, Eda - Surgery, Duke University School of Medicine, 
Durham, NC, USA
Allen, Irving - Biomedical Sciences and Pathobiology, Virginia 
Tech, Blacksburg, VA, USA

Colitis-associated colorectal cancer (CAC) is an inflammatory 
subtype of colorectal cancer, in which greater than 20% of In-
flammatory Bowel Disease (IBD) patients develop CAC. However, 
the exact molecular underpinning and cell-type of origin has yet 
to be defined in this inflammation-induced tumorigenesis. Tradi-
tionally, intestinal stem cells (ISCs) located at the base of colonic 
crypts, multicellular structures composed of ISCs that differenti-
ate into intestinal epithelial cells (IECs), are widely predicted to 
be the cell-of-origin for this malignant transformation as the “Bot-
tom-up model”. However, there is emerging interest in a “Top-
down model”, which suggests the de-differentiation of terminally 
differentiated IECs in adenocarcinoma development. We hypoth-
esize that the NF-κB inducing kinase (NIK) and its further activa-
tion of noncanonical NF-κB signaling is critical for maintaining 
gastrointestinal homeostasis by maintaining the proliferation-dif-
ferentiation signaling axis within crypts. Our work shows that NIK 
regulates IEC regeneration and differentiation, therefore protect-
ing against colorectal cancer. Conditional knockout mice with 
IEC-specific NIK deletion have increased susceptibility to cancer 
development following the chemical administration of AOM/DSS. 
Mechanistic studies evaluating crypts and organoids lacking NIK 
further revealed an imbalance of proper apoptosis and prolifer-
ation signaling. These colonic crypts have increased accumula-
tion of mature, non-dividing IECs. Further, organoids derived from 
isolated ISCs exhibit stunted growth indicating diminished stem 
cell potential. Here, we suggest that terminally differentiated IECs 
are molecularly switched to de-differentiate into a stem-like state 
to compensate for the decreased regenerative capacity from the 
stem cell niche in this model for Top-down tumorigenesis. This 
finding is consistent with human CAC biopsy patients that also 
have attenuated noncanonical NF-κB signaling, including signif-
icant downregulation of NIK (MAP3K14) gene expression. Here, 
we present a novel role for NIK in regulating IEC regeneration and 
differentiation in protecting against CAC development. Informa-
tion yielded here may be further utilized to improve the detection 
and treatment of CAC in human patients.

Funding Source: Supported by iTHRIVE Pilot Translational 
and Clinical Studies Program, VCOM Center for One Health 
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Research, Virginia Tech Carilion Research Acceleration Program, 
and the Virginia-Maryland College of Veterinary Medicine.

Keywords: De-differentiation, Tumorigenesis, Organoids

1012

REFINING THE ENDOMETRIAL STEM CELL NICHE 
WITH SINGLE-CELL GENOMICS
Kelava, Iva - Cellular Genetics, Wellcome Sanger Institute, 
Hinxton, UK
Marečková, Magda - Nuffield Department of Women’s and 
Reproductive Health, University of Oxford, UK
Garcia-Alonso, Luz - Cellular Genetics, Wellcome Sanger 
Institute, Hinxton, UK
Sancho-Serra, Carmen - Cellular Genetics, Wellcome Sanger 
Institute, Hinxton, UK
Oszlanczi, Agnes - Cellular Genetics, Wellcome Sanger Institute, 
Hinxton, UK
Icoresi-Mazzeo, Cecilia - Cellular Genetics, Wellcome Sanger 
Institute, Hinxton, UK
Hellner, Karin - Nuffield Department of Women’s and 
Reproductive Health, University of Oxford, UK
Gnecco, Juan - School of Engineering, Tufts University, Medford, 
MA, USA
Griffith, Linda - Multi-Cellular Engineered Living Systems, 
Massachusetts Institute of Technology, Cambridge, MA, USA
Dragovic, Rebecca - Nuffield Department of Women’sand 
Reproductive Health, University of Oxford, UK
Southcombe, Jen - Nuffield Department of Women’s and 
Reproductive Health, University of Oxford, UK
Becker, Christian - Nuffield Department of Women’s and 
Reproductive Health, University of Oxford, UK
Zondervan, Krina - Nuffield Department of Women’s and 
Reproductive Health, University of Oxford, UK
Vento-Tormo, Roser - Cellular Genetics, Wellcome Sanger 
Institute, Hinxton, UK

The lining of the uterus – the endometrium, is a highly heteroge-
neous and dynamic tissue which undergoes dramatic changes 
following a monthly hormonal cycle. Stem cells in the endome-
trium repair the tissue and proliferate extensively in the first part 
of the cycle in preparation for embryo implantation. Pregnancy 
absent, the tissue degrades and exits the body in the form of 
menstruation. Stem cells of the endometrium, despite their exten-
sive repair and proliferation potential, have remained elusive. We 
have previously profiled different cell populations in the human 
endometrium over the monthly cycle and described the stem cell 
niche. Here we transcriptomically profile over one million cells 
from endometria of healthy controls and endometriosis patients 
by single cell- and single nucleus-transcriptomics. We refine the 
stem cell niche and describe the differences in its composition 
between healthy controls (during natural cycles and under hor-
monal therapy) and endometriosis patients.

Keywords: Endometrium, Genomics, Regeneration

1014

DECIPHERING THE ROLE OF INTERFERON 
SIGNALING ON THE ACQUISITION AND 
MAINTENANCE OF EPIGENETIC MEMORY 
AND ITS IMPACT ON INFLAMMATORY BOWEL 
DISEASE
Morral Martinez, Clara - Radiation Oncology, University of 
Pennsylvania, Philadelphia, PA, USA
Qiu, Jingya - Radiation Oncology, University of Pennsylvania, 
Philadelphia, PA, USA
Karakasheva, Tatiana - Radiation Oncology, Children’s Hospital 
of Philadelphia, PA, USA
Zhou, Yusen - Division of Gastroenterology, Children’s Hospital 
of Philadelphia, PA, USA
H. Rhoades, Joshua - Department of Biomedical Sciences, 
University of Pennsylvania School of Veterinary Medicine, 
Philadelphia, PA, USA
Uzun, Yasin - Department of Pediatrics, Pennsylvania State 
University, Philadelphia, PA, USA
Li, Ning - Department of Biomedical Sciences, University of 
Pennsylvania School of Veterinary Medicine, Philadelphia, PA, 
USA
Tan, Kai - Department of Pediatrics, Children’s Hospital of 
Philadelphia, PA, USA
Aleynick, Daniel - Division of Gastroenterology, Children’s 
Hospital of Philadelphia, PA, USA
Weinbrom, Sarah - Division of Gastroenterology, Children’s 
Hospital of Philadelphia, PA, USA
Chen, Chia-Hui - Department of Pediatrics, Children’s Hospital of 
Philadelphia, PA, USA
Fulton, MaryKate - Department of Medicine, University of 
Pennsylvania, Philadelphia, PA, USA
Bewtra, Meenakshi - Department of Medicine, University of 
Pennsylvania, Philadelphia, PA, USA
Kelsen, Judith R. - Division of Gastroenterology, Hepatology and 
Nutrition, Children’s Hospital of Philadelphia, PA, USA
Soto, Gloria E. - Division of Gastroenterology, Children’s Hospital 
of Philadelphia, PA, USA
Thadi, Anusha - Division of Gastroenterology, Children’s 
Hospital of Philadelphia, PA, USA
Lengner, Christopher J. - Department of Biomedical Sciences, 
University of Pennsylvania School of Veterinary Medicine, 
Philadelphia, PA, USA
Hamilton, Kathryn E. - Division of Gastroenterology, Children’s 
Hospital of Philadelphia, PA, USA
Minn, Andy J. - Radiation Oncology, University of Pennsylvania, 
Philadelphia, PA, USA

Inflammatory bowel disease (IBD) is a chronic inflammatory condi-
tion that alters the homeostasis of the gastrointestinal tract lead-
ing to life-threatening complications. Although genetic factors 
contribute to developing IBD, only 10% of disease variance can 
be explained by known IBD risk loci. One intriguing hypothesis 
of how chronic inflammation may arise relates to the process of 
tissues sensing environmental stress and attempting to protect 
themselves against future insults. Indeed, recent work has shown 
that following various stressors epithelial cells reprogram their 
epigenome to “remember” such events, a process termed inflam-
matory memory. Often, this involves the opening of chromatin at 
specific domains that remain accessible long after the resolution 
of inflammation. However, the molecular pathways that regulate 
inflammatory memory remain largely unknown. To further explore 
how inflammation alters the epigenetic landscape in IBD, we an-
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patients with Crohn’s disease and healthy donor controls. Prelim-
inarily, we observe increased chromatin accessibility in the pro-
moters and enhancers of genes associated with interferon sig-
naling in epithelial cells from Crohn’s disease samples. In parallel, 
we developed a mouse model of inflammatory memory using the 
well-established Dextran Sodium Sulfate (DSS) protocol. Inflam-
matory cytokine analysis and immune profiling showed that three 
consecutive DSS cycles is sufficient to generate a chronic inflam-
matory state for over one month while allowing complete recov-
ery once treatment is stopped. Intriguingly, we found that colon 
organoids derived from DSS treated mice showed an enhanced 
response to interferon signaling compared to naïve organoid 
controls. These results highlight a role for interferon as a candi-
date pathway associated with inflammatory memory in intestinal 
stem cells. We plan to leverage our organoid model to further 
dissect how interferon signaling may contribute to the acquisi-
tion and maintenance of inflammatory memory and whether this 
impacts tissue homeostasis in the context of IBD. The discovery 
of pathways and molecular mechanisms governing inflammatory 
memory will uncover novel therapeutic strategies to treat a broad 
spectrum of chronic inflammatory diseases.

Keywords: Inflammatory Memory, Inflammatory Bowel Disease, 
Epigenetics

TOPIC: GERMLINE AND EARLY EMBRYO

1016

ESTABLISHMENT OF HUMAN ALLOGENIC 
RECONSTITUTED TESTIS WITH IN VITRO-
DERIVED HUMAN GERM CELLS
Hwang, Young Sun - Molecular, Cell and Developmental 
Biology, University of California, Los Angeles, CA, USA
Wu, Qiu Ya - Molecular Cell and Developmental Biology, 
University of California, Los Angeles, CA, USA
Clark, Amander - Molecular Cell and Developmental Biology, 
University of California, Los Angeles, CA, USA

Specification of germline cells, followed by survival, determina-
tion, self-renewal and meiosis in testis epithelial niches are es-
sential for the production of spermatozoa and male fertility. In 
vitro gametogenesis (IVG) is a tool to that aims to recapitulate 
this process entirely in vitro. Xenogenic reconstituted testis (xrT-
estis) using mouse embryonic testicular somatic cells and human 
in vitro-derived Primordial Germ Cell-Like Cells (PGCLCs) result 
in modest survival and determination of hPGCLCs, but no further 
development, suggesting that this xenogenic system could be 
deleterious to efficient human gametogenesis due to species 
differences. Here, we evaluate hPGCLCs in human allogenic rT-
estis (arTestis). Single cell suspensions of human fetal testicular 
cells formed round and tight aggregates in floating culture for 2 
days, with further morphological changes occurring with trans-
fer to transwell membranes at the air-liquid interface (ALI) for 
an additional 14 days (D14). Using immunofluorescence staining 
at D14, human rTestis self-assembled and produced prominent 
tubular structures consisting of SOX9+ Sertoli cells surrounded 
by ACTA2+ peritubular myoid cells, HSD3B1+ Leydig cells and 
NR2F2+ interstitial cells. Furthermore, hPGCLCs, which were in-
duced from human embryonic stem cells bearing SOX17-2A-td-
Tomato and TFAP2C-2A-eGFP (STAG) fluorescence reporters, 
were combined with human fetal testicular cells to generate ar-
Testis. After floating culture, STAG double positive (STAG+) hPG-

CLCs were nicely recovered in the arTestis aggregates. Further 
analysis will be performed with additional culture on transwells at 
the ALI. Overall, these findings reveal that hPGCLCs and human 
testicular cells are able to self-assemble to form human-to-human 
testicular tissues in vitro, which could be a powerful system to 
enhance human IVG, as well as study human germ cell biology.

Keywords: Human allogenic reconstituted testis, Human male 
germ cells, In vitro gametogenesis

1018

GENERATION OF FUNCTIONAL GAMETES FROM 
UNIPOTENT MALE GERMLINE STEM CELLS 
THROUGH GERMLINE-DERIVED PLURIPOTENT 
STEM CELLS: NEW HOPE FOR MALE INFERTILITY
Aydos, Dunya - Stem Cell Institute, Ankara University, Ankara, 
Turkey
Aydos, Sena - Department of Medical Biology, Ankara University 
Faculty of Medicine, Ankara, Turkey
Aydos, Kaan - Department of Urology, Ankara University Faculty 
of Medicine, Ankara, Turkey
Akcali, Kamil - Department of Biophysics, Ankara University 
Faculty of Medicine, Ankara, Turkey

Germline stem cells (GSCs) are unipotent stem cells that comprise 
only about 0.02–0.03% of all testicular cells that can be used in in 
vitro spermatogenesis or autologous transplantation in azoosper-
mic men and childhood cancer survivors. Only a few studies have 
succeeded to improve their proliferative capacity during long-
term culture, as well as direct their differentiation to haploid cells. 
GSCs can be dedifferentiated into germline-derived pluripotent 
stem (gPS) cells. gPS cells can give rise to cells forming all three 
germ layers and germ cells. Unlike embryonic stem cells and iPS 
cells, this approach does not rise any ethical concerns and require 
use of viral vectors or special manipulations for reprogramming. 
In this study, we showed for the first time that CD49f+ GSCs could 
be converted into gPS cells in the presence of GDNF, EGF, bFGF, 
IGF2, SCF, and mLIF; notably, those gPS cell colonies could be 
propagated for more than two months on >95% GATA4+ Sertoli 
cell feeders. GSC-derived gPS cells completed meiosis in vitro by 
introducing a TGF-β/Activin/Nodal pathway inhibitor, SB431542, 
followed by retinoic acid. Besides leptotene and zygotene sper-
matocytes, which were observed after SB431542 pre-treatment, a 
considerably higher number of spermatozoa were localized upon 
the combined action of retinoic acid, with a concomitant increase 
in Ddx4 expression. The resultant haploid male gametes were 
able to trigger blastocyst formation after intracytoplasmic injec-
tion. Following successful co-transplantation of GSC-derived gPS 
and Sertoli cells into germ cell-ablated mouse testes, the DDX4+ 
SYCP3+ cells per tubule were higher than those transplanted with 
only Sertoli cells. Sertoli cells were able to restore endogenous 
spermatogenesis by reforming the impaired niche, whereas ex-
ogenous gPS cells were able to undergo successful spermato-
genesis in the presence of healthy niche cells. Overall, our ap-
proach shows that GSCs can be expanded in number and our 
GSC-gPS cell conversion method can upregulate the expression 
of pluripotent markers under defined culture conditions, gPS cells 
can undergo stepwise differentiation into functional sperm in vitro 
and can reinitiate spermatogenesis in vivo with somatic niche/
Sertoli cell support. gPS cells offer great promise for patient-spe-
cific treatment of infertility.

Funding Source: This work was supported by the TUBITAK 
ARDEB 1002 – Short Term Research and Development Funding 
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Program and the Ankara University Scientific Research Projects 
(BAP)-B+.

Keywords: Germline Stem Cell, Pluripotency, In Vitro 
Spermatogenesis
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HISTONE VARIANT H2AJ IS A HALLMARK OF 
HUMAN TROPHOBLAST FATE
Jensen, Tyler B. - Genetics, Yale University, New Haven, CT, 
USA
Ming, Hao - School of Animal Sciences, Louisiana State 
University, Baton Rouge, LA, USA
Zhu, Linkai - Department of Animals Sciences, University of 
Florida, Gainesville, FL, USA
Chitrakar, Alisha - Genetics, Yale University, New Haven, CT, 
USA
Noon, Mackenzie - Genetics, Yale University, New Haven, CT, 
USA
Sun, Eric - Genetics, Yale University, New Haven, CT, USA
Gbyli, Rana - Genetics, Yale University, New Haven, CT, USA
Jiang, Zongliang - Department of Animals Sciences, University 
of Florida, Gainesville, FL, USA
Xiao, Andrew - Genetics, Yale University, New Haven, CT, USA

Trophoblast specification is the first cell-fate determination during 
embryogenesis in all eutherians. Past research has been focused 
on common mechanisms for trophoblast and placental develop-
ment shared by all mammals. However, the molecular, cellular, 
and physiological characteristics, such as senescence and in-
vasion into the endometrial tissues, are quite divergent among 
mammalian species. For example, human placenta tissues fre-
quently migrate to endometrial tissues, where they become se-
nescent, whereas such phenomena don’t occur in mice. The lack 
of understanding of human placentation hampers the prognosis 
of placental diseases, such as pre-eclampsia. We discovered 
that the poorly understood histone variant H2AJ is enriched in 
the placentas of humans and large mammals but not in mice. In-
terestingly, we demonstrated that H2AJ is essential for human 
placental development in various cell culture models and for em-
bryogenesis in large mammals, whereas it is dispensable in mice. 
We further demonstrated that H2AJ plays a critical role in DNA 
repair and regulates the expression of cytokines that are pivotal 
for pregnancy. This study discovers a novel epigenetic regula-
tion during early embryogenesis and sheds the first light on how 
epigenetic mechanisms shape placenta development during 
mammalian evolution. Moreover, it reveals an unexpected role of 
genome integrity maintenance around the first cell-fate decision 
during early development.

Funding Source: Ludwig Family Foundation NIH R01 NICHD NIH 
R35 NIGMS

Keywords: Trophoblast, Epigenetics, Placenta
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UNCOVERING INITIATION MECHANISMS OF 
NEUROBLASTOMA VIA TRANSCRIPTIONAL 
PROFILING OF NEURAL CREST DEVELOPMENT
Hsin, Jenny - Neural Crest Development and Disease Unit, 
National Institute of Dental and Craniofacial Research, 
Bethesdsa, MD, USA
Huang, Shery - Engineering, University of Cambridge, UK
Kerosuo, Laura - Neural Crest Development and Disease 
Unit, National Institute of Dental and Craniofacial Research, 
Bethesda, MD, USA

Neuroblastoma, the most common extracranial pediatric solid tu-
mor, is a neural crest cell (NCC) derived cancer of the peripheral 
nervous system with a widely varying clinical course: the five-year 
survival prognosis ranges from 50% to 90% for low-risk and high-
risk groups. However, the exact stage of NCC development in 
which neuroblastoma occurs remains unclear, and it may vary be-
tween the groups with different outcomes. While most research 
has focused on studying neuroblastoma initiation in sympatho-
adrenal progenitors, chromaffin cells, and sympathetic neurons, 
recent studies by us and others suggest the initiation may occur 
earlier during NCC development. We hypothesize we can pin-
point the initiation mechanism of neuroblastoma by searching for 
matching transcriptional profiles between stages of normal neu-
ral crest development and neuroblastoma samples with different 
prognosis and stage of aggressive behavior. We have optimized 
protocols for differentiating human embryonic stem cells to early 
pre- and post-migratory NCC and their respective differentiating 
sympathetic neuron and chromaffin cell lineage specific deriva-
tives in vitro, of which we have generated single cell and bulk 
RNA sequencing samples. To identify stage specific resemblance 
of NCC development and neuroblastoma, we compare develop-
mental gene modules unique to each stage of NCC development 
to published single cell RNA sequencing data of neuroblastoma 
samples. Our results show that patient-derived neuroblastoma 
samples are not equal regarding their transcriptional profile re-
flecting embryonic developmental status. Even though all neu-
roblastomas are NCC derived, only some tumors demonstrate a 
NCC profile while others are more similar to neural stem cells. 
We suggest that these varying cancer profiles may be the key to 
understanding differences in neuroblastoma prognosis and out-
come.

Keywords: Neuroblastoma, Neural crest, Cancer stem cells
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HUCMSC-DERIVED EXOSOMES PROTECT THE 
SPERMATOGONIAL STEM CELL NICHE THROUGH 
P38MAPK/ERK AND AKT SIGNALING PATHWAYS 
IN A HUMAN TESTICULAR DYSFUNCTIONAL 
MODEL
Liakath Ali, Farzana Begum - Obstetrics and Gynecology, The 
University of Chicago, IL, USA
Al-Hendy, Ayman - Obstetrics and Gynecology, The University of 
Chicago, IL, USA
Mousaei, Mohammad - Obstetrics and Gynecology, The 
University of Chicago, IL, USA
Park, Hang-Soo - Obstetrics and Gynecology, The University of 
Chicago, IL, USA
Seok, Jin - Obstetrics and Gynecology, The University of 
Chicago, IL, USA
Raheem, Omer - Obstetrics and Gynecology, Department of 
Surgery, The University of Chicago, IL, USA

Chemotherapy results in spermatogenic dysfunction and infer-
tility in male cancer survivors. Testicular tissue cryopreservation 
being the only option, we leveraged the regenerative potential 
human Umbilical cord Mesenchymal Stem cells (h-UCMSCs) 
exosomes preserving the Spermatogonial Stem cell (SSC) niche 
as a fertility preservation approach. We used the human Sertoli 
cells (hSerC) as a testicular dysfunction model by inducing apop-
tosis using 250 µg/ml of cyclophosphamide (CP). Before induc-
ing CP-induced damage, 1.50X109 h-UCMSCs exosomes were 
added to the hSerC cells for 24 hours based on the MTT assay. 
The CP-mediated cytotoxicity was induced for 24 h. The effects 
of exosomes on cell proliferation, DNA damage repair, antioxi-
dant capacity, and apoptosis were assessed at the end of 24 h. 
The relative gene expression and immunoblot included i) mark-
ers of cell proliferation and survival (PCNA, AKT, Ki67, P21, CYC 
D1) ii) apoptosis (Cas3, Bcl-2, and Bax) iii) DNA repair (BRCA1 and 
RAD51) and iv) oxidative stress (catalase, SOD2, and SOD1) v) SSC 
proliferation, maintenance, and differentiation (hGDNF, NELL2, 
BMP3, BMP4, hFSHR). The exosome-pretreated group showed 
improved cell proliferation and cell viability (p< 0.05) compared 
to the CP group. Pretreatment with exosomes enhanced cell pro-
liferation and reduced apoptosis whereas phosphorylated levels 
of ERK, AKT, and p38MAPK proteins were significantly reduced 
((p< 0.001) in CP-injured hSer cells. FACS analysis showed that 
the expression of SSC markers SSEA-4 and THY-1 were unaltered 
whereas CP-induced hSer cells had lower expression (p< 0.01). 
The relative gene expression of PCNA, AKT, Ki67, BMP4, IGF-1 in 
exosome treated group was significantly upregulated (p< 0.001) 
compared to the CP group with a concurrent downregulation of 
Cas3, Bax and SOD1, SOD2 suggesting anti-apoptotic, and an-
tioxidative mechanisms exerted by exosomes. RNA sequencing 
revealed the differential upregulation of miR-17, miR-19a, and miR-
17-92 clusters associated with MAPK/ERK in KEGG pathway anal-
ysis. Our preliminary observation suggests that exosomes could 
counteract the reproductive toxicity of CP and could potentially 
be considered a novel cell-free therapeutic option for preserving 
the SSC niche and thus increasing the chances of fertility in can-
cer survivor patients

Funding Source: The University of Chicago

Keywords: Testicular dysfunction, Exosomes, Sertoli cells

TOPIC: HEMATOPOIETIC, IMMUNE, AND ENDOTHE-
LIAL
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UNPRECEDENTED EFFICACY OF RYTVELA IN 
REVERSING VASCULOGENIC DYSFUNCTION OF 
ENDOTHELIAL PROGENITOR CELLS IN OXYGEN-
INDUCED RETINOPATHY THROUGH INHIBITION 
OF MIR-875
Desjarlais, Michel - Ophtalmology, Maisonneuve-Rosemont 
Hospital Research Center, Montreal, QC, Canada
Nazzari, Ali - Opthalmology, CRHMR, Montreal, QC, Canada
Hardy, Pierre - Pediatry, HSJ, Montreal, QC, Canada
Chemtob, Sylvain - Opthalmology, CRHMR, Montreal, QC, 
Canada

Retinal vaso-obliteration is an initial key step in oxygen-induced 
retinopathy (OIR). During vascular development, endothelial Pro-
genitor Cells (EPCs) promote vasculogenesis. However, the EPCs 
functional activity are impaired during OIR. We investigated the 
potential beneficial effects of rytvela (a new non-competitive al-
losteric interleukin (IL)-1 receptor inhibitor) on the post-transcrip-
tional mechanism involved in both hyperoxia/IL-1b-induced EPC 
dysfunction during OIR. First, we found that EPCs subjected to 
hyperoxia or IL-1b exhibit a phenotype of early senescence, as-
sociated with a significant decrease of their migratory and vas-
culogenic properties; and that are antagonized by rytvela. To 
examine the post-transcriptional mechanisms associated with 
EPC dysfunction, we next profiled micro-RNAs (miRs) expression 
using next generation sequencing (NGS), in the same condition. 
Globally, NGS analysis reveal that 26 miRs are significantly mod-
ulated by both IL-1b and hyperoxia, and the expression of 9 of 
these miRs are recovered by rytvela. Interestingly we found that 
miR-875 – predicted to negatively regulate the expression of 
FOXF1, a key transcriptional factor for multiple pro-angiogenic 
factors including CXCR4 – to be upregulated. We next performed 
a gain-and-loss of function to study the precise role of miR-875 
and the result confirms that overexpression of miR-875 in native 
EPCs leads to downregulation of FOXF1/CXCR4 signaling, that 
in turn decreases the migratory and vasculogenic properties of 
native EPCs. Conversely, inhibition of miR-875 protects the mi-
gratory and vasculogenic activity of EPCs against hyperoxic and 
IL-1b, believed to restore FOXF1/CXCR4 expression. Altogether, 
our results suggest that rytvela can protect vasculogenic proper-
ties of EPCs in OIR conditions through inhibition of miR-875. Bio-
engineering EPCs with rytvela or bilityr-875 based-therapy could 
provide a new potential strategy to preserve vessel integrity in 
ischemic retinopathies.

Funding Source: MITAC bility

Keywords: EPC, miRNA, inflammation
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TAZ PROTECTS HEMATOPOIETIC STEM CELLS 
FROM AN AGING-DEPENDENT DECREASE OF 
PU.1 ACTIVITY
Kim, KyungMok - Dr. von Eyss Group, Leibniz Institute on Aging, 
Germany
Kim, Kyungmok - Transcriptional Control of Tissue Homeostasis 
Lab, Leibniz Institute on Aging, Fritz Lipmann Institute, Jena, 
Germany
Mura-Meszaros, Anna - Transcriptional Control of Tissue 
Homeostasis Lab, Leibniz Institute on Aging, Fritz Lipmann 
Institute, Jena, Germany
Tollot, Marie - Transcriptional Control of Tissue Homeostasis 
Lab, Leibniz Institute on Aging, Fritz Lipmann Institute, Jena, 
Germany
Murali, Shyamkrishnan - Transcriptional Control of Tissue 
Homeostasis Lab, Leibniz Institute on Aging, Fritz Lipmann 
Institute, Jena, Germany
Gründl, Marco - Transcriptional Control of Tissue Homeostasis 
Lab, Leibniz Institute on Aging, Fritz Lipmann Institute, Jena, 
Germany
Svendsen, Arthur - Laboratory of Ageing Biology and StemCells, 
European Research Institute for the Biology of Ageing (ERIBA), 
University Medical Center Groningen (UMCG), University of 
Groningen, Netherlands
Bystrykh, Leonid - Laboratory of Ageing Biology and StemCells, 
European Research Institute for the Biology of Ageing (ERIBA), 
University Medical Center Groningen (UMCG), University of 
Groningen, Netherlands
de Haan, Gerald - Sanquin Research and Landsteiner 
Laboratory, University of Amsterdam, Netherlands
von Eyss, Björn - Transcriptional Control of Tissue Homeostasis 
Lab, Leibniz Institute on Aging, Fritz Lipmann Institute, Jena, 
Germany

Hematopoietic stem cells (HSCs), which reside at the apex of 
the hematopoietic hierarchy, contribute to maintaining long-
term repopulation and produce multilineage mature blood cells 
throughout life. During aging, age-associated functional defects 
in HSCs result in a decrease of regenerative potential and a my-
eloid-skewed immune system causing a substantial deterioration 
of immune response in the elderly. Although the loss of function-
ality, aged HSCs keep a certain level of stem cell function. It sug-
gests aged HSCs have a protective mechanism to prevent the 
severe decline of regeneration capacity and adapt to an aging 
microenvironment. We find that TAZ, a transcriptional coactivator 
regulated by the Hippo signaling pathway is potently induced in 
HSCs during aging and maintains a minimal regenerative function 
of HSCs. We identify that TAZ-induced CLCA3A1 is a marker for 
“true” aged HSCs as well as a TAZ activity marker. As a result, CL-
CA3A1high LT-HSCs resemble old HSCs whereas CLCA3A1low 
LT-HSCs behave like young HSCs at the level of transcriptome 
and chromatin and in terms of function. Thus, we identify “young-
like” HSCs in the old HSC pool. PU.1, a key regulator of HSC func-
tionality is decreased in CLCA3A1high LT-HSCs. A noble mecha-
nistic role of TAZ is to function as a transcriptional coactivator of 
PU.1 to activate its transcriptional activity. We unravel here that 
TAZ safeguards aged LT-HSCs to buffer the age-dependent de-
cline of PU.1 activity. Our study would give a better understanding 
of the physiological features in old HSCs and assist to develop a 
future therapy for improving immune response in the elderly.

Keywords: Hematopoietic stem cell aging, TAZ, Hippo pathway, 
PU.1
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A HIGH FAT DIET IMPAIRS HEMATOPOIETIC 
STEM CELL FUNCTION AS A CONSEQUENCE OF 
FATTY ACID OXIDATION
Merchant, Salma - Children’s Research Institute, University of 
Texas Southwestern Medical Center, Dallas, TX, USA
Reyes, Amanda - Children’s Research Institute, University of 
Texas Southwestern Medical Center, Dallas, TX, USA
Cassidy, Daniel - Children’s Research Institute, University of 
Texas Southwestern Medical Center, Dallas, TX, USA
Leach, Ashley - Children’s Research Institute, University of Texas 
Southwestern Medical Center, Dallas, TX, USA
Muh, Sarah - Children’s Research Institute, University of Texas 
Southwestern Medical Center, Dallas, TX, USA
Morrison, Sean - Children’s Research Institute, University of 
Texas Southwestern Medical Center, Dallas, TX, USA

Stem cells and restricted progenitors have different metabolic 
signatures. This suggests that the stem cell state is metabolical-
ly regulated, though our understanding of stem cell metabolism 
remains limited. For example, little is known about how fatty acid 
oxidation regulates hematopoietic stem cell (HSC) function. In this 
study, we systematically characterized the role of fatty acid oxi-
dation in hematopoiesis by genetically deleting in mice multiple 
enzymes that are necessary for different steps of fatty acid oxida-
tion: CPT1a, VLCAD, and HADHA. We confirmed the metabolic ef-
fects of deleting these enzymes by performing metabolomics on 
HSCs and observing the depletion of metabolites at successive 
stages of fatty acid oxidation. We found that HSCs and restricted 
hematopoietic progenitors engage in fatty acid oxidation but that 
it is not necessary for HSC maintenance or steady-state hemato-
poiesis. When mice were administered a high fat diet, HSC func-
tion was impaired upon competitive transplantation into irradiat-
ed mice. However, this decline in HSC function was rescued by 
inhibiting fatty acid oxidation. This suggests that in the context of 
a high fat diet, fatty acid oxidation impairs HSC function. Overall, 
our results indicate that HSCs engage in fatty acid oxidation but 
that this is not necessary for HSC maintenance and that fatty acid 
oxidation can impair HSC function during HFD-induced obesity.

Keywords: Hematopoietic stem cells, Fatty acid oxidation, High 
fat diet



264

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 T
iS

S
u

E
 S

T
E

M
 C

E
LL

S
 A

N
D

 R
E

g
E

N
E

R
A

T
iO

N
 (

T
S

C
) 1032

INFLAMMATION-INDUCED AGING 
CHARACTERISTICS IN HEMATOPOIETIC STEM 
CELLS
Murali, Shyamkrishnan - Transcriptional Control of Tissue 
Homeostasis, Leibniz Institute on Aging - Fritz Lipmann Institute, 
Jena, Germany
Muller, Sylvia - Institute of Immunology, Jena University Hospital, 
Jena, Germany
Kim, KyungMok - Transcriptional Control of Tissue Homeostasis, 
Leibniz Institute on Aging - Fritz Lipmann Institute, Jena, 
Germany
Kamradt, Thomas - Institute of Immunology, Jena University 
Hospital, Jena, Germany
von Eyss, Bjoern - Transcriptional Control of Tissue 
Homeostasis, Leibniz Institute on Aging - Fritz Lipmann Institute, 
Jena, Germany

Hematopoietic Stem Cells (HSCs) are specialized master cells 
that give rise to all the blood cells in the body. During steady-
state, they give rise to an unbiased lineage output but upon in-
fection leading to inflammation, stress hematopoiesis is activat-
ed. This is inevitable as the HSCs are bound to be exposed to 
stressors throughout life. Hence, it is important to study these 
cells in order to prevent possible immune-related dysfunctions 
during organismal aging. To address the effects of inflammation 
on HSCs we used Glucose-6-phosphate isomerase (G6pi)-in-
duced murine rheumatoid arthritis model. Flow cytometric sorting 
of bone marrow HSCs was performed 56 days post arthritic in-
duction followed by RNA-Sequencing (RNA-Seq). Previously, we 
identified Clca3a1, a calcium-activated chloride channel acces-
sory membrane protein as a novel true aged HSC (aHSC) mark-
er by distinguishing the aHSCs to 2 sub-populations: Clca3a1hi 
having true aged transcriptome with functional defects and Cl-
ca3a1lo resembling young-like HSCs. Interestingly, around 50% 
of HSCs from young arthritic mice were Clca3a1hi, a phenotype 
that is not native to young HSCs. Principal component analysis 
from RNA-Seq data revealed that arthritic and control HSCs are 
transcriptionally distinct. The upregulated genes of arthritic in-
flammation-exposed HSCs (iHSCs) significantly overlapped with 
aHSCs despite their young age. However, the statistical signifi-
cance in both upregulated and downregulated genes of iHSCs 
to aHSCs was higher when the iHSC population was phenotyp-
ically separated to Clca3a1hi and Clca3a1lo. Hallmark aHSC and 
myeloid-biased genes are among the significantly upregulated 
and genes related to differentiation are downregulated in young 
Clca3a1hi iHSCs. But, when naïve HSCs were exposed in vitro 
to IL-1b, a proinflammatory cytokine, no induction of Clca3a1 was 
found. This hints an involvement of complex niche-related in vivo 
signaling in both induction and maintenance of Clca3a1hi pheno-
type and transcriptome in young arthritic mice. In summary, in-
flammation, as a tool and a trigger, mimics aged-like HSCs both 
phenotypically and transcriptionally in young mice. Exploring fur-
ther the contributions of niche could broaden our knowledge on 
key events involved in inflammaging of HSCs and to tackle them 
effectively in the future.

Funding Source: German Research Foundation (Deutsche 
Forschungsgemeinschaft – DFG)

Keywords: Aging, Inflammation, Hematopoietic Stem Cells 
(HSCs)
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MAINTENANCE OF HEMATOPOIETIC STEM 
CELLS WITH SMALL MOLECULE INHIBITORS
Zare, Delaram - Microbiology, Immunology and Molecular 
Genetics, UCLA, West Hills, CA, USA
Crisostomo, Ralph - UCLA Microbiology, Immunology and 
Molecular Genetics, University of California, Los Angeles, CA, 
USA

Hematopoietic stem cells (HSC) produce mature blood cell types 
in the bone marrow. Due to their self-renewal ability, immunophe-
notypically primitive HSCs are ideal for studying blood disorders 
and clinical applications. It has been challenging to maintain the 
stemness of HSCs ex vivo. The mTOR signaling pathway is re-
sponsible for cell proliferation, lineage commitment and differ-
entiation in HSCs. Over expression of the mTOR pathway has 
been found to exhaust HSC repopulation and loss of HSC stem-
ness. The Wnt signaling pathway regulates cell homeostasis and 
self-renewal in HSCs. GSK-3 is known to inhibit 𝛽-catenin, which 
is essential for the activation of Wnt pathway. In this study, we 
investigated the effect of small molecule inhibitors on maintain-
ing stemness in HSCs (CD34+, CD38-). Peripheral blood stem 
cells (PBSC) were treated with GSK-3 inhibitor (CHIR99021) and 
Rapamycin in a cytokine-free X-VIVO 15 medium. We maintained 
about 33% of HSCs (CD34+, CD38- ), with over 90% still at a qui-
escent state after three days in culture. Ongoing experiments aim 
to determine the impact of this approach on DNA repair in HSCs. 
Current gene editing strategies rely on homology-directed repair 
(HDR), which mainly occurs in the S and G2 phases of the cell 
cycle, for successful insertion of the therapeutic gene. HSCs are 
relatively quiescent, so it is challenging to use gene editing strat-
egies that utilize HDR. Since the non-homologous end joining 
(NHEJ) repair pathway is active throughout the cell cycle, homol-
ogy-independent targeted integration (HITI) was developed as an 
NHEJ-based approach for donor insertion. Recent studies sug-
gest that cell cycle arrest may improve HITI by eliminating DNA 
repair mechanisms in S and G2 phases. We hypothesized that 
prevention of cycling using CHIR99021 and Rapamaycin will also 
improve HITI. In addition, maintaining the stemness of HSC may 
further improve gene editing strategies by increasing the engraft-
ment of edited HSCs.

Keywords: Hematopoietic Stem Cells, small molecule inhibitors, 
Gene editing
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1036

LSD1/KDM1A AND GFI1B ORCHESTRATE 
HEMATOPOIETIC EMERGENCE FROM INDUCED 
PLURIPOTENT STEM CELLS
van Den Akker, Emile - Hematopoiesis, Sanquin, Netherlands
Zhang, Huan - Hematopoiesis, Sanquin, Amsterdam, 
Netherlands
Hansen, Marten - Hematopoiesis, Sanquin, Amsterdam, 
Netherlands
Varga, Eszter - Hematopoiesis, Sanquin, Amsterdam, 
Netherlands
di Summa, Franca - Hematopoiesis, Sanquin, Amsterdam, 
Netherlands
van der Reijden, Bert - Hematology, Radboud University Medical 
Center, Nijmegen, Netherlands
von Lindern, Marieke - Hematopoiesis, Sanquin, Amsterdam, 
Netherlands

Differentiation of induced pluripotent stem cells (iPSC) to hemato-
poietic lineages holds great promise to produce novel, or replace 
existing cellular advanced therapeutic and medicinal products. 
During embryogenesis, hemogenic endothelial cells give rise to 
hematopoietic stem and progenitor cells through a process called 
endothelial to hematopoietic transition (EHT). Understanding EHT 
from iPSC is crucial to establish hematopoietic cell production 
protocols. The transcription factor Gfi1b and its cofactor, the chro-
matin demethylase Lsd1 (Kdm1A), are essential for definitive wave 
EHT and functional hematopoietic stem and progenitor cells in 
mice. To study the role of GFI1B and LSD1 in EHT, we used human 
iPSC lines derived from patients expressing a dominant negative 
dysfunctional GFI1BQ287*, and we treated wild type iPSC with an 
irreversible LSD1 inhibitor. CD34+/CD144+/CD309+ Hemogenic 
endothelial cell formation during iPSC differentiation was unaf-
fected in GFI1BQ287* patient lines and upon LSD1 inhibition. In 
contrast, hematopoietic commitment and hematopoietic progen-
itor yield was severely reduced in GFI1BQ287* iPSC and com-
pletely absent upon inhibiting LSD1. To uncover the molecular 
mechanisms underlying the affected hematopoietic commitment 
via EHT, we performed single cell RNA sequencing (scRNAseq) 
on the heterogeneous hemogenic endothelial population har-
vested from iPSC that were differentiated in absence or presence 
of a LSD1 inhibitor. scRNAseq revealed a dynamic expression of 
genes associated with EHT in vivo, and a complete absence of 
cells with a hematopoietic gene expression profile in LSD1 treat-
ed conditions. Furthermore, we identified gene modules that are 
specifically associated with LSD1 inhibition. GFI1B expression in 
hemogenic endothelial cells was not observed while GFI1B cofac-
tors, such as LSD1 were expressed. Hematopoietic specification 
of CD34+ MACS sorted hemogenic endothelium was occurring 
independent of other accessory cells. These hemogenic endo-
thelium cells were transduced with GFI1B constructs to influence 
EHT. Based on the results we show that the endothelial program 
during EHT is partly controlled by LSD1/GFI1B and not efficiently 
down-regulated upon functional impairment of LSD1, or upon ex-
pression of the dominant negative GFI1BQ287*.

Funding Source: Health Holland Symphony consortium product 
and process development cellular products, Dutch government, 
VWS.

Keywords: GFI1B, LSD1, hematopoiesis
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REGENERATION OF MOUSE ENDOTHELIAL 
CELLS WITHIN BONE MARROW NICHE AT SINGLE 
CELL AND CLONAL LEVEL
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Skulimowska, Izabella - Laboratory of Stem Cell Biology, 
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Gonka, Monika - Department of Medical Biotechnology, 
Jagiellonian University, Faculty of Biochemistry, Biophysics, and 
Biotechnology, Krakow, Poland
Sosniak, Justyna - Department of Medical Biotechnology, 
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Szade, Agata - Department of Medical Biotechnology, 
Jagiellonian University, Faculty of Biochemistry, Biophysics, and 
Biotechnology, Krakow, Poland
Weissman, Irving - Institute for Stem Cell Biology and 
Regenerative Medicine, Stanford University, Stanford, CA, USA
Jozkowicz, Alicja - Department of Medical Biotechnology, 
Jagiellonian University, Faculty of Biochemistry, Biophysics, and 
Biotechnology, Krakow, Poland

Bone marrow endothelial cells (BM-Ecs) are the essential element 
of the bone marrow (BM) niche and support proper function of 
hematopoietic stem cells (HSCs). However, conditioning for HSCs 
transplantation causes significant damage to the recipients’ BM-
Ecs and may lead to transplantation-related morbidity. Our aim 
was to understand the cellular and clonal mechanisms of BM-Ecs 
regeneration after irradiative conditioning. To identify the poten-
tial endothelial progenitor subpopulations in BM niche, we per-
formed single cell RNA sequencing (scRNA-seq) of mouse BM-
Ecs and combined our data with published scRNA-seq datasets. 
The metanalysis Included 13,037 BM-eCs and revealed the sub-
population of BM-EC that expresses both sinusoidal and arterio-
lar markers along with Apelin receptor (referred to as trans-eCs). 
Imaging of the BM niche showed that trans-eCs localize between 
the sinusoidal and arterial eCs, linking the distinct eCs within the 
vascular network.Next, we developed single-cell BM-eCs in vitro 
assay to quantify the clonogenic potential of different BM-eCs 
fractions. Limiting dilution assay demonstrated that all prospec-
tively isolated arteriolar, sinusoidal and trans-eCs showed simi-
larly high clonogenic potential (1/4.3, 1/5.06, 1/5.23 of sorted cells, 
respectively). This indicates that a substantial fraction of each BM-
EC subpopulation can re-enter the cell cycle. To verify whether 
high clonogenic potential of BECs observed in vitro contributes 
to regeneration of BM-eCs after irradiative conditioning we used 
rainbow mice, which showed random expression of fluorescent 
proteins in endothelial cells (Cdh5-CreER; R26VT2/GK3) upon in-
duction. 21 days after irradiation we observed highly polyclonal 
pattern of BM-eCs, without any detectable oligoclonal regions. To 
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) quantify the clonality of BM-eCs during regeneration in rainbow 

mice, we developed a method based on graph theory, local as-
sortativity and machine-learning modeling. The data strongly sug-
gest that 10% of surviving BM-eCs undergo, on average, one cell 
division to regenerate cell lose caused by irradiation. Concluding, 
our novel single-cell in vitro clonogenic assay and in vivo clonal 
tracking model suggest polyclonal regeneration of BM-eCs after 
irradiative conditioning.

Funding Source: Supported by Horizon Europe ERC Grant 
number: 101041737 and National Science Center grant Maestro 
no 2018/30/A/NZ3/00495.

Keywords: bone marrow niche, endothelial cells, hematopoietic 
stem cells transplantation
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LONG AND SHORT ISOFORMS OF MLLT3 
BALANCE HUMAN HSC FATE DECISIONS
Vavilina, Anastasia - MCDB, University of California, Los 
Angeles, CA, USA
Calvanese, Vincenzo - Laboratory for Molecular Cell Biology, 
University College London, UK
Fares, Iman - Cell Therapy, Kite Pharma, Los Angeles, CA, USA
Colombo, Gianna - MCDB, University of California, Los Angeles, 
CA, USA
Capellera-Garcia, Sandra - Grant Writer and Scientific Outreach, 
New York Stem Cell Foundation, New York, NY, USA
Aguade Gorgorio, Julia - MCDB, University of California, Los 
Angeles, CA, USA
Nadel, Brian - Department of Clinical Pharmacy, University of 
California, Los Angeles, CA, USA
Ma, Feiyang - Department of Internal Medicine, University of 
Michigan, Ann Arbor, MI, USA
Ge, Xinzhou - Department of Statistics, University of California, 
Los Angeles, CA, USA
Jami-Alahmadi, Yasaman - Internal Medicine Research Unit, 
Pfizer, Los Angeles, CA, USA
Wang, Yanling - MCDB, University of California, Los Angeles, 
CA, USA
Shin, Juliana - Department of Biomedical Sciences, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA
Goodridge, Helen - Department of Internal Medicine, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Crooks, Gay - Department of Pathology and Laboratory 
Medicine, University of California, Los Angeles, CA, USA
Wohlschlegel, James - Department of Biological Chemistry, 
University of California, Los Angeles, CA, USA
Mikkola, Hanna - MCDB, University of California, Los Angeles, 
CA, USA

MLLT3 is a key regulator of human hematopoietic stem cell (HSC) 
self-renewal whose expression declines in culture. Maintaining 
MLLT3 levels in cultured cord blood (CB) HSCs results in expan-
sion of transplantable HSCs without transformation or differentia-
tion bias. Analysis of RNA-seq data and epigenetic marks associ-
ated with the MLLT3 gene in human HSCs revealed a second TSS 
linked to a novel MLLT3 isoform (MLLT3-S). MLLT3-S encodes a 
truncated protein that retains the AHD domain responsible for 
protein-protein interactions, but lacks the chromatin binding 
YEATS domain. MLLT3-S overexpression (OE) in hematopoietic 
cell lines confirmed the generation of a stable protein that inter-
acts with known MLLT3 protein partners DOT1L and superelon-
gation complex, but cannot bind chromatin. While MLLT3-L OE 

in CB HSCs promoted their expansion, MLLT3-S OE suppressed 
it, implying distinct functions for the two isoforms in HSCs. Con-
versely, while knockdown (KD) of MLLT3-L in CB HSCs triggered 
premature differentiation, MLLT3-S KD resulted in relative expan-
sion of immunophenotypic HSCs. However, although MLLT3-S 
deficient HSPCs appeared phenotypically normal in culture, they 
engrafted poorly in immunodeficient mice, showing that both iso-
forms of MLLT3 are necessary for proper HSC function. scRNA 
and bulk RNA seq of HSPCs with MLLT3-L and/or MLLT3-S OE 
and KD revealed that the two isoforms have opposing effects on 
expression of key HSC processes, such as mitochondrial biosyn-
thesis and oxidative phosphorylation, translation, and splicing, as 
well as several HSC transcriptional regulators. This analysis also 
revealed that MLLT3-S OE suppresses IGFBP2, a regulator asso-
ciated with HSC expansion and highly proliferative fetal HSCs, 
whereas MLLT3-L OE promotes its expression. Bulk RNA-seq and 
scRNAseq analysis of human developmental tissues revealed 
that, while MLLT3-L is expressed already in hemogenic endo-
thelium in the embryo, MLLT3-S is induced in maturing fetal liver 
HSCs. This suggests that by suppressing MLLT3-L-driven expres-
sion of IGFBP2 and HSC expansion, MLLT3-S may promote HSC 
maturation in the fetal liver and their transition to homeostatic 
state. The interplay between long and short isoforms of MLLT3 in 
human HSCs may provide a mechanism by which mature HSCs 
balance between expansion and maintenance modes.

Funding Source: NIH RO1 DK100959 and RO1 DK121557 Ruth 
L. Kirschstein National Research Service Award T32HL069766 
for A.V. UCLA Eli and Edythe Broad Center of Regenerative 
Medicine and Stem Cell Research Training Program

Keywords: hematopoiesis, human, gene expression regulation
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TIE2 FORMS TWO DISTINCT CLASSES OF 
COMPLEXES TO REGULATE VASCULAR 
STABILITY
Zhao, Yan Ting - Oral Health Sciences, University of 
Washington, Seattle, WA, USA
Ehnes, Devon - Biochemistry, University Of Washington, Seattle, 
WA, USA
Kumar, Saurav - Cancer Research, Fred Hutch, Seattle, WA, USA
Wang, Xinru - Biochemistry, University Of Washington, Seattle, 
WA, USA
Litvicov, Patrisia - Biochemistry, University Of Washington, 
Seattle, WA, USA
Cooper, Jonathan - Cancer Research, Fred Hutch, Seattle, WA, 
USA
Mathieu, Julie - Comparative Medicine, University Of 
Washington, Seattle, WA, USA
Baker, David - Biochemistry, University Of Washington, Seattle, 
WA, USA
Ruohola-Baker, Hannele - Biochemistry, University Of 
Washington, Seattle, WA, USA

The angiopoietin-Tie2 pathway regulates blood vessel stability, 
remodeling, and wound healing. Previously, we demonstrated 
that Ang1-like synthetic ligands at high oligomeric states accel-
erate cell migration and promote vascular stability, but how Tie2 
performs these opposing cellular functions is unclear. In the pres-
ent study, we show that Tie2 forms two classes of complexes: 
Tie2-α5β1 integrin and Tie2-tight junction complex. We show the 
Tie2-α5β1 complex promotes cell migration by forming focal ad-
hesions and recruiting VE-cadherin out of the cell-cell junction. 
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We also demonstrated that the Tie2-α5β1 complex is critical to 
activating the pAKT/FOXO1 signaling axis to promote cell surviv-
al. In contrast, the Tie2-tight junction complex consisted of ZO1, 
claudin-5, andbilityrn that facilitate tight junction assembly for vas-
cular stability. We further demonstrated that computationally de-
signed Tie2 super agonists up-regulate tight junction expression 
in mature and developing endothelial cells. Tie2 super agonists 
accelerate junctional ZO1 and claudin-5 re-assembly after chem-
ical disruptions in HUVECs, indicating that the Tie2 signaling di-
rectly modulates the assembly of tight junctions at the endothelial 
paracellular space. In conclusion, we illustrated the mechanism of 
Tie2-mediated cell migration and tight junction formation via two 
classes of Tie2 complexes to regulate angiogenesis. Understand-
ing how Tie2 regulates angiogenesis can offer a new therapeutic 
target to combat diseases that exhibit vascular dysfunction.

Keywords: Angiogenesis, Tie2 signaling, Computationally 
designed protein
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UNVEILING THE BIOLOGICAL ROLE OF 
PERIPHERAL BLOOD HUMAN CIRCULATING 
HEMATOPOIETIC STEM AND PROGENITOR 
CELLS
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Although most hematopoietic stem/progenitor cells (HSPC) re-
side in the bone marrow (BM), few circulating HSPC (cHSPC) are 
also found in the peripheral blood (PB) at steady state. Howev-
er, their biological role and relationship with BM-resident coun-
terpart in humans remain still not fully elucidated. In the present 
study, we characterized cHSPC composition by multi-parametric 
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) flow cytometry on 110 PB and 48 BM samples of healthy donors 

of different ages. These analyses were combined with cellular 
indexing of transcriptomes and epitopes by sequencing (CITE-
seq), in vitro and in vivo assays, and integration site (IS) analysis 
in 8 patients treated with HSPC gene therapy (GT) at >2 years-
follow-up to investigate the functional and differentiation prop-
erties of PB vs BM HSPC. We observed that cHSPC count de-
creased over ageing and showed different composition than BM 
HSPC, suggesting diverse recirculation capacity of distinct HSPC 
subsets. cHSPC showed enriched differentiation- and adhesion 
molecules-transcriptional priming than BM counterpart and were 
endowed with BM homing and multilineage differentiation po-
tentials in vitro and in vivo. However, cHSPC displayed reduced 
long-term engraftment, associated to the low content and tran-
scriptional pre-activated state of the more primitive subset. Prim-
itive and myeloid cHSPC populations were transcriptionally and 
functionally skewed toward erythroid lineages than BM-resident 
counterpart, while a substantial fraction of trafficking lymphoid 
HSPC displayed a signature of thymus seeding progenitor type 
1 (TSP1). In line with this latter result, we found a higher IS shar-
ing between PB mature lymphoid cells and steady-state cHSPC 
in our cohort of GT-patients, suggesting their contribution to 
steady-state lymphopoiesis. In summary, cHSPC are a peculiar 
steady-state reservoir of pre-activated hematopoietic progenitors 
endowed with BM homing and repopulation potential. The func-
tional erythroid commitment of cHSPC suggests their supportive 
role in extramedullary erythropoiesis. Furthermore, our transcrip-
tional and IS analyses suggest the key function of trafficking 
lymphoid HSPC in lymphoid organs seeding. Overall, our work 
represents one of the most comprehensive studies on cHSPC, 
unveiling fundamental insights on their biological role in humans.

Keywords: Circulating Hematopoietic Stem Cells, Human 
hematopoiesis, Extramedullary hematopoiesis
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HIGH-THROUGHPUT VASCULOGENESIS ASSAY 
USING IPSC DERIVED ENDOTHELIAL CELLS, 
PERICYTES, AND FIBROBLASTS
Park, Tea Soon - NEI, NIH, Bethesda, MD, USA
Hirday, Rishabh - National Eye Institute, National Institutes of 
Health, Bethesda, MD, USA
Ali, Amir - National Eye Institute, National Institutes of Health, 
Bethesda, MD, USA
Quinn, Russell - National Eye Institute, National Institutes of 
Health, Bethesda, MD, USA
Nguyen, Eric - National Eye Institute, National Institutes of 
Health, Bethesda, MD, USA
Bose, Devika - National Eye Institute, National Institutes of 
Health, Bethesda, MD, USA
Sharma, Ruchi - National Eye Institute, National Institutes of 
Health, Bethesda, MD, USA
Bharti, Kapil - National Eye Institute, National Institutes of Health, 
Bethesda, MD, USA

Human iPSC can provide multiple lineage specific cells for re-
generative therapy and drug screening. In vitro vasculogenesis 
assays are useful in various areas including anti-angiogenic drug 
screening, underscoring the need for long-term, stable capillary 
formation with a reproducible, high throughput assay. Here, we 
report an vasculogenesis assay using iPSC derived endothelial 
cells (eCs), pericytes, and fibroblasts in hydrogel system. IPSC 
lines were differentiated into vascular lineage using APEL2 differ-
entiation medium supplemented with Activin-a, BMP4, VEGF, and 

CHIR99021 (2 days) followed by VEGF and SB431542 (5 days). 
On day 7 of differentiation CD31+ and CD31- cells were separated 
and CD31+ cells were expanded prior to cryopreservation. CD31- 
cells were further differentiated to pericytes in DMEM, 10% FBS, 
PDGF-bb and TGF-b for one passage and expanded in DMEM, 
10% FBS. Fibroblasts were differentiated from pericytes in fibro-
blast medium. Fibroblasts, eCs, and pericytes were mixed in ratio 
of 12:6:0.6 million cells for 1 mL hydrogel consisting of gelatin, 
fibrinogen, and aprotinin. 10 uL of cell/gel mixture were added 
to each well of ibid 96-well plate. For the first week of vasculo-
genesis, medium included VEGF, aprotinin, angiopoietin-1, and 
bFGF then angiogenic growth factors were removed in following 
weeks. All cell components were cryopreserved and thawed for 
functional validation and assembly. eCs were confirmed to ex-
press CD31, CD34 and CD144 and differentiated from a GFP+ iPSC 
line to visualize capillary structures. Pericytes were confirmed to 
express PDGFR-b, NG2, and CD44. Fibroblasts expressed vimen-
tin, connexin43, and collagen-IV. When fibroblasts, EC, and peri-
cytes were assembled with 12:6:0.6 ratio, most robust capillary 
formation was observed within 24 hours and sustained for more 
than 3 weeks. With activation of alternative complement pathway, 
we observed degeneration of capillaries. Capillary area, branch 
points, vessel lengths and vessel widths were quantified by MAT-
LAB software. Our results show that all cell components (EC, peri-
cytes, and fibroblasts) are successfully differentiated from human 
iPSC with functional recovery after cryopreservation. This study 
provides the foundation for iPSC-derived 3D-tissue, drug screen-
ing and study model of immune cell reactions.

Keywords: Vasculogenesis, Angiogenesis, In vitro capillary 
formation
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USA

The mammalian blood system is comprised of over ten distinct 
cell types, all of which are derived from the hematopoietic stem 
cell (HSC). The hematopoietic system is essential for maintaining 
the health and longevity of the human body, and perturbations 
to the system cause an array of life-threatening diseases. The 
various cell types have previously been well characterized, but 
an important question that remains in the field is how the small 
population of long-term HSCs contribute to steady-state hemato-
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poiesis. Investigating the lineage relationships of this system not 
only provides valuable information about normal development, 
but also for developmental disorders and malignancies. A current 
limitation to understanding this relationship is, in part, due to con-
troversial lineage tracing models. Hoxb5 is the most precise func-
tional marker to date for distinguishing long-term HSCs. With that 
information in mind, for this project we use hoxb5-CreERt2 mice 
to specifically label long-term HSCs; these mice are crossed with 
reporter mouse lines that harbor either LSL-tdTomato or LSL-rain-
bow. This model allows us to track daughter cells and perform 
stem cell clonal analysis at varying time points. Through these 
tracing studies, we have seen that hoxb5+ long-term HSCs have 
a limited contribution to steady-state hematopoiesis throughout 
the several time points. Interestingly, under stress by lymphocyte 
depletion, we have found that this does not expand the long-term 
HSC contribution to hematopoiesis. Instead, we believe that the 
lymphocyte population is regenerated by multipotent progeni-
tors or cells further down the hierarchy. This data suggests that a 
greater disturbance to the system is necessary to illicit a response 
from the long-term HSCs. Further investigation of the lineage re-
lationships that govern the hematopoietic system will continue to 
provide insight on development, as well as provide more precise 
research targets for drug therapies.

Keywords: Hematopoiesis, Lineage Tracing, Hoxb5
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MYCT1 MODERATES ENVIRONMENTAL SENSING 
VIA ENDOCYTOSIS TO PRESERVE HUMAN HSC 
SELF-RENEWAL
Aguade Gorgorio, Julia - Molecular, Cell and Developmental 
Biology, University of California, Los Angeles, CA, USA
Jami-alahmadi, Yasaman - Department of Biological Chemistry, 
University of California, Los Angeles, CA, USA
Kardouh, Maya - Department of Molecular, Cell and 
Developmental Biology, University of California, Los Angeles, 
CA, USA
Fares, Iman - Department of Molecular, Cell and Developmental 
Biology, University of California, Los Angeles, CA, USA
Calvanese, Vincenzo - Laboratory for Molecular Cell Biology, 
University College London, UK
Johnson, Haley - Department of Molecular, Cell and 
Developmental Biology, University of California, Los Angeles, 
CA, USA
Rezek, Valerie - Eli and Edythe Broad Center for Regenerative 
Medicine and Stem Cell Research, University of California, Los 
Angeles, CA, USA
Magnusson, Mattias - Division of Molecular Medicine and Gene 
Therapy, Lund University, Lund, Sweden
Shin, Juliana - Department of Biomedical Sciences, Cedars Sinai 
Medical Center, Los Angeles, CA, USA
Nance, Karina - Department of Biomedical Sciences, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Goodridge, Helen - Department of Biomedical Sciences, 
Cedars-Sinai Medical Center, Los Angeles, CA, USA
Crooks, Gay - Eli and Edythe Broad Center of Regenerative 
Medicine and Stem Cell Research, University of California, Los 
Angeles, CA, USA
Wohlschlegel, James - Department of Biological Chemistry, 
University of California, Los Angeles, CA, USA
Mikkola, Hanna - Department of Molecular, Cell and 
Developmental Biology, University of California, Los Angeles, 
CA, USA

Ex vivo expansion of functional human hematopoietic stem cells 
(HSC) would greatly improve the access to HSC transplantation 
therapies for blood disorders. However, the programs governing 
human HSC self-renewal and engraftment ability are poorly un-
derstood, and cannot be recapitulated in culture. We discovered 
a novel HSC regulatory gene, MYCT1 (MYC target 1), that is se-
lectively expressed in endothelial cells (EC) and undifferentiated 
human HSPCs but becomes drastically downregulated during 
HSC ex vivo culture. Knockdown (KD) experiments revealed that 
MYCT1 is critical for human HSC expansion and engraftment. 
Single cell RNAseq in MYCT KD and OE (overexpression) HSC 
cultures indicated that MYCT1 governs transcriptional signatures 
associated with HSC identity, as well as biological processes es-
sential for HSC stemness, such as tightly controlled mitochondrial 
activity. Whereas the loss of MYCT1 worsened these “stemness” 
signatures, restoring MYCT1 expression in cultured CB HSCs re-
stored these dysregulated programs compared to control cells. 
Strikingly, maintaining MYCT1 expression improved ex vivo ex-
pansion of the most undifferentiated EPCR+ITGA3+ human 
HSPCs and enhanced engraftment ability upon transplantation to 
NSBGW mice. We discovered that MYCT1 localizes in the endo-
somal membrane and interacts with vesicle trafficking and signal-
ling machinery essential for HSC and EC function. Loss of MYCT1 
led to hyperactivation of endocytosis and exaggerated signaling 
responses to cytokines in the culture microenvironment, whereas 



270

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 T
iS

S
u

E
 S

T
E

M
 C

E
LL

S
 A

N
D

 R
E

g
E

N
E

R
A

T
iO

N
 (

T
S

C
) restoring MYCT1 expression in cultured human HSPCs was suffi-

cient to balance abnormal endocytosis and restrain the excessive 
signaling responses. These data show that the moderation of en-
vironmental sensing in human HSCs through MYCT1-controlled 
endocytosis is essential for preserving human HSC stemness. As 
MYCT1 expression is downregulated in cultured HSPCs, our data 
imply that loss of the molecular machinery required for proper 
sensing of microenvironmental signals is a key contributor to the 
dysfunction of cultured human HSCs.

Keywords: hematopoietic stem cells, endocytosis, 
environmental sensing
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G9A INHIBITION PROMOTES LYMPHOID 
DEVELOPMENT AND T CELL DIFFERENTIATION 
FROM INDUCED PLURIPOTENT STEM CELLS
Jing, Ran - Stem Cell Program, Harvard Medical School/Boston 
Children’s Hospital, Boston, MA, USA
Najia, Mohamad - Harvard-MIT Health Sciences & Technology, 
Harvard Medical School, Boston, MA, USA
Meader, Eleanor - Stem Cell Program, Boston Children’s 
Hospital, Boston, MA, USA
Hensch, Luca - Stem Cell Program, Boston Children’s Hospital, 
Boston, MA, USA
Schlaeger, Thorsten - Stem Cell Program, Boston Children’s 
Hospital, Boston, MA, USA
North, Trista - Stem Cell Program, Boston Children’s Hospital, 
Boston, MA, USA
Daley, George - Stem Cell Program, Harvard Medical School/
Boston Children’s Hospital, Boston, MA, USA

Employing differentiation protocols that allow efficient genera-
tion of T cells from human induced pluripotent stem cells (iPSCs), 
we have performed genetic knockdown and knock-out screens 
and identified epigenetic control elements that are critical for in 
vitro T cell differentiation (Vo et al, Nature 2018). Using a novel 
stroma-free T cell differentiation protocol (Jing et al., Cell Stem 
Cell 2022), we screened a library of small molecules with known 
modes of action against chromatin-modifying enzymes, and dis-
covered that inhibition of histone lysine methyltransferase G9a 
promotes T cell production from iPSC-derived hematopoiet-
ic stem and progenitor cells (HSPCs). Using human iPSCs and 
zebrafish models, we demonstrate that G9a normally acts as a 
repressor of lymphoid potential during hematopoietic develop-
ment. Furthermore, by incorporating small molecule-mediated 
G9a repression into our pre-existing T cell differentiation protocol, 
we have generated iPSC-T cells with a molecular signature that 
closely resembles mature T cells derived from peripheral blood. 
We show that iPSC-T cells derived via G9a repression exhibit ro-
bust effector response and antitumor activity when engineered 
with an anti-CD19 chimeric antigen receptor (CAR). Our studies 
have established that combining in vitro iPSC differentiation with 
unbiased screening approaches leads to the discovery of nov-
el mechanisms by which epigenetic regulators affect lymphoid 
development. Leveraging these new insights, we seek to exploit 
epigenetic modulators to facilitate the generation of mature, func-
tional iPSC-T cells for adoptive immunotherapies.

Keywords: T cell differentiation, Epigenetic regulation, CAR T 
cell therapy

TOPIC: KIDNEY

1054

URINE-DERIVED STEM CELL-SECRETED KLOTHO 
PLAYS A CRUCIAL ROLE IN THE HK-2 FIBROSIS 
MODEL BY INHIBITING THE TGF-β SIGNALING 
PATHWAY
Kim, Sang Heon - Institute of Cell Biology and Regenerative 
Medicine, EHLBIO Co., Ltd., Uiwang-si, Korea
Jin, Jeong Ah - Institute of Cell Biology and Regenerative 
Medicine, EHLBIO Co., Ltd., Uiwang-si, Korea
So, Hyung Joon - Institute of Cell Biology and Regenerative 
Medicine, EHLBIO Co., Ltd., Uiwang-si, Korea
Lee, Sung hoon - Institute of Cell Biology and Regenerative 
Medicine, EHLBIO Co., Ltd., Uiwang-si, Korea
Kang, Tae-Wook - Institute of Cell Biology and Regenerative 
Medicine, EHLBIO Co., Ltd., Uiwang-si, Korea
Lee, Jae-Ung - Institute of Cell Biology and Regenerative 
Medicine, EHLBIO Co., Ltd., Uiwang-si, Korea
Choi, Dae Eun - Department of Nephrology, Chungnam National 
University, Daejeon-si, Korea
Jeong, Jin Yong - Department of Nephrology, Chungnam 
National University, Daejeon-si, Korea
Chang, Yoon Kyung - Department of Nephrology, St. Mary 
Hospital, Daejeon-si, Korea
Choi, Hyunsu - Department of Nephrology, St. Mary Hospital, 
Daejeon-si, Korea
Lee, Youngjun - Diét Medical Clinic, EHLBIO Co., Ltd., Seoul, 
Korea
Seo, Young-Kwon - Department of Medical Biotechnology, 
Dongguk University, Goyang-si, Korea
Iee, Hong Ki - Institute of Cell Biology and Regenerative 
Medicine, EHLBIO Co., Ltd., Uiwang-si, Korea

Renal fibrosis is an irreversible and progressive process that 
causes severe dysfunction in chronic kidney disease (CKD). The 
progression of CKD stages is highly associated with a gradual 
reduction in serum Klotho levels. We focused on Klotho protein 
as a key therapeutic factor against CKD. Urine-derived stem cells 
(UDSCs) have been identified as a novel stem cell source for 
kidney regeneration and CKD treatment because of their kidney 
tissue-specific origin. However, the relationship between UDSCs 
and Klotho in the kidneys is not yet known. In this study, we dis-
covered that UDSCs were stem cells that expressed Klotho pro-
tein more strongly than other mesenchymal stem cells (MSCs). 
UDSCs also suppressed fibrosis by inhibiting transforming growth 
factor (TGF)-β in HK-2 human renal proximal tubule cells in an in 
vitro model. Klotho siRNA silencing reduced the TGF-inhibiting 
ability of UDSCs. Here, we suggest an alternative cell source that 
can overcome the limitations of MSCs through the synergetic ef-
fect of the origin specificity of UDSCs and the anti-fibrotic effect 
of Klotho.

Funding Source: This research was supported by the Korean 
Fund for Regenerative Medicine (KFRM) grant funded by the 
Korea government (the Ministry of Science and ICT, the Ministry 
of Health & Welfare) (22C0701L1).

Keywords: Chronic kidney disease; Renal fibrosis, Urine-derived 
stem cells; Klotho, Mesenchymal stem cells
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1056

MONITOR AND CHARACTERIZE IPSC CULTURE 
AND DIFFERENTIATION USING ADVANCED 
FLOW CYTOMETRY AND LIVE-CELL IMAGING
Cole, Daryl - Biological Analytics, Sartorius, Royston, UK
McBain, Kirsty - Biological Analytics, Sartorius, Royston, UK
Szybut, Clare - Biological Analytics, Sartorius, Royston, UK
Bevan, Nicola - Biological Analytics, Sartorius, Royston, UK
Dale, Tim - Biological Analytics, Sartorius, Royston, UK

iPSCs are a valuable resource in many areas of research and 
clinical development, however, highly specific conditions are re-
quired to maintain their pluripotency and viability. Long term iPSC 
cultures can develop genotypic and phenotypic heterogeneity, 
so it is vital that methods for detecting these changes are devel-
oped. Increasing use of stem cells in both clinical and research 
settings necessitates fast, reliable, and inexpensive solutions for 
iPSC culture and characterization. During this study, iPSCs were 
grown in 2D and 3D under optimized or non-optimized condi-
tions. Characterization of pluripotency surface markers was per-
formed using the iQue ® Advanced Flow Cytometry Platform and 
morphological characteristics assessed using the Incucyte® Live-
Cell Analysis System. Long-term hepatic differentiation was con-
ducted in 2D using the same methods for characterization and 
monitoring with additional endpoint functional studies. Analysis 
of 2D-cultured non-optimized and optimized growth conditions 
revealed increased expression of differentiation marker SSEA-1 
(+43.7%) and reduced expression of pluripotency markers SSEA-4 
(-34.2%) and TRA-1-60 (-36.2%) in non-optimal iPSCs, with a sim-
ilar trend observed in 3D-cultured iPSCs. Morphology analysis 
showed a marked difference between each growth condition. 
iPSCs in optimized conditions formed tightly packed colonies, 
while non-optimized iPSCs were more spread out and no longer 
formed colonies, resembling fibroblasts. Images were quantified 
for cell nuclear/cytoplasm ratio, which reduced in non-optimized 
conditions, from 0.6 to 0.4. During hepatic differentiation, plurip-
otency surface markers SSEA-4 (-96.6%) and TRA-1-60 (-96.4%) 
decreased while differentiation marker SSEA-1 (+33.3%) and he-
patocyte marker CD99 (+47.9%) increased. CYP1A2 endpoint 
functional assay showed high levels of activity of enzyme in iPSC 
derived hepatocytes compared to no activity in undifferentiated 
iPSCs. These data illustrate the simplicity of using advanced flow 
cytometry and live-cell analysis in combination to monitor and 
characterize iPSCs during culture, scale up and differentiation 
studies.

Keywords: Differentiation, Cell Culture, Phenotyping
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MESENCHYMAL STROMAL CELL 
EXTRACELLULAR VESICLES VARIATION FOR 
IMMUNOMODULATION AND TISSUE REPAIR
Carson, Edward James - Biomedical Engineering, Cleveland 
Clinic/Case Western Reserve University, Cleveland, OH, USA
Bonfield, Tracey - Genetics and Genome Sciences, Medicine, 
Pathology, Case Western Reserve University, Cleveland, OH, 
USA
Krishna, Vijay - Biomedical Engineering, Cleveland Clinic, 
Cleveland, OH, USA
Midura, Ronald - Biomedical Engineering, Cleveland Clinic, 
Cleveland, OH, USA
Muschler, George - Biomedical Engineering, Cleveland Clinic, 
Cleveland, OH, USA

The cell therapy field is focused on safety and functional relevan-
cy of mesenchymal stromal cell extracellular vesicles (MSC eVs) 
due to limited clinical efficacy of hMSC based Phase II trials. Donor 
variation likely contributes to inefficient clinical trial success. Our 
work focuses on interrogating MSC heterogeneity by quantifying 
MSC derived EV clonal variability. It is critical to develop useful 
reproducible methods for effective evaluation/control of variation 
among MSC EV populations. We demonstrate an innovative ap-
proach to identify/rigorously characterize variation present in a 
single MSC donor population, the first step to establish criteria 
for performance-based selection/manufacture of functional MSC 
EV products. MSCs derived from femoral condyle marrow space 
of a single human donor were subcultured via limiting dilution in 
fetal bovine serum media for 8 days and imaged daily (phase con-
trast microscopy). 4 clonal colonies were picked from this donor 
and individually cultured to passage 5. 48-hour serum free media 
wash removed exogenous serum derived eVs. MSC eVs were 
isolated from media by ultracentrifugation and banked at -80°C 
(consistent with MISEV 2018). EV isolation confirmed by electron 
microscopy. 48 biochemical analytes were measured via Luminex 
multiplex on lysed/non-lysed eVs and residual non-EV secretome 
from each MSC clone population. Results showed differences in 
analyte levels for each clone (eVs/secretomes). Higher expres-
sion of Neuropilin-1 and IFN-α in lysed eVs, IL-1ra in whole eVs, 
and IL-6, IL-8, MMP-1, MMP-2, and MCP-1 in non-EV secretome 
fractions. Similar expression was seen between Neuropilin-1/
IFN-α among eVs from different clones. IL-8/MMP-2/MIP-1α and 
M-CSF/MCP-1 were similarly expressed for non-EV secretomes 
from different clones. Initial results show clonal eVs/secretomes 
can be harnessed to signify unique biologically active cytokine 
distributions that may be important for consistency in immuno-
modulatory/tissue repair potency. Relevant differences between 
contents of eVs and non-EV secretomes derived from individual 
clonal populations may provide a new innovative way to optimize 
MSC therapeutics. Additional studies/analyses are key for identi-
fying performance metrics for isolating/manufacturing MSC eVs 
with consistent clinical efficacy.

Funding Source: This work was made possible by the 
Clinical and Translational Science Collaborative of Cleveland, 
UL1TR0002548 from the National Center for Advancing 
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) Translational Sciences (NCATS) component of the National 

Institutes of Health.

Keywords: Mesenchymal Stromal Cell, Extracellular Vesicle, 
Exosome
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AUTOMATION AND PERFORMANCE BASED 
SELECTION FOR IMPROVED REPRODUCIBILITY 
OF MSC MANUFACTURING
Carson, Edward James - Biomedical Engineering, Cleveland 
Clinic/Case Western Reserve University, Cleveland, OH, USA
Swamydas, Muthulekha - BME, Cleveland Cliinic, Cleveland, OH, 
USA
Simmons, Hannah - BME, Cleveland Cliinic, Cleveland, OH, USA
Powell, Kim - Biomedical, OSU, Columbus, OH, USA
George, Muschler - BME, Cleveland Cliinic, Cleveland, OH, USA

Current generation of culture expanded human mesenchymal 
stem cell (MSC) populations is associated with tremendous do-
nor-to-donor and batch-to-batch variation. Current methods for 
MSC fabrication are based on Competitive Expansion (CE), which 
selects for cells based solely on survival and proliferation and 
therefore compromises efficacy. Using the Cell X platform, we are 
proposing the alternative strategy of Performance Based Selec-
tion (PBS) to selectively expand monoclonal cell populations with 
attributes that correlate with the desired future performance. This 
study quantitatively measured and compared clonal colony attri-
butes of founding progenitor cells and their clonal colony prog-
eny within and between patients. Human bone marrow-derived 
cells were obtained from 6 patients undergoing hip arthroplasty 
and were cultured to allow colony formation. For each patient, 3 
CE population were expanded to 25 doublings and up to 15 PBS 
clonal colonies were picked using the Cell X robot and expanded 
similarly. After harvest, large field of view imaging of PBS plate 
was performed daily to obtain time-lapse data of proliferating 
progenitor cells to identify monoclonal colonies. At Day 10, us-
ing the Cell X robot, selected clonal colonies were picked using 
atraumatic shear force aspiration. During expansion, CE and PBS 
plates were imaged every three days to estimate cell confluen-
cy. Colonyze, a customized automated large field of view Image 
Analysis software developed in our laboratory was used to de-
fine and quantitatively quantify the colony morphology attributes 
such as effective proliferation rate, cells per colony, colony area, 
cell density, cell aspect ratio. A total of 18 polyclonal CE popula-
tions were expanded and 98 PBS populations were picked, 26 
of which were successfully expanded to Passage 5. Our study 
demonstrated extensive heterogeneity in the MSC clonal pop-
ulations. We showed that CE populations and PBS monoclonal 
colonies have similar expansion kinetics. The combination of Cell 
X and Colonyze provides unprecedented ability to make quanti-
tative measurement and selection in a complex heterogeneous 
cell environment and then to act on those to define highly docu-
mented reproducible and repeatable protocols to produce MSCs.

Funding Source: NIH SBIR grant #R44GM133291

Keywords: MSC, manufacturing, reproducibility
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INFLUENCE OF ADIPOSE TISSUE DEPOT 
HARVESTING SITE ON THE MULTILINEAGE 
INDUCTION CAPACITY OF MALE RAT ADIPOSE-
DERIVED MESENCHYMAL STEM CELLS
Elbayoumi, Hussein Mohamed Elhusseiny Ali - Department of 
Veterinary Medicine, Faculty of Agriculture, Tokyo University of 
Agriculture and Technology, Fuchu city (Fuchu shi), Japan
Kaneda, Masahiro - Laboratory of Veterinary Anatomy, 
Department of Veterinary Medicine, Tokyo University of 
Agriculture and Technology, Fuchu, Japan
Mady, Eman Abdo Hassan Ali - Laboratory of Veterinary 
Physiology, Department of Veterinary Medicine, Tokyo 
University of Agriculture and Technology, Fuchu, Japan
Tanaka, Ryou - Laboratory of Veterinary Surgery, Department 
of Veterinary Medicine, Tokyo University of Agriculture and 
Technology, Fuchu, Japan

Recently, substantial attention has been raised towards the adi-
pose-derived mesenchymal stem cells (AdMSCs) as an important 
and potential therapeutic option for employment in diverse tissue 
engineering and regenerative medicine applications. Moreover, 
the AdMSCs isolated from rats (r-AdMSCs) are frequently utilized. 
However, the influence of the adipose depot site on the multilin-
eage differentiation potential of the r-AdMSCs is still ambiguous. 
Hence, the main objective of the present study is to explore the 
influence of the adipose tissue harvesting location on the ability 
of AdMSCs to express the stem cell-related markers, pluripotency 
genes, as well as their differentiation capacity in male Sprague 
Dawley (SD) rats for the first time. Herein, we have isolated r-AdM-
SCs from the inguinal, epididymal, peri-renal, and back subcuta-
neous fats. Cells from diverse depots have been compared in 
terms of their phenotype, immunophenotype, and expression of 
pluripotency genes (OCT 4, Nanog, Sox 2, Rex-1, and Tert) using 
RT-PCR. Besides, we have investigated their potential for multilin-
eage (adipogenic, osteogenic, and chondrogenic) induction us-
ing special stains confirmed by expression of the related genes 
(AdipoQ, and CFD for adipogenesis, BMP2, OPN, and BSP for 
osteogenesis, and ACAN, CHM1, and Col2A1 for chondrogenesis) 
using RT-qPCR. All cells could positively express stem cell marker 
CD 90 and CD 105 with no significant in-between differences. 
However, they did not express the hematopoietic markers as CD 
34 and CD 45. All cells could be induced successfully. Howev-
er, epididymal and inguinal cells presented the highest capacity 
for adipogenic and osteogenic differentiation, followed by the 
peri-renal and subcutaneous cells. On contrary, the subcutane-
ous cells exhibited a superior potential for chondrogenic differ-
entiation over the other sites. In conclusion, the adipose tissue 
depot harvesting site could influence the differentiation capaci-
ty of the isolated AdMSCs. Thus, it is necessary to consider the 
collection site selection to improve the outcomes of their use in 
distinct regenerative cell-based therapies.

Funding Source: The research was supported by a full 
scholarship of the Egypt-Japan Education Partnership (EJEP), 
Egypt and the support of the WISE proposal based project 
supported by MEXT, Japan.

Keywords: Adipose stem cells, Harvesting site, Differentiation
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1064

PDGFRB-STAT5-IGF1 SIGNALING IN SKELETAL 
STEM CELLS DRIVES SKELETAL OVERGROWTH 
IN MICE
Kwon, Hae Ryong - Cardiovascular Biology Research Program, 
Oklahoma Medical Research Foundation, Oklahoma City, OK, 
USA
Olson, Lorin - Cardiovascular Biology Research Program, 
Oklahoma Medical Research Foundation, Oklahoma City, OK, 
USA

Autosomal dominant PDGFRb gain-of-function mutations cause 
skeletal overgrowth in mice and humans with the rare genetic dis-
ease Kosaki overgrowth syndrome. However, the cellular basis 
and molecular mechanisms of these disorders are still being dis-
covered. We previously showed that mice with a gain-of-function 
PDGFRb D849V point mutation on a Stat1-deficient background 
develop skeletal overgrowth. Skeletal stem cells (SSCs) isolated 
from these mice exhibit increased colony formation, suggesting 
overactive stem and progenitor cells as a cellular origin of over-
growth. Single-cell RNA transcriptomics with SSCs-derived colo-
nies revealed increased expression and phosphorylation of signal 
transducer and activator of transcription 5 (STAT5) and overex-
pression of the STAT5 target gene, insulin-like growth factor 1 
(IGF1). We hypothesized that PDGFRb causes skeletal overgrowth 
by activating local STAT5-IGF1 signaling in the skeletal lineage. 
To investigate the significance of STAT5 and IGF1 in the over-
growth phenotype, we conditionally deleted Stat5, Igf1, or IGF1 
receptor Igf1r, from the axial skeleton of PDGFRbD849V;Stat1-/- 
mice. For conditional gene deletion, we utilized Prx1-Cre which 
targets mesenchymal cells in the early limb bud including bone, 
cartilage, muscle connective tissue and dermal fibroblasts, but 
not skeletal muscle. Longitudinal skeletal overgrowth of PDGFRb-
D849V;Stat1-/- mice was normalized by deletion of Stat5, Igf1, or 
Igf1r, suggesting the importance of STAT5 and IGF1 signaling. We 
propose that by directly phosphorylating STAT5 in Prx1-lineage 
skeletal cells, PDGFRbD849V hijacks the growth hormone (GH) 
signaling pathway to promote skeletal overgrowth. Our work es-
tablishes the cellular basis of skeletal growth disorders caused by 
PDGFRb mutations and gives new insight into a role of STAT5 in 
skeletal development and genetic disease.

Funding Source: This work was supported by grants from NIH/
NHLBI (F32 HL142222 for H.R.K.), NIH/NIAMS (R01 AR073828 for 
L.E.O.), and the Oklahoma Center for Adult Stem Cell Research 
(OCASCR, a program of Tobacco Settlement Endowment Trust) 
(L.E.O).

Keywords: Platelet-derived growth factor receptor, Skeletal 
stem cells, Genetic disease
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THE ROLE OF ADAR1 IN MESENCHYMAL 
STROMAL CELLS CONTROLLING SENESCENCE 
AND IMMUNOMODULOTORY
Lu, Di - Cell Therapy, Sun-Yat-Sen University, Guangzhou, China
Liu, Qiuli - Cell Therapy, Guangzhou, China

Mesenchymal stromal cell (MSC) is an ideal seed cell for stem 
cell therapy and its aging state seriously affects its treatment for 
immune diseases. Recent studies have shown that epigenetic 
change may be the main factor driving aging. RNA editing enzyme 
ADAR1 is one of the most abundant epigenetic transcriptome 

modifications. Its role in the senescence of MSCs and the regula-
tion of their immune regulation ability has not been determined, 
and the specific mechanism needs to be clarified. In this study, we 
aim at clarifying the specific mechanism of ADAR1 regulating the 
mesenchymal stromal cell’’ senescence and therapeutic effect. 
We use RNA-sequence (RNA-seq) technology and bioinformatics 
analysis, ADAR1 was screened to play an important role in cell 
senescence. Western blot (WB) and quantitative real-time PCR 
(qPCR) results show that ADAR1 is down-regulated in three cell 
senescence models (replication senescence, radiation-induced 
senescence, and chemotherapy-induced senescence). And 
MSC develops the senescence phenotype after knocking down 
ADAR1 by lentivirus interference (such as p16, p21 is increased). In 
addition, the MSC-shADAR1 by intramuscular injection had a high-
er cell clearance rate compared with the MSC-scramble group. 
And the ability to inhibit T cell activation, proliferation, and inflam-
matory secretion is weakened in MSC-shADAR1. The correlation 
analysis showed that the expression of ADAR1 was negatively 
correlated with the senescence of MSC and positively correlat-
ed with the immune regulation ability of MSC. The database of 
ADAR1 editing sites in MSC was established by using RNA-seq 
and DNA-seq techniques. We found CCL28, a chemokine related 
to immunocyte chemotaxis and cell senescence, was significantly 
up-regulated in MSCs knocked down ADAR1, and the expression 
of CCL28 was also significantly up-regulated in senescence cells. 
Lentivirus interference ADAR1 attenuates the therapeutic effect of 
MSC on Con A-induced liver injury in mice. To sum up, we prove 
that down-regulation of ADAR1 causes MSC senescence, reduc-
es cell proliferation rate, and weakens immune regulation. These 
changes frustrate the excellent cell therapy ability of MSC. Our 
findings provide solid data for the subsequent use of small-mole-
cule drugs to optimize the clinical treatment of MSC.

Funding Source: No

Keywords: Mesenchymal stromal cells, senescence, cell therapy
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MESENCHYMAL STEM CELLS DERIVED 
EXTRACELLULAR VESICLES PREVENT DNA 
DAMAGE CAUSED BY CHEMOTHERAPY AND 
OXIDIZING AGENT-INDUCED OXIDATIVE STRESS
Park, Hang-soo - Department of Obstetrics and Gynecology, 
University of Chicago, IL, USA
Seok, Jin - Department of Obstetrics and Gynecology, University 
of Chicago, IL, USA
Liakath Ali, Farzana - Department of Obstetrics and Gynecology, 
University of Chicago, IL, USA
Mousaei Ghasroldasht, Mohammad - Department of Obstetrics 
and Gynecology, University of Chicago, IL, USA
Al-Hendy, Ayman - Department of Obstetrics and Gynecology, 
University of Chicago, IL, USA

DNA damage induces various problems including mutation, tum-
origenicity, and inducing apoptosis. Eventually DNA damage in 
cellular level leads to various irreversible/degenerative disorder. 
There are many reasons of DNA damage such as viral infection, 
radiation, carcinogen, chemotherapy reagent, and other oxidiz-
ing agent. Especially chemotherapy lead DNA damage through 
oxidative stress even in healthy tissue while treating cancer cells, 
lead several problems in cancer survivors such as infertility. Mes-
enchymal stem cells (MSCs) are a very promising source for re-
generating damaged tissue through their differentiation potential, 
paracrine activity, and extracellular vesicle (EV) secretion. Espe-
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) cially, MSC-derived eVs are promising factors in tissue regen-

eration by restoring damaged cells through delivering proteins 
and miRNA. Although many study shows the therapeutic effect of 
MSC-derived eVs on damaged cells, the detailed mechanism is 
still not completely revealed yet. In our previous study, we found 
that MSC-derived eVs not only restore damaged cells but also 
protect cells against cytotoxic chemotherapy reagent cyclophos-
phamide. Based on the cytotoxic mechanism of cyclophospha-
mide, which induces DNA break, we hypothesized that MSC-de-
rived eVs could prevent DNA damage. In this study, we treated 
MSC-derived eVs on human ovarian granulosa cells (hGrC1) prior 
to cyclophosphamide chemotherapy (CTx) or hydrogen perox-
ide (H2O2) induced cell damage. We evaluated DNA damage by 
analyzing double-strand break marker γH2AX protein. We found 
that MSC-derived eVs treated group shows significantly low pop-
ulation of damaged cells after CTx treatment (8.19±4.85%) while 
untreated group shows higher population of damaged cells af-
ter CTx (17.65±4.90%). Interestingly, H2O2 induced much severe 
DNA damage than CTx. Even this severe DNA damage induced 
by H2O2, MSC-derived eVs treated group showed lower popu-
lation of damaged cells (22.43±1.74%) compared to higher dam-
aged cell population in untreated group (49.61±6.94%). Our data 
demonstrate that MSC-derived eVs could prevent DNA damage 
induced by chemotherapy reagent and oxidizing agent. We con-
clude that MSC-derived eVs are a promising simple treatment 
option for protecting healthy tissue in various conditions which 
concerning DNA damage.

Funding Source: This study supported by start-up fund of the 
University of Chicago (AA).

Keywords: Mesenchymal stem cell, extracellular vesicles, DNA 
damage
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MECHANICAL CONDITIONING REJUVENATES 
MESENCHYMAL STEM CELLS FROM AGED 
PATIENTS
Baker, Aaron - Biomedical Engineering, University of Texas at 
Austin, TX, USA
Massidda, Miles - Biomedical Engineering, University of Texas at 
Austin, TX, USA
Demkov, Andrei - Biomedical Engineering, University of Texas 
at Austin, TX, USA
Sices, Aidan - Biomedical Engineering, University of Texas at 
Austin, TX, USA
Lee, Jason - Biomedical Engineering, University of Texas at 
Austin, TX, USA
Lee, Muyoung - Molecular Biosciences, University of Texas at 
Austin, TX, USA
Kim, Jonghwan - Molecular Biosciences, University of Texas at 
Austin, TX, USA

Mesenchymal stem cells (MSCs) are an appealing therapeutic cell 
type for many diseases. However, patients with poor health or ad-
vanced age often have MSCs with poor regenerative properties. 
A major limiter of MSC therapies is cellular senescence, that is in-
duced by poor donor health and/or by expansion in cell culture. In 
this study, we examined the hypothesis that mechanical loading 
can rejuvenate MSCs from aged patients and enhance their abil-
ity to expand in culture and therapeutic potential. We obtained 
MSCs from four aged donors (68-92 years old, two male/two fe-
male) and conditioned them with mechanical loading and/or an 
EGFR/ErbB-2/4 inhibitor. The mechanical loading applied was at 

0.1 Hz with maximum strain of 7.5% with a physiological wave-
form for 4 hours per day for 7 days. Mechanical loading alone 
increased proliferation of the MSCs by 50-100% in comparison to 
non-treated MSCs. We found that mechanical loading increased 
phosphorylation of Akt by five-fold and Cyclin-D1 by six-fold in 
comparison to control MSCs. Following loading, we observed 
a long term, durable effect in enhancing proliferation, with con-
trol cells reaching cell cycle arrest after ~5 cumulative doublings 
whereas mechanically conditioned cells continued to grow for at 
least ~9 cumulative doublings. Mechanical load also increased 
the expression of SIRT1, SIRT6, and SIRT7, and phosphorylation of 
SIRT1, FoxO1, and FoxO4 in comparison to control cells. Loading 
improved the multipotency of aged MSCs in differentiating into 
adipogenic and osteogenic lineages, and reduced senescent cell 
phenotypes, indicated by reduced SA-β-galactosidase expres-
sion. Mechanical conditioning was also found to reduce reactive 
oxygen species buildup and enhance the recognition and repair 
of DNA damage in aged MSCs after only one day of treatment. 
Mechanistic studies using inhibitors demonstrated that the func-
tional enhancements were mediated by oxidative stress and DNA 
damage repair signaling with crosstalk between Sirtuin proteins, 
DNA damage repair protein ATM, cell cycle regulatory protein 
Akt, and several antioxidant proteins. Taken together, these re-
sults demonstrate that physiological mechanical conditioning can 
rejuvenate the functionality of MSCs derived from aged patients 
and improve their prospects in cell-based regenerative therapies.

Funding Source: NIH R01 (Baker – PI). Project Title: Mechanical 
Conditioning of Mesenchymal Stem Cells for Enhanced 
Recellularized Vascular Grafts. Total Funding: $1,016,233; Project 
Period: 9/01/17-9/01/23

Keywords: Regenerative medicine, Senescence, 
Mechanobiology

1074

DEVELOPMENT OF AIRWAY EPITHELIAL CELLS 
MIMICKING STEPWISE DIFFERENTIATION USING 
HUMAN TONSIL-DERIVED MESENCHYMAL STEM 
CELLS
Kim, Ha Yeong - Department of Otorhinolaryngology and Head 
and Neck Surgery, Ewha Womans University, Seoul, Korea
Oh, Se-Young - Department of Covergence Medicine, Ewha 
Womans University, Seoul, Korea
Kim, Han Su - Department of Otorhinolaryngology-Head and 
Neck Surgery, Ewha Womans University, Seoul, Korea
Jung, Soo Yeon - Department of Otorhinolaryngology-Head and 
Neck Surgery, Ewha Womans University, Seoul, Korea

Airway defects commonly caused by tumor removal, trauma, in-
fection, etc. are difficult to treat because the airway has a com-
plex multi-layered structure. The key to fully recovering these 
defects is the reconstruction of respiratory epithelium, the lining 
next to the cartilage. Autologous epithelial cells or progenitor 
cells are used to reconstruct the epithelium, but they are not suit-
able candidates for regeneration due to their difficult properties 
for expansion and differentiation in vitro. Here, we developed an 
alternative for respiratory epithelial regeneration using human 
tonsil-derived mesenchymal stem cells (TMSCs) to induce epithe-
lial cells through stepwise differentiation. TMSCs were isolated 
from human tonsillar tissues of patients undergoing tonsillectomy 
and differentiated into airway epithelial cells following the human 
embryonic developmental process. To generate airway epithelial 
cells, TMSCs were exposed to various chemical agents or protein 



275

P
O

S
T

E
R

 A
B

S
T

R
A

C
T

 G
U

ID
E

T
h

u
R

S
D

A
Y

, 
15

 J
u

N
E

 2
0

2
3

combinations during four steps. We found that TMSCs can be in-
duced into the definitive endoderm (DE) with a low concentration 
of activin A, which activator of the Nodal/ TGF-β signaling pathway. 
Next, a combination of growth factors regulating BMP, TGF-β, and 
WNT signaling induces the differentiation of DE-induced TMSCs 
into anterior foregut endoderm identified by upregulating gene 
expression of PAX7, SOX2, and GATA3. An environment rich in 
BMPs, WNT, and FGFs differentiated TMSCs into lung progenitor 
cells, as evidenced by increased gene expression of NKX2-1, an 
early lung progenitor marker. In the final step, the expression of 
Keratin 5, a basal cell marker, and FOXJ1, a ciliated cell marker, 
were increased in TMSCs-derived airway epithelial cells gener-
ated through air-liquid interface culture. Our results demonstrate 
that TMSCs-derived airway epithelial cells can be generated by 
stepwise differentiation and represent a potential alternative for 
treating functional recovery of respiratory defects.

Keywords: Tonsil-derived mesenchymal stem cells, Respiratory 
defect, Epithelial cells

1076

EVALUATION OF NEURAL GENE EXPRESSION IN 
DEDIFFERENTIATED FAT PROGENITOR (DFAT) 
SPHEROIDS AFTER CO-CULTURE WITH OXYGEN-
GLUCOSE DEPRIVATED RAT HIPPOCAMPAL 
SLICES.
Rybkowska, Paulina - Translational Platform for Regenerative 
Medicine, Mossakowski Medical Research Institute, Warsaw, 
Poland
Sarnowska, Anna - Translational Platform for Regenerative 
Medicine, Mossakowski Medical Research Institute of Polish 
Academy of Sciences, Warsaw, Poland

Dedifferentiated fat (DFAT) progeny cells are a recently discov-
ered and not fully understood subpopulation of cells isolated from 
adult adipose tissue. It has been shown that DFAT cells may be 
characterized by better adjuvant and plasticity abilities than stan-
dard adipose-derived mesenchymal stem/stromal cells (ASC). In 
our work, we decided to culture DFAT cells in the form of three-di-
mensional spheroids, and evaluate their neural gene expression 
potential, which has not been previously reported. First of all, we 
characterized spheroids obtained from DFAT cells and compared 
them to ASC spheroids. Next, with the use of an ex vivo model, 
we performed DFAT vs ASC co-culture with intact or injured by 
the oxygen-glucose deprivation rat hippocampal slice culture and 
assessed the gene expression of astrocyte, oligodendrocyte, and 
neuronal markers in both populations of cells. Our results indicat-
ed that both ASC and DFAT easily form spheroids on anti-adhe-
sive surfaces and actively proliferate up to 72 hours of spatial cul-
ture. We also discovered that the 3D form of cell culture positively 
impacts all neural gene expression in comparison to standard 2D 
cultured cells. We showed that ASC-3D cells co-cultured with ox-
ygen-deprived hippocampal slices (OGD) upregulate the expres-
sion of neural markers such as NESTIN and neuron markers such 
as MAP2 and β-III-TUBULIN. In ASC-3D after contact with OGD 
slices, we also observed the increased expression of astrocyte 
(GFAP and S100β) and oligodendrocyte (NG2) markers in com-
parison to control ASC-2D cells. What’s more, we observed that 
the expression of neuronal markers in DFAT-3D cells co-cultured 
with OGD slices was significantly higher than in ASC-3D although 
there was no difference in gene expression between control 
DFAT-3D cells cultured without hippocampal slices. Comparing 
the neural differentiation abilities of cells cultured as spheroids or 

monolayer, we showed that: both ASC-3D and DFAT-3D cultured 
in the presence of injured neural tissue can direct the gene ex-
pression toward neuronal, astrocytic, and oligodendrocytic phe-
notype. Moreover, DFAT-3D possesses better neural differenti-
ation potential compared to ASC-3D. These discrepancies may 
explain their different origins and may indicate their potentially 
different therapeutic capabilities.

Funding Source: Medical Research Agency grant no. 2020/
ABM/01/00014 and National Science Centre, grant no. 
2018/31/N/NZ4/03275.

Keywords: dedifferentiated fat progenitors, adipose derived 
mesenchymal stem/stromal cells, neural-lineage differentiation
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MICRORNA-125B AS BIPOLAR PLAYER IN 
OSTEOGENIC PATHWAY
Joris, Virginie - cBITE, Macquarie University, Maastricht, 
Netherlands
Eischen-Loges, Maria José - cBITE, Maastricht University, 
MERLN Institute, Maastricht, Netherlands
Rosado Balmayor, Elizabeth - Experimental Orthopedics 
and Trauma Surgery, Clinic of Orthopedic, Trauma, and 
Reconstructive Surgery, RWTH, Aachen, Germany
Griensven, Martijn - cBITE, Maastricht University, MERLN 
Institute, Maastricht, Netherlands

Bone metabolism is highly regulated and recent studies showed 
that microRNAs (miR) can contribute to the deregulation of path-
ways needed to maintain healthy bone structures. Seeliger et al. 
already identify five circulating miR associated with osteoporotic 
fractures among which miR-125b. Overexpression of miR-125b 
is well-known to enhance osteoporosis and regulate osteogen-
ic differentiation of human mesenchymal stem cells (hMSCs) via 
several pathways. Here we evaluated the involvement of the 
osteoporotic miR-125b in BMP pathway. In this work we aim to 
evaluate the potential of miR modulation for subsequent use in 
clinical approaches for bone diseases and defects. hMSCs were 
transfected with mimic of miR-125b or negative control combined 
or not with osteogenic differentiation. Two different protocols of 
differentiation were tested, one using dexamethasone (DEX) and 
another using calcium-enriched (Ca) medium. Exposure to DEX 
or Ca medium increased mineralization of hMSCs compared to 
basic medium and is accompanied by a decrease of miR-125b ex-
pression. Interestingly, this seems to be correlated with increased 
RUNX2, BMPR2 and SMAD4 levels. hMSCs transfected with miR-
125b mimic and stimulated with DEX presented a higher mineral-
ization compared to cells transfected with scrambled miR and this 
observation seems to be correlated with higher levels of RUNX2, 
SMAD4 and BMPR2. On the contrary, cells treated with Ca me-
dium and transfected with miR-125b mimic showed a decrease 
in mineralization compared to scrambled miR. This result is sup-
ported by a decrease of RUNX2 and BMPR2 levels. Accordingly, 
inhibition of miR-125b in Ca-treated cells increased mineralization 
compared to scrambled miR and seems to upregulate BMPR2 
and RUNX2 levels. Interestingly other osteoporotic related miRs 
as miR-21 and miR-100-5p are modulated when miR-125b expres-
sion is modified. We showed that miR-125b differentially modu-
lates mineralization of hMSCs during DEX and Ca-induced osteo-
genic differentiation. This dissimilarity can be explained by the 
difference of the targeted pathways. Therefore, miR-125b affinity 
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) for targets implicated in bone remodeling changes and induces 

an opposite final physiological effect. With this work we slightly 
open the door to possible therapeutic approaches for bone dis-
eases such as osteoporosis.

Funding Source: This work is supported by the Province of 
Limburg, Limburg Invests in its Knowledge Economy (LINK)

Keywords: microRNA, Mesenchymal stem cells, Bone

1080

LINEAGE-SPECIFIC DIFFERENCES AND 
INFERENCE OF REGULATORY NETWORKS 
GOVERNING HUMAN CHONDROCYTE 
DIFFERENTIATION
Venkatasubramanian, Divya - Orthopedic Research, Boston 
Children’s Hospital, Boston, MA, USA
Richard, Daniel - Department of Human Evolutionary Biology, 
Harvard University, Cambridge, MA, USA
Pregizer, Steven - Orthopedic Research, Boston Children’s 
Hospital, Boston, MA, USA
Raftery, Rosanne - Orthopedic Research, Boston Children’s 
Hospital, Boston, MA, USA
Capellini, Terence - Department of Human Evolutionary Biology, 
Harvard University, Cambridge, MA, USA
Craft, April - Orthopedic Research, Boston Children’s Hospital, 
Boston, MA, USA

To address large gaps in our understanding of the molecular 
regulation of articular and growth plate cartilage development 
in humans, we used our directed differentiation approach to 
generate distinct cartilage tissues from human embryonic stem 
cells (hESCs). The resulting transcriptomic profiles of hESC-de-
rived articular and growth plate chondrocytes were similar to 
fetal epiphyseal and growth plate chondrocytes, with respect to 
genes both known and previously unknown to cartilage biology. 
With the goal to characterize the regulatory landscapes accom-
panying these respective transcriptomes, we mapped chromatin 
accessibility in hESC-derived chondrocyte lineages, and mouse 
embryonic chondrocytes, using ATAC-sequencing. Integration of 
the expression dataset with the differentially accessible genom-
ic regions revealed lineage-specific gene regulatory networks. A 
closer analysis of how gene expression variance was controlled 
by epigenetic accessibility revealed more biologically relevant 
information, including several TFs and TF families previously un-
known in cartilage biology, whose role in chondrogenesis can 
now be further investigated. Transcriptomic profiles of hESC-de-
rived cartilage across developmental time also revealed TFs that 
may play a role in specification of chondrocytes to these distinct 
lineages. We functionally validated binding of two transcription 
factors (RUNX2 in growth plate chondrocytes and RELA in ar-
ticular chondrocytes) with their predicted genomic targets. The 
maps we provide thus represent a framework for probing reg-
ulatory interactions governing chondrocyte differentiation. This 
work constitutes a substantial step towards comprehensive and 
comparative molecular characterizations of distinct chondrogenic 
lineages, and sheds new light on human cartilage development 
and biology.

Keywords: cartilage, regulatory, development
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EFFICACY OF FISETIN AND RESVERATROL 
AS SENOTHERAPEUTICS TO AMELIORATE 
CELLULAR SENESCENCE OF CHONDROGENIC 
PROGENITOR CELLS DERIVED FROM KNEE 
OSTEOARTHRITIS PATIENTS
Aggrwal, Anjali - Anatomy, Postgraduate Institute of Medical 
Education and Research (PGIMER), Chandigarh, India
Aggarwal, Aditya - Orthopedics, Post Graduate Institute of 
Medical Education and Research, Chandigarh, India
Bhattacharyya, Shalmoli - Biophysics, Post Graduate Institute of 
Medical Education and Research, Chandigarh, India
Jacob, Justin - Anatomy, Postgraduate Institute of Medical 
Education and Research, Chandigarh, India
Sahni, Daisy - Anatomy, Post Graduate Institute of Medical 
Education and Research, Chandigarh, India

Osteoarthritis (OA) is an age-related cartilage degenerative dis-
ease. Chondrogenic progenitor cells (CPCs), the stem cell-like 
cells with capacity of self-renewal found in the articular cartilage 
have been considered as the main cartilage repairer in OA. Our 
previous study showed that CPCs of osteoarthritic articular car-
tilage acquire cellular senescence. Senescent cells secrete a 
mixture of molecules, known as the senescence-associated se-
cretory phenotype (SASP) and through the paracrine effects of 
SASP affect surrounding cell and might interfere their regener-
ative function. Flavonoids, are emerging as potential therapeu-
tic agents to mitigate senescence. We hypothesized that seno-
therapeutics fisetin and resveratrol would mitigate senescence 
of CPCs. The CPCs isolated from OA knee cartilage were char-
acterized based on phenotypic expression of stem cell markers 
(CD90+, CD105,+ CD73,+ CD29,+ CD49e,+ CD45low/-), clonoge-
nicity, and tri-lineage differentiation assays. Pre-treatment with 
increasing doses of fisetin and resveratrol (5μM-100μM) for 24 
hours was given. Fisetin significantly decreased senescence in-
dex (SI) by 42.93% at 100μM (p=0.01) while resveratrol decreased 
it by 30.21% at 50μM (p< 0.05).This was further supported by sig-
nificant decline in expression of cellular senescence markers p53 
and p38MAPK at same dose (50μM) of both drugs. Additional-
ly after treatment with fisetin and resveratrol, secretion of SASP 
comprising of pro-inflammatory cytokine IL-1β and matrix-degrad-
ing enzymes MMP-9 and MMP13 from the senescent CPC were 
also significantly downregulated. Only resveratrol significantly 
downregulated the expression of hypertrophy marker, COL-10 
at 50μM. Additionally after 21-day chondrogenic differentiation, 
pre-treatment with resveratrol resulted in significantly increased 
expression of cartilage synthesis marker collagen type 2. In sum-
mary, fisetin and resveratrol ameliorated senescence of CPCs by 
downregulating the p53 effector protein and SASP. Therefore, 
these natural drugs can act as potent Serotherapeutic and can 
enhance the regeneration power of CPCs in knee OA.

Keywords: Chondroprogenitor cells, senotherapeutics, Fisetin, 
resveratrol
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1084

MAKING AND BREAKING THE SKELETAL MUSCLE 
STEM CELL NICHE
Hicks, Michael R. - Sue and Bill Gross Stem Cell Research 
Center, University of California, Irvine, CA, USA
Pyle, April - Broad Stem Cell Research Center, University of 
California, Los Angeles, CA, USA

Skeletal muscle stem and progenitor cells including those de-
rived from human pluripotent stem cells (hPSCs) offer an avenue 
towards personalized therapies. Here we demonstrate both stem 
and progenitor cells readily fuse to form human-mouse myofi-
bers, but skeletal muscle progenitor cells (SMPCs) from hPSCs 
inefficiently take up position in human-mouse stem cell niches. In 
contrast, SMPCs expressing the transcription factor PAX7 were 
50-fold more likely to associate with a subset of immature human 
myofibers that resembled fetal niches, 1-2 months after trans-
plantation. We hypothesized lack of SMPC engraftment into the 
muscle stem cell niche was due to cell competition with endog-
enous mouse SCs occupying SC niches. Thus, we generated an 
inducible diphtheria toxin SC ablation mouse model compatible 
with human engraftment to test this hypothesis. Interestingly, ab-
lation of mouse SCs only increased numbers of immature human 
myofibers and both PAX7+ SMPCs and SCs now predominantly 
formed niches with human-only myofibers, instead of residing in 
chimeric mouse niches, suggesting that cell competition is not the 
prevailing driver of niche formation. Thus, we profiled SC ablated 
mice with single nucleus RNA-Seq and identified the absence of 
a transient myofiber subtype, expressing the fetal actin isoform 
Actc1, that could support Pax7 cells during regeneration. Similarly, 
the transplanted immature human myofibers strongly expressed 
ACTC1, and we used spatial RNA-seq to identify key factors driv-
ing de novo human niche formation, including sarcomere as-
sembly and biosynthesis of fatty acids, improving our ability to 
support human PAX7 cell repopulation. To demonstrate ACTC1+ 
myofibers are essential to supporting PAX7 SMPCs, we used 
CRIPSR/Cas9 to insert a FKBP12-Caspase9 fuse gene in the 3’ 
end of ACTC1 in hPSCs that were then differentiated into SMPCs 
and transplanted i’ vivo. Upon Caspase-induced apoptosis, we 
found a 90% reduction in ACTC1+ myofibers and over a 100-
fold decrease in PAX7 cell numbers compared to non-induced 
engrafted controls. As opposed to other niche systems, where 
niches are formed by stem cell homing to empty niches, we found 
that transient regenerating human skeletal muscle is essential to 
emerging niche formation in vivo to support PAX7 cells.

Funding Source: CIRM Quest, NIH NIAMS, MDA, ICTS KL2

Keywords: Emerging niches, Muscle stem cells, Spatial RNA 
sequencing
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RIBONUCLEOTIDE REDUCTASE M2B (RRM2B) IN 
INTERPLAY BETWEEN STEM CELLS AND NICHE 
VIA MODULATING STEM CELL FATE IN SKELETAL 
MUSCLE
Chen, Yi-Fan - The Ph.D. Program for Translational Medicine, 
Taipei Medical University, Taipei, Taiwan
Chen, Wang-Jing - The PhD Program for Translational Medicine, 
Taipei Medical University, Taipei, Taiwan
Lee, Chien-Wei - Center for Translational Genomics Research, 
China Medical University Hospital, Taichung, Taiwan
Yen, Yun - TMU Research Center of Cancer Translational 
Medicine, Taipei Medical University, Taipei, Taiwan

Decline of regeneration capacity is one of the critical causes 
for dysfunctional skeletal muscle in elderly. The balance among 
quiescence, differentiation, and self-renewal of skeletal muscle 
stem cells (MuSCs) is tightly regulated by their intrinsic and ex-
trinsic properties from the niche. Ribonucleotide reductase M2B 
(Rrm2b), constitutively expressed in proliferating and non-prolifer-
ating cells, modulates MuSC quiescence/differentiation in muscle 
in response to injury. RRM2B is demonstrated to directly correlate 
to muscle dysfunction in patients with mitochondrial depletion 
syndrome. Rrm2b knockout in myofibers led to weakness of mus-
cles, such as a loss of muscle mass and strength. After muscle 
injury, damaged myofibers were more efficiently repaired in the 
Rrm2b myofiber-specific knockout mice than the control mice, 
but these myofibers were thinner and showed weak functioning. 
Rrm2b-deleted myofibers released several myokines, which trig-
ger MuSCs to differentiate but not re-enter the quiescent stage 
to replenish the stem cell pool. Overall, Rrm2b in the myofibers 
plays a critical role in modulating the MuSC fate by modifying the 
microenvironment, and it may lead to a possible strategy to treat 
muscle disorders. This study can lead to establish a therapeutic 
method targeting skeletal muscle disorders in humans and has a 
beneficial impact on the quality of life of the elderly.

Keywords: Muscle stem cell, niche, mitochondria

1088

OPTIMIZATION OF FIBRONECTIN 
CONCENTRATION FOR MAINTENANCE OF 
PORCINE SATELLITE CELLS.
Han, JaeHo - Department of Agriculutre Convergence 
Technology, Jeonbuk National University, JeonJu, Korea
Jang, Si Won - Department of Agricultural Convergence 
Technology, Jeonbuk National University, JeonJu, Korea
Choi, Hyun Woo - Department of Animal Science, Jeonbuk 
National University, JeonJu, Korea

‘Cultured meat’ or ‘artificial meat’ has emerged as an alternative 
food that could solve overpopulation, livestock gas and animal 
ethics. Satellite cells which are the major material of cultured meat 
cannot be maintained in vitro. Fibronectin is one of extracellular 
matrix (ECM) which were widely used in cell culture. Fibronectin 
affects biological process such as cell adhesion, differentiation 
and migration. However, research on cell maintenance and pro-
liferation according to long-term culture of porcine satellite cells 
cultured on various concentration of fibronectin are unclear. In 
this study we first investigated cell proliferation, cell cycle, expres-
sion level of PAX7 and MYOD1 gene when porcine satellite cells 
were cultured on 20μg/ml fibronectin-, gelatin- and non-coated 



278

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 T
iS

S
u

E
 S

T
E

M
 C

E
LL

S
 A

N
D

 R
E

g
E

N
E

R
A

T
iO

N
 (

T
S

C
) dishes at long-term culture. We found that 20μg/ml fibronectin 

had lowest doubling time at short-term and long term culture 
which indicates that fibronectin had most effective proliferation 
compared to gelatin coated dishes or non-coated dishes. Further-
more, expressed Pax7 and MyoD1 by immunocytochemistry (ICC) 
were higher in porcine satellite cells cultured on fibronectin coat-
ed dishes than in gelatin or non-coated dishes. As many studies 
showed that mixture of ECM had positively affected various types 
of cells by mimicking in vivo niche. We next analyzed the prolifer-
ation of gelatin and fibronectin mixture, however, there were no 
significant effect on porcine satellite cells. Next we determined 
the optimal concentration of fibronectin for proliferation and 
maintenance of porcine satellite cells at long term-culture. The 
porcine satellite cells cultured on 5μg/ml and 20μg/ml had lowest 
doubling time compared to 1μg/ml at long-term culture. The por-
cine satellite cells cultured on 1μg/ml and 5μg/ml of fibronectin 
coated dish had maintained well by expressing high level of Pax7. 
However, 20μg/ml of fibronectin had lowest the expression level 
of Pax7 and MyoD1 gene at long-term culture. Comprehensively, 
our result indicate that porcine satellite cells cultured on fibronec-
tin with concentration of 5μg/ml could maintain and proliferate 
well at long-term culture. Our results may provide another way to 
maintain porcine satellite cells for long-term culture.

Funding Source: This work was supported by IPET through 
‘High Value-added Food Technology Development Program’, 
and was funded by the Ministry of Agriculture, Food and Rural 
Affairs(MAFRA) (322006-05-1-CG000)

Keywords: Porcine Satellite cells, Fibronectin, Maintenance

Clinical Trial ID number: Proliferation
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IDENTIFYING PROGENITOR-LIKE CELLS IN THE 
NUCLEUS PULPOSUS CONTRIBUTING TO THE 
DEVELOPMENT AND MAINTENANCE OF A 
HEALTHY INTERVERTEBRAL DISC
Cheah, Kathryn S. - School of Biomedical Sciences, The 
University of Hong Kong, Hong Kong
Dong, Xiaonan - School of Biomedical Sciences, University of 
Hong Kong, Hong Kong
Tan, Zhijia - School of Biomedical Sciences, University of Hong 
Kong, Hong Kong
Cheng, Charles - School of Biomedical Sciences, University of 
Hong Kong, Hong Kong
Chen, Peikai - School of Biomedical Sciences, University of 
Hong Kong, Hong Kong
Chan, Danny - School of Biomedical Sciences, University of 
Hong Kong, Hong Kong
Leung, Victor - Department Orthopaedics & Traumatology, 
University of Hong Kong, Hong Kong

In Intervertebral Disc Disease (IDD) the functional capacity of the 
disc decline leading to impaired reparative capacity of the inter-
vertebral disc (IVD) tissues in the spine. Loss of progenitors of the 
nucleus pulposus (NP) in the IVD could be the underlying cause. 
Knowledge of the heterogeneity of cells in the NP, identity and 
molecular characteristics of NP progenitors, and their lineage 
origins is limited. Developmental lineage studies in mice show 
that NP cells are derived from the embryonic notochord. Two 
distinct cell types populate the NP, large vacuolated notochord-
al-like cells (NCLs) and smaller chondrocyte-like cells (CLCs). In 
humans many NCLs are present in the NP after birth but these 
reduce rapidly with age and few remain during adolescence. In 

adult NP, CLCs are the predominant cell type. The reduction of 
NCLs and appearance of myofibroblast-like cells in human NP 
coincides with the age-onset of IDD. In contrast, NCLs persist in 
animals that are more resistant to IDD, such as the mouse. NCLs 
could therefore represent a pool of NPC progenitors that serve to 
maintain NP function and homeostasis and protect against IDD. 
In adult tissues, infrequently dividing cells (slow cycling, sCy) are 
long-lived “stem” cells that generate rapidly dividing (fast cycling), 
short-lived progenitor cells. Both fast cycling and slow cycling 
stem cell populations can also produce unique differentiated lin-
eages. We determined the gene expression signatures of single 
fetal, postnatal day 10 and 8 week old NP cells. We found consid-
erable cell heterogeneity in the adult mouse NP, with both fast 
cycling and slow cycling cells being present. We tested for sCy 
cells (label retaining cells, LRCs) in mice by H2B-GFP retention 
analysis in which dilution of H2B-GFP with cell division is used 
as an indicator of the speed of cell division and the GFP signal 
is retained preferentially in LRCs. Comparing mouse and human 
datasets, cycling NP cells expressing mitotic genes were present 
in both, suggesting cell proliferation occurs in adolescent NPs. By 
lineage tracing in mice we identified a population of cycling Ta-
gln+ cells located in the periphery of the NP (PeriNP cells) which 
are potential progenitors that contribute to the whole NP. Tagln+ 
cells and their descendants were diminished in aged NP or punc-
ture-induced disc degeneration.

Funding Source: This work was supported by the Hong Kong 
Research Grants Council (HKRGC) Theme-based Research 
Scheme (T12-708/12-N), GRF 17126119, HKRGC CRF (C7044-19G) 
and Hong Kong Medical Research Fund (06173826)

Keywords: Slow cycling progenitors, Intervertebral disc 
progenitors, Lineage tracing

TOPIC: NEURAL

1092

USING HUMAN IPSCS TO EXPLORE 
THE MECHANISMS BY WHICH 
GLUCOCEREBROSIDASE (GBA) MUTATIONS 
CONTRIBUTE TO PARKINSON’S DISEASE 
PATHOGENESIS
Gilliard-Telefoni, Rhiannon Gene - Neuroscience, San Diego 
State University, San Diego, CA, USA

The early phases of neurodegenerative diseases such as Alzhei-
mer’s disease may be influenced by changes in endocytic traf-
ficking and lysosomal function. In this study, I will be using human 
iPSC-neurons to investigate the molecular and cellular patho-
genic mechanisms of synucleinopathies, such as dementia, with 
Lewy bodies (DLBs). I hypothesize that endosomal and lysosom-
al structure and functions are impacted in the human DLB-iPSC 
model and alpha-synuclein plays an important role in inducing 
endosomal and lysosomal dysfunction in this model. To study the 
cellular and molecular pathways involved in DLB pathogenesis, 
I will use iPSC-derived neurons from 3-4 human DLB patients. 
This will also include, 3-4 iPSC-derived neurons from healthy age-
matched controls. For this experiment(s) to be carried out, data 
will be collected using live cell imaging techniques to examine 
mitochondria, endosomes, lysosomes, and autophagosomes. I 
will quantitate and analyze the results to establish: 1) if endocyt-
ic trafficking is defective 2) if autophagic/lysosomal activities are 
reduced 3) if mitochondria dynamics and functions are altered 
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in DLB cells 4) if alpha-synuclein is abnormally accumulated in 
human DLB neurons with the collected data, I will compare var-
ious sizes, structures, motility, and functional asset between cell 
cultures obtained throughout the experiment. By the end of the 
proposed experiments, the evidence gathered, will give me the 
ability to support or refute my hypothesis concerning changes in 
the endosomal-lysosomal pathways and their potential contribu-
tion to DLB pathogenesis. The significance of my research is that 
my findings will shed critical light on the relationship between en-
do-lysosomal dysfunctions and DLB pathogenesis.

Keywords: Alzheimer’s disease, iPSC, Dementia with lewis 
bodies (DLB)

1094

THE EFFECT OF INTRANASAL ADMINISTRATION 
OF HUMAN NEURAL CREST-DERIVED NASAL 
TURBINATE STEM CELLS BY AMELIORATING 
INFLAMMATORY RESPONSE IN REPEATED HEAD 
TRAUMA MODELS
Yang, Seung Ho - Department of Neurosurgery, The Catholic 
University of Korea, Suwon, Korea
Lim, Jung Yeon - Department of Otolaryngology-Head and Neck 
Surgery, The Catholic University of Korea, Seoul, Korea
Lee, Jung Eun - Department of Neurosurgery, The Catholic 
University of Korea, Suwon, Korea

The aims of the study were: 1) whether intranasal administration of 
Human neural crest-derived nasal turbinate stem cells (hNTSCs) 
works in a repeated head trauma model; 2) whether the effect of 
intranasal administration of hNTSCs is similar to that of PLX3397. 
Male C57BL/6 mice (6-8 weeks old) were used for in vivo exper-
iments. A 30 g steel weight with a flat-end was dropped from a 
height of 8 cm onto the center of the head. Experimental mice 
were divided into three groups; TBI mice without any treatment, 
TBI mice treated with PLX3391, and TBI mice administered with 
hNTSCs intranasally. PLX3397 (290mg/kg) was administered via 
an intraperitoneal route for 21 days following the start of weight-
drop experiments. Intranasal administration of hNTSCs was done 
once following TBI. Repeat TBI produced no obvious brain dam-
age after the last injury. Brain edema did not differ between TBI 
models and treatment groups. An increase of Iba1+ and GFAP+ 
cells was observed in cortex of TBI models. Iba1+ cells were not 
observed in PLX3397-treated TBI models as well as TBI models 
administered with hNTSCs. GFAP+ cells were remarkably de-
ceased in PLX3397-treated TBI models as well as intranasally ad-
ministered TBI models, compared with TBI models. Cellular disor-
ganization in hippocampus was noted following repeat TBI. Iba1+ 
cells were increased in hippocampus of TBI models, but not ob-
served in PLX3397-treated TBI models as well as intranasally ad-
ministered TBI models. GFAP+ cells were remarkably deceased 
in PLX3397-treated TBI models as well as intranasally adminis-
tered TBI models. PLX3397 aministration for 21 days ameliorated 
a reduction of neurobehavioral ability in repeated TBI models. 
The similar effect was observed in TBI models administered with 
hNTSCs. Through our study, we found that intranasal administra-
tion of hNTSCs has the microglia depletion effect and adminis-
tered hNTSCs moved to remote regions such as hippocampus. 
We assume that the observed protective effects of hNTSCs on 
repeat TBI models dampen neuroinflammation and could be me-
diated through paracrine signaling on astrocytes and microglias.

Keywords: stem cell, microglia, head trauma

1096

CD44 INTERACTIONS WITH C1Q AND 
HYALURONIC ACID IN NEURAL STEM CELLS
Karam, Josh - Stem Cell Research Center, UC Irvine, CA, USA
Cummings, Brian - Stem Cell Research Center, University of 
California, Irvine, CA, USA
Anderson, Aileen - Stem Cell Research Center, University of 
California, Irvine, CA, USA

Spinal Cord Injury (SCI) is a devastating condition with no ef-
fective therapeutics. Neural stem cells (NSC) have been inves-
tigated for transplantation, showing promise in preclinical stud-
ies and early clinical trials. NSC may contribute to recovery by 
differentiating into new neurons and oligodendrocytes, as well 
as reducing inflammation or providing neuroprotective signaling 
to spared tissue. Recently, we have shown a novel role for the 
immune molecule, C1q, as an extrinsic factor affecting NSC trans-
plantation efficacy through interactions with the receptor CD44. 
Additionally, hyaluronic acid (HA) has been shown to exhibit a 
molecular weight (MW) dependent (MW) bioactivity, mediated 
through CD44, in NSC. We investigated the interactions of high 
and low MW HA, C1q, and CD44 and their effect on NSC bioactiv-
ity. Further, we compared fetal and embryonic stem cell derived 
NSCs since these two NSC types have been shown to behave 
differently after transplantation. Bioactivity was characterized by 
viability and apoptosis, proliferation, and concentrations of se-
creted inflammatory and trophic factors using ApoLive-Glo™, EdU, 
and Luminex assays, respectively. Preliminary results show that 
both 40kDa HA and C1q significantly increase the ratio of viable 
to apoptotic cells compared to untreated NSC and NSC treated 
with 1000kDa HA. Given previously published CD44-C1q and 
CD44-HA interactions in NSC, we hypothesize that high, but not 
low MW, HA will decrease C1q signaling in NSC by blocking C1q-
CD44 interactions. Since HA interacts with CD44 in a MW-depen-
dent manner, investigating the effects of HA on C1q-CD44 inter-
actions is likely to provide further insights that can be leveraged 
to improve NSC transplant efficacy.

Keywords: Neural Stem Cells, CD44-Hyaluronic Acid 
Interactions, CD44-C1q Interactions
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HUMAN NEURAL STEM CELL-DERIVED 
EV REVERSES COGNITIVE DECLINE, 
NEUROINFLAMMATION AND SYNAPTIC LOSS 
FOLLOWING RADIATION- AND CHEMO-THERAPY 
FOR BRAIN CANCER
Acharya, Munjal M. - Anatomy and Embryology, UC Irvine, CA, 
USA
Krattli, Robert - Anatomy and Neurobiology, University of 
California, Irvine, CA, USA
Vagadia, Arya - Anatomy and Neurobiology, University of 
California, Irvine, CA, USA
Hudson, Casey - Anatomy and Neurobiology, University of 
California, Irvine, CA, USA
El-Khatib, Sanad - Anatomy and Neurobiology, University of 
California, Irvine, CA, USA
Do, An - Anatomy and Neurobiology, University of California, 
Irvine, CA, USA
Usmani, Manal - Anatomy and Neurobiology, University of 
California, Irvine, CA, USA
Baulch, Janet - Anatomy and Neurobiology, University of 
California, Irvine, CA, USA

Clinical cranial radiotherapy (CRT) and adjuvant chemotherapy 
(temozolomide, TMZ) for the treatment of primary and metastatic 
CNS cancers often lead to unintended and debilitating cognitive 
impairments and neuroinflammation. This is particularly concern-
ing for the childhood survivors of brain cancers who show reduc-
tions in I. Q. up to 3 points per year. Despite recent progress in 
understanding the inflammatory mechanism of such a progres-
sive degenerative condition, no clinical recourse is available yet. 
We investigated regenerative interventions designed to prevent 
or reduce the adverse neurocognitive sequelae following CRT. 
Past studies showed long-term consequences of acute CRT, 
including cognitive decline, loss of neuronal architecture, spine 
integrity, and neuroinflammation. We posit that human neural 
stem cell (hNSC)-derived extracellular vesicle (EV) can amelio-
rate CRT-induced adverse neurocognitive and inflammatory 
sequelae. We showed that hNSCs or hNSC-derived EV reverse 
experimental acute CRT-induced cognitive impairments, neuron 
and spine damage, and, neuroinflammation. Retro-orbital vein 
injections of hNSC-eVs imparted long-term neuroprotection. We 
identified candidate miRNA within the EV cargo, miRNA-124-3p, 
that reversed acute CRT-induced cognitive deficits and neuroin-
flammation. To increase the translational relevance of our ap-
proach, we tested the effectiveness of GMP-grade hNSC lines 
that have shown neuroprotective efficacy in neurodegenerative 
conditions and are now poised to undergo clinical trials for TBI 
and spinal cord injury. GMP-grade hNSC-derived eVs were test-
ed against fractionated CRT (8.67 Gy, 3 doses) in combination 
with adjuvant TMZ treatment for brain cancers. IV injections of 
EV improved learning and memory, anxiety, and memory consol-
idation process in the CRT-TMZ-exposed animals. eVs reversed 
CRT-TMZ-induced microglial activation, astrogliosis, and loss of 
synaptic integrity. Importantly, hNSC-EV were equally effective in 
reversing a cognitive loss in a brain cancer model (astrocytoma) 
receiving CRT-TMZ, asserting its neuroprotective impact in a clini-
cally-relevant model. Thus, stem cell-derived eVs show promising 

outcomes that can be translated into clinics to thwart this unmet 
medical need impacting thousands of cancer survivors.

Funding Source: Supported by CIRM Discovery Award DISC2-
12400, NIH R01 CA251110, NIH 1R01 CA262213 and American 
Cancer Society award RSG-17-146-01-CCE to M.M.A.

Keywords: radiation therapy, chemotherapy,stem cell-derived 
extracellular vesicles, cognition, neuroinflammation, brain cancer

1100

SINGLE-CELL TRANSCRIPTOMIC ATLAS OF THE 
MAMMALIAN NEUROGENIC NICHE REVEALS 
EXERCISE AS A COUNTERMEASURE FOR BRAIN 
AGING
Xiang, Wang - Eli and Edythe Broad CIRM Center for 
Regenerative Medicine and Stem Cell Research at USC, 
University of Southern California, Los Angeles, CA, USA
Pan, Wanqing - Department of Biological Science, Section of 
Neurobiology, University of Southern California, Los Angeles, 
CA, USA
Lei, Peng - Eli and Edythe Broad CIRM Center for Regenerative 
Medicine and Stem Cell Research at USC, University of 
Southern California, Los Angeles, CA, USA
Liu, Miclelle - Eli and Edythe Broad CIRM Center for 
Regenerative Medicine and Stem Cell Research at USC, 
University of Southern California, Los Angeles, CA, USA
Levi, Jon - Eli and Edythe Broad CIRM Center for Regenerative 
Medicine and Stem Cell Research at USC, University of 
Southern California, Los Angeles, CA, USA
Bay, Maxwell - Eli and Edythe Broad CIRM Center for 
Regenerative Medicine and Stem Cell Research at USC, 
University of Southern California, Los Angeles, CA, USA
Ibrayeva, Albina - Eli and Edythe Broad CIRM Center for 
Regenerative Medicine and Stem Cell Research at USC, 
University of Southern California, Los Angeles, CA, USA
Bonaguidi, Michael - Eli and Edythe Broad CIRM Center for 
Regenerative Medicine and Stem Cell Research at USC, 
University of Southern California, Los Angeles, CA, USA

The hippocampus dentate gyrus serves as a microenvironment 
niche to support the self-renewal and differentiation of neural 
stem cells throughout life. Yet, the generation of neurons, glia, 
and overall hippocampus function deteriorates with age through 
unclear mechanisms. We have previously found neural stem cells 
undergo early cellular aging in the mature brain and that exercise 
slows this process. Here, we investigate molecular aging and ex-
ercise interventions on neurogenic niche cell types at the sys-
tems level. 7431 cells from the dentate gyrus of young and mature 
mice plus upon long-term running and short-term running were 
analyzed by mid-depth single-cell RNA sequencing. Systematic 
bioinformatics approaches identify mechanisms by which multi-
ple niche cells exhibit early molecular aging and how exercise 
rescues these aging effects. Remarkably, other niche cells remain 
resistant to early aging, continue to undergo development in the 
adult brain, and benefit from exercise through aging-independent 
mechanisms. We additionally interrogated the cross-talk interac-
tions between neural stem cells and their niche components in 
young, aging and exercise contexts to derive a comprehensive 
cell-cell communication network of the neurogenic niche. Our 
findings provide a valuable systems-level resource to explore 
early aging in the neurogenic niche, deconvolve complex inter-
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cellular communications, and reveal potential therapeutic targets 
of how exercise slows the aging process.

Keywords: Neurogenic niche, exercise, Single-cell 
transcriptomics

1102

ASSESSING THE FUNCTION OF SMAD1 AND 
SMAD5 IN THE SPECIFICATION OF DORSAL 
NEURON IDENTITY USING MOUSE EMBRYONIC 
STEM CELLS AS A MODEL SYSTEM
Gajardo Del Real, Gabriela F. - Neurobiology, CSUN-UCLA, Los 
Angeles, CA, USA
Gallardo, Salena - Neurobiology, University of California, Los 
Angeles, CA, USA
Gupta, Sandeep - Neurobiology, University of California, Los 
Angeles, CA, USA
Chilin, Brian - Neurobiology, University of California, Los 
Angeles, CA, USA
Derbarsegian, Armo - Neurobiology, University of California, Los 
Angeles, CA, USA
Butler, Samantha - Neurobiology, University of California, Los 
Angeles, CA, USA

Spinal dorsal interneurons (dIs) integrate and relay somatosen-
sory information from the periphery to the brain. Individuals with 
impaired sensory circuitry are unable to interpret external stimuli 
from the environment, and as a result do not feel pain, touch, or 
properly modulate motor output. dIs are generated endogenous-
ly when discrete domains of neural progenitor cells (NPCs) arise 
along the dorsal-ventral axis of the spinal cord, as a consequence 
of signaling from the roof plate, and paraxial mesoderm. The roof 
plate secretes growth factors, such as Wnts and bone morpho-
genetic proteins (BMPs), that direct progenitor cells to proliferate, 
differentiate, and migrate laterally to form different populations of 
dIs. BMP signaling is translated by R-Smads, Smad1 and Smad5, 
which act as transcriptional regulators. Upon BMP binding, the 
R-Smads are phosphorylated and translocate into the nucle-
us where they regulate transcription. Two R-Smads, Smad1 and 
Smad5, are present during dorsal spinal cord development, how-
ever their precise roles directing dI specification have remained 
unresolved. Using our mouse embryonic stem cells (mESC) di-
rected differentiation protocol for dIs as a model system, we have 
assessed the hypothesis that Smad1 and Smad5 differentially 
transduce BMP signaling. Using CRISPR/Cas9 approaches, we 
have compared the differentiation potential of Smad1 and Smad5 
knockout mESC lines to control lines. Our findings suggest that 
R-Smads have distinct, rather than redundant activities specifying 
dI fates. Future work will assess the specific genomic targets of 
Smad1 and Smad5 during dI specification. These studies will shed 
light on the mechanisms needed to generate pure populations 
of dIs for future cellular replacement therapies and drug screen 
platforms.

Keywords: Mouse Embryonic Stem Cells, BMP signaling, Smad1 
and Smad5

1104

THE ROLE OF TOX IN REGULATING THE 
PROLIFERATION OF MULLER GLIAL CELLS IN THE 
RETINAL DEGENERATION MOUSE
Jin, Soomin - Ocular cell biology, Dankook University, Cheonan, 
Korea
Lyu, Jung mook - Department of Optometry, Konyang University, 
Seo-gu, Korea

Age-related macular degeneration (AMD), retinitis pigmentosa 
(RP), diabetic retinopathy (DR), and glaucoma, which are major 
retinal diseases that cause blindness, are still problems to be 
solved. Zebrafish undergo reprogramming events for retinal re-
generation upon retinal injury, but in mammals, their proliferative 
and regenerative capacity is severely limited. Yap expressed in 
Müller glial cells gradually inhibits its activity in the damaged ret-
ina, resulting in limitations in proliferation and regeneration.The 
sustained activity of Yap showed the potential for reprogramming 
in the mammalian retina. Tox, which plays an important role in 
proliferation, cell development, and formation, has been mainly 
studied in the fields of the immune system, tumors, and neurons, 
and it has recently been found that Tox inhibits proliferation in 
some tumor cells. The role of Tox in the retina, which has yet 
to be explored, has to be confirmed. Tox is expressed in Müller 
glial cells and some retinal cells in the mouse retina. It was found 
that the expression of Tox in Müller glial cells increased as the 
retinal damage progressed. On the other hand, Cyclin D1 start-
ed to decrease in the damaged retina on the 4 days, where the 
expression of Tox was significantly increased, and the Yap de-
creased on the 6 days. Cell proliferation was inhibited when Tox 
was overexpressed in mouse Müller glial cells, and proliferation 
and cell cycle genes were reduced when overexpressed with 
Tox compared to cells overexpressing just Yap. Knockdown of 
Tox in Glast-CreERT2; Rosa26 rtTA/EGFP mice upregulated Yap 
and Cyclin D1. Tox suppresses the proliferation of MGs and re-
duces cell cycle genes. This leads to inhibition of Yap and down-
regulation of cell cycle genes. Ultimately, this data suggests that 
Tox may be a critical gene in the limit of mammalian retinal re-
generation. Furthermore, if Tox KO can induce reprogramming in 
the damaged retina of mammals, this study is valuable as a prior 
study on gene therapy using Tox shRNA.

Keywords: Müller glial cell, Retinal Reprogramming, Tox

1106

TARGETED DELETION OF PAX3 ALTERS 
DIFFERENTIATION OF SACRAL NEURAL CREST 
PROGENITORS THAT FORM PELVIC AUTONOMIC 
INNERVATION
Southard Smith, Michelle - Medicine, Division of Genetic 
Medicine, Vanderbilt University Medical Center, Nashville, TN, 
USA
Deal, Karen - Medicine, Division of Genetic Medicine, Vanderbilt 
University Medical Center, Nashville, TN, USA
Wang, Zunyi - Department of Surgical Sciences, University of 
Wisconsin, Madison, WI, USA
Bjorling, Dale - Department of Surgical Sciences, University of 
Wisconsin, Madison, WI, USA

Contraction of the urinary bladder to accomplish emptying is me-
diated by motor neurons in the pelvis that are part of the autonom-
ic nervous system. In rodents, these neurons are aggregated into 
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) major pelvic ganglia (PG) just dorsolateral to the bladder neck. PG 

originate from sacral neural crest whose migration paths into the 
fetal urogenital sinus have been recently described. However, 
knowledge of molecular mechanisms that regulate PG neurogen-
esis is lacking. To identify candidate factors during development 
of PG, we assessed transcription factor expression patterns in 
lower urinary tracts of fetal mice. This analysis identified a prom-
inent pulse of Pax3 expression during PG neurogenesis and 
subsequent hybridization chain reaction in situ identified Pax3 
mRNA in differentiating PG neurons. Pax3 is widely expressed 
during embryogenesis and global loss of this gene causes peri-
natal lethality that precludes postnatal analysis. To circumvent 
this challenge, we devised crosses using a conditional allele Pax-
3tm1.1Sjc (Pax3flox, after cre Pax3KO) to specifically delete Pax3 
from neural crest progenitors that give rise to pelvic autonomic 
neurons. By incorporating a cre line that is prominently expressed 
in neural crest progenitors (Sox10-cre) we aimed to test whether 
neural crest expression of Pax3 is required for normal develop-
ment of PG, bladder innervation, and bladder function. During 
fetal stages, we found that Pax3 KO/NC-cKO mice initially have 
normal-sized aggregates of sacral NC progenitors that colonize 
the fetal urogenital sinus. However, differentiation of PG neurons 
is delayed in fetal Pax3 KO/NC-cKO mice and postnatally the 
PG of these mutants are smaller, with fewer fascicles extending 
from the PG to accessory ganglia at the bladder neck. Pax3 KO/
NC-cKO mutants survive to adulthood and functional studies of 
bladder contractility using electrical field stimulation on bladder 
muscle strips found reduced contractility in these mutants. These 
studies demonstrate that Pax3 plays an essential role in differen-
tiation of sacral neural crest that form the PG. Further study of the 
developmental cues that promote differentiation and innervation 
of LUT tissues by PG neurons will benefit efforts to compensate 
for damaged pelvic innervation and will aid efforts to innervate 
artificial bladder scaffolds.

Funding Source: R01 DK078158

Keywords: neural crest, autonomic neurogenesis, lower urinary 
tract innervation

1108

COMBINATORIAL ACUTE PLG BRIDGE + 
CHRONIC HUMAN NEURAL STEM CELL 
TRANSPLANT AS A THERAPEUTIC APPROACH 
FOR SPINAL CORD INJURY
Sakthivel, Pooja S. - Anatomy and Neurobiology, University of 
California, Irvine, CA, USA
Anderson, Aileen - Stem Cell Research Center, University of 
California, Irvine, CA, USA
Nektani, Usha - Stem Cell Research Center, University of 
California, Irvine, CA, USA

Human neural stem cell (hNSC) transplantation is a promising 
therapeutic strategy for spinal cord injury (SCI), a devastating 
condition that affects ~7 million individuals globally. While regen-
eration in the injured spinal cord is limited by physical and chemi-
cal barriers, we have previously shown that acute implantation of 
a multichannel poly(lactide-co-glycolide) (PLG) bridge promotes 
robust axonal regrowth through the injury and motor recovery. 
However, these regenerated axons remain largely unmyelinated 
(< 10%), therefore limiting functional repair. Here, we test the hy-
pothesis that chronic hNSC transplantation following SCI coupled 
with acute PLG bridge implantation will promote oligodendrogen-
esis, myelination of regenerated axons, and increase functional 

motor recovery. Indeed, we demonstrate a robust capacity of 
donor hNSC to migrate into PLG bridge channels along regen-
erating axons and integrate into the host spinal cord as myelinat-
ing oligodendrocytes and synaptically integrated neurons using 
pseudorabies viral tracing. Lastly, chronic hNSC transplantation 
coupled with acute PLG bridge implantation elicited increased 
locomotor recovery in comparison to hNSC only and PLG bridge 
only control groups. Taken together, these data identify a suc-
cessful novel strategy to enhance neurorepair via chronic hNSC 
transplantation and acute PLG bridge implantation to promote re-
generation and motor function following SCI.

Keywords: Neural stem cells, Biomaterials, Spinal cord injury

1110

DORMANT STATE OF QUIESCENT NEURAL STEM 
CELLS LINKS SHANK3 MUTATION TO AUTISM 
DEVELOPMENT
Kim, Jongpil - Chemistry, Dongguk University, Seoul, Korea

Autism spectrum disorders (ASDs) are common neurodevelop-
mental disorders characterized by deficits in social interactions 
and communication, restricted interests, and repetitive behaviors. 
Despite extensive study, the molecular targets that control ASD 
development remain largely unclear. Here, we report that the 
dormancy of quiescent neural stem cells (qNSCs) is a therapeutic 
target for controlling the development of ASD phenotypes driven 
by Shank3 deficiency. Using single-cell RNA sequencing (scRNA-
seq) and transposase accessible chromatin profiling (ATAC-seq), 
we find that abnormal epigenetic features including H3K4me3 
accumulation due to up-regulation of Kmt2a levels lead to in-
creased dormancy of qNSCs in the absence of Shank3. This result 
in decreased active neurogenesis in the Shank3 deficient mouse 
brain. Remarkably, pharmacological and molecular inhibition of 
qNSC dormancy restored adult neurogenesis and ameliorated 
the social deficits observed in Shank3-deficient mice. Moreover, 
we confirmed restored human qNSC activity rescues abnormal 
neurogenesis and autism-like phenotypes in SHANK3-targeted 
human NSCs. Taken together, our results offer a novel strategy 
to control qNSC activity as a potential therapeutic target for the 
development of autism.

Funding Source: This work was supported by Korean 
Fund for Regenerative Medicine(2021M3E5E5096464), 
Republic of Korea) and Basic Science Research Program 
through the National Research Foundation of Korea(NRF-
2022R1A6A1A03053343)

Keywords: quiescent neural stem cells, autism development, 
human qNSC
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1112

TRANSPLANTED STEM-CELL DERIVED HUMAN 
PHOTORECEPTORS DO NOT ENGAGE IN 
CYTOPLASMIC MATERIAL TRANSFER WITH THE 
RECIPIENT MOUSE RETINA
Ho, Margaret T. - Institute of Biomedical Engineering, University 
of Toronto, ON, Canada
Ho, Margaret - Institute of Biomedical Engineering, University of 
Toronto, ON, Canada
Tamada, Kotoe - Chemical Engineering and Applied Chemistry, 
University of Toronto, ON, Canada
Comanita, Lacrimioara - Donald K. Johnson Eye Institute, 
University Health Network, Toronto, ON, Canada
Ortin-Martinez, Arturo - Endogena Therapeutics Inc, Toronto, 
ON, Canada
Abdo, Dhana - Chemical Engineering and Applied Chemistry, 
University of Toronto, ON, Canada
Tsao, Emily - Medical Biophysics, University of Toronto, ON, 
Canada
Rastgar-Moghadam, Azam - Laboratory Medicine and 
Pathobiology, University of Toronto, ON, Canada
Xue, Chang - Institute of Biomedical Engineering, University of 
Toronto, ON, Canada
Cui, Hong - Chemical Engineering and Applied Chemistry, 
University of Toronto, ON, Canada
Ueno, Yui - Chemical Engineering and Applied Chemistry, 
University of Toronto, ON, Canada
Wallace, Valerie - Laboratory Medicine and Pathobiology, 
University of Toronto, ON, Canada
Shoichet, Molly - Chemical Engineering and Applied Chemistry, 
University of Toronto, ON, Canada

Transplanted mouse photoreceptors have been shown to prefer-
entially sit at the site of injection and transfer cytoplasmic material 
with host photoreceptors, rather than migrating and integrating 
with the host circuitry. Bidirectional intercellular communication 
between photoreceptors, termed material transfer, has the po-
tential to be harnessed therapeutically, to provide diseased 
host photoreceptors with healthy cargo. However, it is currently 
unknown if human photoreceptors will also engage in material 
transfer, and if there is a selectivity for the type of cargo trans-
ferred, as syngeneic mouse transplants have tracked mate-
rial transfer using GFP as a proof-of-concept protein. To ask if 
material transfer is stage-specific in human photoreceptors, we 
transplanted stem-cell derived photoreceptors purified from reti-
nal organoids at different ontological ages (week 10, 14, and 20), 
into wild type, Nrl-/-, and immune deficient (NSG) mice. We took 
advantage of human-specific antibodies to selectively identify hu-
man mitochondria and human recoverin, a photoreceptor protein. 
Unexpectedly, regardless of donor cell age or mouse recipient 
model, transplanted human photoreceptors did not transfer hu-
man cytoplasmic material to host photoreceptors. In contrast, hu-
man mitochondria+ and human recoverin+ cells were associated 
with human nuclei in the subretinal space, away from the mouse 
photoreceptor cell layer, or in rare cases (< 5% of donor cells), 
migrated into the mouse photoreceptor cell layer. In a flow cy-
tometric in vitro assay, we observed that human photoreceptors 
transferred mitochondria in vitro, suggesting that a species differ-
ence may inhibit this process in vivo and that xenograft models 
are not a tractable system to study material transfer of human 
photoreceptors.

Funding Source: We are grateful for funding support for this 
research: Medicine by Design, Natural Sciences and Engineering 

Research Council of Canada, and the Vanier Canadian Graduate 
Scholarship.

Keywords: Retinal Organoids, Cell Transplantation, Cytoplasmic 
material transfer

1114

DIRECT AND FAST SOMATIC TO NEURAL 
STEM CELL FATE REPROGRAMMING WITHOUT 
REJUVENATION PATTERNS
Weng, Mingxi - School of Biomedical Sciences, The University 
of Hong Kong, Hong Kong
Vejdani, Seyyedeh - School of Biomedical Sciences, The 
University of Hong Kong, Hong Kong
Hu, Haoqing - School of Biomedical Sciences, The University of 
Hong Kong, Hong Kong
Graus, Matthew - David Richmond Laboratory for 
Cardiovascular Development: Gene Regulation and Editing 
Program, The Centenary Institute, Camperdown, Australia
Tan, Daisylyn - School of Biomedical Sciences, The University of 
Hong Kong, Hong Kong
Gao, Ya - School of Biomedical Sciences, The University of 
Hong Kong, Hong Kong
Ho, Derek - School of Biomedical Sciences, The University of 
Hong Kong, Hong Kong
Huang, Yuhua - School of Biomedical Sciences, The University 
of Hong Kong, Hong Kong
Lai, Cora - School of Biomedical Sciences, The University of 
Hong Kong, Hong Kong
Ling, Guang Sheng - School of Biomedical Sciences, The 
University of Hong Kong, Hong Kong
Francois, Mathias - David Richmond Laboratory for 
Cardiovascular Development: Gene Regulation and Editing 
Program, The Centenary Institute, Camperdown, Australia
Jauch, Ralf - School of Biomedical Sciences, The University of 
Hong Kong, Hong Kong

Cell fate conversion by ectopic expression of transcription factors 
provides strategies for cell-based basic and medical research. In-
duced neural stem cells (iNSCs) are promising cell sources for 
neurological disease modeling and regenerative medicine. They 
have the potential to bypass the shortcomings of pluripotent cells 
such as tumorigenicity, tedious protocols and a neonatal pheno-
type and postmitotic neuron without expandability and stemness. 
Here, we describe a robust and efficient iNSC reprogramming 
approach using an engineered transcription factor. With this 
approach, we are able to directly and quickly generate iNSCs 
from both mouse and human somatic cells. These iNSCs can 
self-renew and are multipotent to give rise to mature neuronal 
subtypes and glial cells. By contrasting the routes towards plu-
ripotent versus neural stem cells using sensitive lineage report-
ers and genome-wide analysis, we defined iNSC reprogramming 
roadmaps without going through a pluripotent intermediate state. 
iNSCs derived from aged cells show aging-related genomic DNA 
methylation patterns indicating the aging-related epigenetic sig-
natures are retained during iNSC reprogramming. We will discuss 
our efforts to apply iNSCs to model neurodegenerative diseases. 
iNSCs directly generated from patients demonstrate authentic 
next-generation stem cell models that truly represent the age of 
the donors to study pathology associated with aging ‘in a dish’.

Funding Source: the National Natural Science Foundation of 
China (Grant No. 31771454) the Research Grants Council of Hong 
Kong General Research Fund (Grant No. 17128918 and 17101120) 
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08192886)

Keywords: direct reprogramming, induced neural stem cells, 
Aging signatures
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IN VIVO CONTEXT-DEPENDENT 
DIFFERENTIATION OF TRANSPLANTED HUMAN 
GLIAL PROGENITOR CELLS
Mariani, John N. - Center for Translational Neuromedicine, 
University of Rochester, NY, USA
Schanz, Steven - Neurology, University of Rochester, NY, USA
Long, Carter - Neurology, University of Rochester, NY, USA
Chandler-Militello, Devin - Neurology, University of Rochester, 
NY, USA
Huynh, Nguyen - Neurology, University of Rochester, NY, USA
Goldman, Steven - Neurology, University of Rochester, NY, USA

Neither rodent models nor in vitro studies of human cells fully 
reflect the molecular regulation of human glial progenitor cell 
(hGPC) expansion, differentiation and myelination in vivo. To this 
end, we used scRNA-seq of more than 60,000 human cells to 
characterize pluripotent stem cells (PSCs) and their derived hG-
PCs, as produced from either hESCs (WA09) or iPSCs (C27), at 
three different stages: undifferentiated stem cells; GPCs in vitro, 
following their induction and differentiation in culture; and in vivo, 
20 weeks after their neonatal transplantation into immunodefi-
cient and myelin-deficient shiverer mice. In culture, hGPCs were 
transcriptionally non-overlapping with their parental PSCs and 
comprised wholly of GPCs, astrocytic lineage cells, and a minority 
of neural progenitor cells with no residual PSCs. Strikingly, trans-
plantation of these cells into shiverer mouse corpus callosum re-
sulted in substantial context-dependent differentiation, such that 
when the human cells were extracted back from the 20-week-
old chimeric brains, they were found to be comprised solely of 
well-differentiated astrocytes, oligodendrocytes and their direct 
progenitors. We noted that each of these phenotypes was charac-
terized by a transcriptional state more mature than that achieved 
in vitro, while the overall human population was devoid of earlier 
neural or pluripotent cells. To identify transcription factors (TFs) 
active in the regulation of this context-dependent maturation, we 
used a combination of gene co-expression, motif enrichment, 
and extrapolation of cell-trajectories, which confirmed the critical 
roles of SOX9 and SREBF1, and of SOX10 and NKX2-2, for astro-
cytic and oligodendrocytic maturation, respectively. Focusing on 
the latter, we then generated a transcriptional network governing 
both early and late stages of myelination, which highlighted the 
network importance of the TFs TFEB and NKX6-2, among oth-
ers. By this means, we have identified pathways whose targeting 
may permit the therapeutic modulation of human glial specifica-
tion and maturation in vivo. In addition, our data suggest that the 
context-dependent differentiation of human glial progenitor cells 
potentiates their terminal phenotypic differentiation after in vivo 
delivery, further suggesting their safety as a therapeutic vector.

Funding Source: Supported by NINDS, CNS2, Inc. and Sana 
Biotechnology.

Keywords: scRNA-Seq, Glial progenitor cell, Oligodendrocyte
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THE CONTRIBUTION OF THE GUT MICROBIOME 
TO BRAIN AGING AND REJUVENATION
Gasperini, Caterina - Stem Cell and Regenerative Biology, 
Harvard University, Boston, MA, USA
Limone, Francesco - Stem Cell and Regenerative Biology, 
Harvard University, Boston, MA, USA
Showkat, Nazaf - Stem Cell and Regenerative Biology, Harvard 
University, Boston, MA, USA
Hakenova, Kristina - 3rd Faculty of Medicine, Charles University 
Prague, Czech Republic
Holton, Kristina - Stem Cell and Regenerative Biology, Harvard 
University, Boston, MA, USA
Rubin, Lee - Stem Cell and Regenerative Biology, Harvard 
University, Boston, MA, USA

Normal brain aging involves cellular and structural changes in-
cluding inflammation, a reduction in adult neurogenesis and 
synaptic plasticity, and a loss of brain vasculature along with its 
functional decline. Coincidentally, the gut microbiome, the popu-
lation of microorganisms in the gastrointestinal tract, undergoes a 
community shift with aging. Dysbiosis has been reported in brain 
disorders, suggesting that the gut microbiome could play a role in 
physiological processes in the central nervous system, including 
aging. Aging has always been considered irreversible. However, 
research over the last 40 years has challenged this assumption, 
and it is becoming evident that systemic manipulations can partial-
ly counteract the age-related loss of plasticity in the brain. Based 
on this evidence, we hypothesized that depleting the dysbiotic 
microbiome could rejuvenate the aged brain. We treated young 
and old mice with antibiotics (ABX), using a protocol already 
shown to deplete the gut microbiome efficiently. Single-nucleus 
RNA sequencing of cortices and hippocampi revealed that ABX 
treatment triggered changes in vasculature plasticity and a shift 
in the expression of genes involved in myelination in both young 
and old mice. Analysis of old mouse brain vasculature confirmed 
these findings, highlighting a higher blood vessel density and a 
significant rise in endothelial cell tight junction protein expression 
in different brain regions after ABX treatment. Consistent with the 
RNA seq data, the abundance of proteins involved in myelination 
was also enhanced in microbiome depleted old mice. Interesting-
ly, the effect on young mouse brains was the opposite, showing 
a decrease in blood vessel density and myelin after ABX admin-
istration. Moreover, a preliminary study on adult neurogenesis 
indicated that ABX treatment impaired neurogenesis in young 
mice and enhanced the proliferation of neural stem cells in the 
old brains. This work is the first unbiased, brain-focused compar-
ative study on the effect that microbiome has on the aging central 
nervous system. Our results suggest thus far are consistent with 
the intriguing possibility that manipulation of the gut microbiota 
might be one of the most effective of the increasing number of 
treatments capable of improving the structure and function of the 
aging brain.

Funding Source: This work was supported by the Simons 
Foundation (Collaboration on Plasticity in the Aging Brain), NIH/
NIA 1R01AG072086, and a generous gift to the Harvard Stem 
Cell Institute from the Vranos Family Foundation.

Keywords: Brain Aging and rejuvenation, Gut-brain axis, Neural 
stem cells
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TOPIC: PANCREAS

1120

IGFBP4 NEGATIVELY REGULATES PANCREATIC 
ISLET SIZES BY INHIBITING THE ACTIVITY OF 
ISLET PROGENITORS
Chen, Xinyi - Center for Excellence in Molecular Cell Science, 
University of Chinese Academy of Sciences, Shanghai, China
Yang, Jialin - Center for Excellence in Molecular Cell Science, 
University of Chinese Academy of Sciences, Shanghai, China
Li, Jiafu - Center for Excellence in Molecular Cell Science, 
University of Chinese Academy of Sciences, Shanghai, China
Zeng, Yi - Center for Excellence in Molecular Cell Science, 
University of Chinese Academy of Sciences, Shanghai, China

Pancreatic islet sizes and beta cell mass are critical for glucose 
homeostasis. The mechanism that controls islet sizes remains un-
clear. Here, we demonstrate that a secreted protein—Insulin-like 
Growth Factor-Binding Protein 4 (Igfbp4) is critical for the size 
and the function of the islets. Our previous study establishes an 
islet organoid culture system using Procr+ islet resident progen-
itors. In this study, we found that the progenitors isolated from 
neonatal mice formed significantly larger organoids in vitro than 
those isolated from adult mice. Interestingly, we found that the 
expression of Igfbp4 is silent in neonatal islets and is increased 
in adult. Consistently, addition of Igfbp4 protein in the organoid 
culture resulted in smaller organoids, while knockdown of Igfbp4 
leads to larger organoids. In genetic mouse models, deletion of 
Igfbp4 exhibits increased islet size and improved islet function. 
Single cell RNA sequencing reveals that Igfbp4 is specifically ex-
pressed in Procr+ islet progenitors, which is further verified by 
western blot and qPCR analyses. Mechanistically, Igfbp4 binds 
to Protein C (PC), the ligand of Procr, and inhibits the PC-Procr in-
teraction, thereby blocking the formation of Procr-Hsp90aa1-Src 
complex. The action of Igfbp4 decelerates the proliferation of the 
progenitors. Our data suggest Igfbp4 as an inhibitor for the islet 
progenitors and islet sizes, reveal a novel Igfbp4-PC competition 
mechanism, and provide new molecular insights into islet growth 
and diabetes prevention.

Keywords: Pancreatic islet progenitor, Procr, Igfbp4

1122

STANDING OUT FROM THE CROWD: STEM CELL-
DERIVED ISLET CELLS FUNCTION INDEPENDENT 
OF CLUSTERING WHEN IMPLANTED 
INTRAMUSCULARLY
Delyea, Cole - Translational Science, Sana Biotechnology, 
Cambridge, MA, USA
Abani, Chiderah - Translational Science, Sana Biotechnology, 
Cambridge, MA, USA
Roberto, Nicole - Charles River Accelerator and Development 
Labs, Charles River Laboratories, Cambridge, MA, USA
Angel, Pamela - Charles River Accelerator and Development 
Labs, Charles River Laboratories, Cambridge, MA, USA
Sahm, Matthew - Cell Therapy - Beta Islet, Sana Biotechnology, 
Cambridge, MA, USA
Egenberger, Kyla - Cell Therapy - Beta Islet, Sana 
Biotechnology, Cambridge, MA, USA
Velazco-Cruz, Leonardo - Cell Therapy - Beta Islet, Sana 
Biotechnology, Cambridge, MA, USA
Mehra, Shivani - Cell Therapy - Beta Islet, Sana Biotechnology, 
Cambridge, MA, USA
Maiocco, Claire - Cell Therapy - Beta Islet, Sana Biotechnology, 
Cambridge, MA, USA
Ramos-Zayas, Rebeca - Cell Therapy - Beta Islet, Sana 
Biotechnology, Cambridge, MA, USA
Gagnon, Allison - Cell Therapy - Beta Islet, Sana Biotechnology, 
Cambridge, MA, USA
Nguyen-McCarty, Michelle - Cell Therapy - Beta Islet, Sana 
Biotechnology, Cambridge, MA, USA
Ferland, Benjamin - Translational Science, Sana Biotechnology, 
Cambridge, MA, USA
Zeballos, Gonzalo - Translational Science, Sana Biotechnology, 
Cambridge, MA, USA
Chandra, Sundeep - Translational Science, Sana Biotechnology, 
Cambridge, MA, USA
Broom, Lauren - Translational Science, Sana Biotechnology, 
Cambridge, MA, USA
Dingar, Dharmesh - Translational Science, Sana Biotechnology, 
Cambridge, MA, USA
Kaczmarek, James - Translational Science, Sana Biotechnology, 
Cambridge, MA, USA
Rukstalis, J. Michael - Cell Therapy - Beta Islet, Sana 
Biotechnology, Cambridge, MA, USA
Millman, Jeffrey - Cell Therapy - Beta Islet, Sana Biotechnology, 
Cambridge, MA, USA

Therapeutic implantation of human pluripotent stem cell-derived 
islet (SC-islet) cells has the potential to provide a functional cure 
for type I diabetes (T1D) without the supply limitations of cadaver-
ic islets. Islets function biologically as clusters of distinct cell types 
which aggregate upon differentiation; therefore SC-islet cells are 
historically implanted as islet clusters. While recent clinical evi-
dence validates this approach, cryopreservation of islet clusters 
often leads to poor post-thaw recovery. Implantation of SC-islet 
cells without aggregation potentially eliminates processing steps 
and simplifies cryopreservation. However, this approach has 
been largely unexplored due to unknowns regarding physiolog-
ical function of transplanted cells. Here, we report that SC-islet 
cells implanted without aggregation are highly functional in vivo 
following implantation into the muscle. In vivo studies were con-
ducted using male NOD scid gamma mice 7-8 weeks old, into 
which SC-islet cells were intramuscularly implanted using stan-
dard clusters (n=8), clusters disaggregated prior to implantation 
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) (n=8), or as cells differentiated without aggregation (n=5). A sub-

set was dosed with streptozotocin post-implant to induce diabe-
tes, and blood glucose (BG) levels measured over time. All mice 
transplanted with non-aggregated SC-islet cells showed compa-
rable in vivo function to that of mice transplanted with standard 
clusters, as demonstrated by glucose-stimulated human c-pep-
tide production between 500 and 2000 pM for more than 20 
weeks post-implant. Chronic and acute BG control following in-
duction of diabetes were also comparable between groups. Our 
findings demonstrate the feasibility of SC-islet cell implantation 
without aggregation which has potential manufacturing and sup-
ply chain implications that are advantageous compared to clus-
ters. Moreover, the results show the promise of the muscle as an 
implantation site for SC-islets. Such advantages, if translatable to 
the clinic, would further the potential of SC-islets as an accessible 
treatment for many with T1D.

Keywords: Diabetes, Beta islet, Cell transplantation

1124

3D RECONSTRUCTION & MICROANATOMICAL 
ANALYSIS OF HUMAN PANCREATIC 
PRECANCERS REVEAL NOVEL STRUCTURAL & 
MORPHOGENETIC PHENOTYPES
Parksong, Jeeun - Cell Biology and Pathology, Johns Hopkins 
School of Medicine, Baltimore, MD, USA
Kiemen, Ashley - Pathology, Johns Hopkins School of Medicine, 
Baltimore, MD, USA
Wood, Laura - Pathology, Johns Hopkins School of Medicine, 
Baltimore, MD, USA

Pancreatic intraepithelial neoplasia (PanIN) is the predominant 
premalignant precursor to pancreatic cancer, a lethal disease with 
a dismal prognosis. Despite being a critical step in early pancreatic 
carcinogenesis, the origin and development of these microscopic 
precancers remain poorly understood as traditional histological 
analysis of discrete 2D tissue sections cannot accurately assess 
PanIN connectivity, global structure, or spatial relationships within 
the human pancreas. Here, webilityrizee the complex 3D archi-
tecture of human PanINs with CODA, a novel machine-learning 
pipeline for quantitative 3D reconstruction of large volumes of 
serially-sectioned H&E-stained tissue at single-cell resolution. 
By applying CODA to 39 samples of grossly normal pancreas 
containing a total of 899 separate lesions, we reveal that PanINs 
comprise two novel 3D structural phenotypes: a tubular form that 
mimics the normal pancreatic ducts, and a lobular form that ap-
pears as dense clusters. We also identify several morphologically 
and molecularly distinct epithelial subtypes that coexist within the 
neoplastic epithelium and train a machine-learning annotation al-
gorithm was to map these histological classifications onto the 3D 
architecture. We find that tubular and lobular 3D structures are 
associated with specific epithelial subtypes that resemble foveo-
lar or pyloric cells in normal gastric glandular morphogenesis and 
mucosal metaplasia. This work serves as a platform for further 
mapping of genetic and phenotypic heterogeneity within PanINs 
by integrating CODA-guided 3D microanatomy with immunohis-
tochemistry, spatial transcriptomics, and multi-region sequencing. 
Our findings raise the intriguing possibility that gastric gland-like 
developmental programmes play a role in PanIN pathogenesis 
and demonstrate the potential of artificial intelligence-driven 3D 

image analysis to direct mechanistic studies of cancer initiation 
and progression in human tissue.

Keywords: pancreatic precancer, gastric metaplasia, machine-
learning 3D image analysis

TOPIC: NO TISSUE SPECIFICITY
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IMPROVED METHODS FOR CRISPR EDITING AND 
HOMOLOGY-DIRECTED REPAIR (HDR) IN IPSC
Thommandru, Bernice - Molecular Genetics, Integrated DNA 
Technologies, Coralville, IA, USA
Murugan, Karthik - Molecular Genetics, Integrated DNA 
Technologies, Coralville, IA, USA
Glenn, Steve - Functional Genomics, Integrated DNA 
Technologies, Coralville, IA, USA
Woodley, Jessica - Functional Genomics, Integrated DNA 
Technologies, Coralville, IA, USA
Rettig, Garrett - Functional Genomics, Integrated DNA 
Technologies, Coralville, IA, USA

CRISPR-based editing and homology-directed repair (HDR) has 
become a widely used tool for introducing precise changes in the 
genome. However, it’s utility in various cell types such as iPSC 
is often impeded by the lack of reliable reagents and protocols. 
Here, we report optimized CRISPR reagents and design param-
eters to improve HDR in various cell types including iPSC. Using 
Alt-R™ S.p. Cas9, Alt-R guide RNAs and Alt-R donors oligos, we 
present efficient and precise insertion of donor template at multi-
ple target sites measured by Next Generation Sequencing (NGS). 
HDR rates can be further boosted by the use of small molecule 
compound, Alt-R HDR enhancer V2. In addition, we present the 
performance of an improved small, protein-based HDR enhancer 
as an additional reagent to increase HDR rates when co-deliv-
ered with Cas9 RNP complex. We also feature rhAmpSeq™ CRIS-
PR Analysis System that provides a streamlined workflow for high 
throughput, targeted NGS based screening of editing outcomes 
and HDR rates in any cell type of interest.

Keywords: CRISPR-Cas9, genome editing, analysis tool, 
HOMOLOGY-DIRECTED REPAIR (HDR), iPSC
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NON-DESTRUCTIVE MONITORING OF 
ADIPOGENIC DIFFERENTIATION OF HUMAN 
MESENCHYMAL STEM CELLS BASED ON 
CELLULAR METABOLISM
Kim, Chang Dae - School of Integrative Engineering, Chung-Ang 
University, Seoul, Korea
Kim, Tae-Hyung - School of Integrative Engineering, Chung-Ang 
University, Seoul, Korea
Koo, Kyeong Mo - School of Integrative Engineering, Chung-Ang 
University, Seoul, Korea

Stem cell-based therapies have emerged in the area of regener-
ative medicine and tissue engineering because of their ability to 
treat various incurable diseases and disorders. However, the abil-
ity to differentiate stem cells into specific cell types (e.g., bones, 
fats, cartilage, and neurons) in a highly selective manner to assay 
the maturation of stem cell differentiation plays a pivotal role in 
utilizing the full potential of stem cell-based applications. Differ-
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entiation of stem cells into mature cell types is guided by growth 
factors or hormones, but recent research suggests that metabolic 
shifts occur during differentiation and modulate the differentia-
tion process. In this work, we have developed a novel methodol-
ogy using electrochemical detection to 1) investigate the real-time 
monitoring of adipogenesis and 2) assess the maturation of ad-
ipocyte differentiation of human adipose-derived mesenchymal 
stem cells (ADMSCs) without any labeling or pre-treatment. The 
following results are compared with the standard techniques 
such as Oil Red O staining, fluorescence microscopy, and qPCR 
that are conventionally used to evaluate adipogenic differentia-
tion. Moreover, the dynamic shifts in cellular metabolism during 
adipogenesis are electrochemically detected, which is involved 
in mitochondrial respiration and metabolic activities, and were 
monitored non-destructively. Therefore, this developed method 
is highly useful for the monitoring of adipogenic differentiation 
and its implementation in biomedical and clinical applications.

Funding Source: National Research Foundation of Korea (NRF) 
grant funded (Grant Nos. NRF-2022R1A4aaA2000776, NRF-
2019M3A9H2031820, NRF-2022R1A2C4002217) and Korean 
Fund for Regenerative Medicine (Grant number RS-2022-
00070316).

Keywords: Stem cell differentiation, Adipogenesis, 
Electrochemical detection
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SERUM ALBUMIN MAINTAINS WNT WATER-
SOLUBILITY AND ACTIVITY
Chae, Jiyeon - Department of Pharmacology, Yonsei University 
College of Medicine, Seoul, Korea
Kim, Chul Hoon - Department of Pharmacology, Yonsei 
University College of Medicine, Seoul, Korea

Wnt signaling is recognized as the most important cell signaling 
pathway in adult stem cell-derived organoid culture. Currently, 
Wnt is added to cells as FBS-containing conditioned medium 
(CM) or CHAPS-containing purified protein. However, using FBS 
makes it hard to control lot-to-lot variation and is prone to con-
tamination, and using detergent on in vitro experiments may be 
harmful to cells. In this reason, there has been a growing body 
of research that investigates on how to create a serum-free and 
detergent-free active Wnt preparation for adult stem cell-derived 
organoid culture. Prior study has addressed Afamin (AFM), a type 
of glycoprotein, as a serum factor that solubilizes Wnt3a in CM. 
However, we found that AFM cannot solubilize Wnt3a by itself 
and that serum albumin (SA) is an indispensable co-factor for Wnt 
solubilization in Wnt3a-AFM CM. We have proven this by show-
ing Wnt3a-AFM CM alone cannot maintain adult stem cell-de-
rived organoid proliferation, while adding SA to Wnt3a-AFM CM 
effectively supports the growth and expansion of organoids. Our 
results also show that SA does not need AFM to solubilize and 
stabilize purified Wnt3a protein in in vitro experiments. Therefore, 
we introduce a novel SA-based method for high-performance 
Wnt preparation that does not need AFM nor CHAPS.

Funding Source: This work was supported by grants from the 
National Research Foundation of Korea (NRF) funded by the 
Korean government (MSIT) (NRF-2017M3C7A1048090, NRF-
2018R1A5A2025079 and NRF-2019R1A2C3002354)

Keywords: Wnt3a, Serum Albumin, Organoids
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TRACKING TRANSPLANTED LIMBAL EPITHELIAL 
CELLS IN AN ANIMAL MODEL OF LIMBAL STEM 
CELL DEFICIENCY USING NANOPARTICLES 
TO UNCOVER CORNEAL EPITHELIAL 
REGENERATION.
van Velthoven, Arianne J.H. - MERLN, Maastricht University, 
Maastricht, Netherlands
Crosbie, Darragh - MERLN, Maastricht Univeersity, Maastricht, 
Netherlands
Trayford, Chloe A. - MERLN, Maastricht University, Maastricht, 
Netherlands
Ferrari, Stefano - Head of Research and Development, 
Fondazione Banca degli Occhi del Veneto, Venice, Italy
Dickman, Mor M. - University Eye Clinic Maastricht, Maastricht 
University Medical Center, Maastricht, Netherlands
van Rijt, Sabine - MERLN, Maastricht University, Maastricht, 
Netherlands
LaPointe, Vanessa - MERLN, Maastricht University, Maastricht, 
Netherlands

The corneal epithelium, which covers the front surface of the eye, 
has the ability to self-renew and regenerate. However, physical or 
chemical trauma to limbal epithelial stem cells (LESCs) that reside 
at the border between the cornea and sclera can result in limbal 
stem cell deficiency (LSCD), causing vision loss due to corneal 
opacification, inflammation, conjunctivalization, and neovascular-
ization. Autologous or allogenic LESCs have shown to be a suit-
able sources for cell-based therapies aimed to treat LSCD, but 
their exact role in corneal regeneration remains unclear. To better 
understand the role of LESCs in corneal regeneration, we synthe-
sized custom mesoporous silica-coated gold nanoparticles (R-Au-
MSNs) to label and track transplanted primary human limbal ep-
ithelial cells in a LSCD animal model. The aim of this study was 
to assess the feasibility of using R-Au-MSNs as a tool for non-in-
vasive visualization and tracking of the transplanted cells in vivo 
over time. Through multimodal imaging, we observed sparse dis-
tribution of R-Au-MSNs in the peripheral cornea and limbal area. 
However, we did not only detect R-Au-MSNs in transplanted cells 
but also in surrounding tissue, indicating that R-Au-MSNs may not 
be an effective tool for long-term tracking of transplanted LESCs 
in vivo. Despite this limitation, our study also revealed that LESC 
transplantation improved therapeutic outcome in rabbits, includ-
ing reduced corneal opacification and partial corneal epithelial 
reconstruction. However, the small number of transplanted cells 
found in the corneal epithelium and limbus suggests that these 
cells did not repopulate the corneal epithelium. These results 
point to a more complex role of transplanted LESCs in corneal 
regeneration, highlighting the need for further research to gain 
a deeper understanding of their instructive role and regulatory 
effects.

Funding Source: This work was supported by the research 
program ZonMw TOP (Grant 91217058,VISION).

Keywords: Nanoparticles, Cornea, cell-based therapy
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HUMAN INDUCED PLURIPOTENT STEM CELL-
DERIVED ARTERIAL ENDOTHELIAL CELLS FOR 
REVASCULARIZATION THERAPIES IN TISSUE 
ENGINEERING
Roser, Stephanie M. - Biomedical Engineering, Brown 
University, Providence, RI, USA
Kant, Rajeev - Biomedical Engineering, Brown University, 
Providence, RI, USA
Coulombe, Kareen - Biomedical Engineering, Brown University, 
Providence, RI, USA

As the field seeks to scale up implant size and improve thera-
peutic potential, tissue engineering presents a critical need for 
neovascularization in both implant and host ischemic tissues. Im-
plantation of endothelial cells, either directly into the native tissue 
or incorporated into the implant, has demonstrated efficacy in 
improving vascularization and tissue perfusion. Primary endothe-
lial cells are difficult to obtain, often from allogenic sources, and 
offer limited replicative potential. However, the large proliferative 
capacity and accessibility of human induced pluripotent stem 
cell-derived endothelial cells (iPSC-eCs) make them a promising 
tool in revascularization of ischemic tissues. This study describes 
a method for chemically defined, monolayer differentiation of vas-
cular endothelial cells using a cardiac mesoderm intermediate. 
Subsequent magnetic-activated cell sorting (MACS) with vascu-
lar endothelial cadherin (CD144) provided an average 97% purity 
with defined arterial, venous, and capillary subpopulations and 
thbilityty to preferentially drive arterial or venous phenotype ra-
tios. HiPSC-eCs show the expected cobblestone morphology, 
surface markers by flow cytometry, and gene and protein expres-
sion. Cell viability and proliferative capacity was high, assessed 
by MTT assay. Functional assessments demonstrated angiogenic 
potential in vitro via microvascular network formation on Matri-
gel and defined substrates and sprouting assays both innately 
and in response to proangiogenic factor supplementation. Sacri-
ficial alginate fiber-derived channels were lined with hiPSC-eCs, 
forming a vessel endothelium that became confluent with culture 
and demonstrated the cells’ ability to both recapitulate native 
vasculature and support in vitro vessel patterning of engineered 
tissues. Collectively, these findings demonstrated the ability to 
derive phenotypically defined, functional arterial/venous endo-
thelial cells from iPSCs for revascularization therapies, providing a 
means to both overcome current thickness-based diffusion limita-
tions of engineered tissue fabrication and revascularize ischemic 
tissue in vivo.

Keywords: Revascularization, HiPSC derived endothelial cells, 
Tissue Engineering

1136

HEAD AND NECK TISSUE STEM CELL 
DYSREGULATIONIH AGE AND CANCER
Kletzien, Heidi - Stem Cell and Regenerative Biology, Harvard 
University, Boston, MA, USA
Nguyen, Nguyen–Anh - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Shekoyan, Robert - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Wagers, Amy J. - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA

Advancing age and tobacco use are major risk factors for cancers 
of the head and neck (HNC). Management of HNC involves mul-
timodal treatment strategies that are relatively ineffective, have 
high rates of recurrence, and cause devastating harm to speech, 
swallowing, and overall quality of life. Despite these severe clini-
cal sequalae, genes and pathways contributing to HNC develop-
ment in males and females across the lifespan are understudied 
and poorly understood, leaving a dearth of interventions that can 
interrupt HNC promoting mechanisms. Our research takes an in-
tegrative approach to reveal novel mechanisms contributing to 
HNC initiation and progression across lifespan, and to test the 
hypothesis that HNC initiation is driven by the age-related dys-
regulation of tissue function and acquisition of (epi)genetic mu-
tations in tissue stem cells of the head and neck, both of which 
are significantly influenced by biologic sex and accelerated fol-
lowing carcinogenic exposure. Our data demonstrate dysregula-
tion of head and neck tissue stem cells with increasing age, and 
following exposure to the chemical carcinogen, and tobacco mi-
metic, 4NQO. In young (4-6mo), middle-aged (16-18mo), and aged 
(24mo) C57BL/6 mice, muscle satellite cell (SC) frequency de-
clines with age in the tongue (p<.0001), pharynx and esophagus 
(p=.0008), and neck (p<.0001), mesodermal progenitors (Sca1Ps) 
of the neck are reduced in female mice (p=.0297), and quiescent 
(p=.0141) and proliferating (p=.0012) epithelial stem cells (EpSCs) 
and epithelial progenitors (p=.0294) are differentially impacted by 
age. Following 4NQO exposure, gross lesions are observed on 
the tongue at higher frequency in middle-aged and aged male 
mice (p<.001), and a reduction was observed in the overall fre-
quency of neck SCs (p=.016) and of pharyngeal and esophageal 
Sca1Ps (p=.016), while an increase in frequency was observed in 
EpSCs (p<.001). Our data demonstrates age-, sex-, and carcino-
gen-dependent dysregulation in head and neck tissue stem cells. 
Work to determine mechanisms underlying these alterations and 
their potential role in oncogenic transformation is ongoing. Over-
all, this innovative and translationally-oriented work will fill critical 
knowledge gaps that are a clinical priority for the prevention, ear-
ly identification, and treatment of HNCs.

Funding Source: F32AG071208, DP1OD025432, Harvard Stem 
Cell Institute,

Keywords: aging, cancer, head and neck
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1138

HMGB1/RAGE/TLR4 SIGNALING IS A POTENTIAL 
TARGET FOR TREATMENT OF RADIATION 
DAMAGED SALIVARY GLANDS WITH 
EFFECTIVELY CONDITIONED MONONUCLEAR 
CELLS (E-MNC)
Kanai, Riho - Prosthetic Dentistry, Nagasaki University, Japan
I. Takashi - Department of Medical Research and Development 
for Oral Disease, Nagasaki University Graduate School of 
Biomedical Sciences, Nagasaki University, Nagasaki, Japan
Ogaeri, Takunori - Department of Medical Research and 
Development for Oral Disease, Nagasaki University Graduate 
School of Biomedical Sciences, Nagasaki University, Nagasaki, 
Japan
Seki, Makoto - CellAxia, Nagasaki, Japan
Murata, Hiroshi - Prosthetic Dentistry, Nagasaki University, 
Nagasaki, Japan
Sumita, Yoshinori - Department of Medical Research and 
Development for Oral Disease, Nagasaki University Graduate 
School of Biomedical Sciences, Nagasaki University, Nagasaki, 
Japan

We have recently developed a new therapy using E-MNC and 
demonstrated its effectiveness against radiation-damaged sali-
vary glands (SGs). Then, we found immunomodulatory (class A 
scavenger receptor Msr1+/CD11b+) M2 macrophages in E-MNC 
brought therapeutic effects due to their phagocytic elimination of 
extracellular HMGB1, which acts as damaged-associated molecu-
lar patterns (DAMPs). Therefore, to clarify its deeper mechanism, 
we first investigated how significant resolving sterile inflammation 
via inhibition of HMGB1/RAGE/TLR4 signaling is as a therapeu-
tic target for the radiation-damaged SGs. Mouse E-MNC was in-
duced from peripheral blood mononuclear cells in culture using 
a serum-free medium supplemented with 5 specific recombinant 
proteins for 5-6 days. Then, after E-MNC transplantation, clear-
ance of extracellular HMGB1 and inhibition of RAGE/TLR4 path-
way in radiation-damaged SGs in mice were assessed. Moreover, 
SGs of TLR4 KO mice were irradiated and then examined whether 
tissue injury via sterile inflammation progresses or how HMGB1, 
released from injured SG cells, affects the damage progression. 
In parallel, cultured SG epithelial cells were exposed to culture su-
pernatant containing extracellular HMGB1 obtained from SG cell 
culture after irradiation. After irradiation to SGs, released HMGB1 
was increased in damaged tissues and expression of RAGE in 
macrophages and TLR4 in ductal cells was recognized. Then, 
pro-inflammatory genes were upregulated in damaged tissues 
via NF-kB pathway. However, E-MNC treatment could inhibit 
HMGB1 release and TLR4 expression in damaged tissue. Mean-
while, we found the onset of radiogenic salivary hypofunction was 
substantially delayed in TLR4 KO mice and RAGE-positive cells 
were alternatively increased. Culture supernatant containing ex-
tracellular HMGB1, derived from irradiated SG cells, induced TLR4 
expression in cultured SG epithelial cells without irradiation and 
promoted their cell death. HMGB1/RAGE/TLR4 signaling might 
contribute the progression of SG damage after radiation therapy 
and be a potential target for E-MNC therapy.

Keywords: Cell-based Therapy, Radiogenic salivary gland 
dysfunctioin, Peripheral blood mononuclear cells

TRACK:  MODELING DEVELOPMENT AND 
DISEASE (MDD)

Session 3: Odd

1:30 PM – 2:15 PM

TOPIC: CARDIAC

407

INDUCED HEART FAILURE WITH PRESERVED 
EJECTION FRACTION USING MINI-HEART 
ENGINEERED CARDIAC TISSUE PLATFORMS 
CAPTURE KEY FUNCTIONAL AND 
TRANSCRIPTOMIC FEATURES OF HFPEF
Wong, Andy - Research and Development, Novoheart, Irvine, 
CA, USA
Mak, Suet Yee - Research and Development, Novoheart, Irvine, 
CA, USA
Roberts, Erin - Research and Development, Novoheart, Irvine, 
CA, USA
Keung, Wendy - Research and Development, Novoheart, Irvine, 
CA, USA
Cheung, Alice - Research and Development, Novoheart, Irvine, 
CA, USA
Jennbacken, Karin - Bioscience Cardiovascular, Research and 
Early Development, Cardiovascular, Renal and Metabolism 
(CVRM), BioPharmaceuticals Research and Development, 
AstraZeneca, Gothenburg, Sweden
Wang, Qing-Dong - Bioscience Cardiovascular, Research and 
Early Development, Cardiovascular, Renal and Metabolism 
(CVRM), BioPharmaceuticals Research and Development, 
AstraZeneca, Gothenburg, Sweden
Lieu, Deborah - Research and Development, Novoheart, Irvine, 
CA, USA
Hajjar, Roger - Clinical Trial, Sardocor, Boston, MA, USA
Costa, Kevin - Research and Development, Novoheart, Irvine, 
CA, USA
Li, Ronald - Research and Development, Novoheart, Irvine, CA, 
USA

Heart failure with preserved ejection fraction (HFpEF) is a sig-
nificant and growing health problem in which patients present 
with elevated left ventricular diastolic stiffness despite a relative-
ly normal ejection fraction. Therapies that reduce mortality and 
morbidity in Heart Failure with reduced Ejection Fraction (HFrEF) 
have little effect in HFpEF, as the etiology and the clinical course 
are different. Therefore, as encouraged by the FDA Moderniza-
tion Act 2.0, there is an urgent need to develop advanced hu-
man-specific assays for understand the underlying processes, 
and to develop targeted therapies for HFpEF, as animal models 
fail to adequately mimic this human pathophysiology. Novoheart 
has created the first in vitro human models of HFpEF with its mini-
Heart cardiac tissue platforms. HFpEF phenotype was induced 
by endothelin-1 (ET-1) and transforming growth factor-β1 (TGF-β1) 
in human ventricular cardiac tissue strips (hvCTS) and cardiac 
organoid chambers (hvCOC). Compared to healthy controls, the 
HFpEF hvCTS and hvCOC exhibited significantly higher passive 
tension and tissue stiffness, and slower contraction and relaxation 
kinetics, with no significant change in developed force or EF. To 
assess the fidelity of the models, contractile data and bulk RNA 
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) sequencing of the models were compared to a HFpEF patient 
database. Of the differentially expressed genes (DEG) between 
HFpEF and healthy subjects, 29% and 33% of these overlap 
with the HFpEF-hvCTS and HFpEF-hvCOC models, respective-
ly. Comparative functional analysis revealed that HFpEF-hvCOC 
more closely mimicked patient hearts. Of note, SERCA2a—one 
of the highest DEG in the calcium signaling pathway—was the 
most significantly downregulated in HFpEF patients and the in-
duced HFpEF models. Forced expression of SERCA2a by AAV1 
transduction rescued the disease phenotype in HFpEF-hvCTS by 
restoring the slowed contractile kinetics. These preclinical human 
HFpEF hvCTS and hvCOC models thus recapitulate characteristic 
HFpEF phenotypes. With predictive engineered HFpEF models, 
we demonstrated investigation of HFpEF mechanisms, discovery 
of a novel therapeutic target, and the feasibility of clinical-grade 
AAV1-SERCA2a as an effective HFpEF treatment. These findings 
lead to an open IND from the FDA for a related Phase 1 gene 
therapy clinical trial.

Keywords: Disease Modeling, Human Bioengineered Cardiac 
Tissue Models, HFpEF

409

DISCOVERING CELL SIGNALING INTERACTIONS 
DIRECTING HUMAN VENTRICULAR 
CARDIOMYOCYTE DIFFERENTIATION IN 
MULTILINEAGE STEM CELL IN VITRO MODELS
Holman, Alyssa R. - Biomedical Sciences, University of 
California, San Diego, CA, USA
Tran, Shaina - Division of Cardiology, University of California, 
San Diego, CA, USA
Farah, Elie - Division of Cardiology, University of California, San 
Diego, CA, USA
Li, Ting - Division of Cardiology, University of California, San 
Diego, CA, USA
Destici, Eugin - Division of Cardiology, University of California, 
San Diego, CA, USA
Nelson, Aileena - Department of Bioengineering, University of 
California, San Diego, CA, USA
Engler, Adam - Department of Bioengineering, University of 
California, San Diego, CA, USA
Chi, Neil - Division of Cardiology, University of California, San 
Diego, CA, USA

Heart failure is a decline of cardiac function in part due to cardio-
myocyte (CM) death. Human pluripotent stem-cell-derived cardio-
myocytes (hPSC-CMs) can be utilized to develop cell-replacement 
therapies for heart repair, but to generate specific cardiomyocyte 
sub-types, it is essential to understand the cell fate decisions and 
developmental cues that allow pluripotent cells to become a par-
ticular cell type. A cell’s development is highly dependent on its 
environment within a tissue, particularly through cell-cell interac-
tions between distinct cell types. To understand how CMs are in-
fluenced by their environment, we examined the differentiation 
states of CMs in a 2D (monolayer) versus 3D (embryoid body) cel-
lular environment and found that ventricular CMs (vCMs) develop 
more efficiently in the 3D environment. We further investigated 
the developmental states of vCMs differentiated between these 
environments using single-cell RNA sequencing analysis, and 
found that the 3D environment contained higher proportions of 
non-CM cell types, and the 3D-derived CMs from this system ex-
hibited a more developmentally mature cellular state. Examining 
the signaling events from non-CM to CM specific cell types, we 
discovered 14 3D-specific pathways, 7 2D-specific pathways, and 

20 shared pathways. By conducting CRISPR-Cas9 knockout and 
activation screens on the differentially identified cardiac recep-
tors and ligands, we identified diverse signaling pathways that 
impact the differentiation of vCMs. Finally, we show that the gen-
eration of vCMs can be modulated pharmacologically by altering 
these pathways, through either activation of signals derived from 
the 3D system or inhibition of signals derived from the 2D system. 
This study reveals how distinct non-CM cardiac cell types may 
impact the generation of vCMs through cell-type specific non-cell 
autonomous signaling cues, thereby enabling the generation of 
pure populations of in vivo-like vCMs that can be used for heart 
failure treatment.

Funding Source: UCSD Genetics Training Program from the 
National Institute for General Medical Sciences, T32 GM008666, 
and National Heart, Lung, And Blood Institute of the National 
Institutes of Health, F31HL163996

Keywords: ventricular cardiomyocytes, cell signaling, 
development

411

ESTABLISHMENT OF 3D MATURE CARDIAC 
TISSUE PLATFORMS FOR MODELING DMD 
CARDIOMYOPATHY
Inazuka, Fumika - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Funakoshi, Shunsuke - Center for iPS Cell Research and 
Application (CiRA), Kyoto University, Kyoto, Japan
Fujiwara, Yuya - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Sasaki, Masako - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Kondo, Shigeru - T-CiRA Discovery and Innovation, Research, 
Takeda Pharmaceutical Company, Limited, Fujisawa, Japan
Imahashi, Kenichi - T-CiRA Discovery and Innovation, Research, 
Takeda Pharmaceutical Company, Limited, Fujisawa, Japan
Sakurai, Hidetoshi - Center for iPS Cell Research and 
Application (CiRA), Kyoto University, Kyoto, Japan
Yoshida, Yoshinori - Center for iPS Cell Research and 
Application (CiRA), Kyoto University, Kyoto, Japan

The major cause of mortality in patients with Duchenne muscular 
dystrophy (DMD) or Becker muscular dystrophy (BMD) is cardio-
myopathy. Our research aims to find genes whose expression 
can modify a disease-related phenotype of DMD-cardiomyopathy 
and compensate the partial effect of abbreviated/truncated dys-
trophin gene replacement therapies. The patient iPSC-derived in 
vitro disease model is useful for analysis of pathological mech-
anisms and development of therapeutics; however, the major 
limitation of current models is the lower expression of compo-
nents of dystrophin associated protein complex (DAPC) due to 
immaturity of iPSC-CMs, resulting in lack of disease phenotypes. 
To improve the maturation of DMD iPSC-CMs, we generated car-
diac organoid or engineered heart tissues (EHT) by 3D co-culture 
with epicardium. In addition, the 3D cardiac organoids or EHT 
were stimulated with palmitate, PPARα agonist, dexamethasone 
and T3 to shift whose metabolism from glycolysis to fatty acid 
oxidation. To elicit pathological state, DMD-EHT was subjected 
to continuous mechanical loading. The mature cardiac organoid 
displayed adult-like gene expression profiles with regard to the 
genes associated with DAPC and calcium handing. DMD-EHT dis-
played impaired electrical coupling capacity under rapid pacing. 
Significant contractile dysfunction was also displayed in DMD-
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EHT under the presence of continuous mechanical loading. In the 
meanwhile, marked cardiomyocyte loss was observed partly due 
to apoptosis of cardiomyocytes. These phenotypes in DMD-EHT 
precisely recapitulate the pathological development of DMD-car-
diomyopathy. Our 3D mature cardiac tissue platforms provided 
insights into the mechanistic pathways leading to DMD-cardio-
myopathy and useful to evaluate novel experimental therapeutic 
agents as a “pre-clinical trials in a dish”.

Keywords: Duchenne muscular dystrophy (DMD), 
cardiomyopathy, engineered heart tissue

413

A CARDIOID-BASED PHENOTYPIC, AUTOMATED, 
HIGH-THROUGHPUT PLATFORM FOR CARDIAC 
DRUG DISCOVERY AND CARDIOTOXICITY 
EVALUATION
Hofbauer, Pablo - HeartBeat.bio AG, Vienna, Austria
Cirigliano, Martina - HeartBeat.bio AG, Vienna, Austria
Kresnik, Rebecca - HeartBeat.bio AG, Vienna, Austria
Murganti, Francesca - HeartBeat.bio AG, Vienna, Austria
Hager, Pia - HeartBeat.bio AG, Vienna, Austria
Arasa Verge, Emili - HeartBeat.bio AG, Vienna, Austria
Keresztes, Hannah - HeartBeat.bio AG, Vienna, Austria
Crittenden, Caroline - Molecular Devices LLC, San Jose, CA, 
USA
Deville, Sara - Molecular Devices LLC, San Jose, CA, USA
Spira, Felix - Molecular Devices LLC, San Jose, CA, USA
Keidel, Emilie - Molecular Devices LLC, San Jose, CA, USA
Lim, Angeline - Molecular Devices LLC, San Jose, CA, USA
Pimpale, Lokesh - HeartBeat.bio AG, Vienna, Austria
Fuchs, Florian - HeartBeat.bio AG, Vienna, Austria
Sirenko, Oksana - Molecular Devices LLC, San Jose, CA, USA

Cardiovascular Disease (CVD) is the leading cause of death ac-
counting for 32% of global mortality. A major reason for this high 
death toll is the lack of effective new breakthrough therapies for 
CVD, which is in stark contrast to other disease indications. We 
postulate that a key reason for the continuous decline in CVD drug 
discovery is the lack of reproducible and representative human 
heart chamber in vitro models that can adequately predict human 
disease and are amenable to high-throughput primary screening. 
Here we have developed a fully automated high-throughput plat-
form capable of culturing induced pluripotent stem cells (iPSC) 
and differentiating them into 3D self-organizing cardiac chamber 
organoids (Cardioids). iPSC and Cardioid quality and reproducibil-
ity are ensured through automated organoid handling and con-
tinuous image-based monitoring. This enabled efficient upscaling 
and maturation of Cardioids in screening-ready 384-well plates 
with minimal human intervention and very low Cardioid variabili-
ty (< 10%). High-throughput, automated confocal imaging and si-
multaneous functional imaging of 384-well plates (FLIPR® Penta 
High-Throughput Cellular Screening System, Molecular Devices) 
was used as a phenotypic screening set-up. We have employed it 
to model disease (genetic cardiomyopathies) and assess different 
aspects of cardiotoxicity by subjecting iPSC or Cardioids to sev-
eral genetic alterations and drugs. Crucially, Cardioids showed 
different chamber-level phenotypes reminiscent of cardiomyopa-
thies. Additionally, Cardioids showed drug-induced structural and 
functional toxicity when exposed to oncological drugs or other 
cardioactive substances stimulating different pathways and tar-
geting a variety of ion channels. Overall, we expect this platform 
and data to highlight the utility and biological relevance of using 
iPSC-derived 3D Cardioids as a promising new model for CVD 

drug discovery and toxicity screening while also showcasing the 
importance of quality-controlled, reproducible production and 
analysis in a high-throughput manner.

Keywords: 3D cardiac chamber organoids, automated screening 
platform, phenotypic screening

415

HIPSC MODEL REVEALS M1 MACROPHAGES 
CAUSE ATRIAL ARRHYTHMIA CORRELATED 
TO ELECTROPHYSIOLOGICAL REMODELLING 
OF ATRIAL CARDIOMYOCYTES IN 2D AND 3D 
ENGINEERED HEART TISSUE
Hutschalik, Thomas - Physiology, Cardiovascular Research 
Institute Maastricht / Ncardia Services B.V., Maastricht, 
Netherlands
Schotten, Ulrich - Physiology / Cardiology, Cardiovascular 
Research Institute Maastricht / Maastricht University Medical 
Center, Maastricht, Netherlands
Matsa, Elena - Cell Technology, Ncardia Services B.V., Charleroi, 
Belgium

Atrial fibrillation (AF) is the most common sustained arrhythmia 
with an estimated prevalence of 1.5–2%. Current treatments lack 
effectiveness and do not prevent recurrence. Inflammation is 
reported in AF patients, however, a causal connection remains 
elusive. In this study, we investigated the arrhythmic effects of 
pro-inflammatory macrophages (M1) on human induced pluripo-
tent stem cell (hiPSC)-derived atrial cardiomyocytes (aCM), to bet-
ter understand their role in AF. Macrophages are known to play 
a role in cardiac electrophysiology, but their role in arrhythmia 
is unclear. Three healthy hiPSC lines were differentiated to aCM 
and M1. Multi-electrode array recordings of isogenic, 2D cocul-
tures of M1 and aCM showed a significant increase in beat rate 
irregularity compared to control conditions (P< 0.001). Further-
more, spike amplitude of aCM and M1 cocultures was significantly 
decreased (P< 0.001). Arrhythmias occurred only after activation 
of macrophages in the coculture. Addition of anti-inflammatory 
glucocorticoids significantly reduced beat irregularity in aCM and 
M1 cocultures compared to vehicle (1.9-fold decrease for Hydro-
cortisone, P< 0.005) further supporting macrophage mediated in-
flammation to be the cause of the arrhythmia. RNA sequencing of 
aCM and M1 cocultures revealed aberrant expression of arrhyth-
mia associated cardiac sodium and atrial potassium ion channels 
(SCN5A, KCNA5). Normal expression was restored through hy-
drocortisone addition. In addition, inflammation-induced arrhyth-
mia was observed in 3D engineered heart tissues containing hiP-
SC derived aCM, M1 and cardiac fibroblasts. Tissues showed a 
significant increase in beating irregularity (P< 0.005) compared 
to controls and had a significant, median reduction (>30%) of 
contraction amplitude (P< 0.05). Our findings suggest a causal 
relationship between M1 and the occurrence of atrial arrhythmia. 
The reduction of arrhythmia using glucocorticoids correlates to 
clinical observations, that show their use being linked to reduced 
post operative AF burden. These results strongly support the rel-
evance of the proposed hiPSC coculture model and elucidate a 
new potential AF mechanism.

Funding Source: This research has received funding under the 
Marie Skłodowska-Curie grant agreement No.860974 and is 
performed as part of the PersonalizeAF ITN.

Keywords: Atrial fibrillation, Inflammation, 3D Tissues
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ENGINEERED CRISPR-ACTIVATION HUMAN 
STEM CELL LINES UNDERGO SILENCING 
DURING CARDIOMYOCYTE AND ENDOTHELIAL 
DIFFERENTIATION
Karbassi, Elaheh - Laboratory Medicine and Pathology, Institute 
for Stem Cell & Regenerative Medicine at the University of 
Washington, Seattle, WA, USA
Bertero, Alessandro - Molecular Biotechnology and Health 
Sciences, University of Torino, Italy
Yang, Xiulan - Laboratory Medicine and Pathology, University of 
Washington, Seattle, WA, USA
Reinecke, Hans - Laboratory Medicine and Pathology, University 
of Washington, Seatte, WA, USA
Klaiman, Jordan - Laboratory Medicine and Pathology, 
University of Washington, Seattle, WA, USA
Hauschka, Stephen - Biochemistry, University of Washington, 
Seattle, WA, USA
Murry, Charles - Laboratory Medicine and Pathology, University 
of Washington, Seattle, WA, USA

Human pluripotent stem cells serve as opportune models to 
study the regulatory factors and pathways underpinning develop-
ment/differentiation and the functional states of specialized cell 
types. More importantly, stem cells and their derivatives can be 
perturbed using gain- or loss-of-function approaches to examine 
gene function during these processes. CRISPR activation (CRIS-
PRa) is advantageous for activating transcription of endogenous 
genomic loci by using a nuclease-dead Cas9 (dCas9) to recruit 
transcriptional activators to targeted sites. Here we sought to 
study gene function by applying the CRISPRa system to induced 
pluripotent stem cells (iPSC) and derivatives such as cardiomy-
ocytes (iPSC-CMs) and endothelial cells (iPSC-Endos). We first 
generated a constitutively active CRISPRa stem cell line, using 
dCas9 fused to VP64, p65, and Rta (dCas9-VPR) targeted to the 
AAVS1 safe harbor locus and driven by the CAG promoter. These 
stem cell lines expressed dCas9-VPR transcript and upregulated 
both a reporter assay and multiple endogenous target genes (up 
to ~100s-fold). However, upon differentiation, this dCas9-VPR ac-
tivity was lost in both iPSC-CMs and iPSC-Endos. To test whether 
silencing was locus-dependent, we targeted additional safe har-
bor sites (hROSA and CLYBL) and again observed strong activity 
in pluripotency and silencing during differentiation. Loss of trans-
gene activity resulted from loss of transcription, which in turn cor-
related with gain of promoter CpG DNA methylation levels. Next, 
we tested whether silencing was promoter-specific by introduc-
ing muscle-specific promoters, but again, there was no dCas9-
VPR activity in iPSC-CMs. Finally, we tested whether silencing 
was dependent on the dCas9-VPR cassette by exchanging it for 
mCherry. This resulted in iPSC lines that retained fluoroprotein 
expression during differentiation. These findings demonstrate 
that the dCas9-VPR cassette induces silencing of multiple pro-
moters in multiple safe harbors during iPSC differentiation to CM 
and Endo lineages. This highlights a need to design and test new 
genome engineering strategies, with considerations for gene(s) 
being targeted, promoter activity, and safe harbor site targeting, 
for applications in stem cells and differentiated cell types.

Keywords: genome engineering, CRISPR activation, transgene 
expression

419

LENVATINIB INDUCED INHIBITION OF THE VEGF 
RECEPTOR INCITES CYTOTOXICITY TO CARDIAC 
ENDOTHELIAL CELLS
Pohlman, Stephany L. - Regenerative Medicine Institute, 
Cedars-Sinai Medical Center, Los Angeles, CA, USA
Mozneb, Maedeh - Regenerative Medicine Institute, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Sharma, Arun - Regenerative Medicine Institute, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA
Arzt, Madelyn - Regenerative Medicine Institute, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA

Human induced pluripotent stem cells (hiPSCs) enable 
high-throughput, patient-specific, pre-clinical evaluation of cancer 
drug cardiotoxicity. Tyrosine-kinase inhibitors (TKIs) have revolu-
tionized the field of precision oncology, but despite their clinical 
efficacy, small molecule TKIs often have off-target effects, due 
in part to the numerous signaling pathways they inhibit. Lenvati-
nib is a small molecule TKI that inhibits the vascular endothelial 
growth factor (VEGF) pathway and was approved for treatment 
of differentiated thyroid cancer (DTC), renal cell carcinoma (RCC), 
and hepatocellular carcinoma (HCC) in 2015. As Lenvatinib has 
been shown to induce high rates of hypertension in patients, it 
is suspected that the drug is causing damage to vascular endo-
thelial cells, which line the blood vessels of the cardiovascular 
system and highly express the signaling VEGF pathway . Patients 
taking Lenvatinib have also exhibited drug-induced QT interval 
prolongation, leading to cardiac rhythm disturbances. Thus, we 
surmise that Lenvatinib may also alter cardiomyocyte electro-
physiology. To determine how Lenvatinib affects the heart and 
cardiovascular system, drug dose response/time course cyto-
toxicity and functionality experiments were conducted in 2D 
hiPSC-derived cardiomyocytes (CMs), endothelial cells (ECs), 
and advanced multi-lineage 3D models (cardiac spheroids, mi-
crofluidic organ-chips). Following treatment with Lenvatinib, hiP-
SC-CMs exhibited minimal cytotoxicity, but calcium imaging and 
multielectrode arrays revealed contractile dysfunction. Lenvatinib 
treatment on hiPSC-ECs caused cytotoxicity in 2D and 3D model 
systems. These studies demonstrate the utility of 2D and 3D hiP-
SC-derived cardiovascular model systems in unveiling the mech-
anisms of drug cardiotoxicity.

Keywords: cardiotoxicity, TKI, cancer
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TRANSCRIPTOMIC ANALYSIS OF HUMAN 
ENGINEERED HEART TISSUES CREATED BY 
USING CARDIAC MYOCYTES DIFFERENTIATED 
FROM INDUCED PLURIPOTENT STEM CELLS 
CULTURED IN 5% VERSUS 20% OXYGEN
Qadan, Maha A. - Cardiovascular and Metabolic Sciences, 
Lerner Research Institute of the Cleveland Clinic Foundation, 
Cleveland, OH, USA
Lovano, Beth - Department of Cardiovascular and Metabolic 
Sciences, Cleveland Clinic Lerner Research Institute, Cleveland, 
OH, USA
Castel, Laurie - Department of Cardiovascular and Metabolic 
Sciences, Cleveland Clinic Lerner Research Institute, Cleveland, 
OH, USA
Gore-Panter, Shamone - Department of Cardiovascular and 
Metabolic Sciences and Department of Biological, Geological 
and Environmental Sciences, Cleveland Clinic Lerner Research 
Institute and Cleveland State University, Cleveland, OH, USA
Rennison, Julie - Department of Cardiovascular and Metabolic 
Sciences and Department of Molecular Medicine, Cleveland 
Clinic Lerner Research Institute and Cleveland Clinic Lerner 
College of Medicine of Case Western Reserve University, 
Cleveland, OH, USA
Smith, Jonathan - Department of Cardiovascular and Metabolic 
Sciences and Department of Molecular Medicine, Cleveland 
Clinic Lerner Research Institute and Cleveland Clinic Lerner 
College of Medicine of Case Western Reserve University, 
Cleveland, OH, USA
Chung, Mina - Department of Cardiovascular and Metabolic 
Sciences and Department of Cardiovascular Medicine, 
Cleveland Clinic Lerner Research Institute and Cleveland Clinic 
Heart and Vascular Institute, Cleveland, OH, USA
Barnard, John - Department of Quantitative Health Sciences 
and Department of Molecular Medicine, Cleveland Clinic Lerner 
Research Institute and Cleveland Clinic Lerner College of 
Medicine of Case Western Reserve University, Cleveland, OH, 
USA
Van Wagoner, David - Department of Cardiovascular and 
Metabolic Sciences and Department of Molecular Medicine, 
Cleveland Clinic Lerner Research Institute and Cleveland Clinic 
Lerner College of Medicine of Case Western Reserve University, 
Cleveland, OH, USA

Human induced pluripotent stem cell-derived cardiac myocytes 
(iPSC-CMs) in 2D culture exhibit immature structural and function-
al phenotypes with fetal-like characteristics that remain a key bar-
rier for their utility in generation of physiologically relevant adult 
disease models. 3D engineered heart tissues (EHTs), that better 
recapitulate adult cardiac tissues in structure and function, can 
be generated from iPSC-CMs. Robustness and reproducibility of 
EHTs can be impacted by the quality of cells used to construct 
them. We hypothesized that 5% O2 condition and the substrate 
used to maintain iPSC cultures and support CM differentiation 
(recapitulating early embryonic mesodermal induction and car-
diac cell specification) enhance EHT maturation. We generated 
atrial-like EHT models using patient-specific iPSCs by reprogram-
ming peripheral blood mononuclear cells of patients with atrial 
fibrillation. EHTs were generated by combining iPSC-CMs in a fi-
brin-based hydrogel suspended between flexible posts. We eval-
uated differentially expressed genes of EHTs constructed from 
iPSC-CMs that were grown in 5% vs. 20% O2 conditions, using 
different matrices (Matrigel, Geltrex). Successful EHT generation 

was independent of O2 level or substrate used for maintaining 
iPSCs and CM differentiation. EHTs maintained spontaneous 
beating. Electron microscope studies showed that sarcomeric 
structure of EHTs is more similar to adult atrial tissues than that 
of CM monolayers. Transcriptomic analysis indicated significant 
upregulation of genes and pathways associated with sarcomere, 
ion channels, calcium handling, energy production, and fatty acid 
metabolism in 5% O2 compared to 20% O2. EHTs generated 
from iPSC-CMs differentiated from iPSCs grown in 5% O2 (vs. 
20%) culture exhibited more mature gene expression and greater 
resilience (with upregulation of DNA break repair genes and path-
ways). Optical mapping of voltage, Ca2+ cycling, and contractili-
ty are being used to evaluate functional maturity of EHTs. EHTs 
respond to mechanical cues that promote structural, metabolic, 
and contractile maturation. EHTs can be used as physiological-
ly relevant preclinical models to understand pathophysiological 
mechanisms of cardiac diseases and to evaluate pharmacologi-
cal agents tailored to the needs of individual patients.

Funding Source: This work was supported by grants from the 
National Institutes of Health (P01 HL158502) and the American 
Heart Association (18SFRN34170442).

Keywords: Human Induced Pluripotent Stem Cells, Cardiac 
Myocyte Differentiation, Engineered Heart Tissue Maturation
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INDUCING LUNG DIFFERENTIATION IN HUMAN 
HEART-FORMING ORGANOIDS TO FORM 
COMPLEX LUNG-HFOS
Drakhlis, Lika - Leibniz Research Laboratories for Biotechnology 
and Artificial Organs (LEBAO), Hannover Medical School, 
Hannover, Germany
Dardano, Miriana - Leibniz Research Laboratories for 
Biotechnology and Artificial Organs, Hannover Medical School, 
Hannover, Germany
Wilson, Liam - Leibniz Research Laboratories for Biotechnology 
and Artificial Organs, Hannover Medical School, Hannover, 
Germany
Lang, Dorina - Leibniz Research Laboratories for Biotechnology 
and Artificial Organs, Hannover Medical School, Hannover, 
Germany
Teske, Jana - Leibniz Research Laboratories for Biotechnology 
and Artificial Organs, Hannover Medical School, Hannover, 
Germany
Franke, Annika - Leibniz Research Laboratories for 
Biotechnology and Artificial Organs, Hannover Medical School, 
Hannover, Germany
Zweigerdt, Robert - Leibniz Research Laboratories for 
Biotechnology and Artificial Organs, Hannover Medical School, 
Hannover, Germany

Heart-forming organoids (HFOs) derived from human pluripotent 
stem cells (hPSCs) represent a complex, highly structured in vitro 
model for heart, foregut and vasculature development. Specifical-
ly, HFOs are composed of a myocardial layer lined by endocardi-
al-like cells and surrounded by septum-transversum-like anlagen; 
they further contain spatially and molecularly distinct anterior 
versus posterior foregut endoderm (AFE versus PFE) tissues and 
a vascular network. The architecture of HFOs closely resembles 
aspects of early native heart anlagen prior to heart tube forma-
tion, which is known to require an interplay with foregut endo-
derm development. In the embryo, the AFE gives rise to different 
organs such as the lung, esophagus and thymus. In HFOs, the 
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) AFE is located in the inner core and represents immature tissue, 
which expresses markers for AFE-derived organs on the RNA but 
not the protein level, as revealed by single-cell RNA sequencing 
versus immunofluorescence staining. To further advance the cur-
rent HFO model towards embryo-like multi-tissue complexity, we 
here combine our HFO differentiation protocol with directed lung 
differentiation to induce lung epithelium formation. We show via 
flow cytometry and immunofluorescence staining that cells ex-
pressing the lung progenitor marker NKX2.1 form in the inner core, 
specifically within the epithelium lining the endodermal cavities. 
Notably, the overall 3D structure and established pattern of HFOs 
remain intact, despite the increase in tissue complexity. Thus, the 
first step towards a combined, self-organized heart-lung-vascu-
lature model has been achieved, opening new perspectives for 
investigating human diseases in vitro, as well as advanced tera-
togenicity assessment and drug discovery approaches to replace 
animal experiments efficiently.

Keywords: Multi-tissue organoid, Heart development, Lung 
development
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ISOGENIC IPSC-BASED 3D VESSEL-ON-CHIP 
MODEL OF CADASIL DISEASE REVEALS 
VASCULAR SMOOTH MUSCLE CELL 
PHENOTYPIC SWITCHING UPON HETERO-
CELLULAR INTERACTION
Vila Cuenca, Marc - Anatomy and Embryology - Clinical 
Genetics, Leiden University Medical Center, Leiden, Netherlands
Tsikari, Theano - Anatomy and Embryology, Leiden University 
Medical Center, Leiden, Netherlands
van Helden, Ruben - Anatomy and Embryology, Leiden 
University Medical Center, Leiden, Netherlands
Van Den Hil, Francijna - Anatomy and Embryology, Leiden 
University Medical Center, Leiden, Netherlands
Freund, Christian - Anatomy and Embryology, Leiden University 
Medical Center, Leiden, Netherlands
Mummery, Christine - Anatomy and Embryology, Leiden 
University Medical Center, Leiden, Netherlands
Rutten, Julie - Anatomy and Embryology, Leiden University 
Medical Center, Leiden, Netherlands
Lesnik Oberstein, Saskia - Anatomy and Embryology, Leiden 
University Medical Center, Leiden, Netherlands
Orlova, Valeria - Anatomy and Embryology, Leiden University 
Medical Center, Leiden, Netherlands

CADASIL is a hereditary small vessel disease caused by NOTCH3 
mutations leading to an accumulation and deposition of NOTCH3 
protein around vascular smooth muscle cells (VSMCs). The major 
pathogenic feature of CADASIL is the progressive degeneration 
of VSMCs of small and middle-sized cerebral arteries leading to 
vascular dysfunction. Here, we established three CADASIL and 
isogenic gene-corrected lines from two CADASIL patients. By us-
ing a set of standard 2D assays, we observed comparable levels 
of NOTCH3 and contractile proteins such as SM22 between the 
VSMCs derived from CADASIL and isogenic iPSCs. In addition, 
CADASIL iPSC-VSMCs showed reduced contraction respons-
es upon vasoactive stimulation when compared to isogenic iP-
SC-VSMCs while intracellular Ca2+ release dynamics where 
comparable. As endothelial cell (EC) expression of NOTCH3 li-
gands, such as Jagged-1, is required for activation of NOTCH3 
in VSMCs, we recapitulated EC-VSMC interactions by using an 
iPSC-based engineered 3D vessel-on-chip (VoC) model. In this 

system, CADASIL iPSC-VSMCs showed an elongated morpholo-
gy and higher proliferative behavior when compared to isogenic 
iPSC-VSMCs while microvascular structure was comparable be-
tween the two conditions. Immunofluorescent analysis revealed 
increased levels of NOTCH3 and SM22 in CADASIL iPSC-VSMCs. 
Importantly, we confirmed that CADASIL iPSC-VSMCs present 
slower intracellular Ca2+ kinetics upon vasoactive stimulation in 
the VoC. Finally, CADASIL iPSC-VSMCs morphological and phe-
notypical differences manifested in the VoC were rescued upon 
inhibition of NOTCH3 cleavage and activation with the y-secre-
tase inhibitor DAPT. By enabling EC-VSMC interaction in the 3D 
VoC model, we revealed that CADASIL iPSC-VSMCs result in 
profound phenotypical changes that were not evident in conven-
tional 2D assays. This study highlights the significance of patient 
iPSC-based VoC for modeling CADASIL and developing thera-
peutic strategies.

Funding Source: Netherlands Organisation for Health Research 
and Development (ZonMw); the Million Dollar Bike Ride Grant 
Program; the Novo Nordisk Foundation Center for Stem Cell 
Medicine; The Netherlands Organ-on-Chip Initiative (NOCI).

Keywords: disease model, vascular disease, CADASIL
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MODELING MYOCARDIAL INFARCTION USING 
MULTI-CELLULAR CARDIAC ORGANOIDS FROM 
HIPSCS
Song, Myeongjin - Department of Commercializing iPSC 
Technology, NEXEL Co., Ltd., Seoul, Korea
Woo, Dong-Hun - Department of Commercializing iPSC 
Technology, NEXEL Co., Ltd., Seoul, Korea

Myocardial infarction (MI) is an irreversible myocardial injury re-
sulting in high morbidity and mortality. Many cell-based cardiac in 
vitro models have been reported as a complementary approach 
to preclinical research, however, most approaches are not able to 
mimic human MI pathology. In this study, we generated a self-or-
ganizing cardiac organoid (COs) from human induced pluripotent 
stem cells (hiPSCs) with cardiomyocytes, fibroblasts, and endo-
thelial cells (multi-cellular COs) that recapitulates cellular compo-
sitions of human heart. To model MI, the multi-cellular COs were 
cultured in the presence of cobalt chloride (CoCl2), a hypoxia mi-
metic agent, and we confirmed the increased expression of MI 
markers at the mRNA and protein levels. Furthermore, the cardiac 
damage by the treatment of CoCl2 resulted in the defective calci-
um influx and contractility of the COs with cardiac fibrosis. These 
results have important implications for the application of in vi-
vo-like 3D heart and disease modeling, and these MI-CO models 
might provide a promising alternative to an animal experimental 
model for studying cardiac disease, as well as a drug screening 
system for finding therapeutic targets.

Keywords: Cardiac organoid, Human induced pluripotent stem 
cells, Disease modeling
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HUMAN MULTILINEAGE PRO-EPICARDIUM/
FOREGUT ORGANOIDS SUPPORT THE 
DEVELOPMENT OF AN EPICARDIUM/
MYOCARDIUM ORGANOID
Branco, Mariana - Bioengineering, Instituto Superior Tecnico, 
Lisbon, Portugal
Dias, Tiago - Bioengineering, Instituto Superior Técnico, Lisbon, 
Portugal
M. S. Cabral, Joaquim - Instituto de Bioengenharia e Biociências, 
Instituto Superior Técnico, Lisbon, Portugal
Margarida Diogo, Maria - Instituto de Bioengenharia e 
Biociências, Instituto Superior Técnico, Lisbon, Portugal
Pinto DO-Ó, Perpétua - Instituto de Investigação e Inovação em 
Saúde (i3S), Universidade do Porto, Portugal

Recapitulation of embryonic development through the generation 
of human pluripotent stem cell-derived organoids has succeeded 
for several tissues, such as for the brain and the intestine Howev-
er, the recreation of early stages of heart development in vitro has 
been particularly challenging. One important structure crucial for 
embryonic development of the heart is the pro-epicardial (PE) or-
gan, a transient structure that develops next to septum transver-
sum mesenchyme (STM) and liver bud. This structure comprises 
the epicardial progenitors that migrate towards the developing 
heart to form the outer epicardial layer that covers the myocar-
dium. Recapitulation of PE development in vitro has not been re-
ported so far. Therefore, the motivation of the present work was 
to recreate in vitro the embryonic development of the human PE 
through modulation of hPSC-derived mesendoderm progenitors 
in a in vivo-like 3D environment. As result, we achieved a self-or-
ganized multilineage hPSC-derived organoid that recreates PE/
STM populations and posterior foregut/hepatic primordium de-
velopment, with three clearly identifiable main regions: 1) an outer 
layer of WT1+/LHX2-/+low cells identified as PE-like cells, 2) an 
epithelial-like structure comprising CDX2/AFP positive endoderm 
gut tube cells and AFP/HNF4 positive hepatoblast-like cells, and 
3) an intermediate population between the outer layer and the 
epithelium that is WT1+low/LHX2+, identified as STM-like cells. By 
co-culturing these organoids with cardiomyocytes in a 3D envi-
ronment, we generated a epicardium-myocardium heart organoid 
model that self-organizes in a structure comprising a well-defined 
WT1+ epicardial-like layer that completely surrounds the myocar-
dium-like tissue. These heart organoids recapitulate the impact 
of epicardial cells on promoting embryonic myocardium growth 
and cardiomyocyte structural and functional maturation. There-
fore, the human heart organoids described herein open a clear 
path to advancing knowledge on how myocardium-epicardium 
interaction progresses during heart organogenesis in healthy or 
diseased settings, and represent a tool for embryonic heart de-
velopmental toxicity studies.

Funding Source: This work is funded by national funds 
from FCT – Fundação para a Ciência e Tecnologia, I.P. 
(project UIDB/04565/2020 and UIDP/04565/2020; project 
LA/P/0140/2020; project PTDC/EMD-TLM/29728/2017)

Keywords: Human epicardium-myocardium heart organoid, 
Human pro-epicardium organoid, hPSC-derived multilineage 
organoid

TOPIC: EPITHELIAL INCLUDES SKIN GUT LUNG
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CELLULAR AND MOLECULAR MECHANISMS OF 
ALVEOLAR CELL FATE DIFFERENTIATION AND 
PATTERNING IN THE DEVELOPING HUMAN LUNG
Lim, Kyungtae - The Wellcome Trust/Cancer Research UK 
Gurdon Institute, University of Cambridge, UK
He, Peng - Wellcome Sanger Institute, Wellcome Sanger 
Institute, Hinxton, UK
Sun, Dawei - Fei Chen Group, Broad Institute, Cambridge, MA, 
USA
Donovan, Alex - Gurdon Institute, University of Cambridge, UK
Tang, Walfred - Gurdon Institute, University of Cambridge, UK
Pett, Patrick - Wellcome Sanger Institute, Wellcome Sanger 
Institute, Hinxton, UK
Teichmann, Sarah - Wellcome Sanger Institute, Wellcome 
Sanger Institute, Hinxton, UK
Marioni, John - European Molecular Biology Laboratory, 
European Bioinformatics Institute, Cambridge, UK
Meyer, Kerstin - Wellcome Sanger Institute, Wellcome Sanger 
Institute, Hinxton, UK
Rawlins, Emma - Gurdon Institute, University of Cambridge, UK

In the developing human lung, alveolar development requires 
highly organised, spatiotemporal interactions between subsets of 
differentiating progenitor cells of epithelial and mesenchymal lin-
eages. Extensive studies have been performed to understand the 
underlying mechanisms which organise alveolar differentiation 
and cell patterning in the developing alveolar niche in human. 
However, it remains elusive. In this study, we have generated a 
multiomic cell atlas of human lung development that combines 
single-cell RNA and ATAC sequencing, high-throughput spatial 
transcriptomics, and single-cell imaging. The atlas identifies alve-
olar-fated epithelial progenitors in late-stage distal lung regions 
that can be modelled as self-organising organoids in vitro. We 
functionally validate that spatiotemporal cell-cell interactions 
between the alveolar-fated progenitors and surrounding popu-
lations of mesenchymal cells shapes spatial alveolar patterning 
in the developing alveolar niches. We also identify a Wnt-NKX2.1 
axis controlling alveolar cell fate determination and differentiation 
and model fetal alveolar-type-2 cells during culture. Furthermore, 
we have found alveolar fate-promoting chromatin features that 
facilitates alveolar differentiation of human lung progenitor cells. 
Our single cell analysis in combination with lung organoid sys-
tem revealed key aspects of human fetal lung stem cell biology, 
allowing mechanistic experiments to determine the cellular and 
molecular regulation of human alveolar development.

Keywords: human lung development, organoids, alveolar 
differentiation
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A MODEL OF PATIENT DERIVED AIRWAY 
EPITHELIAL BASAL CELLS REVEALS THE 
ROLE OF STAT3 SIGNALING IN AGE-RELATED 
RESPIRATORY SYNCYTIAL VIRUS INFECTION
Zhao, Caiqi - Department of Pediatrics, MGH, Boston, MA, USA
Wang, Wei - Department of Pediatrics, Massachusetts General 
Hospital, Boston, MA, USA
Bai, Yan - Department of Pediatrics, Massachusetts General 
Hospital, Boston, MA, USA
Fearns, Rachel - Department of Microbiology, Boston University 
School of Medicine, Boston, MA, USA
Ai, Xingbin - Department of Pediatrics, Massachusetts General 
Hospital, Boston, MA, USA
Lerou, Paul - Department of Pediatrics, Massachusetts General 
Hospital, Boston, MA, USA

Respiratory syncytial virus (RSV) infection is a major cause of se-
vere respiratory illness in infants, but usually causes only mild 
symptoms in adults. Apart from the immature immune system that 
may contribute to age-related RSV infection in infants, the role of 
airway epithelial cells, the primary cell of contact for RSV during 
infection, in age-related severity of RSV infection is poorly under-
stood and warrants investigation. Here, we first derived airway 
basal stem cells (BSCs) from tracheal aspirate (TA) samples of ne-
onates and adults. We compared the transcriptome of BSCs by 
age and found that age imprints BSCs manifested by differences 
in gene expression. In addition, we generated well-differentiat-
ed airway epithelial cells using air-liquid interface (ALI) cultures of 
neonatal and adult BSCs. Employing ALI cultures as a model for 
RSV infection, we further found that RSV infection induces sig-
nificant epithelium damage and elicits more robust viral replica-
tion and chemokine/cytokine expression in neonatal ALI culture 
than adult ALI culture. We further found that STAT3 signaling is 
at a higher level in adult airway epithelium than neonatal airway 
epithelium at baseline. Mechanistically, STAT3 signaling blocks 
RSV-induced apoptosis to limit infection in human airway epitheli-
al cells. Taken together, in this study we have successfully estab-
lished a human BSCs-derived epithelial model for RSV research. 
Our model reproduces age-related cytotoxicity of RSV infection 
in humans and demonstrates the critical role of airway epithelial 
cell in RSV severity.

Funding Source: This work was supported by a NIH R21(AI 
156597) grant to Paul H. Lerou.

Keywords: Basal stem cell, Airway epithelial cell, Respiratory 
syncytial virus

457

DECIPHERING HUMAN LUNG SQUAMOUS CELL 
CARCINOMA TUMORIGENESIS IN VITRO
Kiyokawa, Hirofumi - Chobanian and Avedisian School of 
Medicine, Boston University, Boston, MA, USA
Huang, Jessie - Chobanian and Avedisian School of Medicine, 
Boston University, Boston, MA, USA
Campbell, Joshua - Chobanian and Avedisian School of 
Medicine, Boston University, Boston, MA, USA
Beane-Ebel, Jennifer - Chobanian and Avedisian School of 
Medicine, Boston University, Boston, MA, USA
Billatos, Ehab - Chobanian and Avedisian School of Medicine, 
Boston University, Boston, MA, USA
Mazzilli, Sarah - Chobanian and Avedisian School of Medicine, 
Boston University, Boston, MA, USA
Lenburg, Marc - Chobanian and Avedisian School of Medicine, 
Boston University, Boston, MA, USA
Kotton, Darrell - Chobanian and Avedisian School of Medicine, 
Boston University, Boston, MA, USA

Tumorigenesis is a complex process that involves the acquisition 
of genetic mutations, resulting in the dysregulation of epithelial 
cell proliferation and differentiation. Lung cancer is the leading 
cause of cancer deaths worldwide, with lung squamous cell car-
cinoma (LuSSC) being the second most frequent. However, the 
molecular mechanisms regulating the stepwise progression of 
LuSSC tumorigenesis remain to be elucidated due in part to the 
difficulties in repeatedly sampling human early cancer lesions 
and the lack of useful in-vitro/vivo platforms that fully recapitu-
late human LuSCC tumorigenesis. To overcome these issues, we 
sought to recapitulate the stepwise process of LuSCC tumorigen-
esis in vitro by introducing critical gene mutations into human air-
way basal cells, the cells of the origin of LuSCC. First, we analyzed 
the gene mutational profiles of low-grade premalignant lesions, 
carcinoma in situ (CIS), and invasive carcinoma to identify can-
didate driver genes of the major steps of LuSCC tumorigenesis 
using human patient samples. Gene mutation analyses revealed 
that TP53 mutations are the most frequently detected gene mu-
tations at the early stages of LuSCC. Therefore, we knocked out 
TP53 in iPSC-derived human basal cells (iBCs) in vitro by CRISPR/
Cas9 gene editing. Notably, TP53 KO iBCs displayed: 1) higher 
basal cell proliferation and yield in 3D culture conditions; and 2) 
lineage biases in basal cell differentiation towards secretory cell 
fates in 2D air-liquid interface cultures at the expense of basal cell 
fates, as indicated by reduced expression of basal cell markers 
such as TP63. However, given that LuSCC highly expresses basal 
cell markers and not secretory cell markers, these results suggest 
that TP53 mutation alone is insufficient to initiate the full LuSCC 
phenotype in basal cells, and additional gene mutations present 
in early lung cancer are likely required for LuSCC oncogenesis.

Keywords: carcinogenesis, stem cell-based disease modeling, 
iPS cell-derived airway basal cells
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BIOLOGICALLY RELEVANT SUPPORT 
FOR PRIMARY HUMAN KERATINOCYTES, 
MELANOCYTES AND FIBROBLASTS, UNDER 
XENOFREE- AND CHEMICALLY DEFINED 
CONDITIONS WITH BIOLAMININ-521
Kele, Malin - Business Development, Research and 
Development, BioLamina, Stockholm, Sweden
Eleuteri, Boris - Business Development and Research and 
Development, BioLamina, Stockholm, Sweden
Kallur, Therese - Business Development and Research and 
Development, BioLamina Inc., Boston, MA, USA

Autologous skin cultures are one of the first in vitro expanded 
tissue types used in cell therapies. The pioneering research was 
published by J. G. Rheinwald and H. Green, in 1975. Their meth-
od of expanding human keratinocytes is based on murine feeder 
cells and bovine serum enriched medium, a method revolutioniz-
ing the treatment of severe wounds at the time and still much in 
use even Today. However, the use of animal components within 
cell-based therapies is one of the major factors restraining the 
treatment of wounds to only the severest cases. Protocols for plu-
ripotent-based cell therapies has in the past decade transferred 
from animal-components to xenofree-and defined settings, one 
component in this transfer has been the development of recom-
binant laminin proteins as coating substrate. Laminins are an ex-
tracellular matrix protein family that is highly expressed within the 
basement membrane (BM) in all epithelial tissues, including the 
skin. The BM is a vital part of the stem cell niche supporting the 
basal keratinocytes in tissue homeostasis and in wound healing. 
The BM within the skin contains multiple laminin isoforms, where 
laminin-332, -331, laminin-511, -521, laminin-421 and -411 are the 
major components. Although the distinct role of the different lami-
nin isoforms is still largely unknown, the essential role in main-
taining healthy skin is demonstrated in Epidermolysis bullosa, a 
severe genetic skin disease caused by a mutation in laminin 332, 
leading to fragile skin and chronic wounds. Here we demonstrate 
that the use of recombinantly produced laminins, Biolaminins, as 
cell culture substrate can provide biologically relevant support to 
the major cell types of the skin, allowing for complete xenofree 
and defined expansion of primary adult keratinocytes, melano-
cytes, and fibroblasts. We demonstrate that the effect is laminin 
isoform dependent and provide superior support to the prolifer-
ative cells within the skin, also from aged donors, compared to 
current methods. For example, the use of Biolaminin-521 in ex-
panding human primary keratinocytes resulted in 14 cumulative 
doublings compared to 8 with standard conditions after 30 days 
in cultures. In conclusion, we believe that this will allow for a new 
generation of safe- and efficient in vitro expansion of human ke-
ratinocytes, melanocytes, and fibroblasts.

Keywords: laminin, primary keratinocytes, wound
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LAMELLAR BODY FORMATION AND 
SURFACTANT SECRETION IN LRRK2 -/- DISTAL 
LUNG ORGANOIDS
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Alvarado, Asuka - Center for Stem Cells and Regenerative 
Medicine, Sanford Burnham Prebys Medical Discovery Institute, 
San Diego, CA, USA
Leibel, Sandra - Medicine, University of California, San Diego, 
CA, USA
Liu, Yang - Center for Stem Cells and Regenerative Medicine, 
Sanford Burnham Prebys Medical Discovery Institute, San 
Diego, CA, USA
McVicar, Rachael - Center for Stem Cells and Regenerative 
Medicine, Sanford Burnham Prebys Medical Discovery Institute, 
San Diego, CA, USA

Neonatal respiratory distress syndrome (nRDS) occurs in infants 
born less than 28 gestational weeks, making it a leading cause 
of neonatal morbidity and mortality. It results from a gestational 
deficiency of surfactant, a molecule that is stored within lamellar 
bodies (LB) of alveolar type two (AT2) cells and reduces surface 
tension. The treatment for nRDS is intubation and exogenous 
surfactant therapy. Incidentally, recent studies in animal models 
have discovered that the inhibition of the leucine-rich repeat ki-
nase 2 (LRRK2) gene increased the production and size of the 
surfactant-containing LBs. Studies in human model systems have 
not confirmed these findings. We propose to use LRRK2 knock 
out (KO) induced pluripotent stem cell (iPSC) derived distal lung 
organoids (DLOs) to elucidate the mechanism of LB development 
and surfactant secretion. LRRK2 functions in autophagy and vesi-
cle trafficking and its impact on LB development may yield a new 
therapy for nRDS. The LRRK2 KO line was generated by deleting 
5 bp at the G2019S site within the LRRK2 gene with CRISPR/Cas9 
in iPSCs. We generated 3 different in vitro human model systems 
of wild type (wt) and LRRK2 KO iPSC derived DLOs including 1) 3D 
DLOs embedded in matrigel; 2) 3D DLOs dissociated into mono-
layers and 3) 3D DLOs dissociated onto trans wells in an air-liq-
uid-interface (iALI) system. We evaluated the protein expression 
of alveolar type II markers including HTII-280 and pro-SPC along 
with the lamellar body marker, LAMP3. Nile red, a molecule that 
targets lamellar bodies, had higher expression in the 3D DLOs 
compared to the dissociated 3D DLO. Furthermore, flow cytom-
etry analysis for HTII-280, showed that the 3D DLO dissociated 
iALI system had higher yields of AT2 cells compared to the 3D 
DLOs. Our future aims are to determine the size of the lamellar 
bodies in the wt and LRRK2 KO DLOs. Additionally, we will use 
ATP stimulation to determine the amount of surfactant secreted 
and elucidate the gene transcription profiles of lamellar body de-
velopment in the LRRK2 KO DLOs. These findings will promote 
the understanding of lamellar body and surfactant development 
to potentially be translated into a therapeutic intervention for ba-
bies born premature.

Keywords: LRRK2, surfactant, nRDS
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IPSC-DERIVED ORGANOID-BASED MODEL OF 
INTESTINAL FILOVIRUS INFECTION
Flores, Elizabeth Yvonne - Medicine, Boston University, Boston, 
MA, USA
Mithal, Aditya - Medicine, Boston University School of Medicine, 
Boston, MA, USA
Hume, Adam - Microbiology, Boston University School of 
Medicine, Boston, MA, USA
Olejnik, Judith - Microbiology, Boston University School of 
Medicine, Boston, MA, USA
Mühlberger, Elke - Microbiology, Boston University School of 
Medicine, Boston, MA, USA
Mostoslavsky, Gustavo - Medicine, Boston University School of 
Medicine, Boston, MA, USA

Affected Ebola virus disease (EVD) patients lose copious amounts 
of fluids in a matter of days, rapidly deteriorating into hypovole-
mic shock and death. Similar intestinal manifestations were also 
reported for Marburg virus (MARV) disease, another filovirus. At 
present, available animal models insufficiently recapitulate the 
gastrointestinal symptoms of EVD patients. To fill this gap, we 
have established an induced pluripotent stem cell (iPSC)-derived 
human intestinal organoid (HIO) model that can be primed to-
wards proximal (small intestine) or distal (colonic) intestinal lineag-
es. Three-dimensional tissue-specific organoids recapitulate the 
heterogeneity, architecture, and cellular functions of the primary 
tissue, thus representing a powerful tool to study development 
and disease. The generation of a hiPSC CDX2-GFP reporter line 
highlights the role of CDX2 as a marker for the emergence of 
hindgut intestinal progenitors during our differentiation protocol. 
This platform can facilitate the study of late-stage EVD gastro-
intestinal symptoms, including diarrhea. We employed the gen-
eration of these organoids to study the effects of filovirus infec-
tion on intestinal epithelial integrity. Successful robust EBOV and 
MARV infections of iPSC-derived HIOs, affecting mostly epithelial 
CDX2+ enterocytes was achieved. The infected cells showed 
signs of cell damage. Transcriptomics analysis indicated the 
modulation of cell junction pathways and a set of ion transporters 
known to play a role in the induction of diarrhea. Taken together, 
these data suggest that EBOV and MARV compromise barrier in-
tegrity of the intestinal epithelium and cause abnormal ion flux as 
the basis for gastrointestinal dysfunction and diarrhea.

Keywords: iPSC-dervied HIOs, filoviruses, intestinal

465

MORPHOLOGICAL AND PROTEIN EXPRESSION 
ALTERATIONS IN APICAL MICROVILLI OF 
RETINAL PIGMENT EPITHELIUM DERIVED FROM 
OCA1A PATIENT IPS CELLS
George, Aman - National Eye Institute, National Institute of 
Health, Bethesda, MD, USA
Leigh, Arnold - OGVFB/NEI, NEI/NIH, Bethesda, MD, USA
Nguyen, Eric - OGVFB/NEI, NEI/NIH, Bethesda, MD, USA
Sharma, Ruchi - OGVFB/NEI, NEI/NIH, Bethesda, MD, USA
Abu-Asab, Mones - Electron Microscopy Core/NEI, NEI/NIH, 
Bethesda, MD, USA
Bharti, Kapil - OGVFB/NEI, NEI/NIH, Bethesda, MD, USA
Brooks, Brian - OGVFB/NEI, NEI/NIH, Bethesda, MD, USA

Oculocutaneous albinism type 1A (OCA1A) is caused due to mu-
tations in TYROSINASE gene (TYR) and results in pigmentation 
defects of the skin, hair, and eyes. OCA1A is associated with ab-
normal development of the fovea, a retina structure important for 
high-acuity and central vision. It is still unknown how the lack of 
pigmentation in retinal pigment epithelium (RPE) and choroid af-
fects the neighboring neural retina during development. RPE cells 
exhibit apical-basal polarity with microvilli occupying the apical 
landscape, and mediating interactions with the photoreceptors. 
Our study investigates the morphological and molecular proper-
ties of the apical microvilli of OCA1A patient derived RPE mono-
layer tissue via induced pluripotent stem cell (iPSC) technology. 
Three unaffected control (CTRL) and two OCA1A iPSC lines used 
in the study have been reported earlier (George et al., 2022). Di-
rected differentiation of iPSCs towards iRPE was performed as 
described earlier (Sharma et al., 2022). Morphology of apical 
microvilli was studied using electron microscopy (SEM & TEM) 
and immunofluorescence staining. Relative protein levels were 
studied using Western blotting (WB). RPE derived from OCA1A 
patients and TYR knockout iPSC exhibited pigmentation defects. 
TEM revealed reduced presence of apical microvilli in some ar-
eas of OCA1A-iRPE but not throughout the monolayer, whereas 
scanning electron microscopy did not reveal any observable de-
fects as compared to CTRL-iRPE. Immunofluorescence staining 
for EZRIN protein and F-Actin staining, which plays an important 
role in formation of apical processes, was significantly reduced 
in all OCA1A-iRPE as compared to CTRL-iRPE. However, protein 
levels for SLCO1A2, which is localized at the apical microvilli and 
plays an important role in cellular uptake of all-trans-retinol in 
RPE, was significantly increased in OCA1A-iRPE, as observed by 
immuno-fluorescence staining and WB. Our data show that RPE 
from OCA1A, a form of albinism, exhibits altered morphological 
organization and protein expression pattern compared to pig-
mented RPE. How RPE apical microvilli interact with the develop-
ing neural retina postnatally is poorly understood, and whether 
these microvilli processes could be involved in shaping the neural 
retina is worth investigating.

Funding Source: NIH Intramural

Keywords: Oculocutaneous Albinism, Retinal pigment 
epithelium, Induced Pluripotent Stem Cells
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467

2D and 3D GASTRULOID MODELS FOR 
INVESTIGATING MAMMALIAN ENDODERM 
DEVELOPMENT
Jovanic, Svetlana - Developmental Biology Program, Sloan 
Kettering Institute, New York City, NY, USA
Godovich, David - Developmental Biology Program, Sloan 
Kettering Institute, New York City, NY, USA
Vianello, Stefano - Institute of Cellular and Organismic Biology, 
LinHai Marine Research Station, Academia Sinica, Jiaoxi 
Township, Taiwan
Hadjantonakis, Anna-Katerina - Developmental Biology 
Program, Sloan Kettering Institute, New York City, NY, USA

Gastrulation is a dynamic developmental process where plu-
ripotent cells undergo specification into the three germ layers 
- ectoderm, mesoderm, and endoderm - that will anticipate a 
future body organization. The endoderm will give rise to respi-
ratory, and digestive tract and their respective organs, such as 
the lungs liver and pancreas. It initially forms a sheet of epithelial 
cells that subsequently transforms into a (gut) tube, comprising 
three distinct regions - foregut, midgut, and hindgut – along its 
Anterior-Posterior axis. Endoderm development encompasses a 
series of sequential of steps; from the specification of cells with 
an endoderm identity, the patterning of this progenitor tissue, and 
the region-specific emergence of nascent endodermal organs. 
To investigate endoderm development, we are using mouse and 
human pluripotent stem cell-based models that upon exposure 
to specific growth factors differentiate to form the three germ lay-
ers: (1) adherent cell-based 2D gastruloids, and (2) non-adherent 
cell aggregate-based 3D gastruloids. 2D gastruloids are scalable 
and highly reproducible, and they amenable to quantitative im-
age-based analyses. This model is being used to quantify the im-
pact of perturbations in gene regulatory networks on endoderm 
specification. In parallel, we are optimizing protocols to generate 
3D gastruloids containing a gut tube-like structure comprised of 
endoderm cells. This model is being used to determine the fac-
tors driving endoderm tissue patterning under normal conditions 
and with perturbations. Furthermore, human gastruloids are be-
ing compared to mouse gastruloids (cross-species comparison), 
and gastruloids are being compared to correspondingly-staged 
mouse embryos (in vitro vs. in vivo comparison).

Funding Source: Work is supported by a training award 
from the National Institutes of Health (NIH; R01DK127821 and 
P30CA008748) and The New York State Stem Cell Science 
(NYSTEM; C32559GG) and the Center for Stem Cell Biology at 
Memorial Sloan Kettering.

Keywords: Gastrulation, Gastruloids, Endoderm
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REUTERI AND ITS METABOLITES PROMOTE 
INTESTINAL MATURATION AND REGENERATION 
IN HUMAN INTESTINAL ORGANOIDS AND MICE
Lee, Hana - Stem Cell Convergence Research Center, Korea 
Research Institute of Bioscience and Biotechnology (KRIBB), 
Daejeon, Korea
Son, Mi-Young - Stem Cell Convergence Research Center, 
Korea Research Institute of Bioscience and Biotechnology, 
Daejeon, Korea

Little is known about the regulatory capacity of the microbiota in 
early gut development. In addition, the intestinal maturation and 
therapeutic efficacy of microbial metabolites are not well under-
stood. We investigated various intestinal models that respond 
to gut microbial metabolites based on human pluripotent stem 
cell-derived human intestinal organoids (hIOs): physiologically 
relevant in vitro fetal-like intestine, intestinal stem cells, and in-
testinal disease models. We found that a newly isolated Limosi-
lactobacillus reuteri strain DS0384 accelerated maturation of the 
fetal intestine using 3D hIO with immature fetal characteristics. 
Comparative metabolomic profiling analysis revealed that the 
secreted metabolite N-carbamyl glutamic acid (NCG) is involved 
in the beneficial effect of DS0384 cell-free supernatants on the 
intestinal maturation of hIOs. Experiments in an intestinal stem 
cell spheroid model and hIO-based intestinal inflamed model 
revealed that the cell-free supernatant from DS0384 compris-
ing NCG promoted intestinal stem cell proliferation and was im-
portant for intestinal protection against cytokine-induced intes-
tinal epithelial injury. Seven-day oral administration of DS0384 
and cell-free supernatant accelerated intestinal development in 
neonatal mice. Moreover, NCG exerted protective and therapeu-
tic effects on experimental colitis in mice. The metabolite NCG 
showed intestinal epithelial wound healing in a human intestinal 
epithelial cells (hIECs) model. These results suggest that DS0384 
and its metabolite NCG are valuable agents for probiotic applica-
tions and treatment for disorders of early gut development and 
for preventing intestinal barrier dysfunction.

Funding Source: This research was supported by the Korean 
Fund for Regenerative Medicine(KFRM) grant funded by the 
Korea government(the Ministry of Science and ICT, the Ministry 
of Health & Welfare, 21A0404L1).

Keywords: human intestinal organoid, Limosilactobacillus 
reuteri, N-carbamyl glutamic acid
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EVALUATING HUMAN BLASTOIDS TO MODEL 
EARLY HUMAN DEVELOPMENT
Kim, Hani Jieun - Computational Systems Biology Group, 
Children’s Medical Research Institute, Sydney, Australia
Zhang, Xinran - Faculty of Medicine and Health, The University 
of Sydney, Australia
Salehin, Nazmus - Embryology Research Unit, Children’s 
Medical Research Institute, Sydney, Australia
Tam, Patrick PL - Embryology Research Unit, Children’s Medical 
Research Institute, Sydney, Australia
Yang, Pengyi - Computational Systems Biology Group, 
Children’s Medical Research Institute, Sydney, Australia

The generation of in vitro human blastoids that recapitulate the 
human blastocyst is a transforming achievement that would en-
rich our understanding of early human development. While a 
multitude of protocols have been established for generating the 
blastoids, the authenticity of these blastoids in modelling hu-
man blastocysts remains unclear. In this study, we established a 
cell-identity reference map of human blastocysts at peri-implan-
tation to early post-implantation stage through integration and 
characterisation of single-cell transcriptomics data generated 
from human blastocysts grown ex vivo. This molecular cell atlas 
can serve as a reference for benchmarking the fidelity of in vi-
tro blastoids for modelling the natural blastocyst. Using this ref-
erence map, we have assessed the compendium of cell types 
and their transcriptomic signatures of blastoids generated from 
pluripotent stem cells and induced pluripotent stem cells. In addi-
tion, the molecular roadmap of blastocyst development gleaned 
from the cell atlas provides useful guidance to future generation 
of high-quality human blastoids that best recapitulate the in vivo 
counterparts.

Funding Source: This project was supported by the National 
Health and Medical Research Council (NHMRC) Grant (1173469) 
to PY.

Keywords: blastoid fidelity, in vitro models, computational 
benchmarking

483

MODELING DEFECTS IN EXTRAVILLOUS 
TROPHOBLAST DIFFERENTIATION IN THE 
SETTING OF TRISOMY 21
Olfus, Sydney Darlene - Biology, San Diego State University, 
San Diego, CA, USA
Bui, Tony - Pathology, University of California, San Diego, CA, 
USA
Horii, Mariko - Pathology, University of California, San Diego, 
CA, USA
Parast, Mana - Pathology, University of California, San Diego, 
CA, USA

Trisomy 21 (T21) pregnancies are known to have a higher risk 
of miscarriage due to abnormal trophoblast differentiation, the 
epithelial cells of the placenta. Within the placenta, trophoblast 
stem cells (TSC) differentiate to form either multinucleated, hor-
mone-producing syncytiotrophoblasts (STB), or invasive extravil-
lous trophoblast (EVT), cells involved in vascular remodeling and 
establishing blood flow to the placenta. Only limited studies of 

T21-affected EVT have been done, due to a lack of an optimal 
in vitro EVT model. Our lab has recently established hESC-de-
rived TSC, with a significantly improved EVT differentiation pro-
tocol. Therefore, in this study, we utilized this newly-established 
protocol to investigate T21-affected EVT. Three T21-affected and 
two disomy hESC lines were converted to TSC, following a 4-day 
treatment with bone morphogenetic protein 4 (BMP4) and WNT 
inhibitor IWP2, and then transitioning the cells into TSC media. 
TSC establishment was confirmed by flow cytometry to ensure 
uniform surface expression of EGFR. Subsequently, EVT differen-
tiation of the hESC-derived TSC was performed, using a recent-
ly-optimized EVT differentiation protocol. EVT differentiation was 
assessed by morphology, as well as flow cytometric analysis for 
surface expression of HLA-G (an EVT marker). When EVT differen-
tiation was initiated, the morphology of T21-affected cells was sig-
nificantly different: T21-affected EVT showed an ovoid morphol-
ogy with slower cell growth, and did not display the elongated 
morphology that is characteristic of normal EVT. T21-affected EVT 
also showed an 8.7 fold decrease in surface expression of HLA-G 
by flow cytometry, when compared to disomy-hESC-derived EVT. 
Our results show reduced EVT differentiation of T21-hESC de-
rived TSCs, based on both morphology and marker expression. 
This is the first report showing an abnormal EVT phenotype in 
T21-affected hESC-derived trophoblast. Additional evaluation of 
gene expression by qPCR, cell proliferation, and function (inva-
sive capacity and secretome) are required to further assess EVT 
formation in the setting of T21.

Funding Source: California Institute of Regenerative Medicine

Keywords: Trophoblast differentiation, Trisomy 21, Placenta

485

DERIVATION OF INDUCED TROPHOBLAST 
STEM CELLS FROM UMBILICAL CORD-DERIVED 
MESENCHYMAL STEM CELLS FROM PATIENTS 
WITH PREECLAMPSIA
Salcedo, Geronimo - Pathology, University of California, San 
Diego, CA, USA
Parast, Mana - Pathology, University of California, San Diego, 
CA, USA
Horii, Mariko - Pathology, University of California, San Diego, 
CA, USA
Bui, Tony - University of California, San Diego, CA, USA

Studying pregnancy complications requires renewable cell mod-
el systems. Our lab recently developed a disease-in-a-dish model 
system to study a hypertensive pregnancy disorder called pre-
eclampsia (PE) using patient umbilical cord mesenchymal stem 
cells (UC-MSC)-derived induced pluripotent stem cells (iPSC). 
PE is characterized by abnormal formation or function of pla-
cental cells, called trophoblast. We converted the MSC-derived 
iPSCs into human trophoblast stem cells (hTSC) and found that 
PE-affected iPSC-TSC showed abnormal trophoblast differentia-
tion and response to environmental stressors, when compared 
to healthy iPSC-TSC. A more recent publication demonstrated 
that a transient fibroblast intermediate generated during repro-
gramming to iPSC can directly generate induced trophoblast 
stem cells (iTSC). However, there is no assessment of the ability 
of these iTSC to model disease, such as PE. Therefore, we pro-
pose to derive iTSC from the same healthy and PE-affected UC-
MSCs, comparing these to previously-derived iPSC-TSC, in order 
to perform in-depth comparison of the two methods. We used 
UC-MSCs derived from placentas of PE and non-PE patients, and 
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reprogrammed them using standard Yamanaka factors (OSKM). 
On day 8 post-transduction, reprogramming intermediates were 
transitioned onto mouse embryonic fibroblast (MEF) feeder layers 
with hTSC media, and cultured under 5% oxygen, following the 
recently published protocol. Cell characterization was performed 
by morphological assessment and by flow cytometry to measure 
surface expression of hTSC markers. Soon after the transition 
into hTSC media, we noted significant morphological changes 
of reprogramming intermediates, with cuboidal epithelial-like 
morphology. These cells further formed distinct hTSC-like col-
onies after several passages. Flow cytometric analysis showed 
increased expression of an early trophoblast marker, ENPEP, by 
passage 10. Our characterizations suggest that iTSC resembles 
hTSC and could be useful in modeling disease. Our next step is to 
determine whether the iTSC derived from PE-patients have a sim-
ilarly-abnormal phenotype when compared to both iTSC derived 
from healthy patients, and the previously-established iPSC-TSC, 
in order to identify the best in vitro model system to study PE-af-
fected trophoblast.

Funding Source: California Institute for Regenerative Medicine

Keywords: Trophoblasts, Reprogramming, Preeclampsia
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BIOENGINEERED IPSC-DERIVED MODELS OF 
HUMAN BONE MARROW FOR STUDIES OF 
INJURY AND DISEASE
Tavakol, Daniel Naveed - Biomedical Engineering, Columbia 
University, New York, NY, USA
Graney, Pamela - Biomedical Engineering, Columbia University, 
New York, NY, USA
He, Siyu - Biomedical Engineering, Columbia University, New 
York, NY, USA
Baldassarri, Ilaria - Biomedical Engineering, Columbia University, 
New York, NY, USA
Samaritano, Maria - Biomedical Engineering, Columbia 
University, New York, NY, USA
Zhuang, Richard - Biomedical Engineering, Columbia University, 
New York, NY, USA
Brown, Jessie - Biomedical Engineering, Columbia University, 
New York, NY, USA
O’Donnell, Aaron - Biomedical Engineering, Columbia University, 
New York, NY, USA
Leong, Kam - Biomedical Engineering, Columbia University, New 
York, NY, USA
Azizi, Elham - Biomedical Engineering, Columbia University, New 
York, NY, USA
Palomero, Teresa - Pathology, Columbia University, New York, 
NY, USA
Ferrando, Adolfo - Pathology, Columbia University, New York, 
NY, USA
Hirschi, Karen - Cell Biology, University of Virginia, 
Charlottesville, VA, USA
Vunjak-Novakovic, Gordana - Biomedical Engineering, Columbia 
University, New York, NY, USA

The human bone marrow (BM) is one of the most complex and 
critical tissues in the adult, functioning as the site for blood and 
immune cell production in homeostasis, injury, and disease. The 
marrow acts as an incredibly diverse stem cell niche, containing 

stromal and blood cells that help support the maintenance and 
differentiation capacity of hematopoietic stem and progenitor 
cells (HSPCs). The cell-cell and cell-matrix interactions within the 
niche help trigger blood cell production in response to injury, 
and to harbor downstream changes that may persist in the he-
matopoietic system during disease, such as in cancer metastasis 
or leukemias. As the development of human organs-on-a-chip 
(OoC) platforms has emerged over the past decade, there has 
been an increased relevance of using human BM models to study 
human- and patient-specific immune interactions in vitro. Here 
we report the development of a patient-specific bioengineered 
model of the BM, derived entirely from induced pluripotent stem 
cells (iPSCs) and its use in studies of radiation toxicity, blood ma-
lignancies, and systemic interactions. The engineered model 
of human BM (eBM) is derived from iPSC-derived osteoblasts, 
mesenchymal stem/stromal cells, and endothelial cells within a 
decellularized bone scaffold. This model was developed to be 
modular, with ability to include either healthy cord blood-, iPSC-, 
or BM-derived HSPCs. We validated the model with histological 
staining, flow cytometry, colony forming assays, and single-cell 
RNA sequencing, demonstrating maintenance and differentiation 
of blood progenitors and progeny, and describe here applica-
tions in acute radiation injury, leukemic infiltration, and systemic, 
multi-tissue interactions. Notably, eBMs were able to maintain do-
nor acute myeloid and B-/T-lymphoblastic leukemias better than 
in liquid cultures, as well as recapitulating drug responses seen 
clinically and in vivo, as compared to traditional liquid cultures. 
Further, we linked the eBM model to the cardiac tissue by vascu-
lar perfusion to demonstrate the recruitment of monocytes from 
eBM in response to acute cardiac injury in a systemic, multi-tissue 
platform. We propose that this novel model system can be used 
to study malignant transformation, systemic immune responses, 
and the development of personalized therapeutics.

Funding Source: Funding supported by NIH NRSA 
1F31CA275733-01, NSF GRFP 1644869, NIH P41EB027062, NIH 
R01 CA249799, and Alex’s Lemonade Stand.

Keywords: Organ-on-a-chip, Bone marrow, Tissue engineering
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AN ENGINEERED HUMAN IPSC-BLOOD VESSEL 
WITH ORGANIZED SPIRAL-ORIENTED SMOOTH 
MUSCLE LAYERS AS A NEW FUNCTIONAL 
MODEL FOR CARDIOVASCULAR DISEASES
Itai, Shun - Graduate School of Biomedical Engineering, Tohoku 
University, Sendai, Japan
Korekata, Mayuko - School of Medicine, Tohoku University, 
Sendai, Japan
Toyohara, Takafumi - Graduate School of Biomedical 
Engineering, Tohoku University, Sendai, Japan
Onoe, Hiroaki - Faculty of Science and Technology, Keio 
University, Yokohama, Japan
Abe, Takaaki - Graduate School of Biomedical Engineering, 
Tohoku University, Sendai, Japan

Cardiovascular diseases (CVD) account for about 1/3 of the death 
in the world and shorten healthy life expectancy. Despite sig-
nificant progress in the field, curative treatments have yet to be 
developed directly targeting the dysfunctional phenotypes ob-
served rather than treating secondary symptoms that CVD gives 
rise to such as hypertension and diabetes. Since models using 
mouse vascular tissue are unable to fully recapitulate human 
pathophysiology observed in the clinic, due to the differences in 
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) gene expression from that of humans, human iPSC-derived tis-
sue-engineered blood vessels (TEBV) will serve as a more robust 
model to elucidate the mechanisms leading to CVD. Although 
some TEBVs with vascular smooth muscle cells (VSMCs) and en-
dothelial cells (ECs) have already been established in the field, 
these models have caveats in their ability to mimic the physiology 
of the human artery. For example, the contraction of these ves-
sels remains weak due to the lack of circumferential alignment 
of VSMCs and the lack of flexibility in the scaffolds. These two 
characteristics are important to address because it has been well 
established that contraction and dilation play a crucial role in 
vascular diseases. Here we propose a novel rolling-up molding 
method to form a physiologically deformable TEBV from human 
iPSCs. First, a VSMC fiber was formed with a 3D-printed micro-
channel mold and metallic anchors. The iPSCs-derived VSMCs 
suspended in a collagen hydrogel spontaneously contracted 
about 95% in volume and aligned axially in 24 hours. This fiber is 
rolled up by a 3D-printed inclined mold to spontaneously form a 
spiral shape. Finally, rolled-up VSMCs were embedded into col-
lagen hydrogel with perfusion connectors, and ECs were seeded 
inside to establish the TEBV. As a proof of concept, our TEBV was 
also challenged to undergo other physiologically-relevant condi-
tions, including maintenance under pulsatile perfusion, treatment 
with U46619, a thromboxane A2 agonist, and normalization with 
contraction by KCl. The relative contraction ratio was 78.0 ± 5.1%, 
similar to previously reported ex vivo experiments. Taken togeth-
er, we anticipate that our model will serve as a more physiologi-
cally-relevant model to investigate the mechanisms behind CVD 
and thus will lead to therapeutic discoveries.

Funding Source: This work was partly supported by JSPS 
KAKENHI Grant Number JP YYK0F12 and 22J01133, Japan 
Society for the Promotion of Science (JSPS), Japan

Keywords: tissue-engineered blood vessel, vascular smooth 
muscle, contraction
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POSTTRAUMATIC OSTEOARTHRITIS
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CA, USA
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CA, USA
Chavez, Melissa - RMI, Cedars-Sinai Medical Center, Los 
Angeles, CA, USA
Shelest, Oksana - RMI, Cedars-Sinai Medical Center, Los 
Angeles, CA, USA
Metzger, Melodie - Orthopedics, Cedars-Sinai Medical Center, 
Los Angeles, CA, USA
Tawackoli, Wafa - RMI, Cedars-Sinai Medical Center, Los 
Angeles, CA, USA
Sheyn, Dmitriy - RMI, Cedars-Sinai Medical Center, Los Angeles, 
CA, USA

Post-traumatic osteoarthritis (PTOA) is a degenerative cartilage 
disease that occurs in relatively young patients following injury 
like ACL tear, causes pain, disability, and economic burden. The 
iPSC-derived macrophages have the potential to prevent the in-
flammatory insult to the joint and PTOA induction. Non-surgical 
model of PTOA using a noninvasive ACL tear mimics the human 
condition as close as possible. Immunogenicity poses challenges 
for development of human stem cell therapies in animal models. 
To study the potential iPSC-derived treatments on PTOA, immu-
nocompromised Nude and wild type Sprague Dawley (SD) rats 
were used to study immune reactivity to human iPSC-derived 
cells. Since the joint is considered immune privileged site, we 
hypothesized that SD rats would not have a greater immune re-
action compared to Nude rats when human iPSC-derived cells 
were injected into the injured knee. Human iPSCs were differ-
entiated to macrophages using an optimized protocol, charac-
terized via flow cytometry, and confirmed functionality through 
phagocytic assay. SD and Nude rats went noninvasive ACL injury 
and were injected with human cells 2 weeks later. Serum was 
collected during the day of injury, injection day, day 3, 7 10 and 
14 post injection. We observed no significant difference in IgM 
levels and CD8+ cells between Nude and SD rats, demonstrating 
no immune reaction in immunocompetent rats after human cell 
injection to the joint. To further characterize the PTOA model, SD 
rats underwent non-invasive ACL injury and were followed for 16 
weeks. Biobehavioral tests of rats with knee injury demonstrat-
ed an increase in left and right stride length, a decrease in sway 
width and a significant increase in left paw angle and a trend of 
increasing right paw angle. Rats were sacrificed after 18, 20 or 25 
weeks, the knee joints were processed for histology and used for 
OARSI score, showing development of knee OA as early as week 
18 post injury. This confirmed the feasibility of noon-invasive ACL 
tear to model PTOA and a feasibility of human stem cell therapy 
development. Future steps of this study will include introducing 
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differentiated iPSC-derived macrophages into an ACL injured rat 
model to modify the inflammatory environment and hinder OA 
onset, progression, and associated pain. 

Funding Source: I would like to acknowledge CIRM for funding 
my internship.

Keywords: PTOA, iPSC, macrophages
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DIFFERENTIAL RESPONSES OF THE NLRP3 
INFLAMMASOME PATHWAY TO AMYLOID BETA 
AND ALPHA-SYNUCLEIN IN IPSC-DERIVED 
MICROGLIA
Besemer, Brenda - Institute of Reconstructive Neurobiology, 
University of Bonn, Germany
Mathews, Mona - LIFE & BRAIN GmbH, Bonn, Germany
Wilbertz, Johannes - Ksilink, Strasbourg, France
Frickel, Vanessa - LIFE & BRAIN GmbH, Bonn, Germany
Sommer, Peter - Ksilink, Strasbourg, France
Brüstle, Oliver - Institute of Reconstructive Neurobiology, 
University of Bonn, Germany

Neuroinflammation in Alzheimer’s disease (AD) and Parkinson’s 
disease (PD) is primarily driven by the brain resident immune 
response system, i.e., microglia. Under pathological conditions 
microglia induce several inflammatory pathways including the 
NLRP3 inflammasome, which can be induced by aggregated 
proteins such as amyloid beta (a-beta) in AD and alpha-synuclein 
(alpha-syn) in PD. Targeting of aberrant NLRP3 activation is cur-
rently being pursued for therapeutic intervention. To better un-
derstand the mechanism of NLRP3 inflammasome activation in 
both AD and PD, we developed an in vitro stem-cell based model 
of microglia (iPSdMiG) that closely resembles native microglia. 
Microglia exclusively exhibit the canonical NLRP3 inflammasome 
pathway, which is based on a two-step process of priming via 
NF-kappa-B nuclear translocation and a subsequent activation 
step leading to the formation of ASC specks. These key targets 
of the NLRP3 pathway were assessed in response to a-beta or 
alpha-syn exposure. Our data suggest unique roles of a-beta 
and alpha-syn in the induction of the canonical NLRP3 pathway. 
Specifically, a-beta alone was not sufficient to induce priming via 
NF-kappa-B nuclear translocation, but lipopolysaccharide (LPS)-
primed microglia that were subsequently activated by a-beta led 
to the formation of ASC specks. Conversely, alpha-syn induces 
priming via NF-kappa-B nuclear translocation but does not play a 
role in the following activation step. Therefore, alpha-syn primed 
microglia require a subsequent activation, for example by the mi-
crobial toxin nigericin, to induce the formation of ASC specks. Ad-
ditionally, the quantity of ASC speck formation differed between 
the two stimuli. LPS-primed microglia that were further activated 
by a-beta exhibited ASC specks in an average of 5 % cells at 
30 minutes post activation. However, alpha-syn primed microg-
lia followed by nigericin activation lead to an induction of ASC 
specks in an average of 27 % of cells at 3 hours post activation. 
Our in vitro cellular model of human microglia with validated in-
flammasome pathway-based read-outs will provide mechanistic 
insights required for deciphering inflammasome dynamics in re-
sponse to disease-relevant stimuli such as a-beta and alpha-syn, 
and thus support therapy development.

Keywords: iPS cell-derived microglia, NLRP3 inflammasome, 
aggregated proteins
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REVERSAL OF MALIGNANT ADAR1 SPLICING 
PROMOTES NORMAL HEMATOPOIETIC STEM 
CELL RETENTION AND PREVENTS LEUKEMIA 
STEM CELL PROPAGATION
Ma, Wenxue - Department of Medicine, Moores Cancer Center 
and Sanford Stem Cell Institute, University of California, San 
Diego, CA, USA
Pham, Jessica - Department of Medicine, Moores Cancer Center 
and Sanford Stem Cell Institute, University of California San 
Diego, La Jolla, CA, USA
Klacking, Emma - Department of Medicine, Moores Cancer 
Center and Sanford Stem Cell Institute, University of California 
San Diego, La Jolla, CA, USA
Crews, Leslie - Department of Medicine, Moores Cancer Center 
and Sanford Stem Cell Institute, University of California San 
Diego, La Jolla, CA, USA
Wu, Christina - Cellular and Molecular Medicine, University of 
California San Diego, La Jolla, CA, USA
Steel, Kathleen - Department of Medicine, Moores Cancer 
Center and Sanford Stem Cell Institute, University of California 
San Diego, La Jolla, CA, USA
Morris, Sheldon - Department of Medicine, Moores Cancer 
Center and Sanford Stem Cell Institute, University of California 
San Diego, La Jolla, CA, USA
Kulidjian, Anna - Orthopedic Oncology, Scripps MD Anderson 
Cancer Center, La Jolla, CA, USA
Jamieson, Catriona - Department of Medicine, Moores Cancer 
Center and Sanford Stem Cell Institute, University of California 
San Diego, La Jolla, CA, USA

Acute myeloid leukemia (AML) is characterized by a clonal pro-
liferation of malignant myeloid precursors that harbor a reduced 
capacity for differentiation. Adenosine deaminase acting on 
RNA 1 (ADAR1) is an RNA editing enzyme that catalyzes the con-
version of adenosine bases to inosine, which can alter protein 
function. ADAR1 has been shown to drive cancer stem cell (CSC) 
generation and therapeutic resistance in multiple malignancies. 
Treatment with 17S-FD-895 (Rebecsinib), a selective small mol-
ecule splicing modulator that targets the splicing factor 3b sub-
unit 1 (SF3B1) component of the spliceosome, has been shown 
to reverse malignant splice isoform switching, inhibit activation 
of the interferon-inducible ADAR1p150 splice isoform, and signifi-
cantly reduce leukemia stem cell (LSC) maintenance in vitro and 
in preclinical patient-derived AML mouse models. However, the 
effectiveness of Rebecsinib versus current therapies for the treat-
ment of AML and the effects of Rebecsinib treatment on normal 
bone marrow stem cells has not yet been elucidated. Here, we 
established humanized mouse models using CD34+ stem cells 
isolated from the peripheral blood of adult secondary AML (sAML) 
patients or bone marrow of normal aged donors (63-79 years old). 
Strikingly, sAML-engrafted mice treated with Rebecsinib survived 
significantly longer compared to those treated with vehicle, Fed-
ratinib (an FDA-approved JAK2 inhibitor), and the combination of 
Rebecsinib and Fedratinib. Interestingly, aged normal bone mar-
row engrafted mice treated with Rebecsinib (10mg/kg, biweekly 
for 2 weeks) had an increased number of human CD34+ cells in 
their bone marrow. Collectively, this data suggests that inhibition 
of ADAR1p150 may provide a competitive advantage for normal 
hematopoietic stem cells compared with leukemia stem cells in 
the bone marrow. These findings lay a foundation for developing 
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) Rebecsinib as a clinical ADAR1 antagonist that promotes normal 
hematopoietic stem cell retention in the bone marrow niche.

Funding Source: NIH/NCI (R01CA205944), NIH/NIDDK 
(R01DK114468-01), NIH/NCI (2P30CA023100-28), CIRM 
(TRAN1-10540), LLS Blood Cancer Discoveries, NASA (NRA 
NNJ13ZBG001N), NIH/NCATS (2UL1TR001442-06), the Moores 
Family Foundation.

Keywords: acute myeloid leukemia (AML), aged normal bone 
marrow (aNBM), Adenosine deaminase acting on RNA 1 (ADAR1)
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ROLE OF APOBEC3 ENZYMES IN NORMAL 
HEMATOPOIETIC STEM AND PROGENITOR 
CELL MAINTENANCE AND MALIGNANT 
TRANSFORMATION IN MYELOPROLIFERATIVE 
NEOPLASMS
Isquith, Jane M. - School of Medicine, University of California, 
San Diego, La Jolla, CA, USA
Pham, Jessica - Medicine, University of California, San Diego, La 
Jolla, CA, USA
Whisenant, Thomas - Medicine, University of California, San 
Diego, La Jolla, CA, USA
Balaian, Larisa - Medicine, University of California, San Diego, La 
Jolla, CA, USA
Donohoe, Mary - Pathology, University of California, San Diego, 
La Jolla, CA, USA
Jamieson, Catriona - Medicine, University of California, San 
Diego, La Jolla, CA, USA

Dysregulation of inflammatory cytokine responsive APOBEC3 
cytosine deaminases has been shown to be a contributing fac-
tor in cancer evolution, presenting as gene expression changes 
and inclusion of distinct C-to-T mutation patterns. However, the 
context specificity and mechanisms by which APOBEC3 enzymes 
regulate hematopoietic stem cell function and the role they play 
in cancer initiation and progression require further elucidation. 
Lentiviral overexpression of APOBEC3C and an editase deficient 
APOBEC3C mutant in healthy cord blood, bone marrow and my-
eloproliferative neoplasm patient hematopoietic stem/progenitor 
cells (HSPCs) allows us to study the effects of innate immune 
deaminase dysregulation in the hematopoietic niche. By FACS 
sorting individual stem and progenitor cell populations, we can 
examine the distinct role of RNA and DNA editing in both nor-
mal hemopoietic stem cell fate determination as well as malig-
nant transformation into cancer stem cells. We are focusing on 
the upregulation of APOBEC3C and adenosine deaminase acting 
on RNA1 (ADAR1), as we have previously shown them to be con-
temporaneously upregulated in the high-risk myelofibrosis (MF) 
stem cell population compared to normal aged bone marrow. By 
performing whole genome and whole transcriptome analysis we 
can compare these novel differential gene expression changes, 
RNA hyper-editing sites, and DNA mutation signatures induced 
by APOBEC3 mutagenesis to abnormalities seen in both hema-
topoietic malignancies and solid tumor cancers. Gene set enrich-
ment analysis (GSEA) performed on this dataset has exposed nu-
merous deregulated pathways brought on by exaggerated levels 
of APOBEC3, including changes in splicing pathways. Long term, 
we aim to use these findings to identify predictive biomarkers and 
druggable targets of leukemic initiation and progression.

Keywords: Hematopoiesis, Deaminase, RNA editing
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A TOOLKIT TO STUDY MICROGLIA STATES 
USING STEM CELL-DERIVED MODELS
Therrien, Martine - Stanley Center, Broad Institute of MIT and 
Harvard, Cambridge, MA, USA
Dolan, Michael John - Stanley Center for Psychiatric Research, 
Broad Institute, Cambridge, MA, USA
Jereb, Sasa - Stanley Center for Psychiatric Research, Broad 
Institute, Cambridge, MA, USA
Atkeson, Trevor - Stanley Center for Psychiatric Research, 
Broad Institute, Cambridge, MA, USA
Meyer, Daniel - Stanley Center for Psychiatric Research, Broad 
Institute, Cambridge, MA, USA
Kamath, Tushar - Stanley Center for Psychiatric Research, Broad 
Institute, Cambridge, MA, USA
McCarroll, Steven - Stanley Center for Psychiatric Research, 
Broad Institute, Cambridge, MA, USA
Macosko, Evan - Stanley Center for Psychiatric Research, Broad 
Institute, Cambridge, MA, USA
Stevens, Beth - Stanley Center for Psychiatric Research, Broad 
Institute, Cambridge, MA, USA

Single-cell transcriptomic studies reveal diverse microglial states 
in patients and mouse models. Moreover, emerging genetic stud-
ies of late-onset Alzheimer’s Disease (LOAD) and other neurode-
generative diseases implicate microglia, the brain’s resident mac-
rophages. Yet, we know little about the underlying biology or how 
myeloid cells contribute to pathogenesis. Moreover, we lack tools 
to track these states and understand the impact of environmental 
challenges or genetic susceptibility. To gain insights into these 
questions, we turned towards stem cell-derived models to broad-
ly characterize human microglia in vitro and understand their 
impact on the other cell types in xenograft models, allowing us 
to gain biological insight into disease pathogenesis. Our lab has 
developed a novel human stem cell-based platform (https://doi.
org/10.1101/2022.05.02.490100) that induces stem cell-derived 
microglia (iMGLs) to take on diverse transcriptional signatures 
similar to those found in the human brain in response to exposure 
to brain-relevant substrates. Moreover, we conceived a lentiviral 
protocol that allows for efficient genetic manipulation of microg-
lia (>90% transduction). Building on these systems, we generated 
reporters of microglia state to track the expression of key microg-
lial genes and adapted iPSC “villages”, or pooled cultures, that 
combine iPSC cell lines in the same dish. Using these tools in vi-
tro and in xenograft models, we identified genetic regulators and 
functional changes of microglia states in late-onset Alzheimer’s 
disease. Together, these tools represent a broad toolset that will 
allow us to answer some of the most pressing questions, such as 
when and how in disease these states are formed, what is their 
impact on disease progression, and how plastic they are. These 
tools will be invaluable to understanding the role of microglia in 
AD and the brain in general.

Keywords: Microglia, neuro-immune interraction, Alzheimer’s 
disease
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ABERRANT EARLY HEMATOPOIETIC 
PROGENITOR FORMATION MARKS THE 
ONSET OF THE HEMATOPOIETIC DEFECT IN 
SHWACHMAN-DIAMOND SYNDROME
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Research Institute, The Hospital for Sick Children, Toronto, ON, 
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Luca, Alice - Genetics and Genome Biology, Research Institute, 
The Hospital for Sick Children, Toronto, ON, Canada
Li, Hongbing - Genetics and Genome Biology, Research 
Institute, The Hospital for Sick Children, Toronto, ON, Canada
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Institute, The Hospital for Sick Children, Toronto, ON, Canada
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Institute, The Hospital for Sick Children, Toronto, ON, Canada
Tailor, Chetan - Genetics and Genome Biology, Research 
Institute, The Hospital for Sick Children, Toronto, ON, Canada
Kennedy, Marion - McEwen Centre for Regenerative Medicine, 
University Health Network, Toronto, ON, Canada
Grunebaum, Eyal - Division of Allergy and Immunology, The 
Hospital for Sick Children, Toronto, ON, Canada
Keller, Gordon - McEwen Centre for Regenerative Medicine, 
University Health Network, Toronto, ON, Canada

Shwachman-Diamond Syndrome (SDS) is an inherited disorder, 
usually presenting with bone marrow failure and pancreatic insuf-
ficiency. Approximately ninety percent of SDS patients carry mu-
tations in the ribosome associated gene, SBDS. Reduced blood 
cell counts are commonly seen in early childhood, but the cellular 
and molecular events that initiate and accompany this process 
are unknown. We hypothesized that the onset of SDS hemato-
poietic defects occurred at a specific embryonic hematopoietic 
developmental stage. To evaluate this, we generated SDS and 
control transgene-free human-derived induced pluripotent stem 
cells (iPSCs). SDS iPSCs recapitulated the SDS hematological 
phenotype. Detailed evaluation of definitive hematopoietic dif-
ferentiation by flow cytometry revealed defects that started at 
the early emerging hematopoietic progenitor (EHP) stage after 
mesoderm and hemogenic endothelium were normally induced. 
Hematopoietic colony formation from EHPs were also markedly 
reduced, and introduction of SBDS in SDS iPSCs improved col-
ony formation. Transcriptome analysis revealed reduced expres-
sion of ribosome and oxidative phosphorylation-related genes, in 
both, undifferentiated and differentiated iPSCs. However, certain 
pathways (e.g. DNA replication) and certain genes (e.g. CHCHD2) 
were either exclusively or more severely dysregulated in EHPs, 
compared to undifferentiated iPSCs and to more mature hemato-
poietic cells. These results offer insight into the embryonic onset 
and characteristic of the hematopoietic defects in SDS. Disruption 
of specific ribosome and oxidative phosphorylation genes may 

explain overall reduced cell growth; however, the hematopoietic 
defect likely starts due to disruption of additional genes.

Funding Source: Canadian Institute of Health Research, the 
Butterfly Guild, and Nicola’s Triathlon for Kids.

Keywords: Shwachman-Diamond Syndrome iPSC model, 
Definitive hematopoiesis, Early emerging hematopoietic 
progenitors
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TO PROMOTE VASCULAR STABILITY
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Wang, Xinru - Biochemistry, Univeristy of Washington, Seattle, 
WA, USA
Litvicov, Patrisia - Biochemistry, University of Washington, 
Seattle, WA, USA
Hoffman, Cameron - Biochemistry, University of Washington, 
Seattle, WA, USA
Cooper, Jonathan - Division of Basic Sciences, Fred Hutchinson 
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Mathieu, Julie - Comparative Medicine, University of 
Washington, Seattle, WA, USA
Baker, David - Biochemistry, University of Washington, Seattle, 
WA, USA
Ruohola-Baker, Hannele - Biochemistry, University of 
Washington, Seattle, WA, USA

Diabetics are at increased risk of vascular diseases resulting from 
glucose-driven misregulation of vascular permeability. Currently, 
medical intervention relies on metabolic regulation, with no way 
to mitigate vasculopathy once it begins. The Ang-Tie2 pathway 
is known to regulate vascular stability. Recent studies show that 
inhibition of the Tie2 signaling axis results in increased athero-
sclerosis, and that hyperglycemia increases expression of inhibi-
tory Ang2, suggesting that strong activation of this axis could help 
mitigate diabetic vascular instability. We used computationally 
designed protein scaffolds conjugated with the Ang1 F-domain 
(FDS) at a range of valencies and geometries to evaluate Tie2 
signaling output and tight junction formation. We found that FDS 
with various combinations of F-domains exhibit Ang1-like activity, 
upregulating pAKT, and inducing migration and tube formation. 
Cells treated with FDS recruit junction factors Integrin, VE-Cad-
herin, ZO1, Occludin, and Claudin-5, and show accelerated ZO1 
reassembly after chemical disruption. Interestingly, FDS revealed 
two functionally distinct Tie2 clusters, one that recruits integrin 
for pAKT/FOXO regulation, and another that regulates junctional 
permeability. To assess the potency of our FDS in promoting en-
dothelial identity and maturity, we evaluated them in iPSC-endo-
thelial (iENDO) differentiation. FDS were able to drive Tie2 recep-
tor superclustering during endothelial maturation, accelerating 
endothelial maturity. Importantly, we observed that Tie2 receptor 
clusters recruited TJP1 to the membrane to enhance tight junction 
formation at a very early stage of differentiation (d8) and 15-fold 
higher than controls. Finally, sc-Seq of d14 iENDOs showed that 
FDS-treated cells were overrepresented in clusters with mature 
transcriptional signatures and exhibited enriched expression of 
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) ZO1 compared to controls. To assess whether computationally 
designed FDS could rehabilitate diabetic vascular phenotypes, 
we used a diabetic vascular organoid model treated with FDS. 
We observed that FDS were able to reverse the diabetic phe-
notype, reducing collagen secretion, relocalizing pericytes, and 
repairing tight junctions. Our data suggest that computationally 
designed FDS could be used to stabilize vascular permeability.

Keywords: endothelial, tight junctions, vascular stability
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CELLULAR BARCODING OF THE LEUKEMIC 
NICHE REVEALS AN APELIN-MEDIATED CLONAL 
EXPANSION OF NICHE ENDOTHELIAL AND 
MESENCHYMAL STROMAL CELLS
Baron, Chloé - Stem Cell Program, Boston Children’s Hospital, 
Boston, MA, USA
Avagyan, Serine - Pediatrics, University of California, San 
Francisco, San Francisco, CA, USA
Yang, Song - Stem Cell Program, Boston Children’s Hospital, 
Boston, MA, USA
McKenna, Aaron - Molecular and Systems Biology, Dartmouth, 
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Boston, MA, USA

Hematopoietic stem and progenitor cells (HSPCs) reside in nich-
es that provide regulatory signals for their function. HSPC clones 
have been examined by cellular barcoding, but the clonality of 
endothelial (ECs) and stromal cells (SCs), the cellular components 
of the niche, is unknown. We hypothesized that perturbations 
such as acute leukemia alter EC and SC clones to support leuke-
mogenesis. We developed a new zebrafish model of acute eryth-
roid leukemia (AEL) by overexpressing human CMYC under the 
blood promotor draculin (drl). drl:CMYC marrows demonstrated 
an expansion of progenitors (fc=4.8;p< 0.000001) overexpress-
ing the erythroid master regulator gata1a (fc=1.4;p=0.01) and fetal 
hemoglobins hbbe1.1/2 (fc=4.7,2.9;p=0.0004). Serial transplanta-
tion of drl:CMYC marrows resulted in engraftment and disease 
propagation (7/7;17/18). We used the cellular barcoding GESTALT 
technique to barcode single cells using CRISPR-CAS9 and inject-
ed barcoded embryos with drl:CMYC to induce AEL and perform 
HSPC and niche clone tracing. HSPC clones were decreased by 
half (p=0.008) indicative of a clonal expansion of AEL. Barcode 
and scRNA-Seq of niche ECs revealed a decrease in the number 
of EC clones (fc= -3.5;p< 0.05) paired with the discovery of a novel 
AEL venous EC population upregulating 99 genes (fc>1;p< 0.05) 
suggestive of angiogenesis. AEL marrows had less niche SC 
clones (fc= -2.1;p< 0.01) and scRNA-Seq of 3,263 SCs revealed an 
increased fraction of lepr+ mesenchymal SCs (66 vs 24%). We hy-
pothesized that AEL progenitors secrete a signal that can remod-
el niche clones to promote disease progression. We identified 
the hormone apelin upregulated in AEL progenitors (fc=2.6;p< 
0.0001) and receptors aplnra/aplnrb expressed on >50% of AEL 
ECs. We tested if apelin alone could remodel the niche by over-
expressing apelin in blood cells and found fewer niche clones 
compared to controls (fc=2.06;p=0.004). EC numbers were un-
changed and EC clone size was increased (fc=2.05;p< 0.02) while 
SC numbers were decreased and SC clone size was increased 
(fc=-2.2,2.14;p< 0.01). Blood clone analysis revealed more my-
eloid clones (fc=4.01;p< 0.0001) demonstrating a niche-mediated 
alteration of hematopoiesis via apelin signaling. Our data reveals 

that apelin signaling is responsible for AEL-induced clonal and 
transcriptional niche remodeling to promote disease progression.

Funding Source: EMBO ALTF 290-2019 HFSP 
LT000494/2020-L

Keywords: Hematopoietic Stem Cell Niche, Acute Erythroid 
Leukemia, Apelin signaling
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Human kidney contains around one million nephrons and more 
than two dozen different cell types. Reproducing kidney cell types 
in-vitro is limited and a key challenge for generation of transla-
tional datasets. Recent advancements in human induced plurip-
otent stem cell (hiPSC) differentiation provide an opportunity to 
use multicellular kidney organoids. We have compared methods 
of trans-well ‘aggrewell’ organoids and suspension culture of 
‘micro-organoids’. This allows comparison of industrial scale and 
traditional low throughput trans-well organoids. The method in-
volves differentiation of iPSCs to intermediate mesoderm using 
CHIR and FGF9 and spontaneous aggregation in suspension cul-
ture or fixed trans-wells leads to mature kidney organoids, which 
can be used to study kidney disease in a low to high-throughput 
manner. We aimed to model human kidney inflammatory and ge-
netic disease in-vitro using kidney organoids, treatment with dif-
ferent insults to reproduce CKD microenvironment (IL-1b, TGFb, 
Angiotensin-II, protamine sulphate). We compared culture condi-
tions using APEL versus E6 media. We applied bulk and single 
cell RNA sequencing with immunofluorescence and immunohis-
tology to enable analysis of gene signatures with renal structures 
within organoids. Kidney organoids recapitulate human kidney 
cell composition with modest differences in podocyte and tubu-
lar fractions between methods. After 24h of stimulation with CKD 
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stressors, we noted significant upregulation of injury biomarkers 
including KIM1 and inflammatory cytokines. With a notable in-
crease in IL6, TNF in micro-organoids cultured in E6 media with 
IL-1b. These observations clearly demonstrate the use of kidney 
organoids to study renal diseases in-vitro for drug discovery ap-
plications with human translatable functional biomarkers. More 
work is now underway to perform renal functional characterisa-
tion of organoids, including cation transport and electrophysiol-
ogy to translate findings under pathophysiological conditions. 
These kidney organoids provide a platform for modelling of hu-
man kidney diseases related to fibrosis, inflammation, and regen-
eration. Comparing different organoid methodologies will help 
select appropriate method for application in drug discovery and 
target validation for chronic kidney diseases.

Funding Source: AstraZeneca

Keywords: Kidney Organoids, Modelling disease, CKD
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BIASING IPSC-DERIVED KIDNEY ORGANOIDS 
TOWARDS A DISTAL NEPHRON FATE
Achieng, MaryAnne A. - Stem Cell Biology and Regenerative 
Medicine, University of Southern California, Los Angeles, CA, 
USA
Schnell, Jack - Stem Cell Biology and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA
Fausto, Connor - Stem Cell Biology and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA
Lindstrom, Nils - Stem Cell Biology and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA

Congenital anomalies of the kidney and urinary tract are identi-
fied in ~1% of newborns world-wide and are responsible for 40% 
of childhood end-stage renal disease (ESRD), where normal kid-
ney function is lost. Infant patients have no therapeutic options 
beyond dialysis and organ transplantation and have a 93% 1-year 
mortality rate. Kidney function in the distal nephron is performed 
by specialized cell populations that control homeostatic regu-
lation of salt, blood pressure, and water. How and where these 
cells form during development and the mechanisms underpin-
ning their maturation and function are unknown. A challenge 
facing research on distal nephrogenesis is that kidney organoids 
fail to form normal distal cell types, thus developing regenerative 
therapeutics for ESRD patients is impeded. To address this issue, 
we are delineating how distal cells form in vivo, and replicating 
this process in organoids. Transcription factors Hnf1b and Pou3f3 
drive murine distal nephron cell specification, and their human 
equivalents are expressed in the distal nephron and are linked 
to renal birth defects. We show that human and mouse nephro-
genesis follows a deeply conserved developmental program. Sin-
gle cell RNA-seq and single nucleus ATAC-seq data show NPCs 
differentiate into HNF1B+/POU3F3+/TFAP2A+ distalizing cells via 
a β-catenin-dependent mechanism. β-catenin and its co-tran-
scription factor bind putative cis-regulatory regions for Hnf1b and 
Pou3f3 and deeply conserved and accessible DNA regions in 
human cells have predicted POU and TCF/LEF motifs. Our anal-
yses suggest that a distal HNF1B+/POU3F3+ domain prefigures 
putative distal precursors along a conserved developmental pro-
gram. To drive distal cell-fates in organoids, we tuned the dosage, 
duration, and timing of β-catenin activation using small molecule 
a(nta)gonists. Modified β-catenin activities altered patterning and 
distalized nephrons, with genes displaying dosage- and dura-
tion-specific activities. Our systematic analyses of dosages/dura-

tions of β-catenin signaling across development, combined with 
tuning other distal-biased pathways, show a dependency on sig-
naling pathways that drive distalization and maturation of distal 
cell types.

Keywords: kidney organoids, nephron development, distal 
nephron

TOPIC: LIVER
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PRIMARY AND PLURIPOTENT STEM 
CELL DERIVED HUMAN MULTICELLULAR 
HEPATIC ORGANOIDS REVEALS COMPLEX 
INTRACELLULAR AND INTERCELLULAR 
INTERACTIONS AND METABOLIC PHENOTYPES
Schwartz, Robert - Medicine, Weill Cornell Medical College, 
New York, NY, USA
Park, Jiwoon - Medicine, Weill Cornell Medicine, New York, NY, 
USA
Richardson, Chanel - Medicine, Weill Cornell Medicine, New 
York, NY, USA

Nonalcoholic fatty liver disease (NAFLD) currently impacts up-
wards of 40% of Americans and 25% of adults globally and has 
rapidly become the most common cause of chronic liver disease 
in the United States and worldwide. Unfortunately, currently in vi-
tro models and mouse models poorly replicate the complex meta-
bolic interactions seen in human metabolic diseases such as NA-
FLD. Consequently, the molecular underpinnings of the disease 
are poorly understood and no clinical therapies are available. We 
have endeavored to address these gaps with the development 
of new multicellular models that can recapitulate the complex 
interactions seen in metabolic disorders. We have developed a 
scalable multi-well platform that enables the rapid generation of 
three-dimensional (3D) multicellular organoids composed of pri-
mary and stem cell derived human liver parenchymal cell types 
including hepatocytes, liver sinusoidal endothelial cells (LSEC), 
stellate cells (HSC), and Kupffer cells. This 3D system can main-
tain hepatocellular function long-term and can be used to model 
the interactions between hepatocytes and nonparenchymal cells 
(LSEC, HSC, and Kupffer cells). NAFLD is associated with chronic 
hyperglycemia and hyperlipidemia. We generated multicellular 
organoids and examined how chronic hyperglycemia and hyper-
lipidemia impacted multicellular organoids. We found that multi-
cellular organoids maintain insulin-sensitive glucose metabolism 
in contrast to traditional hepatocyte-culture systems. Moreover, 
we found that chronic hyperglycemia and hyperlipidemia led to 
impaired insulin sensitivity, increased hepatocyte fat accumula-
tion, hepatocyte injury, and macrophage and stellate cell acti-
vation. We evaluated drug compounds currently being used in 
clinical studies and found that some can mitigate these effects. 
Our work demonstrates that multicellular organoids composed of 
primary and stem cell derived human liver parenchymal cell types 
including hepatocytes, LSEC, stellate cells, and Kupffer cells have 
stable function and can model complex disease phenotypes in vi-
tro. Leveraging these technologies focused on metabolic pheno-
types enabled studies of metabolic injury and can be leveraged 
in fatty liver drug discovery.

Keywords: disease modeling, liver biology, fatty liver
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TIME RESOLVING PROTEOMIC ANALYSIS OF 
HEPATIC STELLATE CELL DIFFERENTIATION 
IDENTIFIES RORA AS A REGULATOR OF CELL 
COMMITMENT AND FIBROSIS
Martínez-García de la Torre, Raquel Adela - Liver Cell 
Plasticity and Tissue Repair Group, Fundació de Recerca Clínic 
Barcelona-Institut d’Investigacions Biomèdiques August Pi i 
Sunyer (IDIBAPS), Barcelona, Spain
Vallverdú, Júlia - Liver Cell Plasticity and Tissue Repair Group, 
Fundació de Recerca Clínic Barcelona-Institut d’Investigacions 
Biomèdiques August Pi i Sunyer (IDIBAPS), Barcelona, Spain
Ariño, Silvia - Liver Cell Plasticity and Tissue Repair Group, 
Fundació de Recerca Clínic Barcelona-Institut d’Investigacions 
Biomèdiques August Pi i Sunyer (IDIBAPS), Barcelona, Spain
Xu, Zhengqing - Liver Cell Plasticity and Tissue Repair Group, 
Fundació de Recerca Clínic Barcelona-Institut d’Investigacions 
Biomèdiques August Pi i Sunyer (IDIBAPS), Barcelona, Spain
Pera Garcia, Joan - Hematopoietic Stem Cell Biology and 
Leukemogenesis, IDIBELL, Barcelona, Spain
Ruiz Blázquez, Paloma - TRFC group, IIBB-CSIC, Barcelona, 
Spain
Navarro, Artur - Departament de Bioquímica i Biomedicina 
Molecular, Institut de Biomedicina de la Universitat de 
Barcelona (IBUB), Universitat de Barcelona, Spain
Romero Moya, Damià - Hematopoietic Stem Cell Biology and 
Leukemogenesis, IDIBELL, Barcelona, Spain
Fernández-Fernández, Maria - TRFC group, IIBB-CSIC, 
Barcelona, Spain
Azkargorta, Mikel - Proteomics Platform, CIC bioGUNE, Bilbao, 
Spain
Elortza, Félix - Proteomics Platform, CIC bioGUNE, Bilbao, Spain
Graupera, Isabel - Liver Unit, Hospital Clinic of Barcelona, Spain
Lozano, Juan José - Bioinformatics Platform, Biomedical 
Research Networking Center in Hepatic and Digestive Diseases 
(CIBEREHD), Barcelona, Spain
Antoine, Bénédicte - Centre de Recherche Saint-Antoine UMR_
S938, Sorbonne Université-INSERM, Paris, France
Planavila, Anna - Departament de Bioquímica i Biomedicina 
Molecular, Institut de Biomedicina de la Universitat de 
Barcelona (IBUB), Universitat de Barcelona, Spain
Moles, Anna - TRFC group, IIBB-CSIC, Barcelona, Spain
Giorgetti, Alessandra - Hematopoietic Stem Cell Biology and 
Leukemogenesis, IDIBELL, Barcelona, Spain
Sancho-Bru, Pau - Liver Cell Plasticity and Tissue Repair Group, 
Fundació de Recerca Clínic Barcelona-Institut d’Investigacions 
Biomèdiques August Pi i Sunyer (IDIBAPS), Barcelona, Spain

Hepatic Stellate Cells (HSCs) are liver cells involved in the main-
tenance of extracellular matrix homeostasis. Upon injury they 
activate, acquire myofibroblastic features and become the main 
fibrogenic cell type. Understanding the trajectory of HSCs differ-
entiation and activation is fundamental to define cell identity in 
homeostasis and disease and identify potential therapeutic tar-
gets. By profiling the differentiation of human iPSCs into differ-
entiated (d) dHSCs, we aim to understand the protein dynamics 
across differentiation and identify drivers of cell commitment and 
activation. MS proteomics was performed in four differentiations 
and primary human HSCs. In vitro models were used to validate 
the role of RORA in differentiation and activation, using both ge-
netic (iPSC-RORA+/-) and chemical (agonist/antagonist) strate-
gies. In vivo, staggerer mice (RORA-/-) were treated with CCl4 to 
induce liver fibrosis. Three tissue fibrosis models (liver, heart, and 

kidney) were used to evaluate the effect of RORA agonist upon 
injury. RORA expression was evaluated in a cohort of 33 patients 
with chronic liver disease.Time-resolving proteome analysis of 
dHSCs differentiation identified three stages of maturation. Com-
parison of dHSCs with primary human HSCs revealed that RORA 
is a transcription factor involved in HSC commitment and activa-
tion. iPSC-RORA+/- failed to differentiate into dHSCs. The dHSC 
phenotype was rescued by stimulating differentiating cells with 
RORA agonist. We also identified RORA to be involved in HSC 
activation. In vitro, the silencing of RORA in dHSCs promoted ac-
tivation, whereas the RORA agonist deactivated the cells. In vivo, 
the staggerer mice showed an exacerbated fibrogenic response. 
Increasing the activity of RORA using a synthetic agonist in the 
three models of tissue fibrosis reduced the fibrogenic response. 
In humans, RORA expression correlated negatively with liver fi-
brogenic markers in chronic liver diseases. This study shows 
that understanding cell differentiation protocols may be useful 
to identify new therapeutic targets. The present study describes 
the proteomic trajectory of dHSCs differentiation and identifies a 
dual role of RORA in HSCs commitment and activation, suggest-
ing that promoting RORA activity might be a promising strategy 
for mitigating fibrosis.

Funding Source: Agència de Gestió d’Ajuts Universitaris i de 
Recerca (AGAUR) - Beca Producte (2021PROD0035) Instituto 
de Salud Carlos III (ISCII) - Beca DTS (DTS22/00032) Instituto de 
Salud Carlos III (ISCII) - Beca PFIS (FI18/00215)

Keywords: Fibrosis, Cell trajectories, iPSCs differentiation
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SECRETOME DERIVED FROM HUMAN PRE-
CONDITIONED MESENCHYMAL STROMAL CELL 
CONFERS A RENAL AND HEPATOPROTECTIVE 
EFFECT IN AN ANIMAL MODEL OF SEVERE 
ACUTE ON CHRONIC LIVER FAILURE.
Ezquer, Marcelo - Centro de Medicina Regenerativa, Facultad 
de Medicina, Universidad del Desarrollo, Santiago, Chile
Cuadra, Barbara - Centro de Medicina Regenerativa, Facultad 
de Medicina, Universidad del Desarrollo, Santiago, Chile
Huang, Ya-Lin - Centro de Medicina Regenerativa, Facultad de 
Medicina, Universidad del Desarrollo, Santiago, Chile
Silva, Veronica - Centro de Medicina Regenerativa, Facultad de 
Medicina, Universidad del Desarrollo, Santiago, Chile
Vasquez, Leonardo - Centro de Medicina Regenerativa, 
Facultad de Medicina, Universidad del Desarrollo, Santiago, 
Chile
Bono, Maria Rosa - Departamento de Biología, Universidad de 
Chile, Santiago, Chile
Ezquer, Fernando - Centro de Medicina Regenerativa, Facultad 
de Medicina, Universidad del Desarrollo, Santiago, Chile

Acute on Chronic Liver Failure (ACLF) is a syndrome character-
ized by the acute deterioration of liver function in patients with a 
pre-existing compensated or decompensated chronic liver dis-
ease. In this condition, the development of acute kidney injury 
(AKI) is associated with extremely poor survival of the patients. 
Mesenchymal Stromal Cells (MSCs) therapy represents an emerg-
ing approach for the treatment of complex diseases like ACLF. 
MSCs releases a broad array of immunomodulatory and trophic 
molecules defined as MSC-secretome. Moreover, the MSC secre-
tion of trophic and anti-inflammatory factors can be enhanced by 
in vitro pre-conditioning. Our aim was to determine whether the 
endovenous administration of secretome derived from human 
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preconditioned-MSC was able to prevent liver failure and AKI in a 
rat model of severe ACLF. Human adipose derived MSCs were in 
vitro preconditioned with TNF-α/INFγ. ACLF was induced in rats 
by the i.p. administration of porcine serum for 11 weeks (chronic 
liver disease), followed by the administration of D-gal/LPS (acute 
liver failure). One group received endovenously 200 µl of saline 
solution (ACLF group), whereas the other was treated with the 
concentrated MSC-secretome derived from 1x106 MSCs (ACLF-
sec group). The administration of MSC-secretome substantially 
alleviated ACLF, increasing the survival rate (40% in ACLF vs 85% 
in ACLF-sec group). This result, was correlated with increased he-
patocyte proliferation rate (PCNA expression), and decreased he-
patocyte apoptosis rate (TUNEL) in the ACLF-secretome group. 
Furthermore, secretome administration, preserved the liver his-
tological architecture. Both ACLF and ACLF-secretome groups, 
presented an increased expression of pro-inflammatory cyto-
kines (TNF-α, IL-6, IL-1β, Cinc-1 and MCP-1). However, the ACLF-
sec group showed an increase in anti-inflammatory molecules 
(IL-4, IL-5 and TGFβ1). In the same line, the renal histopathological 
study of ACLF-group, evidenced tubular injury, increased apop-
totic rate and upregulation of Kim-1, HMGB-1 and IL-6 expression. 
The MSC-secretome administration ameliorated renal tubular le-
sions, reduced apoptosis rate and downregulated injury marker 
expression. These data support the potential use of MSCs-secre-
tome in the treatment of multiorgan failure associated to ACLF

Funding Source: Fondecyt 1200308

Keywords: Acute on Chronic Liver disease, Acute Kidney Injury, 
Mesenchymal stroma cell secretome
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CRISPR EPIGENETIC ENGINEERING OF 
IMPROVED IPSC-DERIVED HEPATOCYTES
Streff, Helen - Biomedical Engineering, Duke University, 
Durham, NC, USA
Xing, Kat - Biostatistics, University of North Carolina, Chapel Hill, 
NC, USA
McGeehan, Chloe - Biological Sciences, Duke University, 
Durham, NC, USA
Gersbach, Charles - Biomedical Engineering, Duke University, 
Durham, NC, USA

The liver is unique in its ability to regenerate after external dam-
age from various toxins or genetic defects. However, after pro-
longed chronic damage, the liver loses the ability to regenerate 
and becomes irreversibly cirrhotic. Due to the shortage of liver 
donors for transplantations and the scarcity of primary human 
hepatocytes for in vitro toxicology studies, there is a growing in-
terest in the in vitro reprogramming of induced pluripotent stem 
cells (iPSCs) to mature hepatocytes using chemical and genetic 
methods, termed iPSC-derived hepatocytes (iHeps). However, 
current methods for producing iHeps yield cells with significant 
differences in gene expression and epigenetic signatures com-
pared to primary human hepatocytes (PHHs). Further, our gen-
erated single-cell multiomic RNA- and ATAC-seq profile of iHeps 
indicates substantial transcriptomic and epigenetic heterogeneity 
within the final cell population. These epigenetic differences like-
ly contribute to the reported deficiencies in using iHeps. Epigene-
tic editing using CRISPR-dCas9 allows the precise dissection and 
programming of intricate cellular pathways. To address the limita-
tions of current protocols for iHep generation, we used CRISPR 
activation screens of all transcription factor and epigenetic mod-
ifier genes. Fluorescence-activated cell sorting (FACS) for cells 

that upregulate albumin or alpha-fetoprotein generated a list of 
guide RNAs (gRNAs) and corresponding gene targets implicated 
in mature and immature liver phenotypes, respectively. Several 
independent gRNA hits from the screens target the same gene 
promoters, providing strongly implicating these transcription fac-
tors in iHep differentiation and/or maturity. Validation experiments 
have confirmed the ability of CRISPR-based activation of screen 
hits to upregulate the expression of mature liver genes. Future 
studies will involve studying combinatorial interactions of multi-
plex gene activation and performing CRISPR activation screens 
on whole transcriptome readouts using scRNA-seq. Phenotypic 
validation of the iHeps in vitro and in vivo in mouse models will 
test the function of the engineered iHeps. This will move the field 
towards a more accurate and successful protocol for iHep gen-
eration that could benefit both research and clinical applications.

Funding Source: NSF Graduate Research Fellowships Program 
(GRFP) and NIH Impact of Genomic Variation on Function (IGVF)

Keywords: CRISPR Epigenetic Engineering, Single Cell 
Multiomics, iPSC Differentiation
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HUMAN PLURIPOTENT STEM CELL-DERIVED 
HEPATOCYTES: PURIFICATION BY METABOLIC 
SELECTION AND INFECTION BY RISK GROUP 4 
VIRUSES
Ang, Lay Teng - Institute for Stem Cell Biology & Regenerative 
Medicine, Stanford University, Menlo Park, CA, USA
Liu, Kevin - Institute for Stem Cell Biology and Regenerative 
Medicine, Stanford University, Stanford, CA, USA
Prescott, Joseph - Center for Biological Threats and Special 
Pathogens, Robert Koch Institute, Berlin, Germany

Ebola viruses are deadly viruses that infect the liver and require 
biosafety-level-4 (BSL4) containment. Pure human hepatocytes 
could constitute physiologically-relevant models to study the ef-
fects of these viruses. We charted a roadmap for human plurip-
otent stem cell (hPSC) differentiation into hepatocytes and delin-
eated stepwise gene expression and chromatin changes during 
liver differentiation. This revealed the production of >80% pure 
hepatocytes alongside primarily intestinal cells. We developed 
metabolic selection, a straightforward approach to purify hepato-
cytes by withholding exogenous nutrients: non-liver cells rapidly 
died, whereas hepatocytes survived. Purified hPSC-derived he-
patocytes transcriptionally and functionally approximated primary 
adult human hepatocytes, compared to interferon-defective liver 
cancer cells frequently used in BSL4 virology. Ebola viruses ex-
tensively infected and replicated in hPSC-derived hepatocytes. 
We thus map human liver differentiation, purify human hepato-
cytes, and use the purified cells to study the cellular effects of 
Ebola viruses.

Funding Source: The Thomas & Stacey Siebel Foundation, the 
Stanford Maternal & Child Health Research Institute, Additional 
Ventures, and the California Institute of Regenerative Medicine 
funded this study.

Keywords: Pluripotent Stem Cells, Liver Differentiation and 
Purification, Biosafety-Level-4 Viruses
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IDENTIFICATION OF AN FXR-MODULATED LIVER-
INTESTINE HYBRID STATE IN IPSC-DERIVED 
HEPATOCYTE-LIKE CELLS
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(IfADo), Dortmund, Germany
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Thomitzek, Antonia - Toxicology, Leibniz Research Centre for 
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Hay, David - Tissue Engineering, The University of Edinburgh, 
UK
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Edlund, Karolina - Toxicology, Leibniz Research Centre for 
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Pluripotent stem cell (PSC)-derived hepatocyte-like cells (HLC) 
have enormous potential as a replacement for primary hepato-
cytes in drug screening, toxicology and cell replacement therapy, 

but their genome-wide expression patterns differ strongly from 
primary human hepatocytes (PHH). We differentiated human in-
duced pluripotent stem cells (hiPSC) via definitive endoderm to 
HLC and characterized the cells by single-cell and bulk RNA-seq, 
with complementary epigenetic analyses. We then compared 
HLC to PHH and publicly available data on human fetal hepato-
cytes (FH) ex vivo and performed bioinformatics-guided interven-
tions to improve HLC differentiation via lentiviral transduction of 
the nuclear receptor FXR and agonist exposure. Single-cell RNA-
seq revealed that transcriptomes of individual HLC display a hy-
brid state, where hepatocyte-associated genes are expressed 
in concert with genes that are not expressed in PHH – mostly 
intestinal genes – within the same cell. Bulk-level overrepresen-
tation analysis, as well as regulon analysis at the single-cell level, 
identified sets of regulatory factors discriminating HLC, FH, and 
PHH, hinting at a central role for the nuclear receptor FXR in the 
functional maturation of HLC. Combined FXR expression plus ag-
onist exposure enhanced the expression of hepatocyte-associ-
ated genes and increased the ability of bile canalicular secretion 
as well as lipid droplet formation, thereby increasing HLCs’ sim-
ilarity to PHH. The undesired non-liver gene expression was re-
producibly decreased, although only by a moderate degree. DOI: 
10.1016/j.jhep.2022.07.009

Funding Source: This study was funded by the German Federal 
Ministry of Education and Research (BMBF) under 01EK1604A-D.

Keywords: Hepatocyte-like cells, Hybrid State, FXR
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HEREDITARY RETINOBLASTOMA IPSC MODEL 
REVEALS SPLICEOSOME AS A THERAPEUTIC 
VULNERABILITY OF RB1-MUTANT CANCERS
Huang, MoFan - Integrative Biology and Pharmacology, 
UTHealth Houston, TX, USA
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Yu, Yao - Department of Epidemiology, The University of Texas 
MD Anderson Cancer Center, Houston, TX, USA
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Houston, TX, USA
Xu, An - Integrative Biology and Pharmacology, UTHealth, 
Houston, TX, USA
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TX, USA
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The RB1 tumor suppressor has been widely recognized for its 
role in inhibiting tumor initiation, development, and progression. 
Patients with hereditary retinoblastoma (RB), caused by auto-
somal dominant mutations in the RB1 tumor suppressor gene, 
commonly develop retinoblastoma and non-ocular tumors (e.g., 
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osteosarcoma), emphasizing a strong mechanistic link between 
RB1 loss and tumorigenesis. Here, we generate RB iPSC model 
to delineate the pathological mechanisms of RB1 mutation in os-
teosarcomagenesis. The results are backed up by RB1-corrected 
isogenic control iPSC lines. We demonstrate that the RB iPSC dis-
ease model serves as a “disease in a dish” for cancer researchers 
to study the potential initiation stage of osteosarcomagenesis. By 
investigating transcriptomes and genome occupancies in RB iP-
SC-derived osteoblasts, we elucidate the unidentified role of RB1/
E2F3a signaling in controlling spliceosome function by regulating 
spliceosomal gene expression. Patient tumor specimen studies 
support the clinical relevance of the RB1/E2F3a regulatory net-
work in modulating spliceosomal gene expression. Analyses of 
splicing events in RB1-deficient cells treated with a spliceosome 
inhibitor indicate aberrant retained intron (RI) events in tumor-pro-
moting genes. By pathway analyses, these genes with higher 
rates of RIs in RB1-mutant cells are involved in spliceosome-as-
sociated signaling pathways such as NOTCH, TGFβ, α5β3 Inte-
grin, and NF-κB. We further globally dissect the differentiated 
RNA splicing variants between RB1 wild-type and mutant cells 
and identify numerous cancer-associated alternative splicing 
(TRMU, SNX32, LIMS1, SHB) preferentially existed in RB1-mutant 
osteosarcoma. Pharmacological inhibition of the spliceosome in 
RB1-mutant cells leads to global intron retention, decreased cell 
proliferation, and impaired tumorigenesis, suggesting that the 
spliceosome is an “Achilles’ heel” of RB1-mutant osteosarcoma 
and that cancers harboring RB1 mutation/deletion may be vulner-
able to spliceosome inhibition.

Funding Source: This research is supported by NIH/NCI 
R01CA246130 and CPRIT RR160019. D.-F.L. is a CPRIT Scholar in 
Cancer Research.

Keywords: hereditary retinoblastoma, spliceosomal genes, 
osteosarcoma
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QUIESCENCE RECOVERS ADIPOSE TISSUE-
DERIVED STROMAL CELLS FROM SENESCENCE-
ASSOCIATED SECRETARY PHENOTYPE, LEADING 
TO ENHANCED ANGIOGENESIS AND DIABETIC 
WOUND HEALING
Funaki, Makoto - Clinical Research Center for Diabetes, 
Tokushima University Hospital, Tokushima, Japan
Hata, Akiko - Clinical Research Center for Diabetes, Tokushima 
University Hospital, Tokushima, Japan
Yoshida, Mitsuteru - Kochi Red Cross Hospital, Kochi, Japan
Miyamoto, Naoki - Department of Thoracic, Endocrine Surgery 
and Oncology, Tokushima University Graduate School of 
Biomedical Sciences, Tokushima, Japan
Ikuta, Takahisa - Department of Periodontology and 
Endodontology, Tokushima University Graduate School of 
Biomedical Sciences, Tokushima, Japan
Uemura, Yuta - Department of Periodontology and 
Endodontology, Tokushima University Graduate School of 
Biomedical Sciences, Tokushima, Japan
Akizuki, Minato - Department of Periodontology and 
Endodontology, Tokushima University Graduate School of 
Biomedical Sciences, Tokushima, Japan
Tangoku, Akira - Department of Thoracic, Endocrine Surgery 
and Oncology, Tokushima University Graduate School of 
Biomedical Sciences, Tokushima, Japan
Yumoto, Hiromichi - Department of Periodontology and 
Endodontology, Tokushima University Graduate School of 
Biomedical Sciences, Tokushima, Japan
Ogawa, Hirohisa - Department of Pathology and Laboratory 
Medicine, Tokushima University Graduate School of Biomedical 
Sciences, Tokushima, Japan
Oya, Takeshi - Department of Molecular Pathology, Tokushima 
University Graduate School of Biomedical Sciences, Tokushima, 
Japan

Despite of the therapeutic potential of mesenchymal stem cells 
(MSCs) through their anti-inflammatory functions, the number 
of clinical applications available today is still limited. One of the 
reasons is that MSCs exhibit a senescence-associated secretory 
phenotype (SASP) in age-related diseases, which results in the 
attenuation of their anti-inflammatory functions. We previously 
reported that MSCs become quiescent in gels with a stiffness 
mimicking that of adipose tissue or bone marrow. In this study, 
we investigated whether or not introducing quiescence in MSCs 
will abrogate SASP observed in diabetes, both in vitro and in vivo. 
Once adipose tissue-derived stromal cells (ADSCs), one type of 
MSCs used in multiple clinical trials, became quiescent, they initi-
ated to produce soluble factors responsible for their anti-inflam-
matory functions, even when they are cultured in high glucose 
media. High glucose-induced attenuated migration and tubular 
formation of HUVECs, an endothelial cell line, were ameliorated 
more significantly by conditioned medium from quiescent ADSCs 
cultured under high glucose than by that from non-quiescent 
ADSCs cultured under high glucose. Transplants containing qui-
escent ADSCs enhanced wound healing more than those con-
taining non-quiescent ADSCs in streptozotocin (STZ)-induced di-
abetic mice, demonstrating a higher efficacy of quiescent ADSCs 
over non-quiescent ADSCs for diabetic wound healing. Further-
more, ADSCs cultured at a high glucose level in vitro enhanced 
angiogenesis and wound healing in STZ-induced diabetic mice 
similar to ADSCs cultured at a normal glucose level in vitro, when 
they were made quiescent in gels and subcutaneously injected 
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) into the mice. These results suggest that quiescence restores 
ADSCs from SASP and enhances angiogenesis even under dia-
betic conditions, which may be crucial for MSC-based cell thera-
pies against diabetic microangiopathy.

Keywords: Quiescence, senescence-associated secretory 
phenotype, mesenchymal stem cell

TOPIC: MUSCULOSKELETAL
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TRANSGENE-FREE DIRECT CONVERSION OF 
FIBROBLASTS INTO FUNCTIONAL MUSCLE STEM 
CELLS UTILIZING SYNTHETIC MRNA AND SMALL 
MOLECULES
Ghosh, Adhideb - Health Sciences and Technology, ETH Zürich, 
Schwerzenbach, Switzerland
Qabrati, Xhem - Health Sciences and Technology, ETH Zürich, 
Schwerzenbach, Switzerland
Kim, Inseon - Health Sciences and Technology, ETH Zürich, 
Schwerzenbach, Switzerland
Bundschuh, Nicola - Health Sciences and Technology, ETH 
Zürich, Schwerzenbach, Switzerland
Noé, Falko - Health Sciences and Technology, ETH Zürich, 
Schwerzenbach, Switzerland
Palmer, Andrew - Health and Sport, Victoria University, Victoria, 
Australia
Bar-Nur, Ori - Health Sciences and Technology, ETH Zürich, 
Schwerzenbach, Switzerland

Transcription factor-based reprogramming provides an attractive 
approach to produce desired cell types for regenerative medi-
cine purposes. Such cellular conversions are widely dependent 
on viral vectors to efficiently deliver and express defined factors 
in target cells. However, use of viral vectors is associated with 
unfavorable genomic integrations that can trigger deleterious 
molecular consequences, rendering this method an impediment 
to clinical applications. To address this limitation, we report on 
an efficient approach to directly convert mouse fibroblasts into 
transgene-free induced myogenic progenitor cells (iMPCs) via 
overexpression of synthetic MyoD-mRNA in concert with an en-
hanced small molecule cocktail. First, we performed a candidate 
compound screen and identified two molecules that enhance fi-
broblast reprogramming into iMPCs by suppression of the JNK 
and JAK/STAT pathways. Simultaneously, we developed an op-
timal transfection protocol to transiently overexpress synthetic 
MyoD-mRNA in fibroblasts. Combining these two techniques 
enabled robust and rapid reprogramming of fibroblasts into 
Pax7-positive iMPCs in as little as 10 days. Through various assays 
including single-cell transcriptomics, we illustrate that nascent 
transgene-free iMPCs proliferated extensively in vitro, expressed 
a suite of myogenic stem cell markers, and could differentiate into 
highly contractile muscle fibers. Furthermore, using global and 
single-cell transcriptome assays, we delineated gene expression 
changes associated with JNK and JAK/STAT pathway inhibition 
during reprogramming and identified in iMPCs a Pax7+ stem cell 
subpopulation akin to satellite cells. Last, transgene-free iMPCs 
robustly engrafted skeletal muscles of a Duchenne muscular dys-
trophy (DMD) mouse model, restoring dystrophin expression in 
hundreds of myofibers. In summary, we report on an improved 
and clinically safer approach to convert fibroblasts into myogenic 

stem cells that can efficiently contribute to muscle regeneration 
in vivo.

Keywords: muscle stem cells, direct lineage conversion, small 
molecule cocktail
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NEUROMUSCULAR ORGANOIDS AS A UNIQUE 
MODEL TO STUDY NEUROMUSCULAR INJURY 
AND REGENERATION IN VITRO
Beyer, Caroline - Stem Cell Modelling of Development and 
Disease Group, Max Delbrück Center for Molecular Medicine, 
Berlin, Germany
Hashtchin, Anna - Stem Cell Modelling of Development and 
Disease Group, Max Delbrück Center for Molecular Medicine, 
Berlin, Germany
Grieger, Nicole - Stem Cell Modelling of Development and 
Disease Group, Max Delbrück Center for Molecular Medicine, 
Berlin, Germany
Gouti, Mina - Stem Cell Modelling of Development and Disease 
Group, Max Delbrück Center for Molecular Medicine, Berlin, 
Germany

Spinal cord motor neurons innervate skeletal muscles and in-
struct body movement through the formation of functional neu-
romuscular junctions (NMJs). The skeletal muscles and axons 
have remarkable capacities for regeneration after injury due to 
cross-talk between diverse cell types. Damage to muscle fibers 
and axons triggers an inflammatory response that activates sat-
ellite cells to exit quiescent, proliferate, and enter the myogenic 
differentiation program. In parallel, glial cells guide regenerating 
axons to their target myofibers and aid them in reforming NMJs. 
Still, the skeletal muscle loses its regenerative abilities in cases 
such as severe wounds, myopathies, and degenerative diseas-
es. While significant progress has been made in recent years to 
engineer skeletal muscle tissue in vitro, no in vitro human inju-
ry models have been described which include myofibers, motor 
neurons and, by extension, functional NMJs. Here we show that 
our iPSC-derived neuromuscular organoid (NMO) offers a unique 
and dynamic model for studying neuromuscular development 
and the mechanisms of neuromuscular injury and regeneration. 
NMOs are characterized by the simultaneous development of 
spinal cord neurons and skeletal muscles that self-organize and 
form functional NMJs. Mechanical injury in NMOs is achieved 
by severing the muscle fibers and axons. Analysis of NMOs two 
days post-injury revealed activation and proliferation of satellite 
cells, indicated by significantly increased numbers of PAX7+ and 
MYOD1+ cells, marking the initiation of myogenic regeneration. 
Additionally, injury resulted in a significant reduction in the num-
ber and size of NMJs. Strikingly, after two weeks the NMJs re-
covered to levels comparable to the pre-injury state. Moreover, 
in response to injury, macrophages (IBA-1+ cells) appeared in the 
muscle region of the NMOs. Collectively, our data illustrates that 
iPSC-derived NMOs can be used as a robust model to study neu-
romuscular injury. This model also opens up the opportunity to 
investigate the impaired muscle healing mechanisms in various 
myopathies.

Keywords: Neuromuscular Organoids, Neuromuscular injury, 
Skeletal Muscle
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423F DRUG DIVERSELY AFFECTS 
DIFFERENTIATION OF DISTINCT CD90 HUMAN 
MUSCLE SUBSETS IN MULTIPLEXED CULTURE 
CONDITIONS VIA GP130
Li, Angela - Orthopaedic Surgery, Keck School of Medicine, 
University of Southern California, Los Angeles, CA, USA
Anbuchelvan, Madhavan - Orthopaedic Surgery, Keck School 
of Medicine, University of Southern California, Los Angeles, CA, 
USA
Fathi, Amir - Orthopaedic Surgery, Keck School of Medicine, 
University of Southern California, Los Angeles, CA, USA
Abu-Zahra, Maya - Orthopaedic Surgery, Keck School of 
Medicine, University of Southern California, Los Angeles, CA, 
USA
Evseenko, Denis - Orthopaedic Surgery, Keck School of 
Medicine, University of Southern California, Los Angeles, CA, 
USA
Petrigliano, Frank - Orthopaedic Surgery, Keck School of 
Medicine, University of Southern California, Los Angeles, CA, 
USA
Dar, Ayelet - Orthopaedic Surgery, Keck School of Medicine, 
University of Southern California, Los Angeles, CA, USA

Chronic muscle injuries, such as massive rotator cuff tears, are 
associated with progressive muscle wasting, fibrotic scarring, 
and intramuscular fat accumulation. While progenitor cell sub-
sets are usually studied in culture conditions that drive either 
myogenic, fibrogenic, or adipogenic differentiation, it is still un-
known how combined myo-fibro-adipogenic signals, which are 
expected to occur in vivo, modulate progenitor differentiation. 
We therefore evaluated the differentiation potential of subsets 
of primary human muscle progenitors in multiplexed conditions 
in the presence or absence of 423F drug, a modulator of gp130 
signaling. Retrospectively generated human muscle progenitors 
were typified as CD90+CD56+ myogenic and CD90-CD56- fi-
bro-adipogenic progenitors (FAP). In addition, we identified a 
novel CD90+CD56- non-adipogenic progenitor subset. These 
human muscle subsets exhibited varying degrees of intrinsically 
regulated differentiation in single and mixed induction cultures. 
423F/gp130 modulated muscle progenitor differentiation in a 
dose-, induction-, and cell subset-dependent manner and result-
ed in decreased fibro-adipogenesis of CD90-CD56- FAP. Con-
versely, 423F mediated increased myogenesis of CD56+CD90+ 
myogenic subset, indicated by increased myotube diameter and 
number of nuclei per myotube in treated non-induced cultures. 
423F treatment eliminated FAP-derived mature adipocytes from 
mixed adipocytes-FAP cultures but did not affect the growth of 
non-differentiated FAP in these cultures. Collectively, these data 
demonstrate that capability of myogenic, fibrogenic, or adipogen-
ic differentiation is largely dependent on the intrinsic features of 
cultured subsets, and that the degree of lineage differentiation 
varies when signals are multiplexed. Moreover, our tests per-
formed in primary human muscle cultures indicate that 423F drug 
could diminish degenerative fibro-adipogenesis of muscle after 
injury without disrupting myogenesis or augmenting muscle at-
rophy.

Funding Source: Epstein Research and Discovery Fund.

Keywords: muscle, myo-fibro-adipogenesis, drug
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MECHANORESPONSIVE 3D BIOPRINTED BONE 
ORGANOIDS FROM HMSC-LADEN HYDROGELS
Müller, Ralph - Health Sciences and Technology, Institute for 
Biomechanics, ETH Zürich, Switzerland
Schädli, Gian Nutal - Health Sciences and Technology, Institute 
for Biomechanics, ETH Zürich, Switzerland
Singh, Amit - Health Sciences and Technology, Institute for 
Biomechanics, ETH Zürich, Switzerland
Steffi, Chris - Health Sciences and Technology, Institute for 
Biomechanics, ETH Zürich, Switzerland
de Leeuw, Anke - Health Sciences and Technology, Institute for 
Biomechanics, ETH Zürich, Switzerland

Bone undergoes constant finely tuned remodeling processes 
orchestrated by osteocytes, bone-resorbing osteoclasts, and 
bone-forming osteoblasts. The activity of these cells is uniquely 
responsive to mechanical stress. An imbalance in the activity of 
these cells or an inherent fault in their function gives rise to many 
diseases. However, the relationship between mechanical loading 
and unloading and overall gene expression is poorly understood, 
especially in diseases that impair ambulation. Stem cell-derived 
organoids are a promising tool to study such molecular process-
es in health and disease under different conditions. Here, we 
show that 3D bioprinted stem-cell based osteocyte bone organ-
oids respond to an increase in mechanical loading frequency by 
increasing mineral density maturation. The osteocyte bone or-
ganoids were formed from stem-cell laden graphene oxide hy-
drogels with mechanical loading using 5 Hz frequency within a 
pre-culture time of 4 weeks. Subsequently, the effects of mechan-
ical unloading, continued loading with 5 Hz, and with 10 Hz on 
organoid stiffness, mineral density maturation, bone volume and 
gene expression were investigated. The organoid stiffness was 
monitored longitudinally within dynamic compression bioreactors 
in combination using a mechanical stimulation unit. Our results 
show that loading with 10 Hz frequency induces a rapid increase 
in the organoid stiffness, resulting in organoids with 40% higher 
stiffness compared to mechanical unloading. Time-lapsed mi-
cro-computed tomography (micro-CT) shows that the increase in 
stiffness is due to a higher mineral density increase. To determine 
whether mechano-regulated pathways have been activated in 
the bone organoid, we conducted RNA-Seq on a total of 6 organ-
oids. Notably, mechanical loading with 5 and 10 Hz differentially 
regulated 49 and 173 genes as compared to mechanical unload-
ed conditions. These results suggest that stem-cell derived bone 
organoids hold great potential as a tool to investigate the rela-
tionship between molecular processes in mechanically loaded or 
unloaded bone under physiological or pathological conditions, 
especially when combined with patient-derived cells.

Funding Source: This project was supported by the grant # 
2022-487 of the Strategic Focal Area “Personalized Health 
and Related Technologies (PHRT)” of the ETH Domain (Swiss 
Federal Institutes of Technology)

Keywords: bone organoid, hMSC-laden hydrogels, 
mechanobiology
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MULTIPLEXED CELL-BASED ASSAYS FOR 
EVALUATING THE STRUCTURE AND FUNCTION 
OF EXCITABLE CELLS
Passaro, Austin - Product Management, Axion Biosystems, 
Atlanta, GA, USA
Millard, Daniel - Applications, Axion Biosystems, Atlanta, GA, 
USA
Sullivan, Denise - Applications, Axion Biosystems, Atlanta, GA, 
USA
Streeter, Ben - Applications, Axion Biosystems, Atlanta, GA, USA
Chvatal, Stacie - Product Management, Axion Biosystems, 
Atlanta, GA, USA

The flexibility and accessibility of induced pluripotent stem cell 
technology has allowed complex human biology to be repro-
duced in vitro at high throughput scales. Indeed, rapid advanc-
es in stem cell technology have led to widespread adoption for 
the development of in vitro models of neuron and cardiomyocyte 
electrophysiology to be used in screening applications in drug dis-
covery and safety. Furthermore, advanced cell preparations, such 
as organoids, are under investigation with aims toward establish-
ing mature human phenotypes in vitro. For the development and 
validation of relevant in vitro neuronal and cardiac models, it is 
critical to evaluate the structure and function of neuronal synaps-
es and networks, as well as cardiomyocyte viability, electrophys-
iology, and contractility. The objective of this work is to develop 
and validate a multiplexed structure-function assay as an efficient 
approach for evaluating neuronal and cardiomyocyte models in 
vitro. A planar grid of microelectrodes embedded in the substrate 
of each well interfaces with cultured cellular networks to contin-
uously monitor both electrophysiological function and structural 
viability. The electrodes detect the raw electrical activity from 
the cells to identify changes in function, while structural effects, 
such as morphological changes and cell viability, are detected as 
changes in impedance at the cell-electrode interface. Here, we 
characterized and validated this multiplexed assay using known 
control compounds that differentially affected cell structure and 
function. For iPSC-derived neuronal models, all compounds test-
ed (DMSO, glutamate, tributyltin, ionomycin, and Triton X-100) 
altered functional spiking activity. Glutamate, ionomycin, and 
tributyltin all produced a dose- and time-dependent decrease in 
viability, as measured via impedance, with Triton X-100 serving as 
the positive control for complete loss of membrane integrity. For 
cardiomyocytes, all compounds (E-4031, nifedipine, isoprotere-
nol, doxorubicin, and blebbistatin) affected aspects of electrical 
or contractile function, but only doxorubicin decreased cell viabil-
ity. These results support the continued development and use of 
human iPSC-derived neuronal and cardiomyocyte assays for high 
throughput drug discovery and safety assessment.

Keywords: Assay development, Electrophysiology, Viability
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CHEMICALLY DEFINED SUBSTRATES IN A 
READY-TO-USE FORMAT THAT PROMOTE 
ADHESION, NEURITE EXTENSION AND LONG-
TERM CULTURES FOR MULTIPLE INDUCED 
PLURIPOTENT-DERIVED NEURAL SUBTYPES
Favreau, Peter - Research and Development, Stem Pharm, Inc., 
Madison, WI, USA
Kulas, Joshua - Research and Development, Stem Pharm, Inc., 
Madison, WI, USA
Richards, Will - Research and Development, Stem Pharm, Inc., 
Madison, WI, USA
Greuel, Kaylie - Research and Development, Stem Pharm, Inc., 
Madison, WI, USA
Parham, Kailyn - Research and Development, Stem Pharm, Inc., 
Madison, WI, USA
Lebakken, Connie - Research and Development, Stem Pharm, 
Inc., Madison, WI, USA

Induced pluripotent stem cells (iPSCs) and their neural deriva-
tives hold great promise for regenerative medicine, environmen-
tal toxin screens, and modeling neurodegenerative diseases. 
However, successful differentiation of iPSCs and the use of dif-
ferentiated cells in down-stream workflows often requires apply-
ing animal-derived substrates to multiwell plates prior to plating 
cells. These animal-derived substrates often show batch-to-batch 
variability in composition that affects cell fate and downstream 
metrics. Further variability in culture and assay outcomes are in-
troduced through manual coating protocols. Additionally, recent 
supply shortages in the biomedical sciences have also shown 
the potential difficulty sourcing animal-derived substrates from 
vendors. In response, Stem Pharm has developed chemically de-
fined substrates that use norbornene-functionalized polyethylene 
glycol (PEG) and synthetic peptides offered precoated on ready-
to-use standard multiwell plates. The substrates form a 5-8 µm 
coating on tissue culture polystyrene or cyclic olefin co-polymers 
and provide a substrate with an elastic modulus of 80-100 kPa 
as measured by atomic force microscopy. We tested the perfor-
mance of these plates with commercially available iPSC-derived 
neurons, astrocytes, and microglia and found that for many neu-
ral subtypes, the substrates support sustained long-term cultures 
better than substrates currently in use. For example, co-cultures 
of astrocytes and glutamatergic neurons were successfully sup-
ported for >70 days. A separate study found iPSC-derived microg-
lia adhesion was sustained over two weeks and cells were mor-
phologically diverse. Microglia response was further interrogated 
using a combination of lipopolysaccharide (LPS) and interferon 
gamma (IFN-γ) stimulation with p65 translocation as an endpoint 
metric. Our results indicated heightened sensitivity to inflamma-
tion as measured by higher p65-positive nuclei in Stem Pharm’s 
substrate versus poly-D-lysine. Taken together, our synthetic sub-
strate provides a simple, ready-made foundation to enable robust 
readouts of neuronal cultures over extended durations in a more 
physiologically relevant context.

Funding Source: This work has been supported by NIH NINDS 
SBIR grants 1R43NS102088 and 2R44NS102088.

Keywords: Chemically-defined substrate, iPSC-derived neural 
cells, multiwell plates
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MODELING NEURAL PROCESSING IN VITRO 
WITH AGED IPSC NEURONS
Watmuff, Bradley - Biology, Cortical Labs, Melbourne, Australia
Baranes, Koby - Neuroscience, University of Cambridge, UK
Rollo, Ben - Clinical Neuroscience, Monash University, 
Melbourne, Australia
Kotter, Mark - Neuroscience, University of Cambridge, UK
Kagan, Brett - Biology, Cortical Labs, Melbourne, Australia

IPSCs have enabled the generation of a wide variety of cellular 
models for interrogating the fundamental bases of neurologi-
cal and psychiatric conditions, but the generation of an in vitro 
model of neural processing has been elusive. Our lab recently 
described DishBrain, a novel system that integrates human iPSC 
cortical neurons in a closed-loop in silico environment allowing 
them to “play” the classic video game Pong. This models what 
we term synthetic biological intelligence (SBI). In order to deter-
mine whether the differences in information processing that oc-
cur because of age-related changes can be seen in our system, 
we paired DishBrain with a novel iPSC line, N2P, which expresses 
the mutant LMNA protein Progerin after forward programming of 
NGN2 overexpression leading to an aged neuronal phenotype. 
In addition, we examined whether pharmacological intervention 
could be used to rescue, enhance, or modulate the gameplay of 
this system. Our initial investigations revealed N2P aged neurons 
were significantly less active in functional measures compared to 
NGN2 control neurons after 27 days of differentiation. Further-
more, it emerged that our cultures display neural criticality in a va-
riety of fundamental ways, indicating that N2P neurons exist in a 
differing functional state to control neurons. Unexpectedly, in the 
DishBrain system, N2P aged neurons significantly outperformed 
controls during active gameplay across a range of performance 
metrics, perhaps indicating that rather than displaying a decline in 
information processing, these cells have inherent advantages in 
cellular function or networking within the in silico environmental 
context. To test whether we were able to modulate the system 
pharmacologically, we treated cultures with carbamazepine, a 
sodium channel blocker clinically-used as an anticonvulsant, and 
found that the resulting reduction in spontaneous activity was suf-
ficient to improve NGN2 control neuron gameplay performanc-
es, bringing them in line with the N2P aged neurons. This data 
provides compelling evidence for the use of SBI approaches in 
cellular models of neural processing and concomitant pharmaco-
logical interventions.

Funding Source: Cortical Labs Pty. Ltd. provided reagents and 
equipment for this study. B.W. and B.J.K. are employees of 
Cortical Labs Pty. Ltd.

Keywords: Neural Processing In Vitro Model, DishBrain, Aged 
Neurons
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PATIENT-DERIVED CELLS CARRYING A CACNA1D 
VOLTAGE-GATED CALCIUM CHANNEL GAIN-OF-
FUNCTION MUTATION SHOW DYSREGULATED 
NEURODEVELOPMENT AND ALTERED 
NEURONAL FUNCTION
Tisch, Marcel - Genomics, Stem Cell Biology and Regenerative 
Medicine, University of Innsbruck, Austria
Geisler, Stefanie - Pharmacology and Toxicology, University of 
Innsbruck, Austria
De Mingo Alemany, María Carmen - Pediatric Endocrinology 
Unit, Hospital Universitario la Fe, Valencia, Spain
Ortner, Nadine - Pharmacology and Toxicology, University of 
Innsbruck, Austria
Lechner, Miriam - Genomics, Stem Cell Biology and 
Regenerative Medicine, University of Innsbruck, Austria
Gabassi, Elisa - Genomics, Stem Cell Biology and Regenerative 
Medicine, University of Innsbruck, Austria
Török, Ferenc - Pharmacology and Toxicology, University of 
Innsbruck, Austria
Suarez Cubero, Marta - Genomics, Stem Cell Biology and 
Regenerative Medicine, University of Innsbruck, Austria
Günther, Katharina - Genomics, Stem Cell Biology and 
Regenerative Medicine, University of Innsbruck, Austria
Striessnig, Jörg - Pharmacology and Toxicology, University of 
Innsbruck, Austria
Edenhofer, Frank - Genomics, Stem Cell Biology and 
Regenerative Medicine, University of Innsbruck, Austria

Voltage-gated calcium channels (VGCCs) are highly expressed 
in the human brain and are involved in many physiological pro-
cesses. Recent reports suggest that VGCC are key modulators 
of early neurodevelopment. VGCC gain-of-function mutations, 
as observed in the Cav1.3 encoding CACNA1D gene, have been 
linked to a range of neurological pathologies, including Au-
tism Spectrum Disorders (ASD). One such mutation affects the 
Cav1.3 L271 residue. Electrophysiological studies in HEK cells 
overexpressing Cav1.3 L271H indicate that this mutation lowers 
the voltage dependency of channel activation and inactivation, 
thereby permitting increased subthreshold inward Ca2+ currents. 
However, currently no functional studies are available how this 
mutation affects early neurodevelopment or the physiology of 
disease-relevant human neurons. Here, we describe the gener-
ation of an induced pluripotent stem cell (iPSC)-line, carrying the 
heterozygous Cav1.3 L271H mutation, through reprogramming 
of peripheral blood mononuclear cells (PBMC) obtained from a 
patient diagnosed with a severe neurodevelopmental disorder. 
This novel iPSC line was used to establish a disease model in-
cluding multiple stages of neurodevelopment, comprising neural 
progenitor cells (NPC) and human (midbrain) neurons. Functional 
analysis of the cells revealed alterations in calcium signaling and 
electrical activity affecting the resting membrane potential, firing 
frequency and action potential shapes of the NPCs as well as 
neurons. Additionally, three-dimensional cell culture systems of 
early human neurodevelopment revealed structural alterations, 
indicating a deficit in neural rosette self-organization capacities 
of the mutated cells. Furthermore, transcriptomic analysis of the 
patient-derived cell lines highlights the impact of upregulated 
genes, which have previously been associated to ASD and other 
neurodevelopmental disorders. Overall, this study will broaden 
our understanding of the role Cav1.3 channels play during neuro-
development and how such gain-of-function mutations contribute 
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) to CACNA1D channelopathies, thereby paving the way for novel 
therapeutic strategies for affected individuals.

Keywords: Voltage-gated calcium channel, iPSC-based disease 
model, Neurodevelopment and neuronal function
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DEVELOPMENT OF IPSC-DERIVED PRE-
CLINICAL DRUG SCREENING ASSAYS FOR KIF1A 
ASSOCIATED NEUROLOGICAL DISORDER (KAND)
Murchison, Angela - Research and Development, NeuCyte, CA, 
USA
Nicholson, Martin - NeuCyte, Mountain View, CA, USA
Zhou, Peng - NeuCyte, Mountain View, CA, USA
Wu, Ji - NeuCyte, Mountain View, CA, USA
Verden, Dylan - KIF1A.ORG, New York, NY, USA
Lessard, Dominique - KIF1A.ORG, New York, NY, USA
Poon, Wayne - NeuCyte, Mountain View, CA, USA

KIF1A Associated Neurological Disorder (KAND) is a rare and 
progressive neurodegenerative disorder caused by mutations in 
the KIF1A gene. Affecting over 500 diagnosed individuals, this 
disorder has a broad phenotypic presentation, including spastic 
paraplegia, seizures, hypotonia, optic nerve atrophy, cerebral and 
cerebellar atrophy, and intellectual disability. Despite the over-
whelming need for therapeutics, there are no clinical trials, let 
alone approved therapies for KAND in which the lack of estab-
lished and reproducible assays for therapeutic discovery and de-
velopment is a major barrier. Therefore, we generated iPSC-de-
rived glutamatergic and GABAergic neurons from E253K and 
P305L KIF1A mutation patients in order to develop pre-clinical 
assays for KAND drug discovery. Here, we describe phenotyp-
ic assays that represent the clinical manifestations of KAND i.e., 
seizures and developmental delay, that can be used to screen 
for therapeutics. KIF1A mutations lead to impairments in neuro-
trophic support of axonal outgrowth, cargo trafficking deficits, as 
well as altered neuronal electrophysiology in iPSC-derived neu-
rons. These KIF1A mutant phenotypes further our understanding 
of KAND biology and also represent translatable biomarkers that 
can be readily adapted to high-throughput screening platforms to 
identify KAND therapeutics.

Keywords: KIF1A, Seizurogenics assay, Drug-sceen
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IDENTIFYING HISTONE POST-TRANSLATIONAL 
MODIFICATIONS DRIVING GLOBAL 
TRANSCRIPTIONAL DYSREGULATION IN DOWN 
SYNDROME
Nathanson, Anna J. - Stanley Center, Broad Institute, 
Cambridge, MA, USA
Klein, Jenny - Stanley Center, Broad Institute, Cambridge, MA, 
USA
Barrett, Lindy - Stanley Center, Broad Institute, Cambridge, MA, 
USA

Down syndrome (DS), the most common genetic form of intel-
lectual disability (ID) with a prevalence of 1 in 750 live births, is 
caused by triplication of chromosome 21 (HSA21). Although only 
the genes on HSA21 are triplicated, trisomy 21 nevertheless re-
sults in global transcriptional dysregulation. Gene expression is 
altered both spatially, depending on the tissue, and temporally, 
depending on the developmental timepoint. Defining the dynam-

ics of this complex differential gene expression is crucial to un-
derstanding the clinical hallmarks of DS. We hypothesize that epi-
genetic changes, namely histone post-translational modifications 
(PTMs), drive this dynamic transcriptional dysregulation. To in-
vestigate the connection between changes in histone PTMs and 
differential gene expression, we utilize isogenic iPSCs derived 
from individuals with DS that are differentiated into multiple neu-
ronal cell types. We have identified altered abundance of specif-
ic histone methylation and acetylation marks that are consistent 
across cell type and individual, including changes that are cell-
type specific. To understand how these alterations affect gene 
expression, we perform Cleavage Under Targets and Tagmen-
tation (CUT&Tag) coupled with RNA-seq to correlate changes in 
chromatin binding with transcriptional output. This work begins to 
decode the molecular underpinnings of the global transcriptional 
dysregulation found in DS and lays the foundation for correlating 
these molecular changes to distinct cellular phenotypes.

Keywords: Down Syndrome, Epigenetics, Histone modifications
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DISEASE MODELING OF NGLY1 DEFICIENCY 
WITH PATIENT IPSC-DERIVED BRAIN 
ORGANOIDS
Kamei, Takayuki - Takeda-CiRA Joint Program (T-CiRA), T-CiRA 
Discovery and Innovation, Takeda Pharmaceutical Company 
Limited, Japan
Yukitake, Hiroshi - Takeda-CiRA Joint Program (T-CiRA), T-CiRA 
Discovery and Innovation, Takeda Pharmaceutical Company, 
Limited, Fujisawa, Japan
Suzuki, Tadashi - Glycometabolic Biochemistry Laboratory, 
RIKEN Cluster for Pioneering Research, RIKEN, Wako, Japan

N-glycanase 1 deficiency (NGLY1 deficiency) is a rare, autoso-
mal recessive disorder caused by mutations of the N-glycanase 
1 gene (NGLY1). The first patient was reported in 2012 and the 
total number of diagnosed cases is now approximately 100, with 
more than a dozen patients waiting for a diagnosis. Typical fea-
tures of NGLY1 deficiency are global developmental delay, hy-
potonia, abnormal involuntary movements, poor tear production, 
microcephaly, intractable seizures, EEG abnormalities, and liver 
disease. There are no approved treatments to date. It is also un-
known how exactly NGLY1 mutations cause these symptoms. 
In this study, we investigated the pathogenesis of NGLY1 defi-
ciency using iPSC-derived cortical organoids (COs) from patients 
and isogenic controls generated by the CRISPR-Cas9 system to 
explore effective drugs. Immunohistochemical analysis and tran-
scriptional profiling of organoids on day 26 of differentiation were 
carried out. There were morphological alternations and some of 
the most up-regulated differentially-expressed genes (DEGs) in-
cluded genes that play an important role in GABAergic interneu-
ron of medial ganglionic eminence (MGE). Laser capture micro-
dissection of COs followed by gene expression profiling revealed 
that NGLY1-deficient COs have a neuronal heterotopia-like phe-
notype characterized by GABAergic interneurons located in re-
gions that do not follow differentiation conditions of cortical brain 
organoids. From a disease-related gene network generated by 
artificial intelligence using curated information and DEGs of COs, 
it was found that approved drugs targeting dopamine receptor 
D2 (DRD2) and GABAergic neurons are likely to have therapeutic 
effects. This study will deepen our understanding of the patho-
genesis of NGLY1 deficiency and highlight the utility of patient 
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iPSC-derived brain organoids for modeling ultra-rare neurodevel-
opmental disorders in humans.

Keywords: NGLY1 deficiency, Brain organoid, 
Neurodegenerative disease

713

LONGITUDINAL PROGRAMS OF CELLULAR 
DIVERSIFICATION OF THE HUMAN CEREBRAL 
CORTEX IN BRAIN ORGANOIDS
Uzquiano, Ana - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Kedaigle, Amanda - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Pigoni, Martina - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Paulsen, Bruna - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Adiconis, Xian - Stanley Center for Psychiatric Research, Broad 
Institute of MIT and Harvard, Cambridge, MA, USA
Kim, Kwanho - Stanley Center for Psychiatric Research, Broad 
Institute of MIT and Harvard, Cambridge, MA, USA
Faits, Tyler - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Nagaraja, Surya - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Anton-Bolanos, Noelia - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Gerhardinger, Chiara - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Tucewicz, Ashley - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Murray, Evan - Broad Institute of MIT and Harvard, Broad 
Institute of MIT and Harvard, Cambridge, MA, USA
Jin, Xin - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Buenrostro, Jason - Stem Cell and Regenerative Biology, 
Harvard University, Cambridge, MA, USA
Chen, Fei - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Velasco, Silvia - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Regev, Aviv - Klarman Cell Observatory, Broad Institute of MIT 
and Harvard, Cambridge, MA, USA
Levin, Joshua - Stanley Center for Psychiatric Research, Broad 
Institute of MIT and Harvard, Cambridge, MA, USA
Arlotta, Paola - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA

Realizing the full utility of brain organoids to study human cortical 
development requires understanding whether organoids precise-
ly replicate endogenous cellular and molecular events of the em-
bryonic human developing cortex. Here, we present a compre-
hensive single-cell transcriptomic, epigenetic, and spatial atlas of 
human cortical organoid development, comprising over 610,000 
cells, from generation of neural progenitors through production 
of differentiated neuronal and glial subtypes. We show that pro-
cesses of cellular diversification correlate closely to endogenous 
ones, irrespective of metabolic state, empowering the use of 
these data to study human fate specification. We define longitu-
dinal molecular trajectories of cortical cell types during organoid 
development, identify genes with predicted human-specific roles 
in lineage establishment, and uncover early transcriptional diver-
sity of human callosal neurons. Based on this latter finding, we are 

now further leveraging cortical organoids to explore the mecha-
nistic underpinning of callosal projection neuron expansion and 
diversification in the human cerebral cortex. In sum, our work 
provides a comprehensive, single-cell molecular map of cortical 
organoid development, and validates this comprehensive atlas of 
human corticogenesis in vitro as a resource to prime investigation 
into the mechanisms of human cortical development.

Keywords: Human cortical development, Human brain 
organoids, Cellular diversification
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DERIVATION OF POSTERIOR AXIAL 
ASSEMBLOIDS USING HUMAN STEM CELLS
Leboeuf, Melanie - Department of Biochemistry and Biophysics, 
Stockholm University, Stockholm, Sweden
Kee, Nigel - Department of Cell and Molecular Biology, 
Karolinska Institutet, Stockhom, Sweden
Gomez Alcalde, Silvia - Department of Biochemistry and 
Biophysics, Stockholm University, Sweden
Petipre, Charles - Department of Neuroscience, Karoliska 
Institutet, Stockholm, Sweden
Mei, Irene - Department of Biochemistry and Biophysics, 
Stockholm University, Sweden
Hagey, Daniel - Department of Laboratory Medicine, Karolinska 
Institutet, Stockholm, Sweden
Dias, Jose - Department of Cell and Molecular Biology, 
Karolinska Institutet, Stockholm, Sweden
Lallemend, Francois - Department of Neuroscience, Karolinska 
Institutet, Stockholm, Sweden
EL Andaloussi, Samir - Department of Laboratory Medicine, 
Karolinska Institutet, Stockholm, Sweden
Ericson, Johan - Department of Cell and Molecular Biology, 
Karolinska Institutet, Stockholm, Sweden
Hedlund, Eva - Department of Biochemistry and Biophysics, 
Stockholm University, Stockholm, Sweden

During embryonic development, the post-cranial body axis is con-
structed from a highly proliferative population of axial progenitors 
(AxPs) located at the caudal tip of the embryo. AxPs simultane-
ously self-renew and generate neural tube (NT), neural crest (NC), 
and somatic mesoderm (SM) progenitor cells. We have devel-
oped a monolayer protocol that can recreate the AxPs lineage 
tree from human pluripotent stem cells in vitro. Through modu-
lation of growth factor conditions, we can generate and maintain 
AxPs that go through colinear Hox activation and subsequently 
derive pre-somitic mesoderm (PSM), pre-neural crest (NC), ventral 
neural progenitors (vNT) and dorsal neural progenitors (dNT) of 
distint A-P levels. We generate organoids from these distinct lin-
eages and assemble these into sophisticated 3D Posterior Axial 
Assembloids (PAXAs). The PAXAs can be maintained in vitro for 
months at a time, express mature neural and mesodermal mark-
ers and display spontaneous contractions. We anticipate that our 
protocols and PAXAs will aid in vitro modeling of human develop-
ment and neuromuscular diseases.

Keywords: Assembloids, Anterior-Posterior programing, 
Neuromuscular Junction
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CHEMICAL GENETIC DISSECTION OF 
CANONICAL BAF COMPLEX FUNCTION DURING 
CEREBRAL CORTEX DEVELOPMENT
Lin, Yuan - Developmental Biology, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA
Sun, Zhen - Human Oncology & Pathogenesis Program, 
Memorial Sloan Kettering Cancer Center, New York, NY, USA
Koche, Richard - Center for Epigenetics Research, Memorial 
Sloan Kettering Cancer Center, New York, NY, USA
Islam, Mohammed - Developmental Biology, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA
Vierbuchen, Thomas - Developmental Biology, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA

SWI/SNF ATP-dependent nucleosome remodeling complexes 
(also known as BAF complexes) remodel nucleosomes at cis-reg-
ulatory elements to facilitate binding of transcription factors and 
promote transcription. The canonical BAF complex (cBAF), char-
acterized by incorporation of ARID1 subunits (ARID1A or ARID1B), 
functions primarily at enhancers to facilitate cell type-specific 
gene expression programs. Mutations in Arid1a are frequently 
observed in a variety of human cancers, whereas heterozygous 
loss-of-function mutations in Arid1b are one of the most common 
large-effect mutations observed in children with neurodevelop-
mental disorders. However, the specific functions of ARID1A/
cBAF and ARID1B/cBAF complexes in gene regulation during 
brain development have not been defined and thus the mech-
anistic underpinnings of neurodevelopmental disorders in indi-
viduals with Arid1b mutations remain unclear. To delineate the 
specific functions of ARID1A and ARID1B/cBAF complexes during 
embryonic development, we generated inducible degron alleles 
(Arid1adTAG, Arid1bdTAG) in mouse pluripotent stem cells. The 
Arid1adTAG allele allows for rapid, inducible, and reversible deg-
radation of ARID1A protein. We performed extensive validation 
experiments to confirm that dTAG addition to ARID1 proteins 
does not disrupt their function. Importantly, we demonstrate that 
constitutive degradation of ARID1AdTAG phenocopies a null 
mutation in a spontaneous differentiation assay. Using a novel 
protocol developed in our lab, we generated cerebral cortical 
organoids from Arid1adTAG, Arid1bdTAG EpiSC lines. Arid1b+/
dTAG cortical organoids are akin to an inducible model of Arid1b 
haploinsufficiency, and can be used to examine the impact of 
stage-specific Arid1b loss-of-function as well as to perform rescue 
experiments. With these new models, we are charting the direct/
proximal functions of ARID1A/cBAF and ARID1B/cBAF complex-
es in gene regulation during cerebral cortex development using 
scRNA-seq. Taken together, our data provide a proof-of-concept 
that degron alleles can be used in neural organoids to charac-
terize mechanisms of gene regulation during brain development, 
with important implications for the design of new cellular models 
of neurodevelopmental disorders.

Keywords: neurodevelopmental disorders, brain organoids, 
transcriptional regulation
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UNDERSTANDING PARKINSON’S DISEASE 
PATHOGENESIS THROUGH REGIONALLY 
SPECIFIC ASTROCYTES
Fraser, Tyra - Neurogenesis and Neural Transplantation, The 
Florey Institute of Neuroscience, The University of Melbourne, 
Australia
Viventi, Serena - Neurogenesis and Neural Transplantation, The 
Florey Institute of Neuroscience, Melbourne, Australia
Pavan, Chiara - Neurogenesis and Neural Transplantation, The 
Florey Institute of Neuroscience, Melbourne, Australia
Besteman, Ilse - Neurogenesis and Neural Transplantation, The 
Florey Institute of Neuroscience, Melbourne, Australia
Halliday, Glenda - School of Medical Sciences, The University of 
Sydney, Australia
Kirik, Deniz - Brain Repair and Imaging in Neural Systems, Lund 
University, Lund, Sweden
Parish, Clare - Neurogenesis and Neural Transplantation, The 
Florey Institute of Neuroscience, Melbourne, Australia
Thompson, Lachlan - Neural Transplantation and Repair, The 
University of Sydney, Australia

Mutations and/or deletions in LRRK2, SNCA and PRKN genes re-
sult in a high probability of developing Parkinson’s disease (PD), 
suggesting a critical role for these genes. While the loss of pig-
mented dopamine neurons in the substantia nigra is an estab-
lished pathology seen in these genetic backgrounds, the potential 
role of astrocytes is unknown. Astrocytes are seen in the areas of 
neurodegeneration and sometimes pathological profiles, which 
was previously considered a downstream response to neuronal 
death, however, recent evidence suggests these cells may also 
actively participate in disease progression. To understand this 
role, we will use induced pluripotent stem cells from patients with 
mutations or deletions in the LRRK2, PRKN and SNCA genes, as 
well as unaffected controls, and differentiate them into regionally 
specified astrocytes. By creating astrocytes with regional identity 
i.e., cortex or ventral midbrain, we aim to more specifically mod-
el astrocyte-associated pathological phenotypes associated with 
different brain regions. i.e., are ventral midbrain astrocytes more/
less affected by certain PD mutations when compared to cortical 
astrocytes? We will explore differences in gene and protein ex-
pression and will also co-culture astrocytes with healthy neurons 
in vitro. To further extend on this, these patient-derived astrocytes 
will be studied in the environment of a living brain through xeno-
transplantation which will provide a unique paradigm to reveal 
temporal, spatial and cellular components of non-cell intrinsic PD 
pathobiology.

Funding Source: Aligning science across Parkinson’s (ASAP); 
The Michael J. Fox Foundation for Parkinson’s Research.

Keywords: Regionally specific astrocytes, Stem cell derived 
Astrocytes, LRRK2, SNCA, PRKN
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MODELING THE HUMAN NEUROMUSCULAR 
JUNCTION IN VITRO
Gomez Alcalde, Silvia - Biochemistry and Biophysics, Stockholm 
University, Sweden
Mei, Irene - Biochemistry and Biophysics, Stockholm University, 
Sweden
Schweingruber, Christoph - Biochemistry and Biophysics, 
Stockholm University, Sweden
Bartee, Alexandra - Biochemistry and Biophysics, Stockholm 
University, Sweden
Pollmeier, Gill - Cellular and Molecular Biology, Karolinska 
Institutet, Stockholm, Sweden
Nijssen, Jik - Cellular and Molecular Biology, Karolinska 
Institutet, Stockholm, Sweden
Leboeuf, Mélanie - Biochemistry and Biophysics, Stockholm 
University, Sweden
Hedlund, Eva - Biochemistry and Biophysics, Stockholm 
University, Sweden

Neuromuscular junctions (NMJ) are affected early in amyotrophic 
lateral sclerosis (ALS). An in vitro model that replicates the NMJ 
and its destruction in ALS would further our understanding of this 
early event in the disease and may aid in finding disease modifi-
ers. To generate a reproducible in vitro system of the NMJ, as well 
as modelling its early destruction in ALS, we differentiate human 
pluripotent stem cells (PSCs) into spinal motor neurons (MN) and 
skeletal muscle from a healthy donor and isogenic lines with ge-
nome engineered ALS-causing mutations. Maturation of human 
iPSC-derived myofibers is assessed by myofiber striation with 
immunostaining of TITIN, a protein of the contractile apparatus. 
Preliminary work to validate the generation of functional NMJs 
was done using human primary myoblast-derived myotubes 
expressing the fluorescent calcium indicator MHCK7::GCaMP 
cultured with PSC-derived MNs. Functional connectivity was de-
tected by an increase in fluorescence intensity produced by the 
calcium indicator of the myotubes after glutamate stimulation of 
MNs. Interactions between MN processes and AChR clusters on 
myotubes were detected by immunostaining for TUBB3, SV2A, 
and BTX, indicating formation of NMJ-like structure. Research in 
progress in this project includes RNA-sequencing to analyze the 
transcriptomic changes derived from MN-myofiber interaction in 
ALS, and thus, studying the role of each cell type in the disease.

Keywords: neuromuscular junction, spinal motor neurons, 
amyotrophic lateral sclerosis
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INVESTIGATING THE ROLE OF NUCLEOLIN IN 
NEURAL REPAIR POST-STROKE
Zarafshan, Maya - Neurology, University of California, Los 
Angeles, CA, USA

Stroke occurs in two ways; ischemic stroke where an artery is 
blocked, or hemorrhagic stroke which is a burst of a blood ves-
sel. Specifically in ischemic stroke, brain repair is limited. The 
process called axonal sprouting is a process which encourages 
brain recovery post stroke injury. Axonal sprouting takes place 
from the motor cortex to the premotor cortex. Stroke is the lead-
ing cause of adult disability, affecting around 800,000 individu-
als each year. Current therapy options for individuals are limited 
and difficult to find. Therefore, we look to investigate potential 
therapies for which the brain can recover after injury. My proj-

ect is concerned with investigating the role of nucleolin in neu-
ral repair post-stroke. Behavioral tests, pasta matrix and gid walk 
analysis were conducted on the cohorts in order to investigate 
the effects of nucleolin inhibition in functional recovery. Cohorts 
were euthanized at 30 days following brain mapping analysis. Re-
sults showed stroke cohorts did in fact regain motor function after 
treatment. Behavioral tests, pasta matrix and grid walk, showed 
virus and stroke cohorts improved motor function compared to 
control and stroke cohorts.

Funding Source: Mike Fainzilber, Ph.D. Department’s of 
Biomolecular Sciences and Molecular Neuroscience Weizmann 
Institute of Science S. Thomas Carmichael, M.D., Ph.D. 
Department. of Neurology UCLA

Keywords: mice, vmouse stroke model, neurology
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IN VITRO GENERATION OF PSEUDOUNIPOLAR 
RODENT AND HUMAN IPSC-DERIVED SENSORY 
NEURONS
Röderer, Pascal - Institute of Reconstructive Neurobiology, 
University of Bonn Medical Faculty and University Hospital 
Bonn, Germany
*Costa, Ana Catarina - Nerve Regeneration Group, Instituto de 
Biologia Molecular e Celular-IBMC and Instituto de Inovação e 
Investigação em Saúde, University of Porto, Portugal
Roll, Fiona - Institute of Physiology, University Hospital RWTH 
Aachen, Germany
Buck, Franziska - Institute of Reconstructive Neurobiology, 
University of Bonn Medical Faculty and University Hospital, 
Bonn, Germany
Heidrich, Luzia - Cellomics Unit, LIFE & BRAIN GmbH, Bonn, 
Germany
Neureiter, Anika - Institute of Physiology, University Hospital 
RWTH Aachen, Germany
Zellner, Andreas - Research Group Neurohomeostasis, 
Department of Psychiatry and Psychotherapy, University of 
Bonn Medical Faculty and University Hospital, Bonn, Germany
Mecdad, Yara - Research Group Neurohomeostasis, 
Department of Psychiatry and Psychotherapy, University of 
Bonn Medical Faculty and University Hospital, Bonn, Germany
Bajaj, Thomas - Research Group Neurohomeostasis, 
Department of Psychiatry and Psychotherapy, University of 
Bonn Medical Faculty and University Hospital, Bonn, Germany
Nitzsche, Anja - Institute of Reconstructive Neurobiology, 
University of Bonn Medical Faculty and University Hospital, 
Bonn, Germany
Gassen, Nils Christian - Research Group Neurohomeostasis, 
Department of Psychiatry and Psychotherapy, University of 
Bonn Medical Faculty and University Hospital, Bonn, Germany
Lampert, Angelika - Institute of Physiology, University Hospital 
RWTH Aachen, Germany
**Sousa, Monica - Nerve Regeneration Group, Instituto de 
Biologia Molecular e Celular-IBMC and Instituto de Inovação e 
Investigação em Saúde, University of Porto, Portugal
**Brüstle, Oliver - Institute of Reconstructive Neurobiology, 
University of Bonn Medical Faculty and University Hospital, 
Bonn, Germany
*Author contributed equally to this work
**corresponding authors

While multiple protocols describe the generation of human sen-
sory neurons (SNs) from iPSCs, proper recapitulation of specific 
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) hallmarks of SN morphology and physiology remains challenging. 
A unique feature of SNs is their specialized pseudounipolar mor-
phology. This property is a crucial prerequisite for SN function 
and signal transduction from the periphery to the CNS and has 
not been convincingly shown in human in vitro models so far. Re-
cent data indicate that cultured rodent neurons depend on the 
presence of dorsal root ganglia (DRG) glial cells to transition into a 
pseudounipolar morphology. These pseudounipolarized rat DRG 
neurons recapitulate the formation of a thin and a large diameter 
axon, resembling the central and peripheral axon development 
respectively. Live imaging of DRG explants from Thy1-EB3-GFP 
mice revealed an asymmetric microtubule dynamic in DRG neu-
rons, with the central axon displaying a more dynamic cytoskele-
ton. The asymmetric cytoskeletal dynamics were recapitulated in 
in vitro pseudounipolarized rat DRG neurons. We became inter-
ested in the question whether these findings could be translated 
to human iPSC-derived SNs. To address this question we used 
froward programmed SNs generated by overexpression of the 
transcription factors NGN1, BRN3A and ISLET1 (‘NBI’) in iPSCs. 
After 7 days of continuous transgene expression we observed 
robust formation of SNs expressing PRPH, NTRK1, TRPV1, NAV1.7 
and NAV1.8. IPSC-derived SNs are electrophysiologically func-
tional and show TTX-resistant currents, a hallmark of nociceptive 
sensory neurons. While their expression profile and electrophys-
iological properties recapitulate a human SN phenotype, a ma-
ture pseudounipolar morphology was not observed. However, 
upon a 3-week co-culture of ‘NBI’ SNs with non-neuronal cells 
from rat DRG more than 20% of the human SNs transitioned into 
a pseudounipolar morphology, while the number of multipolar 
neurons was significantly reduced. Our data indicates that an in 
vivo-like environment containing non-neuronal DRG cells triggers 
the development of an pseudounipolar morphology in forward 
programmed human SNs. We expect these cells to provide a 
more authentic tool for studying human SN development, in vitro 
disease modeling and drug discovery.

Keywords: iPSC-derived sensory neurons, Dorsal Root Ganglion, 
Pseudounipolar Neurons
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IMPACT OF CELLULAR METABOLISM ON 
CORTICOGENESIS: AN OBSERVATION FROM 
HUMAN CORTICAL ORGANOID CULTURE
Lin, Shaoyu - The Picower Institute for Learning and Memory, 
Massachusetts Insitute of Technology, Cambridge, MA, USA
Chung, Kwanghun - The Picower Institute for Learning and 
Memory, Massachusetts Institute of Technology, Cambridge, 
MA, USA

3D-cultured human induced pluripotent stem cell-derived cor-
tical organoids can mimic broad features of developing human 
cortex. However, even with the best protocol developed so far, 
many fundamental aspects of human corticogenesis have not 
been fully recapitulated in organoid culture yet. This has been 
partially due to aberrantly accelerated radial glia differentiation 
in an overall non-ideal in vitro environment. Here, our prelimi-
nary study has shown that, after being cultured in hypothermal 
conditions to slow down metabolism, the cortical organoids can 
have significantly enlarged size and more importantly, a remark-
ably increased neuronal production, particularly the upper-layer 
cortical neurons, which led to improved cortical lamination. Such 
phenotype can be attributed to an enlarged proliferating progen-
itor pool and a prolonged neurogenic time window. Further in-
vestigation has suggested boosted mitochondrial activity as one 

of the underlying mechanisms. Our study revealed an unexpect-
ed relationship between cellular metabolism and corticogenesis, 
and strongly suggests that metabolic manipulation holds great 
promise as a generalizable strategy to modulate in vitro model of 
neurodevelopment.

Funding Source: the Simons Center for the Social Brain 
Postdoctoral Fellowship at MIT

Keywords: brain organoid, corticogenesis, metabolism
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OPTICAL ALPHA SYNUCLEIN AGGREGATION 
INDUCTION SYSTEM-BASED COMPOUND 
SCREENING PLATFORM FOR PARKINSONS 
DISEASE
Kim, Minseong - Institute of Cell Engineering, Johns Hopkins 
Medicine, Baltimore, MD, USA
Lee, Gabsang - Institute of Cell Engineering, Johns Hopkins 
School of Medicine, Baltimore, MD, USA
Kweon, Sinho - Institute of Cell Engineering, Johns Hopkins 
School of Medicine, Baltimore, MD, USA
Ra, Eun - Institute of Cell Engineering, Johns Hopkins School of 
Medicine, Baltimore, MD, USA

Parkinson’s disease (PD) is a devastating age-related neurode-
generative disease characterized by the loss of midbrain dopami-
nergic (mDA) neurons with pathological aggregation of alpha-sy-
nuclein (a-syn). Human induced pluripotent stem cell (hiPSC) 
technology makes it possible to acquire mDA neurons of PD pa-
tients. However, it is difficult to model late-onset human disease 
including PD because the reprogramming of somatic cells to iP-
SCs resets their pathological state. In this study, we developed 
an optogenetics a-syn aggregation induction system (OASIS) that 
uses optogenetic proteins to allow light-induced control of pro-
tein interactions. The OASIS can optically aggregate ±-syn in a 
light-dependent manner and an exceptionally short temporal win-
dow and leads to phosphorylation of ±-syn aggregates, induces 
cellular toxicity in PD hiPSC-derived mDA neurons and midbrain 
organoids (MOs). In addition, we developed OASIS-based com-
pound screening platform in human neuronal cells and identified 
two candidate small molecules that considerably decrease the 
pathogenic ±-syn characters and significantly rescue the neuro-
toxicity in PD hiPSC-derived mDA neurons, MOs. Moreover, we 
validated the efficacy of one small molecule, named compound#1, 
on ±-syn preformed fibril (PFF)-induced PD-like symptom in in vivo 
mouse model by a wide range of pathological, behavioral, and 
biochemical studies as well as on mouse primary neurons, PD 
hiPSC-derived mDA neurons, suggesting the molecule could be 
a potent candidate for alleviating PD symptoms. We also found 
that compound#1 activated autophagic flux by inhibiting the PI3K-
PDK1/AKT/mTOR signaling pathway to induce clearance of ±-syn 
aggregates. Our OASIS provides a new hiPSC-based disease 
modeling and drug screening platform for PD.

Keywords: Parkinson’s disease, human iPSCs, alpha synuclein 
aggregation
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731

CREATION OF A MODEL FOR FRIEDREICH’S 
ATAXIA BY INDUCING PATIENT-DERIVED IPSC 
CELLS TO RETINAL GANGLION CELLS
Ying, Lei - Gene Editing, Life Edit Therapeutics Inc., Morrisville, 
NC, USA
Borden, Philip - Gene Editing, Life Edit Therapeutics Inc., 
Morrisville, NC, USA
Crawley, Allie - Bioinformatics, Life Edit Therapeutics Inc., 
Morrisville, NC, USA
Kim, Sally - Preclinical, Life Edit Therapeutics Inc., Morrisville, NC, 
USA
Li, Feng - iPSC Development, Life Edit Therapeutics Inc., 
Morrisville, NC, USA
Moy, Jamie - Gene Editing, Life Edit Therapeutics Inc., 
Morrisville, NC, USA
Rogers, Mark - Assay Development, Life Edit Therapeutics Inc., 
Morrisville, NC, USA
Siriwardena, Sachini - Gene Editing, Life Edit Therapeutics Inc., 
Morrisville, NC, USA
Woodburn, Kathryn - Preclinical, Life Edit Therapeutics Inc., 
Morrisville, NC, USA

Friedreich’s Ataxia (FRDA) is autosomal recessive disease caused 
by GAA trinucleotide repeat expansion in frataxin (FXN) gene in-
tron 1. FRDA affects multiple organs, such as central and periph-
eral nervous system, heart. 30% of the FRDA patients reported 
visual ophthalmic manifestations, including optic neuropathy and 
retinitis pigmentosa-like syndrome. Optical Coherence Tomogra-
phy (OCT) also showed decreased ganglion cell complex (GCC) 
and mean peripapillary retinal nerve fiber layer (RNFL) thickness. 
Since mouse model cannot recapitulate the retinal ganglion cell 
(RGC) loss phenotype, in this study, we used FRDA patient de-
rived iPSC and iPSC derived RGCs as guide RNA screening plat-
form and disease model. The aim of the therapy is to increase 
FXN protein expression level by 2-fold as indicated by FARA. We 
developed a chemical defined RGC differentiation protocol, us-
ing AggreWell to make embryoid body (EB) for the first 4 days 
of differentiation with dual Smad inhibition, then expand retinal 
neuronal progenitor cells (RPC) in monolayer for another 14 days, 
specify the PRCs to retinal ganglion progenitors (RGP), and ma-
ture RGPs to Brn3b(+)/CD90(+) RGCs. Flow cytometry analysis 
(FCA) and ELISA assays showed 2.4±0.41-fold increase of FXN 
protein in patient iPSC lines with the current gene therapy strate-
gy. Matured RGCs robustly express RGC markers, such as Brn3a, 
Brn3b, TuJ, RBPMS, etc. FRDA patient iPSC showed impaired 
neurite growth, decreased mitochondria membrane potential and 
increased apoptosis, which recapitulated phenotype of FRDA pa-
thology. In summary, FRDA patient iPSC and iPSC derived RGCs 
exhibit a spectrum of molecular and cellular defects of FRDA 
which can be corrected by the current gene editing strategy. This 
study underscores the application of patient derived iPSC and 
iPSC derived, relevant cell type in gene therapy discovery and 
preclinical stage when there is no feasible animal model.

Keywords: Friedreich’s Ataxia, inducible pluripotent stem cell 
(iPSC), retinal ganglion cells (RGC)

733

MOLECULAR AND FUNCTIONAL 
CHARACTERIZATION OF HUMAN 
THALAMOCORTICAL AND CORTICOTHALAMIC 
INTERACTIONS IN IPS CELL-DERIVED 
ASSEMBLOIDS
Nishimura, Masatoshi - Laboratory of Cellular Pharmacology, 
Graduate School of Pharmaceutical Sciences, Nagoya 
University, Japan
Kodera, Tomoki - Laboratory of Cellular Pharmacology, 
Graduate School of Pharmaceutical Sciences, Nagoya 
University, Japan
Takeuchi, Ryosuke - Laboratory of Cellular Pharmacology, 
Graduate School of Pharmaceutical Sciences, Nagoya 
University, Japan
Osakada, Fumitaka - Laboratory of Cellular Pharmacology, 
Graduate School of Pharmaceutical Sciences, Nagoya 
University, Japan

Brain organoids and assembloids are useful techniques for under-
standing the human brain development and pathogenesis of neu-
ropsychiatric disorders. Because thalamocortical neural circuits 
are pivotal for higher brain functions and neurodevelopmental 
disorders such as autism spectrum disorders, reconstructing and 
characterizing human thalamocortical interactions in vitro is an 
essential approaches to human neurobiology. Despite the gener-
ation of human thalamocortical assembloids, it remains unknown 
how much the assembloids mimic thalamocortical interactions of 
the brain. Here, we report cell type-specific circuit organization, 
molecular mechanisms of axonal projections, and structural and 
functional maturation in human thalamocortical assembloids us-
ing the CRISPR-Cas9 system, rabies monosynaptic tracing, en-
hancers, tissue clearing, and two-photon imaging. We directed 
the differentiation of human induced pluripotent stem cells to tha-
lamic organoids and cortical organoids each of which expressed 
brain region-specific genes. We subsequently fused the thalamic 
and cortical organoids to generate thalamocortical assembloids. 
Labeling the organoids with fluorescent proteins visualized recip-
rocal projections in the assembloids. These axonal projections 
were steered by guidance molecules. Trans-synaptic tracing us-
ing rabies viral vectors showed synaptic connections between 
the thalamic organoid and cortical organoid in the assembloids. 
Moreover, corticothalamic neurons and pyramidal tract neurons 
in the cortical region labeled with adeno-associated viruses car-
rying cell type-specific enhancers expressed layer-specific genes 
and projected to the thalamic region in the assembloids. These 
excitatory neurons were more mature in the assembloids than 
in the cortical organoids alone. Furthermore, two-photon imag-
ing revealed mature spontaneous activity in cortical neurons of 
the assembloids. These results demonstrate that thalamocortical 
assembloids faithfully recapitulate thalamocortical interactions in 
the developing human brain. The assembloid we produced here 
will facilitate understanding human brain development and devel-
oping drugs for neurodevelopmental disorders.

Keywords: Neural organoid, Neural assembloid, Viral vector
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INVESTIGATING THE ROLE OF 
NEUROINFLAMMATION IN AMYOTROPHIC 
LATERAL SCLEROSIS USING HUMAN IPSC 
DERIVED MICROGLIA
Syntaka, Sofia - Centre for Gene Therapy and Regenerative 
Medicine, King’s College London, UK
Chung, Matthew Wai Heng - School of Immunology and 
Microbial Sciences, King’s College London, UK
Riccio, Federica - Centre for Gene Therapy and Regenerative 
Medicine, King’s College London, UK
Demcollari, Theoni - Genetics and Molecular Medicine Research 
Division, King’s College London, UK
Syntakas, Aris Eleftherios - UCL Great Ormond Street Institute Of 
Child Health, University College London, UK
Gandhi, Sonia - The Francis Crick Institute, University College 
London, UK
Lieberam, Ivo - Centre for Gene Therapy and Regenerative 
Medicine, King’s and College London, UK

Amyotrophic lateral sclerosis is a multifactorial neurodegenera-
tive disease characterised by the irreversible loss of upper and 
lower motor neurons. Accumulating evidence suggests that non-
cell autonomous mechanisms are involved in ALS pathology and 
motor neuron degeneration itself is accompanied by an inflam-
matory response. Microglia activation is evident in post-mortem 
brain tissues and neuroimaging data from patients with ALS. 
However, the mechanisms of microglia-mediated neurotoxici-
ty and loss of homeostatic functions remain elusive. Therefore, 
delineating microglia phenotypes in ALS is now imperative. To 
address this, we derived induced pluripotent stem cell-microg-
lia from patients with ALS caused by mutations on TDP-43 and 
C9ORF72 genes. ALS-microglia exhibited a significant impair-
ment in homeostatic functions such as phagocytosis and migra-
tion, upregulated release of inflammatory cytokines and reactive 
morphologies consistent with a neuroinflammatory phenotype. 
RNA sequencing revealed that these mutations promote a tran-
sition to Interferon Response Microglia (IRM) accompanied by 
differentially expressed or spliced genes involved in apoptosis, 
endocytosis, formation of the inflammasome and cytoskeleton 
organisation. Finally, ALS-microglia recapitulated the pathologi-
cal hallmark of TDP-43 cytoplasmic localisation and phosphory-
lated-TDP-43-positive inclusions. A deeper understanding of the 
role of microglia in the cellular level of ALS is expected to unveil 
microglia heterogeneity and impact on motor neuron survival, 
leading towards the development of mechanistically rationalised 
therapies.

Funding Source: Wellcome Trust

Keywords: Microglia, human iPSCs, Amyotrophic Lateral 
Sclerosis

737

INVESTIGATING ENVIRONMENTAL 
NANOPLASTIC TOXIN IN PROMOTING 
THE ONSET OR AGGRAVATION OF 
NEURODEGENERATIVE DISEASE
Ng, Winanto - Department of Biological Science, National 
University of Singapore / Institute of Molecular and Cell Biology, 
Singapore
Ng, Shi Yan - A*STAR IMCB, Institute of Molecular and Cell 
Biology, Singapore

Incidence of neurodegeneration has increased over the past de-
cades, but this is not entirely explained by longer lifespans. We 
noted that this coincides with the increased use of single-use 
plastics from the 1970s. Various studies have reported increase 
oxidative stress following accumulation of nanoplastic in the brain 
tissue. Increase oxidative stress may affect many cellular pro-
cesses leading to apoptosis and neuroinflammation, a hallmark of 
neurodegenerative disease. In this study, we investigated if poly-
styrene nanoplastics (PS-NPs) can result in an onset or exacer-
bation of neurodegenerative disorders. Our current work reveals 
that 50nm PS-NPs can be efficiently taken by human neurons 
and iPSC-derived motor neurons (MNs). PS-NPs exposure reduc-
es survival, neuronal health (neurite length, soma size) and mi-
tochondrial function. Importantly, Pull-down assay revealed that 
PS-NPs can bind to TDP43 and result in hyperphosphorylation of 
TDP43, which is a protein implicated in both ALS (motor neurons 
disease) and frontal temporal dementia (FTD). Finally, we found 
that concurrent treatment of activated carbon and PS-NPs reduc-
es bioaccumulation of PS-NPs in spinal motor neurons. Therefore, 
our study demonstrated that environmental nanoplastic pollution 
can bind to key proteins involved in neurodegeneration. Its expo-
sure has demonstrated to reduce neuronal health and survival, 
which can be ameliorated by treatment with activated carbon.

Keywords: NEURODEGENERATIVE DISEASE, NANOPLASTIC, 
Neurotoxic hazard

739

COMPARISON OF DIFFERENTIATION 
PROTOCOLS FOR PATIENT-DERIVED IPSC 
ASTROCYTES TO MODEL ALS DEGENERATION
Tabuchi, Mariko - Biology, Modulo Bio, San Diego, CA, USA
Draeger, Nina - Biology, Modulo Bio, San Diego, CA, USA
Lim, Ryan - Biology, Modulo Bio, San Diego, CA, USA

Astrocytes have been recently recognized as key players in the 
pathogenesis of neurodegenerative diseases, such as Amyo-
trophic lateral sclerosis (ALS). Previously, astrocytes were thought 
to only have structural support roles in the brain, but have since 
been proven to have immune functions, maintain homeostasis, 
and induce synapse formation. All those functions have been 
shown to be dysregulated in ALS. Often, rodent astrocytes are 
utilized to study neurodegenerative diseases. While these mod-
els are helpful, human astrocytes have many morphological and 
molecular differences from rodents, which may not present the 
whole picture when studying ALS. Human-derived induced plu-
ripotent stem cells (iPSCs) are a new tool that can help us to mod-
el disease mutations and their functional consequences more 
accurately. Currently, there is no consensus on the gold standard 
astrocyte differentiation protocol. Here we seek to identify a ro-
bust and reproducible protocol to generate ALS and control as-



323

P
O

S
T

E
R

 A
B

S
T

R
A

C
T

 G
U

ID
E

T
h

u
R

S
D

A
Y

, 
15

 J
u

N
E

 2
0

2
3

trocytes. To this end, we characterized and compared two pop-
ular astrocyte differentiation protocols using cells from patients 
who have the ALS C9orf72 mutation and a wild-type cell line. We 
will investigate the transcriptomic, protein level, and functional 
changes between the different protocols as well as directly com-
pare changes between the C9 and WT lines. To assess astrocyte 
functionality, we will evaluate the phagocytic ability and gluta-
mate uptake. Our work will identify a suitable protocol resulting 
in mature astrocytes that can be used for ALS drug screening in 
mono- and tri-culture assays. Future research will involve integrat-
ing the iPSC-derived astrocytes into tri-cultures that may lead to 
discovering astrocyte-specific pathways in ALS.

Keywords: astrocytes, amyotrophic lateral scleross, 
differentiation

741

DISTINCT PHENOTYPES IN 2D AND 3D IPSC-
DERIVED NEURONAL MODELS FOR CEP290 
ASSOCIATED-CILIOPATHIES
Eschment, Melanie - Institute of Medical Genetics, University of 
Zürich, Switzerland
Abidi-Ostorero, Affef - Institute of Regenerative Medicine, 
University of Zürich, Switzerland
Figueiro da silva, Joana - Institute of Medical Genetics, 
University of Zürich, Switzerland
Bachmann-Gagescu, Ruxandra - Department of Molecular Life 
Sciences, University of Zürich, Institute of Medical Genetics, 
Switzerland

Ciliopathies are a group of human Mendelian disorders caused 
by dysfunction of primary cilia (PC), small ubiquitous sensory or-
ganelles protruding from the surface of most cells, required for 
signal transduction. Ciliopathy patients show various symptomes, 
with frequent central nervous system (CNS) involvement. Jou-
bert Syndrome (JBTS) is a representative ciliopathy and a neu-
rodevelopmental disorder. It is characterized by a highly specific 
mid-hindbrain malformation whose underlying pathomechanism 
remains unclear. Moreover, the presence of non-structural CNS 
defects such as seizures or intellectual disability implies a role for 
PC in neuronal function beyond transmission of developmental 
signaling pathways. To understand the JBTS-specific CNS malfor-
mation, we are generating iPSC-derived in vitro models for JBTS. 
After using CRISPR editing to knockout the JBTS-associated gene 
CEP290 in human iPSCs, we apply 2D and 3D protocols to gen-
erate neural stem cells, cortical neurons and cerebral organoids. 
CEP290 mutant iPSCs show a higher propensity of differentiating 
into FOXG1-expressing NSCs in a 2D protocol than the isogenic 
parental line. This difference can be corrected by inhibiting Wnt 
signaling during the differentiation. We further characterized the 
CEP290 interactome in NSCs, identifying an interaction with APC 
and β-catenin, both involved in Wnt signaling. Together, these 
findings suggest a link between cilia/CEP290 and Wnt signaling 
in human NSCs. Current experiments follow up on this finding. 
Preliminary data indicate that loss of CEP290 does not preclude 
generation of cerebral organoids, but might affect organoid pat-
terning. Interestingly, loss of this ciliary gene does not alter cilia 
number and length in 2D neuronal cultures but leads to striking-
ly aberrant ciliary morphologies in a subset of cells in 3D cere-
bral organoids. Applying different differentiation protocols to the 
same mutant iPSC lines may identify cell-type specific functions 
for ciliary genes, where different neuronal cells suffer distinct con-
sequences from their loss of function. It becomes apparent that 

modeling a complex genetic disease requires various models to 
elucidate underlying pathomechanisms.

Keywords: Joubert Syndrome, Organoids, cortical NSCs

743

ELEVATED LEVELS OF FMRP-TARGET MAP1B 
IMPAIR NEURONAL DEVELOPMENT AND SOCIAL 
BEHAVIORS VIA AUTOPHAGY PATHWAY
Guo, Yu - Waisman Center, University of Wisconsin, Madison, 
WI, USA
Zhao, Xinyu - Waisman Center, University of Wisconsin, 
Madison, WI, USA
Méndez-Albelo, Natasha - Waisman Center, University of 
Wisconsin, Madison, WI, USA

Fragile X messenger ribonucleoprotein 1 protein (FMRP) binds 
many mRNA targets in the brain. However, the contribution of 
these targets to fragile X syndrome (FXS) and related autism spec-
trum disorder (ASD) remain unclear. Here, we show that FMRP 
deficiency leads to elevated microtubule-associated protein 1B 
(MAP1B) in developing human and nonhuman primate cortical 
neurons. Targeted MAP1B gene activation in healthy human neu-
rons or MAP1B gene triplication in ASD patient-derived neurons 
inhibit morphological and physiological maturation. Activation of 
Map1b in mouse prefrontal cortex excitatory neurons impairs so-
cial behaviors. We show that elevated MAP1B sequesters compo-
nents of autophagy and reduces autophagosome formation. Both 
MAP1B knockdown and autophagy activation rescue deficits of 
both ASD and FXS patients’ neurons and FMRP-deficient neurons 
in ex vivo human brain tissue. Our study demonstrates conserved 
FMRP regulation of MAP1B in primate neurons and establishes 
a causal link between MAP1B elevation and deficits of FXS and 
ASD.

Keywords: MAP1B elevation, FXS and ASD pathogenesis, 
Autophagy activity

745

MYELOMENINGOCELE HUMAN AMNIOTIC 
FLUID STEM CELLS-DERIVED SPINAL 
CORD ORGANOIDS HAVE A UNIQUE GENE 
EXPRESSION PROFILE AND EXHIBIT ELECTRIC 
ACTIVITY
Biancotti, Juan C. - Surgery - Pediatric Surgery, Johns Hopkins 
University, Baltimore, MD, USA
Sferra, Shelby - Surgery - Pediatric Surgery, Johns Hopkins 
University, Baltimore, MD, USA
Moore, Hannah - Surgery - Pediatric Surgery, Johns Hopkins 
University, Baltimore, MD, USA
Penikis, Annalise - Surgery - Pediatric Surgery, Johns Hopkins 
University, Baltimore, MD, USA
Miller, Jena - Gynecology and Obstetrics, Johns Hopkins 
University, Baltimore, MD, USA
Kunisaki, Shaun - Surgery - Pediatric Surgery, Johns Hopkins 
University, Baltimore, MD, USA

Myelomeningocele (MMC) is a severe form of spina bifida result-
ing from failed fusion of the caudal region of the neural tube during 
embryonic development. This study sought to characterize func-
tional dorsal spinal cord organoids (SCOs) generated from human 
amniotic fluid-derived induced pluripotent stem cells (iPSCs) to in-
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) vestigate the mechanisms of disease in MMC. After IRB approval, 
second trimester human amniotic fluid samples (n=3) from healthy 
(control) and MMC fetuses were reprogrammed into iPSCs and 
subsequently differentiated into 3D SCOs based on a modified 
Takahashi protocol. SCOs were extensively characterized prior to 
functional analysis by microelectrode arrays (MEA, Maxwell Bio-
systems) and single cell RNA sequencing (scRNAseq). SCOs were 
composed of multiple neural cell types, including neuroectoderm 
(SOX1, PAX6), roof plate (Lmx1a), dorsal (Olig3, PAX7), and ventral 
(Olig2) spinal cord progenitor phenotypes by d15. Dorsal morpho-
gens induced the formation of dorsal interneurons (Brn3a, Lbx1), 
whereas motoneurons (Lhx3/Islet2), oligodendrocyte progenitors 
(NG2), and astrocytes (GFAP) were also present. MMC cell lines 
had significantly fewer neuroectodermal cells than controls at d9 
(p< 0.05), and progenitors/neurons were more restricted to the 
dorsal spinal cord at d24. Both MMC and control SCOs showed 
spontaneous electric activity with a median firing rate of 0.37 Hz 
and a median spike amplitude equal to 28.72 µV, indicating con-
tinuous neuronal activity. Network assay showed numerous burst 
peaks with a mean of 1158 spikes per burst and a burst duration 
of 1.42 seconds, suggesting connection between functional neu-
rons. Preliminary scRNAseq data confirms the presence of the 
different neural cells and reveals that control SCO cells clustered 
separately from MMC SCO cells, suggesting a unique phenotype. 
Taken together, this study demonstrates that human dorsal SCOs 
with functional electrical activity can be generated from MMC fe-
tuses, denoting a patient-specific in vitro platform to study spinal 
cord development and disease pathogenesis, and a potential au-
tologous source for spinal cord regeneration.

Keywords: Spinal Cord Organoids, Neural Tube Defect, 
Amniotic Fluid Stem Cells

747

NAD+ PRECURSOR RESCUES RETINAL 
DEGENERATION IN MICE AND HUMAN DISEASE 
MODEL OF NMNAT1 RELATED INHERITED 
RETINAL DISEASE
Lee, HyunDong - Department of Ophthalmology, Institute of 
Vision Research, Yonsei University College of Medicine, Seoul, 
Korea
Cui, Gang - Department of Ophthalmology, Yonsei University 
Medical College, Seoul, Korea
Jeong, Han - Department of Ophthalmology, Yonsei University 
Medical College, Seoul, Korea
Han, Jinu - Department of Ophthalmology, Yonsei University 
Medical College, Seoul, Korea
Byeon, Suk Ho - Department of Ophthalmology, Yonsei 
University Medical College, Seoul, Korea
Lee, Junwon - Department of Ophthalmology, Yonsei University 
Medical College, Seoul, Korea

A bi-allelic mutation in Nicotinamide mononucleotide adenylyl-
transferase 1(NMNAT1) causes Leber congenital amaurosis (LCA), 
an early-onset inherited retinal disease, in which there have been 
no treatment. We established a retinal organoid model using 
human induced pluripotent stem cells (hiPSCs) derived from a 
patient with the NMNAT1 c.C709T (p.R238C) mutation, the most 
prevalent variant of NMNAT1 related LCA in Korea. In addition, a 
mice model having Nmnat1 c.712C>T (p.R238C) mutation, which 
is the homologous mutation to human NMNAT1 c.C709T variant 
was constructed using CRISPR/Cas9. In both models, the rele-
vant disease phenotypes of early-onset retinal degeneration of 
LCA were confirmed. The retinal organoids of NMNAT1 c.C709T 

LCA patients-iPSC and NMNAT1 Knock-out ESC showed neural 
retinal thinning and impaired RPE development, which were res-
cued in isogenic controls by gene editing. In Nmnat1 mouse mod-
el, early-onset retinal degeneration and visual impairment were 
confirmed. When Nicotinamide adenine dinucleotide (NAD+) pre-
cursors were treated in the both, in vivo and in vitro models, the 
disease phenotypes were partially rescued. We have shown that 
this result a precursor of NAD+ could be used as a therapeutic 
agent for NMNAT1-related inherited retinal disease.

Funding Source: This research was supported by grants from 
the National Research Foundation of Korea (NRF), funded by the 
Korea government (MSIT) (2019R1A2C2086729) and the Ministry 
of Education (2021R1I1A1A01045648).

Keywords: Retinal organoid, Leber congenital amaurosis, 
NMNAT1

749

SINGLE CELL CRISPR SCREENS IN IPSC DERIVED 
IOGLUTAMATERGIC NEURONS
Salic, Sejla - Research and Development, BIT BIO Discovery 
GmbH, Vienna, Austria
Grandcolas, Agathe - Research and Development, BIT BIO 
Discovery GmbH, Vienna, Austria
Vinko, Nikola - Research and Development, BIT BIO Discovery 
GmbH, Vienna, Austria
Byrne, Ann - Business Development, BIT BIO Discovery GmbH, 
Vienna, Austria
Buerckstuemmer, Tilmann - Research and Development, BIT 
BIO Discovery GmbH, Vienna, Austria

Functional genomic screening using CRISPR/Cas9 has revolution-
ised biology and made it possible to casually link gene function 
to disease phenotypes. However, outside the field of oncology, 
the lack of relevant tissue types available for screening remains a 
limiting factor. This is particularly challenging in the study of neu-
rodegenerative diseases where primary tissue is inaccessible. 
Human induced pluripotent stem cell (hiPSC) derived models of-
fer an opportunity to bypass this problem. These models provide 
a physiologically relevant system to advance our understanding 
of neurodegeneration and accelerate drug discovery programs. 
bit.bio discovery has developed a CRISPR perturbation screen-
ing platform to query human biology within the context of hiP-
SC derived ioCells™. Our opti-ox technology allows controllable 
expression of inducible transcription factors in hiPSCs, resulting 
in reliable and scalable generation of various human cell types 
for drug discovery. Here, we utilise our CROP-Seq workflow in 
ioGlutamatergic neurons to perturb genes known to be asso-
ciated with various neurodegenerative diseases. We provide 
proof-of-concept that functional genomic screening can be per-
formed at both iPSC stage and following forward programming 
into ioGlutamatergic neurons. Our data highlights the importance 
of timing when it comes to the identification of essential genes. 
While certain genes are essential at iPSC stage, they are clearly 
non-essential if perturbed in differentiated ioCells™. Importantly, 
a single-cell transcriptomic readout uncovered several examples 
of disease-linked genes whose knockout had transcriptomic 
phenotypes. Our results highlight the power of unbiased genetic 
screens in differentiated cells and provides a platform for system-
atic interrogation of normal and diseased cell states for disease 
modelling and target discovery.

Keywords: CRISPR, neurons, functional genomics
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751

MODELLING SELECTIVE SEROTONIN 
REUPTAKE INHIBITOR METABOLIC EFFECTS 
IN NEURODEVELOPMENT AND AUTISM USING 
HUMAN INDUCED PLURIPOTENT STEM CELLS
Arora, Abishek - Department of Women’s and Children’s Health, 
Karolinska Institute, Stockholm, Sweden
Marques, Cátia - Department of Chemistry - BMC, Uppsala 
University, Sweden
Degeratu, Mihai-Ovidiu - Department of Women’s and Children’s 
Health, Karolinska Institutet, Stockholm, Sweden
Rajagopalan, Shyam - Department of Women’s and Children’s 
Health, Karolinska Institutet, Stockholm, Sweden
Humphrey, Jenny - Department of Women’s and Children’s 
Health, Karolinska Institutet, Stockholm, Sweden
Mastropasqua, Francesca - Department of Women’s and 
Children’s Health, Karolinska Institutet, Stockholm, Sweden
Lanekoff, Ingela - Department of Chemistry - BMC, Uppsala 
University, Sweden
Tammimies, Kristiina - Department of Women’s and Children’s 
Health, Karolinska Institutet, Stockholm, Sweden

Selective serotonin reuptake inhibitors (SSRIs) are among the 
most frequently used drugs for depression and anxiety disorders. 
While their use in pregnancy is considered relatively safe, in-utero 
exposure to SSRIs has been associated with a higher risk of neu-
rodevelopmental disorders (NDDs), including autism spectrum 
disorder (ASD). Prenatal exposure in animals is known to affect 
multiple processes of early brain development and leads to be-
havioural changes. Only a few studies have used human induced 
pluripotent stem cell (iPSC) models to understand their impact 
during neurodevelopment. Studies that do exist, do not compare 
the molecular effects of SSRIs in routine clinical use. Here, we 
investigate four commonly prescribed SSRIs (fluoxetine, citalo-
pram, sertraline, and paroxetine) using human iPSC lines in the 
context of ASD. We aim to identify metabolomic changes follow-
ing short- and long-term exposures to each SSRI. We further test 
if a machine learning based prediction model could identify SSRI 
specific metabolomic signatures of ASD. For the study, iPSC lines 
from a neurotypical male, neurotypical female and two males with 
known genetic ASD variants were used. The iPSC-derived neu-
roepithelial stem cells were differentiated towards neuronal lin-
eage with parallel SSRI exposures and sampled at day 5 and 28. 
Direct infusion electrospray ionisation mass spectrometry based 
untargeted metabolomics was performed on cell lysates, with a 
stratified analytical approach. Preliminary results show significant 
(adj. p< 0.05) metabolite changes across the SSRIs and exposure 
period. Including, paroxetine significantly increased lysophos-
pholipid levels at both day 5 and 28, while this was only observed 
at day 5 for fluoxetine. Paroxetine significantly decreased plas-
manylcholines at day 5 and 28. Sertraline significantly decreased 
amino acids and plasmanylcholines, while lysophospholipids 
were significantly elevated at both time points. We are now val-
idating our findings. Several of the reported metabolites can be 
classified as phospholipids and amino acids, which are known to 
be crucial for typical neurogenesis and brain development. An 
understanding of the specific metabolic signatures for SSRIs in 
NDDs can help decide their best clinical use-case and safeguard 
the developing foetus and pregnancy.

Keywords: induced pluripotent stem cells, selective serotonin 
reuptake inhibitors, metabolomics
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INVESTIGATING HUMAN-SPECIFIC ASTROCYTE 
INDUCED SYNAPTOGENESIS
Raghunathan, Kavya - Cell Biology, Duke University, Durham, 
NC, USA
Birger, Anastaysa - Cell Biology, Duke University, Durham, NC, 
USA
Savage, Justin - Cell Biology, Duke University, Durham, NC, USA
Eroglu, Cagla - Cell Biology, Duke University, Durham, NC, USA

Astrocytes are crucial neural cells in regulating brain development 
via synapse formation. This function of astrocytes is evolutionarily 
conserved and analogous across most species. Several studies 
have highlighted divergent structure, function, and gene regula-
tion between mouse astrocytes and human astrocytes; however, 
how mouse and human astrocytes molecularly differ in their abil-
ity to induce synapse formation and function is not understood. 
Here we use induced pluripotent stem cell (iPSC) technology to 
generate human neurons and astrocytes and in vitro co-culture 
systems using novel combinations of human and rodent cells to 
identify contact-dependent and secreted signals human astro-
cytes utilize for their enhanced synaptogenic functions. We aim 
to determine differences in human and mouse astrocyte-neuron 
interactions and investigate human-specific factors that induce 
synapse formation. The results of these studies will provide in-
sight on species-specific functions of astrocytes which may help 
accurately modeling and studying human diseases.

Keywords: astrocyte, syntaptogenesis, induced pluripotent stem 
cell

755

COMPARISON OF A TRANSGENIC MOUSE 
MODEL WITH PARKINSONS DISEASE DERIVED 
BRAIN ORGANOIDS
Frahm-Barske, Silke - Stem Cell Technology Platform, Max-
Delbrück Center for Molecular Medicine (MDC), Berlin, Germany
Schulz, Vivian - Stem Cell Technology Platform, Max Delbrück 
Center, Berlin, Germany
Genehr, Carolin - Stem Cell Technology Platform, Max Delbrück 
Center, Berlin, Germany
Theuring, Franz - Pharmacology, Charite, Berlin, Germany
Diecke, Sebastian - Stem Cell Technology Platform, Max 
Delbrück Center, Berlin, Germany

Human iPSC derived brain organoids are increasingly being used 
as 3D models of neurodegenerative disorders. However, this 
new technology still has limitations, such as the lack of immune 
and vascular cells. Therefore, it is essential to verify the manifes-
tation of relevant pathological aspects in 3D models e.g. by com-
paring data obtained from transgenic animals with human organ-
oids that share the disease causing mutation. Here, we examined 
the effect of chronic stress in two models overexpressing human 
a-synuclein (a-syn): a transgenic mouse model (h-a-synL62) and 
brain organoids derived from iPSCs of a Parkinson’s disease (PD) 
patient. We found molecular alterations such as glucocorticoid 
receptor deficiency and increased a-syn protein levels in the 
forebrain of mice that underwent daily restraint for 6 weeks and 
in healthy forebrain organoids after treatment with the synthetic 
glucocorticoid Dexamethasone (Dex) for 2 weeks. Interestingly, 
endogenous and synthetic glucocorticoid exposure reduced the 
level of accumulated a-syn in h-a-synL62 mice and in PD patients 
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) derived brain organoids. Importantly, this reduction of patholog-
ical a-syn levels by dex normalized functional network activity in 
PD patient-derived neurons to the level of control neurons, mea-
sured in a multi-electrode array. In summary, we established and 
validated a human 3D culture model that can be used to study 
particular molecular and functional alterations associated with 
neurodegenerative diseases, offering replacement of research 
animals.

Keywords: brain organoid, stress, synuclein

759

REFINING THE DIFFERENTIATION HIERARCHY OF 
POSTNATAL HUMAN BRAIN PROGENITORS AND 
THEIR ROLE IN MTOR-DRIVEN EPILEPSY
Eastman, Anna Elizabeth - Institute for Stem Cell Biology and 
Regenerative Medicine, Stanford University, CA, USA
Liu, Daniel - Institute for Stem Cell Biology and Regenerative 
Medicine, Stanford University, CA, USA
Thapa, Samrat - Department of Computer Science, Stanford 
University, Stanford, CA, USA
Sinha, Rahul - Institute for Stem Cell Biology and Regenerative 
Medicine, Stanford University, CA, USA
Womack, Nicole - Institute for Stem Cell Biology and 
Regenerative Medicine, Stanford University, CA, USA
He, Joy - Institute for Stem Cell Biology and Regenerative 
Medicine, Stanford University, CA, USA
Raj, Suyash - Institute for Stem Cell Biology and Regenerative 
Medicine, Stanford University, CA, USA
Uchida, Nobuko - Institute for Stem Cell Biology and 
Regenerative Medicine, Stanford University, CA, USA
Weissman, Irving - Institute for Stem Cell Biology and 
Regenerative Medicine, Stanford University, CA, USA

Our prior work demonstrated strategies for purifying neural stem 
cell (NSC) populations and downstream progenitors from primary 
human fetal brain, and uncovered an intermediate glial progen-
itor capable of generating both astrocytes and oligodendrocyte 
progenitor cells (OPCs). However, the stem/progenitor hierarchy 
governing neural and glial differentiation in the postnatal human 
brain remains far less understood, in part because this aspect 
of human biology differs substantially from rodents, where adult 
NSCs are relatively well-characterized. Improved knowledge of 
the identity, fate potential, and lineal origin of durable progenitor 
subpopulations of the human adult brain is crucial to unlocking 
mechanisms of brain tissue regeneration as well as early events 
in malignant transformation. Using index sorting and single-cell 
RNA sequencing (scRNAseq), we have uncovered new strategies 
to identify and prospectively enrich for distinct progenitor sub-
populations from fresh human brain tissue resected from epilep-
sy surgeries. These include a bipotent glial progenitor that gives 
rise to both astrocytes and oligodendrocytes in vitro. Preliminary 
data suggest the in vitro self-renewal of this population is en-
hanced in tuberous sclerosis (TSC), a genetic condition involving 
hyperactivity of the mammalian target of rapamycin (mTOR) path-
way. Cortical tissue is severely disrupted in TSC by large benign 
growths, and some patients eventually develop subependymal 
giant cell astrocytoma (SEGA). Bipotent glial progenitors from 
TSC tissue may therefore represent a premalignant state, lead-
ing to a hypothesis that increased self-renewal could be relevant 
to the disease trajectory through clonal competition mechanisms 
favoring progenitors that acquire additional oncogenic mutations. 
This model is being tested in vivo using fetal human NSCs trans-
planted intracranially in immunodeficient mice. Human NSCs are 

genome-edited to introduce clinically relevant mTOR pathway 
mutations, then co-transplanted with wild-type NSCs. Fluorescent 
reporters are used to separately track the expansion of mutant 
cells relative to control. With this model we aim to define and ther-
apeutically disrupt intercellular competition promoting patholog-
ical expansion of mutant cells in a live animal model of human 
epilepsy.

Keywords: Adult Human Glial Progenitor, Tuberous Sclerosis, 
Clonal Progenitor Expansion
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LOSS OF CTNND2 (DELTA-CATENIN) AFFECTS 
NEURALIZATION AT THE EARLY STAGE OF 
NEUROGENESIS
Shahsavani, Mansoureh - The Department of Molecular 
Medicine and Surgery (MMK), Karolinska Institutet, Stockholm, 
Sweden
Schuy, Jakob - Department of Molecular Medicine and Surgery, 
Karolinska Institutet, Stockholm, Sweden
Eisfeldt, Jesper - Science for Life Laboratory, Karolinska 
Institutet Science Park, Solna, Sweden
Weis, Denisa - Department of Medical Genetics, Johannes 
Kepler University, Linz, Austria
Nordgren, Ann - Department of Laboratory Medicine, Göteborgs 
Universitet, Göteborg, Sweden
Falk, Anna - Lund Stem Cell Center, Lund University, Sweden
Lindstrand, Anna - Department of Clinical Genetics, Karolinska 
University Hospital, Stockholm, Sweden

Loss of CTNND2 has been identified in human patients with var-
ious neurodevelopmental disorders such as autism, intellectual 
disability, learning difficulties and reading disabilities. The encod-
ed protein, delta-catenin, is a brain-specific component of the cad-
herin-catenin cell adhesion complex. How loss of functional CT-
NND2 affects neurodevelopment remains, however, unclear. To 
study disease-relevant cell types, we took advantage of induced 
pluripotent stem cell (iPSC) technology and have developed an 
advanced in vitro neural cell model to study the molecular mech-
anisms caused by the CTNND2 mutation. We have established 
iPSC lines from three individuals carrying pathogenic variants that 
leads to the heterozygous loss of CTNND2, and three healthy 
control individuals. To model disease, we then directed the iP-
SCs into long-term neuroepithelial stem cells (NESCs). Our results 
show a clear phenotype at the early stage of neuralization with 
the patient-derived iPSCs displaying an abnormal formation of 
neural rosette structures and a failure in establishing stable neu-
ral stem cells. Preliminary transcriptome data analysis from dif-
ferent time points of neural induction reveals deregulation of the 
WNT signaling pathway. When we removed the WNT signaling 
activator (CHIR: the GSK3 inhibitor) from the neural induction pro-
cess, we observed a partial phenotype rescue of the patient cells. 
Altogether, our work increases the understanding of how loss of 
CTNND2 impacts the early stages of neurogenesis and neuronal 
maturation.

Keywords: Disease modelling, neurodevelopmental disorder, 
delta-catenin, CTNND2, neuralization, neuroepithelial stem cells, 
neural rosette formation, WNT signalling, early neurogenesis
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IMPAIRMENT OF NEURONAL NETWORK 
ACTIVITY IN IPSC-DERIVED NEURONS CARRYING 
THE CHROMOSOME 16P11.2 DUPLICATION IS 
RESCUED BY CO-CULTURE WITH NON-CARRIER 
ASTROCYTES
Jiang, Xueying - Human Genetics Branch, NIMH/NIH, Bethesda, 
MD, USA
Lawston, Marlene - Human Genetics Branch, NIMH/NIH, 
Bethesda, MD, USA
Gopalan, Krithi - Human Genetics Branch, NIMH/NIH, Bethesda, 
MD, USA
Usdin, Ted - Systems Neuroscience Imaging Resource, NIMH/
NIH, Bethesda, MD, USA
McMahon, Francis - Human Genetics Branch, NIMH/NIH, 
Bethesda, MD, USA

Copy number variants (CNVs) in the 16p11.2 region are associ-
ated with a wide spectrum of neuropsychiatric and neurodevel-
opmental disorders, but the mechanisms by which deletion and 
duplication (dup) within this genomic segment lead to neuropsy-
chiatric disorders are poorly understood. Astrocytes are the most 
abundant glial cell type in the human central nervous system and 
play crucial roles in regulating neurophysiology, and alterations 
in neuron-glia interactions are implicated in a variety of neuropsy-
chiatric disorders. Preliminary studies from this lab showed that 
astrocytes derived from 16p11.2dup neural progenitor cells ap-
peared less mature compared with those from non-carriers. Here, 
we further explore the effects of the16p11.2dup on neurons and 
astrocytes by using high-density microelectrode arrays to study 
time-dependent interactions between human induced pluripotent 
stem cell (iPSC)-derived cortical neurons and astrocytes. We com-
pared network activity and dynamics in 6 co-culture conditions for 
7 weeks: 16p11.2dup neurons (4 samples) with (1) 16p11.2dup astro-
cytes (2) non-carrier astrocytes or (3) no astrocytes; non-carrier 
neurons (6 samples) with (4) 16p11.2dup astrocytes (5) non-carrier 
astrocytes or (6) no exogenous astrocytes. When compared with 
non-carriers, 16p11.2dup neurons have decreased spontaneous 
network burst activity. No astrocyte shows no significant differ-
ence from non-carrier astrocyte co-culture with iPSC-derived 
cortical neurons. Moreover, non-carrier neurons co-cultured with 
16p11.2dup astrocytes show impaired network activities with a 
reduced number of spikes per burst, burst peak fire rate, burst 
duration, and the inter-burst interval that begins early and recov-
ers after 6 weeks. Notably, co-culture of non-carrier astrocytes 
with 16p11.2dup neurons improves network activity. Overall, our 
results demonstrate impairment in neuronal network activity in 
16p11.2dup iPSC-derived cortical neurons that is partially rescued 
by co-culture with non-carrier astrocytes. These findings add to 
the growing evidence for the important role of astrocytes in the 
pathophysiology of neuropsychiatric disorders.

Keywords: MEA, Cortical Neurons, Astrocytes
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REDUCED APICAL CONSTRICTION IS A SHARED 
PATHOGENIC MECHANISM FOR VALPROIC ACID 
EXPOSURE AND SHROOM3 KNOCKOUT IN A 
BRAIN ORGANOID MODEL OF NEURAL TUBE 
DEFECTS
Tidball, Andrew - Neurology, University of Michigan, Ann Arbor, 
MI, USA
Takla, Taylor - Neurology, University of Michigan, Ann Arbor, MI, 
USA
Sudyk, Roksolana - Neurology, University of Michigan, Ann 
Arbor, MI, USA
Huang, Joy - Neurology, University of Michigan, Ann Arbor, MI, 
USA
Luo, Jinghui - Neurology, University of Michigan, Ann Arbor, MI, 
USA
Walker, John - Neurology, University of Michigan, Ann Arbor, MI, 
USA
Sexton, Jonathan - Internal Medicine, University of Michigan, 
Ann Arbor, MI, USA
Parent, Jack - Neurology, University of Michigan, Ann Arbor, MI, 
USA

Neural tube defects (NTDs) including anencephaly and spina bifi-
da are common major malformations of fetal development result-
ing from incomplete closure of the neural tube. These conditions 
lead to either universal death (anencephaly) or life-long severe 
complications (spina bifida). Despite hundreds of genetic mouse 
models having neural tube defect phenotypes, the genetics of 
human neural tube defects is poorly understood. Furthermore, 
pharmaceuticals thought to be safe (e.g. antiseizure medications) 
have been found clinically to increase the risk of NTDs when ad-
ministered during pregnancy. Using our self-organizing single 
rosette spheroid (SOSRS) brain organoid system, we have de-
veloped a high-throughput image analysis pipeline for evaluating 
SOSRS structure. Small molecule inhibition of apical constriction 
proteins rho-kinase (ROCK) and non-muscle myosin dramatically 
increased cell apical surface areas and overall size of the lumen. 
Similarly, treatment with valproic acid (VPA), a known cause of 
neural tube defects, increases this same metric in a dose-re-
sponsive manner. In fact, the normalized lumen size was the 
most instructive feature for VPA-treated SOSRS by random forest 
predictive modeling. We generated an iPSC line with the well-
known anencephaly gene SHROOM3 knocked out by biallelic 
CRISPR indel formation. Compared with the isogenic control, the 
SHROOM3-KO SOSRS had expansion of the lumen as measured 
by the radial distribution of apical markers ZO1 or f-actin (phal-
loidin). While ZO1 was still entirely apically localized, SHROOM3-
KO SOSRS had f-actin staining on the basal surface, indicating 
loss of SHROOM3 results in impaired polarization. Additionally, 
both VPA treatment and SHROOM3-KO resulted in enlarged api-
cal surface area, and, thus, impairment of apical constriction is 
a shared mechanism for these two well-known causes of NTDs. 
Our model system abrogates the long time (7 days vs. months), 
low N (100-1000’s vs. 10-100’s), and high heterogeneity associat-
ed with prior structural analysis in brain organoid systems. Future 
studies will use this system to screen chemical libraries and sus-
pected NTD genetic variants.

Funding Source: This work was funded by NIH/NICHD 
R21HD106580 (AMT) and R03HD104901 (AMT).

Keywords: Neuroteratogen, Anencephaly, Induced pluripotent 
stem cells
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GLOBAL TRANSCRIPTOMIC EFFECTS OF ATXN2 
KNOCKOUT IN HUMAN IPSC-DERIVED MOTOR 
NEURON MODELS OF TDP-43 PROTEINOPATHY
Gill, Stanley P. - Stem Cell and Regenerative Biology, Harvard 
University/Stem Cell Institute, Boston, MA, USA
Rubin, Lee - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA

Transactive Response DNA Binding Protein 43 (TDP-43) is a ubiq-
uitously expressed nucleic acid transport and processing factor 
that is essential for normal cellular development and function. 
Disruptions in TDP-43 function, particularly in the form of re-local-
ization and aggregation in the cytoplasm, have been associated 
with the development of several neurodegenerative diseases, in-
cluding Amyotrophic Lateral Sclerosis (ALS). Approximately 97% 
of ALS patients will develop hyper-phosphorylated, hyper-ubiq-
uitinated inclusions of TDP-43 in spinal cord motor neurons. 
Previous studies in mouse models of TDP-43 overexpression, 
wherein mice develop ALS-like symptoms and TDP-43 cytoplas-
mic aggregates in spinal cord motor neurons similar to humans, 
have shown that Ataxin-2 (ATXN2) knockout was sufficient to ex-
tend life span, mitigate the severity of symptoms, and reduce the 
burden of TDP-43 cytoplasmic aggregates in mice overexpress-
ing TDP-43. However, the mechanism by which ATXN2 knockout 
confers this therapeutic potential has yet to be fully explained in 
a human system. To deeply explore the mechanisms potentially 
contributing to this effect, we performed bulk RNA sequencing on 
isogenic iPSC-derived human motor neurons engineered to over-
express TDP-43 or the cytoplasmically restricted TDP-43ΔNLS 
variant in the context of ATXN2 CRISPR knockout. By identifying 
and validating the transcriptomic changes between conditions, 
we will discover which human-specific cellular processes may be 
disrupted by TDP-43 dysregulation and how ATXN2 knockout 
may directly or indirectly play a role in allowing the motor neu-
rons to maintain normal health and function in conditions that oth-
erwise lead to neurodegeneration. Furthermore, examining what 
processes that are disrupted by TDP-43 dysregulation, but are 
not rescued by ATXN2 knockout will shed light on non-ATXN2 
mediated mechanisms for preventing motor neuron degenera-
tion could be worth exploring in the future. We believe that this 
unbiased evaluation of how ATXN2 knockdown affects the tran-
scriptomic landscape of human motor neurons is an important 
building block in the process of discovering and developing new 
therapies for ALS and other diseases where TDP-43 proteinopa-
thy plays an important role.

Funding Source: National Institute of Neurological Disorders 
and Stroke Ruth L. Kirschstein National Research Service Award 
- Individual Predoctoral Fellowship to Promote Diversity in 
Health-Related Research #F31NS12213802

Keywords: Neurodegeneration, In-Vitro Modeling, Amyotrophic 
Lateral Sclerosis
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HUMAN IPSC-DERIVED DOPAMINE NEURONS ON 
ORGAN-CHIP TO MODEL PARKINSON DISEASE
Otero, Maria G. - Regenerative Medicine Institute, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA
Bell, Shaughn - RMI, Cedars-Sinai Regenerative Medicine 
Institute, Los Angeles, CA, USA
Castro, Marian - RMI, Cedars-Sinai Regenerative Medicine 
Institute, Los Angeles, CA, USA
Myers, Zachary - RMI, Cedars-Sinai Regenerative Medicine 
Institute, Los Angeles, CA, USA
Laperle, Alexander - RMI, Cedars-Sinai Regenerative Medicine 
Institute, Los Angeles, CA, USA
Svendsen, Clive - RMI, Cedars-Sinai Regenerative Medicine 
Institute, Los Angeles, CA, USA

Parkinson disease (PD), the second most common neurodegen-
erative disease, is a complex disorder in which nigral dopami-
nergic neurons are progressively lost, resulting in a reduction of 
striatal dopamine levels and aggregation of intracellular proteins 
leading to motor and non-motor symptoms over time. The molec-
ular and cellular changes leading to dopaminergic neurons loss 
are complex and likely involve the interplay of different cell types. 
No current therapeutics effectively stops dopaminergic neuron 
loss. The diagnosis of PD usually occurs after physical manifesta-
tions start, at which point there can be up to 80% dopaminergic 
neuron loss. While conventional “2D” cell culture models show 
promise for identifying disease mechanisms, they lack the cellu-
lar complexity and developmental maturity to capture complex 
changes underlying PD. Here, we compare the differentiation of 
human iPSCs into dopaminergic neurons using 2D culture and 
the 3D organ-on-chip system. In addition, we differentiated PD 
patient-derived iPSCs into dopaminergic neuron to understand 
whether the organ on-chip system can be used to recapitulate PD 
and find early biomarkers. Discovering novel early biomarkers for 
PD could permit diagnosis and therapeutic intervention at a time 
when dopaminergic neurons are still present. Control and patient 
derived-dopaminergic neurons were differentiated using our 
published protocol and seeded either in glass coverslip or chips. 
The microengineered chip has two channels that permit inde-
pendent culture of cell types separated by a porous membrane. 
While glass coverslips were fed every other day, chips were con-
nected to constant laminar flow. Cells were collected and ana-
lyzed after 4 weeks in culture. An LDH assay demonstrated no 
signs of neuronal toxicity. ICC and single nuclei RNAseq showed 
that the 3D chip platform optimizes the generation of human iP-
SC-derived dopaminergic neurons compared to 2D cultures, with 
an increased proportion of neurons and more homogeneous 
culture. Analyzing PD patient-derived dopaminergic neurons 
showed cells had both previously identified phenotypes and new 
phenotypes relevant to PD. Ultimately, the organ-chip platform 
permits co-culture of multiple cell types in separate chambers, 
for instance to model the brain-blood barrier to test therapeutics.

Funding Source: NIH5UG3NS105703-02

Keywords: Parkinson Disease, Organ on chip, iPSCs
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CASC3 SUPPRESSION MITIGATES 
NEURODEGENERATION IN DIVERSE FORMS OF 
ALS/FTD
Rubin-Sigler, Jasper - Department of Stem Cell Biology and 
Regenerative Medicine, University of Southern California, Los 
Angeles, CA, USA
Tu, Sharon - Department of Stem Cell Biology and Regenerative 
Medicine, University of Southern California, Los Angeles, CA, 
USA
Ichida, Justin - Department of Stem Cell Biology and 
Regenerative Medicine, University of Southern California, Los 
Angeles, CA, USA

Amyotrophic lateral sclerosis (ALS) is a complex neurodegener-
ative disease characterized by the progressive loss of the upper 
and lower motor neurons of the brain and spinal cord respective-
ly. ALS affects approximately 30,000 people within the United 
States and is ultimately fatal, with a life expectancy of 2-5 years 
following diagnosis. The disease remains incurable and while sig-
nificant effort has gone into understanding the genetic etiology 
of ALS, more than 90% of ALS patients have unidentified genetic 
driver(s) making their pathology challenging to study and cure. 
However, the nuclear clearance and cytoplasmic aggregation of 
the RNA binding protein TDP-43 is a hallmark feature observed 
in 97% of patients regardless of genotype. TDP-43 is a primarily 
nuclear RNA binding protein that can shuttle between the nucle-
us and cytoplasm to perform an array of cellular functions and 
it’s mislocalization can induce both loss- and gain-of-function con-
sequences that drive neurodegeneration. To this end, utilizing a 
3D-spheroid culture system of induced neurons (iNs) derived from 
a patient carrying a causal TARDBP mutation (I383V TDP-43), 
we performed an unbiased genome-wide CRISPR-interference 
(CRISPRi) phenotypic screen to rescue neuron survival. Our re-
sults identified a component of the exon junction complex (EJC), 
CASC3, to potently increase neuronal survival in vitro. Validation 
studies using individual CASC3 sgRNAs rescue survival, the hall-
mark TDP-43 cytoplasmic mislocalization, and improve TDP-43 
functional activity to the level of healthy control 3D-iNs. Further, 
we observe that antisense oligonucleotide (ASO) mediated sup-
pression of CASC3 significantly rescues C9ORF72 and sporadic 
ALS 3D-iN survival while also improving cryptic-exon repression 
and TDP-43 compartment localization. Our results demonstrate 
the potential of CASC3 suppression to prevent highly conserved 
mechanisms of TDP-43 neurotoxicity. Thus, illuminating the sup-
pression of CASC3 as a potential broadly acting, effective thera-
peutic approach for diverse forms of ALS.

Keywords: Neurodegeneration, CRISPR Screen, ALS
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CONSTRUCTION OF DUAL-FLUORESCENT 
REPORTER STEM CELL LINES TO STUDY HUMAN 
CORTICAL MOTOR NEURON DEVELOPMENT 
WITH 3D ORGANOID CULTURE
Chen, Zhenyu - School of Medicine, University of Illinois, 
Rockford, IL, USA
Li, Xue-Jun - School of Medicine, University of Illinois, Rockford, 
IL, USA

Cortical motor neurons, long projection neurons located at the 
deep layer of cerebral cortex, convey signals to muscles and 

control the movement of muscles. Degeneration of cortical motor 
neurons underlies debilitating motor neuron diseases including 
hereditary spastic paraplegias and amyotrophic lateral sclerosis. 
Mechanisms underlying the development and degeneration of 
cortical motor neurons in human cortex remain largely unknown, 
which requires a good model to study these neurons in vitro and 
in vivo. FEZF2 expression is detected in early forebrain progeni-
tors and in their postmitotic progeny in deep cortical layers, while 
CTIP2 plays critical roles during neuron-differentiation and axonal 
extension in deep layer projection neurons of the cerebral cortex. 
To better understand and study the development of cortical mo-
tor neurons, we replaced stop codons of FEZF2 and CTIP2, two 
key transcriptional factors of cortical motor neurons, with green 
and red fluorescent genes zsGreen and tdTomato, respectively. 
After generating FEZF2-zsGreen and CTIP2-tdTomato dual-flu-
orescent human embryonic stem cell (hESC) lines with CRISPR/
Cas9 gene editing tools, the successful integration of these fluo-
rescent reporters was examined and confirmed. To validate the 
reporter lines, we differentiated these reporter lines into cortical 
projections neurons. We then examined the expression of FEZF2 
and CTIP2, and observed the co-labelling of these markers with 
the reporters. Moreover, both zsGreen and tdTomato fluorescent 
were able to recapitulate expression state of FEZF2 and CTIP2 
at both the mRNA and protein levels. Finally, the double reporter 
cell lines were used for 3-dimensional (3D) brain organoid culture, 
allowing the maturation of the labelled cortical motor neurons. 
This study demonstrates the construction of FEZF2-zsGreen/
CTIP2-tdTomato hESC cell lines using CRISPR/Cas9-mediated 
gene editing, and these double reporter lines are successfully 
applied in 3D organoid culture system, providing an innovative 
approach to study the development and degeneration of human 
cortical motor neurons.

Funding Source: National Institutes of Health

Keywords: Forebrain motor neuron, fluorescent reporter cell, 
neural development
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INVESTING DNA DAMAGE AND REPAIR 
PATHWAYS IN RETT SYNDROME MODELS
Rivas, Gabriella Mendoza - MCDB, University of California, Los 
Angeles, CA, USA

Rett syndrome, the second leading cause of ID in young girls, 
is associated with mutations in the gene MECP2 resulting in the 
loss of functional MECP2 protein. However, it’s unclear why loss 
of function for this methylated DNA binding protein causes neuro-
nal dysfunction. Utilizing skin fibroblasts from Rett syndrome pa-
tients, hiPSCs were specialized into neurons with and without the 
MECP2 mutation. Our lab has previously found that a key molec-
ular effect of the loss of MECP2 is DNA damage, but whether the 
DNA damage is due to increased DNA breaks or defective DNA 
repair remains unknown. Immunofluorescent staining has shown 
that different types of DNA damage are significantly higher in mu-
tant cultures compared to control at different stages of differen-
tiation. Furthermore, in COMET assays performed on mutant and 
WT neurons, the same effect is observed. To better understand 
the dynamics of DNA damage repair systems, we are exploiting 
reporter plasmids designed to readout the activity of DNA repair 
pathways (NHEJ or HR). By transfecting these tools and taking ad-
vantage of DNA damage agents, we aim to understand whether 
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) DNA repair is defective in the absence of MECP2, and what types 
of DNA repair are key to genomic stability in neurons.

Keywords: Rett Syndrome, Stem Cells, DNA Damage
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INVESTIGATION OF NEUROPHYSIOLOGICAL 
PHENOTYPE IN SEVERE COMBINED 
IMMUNODEFICIENCY SYNDROME CAUSED BY 
MUTATIONS IN ADA
Alsuwaidi, Shaima - Integrated Program of Neuroscience, 
McGill University, Montreal, QC, Canada
Peng, Huashan - Psychiatric Genetic Group, Douglas Mental 
Health University Institute, Montreal, QC, Canada
Zhang, Xin - Psychiatric Genetic Group, Douglas Mental Health 
University Institute, Montreal, QC, Canada
Zhang, Ying - Psychiatric Genetic Group, Douglas Mental Health 
University Institute, Montreal, QC, Canada
Ernst, Carl - Human Genetics, McGill University, Montreal, QC, 
Canada

Neurological impairments such as motor and learning difficulties 
have been reported in patients with ADA-SCID, Severe Com-
bined Immuno-Deficiency caused by a mutation in the ADA gene. 
Adenosine deaminase (ADA) converts adenosine to inosine in 
the recycling pathway of ATP and other purine analogs, and a 
lack of ADA causes a buildup of adenosine and its substrates. 
While the metabolic effects of this disruption are well studied in 
immune cells, little is known about the effects in brain cells. In 
an ADA-/- mouse model, the build-up of adenosine was found 
to overstimulate adenosine receptors of subtype 2a (ADORA2a), 
causing their downregulation in the brain. We hypothesized that 
developing human-derived brain cells which lack ADA would also 
have a downregulation of ADORA2a and possibly ADORA1, the 
other most widely expressed adenosine receptor in the brain. To 
test this hypothesis, we made human-derived induced pluripotent 
stem cells (iPSCs) by reprogramming fibroblasts from 2 patients 
and their matched parent controls. By inducing these iPSCs to-
wards a neural fate, we examined the protein levels of ADORA2a 
and ADORA1 in cortical neural precursor cells (NPCs). Our prelim-
inary findings show that forebrain cortical NPCs of ADA-SCID pa-
tients have reduced levels of ADORA2a and ADORA1 compared 
to their matched controls. Additionally, we are developing a CRIS-
PR-Cas9 ADA knockout line from an isogenic control to confirm 
these findings. The regulation of adenosine during development 
and in the adult brain is essential, and our research aims to under-
stand how this is disrupted by the lack of ADA. Our future direc-
tions are to develop human-derived astrocytes and neurons from 
the NPC lines to further understand these effects. With increased 
survival of SCID patients after treatment of immunodeficiency 
due to new and better therapies, it is becoming important to bet-
ter understand the mechanism of potential neurological defects 
caused by ADA mutations.

Keywords: reprogramming, genetic, purines
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INVESTIGATING THE OCCURRENCE OF 
NEUROINFLAMMATION IN HUMAN STEM 
CELL MODEL OF SPG3AINVESTIGATING THE 
OCCURRENCE OF NEUROINFLAMMATION IN 
HUMAN STEM CELL MODEL OF SPG3A
Khadilkar, Archana - Biomedical sciences, University of Illinois 
at College of Medicine, Rockford, IL, USA
Li, Xue-Jun - Biomedical Sciences, University of Illinois College 
of Medicine, Rockford, IL, USA
Mou, Yongchao - Biomedical Sciences, University of Illinois 
College of Medicine, Rockford, IL, USA

Hereditary Spastic Paraplegia (HSP) is a group of rare neurode-
generative disorders which are characterized by axonal degen-
eration of cortical motor neurons, leading to muscle weakness 
and spasticity. The most common early-onset form of HSP, Spas-
tic paraplegia 3A (SPG3A), is caused by mutations in the Atlas-
tin-1 (ATL1) gene. Astrocytes are non-neuronal central nervous 
system (CNS) cells that could cause inflammation in response to 
external stimuli. Though changes in the Toll-like receptors (TLRs) 
and increased production of pro-inflammatory cytokines were 
observed in neurodegenerative diseases, the role of TLRs pres-
ent on astrocytes in HSP remains elusive. Here, we examined 
the link between astroglia TLRs and pathogenesis of SPG3A and 
we hypothesized that TLR stimulation-mediated inflammation is 
involved in disease phenotypes in the ATL1 mutation cells. We 
differentiated the ATL1 mutant hESCs to astrocytes and charac-
terized the differentiated cells using astrocyte specific markers 
S100β and GFAP. We compared the inflammatory genes expres-
sion and cytokines secretion levels after stimulation with ligands 
in control and ATL1 mutated astrocytes. Gene expression levels 
revealed the activation of transcription of TLRs in response to 
stimulus and the further recruitment of NF-κB pathway. More-
over, a significant increase in the levels of inflammatory cytokines 
was observed via ELISA and proteome profiling. In addition, vari-
ation in cytokine secretion levels over the period of 7 days was 
observed using profiling. These data indicate the occurrence of 
neuroinflammation and suggest its role in prognosis of the dis-
ease. It is essential to study further if anti-inflammatory drugs such 
as Nonsteroidal anti-inflammatory drugs can be used as a potent 
agent to mitigate the effects of cytokines to rescue SPG3A neu-
rons from axonal degeneration.

Funding Source: Blazer Foundation, NIH and Department of 
Biomedical Sciences at UIC College of Medicine, Rockford

Keywords: Neuroinflammation, SPG3A, Glial Cells
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DEFINING THE HUMAN OTIC PROGENITOR 
NICHE
Zhang, Jingyuan - Neurobiology, Boston Children’s Hospital, 
Boston, MA, USA
Deakin, CiCi - Neurobiology, Boston Children’s Hospital, Boston, 
MA, USA
Nist-Lund, Carl - Neuroscience, Harvard Medical School, Boston, 
MA, USA
Koehler, Karl - Neurobiology, Boston Children’s and Hospital, 
Boston, MA, USA

Inner ear development involves the assembly of cells from a va-
riety of different embryological origins. There is an unmet need 
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for developing a human inner ear model in vitro to mimic both 
the complex structure and the function of the inner ear outside 
of the body. This project builds on our previous discovery of a 
3D culture system that uses hPSCs to generate inner ear (otic) 
organoids. The current protocol contains three stages. In Stage-I, 
we induce inner ear progenitors by modulating TGF, BMP, and 
FGF signaling. In Stage II, the premature otic organoids (otic 
vesicles) appear after WNT activation. In Stage III, the organ-
oids mature into multi-chambered cysts containing sensory and 
non-sensory epithelium surrounded by mesenchyme. Our first 
goal is to generate a better-defined protocol to generate human 
inner ear organoids. We have identified a founding population 
of otic placode/vesicle-like epithelial cells, which are defined by 
the expression of TBX2, PAX2/8, SOX2, and OC90. However, the 
off-target cell population, such as epidermis and mesenchymal 
cells still took a large proportion of the single-cell RNA-Seq UMAP 
clusters. Thus, there is a pressing need to increase the yield of 
the otic cell population during the early stage of differentiation. 
Here, we demonstrate how the IODA can be leveraged to focus 
efforts to modulate otic induction. We identified early Wnt activa-
tion might increase the production of posterior placode. Based 
on the knowledge from existing literature and our single-cell Seq 
data, we have screened a series of treatments to stimulate the 
expansion of inner ear organoids. The mature inner ear vesicles 
usually reside inside the solid aggregate, giving rise to technical 
difficulties in imaging and closely monitoring the developmental 
process. Thus, our next goal is to construct new reporter cell lines 
and novel platforms to visualize the dynamics of emerging inner 
ear organoids. Here, We highlighted a novel SOX2-GFP/OC90-
RFP dual reporter line for monitoring otic induction and organoid 
growth. We will demonstrate the result of enriching human otic 
epithelial progenitor cells using MACS-based approaches. Look-
ing ahead, we hope that a better-defined model of the human 
inner ear can be integral to pre-clinical studies for therapies to 
treat congenital deafness and balance-related disorders.

Funding Source: NIDCD grant R01 DC017461 and DOD grant 
RH200050.

Keywords: Human inner ear, Organoid, Development
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USING HUMAN IPSC MODELS TO DECIPHER 
THE ROLES OF MICROGLIAL TREM2-TYROBP/
DAP12 SIGNALING IN LATE-ONSET ALZHEIMER’S 
DISEASE
Rao, Chandrika - Brain Modeling, The New York Stem Cell 
Foundation, New York, NY, USA
Kalpana, Kriti - The New York Stem Cell Foundation Research 
Institute, New York, NY, USA
Ehrlich, Michelle - Icahn School of Medicine, Mount Sinai, New 
York, NY, USA
Gandy, Samuel - Icahn School of Medicine, Mount Sinai, New 
York, NY, USA
Noggle, Scott - The New York Stem Cell Foundation Research 
Institute, New York, NY, USA
Fossati, Valentina - The New York Stem Cell Foundation 
Research Institute, New York, NY, USA

Microglia, the primary immune cells of the brain, are now rec-
ognized as central players in the neuroinflammatory response 
contributing to Alzheimer’s disease (AD) and other neurodegen-
erative disorders. Genetic studies have highlighted that loss-of-
function mutations in the microglial cell surface receptor TREM2 

exert pleiotropic effects on microglial function and accelerate dis-
ease progression, and that TYROBP/DAP12, a cytoplasmic adap-
tor for TREM2 and other receptors, is a driver of sporadic late-on-
set AD. Little is known, however, about the role of TYROBP in 
AD and its interdependence with TREM2. To investigate the im-
pact of these genes on AD-related microglial functions, we have 
generated an isogenic panel of CRISPR/Cas9-edited human iPSC 
lines lacking TREM2 or TYROBP, as well as lines edited to de-
lete a key phosphorylation residue in TYROBP involved in down-
stream signal transduction. Both TREM2- and TYROBP-knockout 
iPSC-microglia show significantly compromised viability during 
differentiation, and immunohistochemical analysis identifies aber-
rant cellular morphology and protein expression patterns in vari-
ant microglia, including discontinuous IBA1 distribution. RNA-seq 
revealed that TREM2- and TYROBP-knockout microglial progen-
itors exhibit decreased expression of key homeostatic markers 
and upregulation of MHC class II genes compared to isogenic 
controls, while TYROBP-phosphorylation mutants exhibit up-
regulation of genes associated with activated microglial states, 
such as GPNMB. Using our established protocols for integrating 
microglia into oligo-cortical organoids containing excitatory and 
inhibitory neurons, astrocytes and oligodendrocyte lineage cells, 
we are evaluating how variant microglia respond to AD-related 
insults within these complex systems, including exposure to amy-
loid-beta aggregates and/or human Tau fibrils. These studies are 
working towards a fuller understanding of the functional roles of 
microglia in AD, with the ultimate goal of identifying viable targets 
for more informed therapeutic manipulation of disease-relevant 
microglial signaling pathways.

Keywords: Alzheimer’s disease, iPSC modeling, Microglia
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ALZHEIMER’S DISEASE-LIKE PHENOTYPES 
INDUCED BY SARS-COV-2 INFECTION THROUGH 
ACTIVATION OF GILA IN CORTICAL-BLOOD 
VESSEL ASSEMBLOIDS
Kong, Dasom - College of Veterinary Medicine, Seoul National 
University, Seoul, Korea
Park, Ki Hoon - Department of Research and Development, KR 
Biotech Co., Ltd., Seoul, Korea
Kim, Young Bong - Department of Biomedical Science and 
Engineering, Konkuk Institute of Science and Technology, 
Konkuk University, Seoul, Korea
Kang, Kyung-Sun - College of Veterinary Medicine, Seoul 
National University, Seoul, Korea

A correlation between COVID-19 and Alzheimer’s disease (AD) 
has been proposed recently. Although the number of case reports 
on neuroinflammation in COVID-19 patients has increased, stud-
ies of SARS-CoV-2 neurotrophic pathology using brain organoids 
have restricted recapitulation of those phenotypes due to insuf-
ficiency of immune cells and absence of vasculature. Cerebral 
pericytes and endothelial cells, the major components of blood-
brain barrier, express viral entry receptors for SARS-CoV-2 and 
response to systemic inflammation including direct cell death. To 
overcome these limitations, we developed cortical-blood vessel 
assembloids by fusing cortical organoid with blood vessel organ-
oid to provide vasculature to brain organoids and obtained the 
characteristics of increased expression of microglia and astro-
cytes in brain organoids. Furthermore, we observed AD patholo-
gies, including β-amyloid plaques, which were affected by the in-
flammatory response from SARS-CoV-2 infection. These findings 
provide an advanced platform to investigate human neurotrophic 
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) diseases, including COVID-19, and suggest that neuroinflamma-
tion caused by viral infection facilitates AD pathology.

Funding Source: This study was supported by the Korean Fund 
for Regenerative Medicine (KFRM) grant (No. 22A0101L1-11) 
and partially supported by the Research Institute for Veterinary 
Science, Seoul National University.

Keywords: Assembloids, Blood vessel organoids, Cortical 
organoids
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HOXD1 INHIBITS TUMOR PROGRESSION BY 
PROMOTING GLIOBLASTOMA STEM CELL 
DIFFERENTIATION
Palma, Verónica - Biology, Universidade de Chile, Santiago, 
Chile
Allende, Miguel - Biology, Universidad de Chile, Santiago, Chile
Armisén, Ricardo - Cancer Functional Genomics, Universidad 
del Desarrollo, Santiago, Chile
Fernández Caniulén, Edelmira - Biology, Universidad de Chile, 
Santiago, Chile
Gaete, Maria Belén - Centro de Biología Celular y Biomedicina 
(CEBICEM), Universidad San Sebastian, Santiago, Chile
Gajardo, Felipe - Biology, Universidad de Chile, Santiago, Chile
Varas-Godoy, Manuel - Centro de Biología Celular y 
Biomedicina (CEBICEM), Universidad San Sebastian, Santiago, 
Chile

Glioblastoma, the most aggressive brain cancer, has no effective 
treatment. Cancer stem cells (CSC), distinctive of these types of 
tumors, are a promising therapeutic target since they are asso-
ciated with tumor emergence, progression, invasion, resistance 
to treatment, and poor clinical prognosis. HOX genes encode a 
broad family of transcription factors that, in addition to playing a 
central role during embryonic development, have been associ-
ated with the development and progression of different types of 
cancer, including glioblastoma. The alteration of the expression 
profile of the HOX genes suggests their role as tumor modula-
tors, being able to play a suppressive role in tumors or have an 
oncogenic role that may be associated with the acquisition of a 
CSC phenotype. We hypothesized that the activation of tumor 
suppressor HOX gene expression could induce CSC differenti-
ation, thereby preventing glioblastoma progression, a matter not 
addressed far. We performed different bioinformatics approaches 
based on transcriptomic and clinical data from public databases 
of developing brains and cancer. The different analyzes suggest 
that HOXD1 is a potential tumor suppressor gene in glioblastoma 
associated with a differentiated phenotype. Our in vitro analyses, 
associated with the differentiation and stemness assessment in 
different glioblastoma cell lines, are consistent with the bioinfor-
matics results and suggest that the increase of HOXD1 expres-
sion leads to the differentiation of CSC in glioblastoma. We are 
currently working on the in vivo validation of HOXD1 as a tumor 
suppressor gene in glioblastoma. Our results will contribute to a 
better understanding of the mechanisms underlying the initiation 
and progression of glioblastoma and will allow the description of 
new biomarkers associated with prognosis.

Funding Source: ANID National Doctorate Scholarship 
21181605 Millennium Institute Center for Genome Regulation 
ICN2021_044

Keywords: cancer stem cells, glioblastoma, HOX genes
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HUMAN STRIATAL-MIDBRAIN ASSEMBLOIDS 
FOR MODELING OF ALPHA-SYNUCLEIN 
PATHOGENESIS
Shin, Minkyoung - Department of Pharmacology, Ajou 
University School of Medicine, Suwon, Korea
Tran, Hoang-Dai - Optical Neuroimaging Unit (Bernd Kuhn), 
Okinawa Institute Science and Technology Graduate University 
(OIST), Okinawa, Japan
Denman, Charlotte - Optical Neuroimaging Unit (Bernd Kuhn), 
Okinawa Institute Science and Technology Graduate University 
(OIST), Okinawa, Japan
Han, Run-Run - Optical Neuroimaging Unit (Bernd Kuhn), 
Okinawa Institute Science and Technology Graduate University 
(OIST), Okinawa, Japan
Kuhn, Bernd - Optical Neuroimaging Unit (Bernd Kuhn), Okinawa 
Institute Science and Technology Graduate University (OIST), 
Okinawa, Japan
Arbuthnott, Gordon - N/A, Okinawa Institute Science and 
Technology Graduate University (OIST), Okinawa, Japan
Jo, Junghyun - Deparment of Pharmacology, Ajou University 
School of Medicine, Suwon, Korea

Alpha-synuclein aggregation in the form of the Lewy bodies and 
the dysfunction of dopaminergic (DA) neurons in the substantia 
nigra pars compacta (SNpc) is a factor in Parkinson’s disease (PD). 
Most PD models are based on non-human experiments, which 
have limitations in mimicking human neural tissue and finding 
human-specific mechanism of pathophysiology. However, recent 
advances in human pluripotent stem cell (hPSC)-derived three-di-
mensional in vitro organoid technology for the neural tissue have 
improved the study of brain development and neurological dis-
orders. In this study, we generated human striatal-midbrain as-
sembloids (hSMAs), which are assembled human striatal organ-
oid (hSO) and human midbrain organoid (hMO) generated from 
hPSCs to recapitulate neuronal projections and neural activity. 
The results demonstrated that both neural organoids contains a 
variety of cell types including multiple types of neurons, astro-
cytes, oligodendrocytes, and progenitors and showed transcrip-
tional profiles that resemble in vivo prenatal tissue. Additionally, 
our study further demonstrated that hSMAs with flourescently 
labeled hSO and hMO, were confirmed formation of reciprocal 
nigrostriatal and striatonigral projections through various imag-
ing techniques and showed higher electrophysiological activity 
compared to hSO and hMO individual neural organoids. Next, we 
assembled the two regionalized neural organoids incorporating 
SNCA overexpression (SNCA O/E) which mimic SNCA triplicate 
patients, and they showed fewer axonal projections and less net-
work burst frequency and firing rate compared to the wild-type 
hSMAs. Importantly, we observed alpha-synuclein antidromic 
propagation from striatum to midbrain region in SNCA O/E hSMA, 
leading to the Lewy body-like inclusions. Our current study sug-
gest that hSMAs can be utilized for modeling synucleinopathies, 
allowing us to elucidate the alpha-synuclein propagation mecha-
nism and eventual vulnerability of DA neurons.

Funding Source: This work was supported by Okinawa Institute 
of Science and Technology Graduate University from Japan; 
Medical Research Center (NRF-2019R1A5A2026045) of National 
Research Foundation of Korea at Ajou University School of 
Medicine.

Keywords: human striatal-midbrain assembloid (hSMA), 
nigrostriatal projection, alpha-synuclein aggregation
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KCNQ2-RELATED GENOTYPE SPECIFIC 
NETWORK CHARACTERISTICS IDENTIFIED BY 
HIGH DENSITY MEA RECORDINGS IN IPSC-
DERIVED EXCITATORY NEURONS
Dirkx, Nina - CMN-Laboratory of Neurogenetics, University of 
Antwerp, Berchem, Belgium
Kaji, Marcus - VIB Center for Molecular Neurology, University of 
Antwerp, Belgium
De Vriendt, Els - VIB Center for Molecular Neurology, VIB-
University of Antwerp, Wilrijk, Belgium
Asselbergh, Bob - VIB Center for Molecular Neurology, 
University of Antwerp, Belgium
Miceli, Francesco - Department of Neuroscience, University of 
Naples Federico II, Naples, Italy
Zonnekein, Noortje - VIB Center for Molecular Neurology, VIB-
University of Antwerp, Wilrijk, Belgium
Taglialatela, Maurizio - Department of Neuroscience, University 
of Naples Federico II, Naples, Italy
Weckhuysen, Sarah - Department of Translational 
Neurosciences, University of Antwerp, Belgium

KCNQ2 encodes for a voltage-gated potassium channel sub-
unit (Kv7.2), that forms Kv7 channels which regulate the resting 
membrane potential and dampen repetitive neuronal firing. Hu-
man pathogenic variants in KCNQ2 are responsible for a spec-
trum of neurodevelopmental and epileptic disorders; KCNQ2 
Loss-of-Function variants cause Self-limited Neonatal Epilepsy 
(KCNQ2-SLNE), Dominant Negative (DN) variants cause Devel-
opmental Delay with neonatal seizures (KCNQ2-DN), and Gain-
of-Function (GOF) variants cause DD with or without later onset 
seizures (KCNQ2-GOF). No therapies exist that improve the DD 
of KCNQ2-related disorders. To address this problem, we de-
veloped patient-derived human induced pluripotent stem cell 
(hiPSC) lines from 2 KCNQ2-SLNE, 2 KCNQ2-GOF, 3 KCNQ2-DN 
patients and 2 controls. hiPSC lines were differentiated towards 
excitatory cortical neurons using NGN overexpression. Electro-
physiological characterization was performed using high density 
Multi Electrode Arrays (MEA) from day in vitro (DIV) 12 until DIV49, 
and patch clamp was performed around DIV21. KCNQ2-DN neu-
ronal cultures showed an increased firing rate compared to the 
control group, and more proment differences in the synchronous 
bursting behaviour were observed from DIV35 onwards, such 
as an increase in burst frequency and a decreased inter spike 
interval outside of the bursts. We further comfirmed this hyper-
excitability using patch clamp in one of the KCNQ2-DN lines 
and its respective isogenic control. In comparison to DN lines, 
KCNQ2-GOF neuronal cultures showed a consistent delay in the 
generation of synchronous network bursts compared to the con-
trol group. Additionally, a general decrease in netwerk activity 
and a decrease in the spikes per bursts and burst frequency was 
observed. Chronically knocking down KCNQ2 expression using 
ASO technology in the KCNQ2-GOF neuronal cultures rescued 
the KCNQ2-GOF phenotype, whereas the effect of an aspecific 
Kv7 channel blocker, XE991, led to a partial restoration of the net-
work activity. In conclusion, using high density MEA technology 
we are able to extract specific KCNQ2 variant alterations in net-
work activity over time. Using this network fingerprint we validat-
ed a new potential precision therapy using ASO technology that 
rescued the in vitro KCNQ2-GOF phenotype.

Funding Source: SW received funding from FWO (1861419N and 
G041821N), KCNQ2 Cure, KCNQ2 e.v., EJP-RD (TreatKCNQ), and 

the Queen Elisabeth Medical Foundation. ND receives support 
from FWO-SB (1S59221N)

Keywords: KCNQ2, High density micro electrode array, ASO

TOPIC: PANCREAS
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BETA CELL REGENERATION UPON 
EFFEVTIVEMONONUCLEAR CELLS (E-MNCS) AS 
A POSSIBLE ALTERNATIVE TO INSULIN THERAPY
Hasegawa, Kayo - Graduate School of Biomedical Sciences, 
Nagasaki University, Nagasaki-shi, Japan
Ogaeri, Takunori - Department of Medical Research and 
Development for Oral Disease, Nagasaki University, Japan
I, Takashi - Department of Medical Research and Development 
for Oral Disease, Nagasaki University, Japan
Seki, Makoto - CellAxia Inc., Chiyoda-ku, Japan
Sumita, Yoshinori - Department of Medical Research and 
Development for Oral Disease, Nagasaki University, Japan

Sjögren syndrome (SS) and type 1 diabetics (T1DM) are autoim-
mune diseases characterized by salivary gland (SG) and pancre-
atic islet destruction leading to loss of secretory function. Recent-
ly, we developed an effective culture method that enhances the 
anti-inflammatory and immunomodulatory phenotypes of periph-
eral blood mononuclear cells (PBMNCs), and the resulting effec-
tive-mononuclear cells (E-MNCs) which contained an enriched 
population of M2 macrophages could be obtained. Then, we 
demonstrated that E-MNC transplantation improved the function 
of radiation-injured SGs due to immunomodulatory and regener-
ative actions. The aim of this study is to investigate the efficacy of 
E-MNC therapy against the onset of T1DM, as well as SS, in non-
obese diabetic (NOD) mice. The anti-inflammatory characteristics 
of E-MNCs were firstly analyzed using a co-culture system with 
CD3/CD28-stimulated (T-cell activated) PBMNCs. Then, E-MNCs 
were transplanted to SGs and pancreases of NOD mice via local 
(at 9 weeks of age) and systemic routes (1 time injection per week 
for 3 consecutive weeks from 9 weeks of age). Subsequently, 
secretory function of saliva and insulin, histological and gene ex-
pression (associated with T-cell infiltration) analyses of harvested 
tissues were performed. E-MNCs, which exhibited induction of 
CD11b/CD206-positive M2-like macrophages, inhibited inflam-
matory gene expressions in T-cell activated PBMNCs. E-MNCs 
administered via both local and systemic routes suppressed the 
infiltration of CD4-positive T-cells up to 4 weeks post-transplan-
tation and restored the saliva secretion up to 8 weeks. Similarly, 
E-MNCs delivered to pancreas after systemic injection led the 
mice to have lower blood glucose levels at 8 weeks post-admin-
istration. At that time point, the insulitis score on lymphocyte infil-
tration was significantly improved in pancreatic islets after E-MNC 
treatment, and insulin-producing beta cells were also found in se-
verely damaged islets, classified as grade 4 on that score. These 
results suggest E-MNCs have therapeutic effects for the regen-
eration of beta cells, as wells as SG epithelial cells. This study 
demonstrated E-MNC therapy partially prevents the development 
of SS- and T1DM-like diseases in mice.

Keywords: Cell therapy, Type 1 diabetics (T1DM), Beta cell 
regeneration
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TOBACCO CARCINOGENS FACILITATE 
PANCREATIC CANCER DEVELOPMENT VIA 
INCREASED NRF2 PATHWAY ACTIVITY
Stamp, McKenna - Biology, CSU San Marcos, CA, USA
Engle, Danielle - Regulatory Biology, Salk Institute for Biological 
Studies, San Diego, CA, USA
Lin, Xiaoxue - Regulatory Biology, Salk Institute for Biological 
Studies, San Diego, CA, USA

Pancreatic ductal adenocarcinoma (PDAC) has a 5-year survival 
rate of 10%. It is one of the deadliest cancers and is expected 
to become the second leading cause of cancer death by 2025. 
Tobacco is one of the main risk factors for PDAC. It is estimated 
that tobacco users make up 30% of pancreatic cancer cases. Be-
sides their role in mutagenesis, tobacco products induce oxida-
tive stress, thereby promoting PDAC initiation and progression. 
However, the effector pathways activated following tobacco car-
cinogen exposure remain unclear. Therefore, the impact of to-
bacco-induced changes in oxidative stress needs to be studied. 
This project aims to address the impact of carcinogens in pancre-
atic cancer etiology. We hypothesize that the elevated reactive 
oxygen species level upon chronic tobacco exposure impacts 
redox gene pathways, and thereby increases the transformation 
potential in the pancreas to contribute to disease initiation and 
progression, specifically involving the key redox regulator Nrf2-
Keap1 pathway. Nrf2 is a transcription factor that translocates into 
the nucleus and initiates transcription of cytoprotective genes 
upon elevated reactive oxygen species. In this project, we will 
investigate redox pathways using two major subclasses of carcin-
ogens, cadmium (Cd) and benzo(a)pyrene (BaP) in premalignant 
and normal mouse pancreatic ductal organoid cultures. Chronic 
exposure to tobacco products was simulated by dosing organ-
oids with Cadmium and BaP over multiple passages. We interpret 
the impact on the redox pathway via levels of Nrf2 and the down-
stream target genes, including Nqo1, Gstp1, and GCLC1. We find 
via RNA-seq that in premalignant organoid cultures Nrf2 and its 
downstream targets are downregulated after chronic carcinogen 
exposure.Collectively, this project contributes to the understand-
ing of carcinogen exposure and the effects downstream of reac-
tive oxygen species elevation in PDA pathogenesis. This project 
will elucidate a deeper connection between redox metabolism 
and pancreatic cancer by which PDAC can be induced, and can 
provide insights to early detection of smoking-induced PDAC.

Keywords: pancreatic ductal adenocarcinoma, reactive oxygen 
species, RNA-seq
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THE PATH TOWARD ENGINEERING HYPOXIA-
RESISTANT STEM-CELL DERIVED ISLETS
Bradley, Kameron - Biomedical Engineering, Washington 
University in St. Louis, MO, USA
Millman, Jeffrey - Endocrinology, Washington University in St. 
Louis, MO, USA
Est, Chandler - Endocrinology, Washington University in St. 
Louis, MO, USA

Type 1 diabetes (T1D) is a disease that results from loss of insu-
lin-producing beta (β) cells or β cell function. Transplantation of 
primary cadaveric islets with healthy β cells has been proposed 
as a long term solution to T1D, but patients that receive islet trans-

plantations return to exogenous insulin dependence within a 
matter of years due to a gradual loss of function of transplanted 
islets. The most recognized contributor of islet transplant death 
and dysfunction is hypoxia, as isolated, oxygen-hungry islets are 
transplanted into a low-oxygen microenvironment. Although hy-
poxia has been identified as the major cause of islet transplant 
dysfunction, the field still lacks a mechanistic understanding of 
the effect of hypoxia on islets as well as a high resolution analysis 
of transcriptome changes in response to hypoxia that could elu-
cidate a mechanistic understanding. Additionally, it has not been 
shown how hypoxia impacts survival and function of stem cell-de-
rived islets (sc-islets). To address these gaps, we performed static 
glucose stimulated insulin secretion (sGSIS) on primary human 
and sc-islets that were subjected to 1% O2 to observe signs of 
dysfunction after hypoxic culture; primary islets had a markedly 
lower stimulation index after 48 hours in 1% O2, while sc-islets 
had a low stimulation index after 6, 24, and 48 hours in 1% O2. We 
also performed single cell RNA sequencing on these same islet 
samples, along with normoxic controls. Thus far, we have deter-
mined differentially expressed genes and differentially regulated 
pathways that are specific to the hypoxic response in primary is-
lets or sc-islets, as well as some that are shared between the two. 
Together, our findings will serve as a resource for the field to use 
to determine the cell-type specific mechanisms that are differen-
tially regulated under hypoxic conditions.

Keywords: Islet, Hypoxia, Sequencing

807

COXSACKIEVIRUS B INFECTION INVOKES 
UNIQUE CELL-TYPE RESPONSES IN A 
HETEROGENOUS PANCREATIC ORGANOID 
MODEL
Veronese-Paniagua, Daniel A. - Division of Endocrinology, 
Metabolism, and Lipid Research, Washington University in St. 
Louis, MO, USA
Hernandez-Rincon, Diana - Medicine, Washington University in 
St. Louis, MO, USA
Augsornworawat, Punn - Medicine, Washington University in St. 
Louis, MO, USA
Tse, Hubert - Microbiology, Molecular Genetics, and 
Immunology, University of Kansas Medical Center, Kansas City, 
KS, USA
Millman, Jeffrey - Medicine, Washington University in St. Louis, 
MO, USA

Coxsackievirus B (CVB) infection has long been considered an 
environmental factor precipitating Type 1 diabetes (T1D), an au-
toimmune disease marked by loss of insulin-producing beta cells 
within pancreatic islets. Previous studies have shown CVB infec-
tion negatively impacts islet function and viability. However, there 
are no reports on how virus infection individually affects the mul-
tiple cell types present in human islets. Therefore, we hypothe-
sized the various islet cell populations have unique transcriptional 
responses to CVB infection. To test our hypothesis, we first per-
formed single-cell RNA sequencing on human islets treated with 
either CVB or Poly(I:C), a viral mimic, for 24 and 48 hours. This ap-
proached resulted in a list of candidate genes upregulated only in 
CVB infected endocrine cells. Genetically modified human stem 
cell-derived islets (SC-islets) were then generated to elucidate 
the role of these genes in cellular response to CVB infection and 
replication. SC-islets are a powerful asset because, unlike primary 
islets derived from patient donors, they can be generated in large 
supply and are genetically identical, which allows for more robust 
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analyses. We also find a time-dependent increase in mitochondri-
al genes in both CVB and Poly(I:C) groups. Functional assays con-
firmed a decrease in mitochondrial function in CVB and Poly(I:C) 
treated islets with the former having a more drastic effect. Our 
transcriptomic data also indicate beta cells have a unique tem-
poral immune response compared to other islet cell types. Addi-
tionally, beta, alpha, and ductal cells have the strongest immune 
responses whilst delta cells are virtually transcriptionally unaffect-
ed despite having similar virality levels when compared to other 
cell types. Together, these findings demonstrate a cell-specific 
transcriptional, temporal, and functional response to CVB infec-
tion and provide new insights into the relationship between CVB 
infection and T1D.

Keywords: SC-islets, Coxsackievirus, scRNA-seq

TOPIC: NO TISSUE SPECIFICITY
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INTRAVITAL IMAGING AND SINGLE 
CELL TRANSCRIPTOMIC ANALYSIS FOR 
ENGRAFTMENT OF MESENCHYMAL STEM 
CELLS IN AN ANIMAL MODEL OF INTERSTITIAL 
CYSTITIS/BLADDER PAIN SYNDROME
Kim, Yonghwan - Department of Biomedical Sciences, 
University of Ulsan College of Medicine, Seoul, Korea
Yu, Hwan Yeul - Department of Biomedical Sciences, ToolGen 
Inc., Seoul, Korea
Lee, Seungun - Department of Biomedical Sciences, University 
of Ulsan College of Medicine, Seoul, Korea
Kim, Youngkyu - Biomedical Engineering Center, Asan Medical 
Center, Seoul, Korea
Ryu, Chae-Min - Center for Cell Therapy, Asan Medical Center, 
Seoul, Korea
Lee, Sanghwa - Biomedical Engineering Center, Asan Medical 
Center, Seoul, Korea
Hong, Ki-Sung - Department of Stem Cell Biology, Konkuk 
University, Seoul, Korea
Chung, Hyung-Min - Department of Stem Cell Biology, Konkuk 
University, Seoul, Korea
Kim, Jun Ki - Biomedical Engineering Center, Asan Medical 
Center, Seoul, Korea
Choo, Myung-Soo - Department of Urology, Asan Medical 
Center, Seoul, Korea
Shin, Dong-Myung - Department of Biomedical Sciences, 
University of Ulsan College of Medicine, Seoul, Korea

Mesenchymal stem cell (MSC) therapy is a promising treatment 
for various intractable disorders including interstitial cystitis/blad-
der pain syndrome (IC/BPS). However, an analysis of fundamen-
tal characteristics driving in vivo behaviors of transplanted cells 
has not been performed, causing debates about rational use and 
efficacy of MSC therapy. Here, we implemented two-photon in-
travital imaging and single cell transcriptome analysis to evaluate 
the in vivo behaviors of engrafted multipotent MSCs (M-MSCs) 
derived from human embryonic stem cells (hESCs) in an acute IC/
BPS animal model. Two-photon imaging analysis was performed 
to visualize the dynamic association between engrafted M-MSCs 
and bladder vasculature within live animals until 28 days after 
transplantation, demonstrating the progressive integration of 
transplanted M-MSCs into a perivascular-like structure. Single cell 
transcriptome analysis was performed in highly purified engraft-
ed cells after a dual MACS−FACS sorting procedure and revealed 

expression changes in various pathways relating to pericyte cell 
adhesion and cellular stress. Particularly, FOS and cyclin depen-
dent kinase-1 (CDK1) played a key role in modulating the migra-
tion, engraftment, and anti-inflammatory functions of M-MSCs, 
which determined their in vivo therapeutic potency. Collectively, 
this approach provides an overview of engrafted M-MSC behav-
ior in vivo, which will advance our understanding of MSC thera-
peutic applications, efficacy, and safety.

Keywords: Single cell analysis, Mesenchymal stem cell, Intravital 
imaging, Interstitial cystitis/bladder pain syndrome
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HIGH EXPRESSION OF CD58 AND ALDH1A3 
PREDICTS A POOR PROGNOSIS IN BASAL-LIKE 
BREAST CANCER
Xiong, Yuyun - Department of Medicinal and Life Sciences, 
Department of Medicinal and Life Sciences, Noda, Japan
Motomura, Hitomi - Department of Medicinal and Life Sciences, 
Faculty of Pharmaceutical Sciences, Tokyo University of 
Science, Noda, Japan
Tamori, Shoma - Department of Medicinal and Life Sciences, 
Faculty of Pharmaceutical Sciences, Tokyo University of 
Science, Noda, Japan
Ozaki, Ayaka - Department of Medicinal and Life Sciences, 
Faculty of Pharmaceutical Sciences, Tokyo University of 
Science, Noda, Japan
Onaga, Chotaro - Department of Medicinal and Life Sciences, 
Faculty of Pharmaceutical Sciences, Tokyo University of 
Science, Noda, Japan
Hara, Yasushi - Research Institute for Biomedical Sciences, 
Tokyo University of Science, Noda, Japan
Sato, Keiko - Department of Information Sciences, Faculty of 
Science and Technology, Tokyo University of Science, Noda, 
Japan
Tahata, Kouji - Department of Information Sciences, Faculty of 
Science and Technology, Tokyo University of Science, Noda, 
Japan
Harada, Yohsuke - Department of Medicinal and Life Sciences, 
Faculty of Pharmaceutical Sciences, Tokyo University of 
Science, Noda, Japan
Sasaki, Kazunori - Laboratory of Cancer Biology, Institute for 
Diseases of Old Age, Juntendo University School of Medicine, 
Bunkyo, Japan
Zheng, Yun-Wen - Department of Medicinal and Life Sciences, 
Faculty of Pharmaceutical Sciences, Tokyo University of 
Science, Noda, Japan
Ohno, Shigeo - Laboratory of Cancer Biology, Institute for 
Diseases of Old Age, Juntendo University School of Medicine, 
Bunkyo, Japan
Akimoto, Kazunori - Department of Medicinal and Life Sciences, 
Faculty of Pharmaceutical Sciences, Tokyo University of 
Science, Noda, Japan

CD58 is an immune adhesion molecule on the cellular surface. It 
was previously found that a high expression of CD58 predicted a 
poor prognosis of patients with lower-grade gliomas. Therefore, 
the aim of this paper was to investigate the assocation between 
CD58 and breast cancer. In the present study, CD58 gene ex-
pression downloaded from cBioPortal was compared in the differ-
ent subtypes of breast cancer. Clinical prognosis was examined 
using Kaplan-Meier analysis and multivariable Cox regression 
analysis. The association between CD58 expression and immune 
cell infiltration was estimated using the TIMER 2.0 web platform. 



336

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 M
O

D
E

Li
N

g
 D

E
v

E
LO

P
M

E
N

T
 A

N
D

 D
iS

E
A

S
E

 (
M

D
D

) Finally, the tumour sphere formation of aldehyde dehydrogenase 
1 (ALDH1)high basal-like breast cancer cells in which CD58 was 
knocked down using siRNA was measured. The results revealed 
that CD58 mRNA was mainly enriched in claudin-low and bas-
al-like subtypes. The high expression of CD58 predicted a good 
prognosis in of patients with luminal A and luminal B breast can-
cer. This good prognosis prediction may be due to the associa-
tion of immune cell infiltration with CD58. Notably, patients with 
luminal A breast cancer with a high expression of CD58 in as-
sociation with ALDH1A3 exhibited a good prognosis; however, 
this did not apply to patients with basal-like breast cancer. The 
in vitro experiments revealed that the knockdown of CD58 inhib-
ited the tumour sphere formation ability of ALDH1high basal-like 
cancer cells. Overall, the present study demonstrates that CD58 
may function as a potential prognosis biomarker and therapeutic 
target in ALDH-positive basal-like cancer stem cells.

Keywords: CD58, cancer stem cell, ALDH1

833

ANEUPLOID EMBRYONIC STEM CELLS DRIVE 
TERATOMA METASTASIS
Xiao, Rong - Chinese Academy of Medical Sciences, School of 
Basic Medicine Peking Union Medical College (PUMC), Beijing, 
China
Bai, Fan - Biomedical Pioneering Innovation Center (BIOPIC), 
Beijing, Advanced Innovation Center for Genomics (ICG), Peking 
University, Beijing, China
Huang, Yue - Chinese Academy of Medical Sciences, School of 
Basic Medicine Peking Union Medical College (PUMC), Beijing, 
China

Aneuploidy, the unbalanced numerical alterations of whole or 
partial chromosomes, is one of the hallmarks of cancer. High 
levels of aneuploidy are typically associated with metastasis and 
poor outcomes in cancer patients. However, the causality of an-
euploidy in cancer metastasis remains obscure. We have estab-
lished several trisomic mouse embryonic stem cell (ESC) lines 
carrying an extra copy of chromosome 6, 8, 11 or 15 respectively. 
To more systemically investigating the functional roles of aneu-
ploidy in cancer metastasis, we labeled the isogenic diploid and 
aneuploid mouse ESC lines with enhanced green fluorescence 
protein (EGFP)/Luciferase dual reporters. We found that terato-
mas derived from aneuploid murine ESCs, but not from isogenic 
diploid ESCs, disseminated to multiple organs, for which no addi-
tional copy number variations were required. Meanwhile, no can-
cer driver gene mutations were detected in any metastases. An-
euploid circulating teratoma cells were successfully isolated from 
peripheral bloods and showed high migration and organ coloni-
zation capacity. Single-cell RNA sequencing of aneuploid primary 
teratomas and metastatic samples identified a unique cell popu-
lation with high stemness that was absent in diploid ESCs-derived 
teratomas. Aneuploid cells exhibited impaired proteasome activ-
ity and overactivated endoplasmic reticulum (ER) stress during 
differentiation, thereby diminishing the degradation of proteins 
produced from extra chromosomes in the ESC state and causing 
differentiation deficiencies. Importantly, both proteasome activa-
tor Oleuropein and ER stress inhibitor 4-PBA can effectively inhib-

it aneuploid teratoma metastasis. Our results provide insights into 
the causal relationship between aneuploidy and tumorigenesis.

Funding Source: The National Science Fund for Distinguished 
Young Scholars (T2125002), and the National Natural Science 
Foundation of China (31970813, 92042303 and 32170771),etc.

Keywords: aneuploidy, metastasis, proteasome dysfunctional & 
ER stress.

835

MODELING TUBEROUS SCLEROSIS COMPLEX 
WITH 3-D HUMAN CORTICAL ORGANOIDS
Niu, Weibo - Department of Psychiatry and Behavioral Sciences, 
Emory University, Atlanta, GA, USA
Yu, Shaojun - Department of Computer Science, Emory 
University, Atlanta, GA, USA
Li, Xiangru - College of Arts and Sciences, Emory University, 
Atlanta, GA, USA
Gambello, Michael - Department of Human Genetics, Emory 
University, Atlanta, GA, USA
Wen, Zhexing - Department of Psychiatry and Behavioral 
Sciences, Emory University, Atlanta, GA, USA

Tuberous sclerosis complex (TSC) is an autosomal dominant ge-
netic disorder caused by mutations in either TSC1 or TSC2, pre-
senting with systemic growth of benign tumors. In addition to brain 
lesions, neurologic impairment causes the greatest morbidity in 
TSC patients. In particular, approximately 50% of TSC patients 
are affected with autism spectrum disorders (ASDs). Studies from 
animal or human stem cell models with TSC1/2 knockout suggest 
that hyper-activation of mTORC1 signaling due to TSC1/2 defi-
ciency may lead to aberrant neurodevelopment. However, how 
the causal variants of TSC1/2 genes identified in TSC patients af-
fect human cortical development and how they contribute to the 
neurological manifestations in TSC remain largely unexplored. 
To address these questions, here we generated 3-D cortical or-
ganoids from induced pluripotent stem cells (iPSCs) derived from 
TSC patients carrying TSC2 mutations as well as healthy controls. 
To investigate how TSC2 mutations affect the molecular trajec-
tories during cortical development, we generated transcriptome 
profiles across several developmental stages of TSC and control 
organoids. Gene regulatory network analyses at four stages (day 
35, 56, 98, and 126, respectively) revealed significantly up-reg-
ulated gene pathways involving nervous system development, 
neurogenesis, and chemical synaptic transmission during long-
term organoid development compared to controls. We observed 
multiple genes involved in neurodevelopment, synapse and gli-
al cells, including SYN, SYT1, GRIN1, GRM3, KCNK9, NNAT, and 
S100B, were upregulated during organoid development. More-
over, the differentially expressed genes in TSC organoids are sig-
nificantly enriched among genes associated with ASD, intellec-
tual disability, and epilepsy. To further understand the specificity 
and complexity of the impact of TSC2 mutations on human brain 
development at the single cell level, we performed single cell 
RNA-seq (scRNA-seq) on these cortical organoids. The scRNA-
seq and time trajectory analyses suggest that the TSC2 mutations 
lead to alternative and differential developmental progression. 
Collectively, our study illustrated that disease-associated TSC2 
mutations may impair neurodevelopment by the perturbation of 
gene regulatory networks during early cortical development.

Funding Source: This work was supported by the following 
funding sources: NIH grants (Nos. R01AG065611, R01MH121102, 
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R21MH123711), and Department of Defense grant (No. 
W81XWH1910353 to ZW).

Keywords: Tuberous sclerosis complex, TSC2 mutations, 
Cortical organoids

837

ADVANCING NK CELL IMMUNOTHERAPIES 
FOR OVARIAN CANCER THROUGH A PATIENT-
SPECIFIC ORGANOID CO-CULTURE SYSTEM
Andres Martin, Laura - Oncology, New York Stem Cell 
Foundation, NY, USA
Estrada, Jacob - Immunology, The New York Stem Cell 
Foundation Research Institute, NY, USA
Savas-Carstens, Jan - Oncology, The New York Stem Cell 
Foundation Research Institute, NY, USA
Sullivan, William - Oncology, The New York Stem Cell 
Foundation Research Institute, NY, USA
Volpari, Tatiana - Oncology, The New York Stem Cell 
Foundation Research Institute, NY, USA
Mercadante, Marisa - Oncology, The New York Stem Cell 
Foundation Research Institute, NY, USA
Monsma, Jr., Frederick - Oncology, The New York Stem Cell 
Foundation Research Institute, NY, USA
Wang, Yinan - Immunology, The New York Stem Cell Foundation 
Research Institute, NY, USA

Ovarian cancer is the fifth leading cause of cancer deaths in fe-
males, with a 5-year survival rate below 30% for most patients. 
Yet the standard of care remains virtually unchanged after de-
cades. While immunotherapy has revolutionized the treatment of 
blood cancers and saved countless lives, the benefits have yet to 
be realized for solid tumors like ovarian. Ovarian cancer brings 
the unique challenges of frequent relapses, drug resistance, and 
high variability among tumors. Tumor-derived organoids have 
emerged as a revolutionary patient-specific cancer model with 
unlimited expansion capacity and the ability to recapitulate pa-
tient drug responses, offering remarkable potential for precision 
oncology research. At the NYSCF Research Institute, we have im-
plemented tumor organoid technology for ovarian cancer, using 
fresh tumor resections from the NCI-supported Cooperative Hu-
man Tissue Network (CHTN) and our clinical collaborators at Me-
morial Sloan Kettering Cancer Center (MSK) and the Englander 
Institute for Precision Medicine at Weill Cornell Medicine (EIPM). 
We are building a large biobank of patient-specific organoid mod-
els as a collaborative research resource. The ability of organoid 
models to capture tumor biology and heterogeneity, including in 
responses to immunotherapies, offers the opportunity to accel-
erate novel treatments and combinations. Their scalability allows 
us to assess efficacy across patient populations, including eth-
nic minorities who have been underrepresented throughout the 
research pipeline and have systematically worse outcomes. To 
advance immunotherapies for ovarian cancer, we are leveraging 
NYSCF’s human induced pluripotent stem cell (iPSC) technology 
platform to test the emerging promise of natural killer (NK) cells 
as an immunotherapy for solid cancers. Our co-culture system of 
iPSC-derived NKs and patient organoids already shows prelim-
inary evidence of NK killing activity; we are now using it to eval-
uate how genetically and clinically diverse patients will respond, 
and whether additional targeted therapies enhance NK killing of 
certain tumors. This study will accelerate the development of NK 

cell therapies for ovarian cancer and the design of tailored com-
bination therapies that improve patient outcomes.

Funding Source: This work was supported by the New York 
Stem Cell Foundation Research Institute (NYSCF) and by the 
NCI R21CA240219. Tissue samples were provided by the NCI 
Cooperative Human Tissue Network (CHTN) RRID SCR_004446.

Keywords: Tumor organoids, Natural Killer cells, coculture
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HIGH-THROUGHPUT EDITING OF GENOMIC 
DELETIONS IN HUMAN INDUCED PLURIPOTENT 
STEM CELLS
McDonough, Justin Andrew - Cellular Engineering, The 
Jackson Laboratory, Farmington, CT, USA
Giansiracusa, Sofia - Cellular Engineering, The Jackson 
Laboratory, Farmington, CT, USA
Kendra, Angelina - Cellular Engineering, The Jackson 
Laboratory, Farmington, CT, USA
Meng, Chen - Cellular Engineering, The Jackson Laboratory, 
Farmington, CT, USA
Ning, Gang - Cellular Engineering, The Jackson Laboratory, 
Farmington, CT, USA
Parker, Devon - Cellular Engineering, The Jackson Laboratory, 
Farmington, CT, USA
Rivera-Diaz, Jamilex - Cellular Engineering, The Jackson 
Laboratory, Farmington, CT, USA
Ryan, Mallory - Cellular Engineering, The Jackson Laboratory, 
Farmington, CT, USA
Skarnes, William - Cellular Engineering, The Jackson Laboratory, 
Farmington, CT, USA

Our CRISPR-based deletion strategy has proven to be a highly 
efficient method for generating gene knockout alleles in human 
induced pluripotent stem cells (iPSCs). The preferred outcome is 
either deletion of the entire coding region, or removal of a ‘crit-
ical’ exon resulting in a frameshift following mRNA splicing. To 
achieve this, we specifically targeted the region of interest us-
ing flanking CRISPR/Cas9 guide RNAs and utilized a bridging 
donor to enhance the likelihood of homozygous deletions. This 
was achieved under conditions optimized for homology-directed 
repair (HDR). Another key aspect of our bridging donor meth-
od is the use of barcoding to identify homozygous clones. This 
provides us with a level of confidence in our results and allowed 
us to screen clones efficiently by Sanger sequencing. We were 
able to demonstrate the effectiveness of this approach by effi-
ciently recovering homozygous clones with deletions up to 64kb 
in size. In conclusion, our deletion strategy provides a scalable, 
high-throughput method for generating definitive null alleles in 
human iPSCs. This will be of significant benefit for downstream 
loss of function analyses.

Keywords: CRISPR, Knockout, Homology-directed repair
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THE DEVELOPMENT AND USE OF STEM 
CELL-BASED TOOLS TO SUPPLEMENT OR 
EVEN REPLACE ANIMAL TESTING IN DRUG 
DEVELOPMENT: ETHICAL AND REGULATORY 
CONSIDERATIONS
Jonlin, Erica C. - Institute for Stem Cell and Regenerative 
Medicine, University of Washington, Seattle, WA, USA

Ever since the early 1960’s, FDA has required that sponsors 
demonstrate safety (toxicity) and efficacy of their investigational 
agents in animals prior to testing them in humans. If FDA deems 
that, based on the animal data, it would be safe for the agent to 
be administer to human beings, the FDA may let the clinical trial 
move forward. However, experience over the last few decades 
has shown that many animal models can be poor predictors of 
safety in humans: often, products have shown unexpected se-
rious adverse effects in humans that were not seen in the ani-
mals. Uncertainties and disappointments regarding the predictive 
capacity of animal models, together with pressure from animal 
rights advocates, has led Congress to pass and President Biden 
to sign an amendment to the Federal Food, Drug, & Cosmetic 
Act’s (“FD&C Act”). Removing the requirement for animal testing, 
the revised Act now refers to the requirement for “nonclinical 
tests,” which may include data from “a test conducted in vitro, in 
silico, or in chemico, or a nonhuman in vivo test.” Of interest to 
the stem cell research community is the potential of human stem 
cell-derived in vitro systems to supplement, if not replace, animal 
testing in drug development. Human pluripotent stem cell-de-
rived systems such as organoids and microphysiological systems 
(MPS), including “organ-on-a-chip” technology, provide promising 
tools for drug screening and for making predictions of a potential 
drug’s toxicity, efficacy, and biochemical mechanism of action. It 
is still an open question as to whether these systems can provide 
sufficient data to replace animal testing altogether. Herein is a 
discussion of ethical and regulatory considerations regarding the 
use and validation of stem cell-derived in vitro models in drug 
development, including thoughts on the qualities necessary for 
these systems to convincingly and safely mitigate and even obvi-
ate the need for testing in animal models.

Keywords: stem cell-derived in vitro systems, drug development, 
regulatory requirements

843

USING STEM CELLS TO UNDERSTAND THE 
EFFECTS OF VAPING ON HUMAN PRENATAL 
DEVELOPMENT
Debich, Mohamed - Biology, CSUCI Riverside, CA, USA
Talbot, Prue - Molecular, Cell and Systems Biology, University of 
California, Riverside, CA, USA

While the electronic cigarette (EC) market has grown rapidly 
during the last decade, very little work has been done to under-
stand how vaping by pregnant affects prenatal development. EC 
fluids contain many chemicals including synthetic coolants. This 
study addresses WS-23, a synthetic coolant that is added to 4th 
generation ECs, often at concentrations as high as 60 mg/mL. 
This study examined the hypothesis that WS-23 activates TRPM8 
channels on hESCs, thereby altering normal development. hESCs 
are similar to the epiblast stage of post-implantation embryos, 
contain numerous TRPM8 channels. Activation of the TRMP8 

channels in hESCs by WS-23 was studied by measuring calci-
um influx using Fluor-8 in conjunction with a Synergy multiplate 
reader. The presence of WS-23 activated the TRPM8 channels by 
increasing the calcium influx. The highest calcium influx was ob-
served at 58 nM WS-23. The cytotoxicity of WS-23 was evaluated 
using the MTT assay. The IC50 (330 µg/mL) and NOAEL (4.5 µg/
mL) were determined from concentration-response curves. The 
IC50 was used to determine the effective concentration of the 
TRPM8 inhibitor (TCI-2014). hESCs were treated with various con-
centrations of TRPM8 inhibitor in the presence of WS-23. Using 
the MTT assay, the effect of WS-23 was reversed at 0.01 nM of 
TRPM8 inhibitor. Live cell imaging experiments were conducted 
in a Nikon BioStation to visualize the effect of WS-23 on colony 
growth and morphology. CL Quant and StemCellQC softwares 
were used to create videos and extract features (e. g., Colony 
Area and Number of Protrusions). hESCs were treated with three 
concentrations of WS-23 (26 to 2600 nM). The colony size de-
creased in a concentration-dependent manner. Additionally, 
260 and 2600 nM concentrations of WS-23 limited the number 
of protrusions. WS-23 affected adhesion by creating large gaps 
between hESCs . Inhibition of TRPM8 channels with its antagonist 
reversed the effect of WS-23 on colony area and the size of gaps. 
For an exposure of 140 puffs/day, the estimated concentration 
of WS-23 circulating in the blood of an 85 kg pregnant would be 
around 14 nM. Therefore, sufficient WS-23 would reach and affect 
the embryo in a pregnant who vapes ECs with high WS-23 con-
centrations. These effects could increase the chances of small 
birth weight babies and other birth defects.

Funding Source: CIRM Bridges: EDUC2-12695

Keywords: hESCs, WS-23 Synthetic coolant in ECs, Human 
Prenatal Development
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NOVEL 3D CULTURE SUBSTRATE FOR 
ORGANOIDS CONTAINING COLLAGEN, 
LAMININ-E8, AND HYALURONAN
Mizuno, Kazunori - Nippi Research Institute of Biomatrix, Nippi, 
Inc., Toride, Japan
Murasawa, Yusuke - Nippi Research Institute of Biomatrix, Nippi, 
Toride, Japan
Fujita, Kazumasa - Nippi Research Institute of Biomatrix, Nippi, 
Toride, Japan
Kumazawa, Yuki - Nippi Research Institute of Biomatrix, Nippi, 
Toride, Japan
Sasaki, Takako - Biochemistry, Oita University, Oita, Japan
Takemura, Yukitoshi - School of Medicine, Kyoto University, 
Japan

We evaluated gels composed of (1) collagen, (2) laminin 511E8 
fragments containing interaction sites with cell surface integrin 
receptors, and (3) hyaluronic acid as three dimensional cell cul-
ture substrates capable of inducing tissue formation that mimics 
in vivo conditions. The efficacy was examined using liver organ-
oid formation, cancer organoid formation, and cranial nerve or-
ganoid formation as indices. When primary human hepatocytes 
were cultured in gel, this gel, hereafter referred to as MM511 gel, 
showed superior effects on proliferation and hepatic parenchy-
mal differentiation compared to Matrigel culture. Primary he-
patocytes proliferated well in type I collagen gel, but most cells 
were induced to differentiate into bile ducts. On the other hand, 
in MM511 gel, despite using the same concentration of type I col-
lagen, in addition to some bile duct differentiation, many cells 
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formed spheroids with positive hepatic parenchymal markers. 
The above induction of hepatic parenchymal spheroid forma-
tion in MM511 gel culture was also notable in MM511 gel culture 
mixed with pepsin-solubilized type IV collagen. For developing 
mouse brain neuron culture, dispersed cells formed spheroids in 
MM511 gels with additional type V collagen and in MM511 gels 
with additional hyaluronic acid and proteoglycans. An induction 
of astrocyte differentiation was observed in addition to neuronal 
differentiation. In contrast to cultures in Matrigel, numerous large 
sphere formations positive for astrocytic cell markers were ob-
served in MM511 gel cultures. Patient-derived colorectal cancer 
cells in MM511 gel culture showed good proliferation and forma-
tion of large colorectal cancer spheroids. In MM511 gel cultures 
of patient-derived colorectal cancer cells, rapid proliferation and 
formation of large colorectal cancer spheroids were observed. 
The spheroids contained cells positive for metastatic markers 
that were not observed in cultures in Matrigel. Cross-sectional 
observation of the spheroid structure in frozen sections revealed 
a two-layered structure with an outer cell population and an inner 
cell population. The interior of the spheroid was rich in hyaluronic 
acid, while the exterior of the spheroid was rich in type I collagen. 
MM511 gel provides a diverse extracellular environment to induce 
various differentiation.

Keywords: collagen, hyaluronic acid, hydrogel
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DRUG SCREENING BY PATIENT DERVIED 
QUANTIFIABLE ORGANOIDS
Jung, Yong Hun - Mechanical Engineering, Korea University, 
Seoul, Korea
Choi, Dong-Hee - Mechanical Engineering, Korea University, 
Seoul, Korea
Chung, Seok - Mechanical Engineering, Korea University, Seoul, 
Korea
Park, Kyungwon - Mechanical Engineering, Korea University, 
Seoul, Korea

Organoids, stem cell-derived organ-mimicking multicellular sys-
tems, have recently been emphasized as an important preclinical 
model for various studies, including stem cell biology, disease 
modeling, the development of potential therapeutics, and drug 
screening for personalized therapies. Necessarily, a large-scale 
culture of organoids is a prerequisite for their industrial and clini-
cal applications. Current organoid culture systems relying on em-
bedding single cells or clusters in bulk extracellular matrix (ECM) 
hydrogels (e.g., Matrigel™) have limitations for large-scale produc-
tion and precise observation in terms of morphology, size non-
uniformity, and physiological relevancy in multicellular interac-
tion. Here, we demonstrate an advanced hydrogel-based, fluidic 
organoid called “quantifiable organoids” and a scalable culture 
platform using colorectal cancer organoids. Quantifiable organ-
oids generated from a novel assembly-type (ready-to-assemble) 
96-well-based quantifiable culture platform equipped with strips 
of U-shaped 9 microwells are not only functionally compatible 
with organoids generated from conventional 24 well Matrigel 
platforms, but they are also significantly improved in terms of con-
sistency, uniformity, and reproducibility. Importantly, quantifiable 
organoids induce distinct transcriptomic changes compared to 
conventional single cell-based organoids, resulting in the pres-
ence of more primitive cancer stem cells, lesser differentiation, 
and differential drug sensitivity. Taken together, the newly intro-

duced quantifiable culture type may reprogram the transcription-
al pattern that affects the functional behavior of organoids, result-
ing in more precise and reliable drug screening results.

Funding Source: National Research Foundation of Korea (NRF) 
Global PhD fellowship (GPF) program (NRF-2017H1A2A1043744) 
the Technology Innovation Program (10067407) funded by the 
Ministry of Trade, industry & Energy (MOTIE, Korea)

Keywords: Colon cancer organoids, quantifiable drug screening, 
a novel organoid-screening-platform
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GENERATION OF A HIPSC-DERIVED 3D 
MICROTISSUE MODEL FOR THE STUDY OF THE 
CARDIAC PHENOTYPES IN MARFAN SYNDROME
Butenas, Alexandre B. - Genetics and Evolutionary Biology, 
Instituto de Biociências Da Universidade, São Paulo, Brazil
Pereira, Lygia - Genetics and Evolutionary Biology, Instituto de 
Biociências da Universidade de São Paulo, São Paulo, Brazil

Marfan Syndrome (MFS) is an autosomal dominant disorder of 
the connective tissue caused by mutations in the FBN1 gene en-
coding fibrillin-1, a major structural component of microfibrils and, 
thus, of the elastic fiber. Clinical manifestations of MFS affect skel-
etal , ocular and cardiovascular systems. Our group has produced 
isogenic hiPSCs with null and dominant-negative mutations in the 
FBN1 gene to develop in vitro models of the disease. In partic-
ular, we are interested in understanding the molecular mecha-
nisms involved in dilated cardiomyopathy, present in 20-25% of 
MFS patients. Although hiPSCs can be efficiently differentiated 
into cardiomyocytes in 2D cultures, these do not express FBN1 
hampering their use in modeling the disease in vitro. Use of 3D 
cardiac microtissues (MTs) composed of hiPSC-derived cardiac 
fibroblasts, cardiomyocytes and endothelial cells might prove 
valuable models for the study of heart phenotypes of MFS, since 
fibroblasts express FBN1, they enable higher maturation state of 
hiPSC-derived cardiomyocytes, and MTs better represent the or-
gan. We have effectively differentiated all four hiPSC lines used 
in the study into the three cell types of interest. Cells were char-
acterized by flow cytometry and immunocytochemistry assays 
for cTNNT (cardiomyocytes), CD31 and CD144 (endothelial cells), 
DDR2 and COL1A1 (cardiac fibroblasts). We generated MTs by 
co-culturing the three cell types, and characterized them by im-
munofluorescence with markers for CD31, cTNNT1 and COL1A1, in 
order to assess if all cell types were present in the model as well 
as their organization level. The MTs with different mutations in 
the FBN1 gene will be deeply phenotyped in order to understand 
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) if they can model dilated cardiomyopathy and other cardiac phe-
notypes in MFS.

Funding Source: Funding for this research has been provided 
by CAPES.

Keywords: Marfan Syndrome, Dilated Cardiomyopathy,Cardiac 
Microtissues.

410

EXPRESSION PATTERNS OF THREE-
DIMENSIONAL TISSUE USING TURNER 
SYNDROME IPSCS
Yoon, Sanghoon - Stem Cell and Regenerative Biotechnology, 
University, Konkuk University, Seoul, Korea
Lee, So Been - Stem Cell and Regenerative Biotechnology, 
Konkuk University, Seoul, Korea
Do, Jeong Tae - Stem Cell and Regenerative Biotechnology, 
Konkuk University, Seoul, Korea

Turner Syndrome is a syndrome caused by non-disjunction of the 
X chromosome in females. 45,XO, 46,X,i(X), 46,X,r(X) caused by 
complete or partial loss of one X chromosome, or mosaicism, in-
cluding various karyotypes. Metabolism, cardiovascular, ovarian, 
and skeletal abnormalities occur mainly, resulting in symptoms of 
heart malformation, obesity, diabetes, and infertility. In particular, 
about 20-70% of Turner syndrome patients have heart disease, 
and about 20% show congenital anomalies, which are known to 
be the most common cause of death in Turner syndrome patients. 
In previous studies, there is insufficient evidence for the identifi-
cation of the expression mechanism and the genes related to the 
symptoms of Turner syndrome. Therefore, we tried to find the re-
lationship between the disease and the heart and blood vessels 
using induced pluripotent stem cells derived from patients with 
Turner syndrome. Cardiac and vascular organoids were formed 
by referring to previously established protocols. We confirmed 
the expression of genes specific to the heart and blood vessels 
through the formed organoids. As a result of analyzing the sin-
gle-cell RNA sequencing data, overlapping populations were also 
identified, but clearly distinct clusters were also found. This paper 
not only presents a basis for screening genes related to heart and 
blood vessel diseases, the cause of death in Turner syndrome 
but also contributes to the creation and treatment of Turner syn-
drome disease models in the future.

Keywords: Turner syndrome, X monosomy, X chromosome 
inactivation

412

EPICARDIOID SINGLE-CELL GENOMICS 
UNCOVER PRINCIPLES OF HUMAN EPICARDIUM 
BIOLOGY IN HEART DEVELOPMENT AND 
DISEASE
Zawada, Dorota Marta - Department of Medicine, TUM, Munich, 
Germany

Cardiovascular disease is the main cause of adult mortality world-
wide. It ultimately leads to heart failure associated with a reduc-
tion of the heart mass and function. As the renewal potential 
of the adult heart is minimal, there is a need for approaches to 
promote cardiac regenerative capabilities. The epicardium, the 
outermost heart layer, is essential during cardiac development, 
homeostasis, and repair. During embryonic development, the epi-

cardium is the source of several cardiac cell types, including the 
majority of fibroblasts and vascular smooth muscle cells, and pro-
vides signals critical to the development and proliferation of the 
myocardium. In pathological settings, some of these programs 
are re-activated in the adult epicardium, making it a promising 
target for therapy. However, the mechanisms underlying these 
processes in humans are unclear. Here, we generated human 
pluripotent stem cell-derived heart organoids showing self-orga-
nization of the epicardium and myocardium (called epicardioids). 
The epicardial layer of epicardioids promotes unprecedented 
morphological, molecular, and functional self-patterning of the 
myocardium that recapitulates features of the ventricular wall. We 
used scRNA-Seq and scATAC-Seq to reveal key transcriptional 
programs guiding cellular segregation and fate decisions along 
the epicardial lineage tree, a long-standing pursuit in the field. 
Finally, we demonstrated that epicardioids offer an advanced 
system to investigate functional cross-talks between cardiac cell 
types and study the multicellular pathogenesis of hypertrophy 
and fibrotic ventricular remodeling. Overall, epicardioids provide 
a powerful platform for investigating the role of the epicardium 
during cardiac injury and developing prospective strategies to aid 
revascularization and heart regeneration. As such, they offer a 
wide range of applications in cardiovascular medicine and drug 
discovery.

Keywords: organoids, heart, epicardium

414

NANOPLASTICS EXPOSURE IMPAIRS 
FUNCTION OF HUMAN STEM-CELL DERIVED 
CARDIOMYOCYTES
Chia, Shirley - Biological Science, National University of 
Singapore, Singapore
Boon-Seng, Soh - Institute of Molecular and Cell Biology, 
Agency for Science, Technology and Research, Singapore
Jeremy Kah Sheng, Pang - Institute of Molecular and Cell 
Biology, Agency for Science, Technology and Research, 
Singapore

Plastic has become an ubiquitous environmental pollutant and 
nanoplastics (NPs) that are within the size range of 1 to 1000nm 
could form upon weathering. Considering its sheer size which 
contributes to greater ease of cellular internalisation, NPs are 
speculated to be more hazardous than their larger counterparts. 
Despite the growing concern, most studies focused the effects 
of NPs on the brain, gastrointestinal tract and the lungs, while a 
lack of studies on the human heart was noted. Moreover, cur-
rent NPs studies were mainly conducted on animal models, which 
may lack physiological relevance to humans. To address that, we 
utilised human embryonic stem cells-derived (hESCs) cardiomy-
ocytes (CMs) to investigate the effects related to the uptake and 
accumulation of NPs in human heart. Size-dependent uptake 
was first investigated and cellular uptake of 50nm nanoplastics 
was found to be significantly higher than 500nm particles. Over 
a time course experiment, the dose-dependent accumulation of 
50nm NPs was established, which coincided with an upregula-
tion of both oxidative stress and endoplasmic reticulum stress. 
Alongside that, an elevated cleaved-caspase 3 expression for 
NPs-treated cells was noted, suggesting that NPs exposure could 
induce apoptosis in CMs. Corresponding to these cellular effects, 
functional assessment of calcium transient dynamics demonstrat-
ed that NPs treatment in CMs triggered an arrhythmic phenotype 
that constituted greater variability in the duration of beat-to-beat 
and repolarisation. Collectively, our study revealed that NPs have 
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an adverse effect on the human heart and future studies could 
provide mechanistic insights to the cardiac risks associated with 
the ever-increasing nanoplastic pollution.

Keywords: Nanoplastics, Cardiac, Environmental Pollution

416

HIGH THROUGHPUT SCREENING IDENTIFIES 
NEW COMPOUNDS TO ENHANCE HUMAN IPSC-
DERIVED CARDIOMYOCYTES MATURATION
Tani, Kanae - Department of Cell Growth and Differentiation, 
Center for iPS Cell Research and Application (CiRA), Kyoto 
University, Kyoto, Japan
Funakoshi, Shunsuke - Department of Cell Growth and 
Differentiation, Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Lucena-Cacace, Antonio - Department of Cell Growth and 
Differentiation, Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Fuse, Hiromitsu - Drug Discovery Technology Development 
Office, Center for iPS Cell Research and Application (CiRA), 
Kyoto University, Kyoto, Japan
Yoshida, Yoshinori - Department of Cell Growth and 
Differentiation, Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan

The maturation level of cardiomyocytes derived from hiPSCs (hu-
man induced pluripotent stem cells) is still far from their in vivo 
mature counterparts. This fact limits the fully functional applica-
bility of hiPSC-derived cardiomyocytes (hiPSC-CMs) in treating 
cardiac injury affected by a massive loss of myocardium. Mature 
cardiomyocytes are mitotic-refractory cells in a quiescent state, 
suggesting that a complete withdrawal from the cell cycle is a trig-
ger toward cardiac maturation in postnatal stages. Fluorescent 
Ubiquitination based Cell Cycle Indicator (FUCCI)-based method 
showed that hiPSC-CMs are proliferative like those fetal-like cells 
before maturation, highlighting proliferation activity as a barrier 
in maturation. Previous studies showed that supplementing hiP-
SCM-CMs with fatty acids, hormones, and small compounds, en-
hanced the maturation of some properties, yet retained residual 
proliferation, a roadblock toward cardiac maturation. Here, we 
aim to identify compounds promoting cardiac maturation through 
a complete cell cycle withdrawal. By combining FUCCI-express-
ing iPSC-cardiomyocytes and our maturation method, we have 
performed high throughput screening (HTS), identified several 
compounds that halt proliferation and improved the maturation of 
hiPSC-CMs. Enhanced structural maturation is being monitored 
by increased levels of isoform 3 of the cardiac troponin I (TNNI3) 
and decreased fetal isoform (TNNI1), an essential developmental 
switch during cardiac maturation. Our results showed that these 
compounds could significantly enhance levels of TNNI3, suggest-
ing that other properties of cardiac maturation also improved. We 
are currently optimizing the different combinatory on the com-
pounds and evaluating molecular and electrophysiological prop-
erties of our cardiac cells. Optimizing the combination and usage 
of these compounds will guarantee pharmacological safety on a 
safer delivery toward clinical applications of mature hiPSC-CMs.

Funding Source: This work was supported by JST SPRING, 
Grant Number JPMJSP2110.

Keywords: Cardiomyocyte, Cell cycle, High throughput 
screening

418

APPLICATION OF INDUCED PLURIPOTENT STEM 
CELLS TO STUDY NOVEL EMERIN MUTATION IN 
PATIENT WITH DILATED CARDIOMYOPATHY
Melenovska, Petra - First Faculty of Medicine, Research Unit for 
Rare Diseases, Charles University, Prague, Czech Republic
Piherova, Lenka - First Faculty of Medicine, Unit for Rare 
Diseases, Charles University, Prague, Czech Republic
Dobrovolny, Robert - First Faculty of Medicine, Unit for Rare 
Diseases, Charles University, Prague, Czech Republic
Asfaw, Befekadu - First Faculty of Medicine, Research Unit for 
Rare Diseases, Charles University, Prague, Czech Republic
Kubanek, Milos - Department of Cardiology, Institute for Clinical 
and Experimental Medicine, Prague, Czech Republic

Emerin (EMD) is a member of the nuclear lamina-associated pro-
tein family and is highly expressed in both skeletal and cardiac 
muscle cells. EMD gene is located on X chromosome and muta-
tions in EMD gene are responsible for an inherited degenerative 
myopathy - Emery-Dreifuss muscular dystrophy. Most of the di-
agnosed patients develop heart failure or abnormalities in heart 
rhythm such as atrial fibrillation, bradycardia, syncope or sudden 
cardiac death. Searching for genetic cause of cardiac failure of 
male patient, we have found a deletion in EMD gene leading to 
stop codon cancellation and subsequently to formation of 10kDa 
longer protein product. The transcription of mutated EMD protein 
was confirmed by cDNA analysis, but immunochemistry labeling 
did not detect any EMD protein in the patient’s heart tissue. To 
elucidate functional impact of this novel mutation, we have dif-
ferentiated cardiomyocytes from patient-specific induced plurip-
otent stem cells. Mutant EMD protein was also not detected in 
patient-derived cardiomyocytes, and abnormalities in the nuclear 
morphology were observed. We further characterized production 
and localization of emerin binding partners and other nuclear pro-
teins including LMNA, LMNB1, BAF and LAP2. To determine the 
cause of undetectable EMD protein with preserved mRNA tran-
scription, iPSC-derived cardiomyocytes were treated with pro-
teasome inhibitor. Upon this treatment, we detected increased 
expression of mutant EMD protein, suggesting rapid proteasome 
degradation of the mutant protein form. Our results illustrate that 
iPSC are a valuable tool for generation of patient-specific models 
allowing to improve insight into the effects of genetic variants on 
disease pathogenesis.

Funding Source: The project was supported by research grant 
from Agency for Medical Research of Czech Ministry of Health, 
reg. number NV19-08-00122

Keywords: cardiomyocytes, emerin, nuclear proteins
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DEVELOPMENT OF A NOVEL MICRO-
ENGINEERED HEART TISSUE PLATFORM ON 
CHIP WITH MULTICELLULAR BIOMIMICRY
Cofiño Fabres, Carla - Applied Stem Cell Technologies, 
University of Twente, Enschede, Netherlands
Boonen, Tom - River BioMedics, Enschede, Netherlands
Rivera-Arbeláez, José Manuel - Applied Stem Cell Technologies. 
BIOS Lab-on-a-Chip Group, University of Twente, Enschede, 
Netherlands
Rijpkema, Minke - Department of Medicine, Leiden University 
Medical Center, Leiden, Netherlands
Blauw, Lisanne - Department of Medicine, Leiden University 
Medical Center, Leiden, Netherlands
Rensen, Patrick - Department of Medicine, Leiden University 
Medical Center, Leiden, Netherlands
Schwach, Verena - Applied Stem Cell Technologies, University 
of Twente, Enschede, Netherlands
Ribeiro, Marcelo C. - River BioMedics, Enschede, Netherlands
Passier, Robert - Applied Stem Cell Technologies, University of 
Twente, Enschede, Netherlands

Cardiovascular diseases (CVD) are the leading cause of death 
globally and there is currently no cure available. The efficient 
generation of human pluripotent stem cell derived cardiomyo-
cytes (hPSC-CMs) enabled their use for disease modeling, drug 
discovery and regenerative medicine in CVD. Moreover, in order 
to enhance their maturity in vitro, several three dimensional (3D) 
in vitro systems, such as Engineered Heart Tissues (EHTs) have 
been developed and proven to be efficient in improving CM mat-
uration. Nevertheless, conventional EHT models require high cell 
numbers, which makes them expensive, and lack flow, a key ele-
ment in heart function. Additionally, recapitulation of the complex 
CM and non-CM interactions as they occur in vivo is key to fur-
ther enhance CM maturation. Heart-on-chip (HoC) systems allow 
for precise control of flow and facilitate dynamic adjustments of 
the required microenvironment. Nevertheless, current microflu-
idic HoC do not feature flexible pillar-based EHTs that allow for 
precise assessment of contractile forces and do not exhibit the 
self-organization of the cardiac tissue as occurs in vivo. Moreover, 
their arduous use, complex fabrication and limited robustness 
hamper their use. Therefore, in this study we designed a novel 
and user-friendly HoC platform featuring four micro-EHTs (µE-
HTs) consisting of 50,000 cells each. We show that the addition 
of flow improves contractile performance of the µEHTs. Impor-
tantly, we demonstrate for the first time that culture of cardiomy-
ocytes (CMs), endothelial cells (ECs), smooth muscle cells (SMCs) 
and fibroblasts (FBs) results in self-assembled µEHTs, where ECs 
form a wrapping layer around the tissue, better mimicking the in 
vivo-like CM-EC interface while preserving direct cell-cell contact. 
We found that this combination of cell types enhances cardiac 
performance by improving contractile force, post-rest potentia-
tion, maintenance of high frequency pacing and conduction ve-
locity. Additionally, delayed drug responses are observed com-
pared to µEHTs with only CM:FBs, suggesting a possible role of 
the EC layer in separating the CMs from the drug exposure. Thus, 
we believe that this innovative HoC model will help understand-
ing heart biology in vitro and facilitate accurate disease modeling 
and cardiac toxicity screening.

Keywords: Engineered Heart Tissues (EHTs), Heart-on-Chip 
(HoC), In vitro advanced cardiac modeling

422

ALLELE-SPECIFIC TARGETING OF BAG3 USING 
CRISPR/CAS9 IN MFM6 PATIENT-DERIVED IPSCS
Lee, Yukyeong - Stem Cell Biology, Konkuk University, Seoul, 
Korea
Shin, Jun Wan - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Kim, Kyung-Hee - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Lee, Jong-Min - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA

Myofibrillar myopathy-6 (MFM6) is a devastating muscle disorders 
caused by a genetic mutation in the BAG3 gene. As its genetic 
defect has been known, correction or inactivation of BAG3 mu-
tation represents a rational therapeutic strategy for MFM6. Re-
search on animal models involving MFM6 have been performed, 
however, studies on patient-derived iPSC cells have not yet been 
conducted due to the rarity of the disease. Here, we explored 
allele-specific CRISPR/Cas9 strategies of selectively inactivating 
the mutant BAG3 allele in patient-derived iPSC lines. MFM6 pa-
tient-derived iPSCs showed capacity of self-renewal and differ-
entiation into endodermal, mesodermal, and ectodermal cells, 
indicating that the BAG3 mutation does not affect the characteris-
tics of pluripotent cells. Moreover, patient iPSC lines hemizygous 
for BAG3 due to allele-specific CRISPR/Cas9 could differentiate 
into all three germ layers and cardiomyocytes, suggesting that 
one copy of normal BAG3 is sufficient for differentiation. Our data 
demonstrating the feasibility of allele-specific CRISPR/Cas9 ge-
nome editing strategies for the BAG3 mutation represents nov-
el therapeutic approaches for MFM6. In addition, our panel of 
patient-derived iPSCs and CRISPR/Cas9-targeted lines provide 
powerful tools for in vitro disease modeling and developing novel 
therapeutic modalities for MFM6.

Keywords: Allele-specific CRISPR/Cas9 in genetic mutation, 
Myofibrillar myopathy-6 (MFM6) patient-derived iPSC, BAG3 
mutation

424

GENERATION OF SPLANCHNIC MESODERM-
DERIVED CARDIAC ORGANOID FROM HUMAN 
PLURIPOTENT STEM CELLS BASED ON THE 
ACTUAL DEVELOPMENTAL PROCESS
Yu, Won Dong - Stemcell Covergence Research Center, UST/
KRIBB, Korea
Kwon, Ohman - Stemcell Convergence Research Center, Korea 
Research Institute of Bioscience and Biotechnology, Daejeon, 
Korea
Son, Mi-Young - Stemcell Convergence Research Center, Korea 
Research Institute of Bioscience and Biotechnology, Daejeon, 
Korea
Son, Ye Seul - Stemcell Convergence Research Center, Korea 
Research Institute of Bioscience and Biotechnology, Daejeon, 
Korea

The heart is representative mesoderm-derived organ that plays 
pivotal roles in circulatory system by pumping-out a lot of blood 
containing oxygen and nutrients. Hence, the cardiac damage 
caused by chemotherapy drugs or cardiovascular diseases is crit-
ical enough to decide the crossroads of life and death. Cardiac or-
ganoid has been widely investigated as a platform to study drug 
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evaluation and cardiac pathology as it recapitulates the complex 
three-dimensional microenvironment of the heart. While most re-
searches have actively studied heart cell differentiation efficiency 
and patterning, the understanding of how to differentiate cardi-
ac cells based on the actual developmental process remains yet 
to be disclosed. Here, we introduced the developmentally more 
sophisticated and self-organized cardiac organoid from human 
pluripotent stem cells (PSCs). First, we PSCs were sequentially 
differentiated PSCs into the primitive streak (PS) and lateral plate 
mesoderm (LPM) stages by modulating TGF, BMP, WNT signal 
pathways. Then, the LPM cells were further differentiated into a 
splanchnic mesoderm (SPLM) cells under regulation of BMP sig-
nals in a spherical state. After verifying the representative mark-
ers for SPLM, we embedded the SPLM spheres into the matri-
gel dome to induce the self-organization under the B medium 
supplemented with C and D. About 48 hours from embedding, 
the SPLM spheres spontaneously assembled in the center, and 
pulsating began to be observed. Correspondingly, the increased 
expression of early cardiac markers were also validated by qRT-
PCR and immunostaining data. Although self-organized cardiac 
organoids were observed as above, a more advanced method for 
the differentiation and patterning of region specific cardiac cells 
such as cardiomyocyte within the left ventricle still remains to 
be discovered. Collectively, we differentiated cardiac cells step-
by-step from PSCs using a developmentally more sophisticated 
method, and these cardiac cells not only self-organized but also 
dynamically heart-beat with increased cardiac markers.

Funding Source: A National Research Foundation (NRF) 
grant funded by the Korean government (MSIT) (NRF-
2023R1A2B5B02001644), and a grant (22213MFDS386) from 
the Ministry of Food and Drug Safety, Korea, in 2023

Keywords: Pluripotent stem cell, Caridac organoid, 
Development

426

MECHANICAL INSIGHTS INTO HYPERTROPHIC 
CARDIOMYOPATHY ASSOCIATED TNNT2 
VARIANTS R278C USING HIPSC-CMS
Maaref, Yasaman - Biomedical Physiology and Kinesiology, 
Simon Fraser University, Vancouver, BC, Canada
Barszczewski, Tiffany - Biomedical Physiology and Kinesiology, 
Simon Fraser University, Burnaby, BC, Canada
Jannati, Shayan - Mechanical Engineering, University of British 
Columbia, Vancouver, BC, Canada
Jayousi, Farah - Biomedical Physiology and Kinesiology, Simon 
Fraser University, Burnaby, BC, Canada
Tibbits, Glen - Biomedical Physiology and Kinesiology, Simon 
Fraser University, Burnaby, BC, Canada

Hypertrophic cardiomyopathy (HCM) is the most common herita-
ble cardiovascular disease and is the leading cause of sudden 
cardiac arrest (SCA) in youth and young adults. HCM primarily re-
sults from variants of genes encoding for sarcomeric contractile 
proteins. Variants in troponin T are of clinical interest because 
they are less likely to be associated with cardiac hypertrophy 
and more likely to be associated with SCA. In this study, a het-
erozygous R278C+/− TNNT2 variant was introduced into human 
induced pluripotent stem cells (hiPSCs) using CRISPR/Cas9 and 
subsequently differentiated into ventricular cardiomyocytes (hiP-
SC-CMs). Then a functional analysis was conducted on R278C+/− 
and their isogenic control (WT) hiPSC-CMs to investigate the 
mechanism by which R278C+/− affect contractility. To measure 

the kinetics of contraction of the WT and R278C+/− hiPSC-CM 2D 
monolayers, SarcTrack, a Matlab algorithm was used. Since imma-
ture hiPSC-CMs fail to recapitulate the physiological complexity 
of intact cardiac system, a physiologically relevant substrate was 
generated using polydimethylsiloxane (PDMS). Finally, WT and 
R278C+/- hiPSC-CMs were treated with 0.3 µM and 1 µM of Ma-
vacamten, an allosteric myosin ATPase inhibitor, while their me-
chanical properties were measured using SarcTrack. The results 
of contractility analysis showed a significant increase in the sarco-
mere shortening and contractile kinetics of R278C+/- compared 
to WT hiPSC-CMs when they paced at 1Hz and 2Hz. Moreover, a 
significant decrease in the sarcomere shortening and relaxation 
kinetics of R278C+/− hiPSC-CM were observed upon Mavacam-
ten treatment. To further investigate the underlying mechanism 
of increased contraction in R278C+/- variant, the phosphorylation 
status of cardiac-myosin binding protein C (cMyBP-C) and myosin 
light chain (MYL2) were studied using Mass spectrometry (MS). A 
reduction in the super relaxed state myosin due to the cMyBP-C 
and MYL2 phosphorylation may be regarded as a possible mech-
anism for increased contractility in R278C+/- hiPSC-CMs. Howev-
er, further studies are required to assess the underlying mecha-
nisms of increased contraction in TNNT2 variants. Studying the 
alterations in cardiomyocytes’ function set the stage for identify-
ing new therapeutic targets for this clinically challenging disease.

Keywords: Hypertrophic cardiomyopathy (HCM), hiPSC-CMs, 
Contractile kinetics
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MITOTHERAPY RESCUES MELAS-ASSOCIATED 
DEFECTS OBSERVED IN CARDIOMYOCYTES AND 
ENDOTHELIAL CELLS
Phua, Qian Hua - Biological Science, NUS, Singapore
Soh, Boon Seng - Biological Science, ASTAR IMCB, Singapore

Mitochondrial encephalomyopathy, lactic acidosis and stroke-like 
episodes (MELAS), is a prevalent maternally inherited mitochon-
dria disorder, resulting from a m.3243A>G mutation in the MT-TL1 
gene, which codes for tRNA Leu(UUR). This condition is associat-
ed with a myriad of clinical syndromes, with cardiac abnormalities 
being present in one-third of MELAS patients, including altered 
vasculature and stroke-like episodes. The mutation causes com-
plex I deficiency and leads to organ dysfunction through defects 
in the electron transport chain and increased reactive oxygen 
species production. Therefore, maintaining healthy mitochondria 
is crucial to counter the negative effects of pathogenic mtDNA 
mutations and restore normal tissue functions. To model MELAS 
at an in vitro level, induced pluripotent stem cells derived from 
MELAS patients harboring >80% of m.3243A>G mutant mtDNA 
were used to differentiate into disease cardiomyocytes and en-
dothelial cells. Results demonstrated that MELAS derived-en-
dothelial cells displayed vascular functional defects such as 
impaired wound healing and tube formation capabilities, which 
results in angiopathy and reduced blood flow to the microves-
sels in several organs. These processes eventually lead to the 
manifestation of stroke-like episodes. Given the heart being an 
energetically demanding organ, disruptions in oxidative phos-
phorylation process can lead to structural damage and impaired 
function in the heart, which progressive accumulation results in 
cardiac conditions such as arrhythmia and hypertrophy. In line 
with previous clinical observations, our study found that MELAS 
cardiomyocytes display both hypertrophic and arrhythmic phe-
notypes. In this study, mitotherapy, the transplantation of healthy 
mitochondria into diseased cells, demonstrated to ameliorate 
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) pathologies manifested in diseased cardiomyocytes and endo-
thelial cells through the restoration of redox and cellular bioener-
getics, leading to improvements in cellular functions. Our findings 
suggest that mitotherapy may be a promising treatment option 
for mitochondrial related diseases where conventional therapies 
such as pharmacological treatment and dietary supplementation 
offer little or no long-term benefits.

Keywords: mitotherapy, mitochondria-genetic disease, cardiac

TOPIC: EPITHELIAL INCLUDES SKIN GUT LUNG
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IN VITRO EXPANDED STROMAL CELLS 
RECONSTITUTE A LONG-LIVED PHENOCOPY OF 
THE NATIVE HUMAN THYMUS EX VIVO AND IN A 
NOVEL HUMANISED MOUSE MODEL
Ragazzini, Roberta - Division of Infection and Immunity, 
University College London, UK
Sara, Campinoti - Epithelial Stem Cell and Regenerative 
Medicine Lab, Francis Crick Institute and University College 
London, UK
Gjinovci, Asllan - Epithelial Stem Cell and Regenerative Medicine 
Lab, Francis Crick Institute and University College London, UK
Zanieri, Luca - Epithelial Stem Cell and Regenerative Medicine 
Lab, Francis Crick Institute and University College London, UK
Ariza-McNaughton, Linda - Haematopoietic Stem Cells Lab, 
Francis Crick Institute, London, UK
Munoz-Ruiz, Miguel - Immunosurveillance Laboratory, Francis 
Crick Institute, London, UK
Bonnet, Dominique - Haematopoietic Stem Cells Lab, Francis 
Crick Institute, London, UK
Hayday, Adrian - Immunosurveillance Laboratory, Francis Crick 
Institute and King’s College London, UK
Bonfanti, Paola - Epithelial Stem Cell and Regenerative Medicine 
Lab, Francis Crick Institute and University College London, UK

The thymus is a primary lympho-epithelial organ where the T 
cell-mediated immune function develops. Alterations of thymus 
development or function result in severe immunodeficiency and 
autoimmunity. Despite its crucial role in immune regulation, the 
cellular and molecular mechanisms that regulate the generation 
and maintenance of the human thymus remain largely unknown. 
Therefore, there has been long-standing interest in developing 
models to study thymus generation and the potential to manip-
ulate it clinically. Here, we developed the conditions for isolation 
of human thymic stomal cells capable of extensive in vitro expan-
sion and characterized by an epithelial-mesenchymal phenotype, 
an unique, cell-intrinsic feature of thymus epithelial stroma that 
is stably maintained over many passages in culture. Moreover, 
we accomplished the full reconstitution of a human organ (not an 
organoid) long-term in vivo thanks to the cooperation of thymic 
epithelial, interstitial cells and haematopoietic stem cells (HSC) 
supported within a natural extra-cellular matrix (ECM) obtained by 
a novel perfusion-decellularization approach. Crucial to demon-
strating the functional competence of thymic stroma upon in vitro 
expansion was its capacity to attract circulating human HSC, sup-
port T cell development and repopulate the periphery of athymic 
NSG mice. Such a whole human system opens the possibility of 
addressing many immunological questions including the devel-
opment and functional maturation of conventional and unconven-
tional human T cells; positive and negative selection; and the es-
tablishment of tolerance. These findings support the feasibility of 

a multidisciplinary approach to rebuild a functional human organ 
and establish a basis for studying the crosstalk between stroma, 
ECM and thymocytes, thus offering practical prospects for treat-
ing congenital and acquired immunological disorders.

Funding Source: European Research Council (ERC-Stg 
Agreement No. 639429) Rosetrees Trust (M362; M362-F1; 
M553)

Keywords: human thymus, whole-organ regeneration, natural 
extracellular matrix
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THE ROLE OF RFX6 IN INTESTINAL PATTERNING 
AND FUNCTION
Sanchez, J. Guillermo - Developmental Biology, Cincinnati 
Children’s Hospital, Cincinnati, OH, USA
Rankin, Scott - DB, Cincinnati Children’s Hospital Medical 
Center, Cincinnati, OH, USA
Krishnamurthy, Mansa - DB, Cincinnati Children’s Hospital 
Medical Center, Cincinnati, OH, USA
McCauley, Heather - GI, UNC, Durham, NC, USA
Cain, Brittany - DB, Cincinnati Children’s Hospital Medical 
Center, Cincinnati, OH, USA
Paul, Emily - DB, Cincinnati Children’s Hospital Medical Center, 
Cincinnati, OH, USA
Kechele, Daniel - DB, Cincinnati Children’s Hospital Medical 
Center, Cincinnati, OH, USA
Gebelein, Brian - DB, Cincinnati Children’s Hospital Medical 
Center, Cincinnati, OH, USA
Zorn, Aaron - DB, Cincinnati Children’s Hospital Medical Center, 
Cincinnati, OH, USA
Wells, Jim - DB, Cincinnati Children’s Hospital Medical Center, 
Cincinnati, OH, USA

The small intestine is patterned in an anterior-to-posterior man-
ner by a gradient of growth factors such as WNT and FGF path-
ways. iPSC-derived human intestinal organoids (HIOs) have been 
used to generate intestinal tissue and to show manipulation of 
these signaling factors can be used to control regional pattern-
ing. Although, the signaling factors needed to pattern the tissue 
are relatively known, the specific transcription factors contribut-
ing to this regionalization remain to be identified. Here, we focus 
on transcription factor RFX6. Human RFX6 has been associated 
with Mitchell-Riley Syndrome which is characterized by intestinal 
growth retardation, atresia of the duodenum and permanent neo-
natal diabetes. At Cincinnati Children’s Hospital, we were able to 
generate an iPSC line from a patient with a compound heterozy-
gous mutation in RFX6. We generated Intestinal organoids and 
were able to replicate the phenotypes seen in the patient’s bi-
opsy. The organoids allow for further examining of the molecular 
functions of RFX6 and the effects of its loss and showed abnor-
mal patterning of the duodenum. Rfx6-mutant duodenal HIOs ex-
hibited ileal characteristics suggesting abnormal patterning and 
loss of duodenal function. To further understand the role of Rfx6 
we aimed to rescue the phenotypes via 3 different approaches. 
First, one allele from our mutant line was corrected using CRISPR 
to test whether one WT allele was sufficient. We also attempted 
to rescue the phenotypes with downstream target Pdx1 and final-
ly, by re-introducing endogenous levels of Rfx6. With this project, 
we aim to further understand the role and function of RFX6 in the 
development, patterning and function of the small intestine. Spe-
cifically, we want to identify possible downstream targets of RFX6 
and understand their role in intestinal function and enteroendo-
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crine cell lineage differentiation. Additionally, this project allows 
us to test our organoid model in a more disease-focused context 
which in combination with CRISPR could advance the field of re-
generative medicine by correcting genetic mutations and gen-
erating healthy tissue from the corrected cell line that could be 
introduced back to the patient.

Keywords: Intestinal patterning, intestinal organoids, duodenal 
identity
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ESTABLISHMENT OF HUMAN IPSC-DERIVED 
WNT-ACTIVATING SKIN ORGANOID ENAVLED 
ATOPIC DERMATITS MIMIC MODEL BY 
INFECTION OF STAPHYLOCOCCUS AUREUS AND 
ITS PROTECTIVE EFFECTS BY CUTIVACTERIUM 
ACNES
Kim, Minji - Veterinary Medicine, Seoul National University, 
Seoul, Korea
Kang, Kyung-Sun - Veterinary Medicine, Seoul National 
University, Seoul, Korea

A recently developed human PSC-derived skin organoid model 
has opened up new avenues for studying skin development, dis-
eases, and regeneration. The current model has limitations since 
the generated organoids are enclosed, circular aggregates with 
an inside-out morphology with unintended off-target develop-
ment of cartilage. Here, we first demonstrated that Wnt signaling 
activation resulted in larger organoids without off-target cartilage. 
We optimized further using an air-liquid interface (ALI) culture 
method to recapitulate structural features representative of hu-
man skin tissue. Finally, we used the ALI-skin organoid platform 
to model atopic dermatitis by Staphylococcus aureus (SA) colo-
nization and infection. SA infection led to a disrupted skin barrier 
and increased production of epidermal- and dermal-derived in-
flammatory cytokines. Additionally, we found that pre-treatment 
with Cutibacterium acnes had a protective effect on SA-infected 
organoids. Thus, this ALI-skin organoid platform may be a useful 
tool for modeling human skin diseases and evaluating the effica-
cy of novel therapeutics.

Funding Source: This study was partially supported by the 
Research Institute for Veterinary Science, Seoul National 
University Korean Fund for Regenerative Medicine(KFRM) grant 
(No. 22A0101L1-11)

Keywords: Human Pluripotent Stem cell, Skin organoid, Atopic 
dermatitis
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COMPARATIVE STUDY OF COMMERCIALLY 
AVAILABLE MATRICES FOR PSC MAINTENANCE 
AND INTESTINAL ORGANOID GENERATION
Pineiro-Llanes, Janny - Department of Pharmaceutics, 
University of Florida, Gainesville, FL, USA
Da Silva, Lais - Department of Pharmaceutics, University of 
Florida, Orlando, FL, USA
Cristofoletti, Rodrigo - Department of Pharmaceutics, University 
of Florida, Orlando, FL, USA

Extracellular matrix (ECM) plays a critical role in cell behavior and 
development. Organoids generated from human induced plurip-
otent stem cells (iPSCs) came to the forefront of research in the 

last years. However, one of the biggest setbacks of using iPSCs 
is that classical cell culture material lacks the physiological cues 
to differentiate iPSCs. Incorporating commercially available ECM 
into stem cell culture provides physical and chemical cues ben-
eficial for cell maintenance. Commercially available products de-
rived from animal sources, such as Matrigel® and Cultrex™, are 
composed of ECM proteins and growth factors that support cell 
maintenance. Since the ECM holds tissue-specific properties that 
can modulate cell fate, an increasing demand for xeno-free matri-
ces drove the development of products such as VitroGel™. While 
commercially available matrices are widely used in iPSC and 
organoid work, the equivalency of these matrices has not been 
evaluated yet. Here, we have performed a comparative study of 
iPSC maintenance and intestinal organoids (IO) generation in four 
different commercial matrices: Matrigel®, Geltrex®, Cultrex™, and 
VitroGel™. We found that the reported round shape of iPSC colo-
nies cultured in Vitronectin is affected by culturing these on alter-
native matrices such as Matrigel®, Geltrex®, and Cultrex™. Despite 
the colonies’ morphologic changes, minimal spontaneous differ-
entiation was observed as of over 85% of the cells expressing 
the stem cell marker SSEA-4. VitroGel™ led to the formation of 3D 
clumps with over 65% of the cells expressing SSEA-4. While there 
is reduced viability after seeding iPSC on VitroGel™, increasing 
the concentration of growth factors (mTeSR Plus™ supplement) 
in the hydrogel solution improved iPSC viability and SSEA-4 ex-
pression. While the different matrices led to minimal variations in 
the IO maintenance, differentiation of Geltrex®-maintained iPSC 
resulted in a lower number of spheroid releases during Mid-/
Hindgut stage. Altogether our results suggest that variations in 
the composition of different matrices might affect stages of IO dif-
ferentiation. This study contributes to the stem cell and organoid 
fields by raising awareness about the differences in commercially 
available matrices and providing a guide for matrix optimization 
during iPSC and IO work.

Keywords: Intestinal Organoids, iPSC, Extracellular Matrix
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DEVELOPMENT OF NOVEL HIPSC-DERIVED 
TRIPLE CO-CULTURE MODEL TO INVESTIGATE 
SARS-COV-2 INFECTIVITY IN THE LUNG
Constantino, Gailan - Biology, CSU San Marcos, San Diego, CA, 
USA
Alvarado, Asuka - Center for Stem Cells and Regenerative 
Medicine, Sanford Burnham Prebys Medical Discovery Institute, 
San Diego, CA, USA
Leibel, Sandra - Biology, University of California, San Diego, CA, 
USA
McVicar, Rachael - Center for Stem Cells and Regenerative 
Medicine, Sanford Burnham Prebys Medical Discovery Institute, 
San Diego, CA, USA
Snyder, Evan - Center for Stem Cells and Regenerative 
Medicine, Sanford Burnham Prebys Medical Discovery Institute, 
San Diego, CA, USA

COVID-19, caused by SARS-Cov-2, continues to be a fatal disease 
resulting in respiratory problems. SARS-CoV-2 is known to impact 
the vasculature and immune cells in the lung. Most human model 
systems utilize only the lung epithelial population to understand 
viral infectivity. To understand the mechanisms of lung injury in 
humans, develop novel strategies, and therapeutics to reduce 
infection, we require a model system containing lung epithelial 
cells interacting with endothelial and immune cells. Cell respons-
es after acute infection with SARS-CoV-2 will allow a better un-
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) derstanding of the viral life cycle, cells being targeted, and cell 
communication. We propose to create and study a physiologi-
cally relevant assay representing human lung tissue and study 
cell signaling before and after infection with SARS-CoV-2. This 
system will include iPSC derived epithelial cells, endothelial cells 
and macrophages to model a biologically relevant lung injury. We 
have successfully differentiated lung organoids, endothelial cells 
and macrophages. Lung organoids were differentiated in a step-
wise fashion through the endodermal lineage of embryogenesis 
into lung progenitor cells. After 6 weeks, 3D proximal lung organ-
oids were dissociated into transwells and airlifted to induce an 
airway cell phenotype. Lung organoids expressed the proteins 
e-cadherin, ZO-1 and EPCAM. Endothelial cells were differentiat-
ed over 7 days. iPSCs were exposed to the hematopoietic sig-
naling factors BMP4, CHIR, Forskolin and VEGF. Endothelial cells 
expressed CD31 and were sorted to create a pure population. 
Macrophages were derived from iPSCs over 2 weeks via embry-
onic bodies, hematopoietic progenitors, and myeloid cells using 
a combination of growth factors including BMP4, VEGF, IL-3, and 
M-CSF. The macrophages express CD45 and we are currently 
working on differentiating them into alveolar macrophages ex-
pressing CD11c. We are preparing to co-culture lung epithelial 
cells and macrophages on the apical side of the transwell and 
the endothelial cells on the basolateral side. IL-1β, TNF-α , IL-10, 
and TGFβ will be analyzed before and after infection with SARS-
CoV-2. These findings will enable the understanding of SARS-
Cov-2 in a human lung and the signaling mechanisms involving 
endothelial cells and macrophages.

Keywords: co-culture, infectivity, cell signaling

462

HUMAN LUNG STEM CELL MODELS FOR 
SCREENING ENVIRONMENTAL EFFECTS ON THE 
AIRWAY
Ghannam, Maisam Samer - Pediatrics, Westwood, CA, USA
Arumugaswami, Vaithilingaraja - Molecular and Medical 
Pharmacology, University of California, Los Angeles, Westwood, 
CA, USA
Damoiseaux, Robert - Molecular and Medical Pharmacology, 
University of California, Los Angeles, Westwood, CA, USA
Durra, Abdo - Molecular and Medical Pharmacology, University 
of California, Los Angeles, Westwood, CA, USA
Gomperts, Brigitte - Pediatrics, University of California, Los 
Angeles, Westwood, CA, USA
Sen, Chandani - Pediatrics, University of California, Los Angeles, 
Westwood, CA, USA
Jayachandran, Arjit - Molecular and Medical Pharmacology, 
University of California, Los Angeles, CA, USA
Rickabaugh, Tammy - Pediatrics, University of California, Los 
Angeles, CA, USA
Yuen, Constance - California NanoSystems Institute, University 
of California, Los Angeles, CA, USA

The adult stem cells of the airways play a critical role in repair and 
regeneration by responding to injury with an initial self-renewal re-
sponse followed by differentiation. Aberrant repair can lead to ex-
cessive self-renewal and/or altered differentiation which can lead 
to lung diseases with poor mucociliary clearance, premalignant 
lesions or fibrosis. Previous research on environmental effects on 
the human airways has mainly utilized immortalized lung cell lines 
or lung cancer cell lines, which are not the most representative 
model of human airways. We are utilizing two human adult stem 
cell models to examine the effects of environmental exposures 

such as smoking, vaping and viral infection, on the airways. We 
cultured ABSCs in an air-liquid interface (ALI) system to develop a 
fully differentiated human mucociliary epithelium. We developed 
an exposure chamber controlled by a microprocessor to expose 
the surface of the ALI cultures to environmental pollutants. We 
then compared the effects of cigarette smoke (CS) and vaping 
on the ALI airway. CS exposure resulted in ABSC proliferation, 
increased mucus production and loss of ciliated cells. In contrast, 
vaping resulted in less ABSC proliferation and loss of cilia, but 
increased mucus production. We also exposed the ALI cultures to 
SARS-CoV-2 viral infection. Exposure to CS increased the amount 
of viral infection and, similar to human patients, remdesivir and 
paxlovid showed efficacy against SARS-CoV-2 infection, whereas 
hydroxychloroquine did not. To generate the distal airway to ex-
amine the effects of environmental exposures on stem cells, we 
grew human alveolar type II (AT II) stem cells as spheroids. Similar 
to the ALI model, when the cells are exposed to cigarette smoke 
extract (CSE) the AT II cells show increased proliferation but lost 
AT II cell markers and underwent dedifferentiation. Similar to our 
ABSC ALI cultures, CSE increased SARS-CoV-2 infection by five-
fold in AT II cells. Both stem cell airway models can be cultured in 
a 96 well format for high throughput drug screening for antivirals 
or for toxicity testing. As it is challenging to study environmental 
exposure on the airway, these stem cell models can elucidate 
these effects and help to discover new drug treatments for airway 
repair and/or antiviral therapeutics.

Funding Source: DoD PR202868 R01 CA208303 Burroughs 
Wellcome Fund 1020030 UC-Tobacco Related Disease 
Research Program T31IR1637 & T20IP0597

Keywords: Airway Stem Cell Organoids, Airway Stem Cell Injury 
Response, Airway Stem Cells Environmental Exposures
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REVEALING THE UNEXPECTED ROLE OF 
TMPRSS2 IN SARS-COV-2 INFECTION AND 
TRANSMISSION USING HPSC-DERIVED LUNG 
ORGANOIDS
Zhang, Wanzhen - Otolaryngology, Icahn School of Medicine at 
Mount Sinai, NY, USA
Tian, Lu - Otolaryngology, Icahn School of Medicine at Mount 
Sinai, New York, NY, USA
Klotz, Remi - Stem Cell Biology and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA
Yang, Min-Chi - Otolaryngology, Icahn school of medicine at 
Mount Sinai, New York, NY, USA
Chen, Hsu-Yu - Molecular Microbiology and Immunology, 
University of Southern California, Los Angeles, CA, USA
Huang, Huachao - Department of Medicine, Columbia University 
Irving Medical Center, New York, NY, USA
Yu, Diana - Department of Medicine, University of Southern 
California, Los Angeles, CA, USA
Ichida, Justin - Stem Cell Biology and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA
Cannon, Paula - Stem Cell Biology and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA
Que, Jianwen - Department of Medicine, Columbia University 
Irving Medical Center, New York, NY, USA
Yu, Min - Stem Cell Biology and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA
Tiozzo, Caterina - Department of Pediatrics, Icahn School of 
Medicine at Mount Sinai, New York, NY, USA
Guenthart, Brandon - Cardiothoracic Surgery, Stanford 
University, Stanford, CA, USA
Chen, Ya-Wen - Otolaryngology, Icahn School of Medicine at 
Mount Sinai, New York, NY, USA

To enter a host cell, SARS-CoV-2 uses its spike protein to bind 
to the ACE2 cellular receptor and then is primed by the type II 
transmembrane serine protease TMPRSS2. However, the exact 
role and mechanism of TMPRSS2 in this process remains unclear. 
Our study revealed that TMPRSS2 is expressed in intracellular 
and extracellular vesicles (EVs). In addition, EVs containing TM-
PRSS2 and ACE2 enhanced SARS-CoV-2 pseudovirus transduc-
tion rate in a dose-dependent manner. Furthermore, we identi-
fied unexpected cell populations with TMPRSS2 protein on the 
cell surface that do not express TMPRSS2 mRNA. These findings 
suggest potential mechanisms by which TMPRSS2 participates in 
SARS-CoV-2 infection/transmission, particularly to cell types that 
do not express this specific protease. Our findings may facilitate 
the development of therapeutic strategies that target TMPRSS2 
which could help treat COVID-19 and other deadly respiratory vi-
ral diseases.

Keywords: SARS-CoV-2, COVID-19, hPSC-derived lung 
organoids, TMPRSS2, ACE2, extracellular vesicle, infectivity, 
human lung, respiratory infectious disease
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NOVEL ROLE OF BPIFA1 IN MAINTAINING 
AIRWAY EPITHELIUM HOMEOSTASIS IN 
PREMATURE HUMAN LUNG DEVELOPMENT
McVicar, Rachael N. - Biomedical, Sanford Burnham Prebys, La 
Jolla, CA, USA
Leibel, Sandra - Pediatrics, University of California San Diego, La 
Jolla, CA, USA
Smith, Emily - Regenerative Medicine, Sanford Burnham Prebys, 
La Jolla, CA, USA
Snyder, evan - Pediatrics, University of California, San Diego, La 
Jolla, CA, USA

The human airway epithelium protects the host from environ-
mental insults, however, infants born prematurely have underde-
veloped lungs unable to aptly defend themselves. At birth, the 
transition from hypoxia (in-utero) to normoxia (postnatal) initiates 
the secretion of homeostatic proteins that line the airway surface 
to protect the lung. But soon after birth, premature neonates 
are at extreme risk of acquiring severe respiratory syncytial vi-
rus (RSV) infections because the mechanisms of airway defense 
have yet to be established. The airway surface layer (ASL), lines 
the surface of the lung epithelium and is critical in maintaining 
airway homeostasis in neonates. BPIFA1 is the airway surfactant 
that maintains ASL balance to prevent disease. However, while 
BPIFA1 is known to support lung homeostasis and prevent patho-
gen induced airway disease in mice or in human adults, no re-
search has investigated the value of BPIFA1 in a developmentally 
compromised human airway. Therefore, we wish to assess: the 
correlation between epithelium maturity and BPIFA1 expression, 
the influence of oxygen tension on BPIFA1 expression, and if im-
mature epithelium lacking BPIFA1 has worsened RSV infections. 
First, temporal and localized expression of BPIFA1 was assessed 
in vitro using human stem cell derived airway epithelial cultures; 
BPIFA1 expression was found to correlate with the maturation of 
goblet epithelial cells, validated with primary human fetal lung tis-
sue samples. Next, influence of oxygen tension on BPIFA1 was 
investigated by culturing airway epithelial cells in 5% or 21% ox-
ygen; BPIFA1 expression was found to increase with increase in 
oxygen tensions. Lastly, antiviral response of epithelium by BPI-
FA1 expression evaluated; BPIFA1 was found to be upregulated 
after RSV infection. These findings investigate if premature birth 
potentially stunts the production of homeostatic protein BPIFA1 to 
explore the therapeutic potential of supplementing BPIFA1 in the 
premature infant population.

Funding Source: CIRM Training grant EDUC-4 12813

Keywords: Lung Development, Lung Differentiations, Airway 
Surfactant
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AN ORGANOID CRISPRI SCREEN REVEALED 
THAT SOX9 MAINTAINS HUMAN FETAL LUNG 
TIP PROGENITOR STATE BY ENHANCING WNT 
AND RTK SIGNALING
Sun, Dawei - University of Cambridge, UK
Batlle, Oriol - The Gurdon Institute, University of Cambridge, UK
van den Ameele, Jelle - The Gurdon Institute, University of 
Cambridge, UK
Thomas, John - The Gurdon Institute, University of Cambridge, 
UK
Lim, Kyungtae - The Gurdon Institute, University of Cambridge, 
UK
He, Peng - The Sanger Institute, Hinxton, UK
Tang, Walfred - The Gurdon Institute, University of Cambridge, 
UK
Meyer, Kerstin - The Sanger Institute, Hinxton, UK
Teichmann, Sarah - The Sanger Institute, Hinxton, UK
Jackson, Stephen - The Gurdon Institute, University of 
Cambridge, UK
Brand, Andrea - The Gurdon Institute, University of Cambridge, 
UK
Rawlins, Emma - The Gurdon Institute, University of Cambridge, 
UK

The fine balance between self-renewal and differentiation in hu-
man fetal lung epithelial progenitors drives human lung epithelial 
branching morphogenesis and cell fate determinations. Details of 
the molecular networks regulating human lung progenitor self-re-
newal and differentiation remain unknown. Mouse models have 
been the primary model to study lung development. However, 
given the differences in sizes, cellular compositions and gene 
expressions, mouse lung cannot fully recapitulate human lung 
development. We have established a human fetal lung organ-
oid culture system to facilitate human lung development studies. 
Advancing this platform, we have established targeted gene in-
tegration, CRISPR interference and CRISPR activation, and Na-
noBlade to facilitate efficient gene targeting, gene up-regulation 
and down-regulation, and genetic knockout, empowering lung 
organoids for gene function studies. Leveraging these tools, we 
performed the first CRISPRi screen in primary human lung organ-
oids to identify transcription factors controlling progenitor self-re-
newal. We showed that a pair of SOX proteins display distinct 
functions in progenitor self-renewal regulation. SOX2, although is 
expressed in human fetal lung tip progenitor cells doesn’t involve 
in progenitor cell self-renewal. However, another SOX protein, 
SOX9, promotes proliferation of lung progenitors and inhibits 
precocious airway differentiation. Moreover, we used Targeted 
DamID to identify SOX9 direct regulatory factors and discovered 
that SOX9 is at the intersection of amplifying WNT and RTK sig-
naling to stabilize the progenitor cell state. The proof-of-principle 
CRISPRi screen and Targeted DamID tools establish a new strate-
gy for using primary human organoids to elucidate detailed func-
tional mechanisms underlying normal development and disease.

Keywords: Human lung development, Organoids, CRISPRi and 
CRISPRa
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POINT MUTATION IN P63 LEADS TO STEM CELL 
FAILURE THAT CAN BE RESCUED BY A SMALL 
MOLECULAR WEIGHT COMPOUND
Nasser, Waseem - Genetics and Developmental Biology, 
Technion-Israel Institute of Technology, Haifa, Israel
Willoughby, Colin - Eye and Vision Science, University of 
Liverpool, UK
Aberdam, Daniel - INSERM U976, Paris, France
Missero, Caterina - CEINGE Biotecnologie Avanzate, Napoli, 
Italy
Shalom-Feuerstein, Ruby - Genetics and Developmental 
Biology, Technion - Israel Institute of Technology, Haifa, Israel

Adult stem cell (SC) failure may be caused by both environmen-
tal and genetic insults. The impact of disease-causing SC muta-
tions on tissue integrity and cellular dynamics remains largely un-
known, mainly due to the lack of reliable in-vivo models. Here, we 
utilized the cornea that serves as a robust model for monitoring 
SC dynamics and failure in live animals. SCs that constantly renew 
the corneal epithelium are located at the peripheral zone known 
as the limbus, and their self-renewal is highly controlled by the 
transcription factor P63. We report that single L514F point muta-
tion in P63 leads to loss of corneal transparency and blindness 
in human patients, a clinical condition known as limbal SC defi-
ciency (LSCD). We established a conditional mouse model car-
rying the L514F mutation in limbal/corneal epithelial cell lineage 
and discovered that it recapitulates the LSCD phenotype found 
in patients carrying the same mutation. Quantitative lineage-trac-
ing revealed hyper SC proliferation coupled with extensive SC 
loss, leading to SC exhaustion and failure to maintain tissue ho-
meostasis. Moreover, RNA-sequencing revealed loss of corneal 
identity, abnormal cell adhesion and imbalanced expression of 
pro-angiogenic factors. Intriguingly, treatment with a small mo-
lecular weight compound, PRIMA-1MET, substantially prevented 
the development of LSCD and alleviated its aggravation following 
injury. In conclusion, this study demonstrates that L514F mutation 
disrupts SC function, dynamics and tissue integrity in both mice 
and human, leading to loss of corneal transparency and potential 
blindness. Furthermore, PRIMA-1MET showed substantial ther-
apeutic potential in vivo and may serve as a future therapy for 
human patients.

Keywords: Stem cell failure and rescue, P63 mutation, Mutated 
stem cell dynamics
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480

DYNAMIC NETWORK-GUIDED CRISPRI SCREEN 
REVEALS CTCF LOOP-CONSTRAINED ENHANCER 
FUNCTION IN CELL STATE TRANSITIONS
Luo, Renhe - Developmental Biology, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA
Yan, Jielin - Developmental Biology, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA
Oh, Jin Woo - Department of Biomedical Engineering and 
McKusick-Nathans Department of Genetic Medicine, Johns 
Hopkins University, Baltimore, MD, USA
Xi, Wang - Department of Biomedical Engineering and 
McKusick-Nathans Department of Genetic Medicine, Johns 
Hopkins University, Baltimore, MD, USA
Shigaki, Dustin - Department of Biomedical Engineering and 
McKusick-Nathans Department of Genetic Medicine, Johns 
Hopkins University, Baltimore, MD, USA
Wong, Wilfred - Computational and Systems Biology Program, 
Sloan Kettering Institute, New York, NY, USA
Cho, Hyunwoo - Developmental Biology Program, Sloan 
Kettering Institute, New York, NY, USA
Murphy, Dylan - Department of Medicine, Weill Cornell Graduate 
School of Medical Sciences, New York, NY, USA
Cutler, Ronald - Department of Biochemistry, Albert Einstein 
College of Medicine, Bronx, NY, USA
Rosen, Bess - Developmental Biology Program, Sloan Kettering 
Institute, New York, NY, USA
Pulecio, Julian - Developmental Biology Program, Sloan 
Kettering Institute, New York, NY, USA
Yang, Dapeng - Developmental Biology Program, Sloan 
Kettering Institute, New York, NY, USA
Glenn, Rachel - Developmental Biology Program, Sloan 
Kettering Institute, New York, NY, USA
Vierbuchen, Thomas - Developmental Biology Program, Sloan 
Kettering Institute, New York, NY, USA
Sidoli, Simone - Department of Biochemistry, Albert Einstein 
College of Medicine, Bronx, NY, USA
Apostolou, Effie - Department of Medicine, Weill Cornell 
Medicine, New York, NY, USA
Huangfu, Danwei - Developmental Biology Program, Sloan 
Kettering Institute, New York, NY, USA
Beer, Michael - Department of Biomedical Engineering and 
McKusick-Nathans Department of Genetic Medicine, Johns 
Hopkins University, Baltimore, NY, USA

Enhancers play key roles in gene regulation. However, compre-
hensive enhancer discovery is challenging because most en-
hancers, especially those affected in complex diseases, have 
weak effects on gene expression. Through gene regulatory net-
work modeling, we identified that dynamic cell state transitions, a 
critical missing component in prevalent enhancer discovery strat-
egies, can be utilized to greatly improve the cells’ sensitivity to 
enhancer perturbation. Guided by the modeling results, we per-
formed a mid-transition CRISPRi-based enhancer screen utilizing 
human embryonic stem cell definitive endoderm differentiation 
as a dynamic transition system. The screen discovered a compre-
hensive set of enhancers (4 to 9 per locus) for each of the core 
lineage-specifying transcription factors (TFs), including many en-
hancers with weak to moderate effects. Integrating the screening 
results with enhancer activity measurements (ATAC-seq, H3K-
27ac ChIP-seq) and three-dimensional enhancer-promoter inter-

action information (CTCF looping, Hi-C), we were able to develop 
a CTCF loop-constrained Interaction Activity (CIA) model that can 
better predict functional enhancers compared to models that rely 
on Hi-C-based enhancer-promoter contact frequency. Togeth-
er, our dynamic network-guided enhancer screen and the CIA 
enhancer prediction model provide generalizable strategies for 
sensitive and more comprehensive enhancer discovery in both 
normal and pathological cell state transitions.

Funding Source: National Institutes of Health grant 
U01HG012051 National Institutes of Health grant U01DK128852

Keywords: Enhancer discovery, Gene regulatory network, 
Enhancer prediction

482

EXPERIMENTAL PLATFORMS FOR MALE 
DIFFERENTIATION OF HUMAN IPSC DERIVED 
GERM CELLS
Schlag, Fabian - Centre for Reproductive Medicine and 
Andrology, University of Münster, Germany
Sandhowe-Klaverkamp, Reinhild - Centre of Reproductive 
Medicine and Andrology, University of Münster, Germany
Wistuba, Joachim - Centre of Reproductive Medicine and 
Andrology, University of Münster, Germany
da Costa, Raul - Centre of Reproductive Medicine and 
Andrology, University of Münster, Germany
Schlatt, Stefan - Centre of Reproductive Medicine and 
Andrology, University of Münster, Germany

The indifferent gonad provides cues to primordial germ cells 
(PGC) in order to initiate male or female development. Male fate 
depends on the presence of Sertoli cells (SC). The cacsacde ini-
tiated by SRY expression leads to Sertoli cell progenitors. Via 
aggregation and outgrowth, these cells form seminiferous cords 
which provide the necessary compartment for livelong sper-
matogenesis. PGCs enclosed in the cords arrest mitotically and 
become gonocytes and spermatogonia in the later stage of tes-
ticular oganogenesis. Here we describe three different organoid 
platforms which mimic the cellular environment during transition 
from bipotential gonad to the testis. A critical prerequisite is cord 
structure formation by somatic cells. Human induced pluripotent 
stem cells (iPSC) derived PGCs can be added to explore somatic 
germ cell cross-talk and testicular niche interaction. In our system 
the primary cells from immature rats and human testis (transgen-
der) form cord like structures in the presence of the appropriate 
extracellular matrix and culture conditions. As a third track, we 
can create a bipotential gonadal environment from human iPSC 
using cytokine cocktails and stepwise cell selection strategies. 
Our systems are standardized and reproducable. SOX9 is applied 
as Sertoli cell marker and SMA as a marker for peritubular myoid 
cells. Cord like structures usually appear at 7 days of culture and 
can be maintained for an extended culture period of another 10 
days. PGCs are characterized on protein level by the three mark-
ers OCT4, SOX17 and AP2gamma. When added on Day 1 to the 
platforms PGCLCs can be maintained for up to 14 days. There-
fore, all three systems can be used as feeders to maintain germ 
cell like status. hPGCLCs populate the organoids and grow in 
specific patterns detected by immunofluorescence. Interestingly, 
also hiPSC populate and respond to the somatic environment of 
the organoids and few cells undergo fast transition into PGCLCs 
(AP2gamma, OCT4, SOX17) in just 7 days. Our platforms provide 
strategies for exploring early germ line development and PGC 
interaction with male somatic environments. We foresee that this 
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) system is useful for toxicological testing and drug screening on 
human germ cells. Long term cultures may provide options for 
generating and expanding human male germ cells from pluripo-
tent cells.

Funding Source: Deutsche Forschungsgemeinschaft, (CRU 326)

Keywords: testicular organoids, germ cells, development, 
ipsc, toxicological screening, spermatogenesis, sertoli cells, 
differentiation, male germ line, testicular organoids, germ cells, 
development, ipsc, toxicological screening, spermatogenesis, 
sertoli cells, differentiation, male germ line, organoid, testis, male 
germ line

484

GENERATING SINGLE CELL-DERIVED HUMAN 
BLASTOIDS IN 3D BIOREACTOR CULTURE
Jin, Yiqing - Bioscience, KAUST, Jeddah, Saudi Arabia
Li, Mo - KAUST, Jeddah, Saudi Arabia

Blastoid is a useful model of the blastocyst derived from naïve 
pluripotent stem cells to study early human development. Hu-
man blastocyst is formed about five days after fertilization with 
a fluid-filled cavity and contains different lineages including the 
epiblast, trophectoderm, and primitive endoderm. Current meth-
ods can make blastoids within 4 day starting with cell aggregates, 
while nature embryos develop from a single cell. Here, we use 
a stirred-tank bioreactor to form blastoids in seven days start-
ing from single cells. By collecting cells at different timepoints, 
we show that the cells grow from single cells to two-cell stage, 
four cell-stage, eight-cell stage, morula-like structures, and finally 
blastoids. These bioreactor-blastoids have a diameter of about 
150um-250um and comprise around 200 cells, which are compa-
rable to the human blastocyst. Thus, we propose that the biore-
actor-blastoid can be used to study human implantation and early 
development in a faithful and ethical manner.

Keywords: blastoid, early development, bioreactor
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JADE1 AND THE HBO1 COMPLEX ARE SPATIAL-
SELECTIVE COFACTORS OF OCT4
Wu, Yifan - Department of Microbiology and Immunology, 
University of Utah, Salt Lake City, UT, USA
Chandrasekharan, Mahesh - Department of Oncology, University 
of Utah, Salt Lake City, UT, USA
Handa, Hiroshi - Department of Chemical Biology, Tokyo 
Medical University, Tokyo, Japan
Manna, Asit - Department of Microbiology and Immunology, 
University of Utah, Salt Lake City, UT, USA
Tantin, Dean - Department of Microbiology and Immunology, 
University of Utah, Salt Lake City, UT, USA

Oct4 is a master regulator of pluripotent, undifferentiated gene 
expression states. The interaction partners of Oct4 are incom-
pletely defined. Like other POU domain proteins, Oct4 is capable 
of binding to DNA in different configurations, including for exam-
ple simple octamer, PORE (palindromic octamer-related element) 
and MORE (more palindromic octamer-related element). Howev-
er, the effects of these different configurations on transcription 
output are unknown. Here, we show that Oct4 interacts with com-
mon and unique proteins when bound to DNA in different config-
urations. One of these proteins, Jade1, more strongly associates 
with Oct4 when bound to MORE DNA sequences that bind Oct4 

dimers. We show that multiple Jade1 isoforms interact with Oct4 
in solution. We are performing ChIP-seq and CUT&RUN-seq with 
HBO1 antibodies, which is in the same complex with jade1, to test 
preferential HBO1 and Jade1 binding to MORE sites in vivo. We 
are also using purified recombinant Oct4 and a Jade1/HBO1-con-
taining complex to test for direct binding and test the effect of 
Oct4 DNA binding on histone acetyltransferase activity.

Keywords: Pou5f1/Oct4, Jade1/HBO1, spatial-selective binding
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GENOME OF ENTEROVIRUS 71 CROSSES IN 
VITRO MODEL OF THE HUMAN BLOOD-BRAIN 
BARRIER
Coqueiro, Igor - Epidemiology and Physiopathology of 
Enterovirus Diseases (EPIE), Université Clermolnt Auvergne, 
Clermont-Ferrand, France
Gaume, Léa - Epidemiology and Physiopathology of Enterovirus 
Diseases (EPIE), Université Clermont Auvergne, Clermont-
Ferrand, France
Simon, Isabel - Epidemiology and Physiopathology of 
Enterovirus Diseases (EPIE), Université Clermont Auvergne, 
Clermont-Ferrand, France
Jugie, Gwendoline - Epidemiology and Physiopathology of 
Enterovirus Diseases (EPIE), Université Clermont Auvergne, 
Clermont-Ferrand, France
Dehouck, Lucie - Laboratoire de la Barrière Hémato-
Encéphalique (LBHE), Université d’Artois, Lens, France
Sevin, Emmanuel - Laboratoire de la Barrière Hémato-
Encéphalique (LBHE), Université d’Artois, Lens, France
Goesselet, Fabien - Laboratoire de la Barrière Hémato-
Encéphalique (LBHE), Université d’Artois, Lens, France
Bailly, Jean-Luc - Epidemiology and Physiopathology of 
Enterovirus Diseases (EPIE), Université Clermont Auvergne, 
Clermont-Ferrand, France

Central nervous system (CNS) viral infections often bypass or 
disrupt the restrictive character of the human blood-brain barri-
er (BBB). Enterovirus 71 (EV-A71) infections are highly associated 
to the development of neurological complications, such as brain 
stem encephalitis due to the risk of reaching peripheric nervous, 
and migrate into the CNS via axonal retrograde transport. How-
ever, the invasion of EV-A71 into the CNS through the BBB is still 
under investigation. To evaluate the direct interaction between 
the EV-A71 and the human BBB, we reproduced a cellular model 
by using brain-like endothelial cells (BLECs) derived from hema-
topoietic progenitors CD34+ isolated from umbilical cord blood. 
BLECs achieve BBB phenotype when co-cultured with pericytes 
in semi-permeable membranes known as transwells. The BBB 
model was infected via apical side, where BLECs were cultured. 
The infection was performed by using three EV-A71 strains genet-
ically distinct at multiplicity of infection (MOI) = 1 (equivalent to one 
virion per cell). The immunofluorescence analysis showed active 
viral replication in a limited number of BLECs. These cells, even 
under monoculture revealed low sensibility to EV-A71 infection. 
The evaluation of cell viability showed high levels of living cell 
indicator, the GF-AFC until 48 hours post infection (h.p.i). The EV-
A71 infection did not affect the protein expression of tight junction 
Zonula occludens 1 (ZO-1) neither altered the endothelial perme-
ability, the permeability coefficient of the BBB model remained 
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near 0.5 x 10-3 cm.min-1, similar to uninfected condition. The titra-
tion of the cell supernatants showed that the infection of BLECs at 
apical compartment does not cause a leakage of infectious parti-
cles into the basal compartment. Nevertheless, RT-qPCR analysis 
revealed the presence of EV-A71 genome in both apical and basal 
supernatants. Our study concludes that EV-A71 does not present 
an imminent risk of directly disrupts the human BBB, but during 
this infectious context the BBB may release the EV-A71 genome 
at the brain parenchyma. Our study highlights that investigate the 
implication of EV-A71 genome in the brain parenchyma may help 
to better understand the EV-A71 neuropathogenesis.

Funding Source: This work was founded by Marie Skłodowska-
Curie Actions - Innovative Training Networks (MSCA-ITN)

Keywords: Blood-brain barrier (BBB), Viral infections, 
Neuropathogenesis
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ANALYSIS OF TUMOR MICROENVIRONMENT 
IN MOUSE ESCS -> FLK-1 KO CHIMERIC 
MICE GENERATED BY BLASTOCYST 
COMPLEMENTATION
Ishii, Satoko - Tsukuba Research Laboratories, Eisai Co., Ltd., 
Tsukuba, Japan
Yamazaki, Kazuto - Tsukuba Research Laboratories, Eisai Co., 
Ltd., Tsukuba, Japan
Kubara, Kenji - Tsukuba Research Laboratories, Eisai Co., Ltd., 
Tsukuba, Japan
Li, Peng - Tsukuba Research Laboratories, Eisai Co., Ltd., 
Tsukuba, Japan
Ishizuka, Yuta - KAN Research Institute, Inc., Kobe, Japan
Izumi, Yukina - KAN Research Institute, Inc., Kobe, Japan
Kamisako, Tsutomu - KAN Research Institute, Inc., Kobe, Japan
Ishizaki, Hiroyoshi - KAN Research Institute, Inc., Kobe, Japan
Ono, Yuichi - KAN Research Institute, Inc., Kobe, Japan
Mizuno, Naoaki - Stem Cell Therapy Laboratory, Tokyo Medical 
and Dental University, Bunkyo-ku, Japan
Sato, Hideyuki - Stem Cell Therapy Laboratory, Tokyo Medical 
and Dental University, Bunkyo-ku, Japan
Masaki, Hideki - Stem Cell Therapy Laboratory, Tokyo Medical 
and Dental University, Bunkyo-ku, Japan
Watanabe, Motoo - Stem Cell Therapy Laboratory, Tokyo 
Medical and Dental University, Bunkyo-ku, Japan
Ito, Masashi - Tsukuba Research Laboratories, Eisai Co., Ltd., 
Tsukuba, Japan
Nakauchi, Hiromitsu - Stem Cell Therapy Laboratory, Tokyo 
Medical and Dental University, Bunkyo-ku, Japan

Humanized animal models are important for both basic research 
and drug development in oncology field. Although several kinds 
of humanized mice have been developed by the transplantation 
of human cells to immunodeficient mice, there are several hur-
dles to overcome including incomplete reconstitution and limit-
ed cellular lineages. Especially, vascular endothelial cells and 
tissue-resident macrophages of embryonic origin are difficult to 
be reconstituted in the current humanized animal models, though 
these cells are key players in tumor microenvironment (TME). 
One possible solution for this is to generate the humanized ani-
mal models by blastocyst complementation. To explore the pos-
sibility, we performed blastocyst complementation with ICR Flk-1 
(Vegfr2) knockout embryos as a host and Azami-Green (AG)-pos-
itive C57/BL6 (B6) mouse-derived embryonic stem cells (ESCs) as 
a donor. By flow cytometry and immunofluorescent analysis, we 

observed that vascular endothelial cells, hematopoietic cells, and 
tissue-resident macrophages including microglia, were derived 
from the injected ESCs (AG+). To further examine the capability of 
using this model for immuno-oncology studies, we first confirmed 
the engraftment of MC38, B6-derived tumor cells, into the chi-
meras, and analyzed TME of the engrafted tumors by using mass 
cytometry. The analyses showed that not only tumor infiltrating 
lymphocytes (TILs) and tumor-associated macrophages (TAMs), 
but also majority of cancer-associated fibroblasts (CAFs) were 
derived from donor cells, and that TILs (AG+) worked correctly 
as in B6 mice. In addition, angiogenesis by donor cell-derived 
vascular endothelium occurred successfully in the tumors. These 
data suggest that humanized animals created by blastocyst com-
plementation using Flk-1 KO as a host would be useful models for 
immuno-oncology research and drug development.

Keywords: Blastocyst complementation, Modeling immune 
system, Tumor microenvironment
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REAL-TIME MONITORING OF HOXA9 IN 
PLURIPOTENT STEM CELL DERIVED MODELS OF 
HAEMATOPOIESIS
Thompson, Alex - Blood Cancer and Stem Cells, University of 
Nottingham, UK
Abuhantash, Mays - Blood Cancer and Stem Cells, University of 
Nottingham, UK
Collins, Emma - Blood Cancer and Stem Cells, University of 
Nottingham, UK

The homeodomain-containing transcription factor HOXA9 has 
long been proposed to play a central role in hematopoiesis. 
Overexpression and knock-out mouse studies demonstrate it is 
the most important hoxa gene in hematopoietic stem cells (HSC), 
with roles in HSC self-renewal and in vivo engraftment. In human 
pluripotent stem cell (hPSC) differentiation to hematopoietic cells, 
expression of HOXA genes during mesoderm specification is 
proposed to replicate intra-embryonic hematopoiesis. Further, 
HOXA9 expression during differentiation follows the pattern of 
hematopoietic commitment, suggesting HOXA9 may act as a 
marker of the definitive hematopoietic program. Our current stud-
ies have similarly demonstrated HOXA9 is gradually upregulat-
ed post mesoderm, reaching highest levels in the hematopoietic 
CD34+ population. However, the mechanism, stage and extent 
to which HOXA9 influences hematopoietic cell fate, in particular 
definitive cell fate, remains unclear. CRISPR-Cas9 was used to 
generate endogenous HOXA9/mScarlet-H reporter (eA9m) and 
AAVS1-targeted inducible HOXA9/mScarlet-H (iA9) iPSC lines 
to monitor HOXA9 expression during differentiation. Both lines 
were molecularly validated by PCR and Sanger sequencing and 
functionally validated by confocal microscopy during embryoid 
body (EB) and optimised monolayer-based hematopoiesis. En-
dogenous HOXA9 expression increases by Day 4 and peaks at 
Day 7 of iPSC-derived hematopoiesis coincident with the loss of 
pluripotency and expression of mesoderm markers and expres-
sion of hemogenic endothelial markers respectively. Formation 
of hematopoietic stem and progenitor cells was confirmed by 
flow cytometry and methylcellulose colony assays. Preliminary 
data shows that either stimulation of iA9 cells with doxycycline or 
transduction of developing eA9m cells with oncogenic MLL-AF9 
results in a marked increase in HOXA9 and mScarlet-H. Induced 
HOXA9 expression in mesoderm results in altered gene expres-
sion (RNAseq) and colony formation of derived HSPCs. Stage, 
level and duration of HOXA9 expression in iA9 cells influences 
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) both hematopoietic cell formation and cell fate. Together, the 
data supports the potential use of parental, iA9 and eA9m iPSCs 
to generate isogenic models of disease involving dysregulated 
expression of HOXA9, including cancer.

Funding Source: The Joan Browne Legacy Fund (University 
of Nottingham School of Medicine) and The Nottinghamshire 
Leukaemia Fund.

Keywords: HOXA9 reporter model, iPSC-derived HSPCs, MLL-
AF9
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MODELLING HEMATOPOIESIS AND HEART 
DEVELOPMENT IN BLOOD-GENERATING HEART-
FORMING ORGANOIDS (BG-HFOS) DERIVED 
FROM HPSCS
Dardano, Miriana - Leibniz Research Laboratories for 
Biotechnology and Artificial Organs (LEBAO), Department of 
Cardiothoracic, Transplantation and Vascular Surgery (HTTG), 
Hannover Medical School, Hanover, Germany
Lang, Dorina - Department of Cardiac, Thoracic, Transplantation 
and Vascular Surgery (HTTG) Leibniz Research Laboratories for 
Biotechnology and Artificial Organs (LEBAO), Hannover Medical 
School, Hannover, Germany
Klemiss, Felix - Department of Cardiac, Thoracic, 
Transplantation and Vascular Surgery (HTTG) Leibniz Research 
Laboratories for Biotechnology and Artificial Organs (LEBAO), 
Hannover Medical School, Hannover, Germany
Kosanke, Maike - Research Core Unit Genomics, Hannover 
Medical School, Hannover, Germany
Bolesani, Emiliano - Department of Cardiac, Thoracic, 
Transplantation and Vascular Surgery (HTTG) Leibniz Research 
Laboratories for Biotechnology and Artificial Organs (LEBAO), 
Hannover Medical School, Hannover, Germany
Shivaraj, Akshatha - Department of Experimental Hematology, 
Hannover Medical School, Hannover, Germany
Wilson, Liam - Department of Cardiac, Thoracic, Transplantation 
and Vascular Surgery (HTTG) Leibniz Research Laboratories for 
Biotechnology and Artificial Organs (LEBAO), Hannover Medical 
School, Hannover, Germany
Lange, Lucas - Department of Experimental Hematology, 
Hannover Medical School, Hannover, Germany
Schambach, Axel - Department of Experimental Hematology, 
Hannover Medical School, Hannover, Germany
Drakhlis, Lika - Department of Cardiac, Thoracic, 
Transplantation and Vascular Surgery (HTTG) Leibniz Research 
Laboratories for Biotechnology and Artificial Organs (LEBAO), 
Hannover Medical School, Hannover, Germany
Zweigerdt, Robert - Department of Cardiac, Thoracic, 
Transplantation and Vascular Surgery (HTTG) Leibniz Research 
Laboratories for Biotechnology and Artificial Organs (LEBAO), 
Hannover Medical School, Hannover, Germany

In embryogenesis, hematopoietic stem cells (HSCs) derive from 
the hemogenic endothelium in the dorsal aorta, in close spatial 
and functional proximity to the heart anlagen. However, despite 
the biomedical importance of HSCs, their in vitro induction and 
niche-like stabilization in proper developmental context is chal-
lenging, because of the complex and poorly understood signal-
ling required for HSCs and stem-niche development. Human 
pluripotent stem cell (hPSC)-derived heart-forming organoids 
(HFOs) represent a complex and highly structured multi-tissue 
model recapitulating key aspects of native heart development, 

accompanied by foregut and vasculature anlagen including pu-
tative hemogenic endothelium, recently published by us (Dra-
khlis et. al., Nat Biotechnol, 2021). Modulating the HFO protocol, 
we here induce directed differentiation of hemogenic endothe-
lial and hematopoietic stem progenitor cells (HSPCs), without 
disrupting the three-dimensional multi-tissue pattern of HFOs, 
thereby generating an advanced model termed blood-generat-
ing heart-forming organoid (BG-HFO). BG-HFOs are composed of 
an inner core of endothelial and mesenchymal cells, surrounded 
by a half shell-structured myocardial layer recapitulating human 
heart anlagen, which is enveloped by an outer layer. The latter 
is composed of proepicardial cells and, importantly, a distinct 
endothelial compartment harbouring HSPCs, further supported 
by mesenchymal cells, equivalent to the intraembryonic zone 
where the first HSCs and HSPCs arise in native embryogenesis. 
The multilineage potential of BG-HFO-derived HSPCs has been 
revealed by flow cytometry and single-cell RNA-sequencing, and 
functionally proven via assays demonstrating erythro-myeloid po-
tential. To determine presence of definitive HSCs within the BG-
HFO-derived HSPCs cluster, lymphoid potential assay and in vivo 
engraftment in irradiated mice is underway. Together, the novel 
BG-HFO model recapitulates stabilised haematopoiesis, thereby 
recapitulating important aspects of native hematopoietic niche 
formation and HSPCs maintenance in vitro. Moreover, thanks to 
its multi-tissue complexity, the BG-HFO model might serve as a 
valuable system for advanced disease modelling, including the 
utility of patient-specific iPSCs.

Keywords: human pluripotent stem cells (hPSCs), hematopoietic 
stem cells (HSCs) development, cardiac development
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Shimamura, Akiko - Department of Hematology-Oncology, 
Boston Children’s Hospital and Harvard Medical School, Boston, 
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USA
Wang, Dahai - Department of Hematology-Oncology, Boston 
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The fundamental mechanisms underlying the pathogenesis of 
human myelodysplastic syndrome (MDS) are unknown. This is 
due to the limited availability of primary patient specimens, poor 
adaptability of MDS hematopoietic stem and progenitor cells 
(HSPCs) in culture, and low potential of these cells for xenotrans-
plantation. There is a need to better define the molecular patho-
biology of MDS, particularly in high-risk subtypes, to improve 
survival. MDS frequently develops in the setting of inherited 
bone marrow failure (BMF) disorders, where inherently defective 
HSPCs bearing germline mutations acquire secondary somatic 
mutations that confer aberrant clonal expansion and inhibit effec-

tive differentiation. Advances in genetic engineering and directed 
differentiation of induced pluripotent stem cells (iPSCs) offers the 
opportunity to develop novel human-based models of BMF and 
the pathogenesis of MDS. Here, we leveraged our iPSC-based 
model of the BMF of Fanconi anemia (FA), a congenital disorder 
of DNA repair with a predisposition to MDS, to understand how 
secondary somatic mutations drive the transition from failing 
HSPCs to aberrantly expanding MDS HSPCs. To do this, we per-
formed simultaneous CRISPR-based editing of MDS mutational 
hotspots in iPSCs followed by directed differentiation to definitive 
HSPCs. By selecting HSPC subclones based on the acquisition of 
serial self-renewing of clonogenic potential, we identified RUNX1 
mutations as increasing FA HSPC fitness and thus as candidate 
drivers of the MDS phenotype in FA. This aligns with sequencing 
studies of human FA MDS, where RUNX1 mutations are highly 
recurrent. We find that RUNX1 mutations increase the fitness of 
FA HSPCs through two mechanisms: direct interference with the 
p53/p21-triggered G1/S cell cycle checkpoint that is hyperactivat-
ed in the failure state and triggering of innate inflammatory signal-
ing. Inflammatory signaling recruits downstream compensatory 
DNA repair mechanisms, enhancing HSPC fitness and promoting 
clonal expansion in the absence of somatic reversion. Innate in-
flammatory signaling is a vulnerability of FA MDS cells in culture 
and in vivo. We corroborate our results in primary patient FA MDS 
cells. Together, our studies demonstrate the utility of iPSCs in dis-
secting the basic stem cell biology of BMF disorders and MDS.

Funding Source: This work was supported by the National 
Institute of Diabetes and Digestive and Kidney Diseases (K08 
DK114527), the Fanconi Anemia Research Fund, and the Edward 
P. Evans Foundation.

Keywords: disease modeling, hematopoietic stem and 
progenitor cells, myeloid malignancies and bone marrow failure
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MICROGLIAL HYPERACTIVATION SHAPES THE 
CENTRAL NERVOUS SYSTEM PATHOLOGY IN 
AICARDI-GOUTIÈRES SYNDROME CAUSED BY 
IFIH1 MUTATION
Awaya, Tomonari - Graduate School of Medicine, Kyoto 
University, Kyoto, Japan
Saito, Megumu - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Nishikomori, Ryuta - Pediatrics, Kurume University, Kurume, 
Japan
Hagiwara, Masatoshi - Graduate School of Medicine, Kyoto 
University, Kyoto, Japan

Aicardi-Goutieres syndrome (AGS) is a devastating infantile en-
cephalopathy caused by overproduction of type I interferon (IFN). 
Recent progress in disease modeling techniques enabled us to 
elucidate the underlying mechanisms; however, previous reports 
have mainly focused on the interaction between neurons and as-
trocytes, and the role of microglia in the disease pathogenesis 
has not been well investigated. AGS is classified as an interfer-
onopathy in which the chronic activation of the innate immune 
system plays a critical role; thus we generated microglia and cen-
tral nervous system (CNS) cells from patient-derived induced plu-
ripotent stem (iPS) cells aiming to elucidate the role of microglia 
in CNS pathogenesis. We established iPS cells from two AGS7 
patients with IFIH1 mutation and derived CNS cells and microglia 
from both control- and patient-derived iPS cells. There was no sig-
nificant difference in differentiation capacity. In CNS cells, AGS7 
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) cells showed hyperactivation of the type I IFN pathway as well as 
other cytokine signal cascades, which was consistent with those 
reported previously. Microglia, on the other hand, showed hyper-
activation of type I IFN pathway predominantly, and the changes 
were much greater than those in CNS cells. Next, to investigate 
the effect of humoral factors secreted by microglia, the CNS cells 
from control-iPS cells were treated with culture supernatant of 
control- and disease-microglia. Western blotting confirmed en-
hancement of STAT1 phosphorylation and increases in interferon 
inducible genes such as RIG-I and MDA5 in the CNS cells treated 
with AGS-microglia supernatant. Apoptosis was also observed in 
neurons treated with AGS-microglial supernatant. Recently, using 
iPS cell models, astrocyte overactivation has drawn attention as 
a cause of neuronal cell death in AGS1 (TREX1 deficiency) and 
AGS2 (RNASEH2B deficiency). Our result also showed slight in-
crease in neuronal cell death in CNS cell culture containing both 
neurons and astrocytes. However, the effect of microglia had 
more impact on neuronal apoptosis, indicating overproduction of 
type I IFN from microglia plays an important role in CNS patho-
genesis.

Funding Source: AMED: 20ek0109387h0003

Keywords: Interferonopathy, Aicardi-Goutières syndrome, 
Microglia
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AGING-ASSOCIATED CHANGES IN PLASMA 
PROTEOME AND HIPPOCAMPAL GENE 
EXPRESSION ARE REVERSED BY TREATMENT 
WITH IPSC-DERIVED MONONUCLEAR 
PHAGOCYTES
Moser, V. Alexandra - Regenerative Medicine Institute, Cedars 
Sinai Medical Center, Los Angeles, CA, USA
Bell, Shaughn - Regenerative Medicine Institute, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA
Inzalaco, Jake - Regenerative Medicine Institute, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA
Dimas-Harms, Luz - Regenerative Medicine Institute, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Kreimer, Simion - Smidt Heart Institute, Cedars-Sinai Medical 
Center, Los Angeles, CA, USA
Parker, Sarah - Smidt Heart Institute, Cedars-Sinai Medical 
Center, Los Angeles, CA, USA
Goodridge, Helen - Regenerative Medicine Institute, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Svendsen, Clive - Regenerative Medicine Institute, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA

A number of studies have shown that administering young plas-
ma or bone marrow to aging mice has rejuvenating effects, in-
cluding better performance on learning and memory tasks, and 
improvements in markers of neural health. The aim of the cur-
rent study was to evaluate the potential of using human induced 
pluripotent stem cells (iPSCs) as a therapeutic product in order 
to achieve similar benefits. iPSCs were differentiated into mono-
nuclear phagocytes (iMPs), as these cells are known to become 
less effective with age, and were administered to aging, genet-
ically immunocompromised NOD scid gamma mice. iMP treat-
ment significantly improved cognitive performance and neural 
health markers in aging mice. To begin to elucidate potential 
mechanisms underlying these effects, we performed a proteom-
ic analysis of plasma as well as single nucleus RNA sequencing 
on hippocampus. Interestingly, we find that pathways that show 

aging-associated changes in plasma overlap with those in hip-
pocampus, suggesting that these alterations are global. Notably, 
iMP treatment reverses the aging-associated phenotypes in both 
plasma and hippocampus, such that aging mice treated with iMPs 
are more similar to young mice. These findings identify an aging 
signature that is conserved between the periphery and the brain 
and, critically, suggest that iMPs provide a novel personalized 
medicine strategy for aging-associated diseases.

Keywords: Aging-associated cognitive decline, Neural health, 
Hippocampus
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INNOVATIVE PRE-TRANSPLANT CONDITIONINGS 
TO IMPROVE THE IMMUNOLOGICAL 
RECONSTITUTION IN IMMUNE DYSREGULATION 
DISORDERS
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Therapy (SR-Tiget), IRCSS San Raffaele Scientific Institute, Milan, 
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Di Verniere, Martina - Pathogenesis and Treatment of Immune 
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Bethesda, MD, USA
Notarangelo, Luigi - Laboratory of Clinical Immunology and 
Microbiology, Division of Intramural Research, National Institute 
of Allergy and Infectious Diseases, National Institutes of Health, 
Bethesda, MD, USA
Villa, Anna - Pathogenesis and Treatment of Immune and 
Bone Diseases Unit, 1 San Raffaele-Telethon Institute for Gene 
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Castiello, Maria Carmina - Pathogenesis and Treatment of 
Immune and Bone Diseases Unit, San Raffaele-Telethon 
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Scientific Institute, Milan, Italy

Hematopoietic stem cell transplantation (HSCT) is the only treat-
ment for severe immune disorders. Although the elimination of 
resident hematopoietic stem/progenitor cells (HSPCs) is crucial 
to allow engraftment of donor HSPCs, current conditioning reg-
imens based on chemo/radiotherapy are associated with signif-
icant toxicities. Antibody-based conditioning, as anti-CD45 mAb 
conjugated with saporin (CD45-SAP), is a promising approach 
for safety improvement, however, there is a need to maximize 
its efficiency for various HSCT settings. We set out to test feasi-
bility and efficacy of conditioning protocols based on CD45-SAP 
combined with a low dose of clinically relevant chemotherapies, 
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treosulfan and fludarabine (Treo/Flu), in distinct preclinical mod-
els of immune disorders. We assessed the depletion activity, 
engraftment and immune reconstitution achieved by CD45-SAP 
combined with a low dose of Treo/Flu, comparing it with CD45-
SAP alone, full dose of Treo/Flu and total body irradiation (TBI), in 
Rag1-knock-out (KO) mice modelling T-B- severe combined im-
munodeficiency, Rag1-F971L mice recapitulating combined immu-
nodeficiency with granulomas and autoimmune manifestations, 
and Wiskott-Aldrich Syndrome (Was)-KO mice characterized by 
immunodeficiency, thrombocytopenia and autoimmunity. Full 
Treo/Flu dose and TBI regimens efficiently deplete HSPCs and 
lymphoid progenitors in bone marrow resulting in high myeloid 
chimerism and immune cell reconstitution in all mouse models 
transplanted with WT HSPCs. The combination of CD45-SAP with 
low dose of Treo/Flu was well tolerated by all mice and showed a 
superior depletion effect in central and lymphoid organs as com-
pared to CD45-SAP alone. Mice conditioned with the combina-
tion of CD45-SAP with low dose of Treo/Flu showed a myeloid 
chimerism and immune recovery higher than mice treated by 
CD45-SAP alone and similar to mice conditioned with full Treo/
Flu dose or TBI. Our preliminary data show that CD45-SAP com-
bined with low dose of Treo/Flu allows robust immune reconstitu-
tion in mouse models of diseases with a spectrum of immunode-
ficiency and autoimmunity. These data may eventually broaden 
the applicability of CD45-SAP in allo- and autologous HSCT when 
high chimerism or the clearance of autoreactive cells are neces-
sary to ensure the curative outcome.

Funding Source: Italian Ministry of Health (GR-2019-12369050 
to M.C.C.)

Keywords: Hematopoietic stem cell transplantation, Anti-CD45-
saporin, Conditioning
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RECREATING ALVEOLAR CAPILLARY 
COMPLEXITIES IN VESSEL ORGANOIDS 
TO UNCOVER MECHANISMS UNDERLYING 
VASCULAR MALDEVELOPMENT CAUSED BY 
FOXF1 PERTURBATIONS
Pek, Nicole - Perinatal Institute, Center for Stem Cell and 
Organoid Medicine, Cincinnati Children’s Hospital Medical 
Center, Cincinnati, OH, USA
Kotton, Darrell - Center for Regenerative Medicine, Boston 
University, Boston, MA, USA
Chen, Ya-Wen - Department of Otolaryngology and Cell, 
Developmental and Regenerative Biology, Icahn School of 
Medicine at Mount Sinai, New York, NY, USA
Whitsett, Jeffrey - Pulmonary Biology, Cincinnati Children’s 
Hospital Medical Center, Cincinnati, OH, USA

Foxhead box F1 (FOXF1) is a transcription factor that is indis-
pensable for proper pulmonary alveologenesis. Mutations in the 
FOXF1 gene cause a rare and severe congenital lung disorder 
called Alveolar Capillary Dysplasia with Misalignment of Pulmo-
nary Veins (ACD/MPV). ACD/MPV is characterized by vasculo-pul-
monary growth defects including immature lobular development 
and a sizeable decrease in number of capillaries in alveolar walls. 
Individuals with ACD/MPV typically die within the first few weeks 
of life due to respiratory failure. At present, it is unclear how mu-
tations in FOXF1, a gene predominantly expressed in the devel-
oping lung mesenchyme, cause alveolar capillary malformations 
that ultimately lead to abnormal alveologenesis in humans. The 
lack of therapeutic or pharmaceutical interventions for ACD/MPV 

is perpetuated by this gap in knowledge. Here, we report the 
derivation of vessel organoids (VOs) with alveolar capillary com-
plexities from iPSCs that were generated from ACD/MPV patients 
with different FOXF1 mutations (ACD-VOs). ACD-VOs displayed 
distinct vascular defects such as a significant reduction in endo-
thelial cell population, diminished cell migration capacities, and 
poorly formed vascular networks that lack lumen structures. Also, 
differentiating ACD-VOs exhibited clear developmental aberra-
tions and altered FOXF1 expression. In addition, we observed that 
ACD-VOs were highly hypoxic, which corresponds to what was 
observed in ACD/MPV patients. We were also able to recapitulate 
phenotypic changes in alveolar EC subtypes that were reported 
in ACD lung tissues. By introducing the patient-specific FOXF1 
mutations via site-directed mutagenesis and performing lucifer-
ase assay, disrupted FOXF1 activity caused by the mutations was 
confirmed. By employing CUT&Tag, we were able to discern mo-
lecular mechanisms underlying capillary maldevelopment caused 
by FOXF1 perturbations. Utilizing a 3D vascular organoid system, 
coupled with the use of patient iPSCs harboring unique FOXF1 
mutations, we present a strategic approach to carefully decipher 
the role of FOXF1 in human alveologenesis.

Funding Source: NIH LungMAP2, AHA Pre-doctoral Fellowship

Keywords: Vessel organoids, Alveolar Capillary ECs, Vascular 
development
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REVOLUTIONIZING RENAL RESEARSCH: 
MICROFLUIDIC KIDNEY TUBULOIDS-ON-A-CHIP 
FOR IMPROVED DRUG TRANSLATION
Kosim, Kinga - Research and Development, Mimetas B.V., 
Leiden, Netherlands
Kurek, Dorota - Research and Development, Mimetas B.V., 
Oegstgeest, Netherlands
Caro Torregrosa, Manuel - Research and Development, Mimetas 
B.V, Oegstgeest, Netherlands
Gijzen, Linda - Research and Development, Mimetas B.V., 
Oegstgeest, Netherlands
Grasegger, Julia - Research and Development, Mimetas B.V., 
Oegstgeest, Netherlands
Lanz, Henriette - Research and Development, Mimetas B.V., 
Oegstgeest, Netherlands

Current 2D in vitro models of renal epithelium lack the key fea-
tures of the in vivo setting, such as tubular structure and perfu-
sion, resulting in low translatability to human situations and fail-
ure in clinical translation. Microfluidic techniques are becoming 
increasingly recognized as a valuable tool for adding physiologi-
cally relevant cues to traditional cell cultures. These cues include 
long-term gradient stability and continuous perfusion. Microfluidic 
technology also allows for the patterning of cell layers as strati-
fied co-cultures that are free from artificial membranes, enabling 
the capture of complex tissue architectures found in vivo. Here, 
we introduce the OrganoPlate microfluidic platform, which can 
accommodate up to 64 independent microfluidic chips in a micro-
titer plate format, allowing the growth of 64 independent kidney 
tubuloid-derived barrier tissues in the form of perfused tubules. 
These renal tubules can be formed in just four days of culture 
in the device showing rapid and reproducible cell polarization, 
tight junction formation and proper expression of renal markers. 
When integrated into an OrganoPlate system, kidney tubuloids 
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) form leak-tight, perfusable tubes with stable Trans Epithelial Elec-
trical Resistance (TEER), and are suitable for high-throughput 
screening of compound effects through assessment of barrier 
integrity by use of OrganoTEER and by real-time imaging of trans-
port. OrganoPlate grown kidney tubes treated with Pgp inhibitor 
Verapamil show significant reduction of Rhodamine123 transport 
through kidney tubule barrier which confirms show stable activity 
of Pgp transporter and usability of the model in studying renal 
drug clearance. Our results demonstrate the suitability of our in 
vitro microfluidic kidney tubuloid-on-a-chip model in mimicking 
key physiological aspects of the kidney and offer new ways for 
studying organ physiology and renal disease mechanisms and 
drug toxicity.

Keywords: Perfused kidney organoid tubuloids, Improved drug 
translation, 3D human disease model
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REVEALING THE MOLECULAR NUANCES 
OF TRPC6 IN FOCAL SEGMENTAL 
GLOMERULOSCLEROSIS IN AN IN VITRO HUMAN 
PODOCYTE MODEL
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Batool, Lilas - BIH Center for Regenerative Therapies, Berlin, 
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Hariharan, Krithika - Project Center for Stem Cell Process 
Engineering, Fraunhofer-Institute for Biomedical Engineering 
(IBMT), Würzburg, Germany
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(BCRT), Charité - Universitätsmedizin, Berlin, Germany
Gollasch, Maik - Klinik und Poliklinik für Innere Medizin D - 
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Focal segmental glomerulosclerosis (FSGS) disease is caused 
by mutations in the transient receptor potential cation channel-6 
(TRPC6) gene, which is inherited as an autosomal dominant pat-
tern. With predominance in podocytes, TRPC6 is involved in the 
proper intracellular calcium level, which maintains the normal 
physiological function of podocytes. Excessive or shortage of cal-
cium influx in these cells may result in apoptosis, foot process 
effacement, and nephron degeneration. Here, we aim to unravel 
the mechanism behind podocyte loss in FSGS that is proposed to 
be caused by the gain of function (GOF) or loss of function (LOF) 
mutation in TRPC6, expressed in podocytes and supplement the 
lost podocytes by producing them in vitro. We have established 
a systematically optimized inducible FSGS model system in hu-
man induced pluripotent stem cells (hiPSCs) by targeting the dual 
genomic safe harbor (GSH) locus. The Tet-ON-controlled system 
allowed the controlled expression of the GOF / LOF TRPC6 pro-
teins. Furthermore, these cell lines were induced to differentiate 
into podocytes. In order to assess the effects of mutation–de-
pendent intracellular Ca+2 perturbations in podocytes, we mea-
sured the calcium influx in combination with TRPC6 agonists and 
inhibitors. Our data showed comparable responses of calcium 
influx that are consistent with the GOF and LOF phenotypes. In 
addition, we want to use transgenic TRPC6-induced podocytes 
in a microfluidic chip-based model system. The novel glomerulus 
platform offers a deeper understanding of the TRPC6-associat-
ed mechanism of podocyte loss by allowing the comparison be-
tween healthy and diseased podocytes in their morphology and 
behavior. We strongly believe that this humanized and person-
alized system can provide helpful insights for future therapeutic 

interventions that can slow down or even abolish the progress of 
FSGS and other CKDs.

Keywords: FSGS, TRPC6, Podocytes
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SPECIFYING PROXIMAL NEPHRON CELLS IN 
SYNCHRONIZED KIDNEY ORGANOIDS
Schnell, Jack M. - Development, Stem Cells, and Regenerative 
Medicine, University of Southern California, Los Angeles, CA, 
USA
Achieng, MaryAnne - Stem Cell Biology and Regenerative 
Medicine, University of Southern California, Los Angeles, CA, 
USA
Fausto, Connor - Stem Cell Biology and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA
Lindström, Nils - Stem Cell Biology and Regenerative Medicine, 
University of Southern California, Los Angeles, CA, USA

The function of the kidney is to receive one fifth of the cardiac out-
put and to filter and maintain blood composition. Compounds that 
are required by the body are reabsorbed while unwanted metab-
olites are excreted. Renal function is performed by proximal tu-
bule cells (PT). These cells are acutely vulnerable to damage and 
toxicity, and PT-related pathologies are the primary reason pa-
tients need dialysis and kidney transplants. While stem cell-based 
systems hold great promise for providing regenerative therapies 
alleviating kidney disease and developing safe therapeutics with 
reduced nephrotoxic side effects, current kidney organoids do 
not meet this demand. Regardless of the protocol used to gener-
ate them, PT organoid cells do not mature beyond early nephron 
stages and display differentiation abnormalities. A reason for this 
is that organoid nephrons (nephroids) do not receive signals that 
in vivo nephrons normally do. To address this bottleneck, we have 
developed a strategy utilizing timed addition of small-molecule in-
hibitors that, with precision, mimic cell-fate decisions. This drives 
normal developmental programs to proximally bias nephroids in 
our new system of synchronized nephroids. Our preliminary ex-
periments show that transient application of small-molecule in-
hibitors drives a Notch-dependent response in early nephroids 
and generates proximal cell identities. Notch ligands and target 
genes are upregulated in response to early treatments and the 
nephroids gradually activate transcription factor HNF4A, which 
is necessary for normal PT maturation and function. Sequencing 
analyses of FAC sorted proximalizing cells show treated organ-
oids increase early HNF4A target genes that impart physiological 
function to the PT, such as CUBN and LRP2. This work provides 
insights into the signaling networks that underpin the formation of 
PT cells, contributing to the development of high-fidelity in vitro 
models of PTs. These protocols are a strong stepping-stone for 
our efforts to build functional proximal cells.

Keywords: kidney organoid, proximal tubule, organoid nephrons
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HUMAN BILIARY ORGANOID MODEL TO 
EVALUATE ADD3 GENE PREDISPOSITION IN 
BILIARY ATRESIA
Ha, Long Hei - Surgery, The University of Hong Kong, Hong 
Kong
Liu, Hailong - Surgery, The University of Hong Kong, Hong Kong
Lui, Chi Hang - Surgery, The University of Hong Kong, Hong 
Kong
Tam, Kwong Hang - Medicine, Macau University of Science and 
Technology, Macau

Biliary atresia (BA) is a neonatal fibroinflammatory disease, result-
ing in the obstruction of biliary trees. To date, one of the putative 
risk factors – ADD3 gene was discovered in genome-wide asso-
ciation studies although the mechanisms of ADD3 have not yet 
been delineated in human specimens. In this study, we aimed to 
unearth the roles of ADD3 in biliary development, as well as the 
underlying pathogenesis in BA. We combined the state-of-the-art 
techniques of human induced-pluripotent stem cell (hPSC) and 
CRISPR-Cas9 to generate control, ADD3+/- and ADD3-/- stem 
cells. Organoids were derived in a stepwise manner to recapit-
ulate key biliary development, which started with the differentia-
tion of hPSCs into endoderms, foregut progenitors, hepatoblasts, 
cholangiocyte progenitors and eventually mature cholangio-
cytes. Knock out of ADD3 perturbed biliary development, given 
that markers of hepatoblasts (alpha fetoprotein and SOX9) and 
those of cholangiocyte progenitors (cytokeratin19 and SOX9) 
were downregulated. ADD3+/- and ADD3-/- biliary organoids also 
demonstrated aberrant morphology and retarded growth, which 
expressed fewer differentiation markers (hepatocyte nuclear fac-
tor 1 homeobox B [HNF1B], cytokeratin 19, SOX9, and γ glutamyl 
transferase [GGT]) and proliferation marker (Ki67). Interestingly, 
loss of ADD3 disrupted apical – basal organization through im-
pairing the localizations of F-actin, tight junction protein zonula 
occludens-1 (ZO-1), claudin, radixin, β catenin and cystic fibrosis 
transmembrane conductance regulator (CFTR), which indicated 
the disruption of cell polarity. Last but not least, loss-of-function 
mutation of ADD3 gene can inactivate Notch, Wnt and YAP/TAZ 
pathways which governed biliary development. Together, these 
results suggest that downregulation of ADD3 hinders biliary de-
velopment and disrupts apical–basal organization, recapitulating 
the phenotype of BA patient liver organoids.

Funding Source: Theme-based Research Scheme (T12-712/21-R) 
RGC Hong Kong SAR Government, Hong Kong SAR, China

Keywords: hPSC – derived biliary organoids, ADD3, Biliary 
Atresia
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EXPLORING THE MECHANISTIC BASIS OF 
A GENETIC VARIANT-MEDIATED RISK TO 
NONALCOHOLIC FATTY LIVER DISEASE IN A 
DISSECTIBLE HPSC-DERIVED LIVER CULTURE
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Program, Harvard Medical School, Boston, MA, USA
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A number of genetic polymorphisms (SNP) have been associ-
ated with the pathogenesis of nonalcoholic fatty liver disease 
(NAFLD), but their underlying mechanisms remain elusive. Here, 
we focused on the rs738409 C>G, and the encoded patatin-like 
phospholipase-domain containing protein 3 (PNPLA3) I148M vari-
ant, which shows a strong association with NAFLD. We created 
a human pluripotent stem cell (hPSCs)-derived multicellular liver 
culture and modeled NAFLD by adding lipotoxic risk factors de-
rived from patients to co-cultured hepatocytes, hepatic stellate 
cells and macrophages. Using a pair of isogenic liver cultures 
differing only at the rs738049 locus, we observed enhanced de-
velopment of NAFLD phenotypes by the I148M variant. These 
differences were associated with elevated IL6/STAT3 activity, 
which is also observed in patient liver biopsies. Dampening IL6/
STAT3 activity alleviated the I148M-mediated susceptibility to 
NAFLD, while boosting it in wild-type liver cultures led to an en-
hanced development of NAFLD phenotypes. Our study thus re-
veals a potential causal link between elevated IL6/STAT3 activity 
and 148M-mediated susceptibility to NAFLD. Our liver culture is 
therefore a useful platform through which isogenic pairs of hPSCs 
can be utilized to dissect the mechanistic contributions of genetic 
variants to NAFLD.

Keywords: Nonalcoholic fatty liver disease, Genetic variant, 
Multicellular liver model
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cAMP SIGNALLING IMPROVES IPSC-DERIVED 
HEPATOCYTE POLARITY AND MATURITY TO 
GENERATE IMPROVED MODEL FOR STUDYING 
CHOLESTASIS
Garitta, Elena - Cell Biology and Cutaneous Research, Queen 
Mary University of London and Imperial College London, UK
Syanda, Adam - Department of Metabolism, Digestion and 
Reproduction, Imperial College London, UK
Burden, Jemima - Laboratory for Molecular Cell Biology, UCL, 
London, UK
Chouhan, Bhavik - Clinical Pharmacology and Safety Sciences, 
AstraZeneca, Gothenburg, Sweden
Williams, Dominic - Clinical Pharmacology and Safety Sciences, 
AstraZeneca, Cambridge, UK
Stefan, Chris - Laboratory for Molecular Cell Biology, UCL, 
London, UK
Linton, Kenneth - Cell Biology and Cutaneous Research, Queen 
Mary University of London, UK
Rashid, Tamir - Department of Metabolism, Digestion and 
Reproduction, Imperial College London, UK

Cholestasis is a liver disorder characterised by impaired bile for-
mation and flow. It is caused by genetic mutations in the canalic-
ular transporters ABCB11, ABCB4 or ATP8B1, or by drugs that in-
hibit them. The lack of in vivo and in vitro cholestasis models limits 
our understanding of the disease and ability to predict drugs that 
cause drug-induced cholestasis (DIC) or treat genetic cholestasis 
(GC). Consequently, DIC remains a main cause of drug failure in 
clinical trials and withdrawal of drugs from the market. There are 
also no approved medicines to cure GC, so patients rely on liver 
transplants. There is therefore a critical need for better cholesta-
sis models. The aim of this project is to generate a new physiolog-
ically relevant iPSC-derived hepatocyte (iHEP) model where the 
iHEPs form functional bile canaliculi (BC), express BC transporters 
and produce bile which can be used for modelling cholestasis. 
We found that stimulation of cAMP signalling in a Matrigel sand-
wich culture during a 25-day differentiation protocol significantly 
improved iHEP functionality, polarisation and BC formation. Elec-
tron microscopy revealed that the iHEPs were ultrastructurally 
more hepatocyte-like, with spherical mitochondria and nuclei. 
The iHEP BC expressed the appropriate ABC transporters, were 
sealed by junctional complexes, developed a brush boarder and 
appeared very similar to normal liver. BC functionality was con-
firmed by their ability to actively excrete a fluorescent dye into 
the BC lumen. Using CRISPR-Cas9, we generated iHEPs with 
cholestatic ABCB4null and ABCB4S320F mutations and showed 
that ABCB4S320F expression at the BC membrane was reduced 
to ~50%, as expected. ABCB4S320F expression at the BC mem-
brane could be increased to wild type levels using cyclosporin A, 
demonstrating the utility of this model to screen for compounds 
that increase BC expression of ABC transporters in cholestat-
ic patients. We also induced cholestasis via bile acid overload 
and ABCB11 inhibition and showed that the iHEPs mimicked key 
cholestatic changes in BC morphology, lipid composition, ultra-
structure and function. In conclusion, we generated an advanced 
iHEP model that shows mature hepatic functionality and polarisa-
tion which has allowed us to model characteristic changes associ-
ated with cholestasis for the first time in an iHEP model.

Funding Source: BBSRC and AstraZeneca

Keywords: Hepatocyte Differentiation, Cholestasis, Liver 
Disease Modelling

562

SCREENING PLATFORM FOR GALNAC-
CONJUGATED THERAPEUTICS USING IPSC-
DERIVED HEPATOCYTE-LIKE CELLS
Gatti, Gemma - Definigen, Cambridge, UK
Heslop, James - Definigen, Cambridge, UK
Gil, Carlos - Definigen, Cambridge, UK
Tilgner, Kasia - Definigen, Cambridge, UK

RNA-based therapies represent an attractive solution to modu-
late clinically relevant targets that are considered unattackable 
via traditional approaches. They have the potential to easily adapt 
to the rapid evolution of mutation rate and spectrum for genetic 
disorders. Safe, effective, and selective in vivo delivery of RNA-
based therapies to the liver has shown to be achievable by con-
jugating the RNA molecule to a carbohydrate moiety, N-acetylga-
lactosamine (GalNAc), that facilitates receptor-mediated uptake 
of the molecule. In particular, the abundant and specific hepatic 
ASGR receptor is capable of mediating uptake and internalization 
of GalNac-conjugated molecules allowing this class of therapeu-
tics to overcome the struggle of cellular barriers, maximize delivery 
to on-target cells and minimize exposure to off-target cells. In this 
context, a physiologically relevant in vitro system that can model 
a specific disease phenotype and simultaneously provide a plat-
form for screening GalNac-conjugated RNA-based therapeutics 
could be a powerful tool within the framework of pre-clinical effi-
cacy studies. Our platform allows us to differentiate successfully 
induced pluripotent stem cells (iPSC) into hepatocyte-like cells 
(HLCs) that show expression levels of key hepatocyte markers 
close to primary human hepatocytes (PHHs) and can resemble 
specific disease phenotypes making it a versatile technology for 
disease modelling. In this study we evaluate the ability of iPSC-de-
rived HLCs to be used as a screening platform for GalNac-conju-
gated RNA-based therapeutics. Despite differences in the gene 
expression levels of ASGR1 compared to PHHs, we demonstrated 
that iPSCs-derived HLCs effectively respond to GalNac-conjugat-
ed siRNAs by measuring their specific ASGR-mediated intracellu-
lar uptake and silencing effect on the targeted genes in addition 
to showing an increased uptake versus non-conjugated siRNA. 
The results were consistent across iPSC-derived HLCs lines from 
different donors, showing the robustness of the screening plat-
form regardless of the genetic background. This together with 
the great potential of iPSCs to model different human diseases 
offer a unique opportunity for personalised medicine to develop 
faster and to finally shine a light on the unmet medical needs of 
liver diseases.

Keywords: GalNac conjugated RNA-based therapeutics, Liver 
disease modelling, Screening platform
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564

A NOVEL LIVER-HUMANIZED RAT MODEL 
WITH FUMARYLACETOACETATE HYDROLASE 
DEFICIENCY AND SEVERE COMBINED 
IMMUNODEFICIENCY
Ge, Jian-Yun - School of Biotechnology and Health Sciences, 
Guangdong Provincial Key Laboratory of Large Animal Models 
for Biomedicine / South China Institute of Large Animal Models 
for Biomedicine / Wuyi University, Jiangmen, China
Zhang, Ludi - Shanghai Institute of Biochemistry and Cell 
Biology, Chinese Academy of Sciences Shanghai, Institutes for 
Biological Sciences, Shanghai, China
LI, Dali - Shanghai Key Laboratory of Regulatory Biology, East 
China Normal University, Institute of Biomedical Sciences and 
School of Life Sciences, Shanghai, China
Ohkohchi, Nobuhiro - Department of Gastrointestinal and 
Hepato-Biliary-Pancreatic Surgery, University of Tsukuba 
Faculty of Medicine, Tsukuba, Japan
Hui, Lijian - Shanghai Institute of Biochemistry and Cell Biology, 
Chinese Academy of Sciences Shanghai, Institutes for Biological 
Sciences, Shanghai, China
Zheng, Yun-Wen - School of Biotechnology and Health 
Sciences, Guangdong Provincial Key Laboratory of Large 
Animal Models for Biomedicine, and South China Institute 
of Large Animal Models for Biomedicine, Wuyi University, 
University of Tsukuba Faculty of Medicine, Affiliated Hospital 
of Jiangsu University, Jiangsu University, Tokyo University of 
Science Faculty of Pharmaceutical Sciences,Yokohama City 
University School of Medicine and The University of Tokyo 
Institute of Medical Science, Tsukuba, Japan

To mimic human metabolism and test the drug efficacy and tox-
icity, animal models and human /rat liver microsome are wildly 
used over the past decades. Among them, humanized-liver gen-
erated from mouse showed superior advantages for a great va-
riety of applications. However, mouse can only provide limited 
biological samples for analyses. Since rat is much bigger, and 
has been proved to recapitulate human in various physiological 
and pathological aspects, humanized rat models would be a pre-
ferred one over mouse. By CRISPR/Cas9 technique, we generat-
ed Fah-/-Rag2-/-IL2rg-/- (FRG) rat model, in which the progressive 
liver damage status could be controlled by treatment of 2-(2-Ni-
tro-4-trifluoromethylbenzoyl)-1,3-cyclohexanedione (NTBC). 
Moreover, FRG rats showed extremely low level of CD3+ T cells, 
CD45RA+ B cells, and CD161a+ NK cells, which offer a superior 
tolerance for xenogeneic transplantation. Under the controlling 
of NTBC, FRG rats were highly repopulated with human hepato-
cytes and achieved human albumin levels >1.5 mg/ml 7 months 
after transplantation. Over 10% human hepatocytes were co-ex-
pressed Ki67, indicating a continuously proliferative status. More-
over, the hepatocytes in vivo could maintain the expression of 
human-specific metabolism marker genes. This model not only 
offers a reliable platform for generating humanized liver, bene-
fiting the prediction of the specific pharmacokinetics and drug–
drug interactions in humans, but would also be applied in hiP-
SC-derived hepatocytes and hepatic organoid transplantation, as 
well as liver disease modeling.

Funding Source: The National Natural Science Foundation of 
China (82070638 & 82270697); GuangDong Basic and Applied 
Basic Research Foundation, China; JSPS KAKENHI (18H02866); 

The Grant for Intl Joint Res Proj of the Inst of Med Sci, the Univ of 
Tokyo, JP

Keywords: Humanized liver, FRG rat, Human drug metabolism
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LOSS-OF-FUNCTION MUTATION OF KIF3B CAN 
CAUSE A DEFECTIVE BILIARY DEVELOPMENT 
IN BILIARY ATRESIA: EVIDENCE FROM IPSC-
DERIVED BILIARY ORGANOID
Liu, Hailong - Surgery, The University of Hong Kong, Hong Kong
Lui, Vincent Chi Hang - Department of Surgery, The University of 
Hong Kong, Hong Kong
Tam, Paul Kwong Hang - Faculty of Medicine, Macau University 
of Science and Technology, Macau
Tang, Clara Sze Man - Department of Surgery, The University of 
Hong Kong, Hong Kong

Biliary Atresia (BA) is a poorly understood devastating fibro-ob-
literative biliary disease of newborns. Limited access to primary 
biliary tissue, difficulties in culturing primary biliary cells (cholan-
giocytes) and inadequate animal disease model have led to a 
slow advancement in unravelling the patho-mechanisms, diagno-
sis and treatment for BA. Human iPSC-derived biliary organoids 
provide us an unprecedented cellular model to study BA. We 
have conducted whole exome sequencing on 85 BA trios, iden-
tified deleterious loss of function (LOF) mutations in cilia-related 
genes including KIF3B in 31.5% non-syndromic BA patients. KIF3B 
encodes Kinesin-like protein KIF3B that is a subunit of the an-
terograde intraflagellar transport (IFT) motor protein kinesin-II in 
cholangiocyte cilia. Functional analyses demonstrated absence 
of cilia in the BA livers with KIF3B mutation and knockdown of 
KIF3B in human fibroblasts resulted in reduced number of cilia. 
Additionally, CRISPR/Cas9-engineered zebrafish knockouts of 
KIF3B displayed reduced biliary flow. In this study, we generated 
KIF3B+/- & KIF3B-/- human iPSC cells and differentiated them into 
biliary organoids to investigate the impacts of the KIF3B LOF mu-
tation in biliary development in BA.Single-cell-RNA-seq analysis 
and immuno-staining showed that KIF3B+/- and KIF3B-/- iPSCs 
are less capable in the differentiation of hepatoblast and cholan-
giocyte progenitors (CPs). Individual cell AUC revealed down-reg-
ulation of Wnt, Notch and TGF-beta pathway activity, while cell-
cell interaction analysis showed a defective cell-cell interaction 
mediated by TGAV and ITGB8 (integrin αvβ8) in the KIF3B+/- and 
KIF3B-/- CPs. Furthermore, KIF3B+/- & KIF3B-/- biliary organoids 
were few, tiny and with abnormal or no cilia. Bulk-RNA-seq and 
immunostaining analysis of biliary organoids revealed a shift from 
cholangiocyte to hepatocyte differentiation in KIF3B+/- & KIF3B-/- 
biliary organoids. Taken together, our data indicate that KIF3B 
plays a key role in cholangiocyte differentiation, which demon-
strates that the human iPSC-derived biliary organoid is a valuable 
disease model for patho-mechanistic study of BA.

Keywords: Biliary Atresia, KIF3B, iPSC-derived biliary organoids
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572

A TARGETED MEDICINE APPROACH FOR 
DERMAL CLINICAL THERAPIES USING WHARTON 
JELLY MESENCHYMAL STEM CELL (WJ-MSC) 
SECRETOME
Prieto, Catalina Pia - Biology, Universidad de Chile, Santiago, 
Chile
Casas, Bárbara - Biology, Universidad de Chile, Santiago, Chile
Villarroel, Cynthia - Biology, Universidad de Chile, Santiago, 
Chile
Elgueta, Estefania - Biology, Universidad de Chile, Santiago, 
Chile
Pérez-Monje, Dan - Biology, Universidad de Chile, Santiago, 
Chile
Carrillo, Daniela - Medicina y Ciencia, Universidad San 
Sebastián, Concepción, Chile
Edwards, Natalie - Biology, Universidad de Chile, Santiago, Chile
Lattus, José - Obstetrics and Gynecology, Universidad de Chile, 
Santiago, Chile
Palma, Verónica - Biology, Universidad de Chile, Santiago, Chile

Mesenchymal stem cells obtained from the stroma of the human 
umbilical cord (WJ-MSC) are particularly advantageous for stem 
cell therapy due to their easy obtaining, hypo-immunogenicity, 
high proliferation, and differentiation characteristics. WJ-MSCs 
secrete bioactive factors, stimulating the patient’s cells for angio-
genesis and tissue repair. Although the WJ-MSC secretome, ap-
plied directly or in combination with biomaterials, has a prominent 
therapeutic effect acting locally and systemically, its regenerative, 
anti-inflammatory, and wound-healing properties have not been 
fully elucidated. We aimed to identify proteins present in the 
secretome of WJ-MSCs by LC-MS/MS combined with Exponen-
tially modified Protein Abundance Index (emPAI) analyses. Our 
results showed several secreted proteins, some potentially car-
ried by exosomes, which is relevant when addressing the prop-
er mechanism of secretome delivery in clinical trials. Functional 
enrichment analysis showed that most proteins were related to 
structural support networks associated with the extracellular ma-
trix, organization, and assembly; there was also an enrichment 
for angiogenesis and blood vessel development functions. When 
analyzing only secreted proteins, the processes related to ossifi-
cation and skeletal system development appear significantly en-
riched. Moreover, the analysis of proteins potentially present in 
exosomes highlights the wound-healing process. These observa-
tions may be relevant to enhance the therapeutic efficacy by ob-
taining a selected core of bioactive factors from WJ-MSC that re-
flect a personalized formulation for patients with specific disease 
profiles in the healing of cutaneous wounds. Current biosafety 
studies on individuals are considering these WJ-MSC’s secre-
tome selection criteria when used for specific dermal treatments.

Funding Source: FONDEF 2021 ID21I10077 (VP), CORFO 
21CVID2-183808 (CP), StartUp Ciencia SUC210067 (CV), 
FONDECYT 1221522 (VP), MELISA Institute CLA-02022023-01 
FISAR

Keywords: Wharton Jelly Mesenchymal Stem Cells, Secretome, 
Wound Skin Repair

574

HYPERINSULINEMIA CAUSES OXIDATIVE STRESS 
IN ADIPOCYTES BLOCKING MITOCHONDRIAL 
METABOLISM AND INSULIN RESPONSE
Friesen, Max - Biology, Whitehead Institute for Biomedical 
Research, Cambridge, MA, USA
Jaenisch, Rudolf - Biology, Whitehead Institute for Biomedical 
Research, Cambridge, MA, USA

Adipocytes are key regulators of whole-body metabolism, and 
they play a central role in metabolic disease such as type II di-
abetes mellitus (T2D) if their insulin signaling is disrupted. How-
ever, the progression of cellular insulin resistance (IR) towards 
full-blown T2D is still poorly understood. Our progress has in part 
been hampered because traditional models fail to recapitulate 
the human physiology of insulin signaling. We previously pub-
lished a protocol to derive hPSC-adipocytes that mimic in vivo cell 
function, primarily by adapting the adipocytes to a medium re-
sembling human physiology. By chronically exposing cells to 3nM 
insulin we can model diabetic hyperinsulinemia, leading to IR as 
demonstrated by reduced insulin response in protein phosphor-
ylation, glucose uptake, and lipolysis, plus altered gene expres-
sion. The gene expression results implied dysregulated oxidative 
phosphorylation (oxphos) and glycolysis, which we confirmed 
functionally through Seahorse assays. Here we find IR adipocytes 
show impaired metabolism and absent acute insulin response. 
This is paired with increased oxidative stress and decreased mi-
tochondrial membrane potential. Metabolomic profiling shows 
decreased overall abundance of glycolysis-related metabolites, 
and several key mis-regulated metabolites in the oxphos path-
way. Alleviating oxidative stress by use of MitoTEMPO – an anti-
oxidant specifically targeted to the mitochondria – normalizes IR 
adipocytes in Seahorse and metabolomics. More importantly, Mi-
toTEMPO rescues insulin-stimulated AKT2 phosphorylation after 
hyperinsulinemia exposure. Altogether this reveals that IR leads 
to oxidative stress and impaired mitochondrial function, which 
we can therapeutically target. We hypothesize the mitochondrial 
dysfunction leads to a feedback mechanism on insulin signaling 
through protein post-translational modifications (PTMs), hinted 
at by altered levels of PTM-related oxphos metabolites such as 
acetyl-CoA. We are further trying to clarify the mechanism under-
lying insulin resistance in this setting, as well as leverage other 
metabolic insults including inflammation and hyperglycemia to 
study adipocyte metabolic disease. We have also had success 
with adapting this insulin signaling and IR model to a number of 
other stem cell-derived cell types.

Funding Source: This study was supported by Novo Nordisk.

Keywords: Diabetes, Adipocytes, Insulin resistance
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DEVELOPMENT OF NANOBODY-MEDIATED 
SPECIFIED TARGETING OF OSTEOSARCOMA 
CANCER STEM CELLS
Lachmansingh, Rovin Narundesh - Surgery, Stanford University, 
Palo Alto, CA, USA
Chan, Charles - Surgery, Stanford University, Palo Alto, CA, USA
Zhao, Liming - Surgery, Stanford University, Palo Alto, CA, USA
Lee, Lorene - Surgery, Stanford University, Palo Alto, CA, USA
Ambrosi, Thomas - Surgery, Stanford University, Palo Alto, CA, 
USA
Ma, Jasper - Surgery, Stanford University, Palo Alto, CA, USA
Wang, Yuting - Surgery, Stanford University, Palo Alto, CA, USA
Takematsu, Eri - Surgery, Stanford University, Palo Alto, CA, USA
Hoover, Malachia - Surgery, Stanford University, Palo Alto, CA, 
USA

Osteosarcoma is a malignant bone tumor typically presenting in 
childhood and adolescence. The dense extracellular matrix (ECM) 
and the heterogeneity of osteosarcoma cells make developing 
targeted therapy for these tumors extremely difficult. Nanobody, 
or single-domain antibody, is an antibody fragment consisting 
of a single monomeric variable antibody domain. Nanobodies 
show excellent promise for treating osteosarcoma due to their 
high specificity and small size, allowing them to efficiently target 
specific surface markers on these tumor cells while penetrating 
through the dense ECM surrounding them. We hypothesized that 
nanobody-mediated specified targeting of osteosarcoma cancer 
stem cells (OCSC) could overcome these pitfalls and provide a 
new paradigm for solid tumor treatment. In the present study, we 
engineered an osteosarcoma cell line by labeling the cell mem-
brane with GFP protein, which can be recognized by anti-GFP na-
nobody, to test the hypothesis. In vitro co-culture of GFP labeled 
and non-labeled tumor cells was used to evaluate GFP nanobody 
specificity. In vivo mouse models of GFP labeled and non-labeled 
tumor cells derived osteosarcoma were generated to test nano-
body-mediated specific targeting and penetration. Cellular bar-
coding technique and single-cell RNA-sequencing were used to 
track lineage cell output of transplanted human primary osteo-
sarcoma and to identify specific markers for OCSC. Novel nano-
bodies were then screened and tested to target OCSC. We ob-
served that anti-GFP nanobody specifically binds to GFP-labeled 
osteosarcoma cells in the in vitro co-culture system. In the in vivo 
model, anti-GFP nanobody showed higher affinity and longer 
persistence in GFP-labeled tumors. Several specific markers for 
OCSC have been identified and are under testing for nanobody 
targeting. In conclusion, our results proved the concept of nano-
body-drug conjugate for osteosarcoma cancer stem cell targeted 
therapy.

Keywords: Osteosarcoma, Nanobody, Cancer Stem Cells
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A NOVEL MITOCHONDRIAL HOMING 
DRUG, MITOCHONIC ACID5, MITIGATES A 
DYSFUNCTIONAL PHENOTYPE IN BARTH 
SYNDROME PATIENT-DERIVED IPSC-MYOBLAST
Toyohara, Takafumi - Clinical Biology and Hormonal 
Regulation, Division of Nephrology, Endocrinology and Vascular 
Medicine, Tohoku University Graduate School of Medicine, 
Sendai-shi, Japan
Tongu, Yoshiyasu - School of Medicine, Tohoku University, 
Sendai-shi, Japan
Suzuki, Momoka - School of Medicine, Tohoku University, 
Sendai-shi, Japan
Luo, Yuhan - Histogenetic Dynamics, Tohoku University 
Graduate School of Life Sciences, Sendai-shi, Japan
Fukuda, Shinji - Advanced Biosciences, Keio university, Turuoka-
shi, Japan
Pu, William - Cardiology, Boston Children’s Hospital, Harvard 
University, Harvard Stem Cell Institute, Boston, MA, USA
Kuranaga, Erina - Histogenetic Dynamics, Tohoku University 
Graduate School of Life Sciences, Sendai-shi, Japan
Abe, Takaaki - Clinical Biology and Hormonal Regulation, 
Division of Nephrology, Endocrinology and Vascular Medicine, 
Tohoku University Graduate School of Medicine, Sendai-shi, 
Japan

Barth syndrome (BTHS) is an X-linked recessive multisystem 
disorder caused by a mutation in Taffazin (TAZ) gene. TAZ is 
highly expressed in both cardiac and skeletal muscle and cat-
alyzes cardiolipin (CL) into its mature form at the mitochondrial 
inner membrane. Thus, the mutation in TAZ causes mitochondri-
al dysfunction followed by dilated cardiomyopathy and skeletal 
myopathy. However, there is currently no definitive treatment 
other than interventions to ameliorate acute symptoms. We re-
cently developed a novel mitochondria-homing drug, Mitochonic 
Acid (MA)-5 (under phase 1 clinical trial), which can alleviate mito-
chondrial dysfunction and can facilitate ATP production by ATP 
synthase oligomerization and super complex formation through 
binding to a mitochondrial inner membrane protein. In this study, 
we investigated the therapeutic effect of MA-5 on BTHS using 
human iPSCs-derived myocytes and drosophila BTHS model with 
TAZ mutation. We first differentiated control (PGP1-TAZWT) and 
TAZ (PGP1-TAZ517delG) mutant human iPSCs into myoblast and 
examined their mitochondrial function and oxidative stress toler-
ance. As a result, the mitochondrial respiratory function, ATP pro-
duction, and tolerance to oxidative stress deteriorated in TAZ mu-
tated iPSC-myoblast compared to their control. Treatment with 
MA-5 rescued the mitochondrial dysfunction and increased cell 
survival in TAZ-mutated iPSC-myoblasts. We also examined the 
effect of MA-5 on the BTHS model drosophila. Administration of 
MA-5 improved the motor dysfunction measured by climbing as-
say in BTHS model drosophila. By electron microscopy, the mus-
cle of BTHS model drosophila showed abnormal mitochondria 
accumulation that was significantly improved by MA-5 treatment. 
We also measured the cardiolipins by lipidomics and found that 
the CL composition was not changed by MA-5, suggesting that 
structural change of mitochondrial membrane by MA-5 would 
ameliorate the symptom of BTHS. In conclusion, these data sug-
gest that MA-5 is a potential therapy for BTHS patients.

Keywords: Barth syndrome, Mitochondria, Myopathy
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THE BIG BAG3 THEORY: INSIGHTS FROM HIPSC 
MODELS FOR BAG3P209L - MYOFIBRILLAR 
MYOPATHY
Filippi, Kerstin - Institute of Physiology I, University of Bonn, 
Germany
Conklin, Bruce - Department of Medicine, University of 
California, San Francisco, CA, USA
Fleischmann, Bernd - Institute of Physiology, University of Bonn, 
Germany
Höhfeld, Jörg - Institute for Cell Biology, University of Bonn, 
Germany
Hesse, Michael - Institute of Physiology, University of Bonn, 
Germany
Judge, Luke - Neonatal-Perinatal Medicine, University of 
California, San Francisco, CA, USA

Patients with an amino acid substitution at position 209 in the 
Bag3 gene (p.P209L; c.626C>T) suffer from severe myofibrillar 
myopathy (MFM6) and neuropathy. The MFM6 manifests as skel-
etal muscle dystrophy and restrictive cardiomyopathy, reducing 
average life expectancy to about 20 years. BAG3 plays as a mem-
ber of the CASA complex (chaperone-assisted selective autoph-
agy) a key role in the turnover of muscle proteins. Our goal is 
to gain a mechanistic understanding of BAG3-associated muscle 
diseases and to develop new experimental therapeutic approach-
es. To this end, we generated a human induced pluripotent stem 
cell (iPSC) line carrying the BAG3P209L mutation both heterozy-
gously and homozygously by gene editing from a well-charac-
terized iPSC line. In addition, we use an iPSC line derived from a 
patient with BAG3P209L MFM6 and a BAG3-/- iPSC line together 
with the isogenic controls. These iPSC lines could be successfully 
differentiated into twitching skeletal muscle cells using an estab-
lished differentiation protocol, and phenotypically analyzed. Inter-
estingly, both the BAG3P209L mutation and deletion of the BAG3 
gene lead to morphological abnormalities, such as the formation 
of thinner skeletal myotubes and an increase in apoptosis rate 
compared with controls. Western blot analyses and immunohisto-
chemical stainings for structural components (e.g., desmin, actin, 
MF20) indicated differences, such as more prominent cross stria-
tions in controls compared to mutant myotubes. Members of the 
protein quality control system (e.g., BAG3, HSPB8, LC3B) were 
found to be upregulated in the patient-specific myotubes when 
compared with controls. In addition, we analyzed the effects of 
physical stress induced by electrical stimulation, which resulted 
in a significant increase in protein levels of BAG3, p62, and LC3B. 
Neuromuscular organoids (NMO) were generated to investigate 
both skeletal muscle and neuronal phenotypes of MFM6. Initial 
results showed that deletion of the BAG3 gene led to morpholog-
ical changes as the BAG3-/--NMOs are larger. We also detected 
changes in the twitch pattern, both in spontaneous and electri-
cally stimulated activity of the BAG3-/--NMOs. We are currently 
investigating whether these BAG3-associated pathomechanisms 
in the organoids can be attributed to a dysfunctional innervation.

Keywords: BAG3, skeletal muscle cells, iPSC
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EFFICIENT GENERATION OF PLURIPOTENT STEM 
CELL-DERIVED MYOGENIC PROGENITOR CELLS 
AND MYOFIBERS
Bou Akar, Reem - INSERM U955, Mondor Institute for 
Biomedical Research, Paris, France
Esteves De Lima, Joana - INSERM U955, Mondor Institute for 
Biomedical Research, Créteil, France
Lama, Chéryane - INSERM U955, Mondor Institute for 
Biomedical Research, Créteil, France
Maruotti, Julien - PHENOCELL SAS, Grasse, France
Onteniente, Brigitte - PHENOCELL SAS, Grasse, France
Relaix, Frédéric - INSERM U955, Mondor Institute for Biomedical 
Research, Créteil, France

Driving efficient and pure skeletal muscle cell differentiation from 
pluripotent stem cells has been challenging. Here, we report an 
optimized protocol that generates skeletal muscle progenitor 
cells with high efficiency and purity, in a short period of time. Hu-
man induced pluripotent stem cells (hiPSC) and mouse embryon-
ic stem cells (mESC) were specified into the mesodermal myo-
genic fate using distinct and species-specific protocols. We used 
a specific Maturation Medium to promote terminal differentiation 
of both human and mouse myoblast populations, and generat-
ed myotubes associated with a large pool of cell cycle-arrested 
PAX7+ cells. We further show that myotube maturation is mod-
ulated by the dish coating properties, cell density and percent-
age of myogenic progenitor cells. Given the high efficiency in the 
generation of myogenic progenitors and differentiated myofibers, 
this protocol provides an attractive strategy for tissue engineer-
ing, modeling of muscle dystrophies and evaluation of new thera-
peutic approaches in vitro.

Keywords: myogenic differentiation, hiPSC, muscle progenitor 
cells
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LOSS-OF-FUNCTION MUTATION IN KCNQ5 
FAILS TO PROTECT FROM NEURONAL 
HYPERACTIVATION AND LEADS TO AN 
EPILEPTIFORM PHENOTYPE IN IPSC-DERIVED 
NEURONS
Disse, Paul - Cellular Electrophysiology, University Hospital 
Muenster, Germany
Ritter, Nadine - Cellular Electrophysiology, University Hospital 
Muenster, Germany
Seebohm, Guiscard - Cellular Electrophysiology, University 
Hospital Muenster, Germany

Developmental and epileptic encephalopathy (DEE), as well as 
intellectual disability, have been linked to the malfunction of 
members of the KCNQ channel family. While the role of KCNQ2/
KCNQ3 channels in epilepsy was first described in 1998, less is 
known about the function and malfunction of KCNQ5. First de 
novo mutations in the KCNQ5 gene have been described recent-
ly. Here, we search for novel KCNQ5 gene variants and aim to an-
alyze the pathomechanism in a human iPSC-derived neural cul-
ture. Next-generation sequencing was applied to identify novel 
KCNQ5 variants in DEE patients. Two electrode voltage clamp re-
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cordings, patch clamp, and disease modeling in human iPSC-de-
rived neural cultures were conducted. We identified a novel het-
erozygous missense variant in the channel’s distal N-terminus 
associated with epileptic encephalopathy. The missense variant 
displayed a strong loss-of-function in heterologous expression. 
Mutant channels exerted a significant dominant-negative effect 
on wildtype KCNQ5 and KCNQ2/KCNQ3 channels. Immunofluo-
rescence microscopy revealed a reduced plasma membrane ex-
pression of the variant. Further, the missense variant failed to limit 
burst-like neuronal activity in human iPSC-derived neural culture, 
thereby leading to an epileptiform phenotype on the cellular lev-
el. Here, we identify a novel KCNQ5 variant in association with an 
epileptic encephalopathy phenotype in a patient. Loss-of-func-
tion, reduced trafficking of mutant channels to the plasma mem-
brane, and dominant-negative effects on wt channels are detect-
ed in heterologous expression. The reduced KCNQ5 M-currents 
limiting function in human iPSC-derived neurons, indicated by 
increased burst-like behavior, suggests a pathomechanism of the 
variant to induce generalized seizures in patients.

Keywords: Epilepsy, Electrophysiology, Potassium channels

704

MODELING PARKINSON’S DISEASE IN 2D 
AND 3D: EVALUATING ALPHA-SYNUCLEIN 
AGGREGATION, AUTOPHAGY, AND NEURAL 
NETWORK ACTIVITY
Hilcove, Simon - Product Development, FUJIFILM Cellular 
Dynamics, Inc., Madison, WI, USA
Schachtele, Scott - Product Development, FUJIFILM Cellular 
Dynamics, Madison, WI, USA
Donato, Stella - Research and Development, AXXAM, Milan, 
Italy
Del Prete, Dolores - Research and Development, AXXAM, Milan, 
Italy
Ricci, Fernanda - Imaging/High Content Screening, AXXAM, 
Milan, Italy
Cainarca, Silvia - Research and Development, AXXAM, Milan, 
Italy
Fathi, Ali - Research and Development, FUJIFILM Cellular 
Dynamics, Madison, WI, USA
Fiene, Rebecca - Research and Development, FUJIFILM Cellular 
Dynamics, Madison, WI, USA
Liu, Jing - Research and Development, FUJIFILM Cellular 
Dynamics, Madison, WI, USA
Carlson, Coby - Research and Development, FUJIFILM Cellular 
Dynamics, Madison, WI, USA

Discovery and validation of new treatments for Parkinson’s Dis-
ease (PD) can greatly benefit from the creation of advanced, 
biologically relevant human cellular models. In partnership with 
the Parkinson’s Progression Markers Initiative (PPMI) and The Mi-
chael J. Fox Foundation (MJFF), FUJIFILM Cellular Dynamics gen-
erated iPSC lines from clinically symptomatic PD patients carrying 
known risk-associated gene mutations. These human iPSC lines 
were differentiated into midbrain dopaminergic neurons (iCell® 
DopaNeurons). The etiology of dopaminergic neuron cell death 
in PD is complex involving multiple factors that include mitochon-
drial dysfunction, impaired endosomal/lysosomal protein degra-
dation, α-synuclein and tau aggregation, and neuroinflammation. 
In this study, we utilized dopaminergic neurons generated from 
apparently healthy normal (AHN) and PD donor-derived iPSCs 
harboring either the LRRK2 G2019S or GBA N370S mutations to 
investigate multiple mechanisms thought to underly PD. Dopa-

minergic neurons were cultured either in 2D (as a mono-culture 
or in co-culture with iCell Astrocytes) or as 3D spheroids (iCell 
NeuroSpheres). Mono-cultures of iPSC-derived dopaminergic 
neurons were evaluated for multiple cell functions related to neu-
rodegeneration, including cell metabolism, neurite outgrowth and 
degeneration, α-synuclein aggregation, and lysosomal activation. 
Using α-synuclein preformed fibrils to seed the cultures, elevat-
ed α-synuclein aggregation was observed in LRRK2 G2019S and 
GBA N370S dopaminergic neurons compared to AHN controls. 
Interestingly, no striking differences were observed in any of the 
cells, with only a small change in puncta area for the GBA N370S 
mutant, when assessing engagement of autophagic pathways via 
LAMP-1 expression and puncta formation. We also evaluated neu-
ral network activity in both 2D, using multi-electrode array (MEA), 
and in 3D using calcium oscillation assays of dopaminergic neu-
ron-containing iCell NeuroSpheres. Functional assays revealed 
diverse phenotypes for the PD patient-derived cells in both 2D 
and 3D systems compared to AHN controls. This study expands 
the characterization of LRRK2 G2019S and GBA N370S PD do-
paminergic neurons and shows proof-of-concept data for 3D dis-
ease modeling of PD using multi-cellular neurospheres.

Keywords: Parkinson’s disease, human iPSC-derived 
dopaminergic neurons, synuclein
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SARS-COV-2 INFECTION CAUSES 
DOPAMINERGIC NEURON SENESCENCE
Yang, Liuliu - Surgery, Weill Medical College, New York, NY, 
USA
Han, Yuling - Surgery, Weill Medical College of Cornell 
University, New York, NY, USA
Kim, Tae Wan - The Center for Stem Cell Biology, Sloan 
Kettering Institute for Cancer Research, New York, NY, USA
Nair, Manoj - Aaron Diamond AIDS Research Center, Columbia 
University Vagelos College of Physicians and Surgeons, New 
York, NY, USA
Zhu, Jiajun - Surgery Department, Weill Medical College of 
Cornell University, New York, NY, USA
Harschnitz, Oliver - The Center for Stem Cell Biology, Sloan 
Kettering Institute for Cancer Research, New York, NY, USA
Wang, Pengfei - Aaron Diamond AIDS Research Center, 
Columbia University Vagelos College of Physicians and 
Surgeons, New York, NY, USA
Koo, So Yeon - The Center for Stem Cell Biology, Sloan 
Kettering Institute for Cancer Research, New York, NY, USA
Lacko, Lauretta - Surgery Department, Cornell University / Weill 
Medical College of Cornell, New York, NY, USA
Chandar, Vasuretha - Division of Gastroenterology and 
Hepatology, Department of Medicine, Weill Cornell Medical 
College, New York, NY, USA
Bram, Yaron - Division of Gastroenterology and Hepatology, 
Department of Medicine, Weill Cornell Medical College, New 
York, NY, USA
Zhang, Tuo - Genomic Resource Core Facility, Weill Cornell 
Medicine, New York, NY, USA
Huang, Yaoxing - Aaron Diamond AIDS Research Center, 
Columbia University Vagelos College of Physicians and 
Surgeons, New York, NY, USA
Evans, Todd - Surgery Department, Cornell University / Weill 
Medical College of Cornell, New York, NY, USA
Der Valk, Paul van - Department of Pathology, Amsterdam 
University, Netherlands
Titulaer, Maarten - Department of Neurology, Erasmus 
University, Rotterdam, Netherlands
Spoor, Jochem - Department of Neurosurgery, Erasmus 
University, Rotterdam, Netherlands
Canoll, Peter - Vagelos College of Physicians and Surgeons, 
Columbia University, New York, NY, USA
Goldman, James - Vagelos College of Physicians and Surgeons, 
Columbia University, New York, NY, USA
Przedborski, Serge - Vagelos College of Physicians and 
Surgeons, Columbia University, New York, NY, USA
Schwartz, Robert - Division of Gastroenterology and 
Hepatology, Department of Medicine, Cornell University / Weill 
Medical College of Cornell, New York, NY, USA
Ho, David - Aaron Diamond AIDS Research Center, Columbia 
University Vagelos College of Physicians and Surgeons, New 
York, NY, USA
Studer, Lorenz - The Center for Stem Cell Biology, Sloan 
Kettering Institute for Cancer Research, New York, NY, USA
Chen, Shuibing - Surgery Department, Cornell University / Weill 
Medical College of Cornell, New York, NY, USA

COVID-19 patients commonly present with neurological signs 
of central nervous system (CNS) and/or peripheral nervous sys-
tem dysfunction. However, which neural cells are permissive to 
infection by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) has been controversial. Here, we show that mid-

brain dopamine (DA) neurons derived from human pluripotent 
stem cells (hPSCs) are selectively permissive to SARS-CoV-2 
infection , and that SARS-CoV-2 infection triggers a DA neuron 
inflammatory and cellular senescence response. A high-through-
put screen in hPSC-derived DA neurons identified several FDA 
approved drugs, including riluzole, metformin, and imatinib, that 
can rescue the cellular senescence phenotype and prevent 
SARS-CoV-2 infection. RNA-seq analysis of human ventral mid-
brain tissue from COVID-19 patients, using formalin-fixed paraf-
fin-embedded autopsy samples, confirmed the induction of an in-
flammatory and cellular senescence signature and identified low 
levels of SARS-CoV-2 transcripts. Our findings demonstrate that 
hPSC-derived DA neurons can serve as a disease model to study 
neuronal susceptibility to SARS-CoV-2 and to identify candidate 
neuroprotective drugs for COVID-19 patients. The susceptibility 
of hPSC-derived DA neurons to SARS-CoV-2 and the observed 
inflammatory and senescence transcriptional responses suggest 
the need for careful, long-term monitoring of neurological prob-
lems in COVID-19 patients.

Funding Source: This work was supported by the Department 
of Surgery, Weill Cornell Medicine, NIH, NYSTEM, NCI , NIAID, 
NIDDK. Department of Medicine, Weill Cornell Medicine and 
NINDS and NIA, and by the Jack Ma Foundation and the 
Parkinson Foundation.

Keywords: SARS-CoV-2, midbrain dopamine neuron, 
senescence
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THE ROLE OF FATTY ACID BETA-OXIDATION IN 
HUMAN BRAIN DEVELOPMENT
Sudria Lopez, Daniel - Department of Biomedical Sciences, 
University of Lausanne, Switzerland
Maillard, Vanille - Department of Biomedical Sciences, University 
of Lausanne, Switzerland
Igelbüscher, Carla Marie - Department of Biomedical Sciences, 
University of Lausanne, Switzerland
Schütze, Theresa - Center for Regenerative Therapies Dresden 
(CRTD), Technische Universität Dresden, Germany
Albert, Mareike - Center for Regenerative Therapies Dresden 
(CRTD), Technische Universität Dresden, Germany
Knobloch, Marlen - Department of Biomedical Sciences, 
University of Lausanne, Germany

Neural stem cells (NSCs) are the stem cells that give rise to the 
entire brain and even continue to form new neurons throughout 
life. Understanding what regulates NSC behavior is thus import-
ant for development and adulthood. Recently, metabolism has 
been shown to have an important role in the regulation of stem 
cell activity/fate in different tissues. Previously, Knobloch and col-
leagues specifically described the importance of lipid metabolism 
for NSC quiescence, proliferation and integration of their progeny 
in the mouse brain. However, whether lipid metabolism plays a 
similar role in the regulation of human NSCs remains poorly un-
derstood. Therefore, we aim to assess the importance of lipid 
metabolism, specifically the breakdown of lipids, for human NSCs 
and during human brain development. To do so, we are target-
ing carnitine palmitoyl transferase 1a (CPT1A), the rate-limiting en-
zyme of fatty acid beta-oxidation (FAO) using the pharmacolog-
ical FAO inhibitor etomoxir and shRNAs against CPT1A. We are 
using monocultures of in vitro derived humans NSCs to assess 
the effect of FAO blockage for NSC proliferation, apoptosis, qui-
escence and differentiation capacities. To better understand the 
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effect of FAO inhibition during brain development, we are also 
using cerebral organoids and neural rosettes, which model ear-
ly brain development. Our results show that CPT1A is highly ex-
pressed in NSCs during brain development. While blocking FAO 
in human NSC monocultures only showed subtle effects, block-
ing FAO in cerebral organoids strongly reduced NSC prolifera-
tions and increased cell death, suggesting that FAO is indeed an 
important metabolic pathway for human NSCs.

Keywords: lipid metabolism, brain development, neural stem cell
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MODELLING NEUROEPITHELIAL BEHAVIOURS 
RELEVANT TO SPINA BIFIDA CAUSATION IN 
IPSC-DERIVED SHEETS
Ampartzidis, Ioakeim - Great Ormond Street Institute of Child 
Health, University College London, UK
Thompson, Elliott - Great Ormond Street Institute of Child 
Health, University College London, UK
De Coppi, Paolo - Great Ormond Street Institute of Child Health, 
University College London, UK
Maniou, Eirini - Department of Industrial Engineering, University 
of Padua, Padova, Italy
Galea, Gabriel - Great Ormond Street Institute of Child Health, 
University College London, UK

Mammalian morphogenesis requires force-generating cell be-
haviours, such as apical constriction. During closure of the neural 
tube, neuroepithelial apical constriction is enhanced by non-ca-
nonical Wnt/Planar Cell Polarity (PCP) signalling. Failure of apical 
constriction can stall neural tube closure in mice, causing neu-
ral tube defects (NTDs) such as spina bifida, which affect 1:1,000 
human pregnancies globally. Mutations in core PCP components 
including VANGL2 (e.g. R353C) have been identified in individ-
uals with NTDs. What is lacking is experimental evidence that 
human NTD-associated mutations impair apical constriction. Hu-
man stem cell-based neural tube organoid platforms which model 
neural tube closure have been developed, but their neuroepithe-
lial apical domain is inaccessible due to their complex geometry. 
Here, we used the well-established dual-SMAD inhibition pro-
tocol to differentiate iPSCs into neuroepithelial sheets. We vali-
date that these sheets faithfully replicate the morphology of the 
neuroepithelium observed in vivo, and undergo apical constric-
tion synchronised with their cell cycle. Screening for PCP com-
ponents reveals differentiation-related activation of the pathway 
via apical enrichment of VANGL2. We compared VANGL2-R353C 
knock-in lines with congenic controls, and two lines derived from 
individuals with spina bifida versus a panel of six non-congenic 
equivalents. VANGL2 remains homogenously apically enriched in 
neuroepithelial sheets generated from VANGL2-R353C knock-in 
lines, but apical recruitment of its interacting partner SCRIBBLE is 
reduced compared to congenic controls. VANGL2-R353C knock-
in neuroepithelial cells have significantly larger apical areas, and 
reduced apical recoil following laser ablation, compared with 
congenic lines. Similarly, one of the two patient-derived lines has 
larger apical areas than control lines, which are all comparable 
to each other. Our bedside to bench approach provides a high-
ly reproducible modelling strategy to identify genetic failures of 
neuroepithelial apical constriction underlying spina bifida.

Keywords: Neural tube defects, Disease model, Planar Cell 
Polarity
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UNDERSTANDING GENETIC RISK FACTORS FOR 
NEUROPSYCHIATRIC DISORDERS IN CORTICAL 
INTERNEURON DEVELOPMENT USING HUMAN 
PLURIPOTENT STEM CELL DIFFERENTIATION
Shin, Eunju Jenny - School of Life Sciences, Keele University, 
UK
Azzouni, Karima - Neuroscience and Mental Health Research 
Institute, Cardiff University, UK
D’Andrea, Daniel - MRC Centre for Neuropsychiatric Genetics 
and Genomics, Cardiff University, UK
Ghazwani, Asmaa - Neuroscience and Mental Health Research 
Institute, Cardiff University, UK
Hall, Jeremy - Neuroscience and Mental Health Research 
Institute, Cardiff University, UK
Pocklington, Andrew - MRC Centre for Neuropsychiatric 
Genetics and Genomics, Cardiff University, UK

Reliable cellular model systems are an invaluable tool for study-
ing the neuropsychiatric disorders. We have revised existing pro-
tocols to generate cortical interneurons from human pluripotent 
stem cells (hPSCs) in 2D culture, resulting in consistent production 
of PV+ alongside other cortical interneuron subtypes which are 
implicated in neuropsychiatric disorders. Analysis of single cell 
transcriptomes of cortical interneuron differentiation revealed en-
richment of both common and rare genetic risk variants for sever-
al disorders including SZ, ASD, neurodevelopmental delay (NDD) 
and major depressive disorders (MDD) in cortical interneuron de-
velopment. This interestingly emphasised the concentrated risk 
in very early stage of development, i.e. transition from precursors 
to neurons. We have applied the protocol to hESC lines lacking 
DLG2 (de novo deletion found in SZ, ASD & bipolar disorder), 
revealing deficits in neurogenesis and enriched rare mutations 
for NDD and ASD in knockout cells during the neurogenesis. 
This suggests neuropsychiatric pathological processes may start 
much earlier than the currently postulated.

Funding Source: Medical Research Council, UK The Waterloo 
Foundation Royal Embassy of Saudi Arabia in the UK

Keywords: Cortical interneuron, Pluripotent stem cell neural 
differentiation, Common and rare genetic risk factors
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PHENOTYPIC ANALYSIS OF HUMAN RELEVANT 
HETEROZYGOUS RET POINT MUTATION 
IN MOUSE AS A NEW ANIMAL MODEL FOR 
HIRSCHSPRUNG DISEASE THERAPY
Komoike, Yusaku - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Fujisawa, Japan
Sunardi, Mukhamad - Department of Physiology and Cell 
Biology, Kobe University Graduate School of Medicine, Kobe, 
Japan
Yamashita, Teruyoshi - T-CiRA Discovery and Innovation, 
Takeda Pharmaceutical Company, Limited, Fujisawa, Japan
Hiyoshi, Hideyuki - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Limited, Fujisawa, Japan
Nakajima, Taiki - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Limited, Fujisawa, Japan
Matsumoto, Hirokazu - T-CiRA Discovery and Innovation, 
Takeda Pharmaceutical Company, Limited, Fujisawa, Japan
Ikeya, Makoto - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Japan
Enomoto, Hideki - Department of Physiology and Cell Biology, 
Kobe University Graduate School of Medicine, Japan

Hirschsprung’s disease (HSCR) patients show functional bowel 
obstruction and impaired gastrointestinal motility due to the ab-
sence of enteric neurons and glia in the distal colon. To date, sev-
eral genetically-modified animal models have been developed as 
HSCR-like models but these have limitations for use in preclini-
cal studies mainly due to their short lifespan and severe disease 
phenotypes. Recently, the study by Sunardi M et al. demonstrat-
ed that a single Ret missense mutation induced colonic agan-
glionosis in mice. In this current study, we further investigated 
the disease phenotype of this human-relevant heterozygous 
Ret missense-mutated mouse as a new animal model for HSCR. 
C57BL6/N back-Ret mutant (B6-Ret mt) mice and wild type (B6-
WT) mice aged 6 to 10 weeks were used for all experiments. Elec-
tric field stimulation (EFS)-induced colonic motility was measured 
by ex vivo organ bath assay. Enteric nerve-related genes were 
analyzed by RT-qPCR. Histological analysis was performed by 
immunohistochemistry (IHC) and hematoxylin-eosin (HE) staining. 
Functional in vivo assay regarding colonic motility was evaluated 
by bead expulsion assay. B6-Ret mt mice showed obvious stool 
congestion in the distal colon compared with B6-WT mice. The 
nerve-related motility of distal colon was significantly reduced 
in B6-Ret mt mice compared with B6-WT mice. The expression 
of enteric nerve-related genes including Tubb3, Nos1 and Chat 
were significantly reduced in the distal colon of B6-Ret mt mice 
than B6-WT mice. Failure of enteric nerve formation in the distal 
colon was also observed in B6-Ret mt mice as revealed by whole-
mount IHC staining. Gut dysfunction assessed by bead expulsion 
latency was sustained until 18 weeks of age in B6-Ret mt mice 
which grew normally. While loss of normal enteric ganglia was ob-
served in distal colon from B6-Ret mt mice compared with B6-WT 
mice, smooth muscle and mucosal layer thickness were signifi-
cantly increased in B6-Ret mt mice as compared to B6-WT mice. 
This novel Ret point mutation mouse has a HSCR-relevant dis-
ease phenotype while showing prolonged survival. This mouse 
will therefore be a very valuable animal model for the testing of 
new cell-based therapies for restoration of the enteric nervous 
system in HSCR.

Keywords: Hirschsprung’s Disease, Ret mutation, Animal model
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PATIENT STEM CELL-DERIVED MODELS OF 
BRAIN DEVELOPMENT WITH PATHOGENIC 
DNMT3A MUTATIONS EXHIBIT ALTERED 
PHYSIOLOGY, GROWTH, AND FUNCTION
Determan, Julianna J. - Developmental Biology, Washington 
University in St. Louis, MO, USA
Chapman, Gareth - Developmental Biology, Washington 
University in St. Louis, MO, USA
Ley, Timothy - Medicine, Washington University in St. Louis, MO, 
USA
Gabel, Harrison - Neuroscience, Washington University in St. 
Louis, MO, USA
Kroll, Kristen - Developmental Biology, Washington University in 
St. Louis, MO, USA

Mutations in DNMT3A cause Tatton-Brown Rahman Syndrome, a 
neurodevelopmental disorder characterized by overgrowth, mac-
rocephaly, intellectual disability and a high prevalence of autism. 
While mouse models have provided insight into the developmen-
tal role of DNMT3A, mouse models carrying pathogenic DNMT3A 
mutations fail to recapitulate key aspects of Tatton-Brown-Rah-
man Syndrome, such as macrocephaly. We have developed pa-
tient derived pluripotent stem cells and genetically engineered 
models of DNMT3a mutations. Using these models, we have 
investigated human cortical development utilizing both develop-
mental patterning and direct differentiation paradigms, to gener-
ate GABAergic cortical interneurons, glutamatergic cortical neu-
rons, and astrocytes. To understand the developmental origins of 
deficits associated with DNMT3A mutations, we examined neural 
progenitor, immature and mature neuronal populations. In pro-
genitor populations, we observed increased proliferation rates, 
likely directly relevant to the macrocephaly common among Tat-
ton-Brown Rahman Syndrome patients. Transcriptomic analysis 
at later time points revealed significant changes in the expres-
sion of genes associated with metabolism, which was manifest-
ed by differences in metabolite uptake and production. Neuronal 
function was significantly affected by DNMT3A mutations, as as-
sessed by calcium imaging and electrophysiology. Investigating 
the temporal kinetics of these phenotypes using inducible CRIS-
PR inhibition technology, we have defined the developmental 
origin of these phenotypes. Identification of differentially meth-
ylated regions across these models has highlighted the develop-
mental mechanisms by which DNMT3A mutations cause these 
phenotypes. Ongoing work focuses on the interplay between 
astrocytes and neurons to identify additive or synergistic effects 
on neuronal function. These results identify critical time periods 
and sensitive cell populations with respect to the origin of Tat-
ton-Brown-Rahman Syndrome. Using these insights, novel thera-
peutic avenues can be explored to advance future treatments for 
Tatton-Brown-Rahman Syndrome.

Funding Source: Engelhart Family Foundation/Intellectual and 
Developmental Disabilities Research Center Pilot Award

Keywords: Neurodevelopment, DNMT3a, Epigenetics
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LOW-IMMUNOGENIC HUMAN IPSCS-DERIVED 
DOPAMINERGIC PROGENITORS SUCCESSFULLY 
ENGRAFT IN IMMUNE-INTACT RATS OF 
PARKINSON’S DISEASE MODEL
Chen, Yu Hsin - Laboratory of Translational Medicine Office, 
Development Center for Biotechnology, Taipei, Taiwan
Chuang, Jen Hua - Laboratory of Translational Medicine Office, 
Development Center for Biotechnology, Taipei, Taiwan
Yang, Yen-Ju - Laboratory of Translational Medicine Office, 
Development Center for Biotechnology, Taipei, Taiwan
Lu, Ching-Yi - Laboratory of Translational Medicine Office, 
Development Center for Biotechnology, Taipei, Taiwan
Liu, Ching-yu - Laboratory of Translational Medicine Office, 
Development Center for Biotechnology, Taipei, Taiwan
Hsieh, Chia-Ling - Laboratory of Translational Medicine Office, 
Development Center for Biotechnology, Taipei, Taiwan

Parkinson’s disease (PD) is one of the progressive neurodegener-
ative disorders which causes a heavy burden to patients and their 
families and society worldwide including Taiwan. Progressive de-
generation symptoms of PD patients mainly result from dopami-
nergic neurons dead in the substantia nigra and lead to cognitive 
and motor function impairment. Current clinical treatment such 
as supplementation of dopamine may improve motor functions. 
However, the drug effects fade with disease progression and 
over 80% of prolonged usage of these medications results in side 
effects including dyskinesias. Thus, it is pivotal to develop a new 
therapeutic strategy for PD. Autologous hiPSCs-derived dopami-
nergic neuron transplantation has been proposed as a promising 
approach for PD patients. However, whether the differentiated 
cells from patients are healthy and functional after transplantation 
is another important issue. The allogeneic grafts differentiated 
from low-immunogenic hiPSCs of healthy donors could allevi-
ate the rejection reaction and provide individuals with healthier 
cell sources. Previously, we generated low-immunogenic human 
iPSC (Li-iPSC) by gene editing with the HLA-I component, Beta 2 
Microgloublin (B2M) knockout. In this study, we utilized Li-iPSC 
and developing progenitors of the midbrain to differentiate the 
progenitors of dopaminergic (DAP) neurons for in vivo PD animal 
transplantation and in vitro assessments. Our Li-iPSC-DAP proto-
cols established highly dopaminergic progenitor cell character-
istics such as FoxA2, LMX1A, and Nestin bio-markers. Besides, 
we further evaluated the in vivo functions of grafted dopaminer-
gic neurons by transplant day 16 Li-iPSC-DAP in immune-intact 
6-OHDA injured rat models to monitor the behavior outcomes 
and histology of brain section. Our results established that Li-iP-
SC-DAP could survive and grow in the striatum of immune-intact 
SD rats. The present study demonstrated that low-immunogen-
ic iPSCs-derived dopaminergic neurons successfully engraft in 
immune-intact rats of the Parkinson’s disease model, which pro-
vided proof of concept that could have benefits for allogenic PD 
therapeutics.

Keywords: Low-immunogenic, induced pluripotent stem cells, 
Dopaminergic progenitors
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THE LIMBIC-CORTEX AXIS IN 3D: MODELING 
HUMAN NEURODEVELOPMENT AND DISEASE.
Garone, Maria Giovanna - Stem Cell Biology, Murdoch 
Children’s Research Institute, Melbourne, Australia
Leichter, Anna - Stem Cell Biology, Murdoch Children’s 
Research Institute, Melbourne, Australia
Velasco, Silvia - Stem Cell Biology, Murdoch Children’s Research 
Institute, Melbourne, Australia
Walkiewicz, Marzena - Stem Cell Biology, Murdoch Children’s 
and Research Institute, Melbourne, Australia

The limbic system is a collection of structures, including the hip-
pocampus and amygdala, involved in processing emotion and 
memory. Alterations in these brain structures and their interaction 
with the cerebral cortex within the limbic-cortex axis have been 
highlighted as hallmarks of neurodevelopmental and neuropsy-
chiatric disorders, such as autism spectrum disorder, anxiety, 
depression, and schizophrenia. However, the neuroanatomy and 
functionality within the limbic-cortex axis and how alterations may 
lead to the development of neuropsychiatric disorders remain 
largely unknown. Stem cell-derived 3D organoid models provide 
an excellent opportunity to expand our understanding of human 
brain diseases. Many organoid models have been generated for 
different brain regions; however, these are unable to replicate the 
long-range connections among distinct brain regions. In particu-
lar, current methods to generate hippocampus organoids involve 
the generation of dorsomedial telencephalic tissue with broad re-
gional identities, therefore are inadequate to investigate aspects 
of development and function specific to the hippocampus. Here 
we describe a novel method to generate hippocampus organ-
oids. By leveraging patterning signals to induce an internal asym-
metry along the rostral-caudal axis within iPSC aggregates and 
adapting the cultures to spinner-flask bioreactors, we achieved 
the long-term development of an extensive compendium of hip-
pocampal cell types. To recreate the mutual interactions between 
the human cortex and hippocampus, we will use previously char-
acterized cortical organoids and our newly developed hippocam-
pus organoids to generate a novel 3D hiPSC-derived assembloid 
model. We will leverage iPSC lines engineered to express the en-
hanced tandem dimer tomato (TdTomato), and blue fluorescence 
protein (BFP), to investigate the connectivity visually between 
defined brain regions with long-term live imaging and functional 
assays. The development of an in vitro assembloid model where 
the interactions between the cerebral cortex, hippocampus and 
amygdala are established, will be instrumental for investigating 
circuit function during brain development and disease.

Funding Source: Human Frontier Science Program (HFSP)-
Postdoctoral Fellowship-Long-Term-Fellowships (LTF); 
LT0024/2022-L. The Novo Nordisk Foundation Center for 
Stem Cell Medicine, renew (Novo Nordisk Foundation); 
NNF21CC0073729.

Keywords: Brain Organoids, Assembloid system, Limbic system 
development
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MODELING NEUROTROPIC VIRUS INFECTION IN 
REGION-SPECIFIC NEURAL SPHEROIDS FOR HTS 
ANTIVIRAL COMPOUND SCREENING
Medina, Angelica - Antiviral Development, NCATS, Rockville, 
MD, USA
Cotsmire, Samantha - Antiviral Development, NCATS, Rockville, 
MD, USA
Zhang, Jiajing - Antiviral Development, NCATS, Rockville, MD, 
USA
Lee, Emily - Antiviral Development, NCATS, Rockville, MD, USA

Neural spheroid models derived from differentiated human in-
duced pluripotent stem cells (hiPSCs) provide a reliable tool for 
development of high-throughput screening (HTS) compatible as-
says for drug discovery. The continuous public health threat from 
emerging and re-emerging viruses has highlighted the need for 
the development of virus-specific or pan-viral therapies and the 
importance of designing new approaches to efficiently screen an-
tiviral compounds that have a higher success rate down the anti-
viral drug development pipeline. In this study, we utilize our previ-
ously established functional neural spheroid model comprised of 
hiPSC-neurons and astrocytes at different cell type compositions 
that mimic specific regions of the brain to evaluate a panel of neu-
rotropic viruses with high pandemic potential, including Rift Val-
ley Fever virus (RVFV) and Chikungunya virus (CHIKV) and further 
characterize this model as an antiviral drug screening platform 
for hit compounds. Here we describe how intracellular calcium 
oscillations of the neural spheroids can be used as a functional 
readout for HTS of selected compounds in addition to classical 
viability and infection readouts. We show that the use of these 
brain region-specific spheroids is a robust model for virus infec-
tion studies and a reliable platform for HTS for antivirals.

Funding Source: This research was supported in part by the 
Intramural/Extramural research program of the NCATS, NIH.

Keywords: hiPSC derived neural spheroids, antiviral 
development, neurotropic viruses
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THE ROLE OF ZNF292 IN HUMAN 
CORTICAL INTERNEURON DEVELOPMENT 
AND ITS DISRUPTION TO CAUSE 
NEURODEVELOPMENTAL DISORDERS
Kaushik, Komal - Department of Development Biology, 
Washington University in St. Louis, MO, USA
Chapman, Gareth - Developmental Biology, Washington 
University in St. Louis, MO, USA
Determan, Julianna - Developmental Biology, Washington 
University in St. Louis, MO, USA
Prakasam, Ramachandran - Developmental Biology, Washington 
University in St. Louis, MO, USA
Huettner, James - Cell Biology and Physiology, Washington 
University in St. Louis, MO, USA
Kroll, Kristen - Developmental Biology, Washington University in 
St. Louis, MO, USA

Pathogenic mutations in the transcription factor, ZNF292 cause 
multiple neurodevelopmental disorders (NDDs) including intellec-
tual and developmental disabilities and autism spectrum disor-
der, constituting a new ZNF292 syndrome. However, the role of 
ZNF292 in the development of sensitive neuronal populations, 

such as cortical interneurons, and how this process is disrupt-
ed by pathogenic mutation or deficiency, remained entirely un-
known. To address this question, we generated human plurip-
otent stem cell-derived models with pathogenic, patient-specific 
mutations in the ZNF292 gene by variant knock-in (ZNFVKIs), 
performed CRISPRi-based knockdown (ZNF292 KD), and differ-
entiated these models into cortical interneurons to characterize 
the molecular, cellular and functional consequences. Related cel-
lular phenotypes in both ZNFVKI and ZNF292 KD cellular models 
suggested a critical role for ZNF292 in the early aspects of in-
terneuron development, leading to precocious differentiation of 
neuronal progenitor cells (NPCs) into neurons with compromised 
maturation potential and corresponding transcriptomic changes. 
Analysis of the genome-wide binding profile of ZNF292 indicated 
which dysregulated genes were direct transcriptional targets of 
ZNF292 and corroborated the findings above. Moreover, elec-
trophysiology-based functional analysis of interneurons derived 
from these compromised NPCs indicated significant alteration in 
their functional properties, and further supported their failure to 
mature appropriately. Together, this work revealed substantial 
alterations of interneuron development, physiology, and function 
that stem from ZNF292 pathogenic mutation or loss of function. 
These may contribute to the etiology of NDDs involving ZNF292 
mutation and provide information regarding the temporal require-
ments for ZNF292 mutation during brain development. These 
data also indicate ZNF292 direct transcriptional targets that may 
provide leads for developing interventions to normalize neuronal 
function in individuals with ZNF292 mutation.

Keywords: Neurodevelopmental disorders, ZNF292 pathogenic 
variants, Pluripotent stem cell-derived neurons
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DEVELOPING A MACULAR REGION IN STEM CELL 
DERIVED RETINAL ORGANOIDS
Lim, Benjamin Yian-Han - Faculty of Medicine and Health, 
University of Sydney, Camperdown, Australia
O’,Hara-Wright, Michelle - Faculty of Medicine and Health, 
University of Sydney, Camperdown, Australia
Wong, Emilie - Stem Cell Medicine, Children’s and Medical 
Research Institute, Westmead, Australia
Gonzalez-Cordero, Anai - Faculty of Medicine and Health, 
University of Sydney, Camperdown, Australia

The macula is a specialised region of the human retina, distin-
guished by its dense population of cone photoreceptor cells re-
sponsible for our central, colour vision and visual acuity and is the 
source of many retinal diseases and degenerations. Non-primate 
animal models lack a macula, making the study of this region 
difficult. Retinal organoids derived from pluripotent stem cells 
(PSCs) offer a human model although they do not yet develop a 
typical macular region. In chicks, FGF-8 and retinoic acid (RA) sig-
nalling has been implicated in the development of retinal zones 
where cones are the prevalent population, a region ‘analogous’ 
to the human fovea. Here we used PSC-derived retinal organ-
oids to characterise the early stages of retinogenesis as well as 
the differentiation and maturation of retinal ganglion and cone 
cells, the first-born retinal cells. First, we characterised FGF8 and 
RA signalling during key time points in vitro, demonstrating a dy-
namic expression of related signalling proteins and molecules. 
Organoids receiving various regimens of RA and FGF-8 were ex-
amined for retinal differentiation. Modulation of these signalling 
pathways and other culture conditions during the development 
of retinal organoids led to significant differences in their cellular 
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composition, specifically the photoreceptors and ganglion cells. 
Retinal organoids deprived of RA showed an increase in the num-
ber of cone cells and an earlier genesis of cone photoreceptor 
outer segments, which were also more numerous in mature ret-
inal organoids, indicating a potential accelerated maturation of 
cone cells. Additionally, we altered our media culture conditions 
to investigate the effects of neuronal maturation media on the 
development of our organoids and saw an increase in BRN3B 
ganglion cells in our late-stage organoids with no differences 
in the number of photoreceptor cells. This data highlights how 
these signalling pathways are integral to retinal development and 
contribute to our understanding of cone photoreceptor cells, the 
most prevalent cell type in the macula. These are the first steps 
into creating a better model for studying human maculopathies.

Funding Source: Macular Disease Foundation Australia 
Luminesce Alliance (PPM1 K5116/RD274)

Keywords: Retinal Organoid, Macular Development, Cone 
Photoreceptors
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IPSC-DERIVED CHOROID PLEXUS ORGANOIDS 
REVEAL APOE4 EFFECTS ON BLOOD-
CEREBROSPINAL FLUID BARRIER
Philippe, Tristan J. - Rush Alzheimer’s Disease Center, Rush 
University Medical Center, Chicago, IL, USA
Yu, Chun-Jiang - Rush Alzheimer’s Disease Center, Rush 
University Medical Center, Chicago, IL, USA
Mahali, Sidhartha - Rush Alzheimer’s Disease Center, Rush 
University Medical Center, Chicago, IL, USA
Vyas, Himanshu - Rush Alzheimer’s Disease Center, Rush 
University Medical Center, Chicago, IL, USA
Avey, Denis - Rush Alzheimer’s Disease Center, Rush University 
Medical Center, Chicago, IL, USA
Markopoulos, Christian - Rush Alzheimer’s Disease Center, Rush 
University Medical Center, Chicago, IL, USA
Brodziski, Rebecca - Rush Alzheimer’s Disease Center, Rush 
University Medical Center, Chicago, IL, USA
Wang, Yanling - Rush Alzheimer’s and Disease Center, Rush 
University Medical Center, Chicago, IL, USA

APOE4, the most significant genetic risk factor for sporadic Alz-
heimer’s disease (AD), has been shown to disrupt the blood-brain 
barrier in animal models (Bell et al., 2012) and iPSC-derived cell 
models (Blanchard et al., 2022). The blood-cerebrospinal fluid 
(CSF) barrier, formed by tight junctions of epithelial cells at the 
choroid plexus (ChP), also expresses the APOE protein (Ruzali et 
al., 2012), but whether APOE4 affects ChP cell state and barri-
er function has not yet been studied. Based on a published pro-
tocol (Pellegrini et al., 2021), we generate ChP organoids from 
APOE3/3 and APOE4/4 isogenic iPSC lines. As expected, the ChP 
organoids develop transthyretin (TTR)–positive epithelium by day 
25 and display more mature cuboidal epithelia with fluid-contain-
ing compartments or “cysts” by d50. Due to the developmental 
heterogeneity within ChP organoids, we focus our immunohisto-
chemistry analysis on the “cysts” and their surrounding epithelial 
layer. We detect aberrant expression of tight junction proteins in 
the APOE4/4 ChP organoids, consistent with their altered epi-
thelial permeability measured by fluorescently labeled dextran. 
Single-nuclei RNAseq on ChP organoids derived from APOE3/3 
and APOE4/4 iPSCs reveals diverse cell types, including imma-
ture and mature epithelial cells and stromal cells. Notably, we 
detect a reduced expression of genes essential to ChP function 

(APOE, LUM, TTR, CLDN18, DCN) in APOE4/4 ChP organoids. We 
also observe a decrease in the expression of genes involved in 
mitochondrial metabolism, ribosomal biosynthesis, and innate 
immunity and an increase in genes related to the extracellular 
matrix and cell adhesion. Our data demonstrates that APOE4 al-
ters the blood-CSF barrier in ChP, providing an additional layer of 
complexity on APOE4 contribution to AD pathogenesis at brain 
border regions.

Funding Source: NIH

Keywords: Choroid plexus, Alzheimer’s Disease, APOE
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JOINT DECOMPOSITION IDENTIFIES CONSERVED 
TRANSCRIPTOME DYNAMICS ACROSS 
SINGLE-CELL ATLASES OF THE DEVELOPING 
NEOCORTEX
Colantuoni, Carlo - Neurology, Johns Hopkins University School 
of Medicine, Baltimore, MD, USA
Sonthalia, Shreyash - Immnology, Massachusetts General 
Hospital, Boston, MA, USA
Chen, Huan - Biostatistics, Johns Hopkins School of Public 
Health, Baltimore, MD, USA
Liu, Jinriu - Biomedical Engineering, Johns Hopkins University, 
Baltimore, MD, USA
Hertzano, Ronna - Institute for Genome Sciences, University of 
Maryland, Baltimore, MD, USA
Ament, Seth - Institute for Genome Sciences, University of 
Maryland, Baltimore, MD, USA
Mahurkar, Anup - Institute for Genome Sciences, University of 
Maryland, Baltimore, MD, USA
Orvis, Joshua - Institute for Genome Sciences, University of 
Maryland, Baltimore, MD, USA
Adkins, Ricky - Institute for Genome Sciences, University of 
Maryland, Baltimore, MD, USA
Stein-O’ and Brien, Genevieve - Neuroscience, John Hopkins 
University, Baltimore, MD, USA
Xiao, Luo - Biostatistics, North Carolina State University, Raleigh, 
NC, USA
Caffo, Brian - Biostatistics, Johns Hopkins School of Public 
Health, Baltimore, MD, USA

Single cell transcriptomic and epigenomic analyses of neuro-
genesis have been used to generate cellular atlases of mam-
malian neocortical development in rodent, primate and human 
brain tissue. Similar maps have been generated in cerebral or-
ganoid models, but understanding of the exact elements of de-
velopment that are modeled in vitro is lacking. To harness the 
collective discovery power of these rich data resources, we in-
tegrated these atlases into a single analytical environment for 
both computational biologists and cell biologists without cod-
ing expertise. We use structured joint decomposition (SJD: doi.
org/10.1101/2022.11.07.515489 & chuansite.github.io/SJD) to de-
fine dynamic gene expression modules which are shared across 
species as well as transcriptional programs which are unique to 
human cortical development. We map these conserved and hu-
man specific transcriptomic elements of neocortical neurogene-
sis onto the genetics of human brain disorders, revealing links 
between particular elements of mammalian neurogenesis and 
specific disorders. We interrogate these foundational in vivo tran-
scriptomic programs in cerebral organoid systems to chart devel-
opmental dynamics that are recapitulated with high fidelity in vitro. 
This high resolution map of transcriptomic dynamics in neurogen-
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) esis can be leveraged to explore and manipulate precise cellular 
mechanisms underlying risk for common complex brain disorders 
in tractable in vitro systems. We invite the research community 
to explore these integrated public data resources along with the 
transcriptomic elements of human neurogenesis that we have de-
fined and their projection into in vitro stem cell models at https://
nemoanalytics.org/p?l=NeocortexEvoDevo&g=FEZF2 & https://
nemoanalytics.org/p?l=NeocortexDevoVivoVitro&g=EOMES.

Funding Source: NIMH 1R24MH114815-01A1; JHU Discovery 
Award

Keywords: Neocortex, Development, Cerebral Organoids
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INVESTIGATING THE ROLE OF MICROGLIA IN 
AUTISM SPECTRUM DISORDER
Ramesh, Janani - Center for Regenerative Medicine, Centre 
for Regenerative Medicine, Massachusetts General Hospital, 
Boston, MA, USA
Mattingly, Zoe - Centre for Regenerative Medicine, Centre 
for Regenerative Medicine, Massachusetts General Hospital, 
Boston, MA, USA
Swank, Alexandra - Centre for Regenerative Medicine, Centre 
for Regenerative Medicine, Massachusetts General Hospital, 
Boston, MA, USA
Chetty, Sundari - Centre for Regenerative Medicine, Centre 
for Regenerative Medicine, Massachusetts General Hospital, 
Department of Psychiatry, Massachusetts General Hospital, 
Harvard Medical School and Harvard Stem Cell Institute, 
Boston, MA, USA

Autism spectrum disorder (ASD) is one of the most common ge-
netic and heterogenous neurodevelopmental disorders, with 
consistent incidence of disproportionate megalencephaly (ASD-
DM) or enlarged brains among 15% of boys with ASD during their 
first postnatal year. Increase in brain size often precedes the first 
clinical signs of ASD, suggesting that understanding the mecha-
nisms leading to brain overgrowth could provide a window of op-
portunity to intervene and possibly prevent disease onset. Here, 
we used human induced pluripotent stem cells (hiPSCs) to inves-
tigate the mechanisms regulating brain overgrowth in ASD, with 
a focus on the neuroimmune system. We generated hiPSCs from 
well-phenotyped and genotyped autistic individuals with megal-
encephaly (ASD-DM), autistic individuals with normal sized brains 
(ASD-N), typically developing (TD) individuals with megalenceph-
aly (TD-DM), and TD individuals with normal sized brains (TD-N). 
We subsequently differentiated the iPSCs into microglia, the main 
immune cells in the brain that maintain homeostasis through 
phagocytosis of damaged cells and pruning synapses during 
normal development. A growing body of evidence indicates mi-
croglial dysfunction in ASD; however, the molecular mechanisms 
remain unknown. Using STEMdiff™ kits from STEMCELL Tech-
nologies, we derived microglia expressing microglial-specific 
markers (IBA1, TMEM119, and P2YR12) using quantitative PCR and 
immunostaining. We show that microglia generated from ASD-N 
and ASD-DM individuals exhibit morphologic changes relative 
to TD individuals. Our preliminary evidence shows that ASD-N 
microglia display limited processes and have a more immature 
phenotype, while ASD-DM microglia have a highly activated phe-
notype with increased expression of CD68, CD11b, and CD206 
compared with ASD-N and TD-N microglia. We also observe a 
greater abundance of microglia in the ASD-DM conditions. We 
also illustrate how these structural and phenotypic changes affect 

cellular phagocytosis and microglial activity in ASD using various 
functional assays. Furthermore, we shed light on the transcrip-
tional profiles distinguishing microglia in ASD-N and ASD-DM and 
how these transcriptional changes impact brain growth and neu-
ronal health in ASD.

Funding Source: NICHD grant P50 HD093079

Keywords: Microglia, iPSCs, idiopathic autism
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MODELING GALACTIC COSMIC RAY-INDUCED 
NEURAL PATHOLOGY WITH HUMAN BRAIN 
ORGANOIDS AND IDENTIFICATION OF 
OPTOGENETIC FGF SIGNALING MODEL AS A 
COUNTERMEASURE
Ra, Eun - Institute for Cell Engineering, Johns Hopkins School of 
Medicine, Baltimore, MD, USA
Lee, Gabsang - Institute of Cell Engineering, Johns Hopkins 
School of Medicine, Baltimore, MD, USA

Exposure to space radiation is one of the main challenges to hu-
man health during deep space missions. Galactic cosmic rays 
(GCR), which are a dominant source of space radiation, are heavy, 
high-energy ions of elements and have been considered as one 
of major limiting factors for long-duration human spaceflight. Al-
though active shielding technologies are currently being explored, 
there has been no notable progress in developing a countermea-
sure to prevent GCR-induced cellular damages. Here, as a part 
of the Translational Research Institute for Space Health (TRISH) 
research program, empowered by the NASA Human Research 
Program, we measured the dose-response effects of simplified 
GCR simulation (SimGCRsim, a specific model for GCR research 
in the earth) exposure on the cell survival/death and differenc-
es in susceptibility in human 3D brain organoids. In addition, we 
hypothesized an optogenetically-regulated FGF2 signaling (op-
to-FGFR) to reduce the damages of human pluripotent stem cells 
(hiPSCs)-derived brain organoids from simGCRsim exposure. In-
terestingly, GCR-induced neural damages were significantly res-
cued in opto-FGFR-expressing brain organoids via the activation 
of FGF2 downstream signaling, suggesting that opto-FGFR could 
possess the neuroprotective effects in brain organoids. The ex-
pression levels of collagen-extracellular matrix (ECM) compo-
nents were up-regulated in simGCRsim-exposed opto-FGFR-ex-
pressing group, which may be associated with neuroprotection 
in the brain organoids. In conclusion, our data demonstrate that 
human brain organoids can be invaluable models for study GCR, 
and suggest a possibility that simGCRsim-activated opto-FGFR 
module may induce the de novo synthesis of collagen-ECM com-
ponents, as a neuroprotective countermeasure against GCR in 
the human neural tissue in future space mission.

Funding Source: This work is supported by the Translational 
Research Institute for Space Health through NASA Cooperative 
Agreement NNX16AO69A.

Keywords: Space radiation, development of countermeasure, 
human brain organoids
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736

GENERATION OF AN ISOGENIC STEM 
CELL MODEL TO STUDY SYNGAP1 
HAPLOINSUFFICIENCY IN HUMAN NEURONS
Au Yeung, Christina Si Wah - Institute of Reconstructive 
Neurobiology, Institute of Reconstructive Neurobiology, Life and 
Brain Center, University of Bonn School of Medicine & University 
Hospital Bonn, Germany
Prinzensteiner, Melanie - Institute of Reconstructive 
Neurobiology, Institute of Reconstructive Neurobiology, LIFE 
& BRAIN Center, University of Bonn School of Medicine and 
University Hospital, Bonn, Germany
Tristán-Noguero, Alba - Molecular Physiology of the Synapse 
Laboratory, Molecular Physiology of the Synapse Laboratory, IIB 
Sant Pau, Barcelona, Spain
Zerpa Rios, Oriana - Molecular Physiology, Molecular Physiology 
of the Synapse Laboratory, IIB Sant Pau, Barcelona, Spain
Del Castillo Berges, Diego - Molecular Physiology, Molecular 
Physiology of the Synapse Laboratory, IIB Sant Pau, Barcelona, 
Spain
Röderer, Pascal - Institute of Reconstructive Neurobiology, 
Institute of Reconstructive Neurobiology, LIFE & BRAIN Center, 
University of Bonn School of Medicine and University Hospital, 
Bonn, Germany
Roher, Nerea - Institute of Biotechnology and Biomedicine, 
Institute of Biotechnology and Biomedicine (IBB), Universitat 
Autònoma de Barcelona, Spain and Department of Cell Biology, 
Animal Physiology and Immunology, CIBER de Bioingeniería, 
Biomateriales y Nanomedicina (CIBER-BBN), Barcelona, Spain
De Quintana-Schmidt, Cristian - Department of Neurosurgery, 
Department of Neurosurgery, Hospital de la Santa Creu i Sant 
Pau, Barcelona, Spain
Peitz, Michael - Institute of Reconstructive Neurobiology, 
Institute of Reconstructive Neurobiology, LIFE & BRAIN Center, 
University of Bonn School of Medicine and University Hospital, 
Bonn, Germany
Bayés, Àlex - Molecular Physiology, Molecular Physiology of the 
Synapse Laboratory, IIB Sant Pau, Barcelona, Spain
Brüstle, Oliver - Institute of Reconstructive Neurobiology, 
Institute of Reconstructive Neurobiology, LIFE & BRAIN Center, 
University of Bonn School of Medicine and University Hospital, 
Bonn, Germany

SYNGAP1 syndrome is a rare neurodevelopmental disorder 
caused by a heterozygous mutation in the SYNGAP1 gene lead-
ing to symptoms like intellectual disability and epilepsy. The 
SYNGAP1 gene encodes for the ‘Synaptic Ras/Rap-GTPase-ac-
tivating-Protein’ (SynGAP), which is mainly restricted to the post-
synaptic density. In its basal state it is thought to act as GTPase 
activator protein leading to inactivation of proteins like Ras, 
Rap, Rac and Cdc42. Upon electrical stimulation, SynGAP gets 
phosphorylated by CamKII and dispersed from the postsynaptic 
density, leading to a release of Ras inhibition with consecutive 
Erk phosphorylation as well as increased surface AMPA recep-
tor expression and bigger spines. SYNGAP1 haploinsufficiency 
would be predicted to result in decreased Ras inhibition, en-
hanced AMPA receptor expression at the surface and bigger 
spine morphologies. To elucidate the impact of SYNGAP1 hap-
loinsufficiency on early human neural development and synapse 
formation, we generated SYNGAP1+/- human pluripotent stem 
cells (hPSCs). Controlled generation of excitatory or inhibitory 
neurons was achieved via transcription factor-mediated forward 
programming employing doxycycline-inducible NGN2 or ASCL1/

DLX2 transgenes. Data from Sholl analyses suggest that SYN-
GAP1+/- neurons are larger and more complex compared to 
isogenic controls. We also analyzed dendritic spines as chang-
es in their shape (mushroom, stubby, thin, branched), size and 
number are correlated with functional changes in excitatory syn-
apses. Our findings point to a higher proportion of spines with 
mushroom-like morphology in SYNGAP1+/- neurons, which may 
reflect premature neuronal differentiation. Electrophysiological 
analyses using multi-electrode-arrays suggest hyperactivity of 
SYNGAP1+/- NGN2 neurons. Congruent with the proposed role of 
SynGAP in Ras signaling, soluble fractions of SYNGAP1+/- neuro-
nal lysates showed higher Ras-GTP and pERK levels. Our data re-
veal morphological, biochemical and functional consequences of 
SYNGAP1 haploinsufficiency in human neurons. Translated into 
an in vivo scenario, the premature differentiation and altered Ras 
signaling observed in cultured SYNGAP1+/- neurons might lead 
to disrupted circuit formation as a potential cause of ID and other 
symptoms of SYNGAP1 syndrome.

Funding Source: This project was supported by the BMBF 
under the umbrella of the ERA-NET NEURON (German grant 
agreement 01EW1812A9) within the TREAT-SNGAP consortium.

Keywords: SYNGAP Syndrome, Isogenic stem cell model, 
Forward programmed neurons
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UNTANGLING THE ROLE AND CONTRIBUTION 
OF NEURONS AND MICROGLIA TO KCNQ3 
GAIN-OF-FUNCTION ENCEPHALOPATHY IN 
IMMUNOCOMPETENT FOREBRAIN ORGANOIDS
Zonnekein, Noortje - Center for Molecular Neurology, VIB-
UAntwerp, University of Antwerp, Belgium
Weckhuysen, Sarah - Center for Molecular Neurology, VIB-
UAntwerp, University of Antwerp, Belgium
Dirkx, Nina - Center for Molecular Neurology, VIB-UAntwerp, 
University of Antwerp, Antwerp, Belgium
De Vriendt, Els - Center for Molecular Neurology, VIB-UAntwerp, 
University of Antwerp, Belgium
Kaji, Marcus - Center for molecular Neurology, VIB-UAntwerp, 
University of Antwerp, Belgium

Gain-of-Function (GoF) variants in KCNQ3 lead to severe ear-
ly-onset neurodevelopmental disorders (KCNQ3-GoF-Enceph-
alopathy), characterized by neurodevelopmental delay (NDD), 
autism spectrum disorder (ASD) and, less prevalent, epileptic 
seizures. Kv7.3 subunits, encoded by KCNQ3, form homo- or 
hetero-tetrameric voltage-gated potassium channels (Kv7). Kv7 
channels expressed in neurons produce a well characterized 
M-current that is a critical regulator of neuronal excitability. To 
date, the disease mechanism of KCNQ3-GoF-Encephalopathy is 
not well understood and there is no treatment available. However 
interestingly, single nuclei RNA sequencing databases of the hu-
man brain have revealed that KCNQ3 expression is not limited to 
inhibitory and excitatory neurons, but that this gene is also high-
ly expressed in microglial cells. Together with the emerging ev-
idence that microglia dysfunction is involved in the development 
of NDD and ASD, we hypothesize that KCNQ3-GoF variants affect 
microglia function, which contributes to the already dysfunctional 
neuronal network. To explore the role of neurons and microglia 
within the underlying disease pathology, we are generating im-
munocompetent forebrain organoids (IFOs) from iPSC lines car-
rying KCNQ3-GoF-variants and their respective isogenic controls. 
These IFOs recapitulate the in vivo developing brain more closely 
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) compared to traditional brain organoids as they also include mi-
croglia. The generated IFOs will be characterized on three levels: 
1) transcriptomics (single-cell RNA sequencing), 2) morphology 
(immunohistochemistry combined with confocal microscopy) and 
3) electrophysiology (on the single cell level using patch clamping 
and the network level using multielectrode arrays). By combining 
read outs going from the molecular to the phenotypic level, we 
expect to obtain a detailed overview of dysfunctional pathways 
in KCNQ3-GoF-Encephalopathy. Simultaneously, we will create a 
phenotypic fingerprint for mutant and wildtype IFOs, which can 
be used as a drug screening platform in a later stage. When suc-
cessful, this approach will provide a better understanding in the 
disease pathology of rare KCNQ3-GoF-Encephalopathy, it will 
potentially expose new therapeutic targets and it will provide a 
comprehensive, in vitro drug-screening platform.

Funding Source: Marguerite-Marie Delacroix fund

Keywords: Neurodevelopment, Immunocompetent organoids, 
KCNQ3
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CHARACTERIZING THE ROLE OF ASTROCYTES 
IN HYPEREXCITABLE NEURAL NETWORKS 
ASSOCIATED WITH ALZHEIMERS DISEASE
McNair, Jessica - Biology, CSU San Marcos, San Diego, CA, 
USA
Grimmig, Beth - Center for Stem Cells and Regenerative 
Medicine, Sanford Burnham Prebys Medical Discovery Institute, 
San Diego, CA, USA
Snyder, Evan - Center for Stem Cells and Regenerative 
Medicine, Sanford Burnham Prebys Medical Discovery Institute, 
San Diego, CA, USA
Vasishta, Maya - Neuroscience, University of California, San 
Diego, CA, USA

Alzheimer’s Disease (AD) is the most prevalent aging-related 
neurodegenerative disorder. The incidence of AD is forecast-
ed to drastically increase and by 2050, over 12.7 million people 
aged 65 and older are projected to be diagnosed with AD. AD 
requires significant long-term care and currently there are only 
two disease-modifying treatments available, both undergoing 
post-approval trials by the FDA, and no preventative therapeutics. 
Decades of reliance on animal models fail to yield translational 
results as these models do not faithfully recapitulate the pro-
gressive pathophysiology present in humans. Cortical organoids 
generated from AD patient derived human induced pluripotent 
stem cells (hiPSC) act as a controllable disease-relevant platform 
as they retain the same genetic background as the affected indi-
vidual. Our lab has generated AD cortical organoids from patients 
with a duplication in the amyloid precursor protein (APP) which 
increases the propensity of these cells to generate amyloid-beta 
accumulation, a hallmark of AD. These cortical cultures contain 
multiple cell types including neurons, astrocytes and oligoden-
drocytes and show cardinal features of human AD brains, includ-
ing hyperexcitability and calcium ion disequilibrium. To explore 
new treatment avenues for AD, we investigated the role of astro-
cytes in the establishment and maintenance of neural circuitry in 
AD cortical cultures and examined how astrocytic phenotype and 
morphology contributed to network hyperexcitability in the early 
stages of AD. We used immunocytochemistry to characterize the 
identity of the cell populations in the AD-derived cortical organ-
oids. The ratio of astrocytic phenotypes present and morphology 
observed was monitored over the developmental timeline. Calci-

um imaging and multi electrode array were used to characterize 
network formation and function. AD-derived cortical organoids 
were found to have a greater proportion of reactive astrocytes 
than unaffected controls, and the number of reactive astrocytes 
in AD cortical cultures was found to increase with culture age. 
Mechanisms of astrocytic involvement in hyperexcitable network 
formation and function should be further elucidated to identify 
new avenues for treating hyperexcitable network phenotypes in 
aging-related neurodegenerative diseases.

Keywords: Alzheimer’s Disease, hyperexcitability, astrocytes
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TRANSCRIPTOMIC ANALYSIS OF INDUCED 
NEURONS IN RESPONSE TO ANTISENSE 
OLIGONUCLEOTIDE TREATMENT (ASO) IN 
AUTISM
Owusu Hammond, Charlotte - Department of Neuroscience, 
University of California, La Jolla, CA, USA
Kuljanishvili, Mariami - Department of Neuroscience, University 
of California San Diego, La Jolla, CA, USA
Tang, Isaac - Department of Neuroscience, University of 
California San Diego, La Jolla, CA, USA
Cole, Tracy - The n-Lorem Foundation, Carlsbad, CA, USA
Gleeson, Joseph - Department of Neuroscience, University of 
California San Diego, La Jolla, CA, USA

Many genes with de-novo copy number variants (CNVs) and sin-
gle nucleotide variants have been discovered and associated with 
autism spectrum disorder (ASD), a neurodevelopmental disorder 
with neocortical/cognitive defects. Antisense Oligonucleotide 
(ASO) therapy is emerging as a powerful drug platform that can 
target disease at the pre-mRNA level, eliciting its effect without 
changing the genome. To accelerate development of treatments 
for monogenic forms of ASD, we designed and tested ASOs for 
PPP2R5D, a known autism gene with toxic gain of function muta-
tions. To assess the genome-wide transcriptional alterations, we 
performed RNAseq on differentiated induced neurons (iNs) be-
fore ASO treatment, and observed increased expression of neu-
ronal genes (MAP2, PSD95, SYNAPSIN and DCX), and reduced 
expression of precursor genes (Ki67 and SOX2). We next applied 
5-10-5 2′-O-methoxyethylribose (MOE) ‘gapmer’ ASO against al-
pha actinin compared with scrambled ASO (negative control) in 
wildtype cultures to assess the knockdown efficacy and speci-
ficity. We obtained an 85% knockdown from our positive control 
compared to our scrambled and untreated samples, suggesting 
a robust knock-down. We hope that we will be able to achieve 
reversal of preclinical endpoints in patients derived cells carry-
ing a mutation in PPP2R5D. In the future, we will continue this 
strategy for SYNGAP1, another ASD risk gene, aiming to provide 
personalized treatment to patients with ASD caused by genetic 
mutations, aligning with the mission of the California Institute for 
Regenerative Medicine and the n-Lorem Foundation.

Funding Source: CIRM Bridges to Stem Cell Research Training 
Grant Program California State University, Channel Islands

Keywords: Autism Spectrum Disorder, Antisense 
Oligonucleotide Therapy, Neuronal Differentiation
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PERVASIVE ENVIRONMENTAL CHEMICALS 
IMPAIR OLIGODENDROCYTE DEVELOPMENT
Cohn, Erin - Genetics and Genome Sciences, Case Western 
Reserve University School of Medicine, Cleveland, OH, USA
Clayton, Benjamin - Genetics and Genome Sciences, Case 
Western Reserve University School of Medicine, Cleveland, OH, 
USA
Federov, Yuriy - Genetics and Genome Sciences, Case Western 
Reserve University School of Medicine, Cleveland, OH, USA
Madhavan, Mayur - Genetics and Genome Sciences, Case 
Western Reserve University School of Medicine, Cleveland, OH, 
USA
Tesar, Paul - Genetics and Genome Sciences, Case Western 
Reserve University School of Medicine, Cleveland, OH, USA
Yacoub, Sara - Genetics and Genome Sciences, Case Western 
Reserve University School of Medicine, Cleveland, OH, USA

Exposure to environmental chemicals can impair neurodevel-
opment. Oligodendrocytes that wrap around axons to boost 
neurotransmission may be particularly vulnerable to chemical 
toxicity as they develop throughout fetal development and into 
adulthood. However, few environmental chemicals have been as-
sessed for potential risks to oligodendrocyte development. Here, 
we utilized a high-throughput developmental screen and human 
cortical brain organoids, which revealed environmental chemicals 
in two classes that disrupt oligodendrocyte development through 
distinct mechanisms. Quaternary compounds, ubiquitous in disin-
fecting agents, hair conditioners, and fabric softeners, were po-
tently and selectively cytotoxic to developing oligodendrocytes 
through activation of the integrated stress response. Organo-
phosphate flame retardants, commonly found in household items 
such as furniture and electronics, were non-cytotoxic but prema-
turely arrested oligodendrocyte maturation. Chemicals from each 
class impaired human oligodendrocyte development in a 3D 
organoid model of prenatal cortical development. In analysis of 
epidemiological data from the CDC’s National Health and Nutri-
tion Examination Survey, adverse neurodevelopmental outcomes 
were associated with childhood exposure to the top organophos-
phate flame retardant identified by our oligodendrocyte toxicity 
platform. Collectively, our work identifies toxicological vulnera-
bilities specific to oligodendrocyte development and highlights 
common household chemicals with high exposure risk to children 
that warrant deeper scrutiny for their impact on human health.

Keywords: oligodendrocyte, neurodevelopment, toxicology
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A NOVEL DUAL INDUCIBLE SYSTEM IN HUMAN 
IPSCS FOR AGEING INEURONS REVEALS 
CHANGES IN THE EPIGENETIC LANDSCAPE OF 
THE AGED CELLS
Baranes, Koby - Clinical Neurosciences and Stem Cell Institute, 
University of Cambridge, UK
Ives, Daniel - LTD, Shiftbioscience, Cambridge, UK
Swain, Brendan - LTD, Shiftbioscience, Cambridge, UK
Sebestyen, Endre - The Bioinformatics CRO, Sanford, FL, USA
Papp, Krisztian - The Bioinformatics CRO, Sanford, FL, USA
Ashick, Mohamed - The Bioinformatics CRO, Sanford, FL, USA
Poulin, Noah - Clinical Neurosciences and Wellcome-MRC 
Cambridge Stem Cell Institute, University of Cambridge, UK
Tavares, Joana - Clinical Neurosciences and Wellcome-MRC 
Cambridge Stem Cell Institute, University of Cambridge, UK
Bors, Dumitra - Clinical Neurosciences and Wellcome-MRC 
Cambridge Stem Cell Institute, University of Cambridge, UK
Rahman, Saifur - Clinical Neurosciences and Wellcome-MRC 
Cambridge Stem Cell Institute, University of Cambridge, UK
Belgard, T. Grant - The Bioinformatics CRO, Sanford, FL, USA
Horvath, Steve - Altos Labs, San Diego, CA, USA
Kotter, Mark R. - Clinical Neurosciences and Wellcome-MRC 
Cambridge Stem Cell Institute, University of Cambridge, UK

Modeling late-onset disorders using induced pluripotent stem 
cells (iPSCs) technology holds a challenge due to iPSCs cellular 
rejuvenation during reprogramming. Hallmarks of ageing are of-
ten difficult to distinguish from disease-related degenerative pro-
cesses but are usually associated with a gradual deterioration in 
structure and function. Extreme perturbations of cellular ageing 
occur in the context of genetic progeria syndromes, especially 
in Hutchison-Gilford Progeria Syndrome (HGPS). These provide 
unique opportunities to investigate the ageing program. Here 
we generated a cellular model system of human ageing based 
on progerin overexpression. We harnessed our inducible re-
programming system, OptiOX, and engineered human iPSCs to 
overexpress progerin in parallel with neurogenin 2 (NGN2). This 
enables direct conversion of iPSCs into cortical glutamatergic 
neurons by overexpressing NGN2, while ageing the cells by over-
expressing progerin. Aged, induced neurons (iNs) show pheno-
typic changes in neuronal process outgrowth, connectivity, and 
in morphology. Selected hallmarks of physiological ageing were 
observed, among these downregulation of peripheral heteroch-
romatin markers and increased double strand DNA breaks. In ad-
dition, the epigenetic clock of the aged iNs was studied. These 
findings confirm our base hypothesis that our system enables 
independent control of progerin expression and cellular repro-
gramming. The resulting neurons remain viable and demonstrate 
select hallmarks of ageing, which provides a cellular model for 
both physiological and chronological ageing.

Funding Source: Evolution Education Trust bit bio LTD

Keywords: Ageing, Aging, Neurons, Reprogramming
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ALTERED NEURONAL NETWORK DYNAMICS IN 
BRAIN ORGANOIDS FROM MECP2 DUPLICATION 
SYNDROME PATIENTS
Ballester, Carlos - Pediatrics-Neurology, Baylor College of 
Medicine, Houston, TX, USA
Cappuccio, Gerarda - Pediatrics, Baylor College of Medicine, 
Texas Children’s Hospital, Houston, TX, USA
Maletic-Savatic, Mirjana - Pediatrics-Neurology, Baylor College 
of Medicine, Texas Children’s and Hospital, Houston, TX, USA

MECP2 duplication syndrome (MDS) is a devastating neurode-
velopmental disorder caused by duplication of the Xq28 region 
in the long arm of the X-chromosome, encompassing the meth-
yl-CpG-binding protein 2 (MECP2) gene. MECP2 is a dosage-de-
pendent gene: gain-of-function leads to MDS seen mostly in boys 
and loss-of-function causes Rett syndrome seen mostly in girls. 
Despite MeCP2-dosage-related disorders being sex-dependent, 
their clinical presentation is similar and encompasses a spectrum 
of autistic features, learning deficits, epilepsy, and impaired motor 
function. Importantly, the mechanisms and affected cellular pro-
cesses underlying these disorders remain poorly understood and 
disease-modifying treatments are still lacking. To begin to disen-
tangle the MeCP2-dosage-dependent mechanisms, we generat-
ed human dorsal forebrain organoids derived from molecularly 
confirmed MDS patients as well as typically developing controls. 
To study the patterns of neuronal network activity in these organ-
oids, we recorded from multiple electrode arrays and calculated 
the mean firing rates across electrodes, synchrony, oscillations, 
and network bursts. Analysis of the frequency of spiking activity 
collected from continuous voltage measurements revealed a re-
duced number of spikes and mean firing rate in organoids from 
MDS patients compared to healthy controls from day 100 to 118 
in vitro, indicating that these neurons have impaired electrophys-
iological function. Moreover, at this stage MDS organoids exhib-
ited asynchronous pattern of firing with no notable differences 
in network oscillations, indicating altered synaptic strength but 
relatively normal network functionality. Remarkably, application 
of the potassium channel blocker 4-AP resulted in network hy-
per-synchrony accompanied by lightning-bursts of network activ-
ity not seen in organoids from healthy controls. These findings 
shed light onto novel neuron network dynamics in MDS that may 
help identify potential therapeutic targets or prognostic markers 
for disease progression, toxicity, and therapeutic efficacy.

Funding Source: NICHD 1P50HD103555

Keywords: Brain-organoids, MECP2, Electrophysiology
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TRANSPLANTED HUMAN SPINAL 
INTERNEURONS FUNCTIONALLY INTEGRATE 
WITH THE INJURED SPINAL CORD
Zholudeva, Lyandysha - Cardiovascular Disease, Gladstone 
Institutes, San Francisco, CA, USA
Fortino, Tara - Neurobiology and Anatomy, Drexel University, 
Philadelphia, PA, USA
Lane, Michael - Neurobiology and Anatomy, Drexel University, 
Philadelphia, PA, USA
McDevitt, Todd - Cardiovascular Disease, Gladstone Institutes, 
San Francisco, CA, USA
Srivastava, Deepak - Cardiovascular Disease, Gladstone 
Institutes, San Francisco, CA, USA

Advances in cell therapies offer new promise for some of the most 
devastating neural injuries like spinal cord injury (SCI). One partic-
ular type of neuron – the spinal V2a interneuron – has been impli-
cated as a key component in plasticity and therapeutically driven 
recovery post-SCI. In this study, we engineered V2a spinal inter-
neurons (SpINs) from human induced pluripotent stem cells and 
tested their ability in forming functional synapses with injured mo-
tor networks. We used a clinically-relevant cervical contusion SCI 
in adult rats that results in damage to the phrenic motor network 
and impaired breathing to test integration, functional connectiv-
ity and overall contribution to respiratory recovery mediated by 
transplanted human V2a SpINs. Neuroanatomical tracing and im-
munohistochemistry were performed to demonstrate transplant 
integration and synaptic connectivity with injured host tissue, and 
diaphragm electromyography was used to assess functional re-
covery of the injured phrenic network. Optogenetic activation of 
transplanted human V2a SpINs revealed functional synaptic con-
nectivity to injured host circuits and improved diaphragm activity. 
Optogenetic activation of host supraspinal pathways revealed 
functional innervation of host neurons with transplanted cells. 
These studies are the first to 1) engineer human spinal V2a inter-
neurons as an intended therapeutic product, and 2) demonstrate 
functional integration of human SpINs with injured respiratory 
pathways post-SCI. Having rigorously established improvement 
in diaphragm muscle activity with objective metrics, this strategy 
holds great promise to establish motor recovery post-SCI.

Funding Source: NIH NINDS F32 NS119348, R01 NS104291, 
Roddenberry Foundation

Keywords: spinal interneurons, spinal cord injury, transplantation
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MODELING MULTI-STEP RETINOBLASTOMA 
GENESIS IN VITRO WITH CONE REPORTER 
RETINAL ORGANOIDS
Bai, Jinlun - The Vision Center, Children’s Hospital Los Angeles 
/ University of Southern California, Los Angeles, CA, USA
Aparicio, Jennifer - The Vision Center, Children’s Hospital, Los 
Angeles, CA, USA
Cobrinik, David - The Vision Center, Children’s Hospital, Los 
Angeles, CA, USA
Fraser, Scott - Biomedical Engineering, University of Southern 
California, Los Angeles, CA, USA
Koos, David - Radiology, Children’s Hospital, Los Angeles, CA, 
USA
Moats, Rex - Radiology, Children’s Hospital, Los Angeles, CA, 
USA
Stepanian, Kayla - The Vision Center, Children’s Hospital, Los 
Angeles, CA, USA

Retinoblastoma, the most prevalent childhood intraocular malig-
nancy, originates from maturing cone photoreceptor precursors 
with biallelic RB1 inactivation. Rb1 mutant animal models fail to 
recapitulate retinoblastomagenesis likely due to human-specific 
cone development features. In explanted fetal retina, pRB-de-
pleted post-mitotic cone precursors proliferate, followed by a 4-5 
month premalignant indolent phase before re-entering cell cycle 
to form retinoblastoma-like masses at tissue ages similar to that of 
retinoblastoma in vivo. However, low tissue availability limits re-
search with this disease model. RB1-/- retinal organoids (ROs) pro-
vide a potential alternative, as they demonstrate initial cone pro-
liferation, but they deteriorate before entering indolence. Here, 
we produced and characterized an RB1-null cone reporter RO 
model that recapitulates multi-step retinoblastomagenesis. We 
generated a cone-reporter iPSC line through CRISPR knock-in of 
EGFP-P2A at the N-terminus of GNAT2 in WTC11-mTagRFPT-LM-
NB1. In ROs derived from these iPSCs, EGFP+ cone precursors 
first appear at d34 and adopt mature cone morphology at ~d120. 
Immunohistochemistry with cone markers ARR3 and RXRg con-
firmed cone-specific EGFP expression. A second round of CRIS-
PR editing produced homozygous RB1 knockout. Chimeric or-
ganoids generated from RB1-null cone reporter iPSCs mixed with 
unedited parental iPSCs recapitulated pRB loss in a subset of ret-
inal cells in an otherwise healthy retina and enabled live-imaging 
cell tracking in intact hydrogel embedded organoids. Bi-weekly 
live confocal imaging of EGFP+ RB1-/- cones from d85 to d238 
captured their initial proliferation followed by a pre-malignant 
indolence phase. The majority of the initially proliferating cones 
remain quiescent, with some adopting mature cone morpholo-
gy. Nascent retinoblastoma-like foci formed on several organoids 
after d281, a tissue age that equates to the first post-natal month 
when early retinoblastomas typically emerge and co-expressed 
EGFP, cone markers, and proliferation marker Ki67. In summary, 
we generated a human retinoblastoma organoid model that reca-
pitulates the cell-of-origin and timing of multi-step retinoblastom-
agenesis, paving the way for mechanistic studies and therapeutic 
screening.

Funding Source: NIH grant 5R01CA137124 and a Predoctoral 
Fellowship from The Saban Research Institute of Children’s 
Hospital Los Angeles

Keywords: Retinoblastoma, Organoid, Cone reporter
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A MODULAR ASSEMBLOID MODEL OF THE 
OPTIC NERVE
Achberger, Kevin - Institute of Neuroanatomy and 
Developmental Biology, University of Tuebingen, Germany
Hamann, Lisa - Institute of Neuroanatomy and Developmental 
Biology, University of Tuebingen, Germany
Kronenberg-Versteeg, Deborah - Hertie Institute for Clinical 
Brain Research, University of Tuebingen, Germany
Liebau, Stefan - Institute of Neuroanatomy and Developmental 
Biology, University of Tuebingen, Germany

Physical damages but also pathologies such as glaucoma can 
lead to an irreversible destruction of the optic nerve and conse-
quently to vision loss. A promising tool to study the underlying 
processes specific the human physiology is provided by induced 
pluripotent stem cell derived retinal organoids (RO). Their use for 
modelling the optic nerve is however hampered by a premature 
loss of ganglion cells and the absence of their main target neurons 
in the lateral geniculate nucleus of the thalamus. To overcome 
these limitations, we created an optic-nerve assembloid model 
(ONA) by a precise fusion of human induced pluripotent derived 
retinal organoids (RO) and thalamic organoids (TO). In contrast 
to previously described models and in order to acknowledge 
the importance of the nerve structure itself, we added a hydro-
gel-based sphere between RO and TO mimicking the optic nerve 
compartment. In this way, the integration of missing cell types and 
components as well as a direct manipulation the nerve structure 
is enabled. To mimic the architecture of the pathologically-rele-
vant first millimeters of the optic nerve head, we added iPSC-de-
rived astrocytes to the nervous compartment. We observed an 
efficient outgrowth of nervous structures of the RO towards the 
TO and an ensheathing of the nerve bundles by the astrocytes 
demonstrated by clearing-assisted 3D imaging. Furthermore, we 
mimicked the mechanical destruction of the nerve (“Optic nerve 
crush”) which led to GFAP upregulation in astrocytes. In a further 
step, we also added iPSC-derived microglia (iMacs) creating an 
immune-competent model. iMacs in the ONA expressed canoni-
cal microglial markers, could be integrated more than 10 days and 
migrated within the nerve compartment towards RO and TO. In 
summary, the presented optic nerve assembloid model is a step 
towards a complete optic nerve in vitro model and could provide 
a valuable tool for nerve regeneration and disease modelling 
studies.

Keywords: Optic Nerve, Retinal and Thalamic Organoids, Multi-
Assembloids
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THE AGING TECHNIQUE: STUDYING THE 
DIFFERENTIATION FROM IPSC TO NEURONS FOR 
120 DAYS
Katbe, Alisar - Molecular biology, Université de Montréal, QC, 
Canada
Bernier, Gilbert - Molecular Biology, Université de Montréal, QC, 
Canada

Alzheimer’s disease (AD) is characterized by a progressive loss 
of memory accompanied by behavioral changes, with advanced 
aging as the primary disease risk factor. The pathological mark-
ers of Alzheimer’s disease are the presence of amyloid plaques, 
phospho-tau (p-tau) aggregates and neuronal death. There are 
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) no treatments available to stop its progression. The objective of 
this project is to compare side by side the differentiation of CTL 
or AD human induced pluripotent stem cells (iPSC) into differen-
tiated neurons for an extended period and thus imitating the ag-
ing process that is crucial in the development of sporadic AD. 
This will allow us to have a better understanding of the molecular 
cascades that lead to the degenerative phenotype known in AD 
patients. Human induced pluripotent stem cells will be differen-
tiated into neurons. The iPSCs are cultured on Corning Matrigel 
hESC-Qualified Matrix until they are 70% confluent. They were 
then seeded on Corning Matrigel GFR Membrane Matrix to start 
the differentiation. After 25 days, the neurons were reseeded on 
Corning Matrigel GFR Membrane Matrix. Every 10 days, the media 
containing Corning Matrigel hESC-Qualified Matrix concentrated 
5 times was added to the cells to create a sandwich that prevent-
ed cell detachment. The cells were left in culture for 120 days. 
Along each step of the differentiation, western blot analyses were 
done specifically looking at the expression of MAP2 and BMI1, a 
protein known to have a lower expression in mature AD neurons 
(day 60 vs day 120). We also did a single-cell RNA sequencing 
with the two cell lines (CTL and AD). With the single-cell RNA 
sequencing and analysis, we are in the process of determining 
different cell types and determine the difference between the 
two cell lines. We have noticed different cell types that have de-
creased in the Alzheimer’s disease cell line. This method using 
a cell model that is more representative of aging neurons in the 
brain of AD patients will allow us to better understand the onset 
of the disease.

Keywords: Alzheimer’s disease, Aging, Neuronal differentiation
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CD99 EXPRESSION DYNAMICS IS ASSOCIATED 
WITH BRAIN OVERGROWTH IN AUTISM 
SPECTRUM DISORDER
Mamun, Md Mahfuz Al - Center for Regenerative Medicine, 
Massachusetts General Hospital Center for Regenerative 
Medicine, Boston, MA, USA
Chetty, Sundari - Center for Regenerative Medicine, Harvard 
Medical School, Boston, MA, USA

Autism spectrum disorder (ASD) is a complex condition charac-
terized by important changes to the brain resulting in impaired 
behavior. Approximately 15-20% of individuals with ASD have 
disproportionate megalencephaly (ASD-DM) or enlarged brain 
relative to body size. An increase in brain size often precedes the 
first clinical signs of the disorder, yet the underlying mechanisms 
leading to brain overgrowth remain unknown. Here, we develop 
cellular models using patient-specific induced pluripotent stem 
cells (iPSCs) to understand the mechanisms contributing to brain 
overgrowth in genetic and idiopathic forms of autism. RNA-se-
quencing and transcriptome analyses of neural progenitor cells 
(NPCs) derived from patient-specific iPSCs show an important 
role for cancer related pathways (e.g., CD99) in contributing to 
brain overgrowth in ASD. While basal expression of CD99 is re-
quired for the differentiation of NPCs into well-defined functional 
neurons, overexpression of CD99 can lead to aberrant differen-
tiation of NPCs into immature neurons. Here, we explore the role 
of CD99 in regulating proliferation and terminal differentiation of 
NPCs into neurons in both genetic and idiopathic forms of ASD 
with and without brain overgrowth. Furthermore, we show how 
genes impacted in genetic forms of autism (e.g., 16p11.2 deletion 
syndrome) directly interact and modulate the expression of CD99 
to ultimately regulate cellular proliferation and differentiation. 

Thus, our study provides a mechanistic link for CD99 overexpres-
sion in brain overgrowth in autism and highlights genes and path-
ways as potential therapeutic targets in future work.

Keywords: Induced Pluripotent Stem Cells, Autism Spectrum 
Disorder, CD99
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MODELING SEX DIFFERENCES IN ALZHEIMER’S 
DISEASE USING ISOGENIC HIPSC LINES WITH 
DIFFERENT SEX CHROMOSOME COMPLEMENTS 
AND APOE ALLELES
Filippova, Gala N. - Department of Laboratory Medicine and 
Pathology, University of Washington, Seattle, WA, USA
Groneck, Camille - Department of Laboratory Medicine and 
Pathology, UW, Seattle, WA, USA
Casad, Michelle - Department of Laboratory Medicine and 
Pathology, UW, Seattle, WA, USA
Mishra, Swati - Department of Laboratory Medicine and 
Pathology, UW, Seattle, WA, USA
Van Dyke, Daniel - Department of Cytogenetics, Mayo Clinic, 
Rochester, NY, USA
Skakkebaek, Anne - Department of Clinical Genetics, Aarhus 
University, Denmark
Gravholt, Claus - Department of Clinical Medicine, Aarhus 
University, Denmark
Mathieu, Julie - Department of Comparative Medicine, UW, 
Seattle, WA, USA
Bammler, Theo - Department of Environmental and 
Occupational Health Sciences, UW, Seattle, WA, USA
Berletch, Joel - Department of Laboratory Medicine and 
Pathology, UW, Seattle, WA, USA
Jayadev, Suman - School of Medicine, Department of Neurology, 
UW, Seattle, WA, USA
Disteche, Christine - Department of Laboratory Medicine and 
Pathology, UW, Seattle, WA, USA
Young, Jessica - Department of Laboratory Medicine and 
Pathology, UW, Seattle, WA, USA

Late Onset Alzheimer’s Disease (LOAD) is the most common 
neurodegenerative disorder. LOAD is genetically heterogeneous 
but carriers of an ɛ4 allele of the apolipoprotein E gene (APOE) 
have significantly increased risk of developing LOAD. LOAD is 
also strongly sex biased. Besides the well-established role of sex 
hormones, the impact of genetic sex combined with APOE gen-
otypes has not been studied. Sex chromosome dosage (SCD), 
two X chromosomes in females or one X and one Y chromosome 
in males, is the main genetic difference between the sexes. X 
chromosome inactivation (XCI) silences most genes on one X 
chromosome in females, however ~15-25% of genes escape XCI 
and are expressed from the inactive X (Xi). Many of the escape 
genes are related to neurological and immune functions and 
could contribute to neuroinflammation in AD. To understand the 
genetic interactions between autosomal risk (APOE) and sex-bias 
in AD, we are generating isogenic sets of hiPSCs with various 
sex chromosome complements and APOE genotypes. We have 
derived XXY/XY, XY/X, XX/X, and XXX/X isogenic pairs by repro-
gramming cells from naturally mosaic individuals or by selective 
removal of the Xi in vitro. These lines uniquely position us to dif-
ferentiate the effects of X chromosome dosage and/or presence 
of a Y chromosome, while minimizing genetic variability and envi-
ronmental or hormonal confounders. Preliminary results in differ-
entiated neural precursor cells show differential expression of es-
cape genes in relation to SCD. We also observed genome-wide 
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changes in autosomal gene expression and DNA methylation. 
Subsets of autosomal sex-biased genes were differentially affect-
ed either by X chromosome dosage, presence of a Y, or both. To 
address the effects of SCD on cellular AD phenotypes, we are 
constructing APOE ɛ3 and ɛ4 alleles in our paired hiPSC lines with 
differing sex chromosome content using gene editing. Starting 
from an XXY/XY isogenic pair, we have generated an hiPSC se-
ries with six different isogenic genotypes of APOE ɛ3/ɛ3, ɛ3/ɛ4 or 
ɛ4/ɛ4 alleles with either the XXY or XY genotype. The new hiPSC 
lines are being differentiated to AD-relevant cell types, including 
neurons, microglia, and cortical organoids, for transcriptomic and 
functional analyses to elucidate how APOE alleles and genetic 
sex interact to modulate risk in LOAD pathology.

Keywords: Alzheimer’s Disease, Sex differences, Isogenic 
hiPSCs
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DIRECTLY REPROGRAMMED FRAGILE X 
SYNDROME NEURAL PRECURSOR CELLS 
GENERATE CORTICAL NEURONS EXHIBITING 
IMPAIRED NEURONAL MATURATION
Connor, Bronwen J. - University of Auckland, Department 
Pharmacology, Centre for Brain Research, New Zealand
Edwards, Nicole - Pharmacology & Clinical Pharmacology, 
Centre for Brain Research, The University of Auckland, New 
Zealand
Combrincka, Catharina - Pharmacology & Clinical 
Pharmacology, Centre for Brain Research, The University of 
Auckland, New Zealand
Geiger, Johannes - Ethris GmbH, Munich, Germany
McCaughey-Chapman, Amy - Pharmacology & Clinical 
Pharmacology, Centre for Brain Research, The University of 
Auckland, New Zealand

The neurodevelopmental disorder Fragile X syndrome (FXS) is 
the most common monogenic cause of intellectual disability and 
autism spectrum disorder. Inaccessibility to developing human 
neurons is a major barrier to studying FXS. Direct reprogramming 
provides a unique platform to investigate the developmental pro-
file of FXS-associated phenotypes throughout neural precursor 
and neuron generation, at a temporal resolution not afforded by 
post-mortem tissue and in a patient-specific context not repre-
sented in rodent models. Direct reprogramming also circumvents 
the protracted culture times and low efficiency of current induced 
pluripotent stem cell strategies. Using our chemically modified 
mRNA (cmRNA) -based direct reprogramming protocol, we gen-
erated dorsal forebrain precursors (hiDFPs) from FXS patient de-
rived fibroblasts, with subsequent differentiation to glutamatergic 
cortical neurons. We observed differential expression of mature 
neuronal markers suggesting impaired neuronal development 
and maturation in FXS- hiDFP derived neurons compared to con-
trols. FXS- hiDFP-derived cortical neurons exhibited dendritic 
growth and arborization deficits characterized by reduced neurite 
length and branching consistent with impaired neuronal matura-
tion. Furthermore, a significant decrease in the density of pre- and 
post- synaptic proteins in FXS- hiDFP derived neurons suggests 
impaired excitatory synapse development. We also observed a 
reduced yield of FXS- hiDFP derived neurons with a significant in-
crease in FXS-affected astrocytes. This study represents the first 
reported derivation of FXS-affected cortical neurons following di-
rect reprogramming of patient fibroblasts to dorsal forebrain pre-
cursors and provides a unique platform for further study into the 

pathogenesis of FXS as well as the identification and screening of 
new drug targets for the treatment of FXS.

Funding Source: Supported by the Neurological Foundation of 
NZ.

Keywords: Direct reprogramming, Fragile X Syndrome, Human 
induced dorsal forebrain precursor cells

764

DISTINCT PATTERNS OF NEURAL OSCILLATION 
ACTIVITIES AND DEFICITS IN CORTEX- AND 
HIPPOCAMPAL-GANGLIONIC EMINENCE 
ASSEMBLOID MODELS OF GENETIC EPILEPSY
Novitch, Bennett G. - Department of Neuroiology and Broad 
Stem Cell Research Center, David Geffen School of Medicine at 
UCLA, Los Angeles, CA, USA
Samarasinghe, Ranmal - Department of Neurology, University of 
California, Los Angeles, CA, USA
Fotion, Namie - Departments of Neurobiology and Neurology, 
University of California, Los Angeles, CA, USA
Lozano, Kevin - Department of Neurology, University of 
California, Los Angeles, CA, USA
Molnár, László - Department of Electrical Engineering, Sapientia 
Hungarian University of Transylvania, Tîrgu, Romania
Parent, Jack - Department of Neurology, University of Michigan, 
Ann Arbor, MI, USA
Mody, Istvan - Department of Neurology, University of California, 
Los Angeles, CA, USA

Many neurodevelopmental disorders are associated with impair-
ments in multiple cognitive domains. For example, while epilepsy 
is defined by recurrent spontaneous seizures resulting from hy-
perexcitable neural circuits, it is also highly associated with co-
morbid memory impairment and depression. Though widespread 
neural circuit dysfunction is apparent, it remains unclear whether 
a single upstream pathological driver has shared or unique effects 
on circuit function in distinct brain regions. While regional diver-
gence has important implications for both disease pathogenesis 
and treatment, modeling and isolating the development of brain 
region-specific pathology has been challenging. Here, we devel-
oped a pipeline for creating and comparing cortical-ganglionic 
eminence (GE) and hippocampus-GE assembloids. This approach 
allows for the intermixing of excitatory and inhibitory neurons and 
establishment of neural networks that exhibit distinct oscillatory 
activities. Like cortex, hippocampal assembloids display multifre-
quency neural oscillations, but additionally generated sharp wave 
ripple (SWR) complexes and stereotyped patterns of theta-gam-
ma phase amplitude coupling (PAC). These distinct patterns of 
circuit activity are associated with hippocampal learning and 
memory in vivo and were not seen in cortical-GE preparations. 
We next generated assembloids from iPSC from a patient afflict-
ed with developmental epileptic encephalopathy-13 (DEE-13) due 
to a pathogenic gain of function mutation in the SCN8A sodium 
channel. Extracellular recordings of local field potentials revealed 
substantial hyperexcitability as well as a loss of sustained oscilla-
tory activity in the cortex-GE assembloids compared to isogenic 
controls. By contrast, DEE-13 hippocampus-GE assembloids did 
not show hyperexcitability and instead exhibited changes associ-
ated with impaired function of hippocampal learning and memory 
circuits including reduced SWR frequency and disordered pat-
terns of theta-gamma PAC. The changes were associated with 
a selective loss of interneurons that were not seen in cortex-GE 
fusions and were partially rescued with optogenetic activation of 
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) interneuron populations. These results suggest that interneuron 
dysfunction is a key contributor to memory impairment in DEE-13.

Funding Source: NIMH (R01MH130061), NICHD (P50HD103557) 
, NICHD (P50HD103557), NINDS (K08NS119747), Simons 
Foundation (Bridge to Independence award 717153), CIRM (TB1-
00183), UCLA Broad Stem Cell Research (BSCRC).

Keywords: brain organoids, neurodevelopmental disorder, 
epilepsy
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REDUCED SH3RF3/POSH2 EXPRESSION 
PROTECTS AGAINST ALZHEIMERS DISEASE BY 
LOWERING MICROGLIAL PRO-INFLAMMATORY 
RESPONSES VIA MODULATION OF JNK AND 
NFKB SIGNALING PATHWAYS
Sproul, Andrew - Taub Institute for Research on Alzheimer’s 
Disease and the Aging Brain, Columbia University Medical 
Center, New York, NY, USA
Patel, Ronak - Taub Institute, Columbia University Irving Medical 
Center, New York, NY, USA
Cheng, Rong - Neurology, Columbia University Irving Medical 
Center, New York, NY, USA
Tein, Ellen - Taub Institute, Columbia University Irving Medical 
Center, New York, NY, USA
Miller, Sabrina - Taub Institute, Columbia University Irving 
Medical Center, East Side Community School, New York, NY, 
USA
Ashok, Archana - Taub Institute, Columbia University Irving 
Medical Center, New York, NY, USA
Lee, Joseph - Neurology, Epidemiology, Taub Institute, 
Columbia University Irving Medical Center, New York, NY, USA

Understanding how some high-risk individuals are protected from 
developing Alzheimer’s disease (AD) may illuminate novel thera-
peutic targets. We previously identified protective genetic vari-
ants in a Caribbean Hispanic cohort carrying the PSEN1 G206A 
mutation sufficient to cause early-onset AD, including a SNP in 
SH3RF3/POSH2 which was associated with delayed age at on-
set of AD for 9.2 years and predicted to have lower expression. 
We have now identified additional protective SNPs in SH3RF3 
including a predicted damaging coding variant. SH3RF3 has the 
same domain structure as its better studied homologue SH3RF1/
POSH (plenty of SH3 domains), which acts a JNK (c-Jun N-ter-
minal kinase) pathway scaffold by binding multiple components 
of the pathway including the GTP-bound form of the upstream 
JNK activator RAC1. Overexpression of SH3RF family genes has 
also been reported to activate the NFKB pathway by an unknown 
mechanism. While the effects of SH3RF3 knockdown in hiPSC-de-
rived neurons were subtle, knockdown in hiPSC-derived microg-
lia significantly reduced inflammatory cytokine production and 
release in response to either a viral mimic (poly(I:C)) or oligomer-
ic Abeta42. This was associated with reduced activation of both 
JNK and NFKB pathways in response to these stimuli. Pharma-
cological inhibition of JNK signaling at either the MAP3K level or 
RAC1, or inhibition of NFKB, phenocopied SH3RF3 knockdown in 
inflammatory cytokine production, consistent with SH3RF3 mod-
ulating inflammatory responses via activation of these pathways. 
In addition, we have preliminary evidence that PSEN1 G206A mi-
croglia have a reduced inflammatory response relative to isogen-
ic control microglia, similar to what has been reported for PSEN1 
delE9 mutant microglia. Thus, further reduction of the inflam-
matory response in PSEN1 mutant carriers by protective SNPs 

in SH3RF3 might serve to sever (or at least greatly reduce) the 
link between amyloid and neuroinflammation and subsequently 
delay the onset of disease. While there is debate over whether 
increasing or decreasing microglial activation might be better as 
a therapeutic strategy for late-onset AD, our data suggests that 
reduction of pro-inflammatory signaling in microglia such as by 
JNK pathway inhibition might be beneficial for early-onset familial 
AD caused by PSEN1 mutations.

Funding Source: NIH Grant # R01 AG058918-04 CUIMC ADRC 
Development Award # 1 P30 AG066462-02 The Thompson 
Family Foundation-TAME AD The Henry and Marilyn Taub 
Foundation

Keywords: Alzheimer’s disease, Microglia, Neuroinflammation
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CEREBRAL ORGANOIDS REVEAL GENETIC 
DIFFERENCES ASSOCIATED WITH RESILIENCE IN 
AN IN VITRO STROKE MODEL
Cortes, Daniel - JAX Mammalian Genetics, The Jackson 
Laboratory, Bar Harbor, ME, USA
Charland, Kevin - The Jackson Laboratory, Bar Harbor, ME, USA
Pera, Martin - The Jackson Laboratory, Bar Harbor, ME, USA

Stroke is one of the leading causes of death. Although stroke is 
a multifactorial disease, the genetic differences among patients 
contribute significantly to variation in risk, survival, and recovery. 
Progress in establishing the genetic underpinnings of stroke has 
been slow, the genetic and mechanistic differences that distin-
guish between susceptibility (death or severe sequelae) and re-
silience (recovery) in stroke patients are not well understood and 
this limits our ability to identify targets that can be translated into 
new therapeutics. Thus, there is a critical need for an efficient 
approach to elucidate the genetic mechanisms that drive resil-
ience to stroke so that novel therapeutic targets can be identified 
and exploited. We use a stem cell (SC)-based approach to rapidly 
analyze phenotypical differences among genetically diverse pop-
ulations. We developed a protocol to differentiate neurons and 
cerebral organoids from genetically diverse mouse and human 
SCs, making readouts between mouse and human more compa-
rable. We developed an in vitro stroke-like paradigm which we 
used to test for phenotypical differences among genetically di-
verse neurons using SCs from the founders of the collaborative 
cross mice, and human SCs from the iPSCORE collection. After 
measuring the stroke outcome, we found a varied response to 
the insult associated with genetic diversity. We conducted a tran-
scriptional regulatory network analysis which revealed that resil-
ience is linked to Vdr, Tfap2c, and Irf7 transcriptional factors (TFs). 
To validate the effect of these TFs using our in vitro stroke model, 
we incubated human cerebral organoids with commercially avail-
able molecules that activate these TFs. We found that a combina-
tion of these molecules can increase the survival of neurons after 
the insult. After generating CRISPRa human SCs to activate the 
endogenous TFs, we were able to corroborate the pro-survival 
effects of these TFs in cerebral organoids. The present model 
demonstrates how complex genetic factors modify differential re-
sponses to stroke. The transcriptional adaptation associated with 
a favorable response to stroke can lead to much-needed new 
therapeutics.

Keywords: stroke, neuronal differentiation, cerebral organoids
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NOVEL CANDIDATE AGE-RELATED REGULATORY 
RISK TRANSCRIPTIONAL FACTORS (ARTFS) FOR 
ALZHEIMER’S DISEASE
Lucciola, Raffaella - Laboratory of Genetics, The Salk Institute 
for Biological Studies, San Diego, CA, USA
Schafer, Simon - Laboratory of Genetics, The Salk Institute for 
Biological Studies, La Jolla, CA, USA
Mertens, Jerome - Neuronal Aging Laboratory, Leopold-
Franzens-University Innsbruck, Tyrol, Austria
Herdy, Joseph - Laboratory of Genetics, The Salk Institute for 
Biological Studies, La Jolla, CA, USA
Vajaphattana, Yatavee - Laboratory of Genetics, The Salk 
Institute for Biological Studies, La Jolla, CA, USA
Cuoco, Michael - Laboratory of Genetics, The Salk Institute for 
Biological Studies, La Jolla, CA, USA
Karbacher, Lukas - Laboratory of Genetics, The Salk Institute for 
Biological Studies, La Jolla, CA, USA
Sabedot, Thais - Laboratory of Genetics, The Salk Institute for 
Biological Studies, La Jolla, CA, USA
Pena, Monique - Laboratory of Genetics, The Salk Institute for 
Biological Studies, La Jolla, CA, USA
Kelley, Melissa - Laboratory of Genetics, The Salk Institute for 
Biological Studies, La Jolla, CA, USA
Traxler, Larissa - Neuronal Aging Laboratory, Leopold-Franzens-
University Innsbruck, Tyrol, Austria
Gage, Fred - Laboratory of Genetics, The Salk Institute for 
Biological Studies, La Jolla, CA, USA

Intense research is focused on Alzheimer’s disease (AD) but ro-
bust therapy has not been found yet, which highlights the need 
of better understanding the disease and provide new druggable 
targets for diagnosis and therapeutics. Using fibroblast-direct-
ly induced neurons (iNs) from a well characterized cohort of 16 
AD and 19 age-matched donors, we identified a set of specific 
age-related regulatory candidate risk transcription factors (arTFs), 
including RUNX1, YY1, NFIB and PPARG, that may drive the de-
velopment of the AD neuronal phenotype. These TFs are import-
ant cancer-related factors, whose change in expression has also 
been associated with neuronal development. To test if these TFs 
may act upstream of the transcriptional and epigenetic changes 
occurring in neurons from AD patients, we performed RNA-seq 
on a homogenous cell population of healthy iNs overexpressing 
(OE) the TFs individually. Strikingly, gene set enrichment analysis 
of iNs OE RUNX1 indicated a major depletion of genes promot-
ing neuronal identity enriched for terms regarding central ner-
vous system development, ion channels and synapses, as well 
as energy metabolism, such as thermogenesis and oxidative 
phosphorylation, which are the major energy sources for mature 
neurons. RNAseq analysis of the other individual datasets from 
YY1, NFIB and PPARG OE iNs revealed a similar gene expression 
signature induced by each of these TFs, with the most significant 
downregulated genes enriched for mitochondria and energy 
metabolism related terms, and upregulation of gene categories 
enriched for a broad semantic area around stem cell signaling 
pathways and cancer. We then asked if the expression of each 
TF changed when OE any of the others. Interestingly, we found 
that RUNX1 was the only TF upregulated in all datasets, suggest-
ing that it might act as a downstream factor. Notably, comparison 
with AD iN RNAseq data showed a major overlap with RUNX1 OE 
iN RNAseq data. While further investigation is required, our data 
currently suggest that these arTFs might contribute to the dis-
ease by priming neuroins to develop an AD cellular phenotype, 

by downregulating fundamental maturation neuronal genes and 
upregulating de-differentiation pathways, possibly driving neuro-
nal fate loss, which could make these arTFs appealing promising 
targets for therapeutic intervention.

Keywords: Alzheimer’s Disease, induced neurons (iNs), arTFs
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MODELING GENETIC CREUTZFELDT-JAKOB 
DISEASE USING HUMAN IPSC-DERIVED 
CEREBRAL ORGANOIDS
Gojanovich, Aldana D. - Center for Regenerative Medicine, 
Boston University, Boston, MA, USA
Park, Seonmi - Center for Regenerative Medicine (CReM), 
Boston University, Boston, MA, USA
Bawa, Pushpinder - Center for Regenerative Medicine (CReM), 
Boston University, Boston, MA, USA
Mostoslavsky, Gustavo - Center for Regenerative Medicine 
(CReM), Boston University, Boston, MA, USA

Creutzfeldt-Jakob Disease (CJD) belongs to a family of human 
and animal diseases known as transmissible spongiform enceph-
alopathies or prion diseases. CJD is a rapidly progressive, fatal 
neurodegenerative disease caused by the accumulation and 
aggregation of a misfolded form (PrPsc) of prion protein (PrPc). 
Genetic CJD caused by the E200K mutation on the PRNP gene 
encoding PrPc is the most common subtype of genetic prion dis-
ease worldwide. The process by which the infectious prion pro-
tein causes neuronal damage has remained mysterious. In order 
to study prion mediated neural disease, we established a CJD 
E200K-specific iPSC library, including carriers and non-carriers, 
and tested their differentiation towards cerebral organoids (COs). 
The COs are similar in cell composition and anatomical structure 
of the brain and can reflect its developmental process, as well 
as its physiology, pathology, and pharmacology. By generating 
a stable 3D model of the human cerebral cortex, we aim at char-
acterizing E200K PrP in terms of its expression levels, cellular 
localization, and infectivity, as well as its effects in synaptic sig-
naling. Here we describe the generation of hiPSC-derived cere-
bral organoid cultures from nine individuals, five carriers for the 
E200K mutation and four non-carriers. They revealed variations 
in organoids size in which the mutant organoids were significant-
ly smaller compared with the non-mutants. We then performed 
single-cell RNA sequencing (scRNA-seq) of 6 months old COs. 
The transcriptomic profile from E200K carriers revealed several 
differentially expressed gene signatures relevant to neuronal and 
astrocytic function that may be involved in the inflammatory pro-
cess. Complementary histologic analysis of the COs together with 
neuronal and astrocytic cultures will provide a comprehensive 
cellular and molecular characterization of E200K PrP-mediated 
pathogenicity. Our study shows that reproducible hiPSC-derived 
cerebral organoids expressing endogenous levels of mutant PrP 
can model certain aspects of human prion disease, offering an 
extra dimension and a powerful platform for investigating sub-
type pathologies and testing alleged therapeutic compounds.

Funding Source: R21NS111499-01

Keywords: CJD/Prions, hiPSC, Cerebral Organoids
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EFFECTS OF PRENATAL GABAPENTINOIDS 
EXPOSURE ON HUMAN CORTICAL NEURONS
Alsanie, Walaa - Clinical Laboratories Sciences, Taif University, 
Taif, Saudi Arabia
Alamri, Abdulhakeem - Clinical Laboratories Sciences, Taif 
University, Taif, Saudi Arabia
Alhomrani, Majid - Clinical Laboratories Sciences, Taif University, 
Taif, Saudi Arabia
Aloisami, Ebtisam - Central Laboratories, Taif University, Taif, 
Saudi Arabia
Althobaiti, Aysha - Central Laboratories, Taif University, Taif, 
Saudi Arabia
Althobaiti, Yusuf - Central Laboratories, Taif University, Taif, 
Saudi Arabia
Gaber, Ahmed - Biology Department, Taif University, Taif, Saudi 
Arabia
Habeeballah, Hamza - Clinical Laboratories Sciences, KAAU 
University, Jeddah, Saudi Arabia
Kumar, Vijay - SRUC, SRUC, Dumfries, UK

Prenatal substance exposure is a major public health concern 
associated with many detrimental fetal consequences. Unfortu-
nately, polysubstance use in pregnancy is common. Gabapenti-
noids are widely used as treatments in psychiatry and neurology; 
however, they have been increasingly reported as having poten-
tial for misuse. Moreover, gabapentinoids can cross the placen-
tal barrier. Due to difficulties in accessing fetal brains exposed to 
gabapentinoids, we used the human embryonic stem cell (hESC) 
line H9 to generate early, intermediate cortical progenitors and 
cortical neurons to modulate prenatal gabapentinoid exposure in 
vitro. Since the cortex is responsible for cognition and behavior, 
we focused on cortical development. We analyzed treated (10uM) 
and untreated (control) cultures for gene expressions, neurogen-
esis, and morphogenesis. At the early patterning stage, there was 
a significant increase in Tbr2+ intermediate progenitors in pre-
gabalin- and gabapentin-treated cultures. In addition, there was 
a significant increase in the expression of cortical related genes 
Pax6, Foxg1, and Tbr2 in pregabalin-treated cultures, whereas 
gabapentin significantly increased Tbr2 expression solely. At the 
maturation stage, the number of mature cortical neurons was 
unchanged in pregabalin-treated cultures. At early maturation, 
gabapentin significantly increased Tbr1+ neurons, but not Ctip2+ 
neurons. At the genetic level, we screened the effects of prega-
balin on different cortical layer related genes. Pregabalin signifi-
cantly increased expression of Brn2 without significant effects on 
other screened genes. Meanwhile, gabapentin did not alter any 
cortical layer related genes. Regarding morphogenical analysis, 
both pregabalin and gabapentin significantly decreased neurite 
length, branches, and neurites of human cortical neurons. Our 
data also shows that the effects of pregabalin and gabapentin on 
the morphogenesis of cortical neurons differ based on the pres-
ence of maturation factors, such as GDNF and BDNF, suggesting 
a possible interaction mechanism. Our study demonstrates that 
exposure to gabapentinoids during early brain development may 
interfere with the neurogenesis and morphogenesis of various 
neuronal subpopulations.

Keywords: Embryonic stem cells, Gabapentinoids, Cortical 
development
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INVESTIGATING THE MOLECULAR SIGNATURES 
OF ASH1L ASD MUTATIONS IN HUMAN IPSC-
DERIVED NEURONS.
Leung, Calvin S. - Department of Molecular Biology, Cell 
Biology and Biochemistry, Brown University, Providence, RI, USA
Ward, Joseph - Department of Molecular Biology, Cell Biology 
and Biochemistry, Brown University, Providence, RI, USA
Ritchie, Foster - Department of Biological Sciences, University of 
South Carolina, Columbia, SC, USA
Berto, Stefano - Department of Neuroscience, Medical 
University of South Carolina, Charleston, SC, USA
Liu, Judy - Molecular Biology, Cell Biology and Biochemistry, 
Brown University, Providence, RI, USA
Lizarraga, Sofia - Molecular Biology, Cell Biology and 
Biochemistry, Brown University, Providence, RI, USA

Autism spectrum disorder (ASD) is characterized by impairments 
in social communication and social interactions as well as the 
presence of restrictive and repetitive behaviors. Chromatin and 
transcriptional regulators are among the class of genes with the 
most high-risk disease variants associated with ASD. Absent, 
Small, Or Homeotic-Like (ASH1L) has high risk variants associ-
ated with ASD, and it encodes for a histone methyltransferase 
that deposits two methyl groups on lysine 36 on histone H3 
(H3K36me2). Previous work from our lab suggests that ASH1L 
modulates molecular mechanisms governing neuronal morpho-
genesis. However, the molecular signatures that are regulated by 
ASH1L in human neuronal development are unknown. Here, we 
generated disease variants in ASH1L that are associated with a 
range of phenotypes including ASD, seizures and with variable 
degrees of intellectual disability (ID). We used genome editing to 
generate nonsense pathogenic mutations in the chromatin bind-
ing domain (R2426*) and the catalytic domain (E2143*) of ASH1L 
in human induced pluripotent stem cells (iPSCs). Through bulk 
RNA-sequencing (RNA-seq) of iPSC-derived cortical excitatory 
neurons containing the ASH1L mutations, we observed wide-
spread dysregulation of multiple gene expression programs. The 
differential expressed genes (DEGs) are enriched in pathways 
that include: extracellular matrix organization, neurotransmitter 
secretion, and modulation of chemical synaptic transmission. In 
addition to changes in gene expression, we also observed exten-
sive differential isoform usage and alternative splicing changes 
in the ASH1L mutants. Lastly, we performed chromatin immuno-
precipitation approaches followed by sequencing or CUT&TAG 
to determine how levels and positioning of specific histone mod-
ifications are altered in the ASH1L mutant iPSC-derived neurons. 
Integration of the transcriptomic and epigenomic datasets in this 
study will allow us to uncover the molecular underpinnings asso-
ciated with ASH1L dysfunction in human neurons.

Funding Source: National Institute of Mental Health (NIMH) 
R01MH127081

Keywords: autism spectrum disorder, epigenetics, chromatin
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MATRIX STIFFNESS REGULATES THE TIGHT 
JUNCTION PHENOTYPES AND LOCAL BARRIER 
PROPERTIES IN TRICELLULAR REGIONS IN AN 
IPSC-DERIVED BBB MODEL
Yan, Li - Fischell Department of Bioengineering, University of 
Maryland, College Park, MD, USA

The blood-brain barrier (BBB) can respond to various mechanical 
cues such as shear stress and substrate stiffness. In the human 
brain, the compromised barrier function of the BBB is closely as-
sociated with a series of neurological disorders that are often also 
accompanied by the alteration of brain stiffness. In many types 
of peripheral vasculature, higher matrix stiffness decreases the 
barrier function of endothelial cells through mechanotransduc-
tion pathways that alter cell-cell junction integrity. However, hu-
man brain endothelial cells are specialized endothelial cells that 
largely resist changes in cell morphology and key BBB markers. 
Therefore, it has remained an open question how matrix stiffness 
affects barrier integrity in the human BBB. To gain insight into the 
effects of matrix stiffness on BBB permeability, we differentiated 
brain microvascular endothelial-like cells from human induced 
pluripotent stem cells (iBMEC-like cells) and cultured the cells 
on extracellular matrix-coated hydrogels of varying stiffness. We 
first detected and quantified the junction presentation of key tight 
junction (TJ) proteins. Our results show matrix-dependent junc-
tion phenotypes in iBMEC-like cells, where cells on softer gels (1 
kPa) have significantly lower continuous and total TJ coverages. 
We also determined that these softer gels lead to decreased bar-
rier function in a local permeability assay. Furthermore, we found 
that matrix stiffness regulates the local permeability of iBMEC-like 
cells through the balance of continuous ZO-1 TJs and no junc-
tion regions ZO-1 in tricellular regions. Together, these findings 
provide novel insights into the effects of matrix stiffness on TJ 
phenotypes and the local permeability of iBMEC-like cells.

Keywords: iPSC-derived BBB, matrix stiffness, tight junctions
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INVESTIGATING THE ROLE OF NF1 DURING 
CORTICAL NEUROGENESIS
Boshans, Linda - Neuroscience, Icahn School of Medicine at 
Mount Sinai, New York City, NY, USA
Ma, Sai - Genomics, Mount Sinai, New York, NY, USA
Yang, Nan - Neuroscience, Mount Sinai, New York, NY, USA
Zhu, Bohan - Genomics, Mount Sinai, New York, NY, USA

Neurofibromatosis type 1 (NF1) is a neurodevelopmental disorder 
characterized by macrocephaly and cognitive deficits. Despite 
extensive research, the underlying pathological mechanism re-
mains poorly understood. Previous studies on Nf1 heterozygous 
inactivation in mice revealed changes in progenitor cell expan-
sion and differentiation, leading to cognitive impairments similar 
to those observed in NF1 patients. Of note, NF1 is expressed by 
outer radial glial progenitors (oRGs), which are thought to be re-
sponsible for the increased cortical size and complexity of hu-
man brains. However, oRGs are largely absent in rodent brains, 
indicating limitations in using animal models to study complex 
neurological conditions. We propose that NF1 haploinsufficiency 
caused by disease-relevant mutations dysregulates the prolif-
eration and differentiation of human oRGs, ultimately leading to 
impaired cell lineage and function in the brain. To address this 

hypothesis, we investigated the molecular and cellular role and 
disease-associated dysfunction of Neurofibromin 1 during early 
cortical development using a human induced pluripotent stem 
(iPS) cell-derived 3D organoid model. Specifically, we generated 
organoids from cell lines with a conditional NF1 heterozygous null 
allele and genetically engineered patient-identified NF1 muta-
tions. We then analyzed these organoids to characterize disrup-
tions in progenitor cell proliferation and differentiation at 1.5 and 
3 months in vitro. Additionally, we employed single-cell RNA se-
quencing to identify cellular composition and gene co-expression 
relationships that are perturbed in cells with mutations found in 
NF1 patients. Our work aims to deepen our understanding of the 
neurobiology and pathophysiology of Neurofibromin 1 in humans 
and potentially illuminate cellular and molecular phenotypes as-
sociated with distinct NF1 patient mutations.

Keywords: Neurofibromin1, NF1, neurofibromatosis 1, 3D cortical 
forebrain organoids, single-cell RNA-sequencing
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TRANSCRIPTIONAL CONSEQUENCES OF 
TRISOMY 21 ON NEURAL INDUCTION
Bhattacharyya, Anita - Waisman Center, Department of Cell 
and Regenerative Biology, University of Wisconsin, Madison, WI, 
USA
Martinez, Jose - Waisman Center, University of Wisconsin, 
Madison, WI, USA
Makwana, Nikunj - Waisman Center, University of Wisconsin, 
Madison, WI, USA
Sorci, Isabella - Waisman Center, University of Wisconsin, 
Madison, WI, USA
Sirois, Carissa - Waisman Center, University of Wisconsin, 
Madison, WI, USA
Giffin-Rao, Yathindar - Waisman Center, University of Wisconsin, 
Madison, WI, USA

Trisomy 21 (T21) is the cause of Down syndrome, a developmental 
disorder that affects multiple organ systems, including the ner-
vous system. A fundamental question is how an extra copy of hu-
man chromosome 21 (HSA21) translates into the organ-specific 
pathologies that characterize individuals with Down syndrome. 
Structural pathologies, such as brain size and heart malformation, 
are present at birth, reflecting embryonic origins that are generally 
associated with smaller organs or reduced growth. We tested the 
hypothesis that T21 exerts effects on human neural development 
as early as neural induction. We assessed the transcriptional ef-
fects of T21 on the process of neuroepithelial differentiation from 
human pluripotent stem cells (PSCs) that resembles in vivo neural 
induction in the temporal course, morphogenesis, and biochem-
ical changes. We used T21 induced PSCs (iPSCs) and isogen-
ic controls generated from individuals mosaic for T21 to reveal 
previously unknown molecular mechanisms influenced by T21 
during neural development. We performed bulk transcriptome 
analysis of cells along PSC differentiation to early neuroepithelia 
at Day 6 and definitive neuroepithelia at Day 10. We identified 
~1500 differentially expressed genes in T21 neural progenitors 
at each timepoint. Less than 3% of the gene expression changes 
included upregulated HSA21-encoded genes at Day 6 and Day 
10 and most of the same HSA21 genes were upregulated at both 
timepoints. Gene ontology indicated changes in gene expression 
throughout the genome in T21 cells in pathways related to neu-
ron development and extracellular matrix at both Day 6 and Day 
10. Gene set enrichment analysis (GSEA) across the time course 
revealed changes in tightly controlled stage-specific molecular 
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) programs in T21 cells. Results show that genes involved in spe-
cific growth factor signaling pathways (Hedgehog, Wnt, Notch), 
metabolism (including interferon response and oxidative stress) 
and extracellular matrix were changed in T21 cells. These data 
show that T21 has effects on discrete developmental pathways 
at the earliest stages of neural development. Further, the results 
suggest that metabolic dysfunction arises early in development in 
T21 and may thus affect development and function more broadly.

Funding Source: This work was supported by NIH grant 
1R01HD106197, funding from University of Wisconsin-Madison 
and the Wisconsin Alumni Research Foundation and in part by a 
NIH-NICHD core grant to the Waisman Center (P50HD105353).

Keywords: Down syndrome, neural differentiation, 
transcriptomics

784

GENERATION OF OLIGODENDROCYTES-
ENRICHED 3D HUMAN BRAIN ORGANOIDS 
FOR THE STUDY OF GLOBOID CELL 
LEUKODYSTROPHY
Mangiameli, Elisabeth - San Raffaele Telethon Institute for 
Gene Therapy (SR-Tiget), IRCCS San Raffaele Scientific Institute, 
Milan, Italy
Rosato, Clarissa - San Raffaele Telethon Institute for Gene 
Therapy (SR-Tiget), IRCCS San Raffaele Scientific Institute, 
Milan, Italy
Gritti, Angela - Raffaele Telethon Institute for Gene Therapy (SR-
Tiget), IRCCS San Raffaele Scientific Institute, Milan, Italy

Globoid Cell Leukodystrophy (GLD) is a lysosomal storage dis-
order due to genetic deficiency of galactosylceramidase (GALC), 
a key enzyme in sphingolipid metabolism. GLD manifests with 
rapid and relentless demyelination/neurodegeneration of the 
central and peripheral nervous system. To date, the pathogenic 
mechanisms leading from the primary defect to overt tissue dam-
age are not fully understood. Our work on human patient-specific 
iPSC (hiPSC)-derived neural progenitor cells (NPCs) and mixed 
neuronal/glial 2D cultures showed that a timely regulated GALC 
expression is critical during neural commitment and highlighted 
a defective neuronal and oligodendroglial differentiation in GLD 
patients’ cells. Still, the 2D culture conditions did not support the 
full maturation of hiPSC-derived neurons and oligodendrocytes 
(OL), the latter cell type being primarily affected by GALC defi-
ciency. We envisaged that 3D OL-enriched spheroids allowing 
extensive maturation of both neuronal and glial cell populations 
may represent a more suitable experimental model to investigate 
the early neurodevelopmental defects linked to the GLD patholo-
gy as well as the impact of GALC deficiency during OL maturation 
and myelination. Here, we generated 3D OL-enriched spheroids 
from healthy donor (HD) and GLD hiPSC and newly established 
GALC knock-out (KO) and knock-in (KI) hiPSC obtained by CRIS-
PR-Cas9-mediated gene editing. We characterized the spheroids 
through molecular and immunophenotypical analysis. Our results 
suggest that: i) OL-enriched 3D spheroids can be generated with 
comparable efficiency from HD, GLD, and GALC isogenic hiPSC 
lines; ii) Mature MBP+ OL, MAP2+ neurons and GFAP+ astrocytes 
are present in both HD and GLD organoids; iii) OL in 3D spheroids 
contact axons and produce myelin. We are currently evaluating 
the kinetics of neuronal and glial differentiation/maturation as 
well as the presence of GLD pathological hallmarks using bio-
chemical and molecular techniques coupled with advanced im-
aging approaches. The use of single-cell sequencing will further 

clarify the role of specific neuronal and glial populations during 
GLD pathogenesis. The use of this novel experimental platform 
will shed new light on the complex pathophysiology of the dis-
ease and on the role of GALC during the maturation of neural cell 
types.

Keywords: Brain organoids, Oligodendrocytes, Myelin disorders

786

ANTISENSE OLIGONUCLEOTIDE THERAPY FOR 
SCHINZEL-GIEDION SYNDROME
Antonyan, Lilit - Department of Human Genetics, McGill 
University and Douglas Mental Health University Institute, 
Montreal, PQ, Canada
Ernst, Carl - Department of Human Genetics, McGill University, 
Montreal, QC, Canada
Ni, Anjie - Department of Human Genetics, McGill University, 
Montreal, QC, Canada
Zhang, Xin - Department of Human Genetics, Douglas Mental 
Health University Institute, Verdun, QC, Canada
Zhang, Ying - Department of Human Genetics, Douglas Mental 
Health University Institute, Verdun, QC, Canada

Schinzel-Giedion syndrome (SGS) is an autosomal dominant 
gain-of-function (GOF) disease characterized by severe mental 
retardation, neuroepithelial spinal tumors, bone and renal abnor-
malities and neurological degeneration. It is caused by missense 
mutations in a hotspot region of SETBP1 (SET binding protein 1), 
which changes a B-TrCP degron motif within SETBP1. There is 
currently no treatment for SGS and symptoms are so severe that 
affected children usually die within the first decade of life. We 
made forebrain neural progenitor cells (NPCs) from 4 patients 
with SGS through the use of induced pluripotent stem cells. We 
demonstrate that the mechanism of disease stems from the lack 
of degradation of SETBP1, leading to its accumulation in the cell. 
We designed and tested several AntiSense Oligonucleotides 
(ASOs) to reduce SETBP1 protein in SGS NPCs and SGS neuroep-
ithelial tumour cells. We propose selected ASOs as a treatment 
for Schinzel-Giedion syndrome. These data provide a realistic 
therapeutic avenue for the treatment of SGS.

Funding Source: - CONACYT - Government of Mexico - FRQ - 
Fonds de Recherche du Québec - European Joint Programme 
on Rare Diseases

Keywords: Antisense oligonucleotides, Rare disease, Therapy
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788

CELLULAR MATURATION OF 
OLIGODENDROCYTES IS GOVERNED BY 
TRANSIENT GENE MELTING
Allan, Kevin - Genetics and Genome Sciences, Case Western 
Reserve University, Cleveland, OH, USA
Clayton, Benjamin - Genetics and Genome Sciences, Case 
Western Reserve University, Cleveland, OH, USA
Elitt, Matthew - Genetics and Genome Sciences, Case Western 
Reserve University, Cleveland, OH, USA
Factor, Daniel - Genetics and Genome Sciences, Case Western 
Reserve University, Cleveland, OH, USA
Henninger, Jonathan - Biology, Whitehead Institute for 
Biomedical Research, Cambridge, MA, USA
Hu, Lucille - Genetics and Genome Sciences, Case Western 
Reserve University, Cleveland, OH, USA
Lin, Charles - Molecular and Human Genetics, Baylor College of 
Medicine, Houston, TX, USA
Miller, Tyler - Pathology, Massachusetts General Hospital, 
Boston, MA, USA
Morton, Andrew - Genetics and Genome Sciences, Case 
Western Reserve University, Cleveland, OH, USA
Olsen, Hannnah - Genetics and Genome Sciences, Case 
Western Reserve University, Cleveland, OH, USA
Scacheri, Peter - Genetics and Genome Sciences, Case Western 
Reserve University, Cleveland, OH, USA
Scavuzzo, Marissa - Genetics and Genome Sciences, Case 
Western Reserve University, Cleveland, OH, USA
Tesar, Paul - Genetics and Genome Sciences, Case Western 
Reserve University School of Medicine, Cleveland, OH, USA
Vrabic, Jost - Molecular and Human Genetics, Baylor College of 
Medicine, Houston, TX, USA
Young, Richard - Biology, Whitehead Institute for Biomedical 
Research, Cambridge, MA, USA

Pluripotent stem cells (PSCs) provide an unlimited source for 
generating somatic cell types. However, generating fully mature 
cells constitutes a bottleneck for realizing their full potential in 
research and medicine. Here, we report a transcriptional mech-
anism that governs the timing of cellular maturation in post-mi-
totic oligodendrocytes. During differentiation of PSCs to oligo-
dendrocytes, the transcription factor SOX6 redistributes from 
nearly all super enhancers in proliferating oligodendrocyte pro-
genitor cells to cluster across specific gene bodies in immature 
oligodendrocytes. These sites exhibit ‘gene melting’, a process 
of extensive chromatin decondensation and transcription, which 
abruptly turns off upon maturation. Suppression of SOX6 deacti-
vates these immaturity loci, resulting in rapid transition to mature 
myelinating oligodendrocytes. Cells harboring this immature oli-
godendrocyte SOX6 gene signature are specifically enriched in 
multiple sclerosis patient brains, suggestive that failed maturation 
may contribute to limited myelin regeneration in disease. Collec-
tively, our finding that maturation rate is controlled by transient 
transcriptional clusters may inform approaches to accelerate the 
generation and regeneration of mature cell types.

Keywords: Cellular maturation, Glial biology, Epigenetics

790

MODELING SCHIZOPHRENIA ASSOCIATE D 
STRUCTURAL VARIANTS IN A NEOCORTICAL 
ASSEMBLOID MODEL UNCOVERS DEFECTS IN 
CORTICAL INTERNEURON DEVELOPMENT
Walsh, Ryan M. - The Center for Stem Cell Biology, Sloan 
Kettering Institute for Cancer Research, New York, NY, USA
Kruglikov, Ilya - NYSCF, New York Stem Cell Foundation 
Research Institute, New York, NY, USA
Crabtree, Gregg - Department of Physiology & Cellular 
Biophysics, Columbia University, New York, NY, USA
Pe’ and er, Dana - Computational and Systems Biology Program, 
Sloan Kettering Institute for Cancer Research, New York, NY, 
USA
Gogos, Joseph - Department of Physiology & Cellular 
Biophysics, Columbia University, New York, NY, USA
Studer, Lorenz - The Center for Stem Cell Biology, Sloan 
Kettering Institute for Cancer Research, New York, NY, USA

Though schizophrenia tends to manifest in adolescence, a sub-
stantial body of evidence indicates an early neurodevelopmen-
tal origin for the disorder . Data from patients has pointed to the 
frequent disruption of GABAergic cortical interneurons in schizo-
phrenia, however, how such defects are acquired during corti-
cal development is poorly understood. This is in part due to the 
cortical interneuron subtypes likely most relevant to the disease, 
fast-spiking PVALB+ cortical interneurons, having a protracted de-
velopment and being difficult to derive in vitro. While iPSC mod-
els of schizophrenia have provided some interesting insights into 
the early stages of the disease, the complex genetics of schizo-
phrenia present challenges for genetic background control and 
establishing isogenic systems. To address these issues, we have 
developed a human neocortical assembloid system that models 
early cortical interneuron development and supports the matu-
ration of fast-spiking PVALB+ cortical interneurons on a reduced 
timescale. By using CRISPR to generate isogenic lines harboring 
distinct schizophrenia-associated genomic structural variants, we 
have applied this assembloid system to model early neurodevel-
opmental defects in schizophrenia while controlling for genetic 
background. Using whole organoid clearing and imaging, we 
found that the 22q11 deletion, which is among the most highly 
associated of genetic lesions with schizophrenia, imparts a defect 
in cortical interneuron tangential migration. With a combination 
of single cell RNA-sequencing and Seahorse-based assessment 
of mitochondrial function, we were able to show that immature 
cortical interneurons have a mitochondrial defect, possibly ow-
ing to haploinsufficiency of the two 22q11 genes SLC25A1 and 
MRPL40. Finally, we show evidence that inhibition of SLC25A1 in 
wild type cortical interneurons similarly leads to a disruption of mi-
gration rates. These findings suggest a plausible mechanism for 
which deficits in cortical interneurons during development could 
lead to a disruption of their function within the cortex and acqui-
sition of schizophrenia. Additionally, our successful generation of 
fast-spiking PVALB+ cortical interneurons offers the exciting pos-
sibility to track later stages of cortical interneuron development in 
an isogenic system.

Funding Source: This research was supported by the NIMH of 
the NIH under the award number: 5F32MH116590-03.

Keywords: Cerebral Organoids, Cortical Interneurons, 
Schizophrenia
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THE INTRACELLULAR CALCIUM OSCILLATION 
PROFILING OF NEURAL STEM CELLS DERIVED 
HUMAN STEM CELLS FROM APICAL PAPILLA 
UNDER THREE-DIMENSIONAL NEUROSPHERES 
INDUCTION
Songsaad, Anupong - Anatomy, Mahidol University, Bangkok, 
Thailand
Thongsuk, Amarin - Anatomy, Faculty of Science, Mahidol 
University, Bangkok, Thailand
Thairat, Sarut - Faculty of Dentistry, Mahidol University, 
Bangkok, Thailand
Ruangsawasdi, Nisarat - Pharmacology, Faculty of Dentistry, 
Mahidol University, Bangkok, Thailand
Thonabulsombat, Charoensri - Anatomy, Faculty of Science, 
Mahidol University, Bangkok, Thailand

Transplantation of neural stem cells (NSCs) has emerged as a 
promising approach for neurodegenerative disease. Human stem 
cells from apical papilla (hSCAPs) originated from migratory neural 
crest stem cells which indicated the superior capacity for neural 
differentiation. This study aims to investigate the neural induction 
of hSCAPs into NSCs under three-dimensional (3D) neurospheres 
induction and characterize their functionality via intracellular calci-
um oscillation. The hSCAPs were isolated from healthy impacted 
third molar teeth of Thai donors and characterized as mesenchy-
mal stem cells (MSCs). Consequently, the characterized hSCAPs 
were induced into neurospheres via a specific neural induction 
medium with an ultra-low attachment culture vessel. Additionally, 
the functional ability of these NSCs was demonstrated by intracel-
lular calcium oscillation. Importantly, the characterized hSCAPs 
were successfully induced into neurospheres that exhibited the 
3D-floating spheroid shape and consisted of several intra-neu-
rospheral cells. Whereas the hSCAPs presented a fibroblast-like 
shape and were attached to plastic culture vessels as a mono-
layer (two-dimensional, 2D). Interestingly, the intra-neurospher-
al cells obviously revealed an intense fluorescent signal which 
indicated the calcium ions during the neurotransmitter-releasing 
activity of neuronal cells. On the other hand, The hSCAPs weakly 
expressed fluorescent signal. Moreover, these intra-neurospheral 
cells presented a dynamic change of calcium ions intensity that 
showed high peak and interval, while the lower and narrow dy-
namic change of calcium ions intensity was observed at the hS-
CAPs. In conclusion, this study demonstrates the typical patterns 
of the intracellular calcium oscillation of functional NSCs. Thus, 
these finding suggests the potential of using hSCAPs to generate 
functional NSCs as a stem cell-based therapy for further trans-
plantation in the treatment of neurodegenerative disease.

Funding Source: This study was supported by a grant from 
Mahidol University Faculty of Dentistry Grant (2022), Faculty of 
Dentistry, Mahidol University, Thailand.

Keywords: Human stem cells from apical papilla, Three-
dimensional neurospheres induction, Neural stem cells

TOPIC: PANCREAS

802

ARACHIDONIC ACID PROMOTES THE 
DIFFERENTIATION OF PLURIPOTENT STEM 
CELLS INTO PANCREATIC BETA CELLS
A.S., Muhammad Nihad - Yenepoya Research Centre, 
Yenepoya, Mangalore, India
Shenoy, Sudheer - Yenepoya Research Centre, Yenepoya, 
Mangalore, India
Bose, Bipasha - Yenepoya Research Centre, Yenepoya, 
Mangalore, India

Pluripotent stem cell (PSC) derived pancreatic β islets are a prom-
ising source of cells for transplantation for patients with diabetes. 
Various protocols for differentiating PSCs into functional β islets 
have been established, which require stage-specific growth fac-
tors and small molecules. The quality and quantity of the function-
al β islets and the production cost matter the most when it comes 
to translational research. Optimizing the protocol with new mol-
ecules that can improve the differentiation process is the need 
of the hour. In this study, we used an ω-6 fatty acid, Arachidonic 
acid (AA), to differentiate induced Pluripotent Stem Cells (iPSCs) 
into pancreatic β islets. AA is involved in signalling pathways 
that drive cell fate decisions and is a major component of cellu-
lar membranes. Previous studies have reported the anti-diabetic 
activity of AA in vitro and in vivo. We expected AA to modulate 
the differentiation of iPSCs in a stage-specific manner. In the ear-
ly stage, the 3D embryoid bodies of iPSCs differentiated into a 
good population of definitive endoderm (DE) cells in the presence 
of AA, expressing the DE marker SOX17. The changes in cellular 
morphology were evident from the phase contrast images of cells 
from various stages of differentiation. After 30 days of differenti-
ation, cellular clusters that resembled the islet-like clusters were 
formed, with inter-islet connections protruding out. These clus-
ters expressed NEUROG3, which is needed for the development 
of endocrine cells in the pancreas. There was a high expression 
of the MAFB gene, which is critical for β cell terminal differentia-
tion, in these clusters. Our results suggest that the supplementa-
tion of AA is a promising strategy for improving the efficiency of 
pancreatic β cell differentiation from iPSCs.

Funding Source: EMR/2017/003114, Science and Engineering 
Research Board, Department of Science and Technology, Govt. 
of India

Keywords: Pluripotent Stem Cells, Arachidonic acid, Pancreatic 
beta islets
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LOSS-OF-FUNCTION OF WFS1 LEADS TO 
DELAYED Β CELL DIFFERENTIATION VIA 
BOOSTING STRESS GRANULE FORMATION
Hu, Rui - School of Life Science and Technology, Tongji 
University, Shanghai, China
Li, Weida - School of Life Science and Technology, Tongji 
University, Shanghai, China

Loss-of-function mutation (LOF) of WFS1 leads to human Wolfram 
Syndrome (WS), resulting in juvenile-onset diabetes mellitus char-
acterized by genetic lesion-caused β cell failure. However, due to 
the scarcity of human samples and ethical issues, the pathological 
mechanism underlying this β cell loss remains elusive, especially 
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during the development of pancreatic β cells, which limits drug 
discovery for WS. With human embryonic stem cell derived pan-
creatic β cells (SC-β cells), we recapitulated the β cell maldevel-
opment and β cell failure caused by WFS1 deficiency. We found 
that WFS1-LOF not only leads to β cell dysfunction, characterized 
by impaired insulin synthesis and secretion, but also delays β cell 
differentiation from pancreatic progenitor cell to β cell. To fur-
ther understand the mechanism that WFS1 mediating pancreatic 
development, we performed the single-cell-RNA-sequencing of 
wildtype and WFS1-LOF SC-β cells, and it suggested that activat-
ed integrated stress response (ISR) with elevated stress granule 
formation is a key mechanism resulting in pancreatic β cell loss 
in SC-β cells with WFS1-LOF. Consistently, combined with exper-
imental validation, SC-β cells with WFS1-LOF suggest activated 
ISR that contributes to stress granule formation with the signifi-
cantly upregulated expression level of G3BP1. Most importantly, 
we test ISRIB as a potential drug to mitigate ISR and reduce the 
formation of stress granules, and finally mitigates delayed de-
velopment and rescued cell death in SC-β cells. Altogether, our 
study has mechanistically and therapeutically provided novel in-
sights into the pathogenesis and treatment of β cell loss for WS.

Funding Source: This work was supported by the National 
Key Research and Development Program of China. W.L. is also 
supported by the National Natural Science Foundation of China 
and the Key Project of the Science and Technology Commission 
of Shanghai Municipality.

Keywords: WFS1, Islet development, Integrated stress response
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ASSESSING THE IMMUNE RESPONSE TO STEM 
CELL-DERIVED ISLETS IN MICE USING SPATIAL 
TRANSCRIPTOMICS AND 3D IMAGING
Bavli, Daniel - Stem Cell and Regenerative Medicine, Harvard 
Stem Cell Institute, Cambridge, MA, USA
Melton, Doug - Stem Cell and Regenerative Biology, Harvard 
Stem Cell Institute, Cambridge, MA, USA
Pop, Ramona - Stem Cell and Regenerative Biology, Harvard 
Stem Cell Institute, Cambridge, MA, USA
Brielle, Shlomi - Stem Cell and Regenerative Biology, Stem Cell 
Institute, Harvard University, Cambridge, MA, USA
Jenny Babon, Jenny Aurielle - Stem Cell and Regenerative 
Biology, Stem Cell Institute, Harvard University, Cambridge, MA, 
USA
Hyoje-Ryu Kenty, Jennifer - Stem Cell and Regenerative 
Medicine, Stem Cell Institute, Harvard University, Cambridge, 
MA, USA

Stem cell-derived islets (SC-islets) therapy offers opportunities 
to treat type-1 diabetes. However, immune rejection of the trans-
planted islets is a major obstacle. Previous strategies for protect-
ing the cells from the immune cells, such as long-term immuno-
suppression and graft encapsulation, have certain drawbacks. To 
determine the mechanism that drives immunogenicity of SC-is-
lets, we performed time-course analysis study on humanized 
mice transplanted with SC-islets and allogeneic peripheral blood 
mononuclear cells (PBMCs). We used FFPE-based single-cell RNA 
seq (FcsRNAseq) combined with spatial transcriptomic (slideseq), 
3D spatial biology and spatial proteomics at different time points 
with a single cell resolution. While single cell spatial proteomics 
allows proximity, nearest neighbor and Infiltration analysis, Fcs-
RNAseq and spatial transcriptomic allow the detection of differ-
ently expressed genes and gene networks in both SC-islets and 

immune cells. Our results emphasize the role of B and T cells in 
SC-islets rejection and the beneficial use of genetically modified 
SC-islets for immune protection. Finally we suggest the use of sin-
gle cell spatial transcriptomics/proteomics approach as a way of 
finding specific interaction between immune cells and the SC-is-
lets which may allow encapsulation-free SC-islets transplantation.

Keywords: Stem cell-derived islets (SC-islets) therapy, 
Allogeneic rejection, Spatial transcriptomic (slideseq)

TOPIC: NO TISSUE SPECIFICITY
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ALLOGENIC NAÏVE AND PRIMED EMBRYONIC 
STEM CELLS ELICIT A CANCER-SPECIFIC 
IMMUNOTHERAPEUTIC RESPONSE IN MICE
Bernardes de Jesus, Bruno - Department of Medical Sciences, 
IBIMED, University of Aveiro, Portugal
Nobrega-Pereira, Sandrina - Department of Medical Sciences, 
IBIMED, University of Aveiro, Portugal

Recently patient-specific iPSCs have been reported as an effi-
cient source of tumor-specific antigens (Kooreman et al., 2018). 
Pluripotent cells share an overlapping expression profile with 
cancer cells, suggesting that some surface markers may serve 
to prime the immune system to target cancers. Indeed, artificial 
reprogramming has been compared to the biogenesis of cancer 
stem cells (CSCs). We have previously demonstrated that Zeb2, 
a factor involved in epithelial mesenchymal transition (EMT), is an 
important barrier limiting the reprogramming of aged cells until 
the acquisition of epithelial characteristics (Bernardes de Jesus 
et al., 2018; Goossens et al., 2011). Further exploring the similari-
ties between cancer and ESC, we demonstrate that sub-optimal 
culturing conditions, through the withdraw of the 2 inhibitors 
(CHIR99021 and PD0325901) (Bernardes de Jesus et al., 2018) 
results in the acquisition of characteristics related with cancer, 
such as the higher expression of oncogenes or (novel) cancer 
antigens, such as Claudin (CLDN) 6 (Reinhard et al., 2020) or the 
Wilms’ tumor 1 transcript (WT1) (Van Tendeloo et al., 2010). When 
left in suboptimal culture conditions, metastable ESC rapidly un-
dergoes EMT as observed though the co-expression of stemness 
factors and EMT factors (such as Zeb2) in the vicinity, a process 
resembling oncogenic EMT. Metastable ESC-based vaccines 
demonstrates an in vivo immunotherapeutic potential in an or-
thotopic and syngeneic breast cancer model, eliciting a specific 
response further supporting the similarity in antigenic repertoire. 
In fact, using mass-spectrometry we demonstrated that metasta-
ble ESC share several peptides with cancer cells, sharing several 
biological processes. These results support ESC as an innovative 
tool to derive specific cancer vaccines.

Funding Source: This work was supported by LISBOA-01-0145-
FEDER-028534; Fundação para a Ciência e Tecnologia (FCT) 
(ERA-CVD 2018 / 3599-PPCDT - ERA-CVD/0001/2018), and FCT 
project number 2022.01199.PTDC, supported by FEDER and 
FCT Budget.

Keywords: mouse ESC, immunotherapy, primed
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INCREASING EFFICIENCY AND CELL VIABILITY 
WHEN REPROGRAMMING SOMATIC CELLS INTO 
IPSCS
Land, Lexi - Product Applications, Cell Microsystems, Durham, 
NC, USA
Hartman, Jessica - Product Applications, Cell Microsystems, 
Durham, NC, USA

Patient-specific induced pluripotent stem cells (iPSCs) are a 
valuable resource in the development of models for studying 
unique disease or drug responses. Donor somatic cells are repro-
grammed into iPSCs, then differentiated into target cells for treat-
ment or testing purposes. Despite the potential of these cells, re-
programming has low efficiency (< 1%), instability of pluripotency, 
and higher chance for mutations. Reprogramming is long, labor 
intensive and manual, and requires additional screening to derive 
a monoclonal population. To robustly deploy iPSCs in clinical set-
tings, it is necessary to overcome these limitations. We hypothe-
sized that the novel CellRaft® AIR System Technology could ac-
celerate reprogramming by improving efficiency, automation, and 
cell viability. Reprogrammed fibroblasts (Epi5 Reprogramming Kit, 
Thermo Fisher) were seeded in either a traditional 6-well plate or 
in a CellRaft® Array. In both cases, the electroporated cells were 
immediately seeded in bulk. However, the CellRaft® Array pro-
vided flask-like population cell culture conditions with the added 
benefit of single-cell segregation, allowing for interrogation of in-
dividual cells. Cells settled into microwells and attached to a Cell-
Raft® tissue culture growth surface. The 6-well plate was manual-
ly examined on a microscope, while the Array was automatically 
scanned on the CellRaft® AIR System for 15 days. Each Array scan 
generated time course images, allowing for precise monitoring 
of reprogramming efficiency, viability, and clonality. On day 15, 
pluripotency was confirmed by live TRA-1-60 staining. The Ar-
ray contained 1457 individually segregated TRA-1-60+ colonies, 
whereas the 6-well plate contained 440 TRA-1-60+ foci amongst 
a lawn of non-reprogrammed fibroblasts. Using the CellRaft® AIR, 
positive CellRafts® were individually automatically isolated into 
96 well plates for downstream analysis. Isolated clones were ex-
panded into a bankable colony at least a week sooner than the 
6-well plate, with a significantly higher success rate of outgrowth. 
These data demonstrate that the CellRaft® AIR System provided 
a gentle solution to isolating fully reprogrammed iPSCs without 
the need for manual perturbation, while also overcoming major 
common bottlenecks such as efficiency and time that complicate 
these efforts.

Funding Source: 1R43GM143978-01

Keywords: Reprogramming, Viability, Clones
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A DISEASE-SPECIFIC IPS CELL RESOURCE FOR 
STUDYING RARE AND INTRACTABLE DISEASES
Saito, Megumu - Department of Clinical Application, Kyoto 
University, Japan

Disease-specific iPSCs are useful tools for pathological anal-
ysis and diagnosis of rare diseases. Given the limited available 
resources, banking such disease-derived iPSCs and promoting 
their widespread use would be a promising approach for untan-
gling the mysteries of rare diseases. Herein, we comprehensively 
established iPSCs from patients with designated intractable dis-

eases in Japan and evaluated their properties to enrich rare dis-
ease iPSC resources. We established 1,532 iPSC clones from 259 
patients with 139 designated intractable diseases. The efficiency 
of iPSC establishment did not vary based on age and sex. Most 
iPSC clones originated from non-T and non-B hematopoietic 
cells. All iPSC clones expressed key transcription factors, OCT3/4 
(range 0.27–1.51; mean 0.79) and NANOG (range 0.15–3.03; 
mean 1.00), relative to the reference 201B7 iPSC clone. These 
newly established iPSCs are readily available to the researchers 
and can prove to be a useful resource for research on rare intrac-
table diseases.

Keywords: iPS cells, designated diseases, rare and intractable 
diseases
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WELLREADY: ENABLING THE ROOM 
TEMPERATURE SHIPMENT OF CELL-BASED IN 
VITRO MODELS FOR DRUG DISCOVERY
Leitch, Alistair - Research and Development, Atelerix Ltd., 
Newcastle upon Tyne, UK
Marsh, Sarah - Research and Development, Atelerix Ltd., 
Newcastle Upon Tyne, UK
Kostenko, Anastassia - Research and Development, Atelerix 
Ltd., Newcastle Upon Tyne, UK
Swioklo, Steve - Research and Development, Atelerix Ltd., 
Newcastle Upon Tyne, UK

Advanced physiologically relevant in vitro model systems drive 
progress in drug discovery by predicting the efficacy and safety 
of drug candidates. With high attrition rates of new drugs and the 
phasing out of animal models, accurate models for drug discov-
ery have never been so important. Whilst this is well accepted, 
barriers exist for the adoption of advanced models due to the 
high level of skill required for culture, long culture times and high 
failure rates. Concomitantly, high complexity generally leads to 
high fragility restricting the ability to ship cell models from their 
site of manufacture to the end-user and making cryopreservation 
impossible. WellReady™ enables the room temperature storage 
and shipment of in vitro models by protecting them from the as-
sociated physiochemical and mechanical damage. It does this 
through enveloping biological samples in alginate-based hydro-
gels. Once the gel layers are removed, models can be returned to 
physiological temperature and be “assay-ready” for drug screen-
ing. We have demonstrated the utility of WellReady™ in storing 
and shipping a range of model systems including iPSC-derived 
cells, transfected cell lines, and primary human cells/stem cells. 
iPSC-derived neurons in 96-well plates stored and shipped at 
room temperature over a 3-day period in medium exhibited con-
siderable destruction to the axonal network whilst this was pre-
vented by WellReady™ with a 2.6±0.7-fold higher viability com-
pared to medium alone. WellReady™ also maintained the viability 
of iPSC-derived cardiomyocytes over 7 days at room tempera-
ture with no drop in viable cell number compared to non-stored 
cells (109±9%) and regained beating activity upon return to 37°C. 
HEK293 cells transiently transfected with cDNA could be stored 
at room temperature in WellReady” for 5 days and respond to 
drug treatment in kinase-based target engagement assays with 
an EC50 comparable to non-stored cultures. Finally, primary hu-
man airway epithelial monolayers could be stored for 7 days at re-
frigerated or room temperature in WellReady” without any loss of 
viability whilst all cells were dead after storage in medium alone. 
These examples on a range of different cell models demonstrate 
WellReady” to be a highly effective tool in enabling the room 
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temperature storage and shipment of cell-based models for drug 
discovery.

Keywords: Preservation, Shipping, In vitro model

838

PATIENT IPSC-BASED IN VITRO MODEL TO 
STUDY NF1 MUTATION IN GLIAL CELLS
Dhukhwa, Asmita - Opthalmology, Johns Hopkins University, 
Baltimore, MD, USA
Barzegar, Mansoureh - Opthalmology, John Hopkins University, 
Baltimore, MD, USA
Keuthan, Casey - Opthalmology, John Hopkins University, 
Baltimore, MD, USA
Zack, Donald - Opthalmology, Johns Hopkins University, 
Baltimore, MD, USA
Chamling, Xitiz - Opthalmology, Johns Hopkins University, 
Baltimore, MD, USA

Neurofibromatosis type 1 (NF1) is one of the most common ge-
netic tumor predisposition conditions. Individuals with germline 
mutations in NF1 are susceptible to tumor development in both 
the central and peripheral nervous systems (CNS and PNS). In 
the CNS, NF1-associated tumors are most commonly detected in 
the optic pathway, which often leads to progressive visual loss. 
Several studies have suggested that NF1 mutations also lead to 
dysfunction of the glial cells in the CNS. However, the effect of 
loss of NF1 function in the human glial cells is not well charac-
terized. To address this limitation, we are using NF1 patient-de-
rived iPSC lines and differentiating them into oligodendrocytes 
(OLs), OL precursor cells (OPCs) and astrocytes. To enable scal-
able production of the iPSC-derived glial cells and to use them for 
biochemical studies, we generated dual knock-in reporter lines 
of NF1 mutant (NF1+/-) and CRISPR-corrected isogenic control 
(NF1+/+) hiPSC lines. The dual reporters are 1) td-tomato and a 
cell-surface protein THY1.2 are expressed under the control of the 
OPC-enriched PDGFRα gene, and 2) a secreted Nanoluc (secN-
luc) is driven by the OL-specific MBP gene. This reporter scheme 
allows the OPCs to be purified using Thy1.2 antibody-conjugated 
magnetic microbeads following 75 days of differentiation, and 
the maturation of OPCs into OLs can be quantified by measur-
ing the Nluc activity, which corresponds to the MBP expression. 
We find that the NF1+/- hPSCs, potentially due to the loss of NF1 
tumor suppressing function, proliferate 1.5 times faster than their 
control counterparts. However, the NF1+/- hPSCs differentiate 
into OPCs significantly less efficiently than the WTs. Interestingly, 
the purified mutant OPCs show a higher level of secNluc activity 
and significant enrichment of MBP and PLP1 transcript expression 
when compared to the WT OPCs. Furthermore, our preliminary 
data suggests that the NF1+/- hiPSC-derived astrocytes, upon the 
inflammatory cytokine (TNFα, IL1α and C1q) treatment, express 
significantly higher levels of reactive astrocyte markers such as 
C3, VCAM1 and CXCL10 than the NF1+/+ astrocytes. Taken to-
gether, the patient iPSC-based cell lines that we have generated 
serve as a physiologically relevant human cell model, which will 
aid in studying the outcome of NF1 mutations in human glial cells.

Funding Source: Gilbert Family Foundation

Keywords: Neurofibromatosis Type 1, Oligodendrocytes, 
Astrocytes
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IMPROVING GENETIC STABILITY IN HUMAN 
PLURIPOTENT STEM CELLS MAINTAINED AS 
SINGLE CELLS USING A NOVEL MAINTENANCE 
MEDIUM
Hirst, Adam J. - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Snyder, Kimberly - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Kwon, Michelle - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Wang, Vicky - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Lim, Darielle - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Vo, Helen - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Hoang, Thuy - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Eaves, Allen - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Louis, Sharon - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Arwen, Hunter - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada

To improve reproducibility and rigor of human pluripotent stem 
cell (hPSC) research, there has been a renewed focus on estab-
lishing defined quality standards and guidelines. An important 
quality attribute being scrutinized is genetic stability, with the ac-
quisition of cytogenetic abnormalities widely reported in hPSCs. 
Recurrent cytogenetic abnormalities in hPSCs can confer a strong 
selective advantage through different mechanisms including in-
creased growth rates and resistance to cell death. Long-term sin-
gle-cell passaging has been linked with increased genetic insta-
bility and is generally not recommended for the maintenance of 
hPSCs. To address this, we have developed a novel hPSC culture 
medium (nSCM) specifically formulated to support hPSCs when 
maintained as single cells. To assess genomic stability, 48 inde-
pendent clones from 2 hPSC lines (H1 and H9) were single-cell 
passaged for 20 weeks in either nSCM or two control media. 
Selected control media were developed and optimized for use 
with traditional aggregate passaging protocols. After 20 weeks, 
clones were screened for 8 common recurrent abnormalities us-
ing a qPCR-based method and then confirmed using FISH. A total 
of 53% (25/47) and 46% (22/48) of the hPSC clones maintained in 
control media were found to have recurrent abnormalities. In con-
trast, abnormalities detected in hPSCs maintained in nSCM were 
significantly lower with only 7% (3/46) of clones abnormal after 
20 weeks. This marked difference was characterized by the ab-
sence of 20q gains detected in hPSC clones maintained in nSCM 
(0/4 abnormal clones) versus control media (45/47 clones). hPSCs 
cultured as single cells in the nSCM display characteristic hPSC 
morphology, express high levels of undifferentiated cell markers, 
and differentiate efficiently to all three germ layers. hPSCs pas-
saged as single cells in nSCM displayed an improved average 
expansion rate of 104-fold over 5 days, and when seeded at 1 
cell/well in nSCM supplemented with CloneR™2 displayed cloning 
efficiencies of 41 ± 5% (mean ± SD, n = 4 cell lines). In summary, 
we demonstrate the utility of a novel hPSC culture medium that 
improves genetic stability of hPSCs when maintained long-term 
using single-cell passaging protocols. hPSCs maintained in nSCM 
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applications.

Keywords: Pluripotent, Genetic stability, single cell
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DIRECTED DIFFERENTIATION OF FUNCTIONAL 
VASCULAR SMOOTH MUSCLE CELLS FROM 
HUMAN INDUCED PLURIPOTENT STEM CELLS
Chen, Guibin - NHLBI, NIH, Bethesda, MD, USA
Zheng, Wei - NIH, NCATS, Rockville, MD, USA
Pavlinov, Ivan - NIH, NCATS, Rockville, MD, USA

Smooth muscle cells (SMCs) consist of the wall in variety of tis-
sues including blood vessels, which plays a pivotal role in vascu-
lar homeostasis and disease. The need for smooth muscle cells 
applications is increasing in the field of biomedical and biotech-
nological with the development of regenerative medicine and 
disease modeling for studying vascular disease pathophysiolo-
gy. Currently, the most reliable source of human SMC scan be 
obtained from umbilical cord and bone marrow. However, those 
cells are shown the high variability among donors and culture 
senescence, limiting their proliferative capacity. The human in-
duced pluripotent stem cells (iPSCs) can self-renew indefinitely in 
culture and can be differentiated into the cells of three germ lay-
ers, which provides a platform to generate a large number of cells 
desired. We recently have developed a method for generating 
SMCs from human iPSCs. Those cells display the phenotypical-
ly and transcriptionally similar properties as primary SMCs which 
expression α-smooth muscle actin, calponin, and SM22. Further-
more, the cells can be induced into mature and functional SMC. 
Our results exhibit that the iPSC derived SMCs have the potential 
to be used as high-throughput invitro assays for evaluating com-
pound toxicity and compound screening for drug discovery and 
development. Moreover, SMCs generated from patient-specific 
iPSCs can model the disease pathophysiology and be used in 
personalized medicine development.

Keywords: Smooth muscle cells, Differentiation, INDUCED 
PLURIPOTENT STEM CELLS
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DIRECTED DIFFERENTIATION OF BIPOTENTIAL 
GONADAL CELLS GIVES RISE TO EITHER EARLY 
TESTICULAR OR EARLY OVARIAN CELLS
Pachernegg, Svenja - Reproductive Development Group, 
Murdoch Children’s Research Institute, Parkville, Victoria, 
Australia
Robevska, Gorjana - Reproductive Development Group, 
Murdoch Children’s Research Institute, Melbourne, Australia
Charitakis, Natalie - Transcriptomics and Bioinformatics, 
Murdoch Children’s Research Institute, Melbourne, Australia
Garcia Alves Ferreira, Lucas - Reproductive Development Group, 
Murdoch Children’s Research Institute, Melbourne, Australia
Ramialison, Mirana - Transcriptomics and Bioinformatics, 
Murdoch Children’s Research Institute, Melbourne, Australia
Tucker, Elena - Reproductive Development Group, Murdoch 
Children’s Research Institute, Melbourne, Australia
Sinclair, Andrew - Reproductive Development Group, Murdoch 
Children’s Research Institute, Melbourne, Australia
Ayers, Katie - Reproductive Development Group, Murdoch 
Children’s Research Institute, Melbourne, Australia

Reproductive development can be disrupted by both environ-
mental and genetic factors, with Differences of Sex Develop-
ment (DSDs) affecting about 1.7% of babies. There is an urgent 
need for an in vitro model to study human embryonic gonadal 
development and DSDs. We have addressed this by establishing 
a world-first protocol to differentiate human induced pluripotent 
stem cells (iPSCs) into early gonadal cells cultured as testis-like 
organoids. Our stepwise differentiation protocol uses small mole-
cules to mimic developmental signalling, inducing iPSCs to devel-
op into the bipotential gonad by day 7. Culturing these cells as 3D 
organoids and treating them with masculinising growth factors re-
sults in significant testis gene expression by day 21. In these early 
testis-like organoids, cells expressing testis markers reside with-
in tissue structures delineated by basement membrane. These 
“tube-like structures” are reminiscent of cord-like assemblies in 
re-aggregated mouse testes. Transcriptomic profiling of our tes-
ticular organoids shows clusters with gonadal and reproductive 
tissue identities, and distinct testicular cell lineages, which over-
lap with those found in human fetal gonads. Furthermore, using 
feminising factors in our differentiation protocol instead of mascu-
linising factors, leads to the upregulation of female marker genes 
and the expression of proteins crucial for female reproductive 
development.

Funding Source: National Health and Medical Research Council 
Ideas Grant GNT2012250 2022-2025

Keywords: gonadal development, gonadal differentiation, 
organoids
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ALTERED NEUROVASCULAR CROSSTALK 
IN SCHIZOPHRENIA: AN IPSC-DERIVED 
NEURODEVELOPMENTAL STUDY
Casas, Barbara S. - Departamento de Biología, Universidad de 
Chile, Santiago, Chile
Puvogel, Sofia - Departamento de Biología, Universidad de 
Chile, Santiago, Chile
Blanchard, Kris - Departamento de Biología, Universidad de 
Chile, Santiago, Chile
Garrido, Delia - Departamento de Biología, Universidad de 
Chile, Santiago, Chile
Arizabalos, Sebastian - Departamento de Biología, Universidad 
de Chile, Santiago, Chile
Maksaev, Vera - Departamento de Biología, Universidad de 
Chile, Santiago, Chile
Palma, Veronica - Departamento de Biología, Universidad de 
Chile, Santiago, Chile

Schizophrenia (SZ) is a chronic debilitating neuropsychiatric dis-
order affecting around 1% of the population worldwide. To date, 
SZ has no cure, and more than one-third of patients describe little 
to no progress after treatment, for which, an expanded knowl-
edge and comprehension of SZ physiopathology is imperative. 
Increasing evidence is tracing SZ’s origin to embryonic neurode-
velopment, where the brain is formed concomitantly with a vast 
and complex vascular network, structuring the neurovascular 
unit (NVU). Recently, we have worked in the modeling of early 
neurovascular interactions in SZ using induced pluripotent stem 
cell (hiPSC) reprogramed from healthy controls (HC) and SZ pa-
tients into the main cellular components of the NVU: Neural stem 
cells (NSC), neurons, astrocytes and brain endothelial cells (BEC). 
We have studied their functional and molecular alterations and 
the effect of their secretomes on angiogenesis and brain barrier 
formation. Our results show changes in functional connectivity 
dynamics of SZ hiPSC-derived long-term neuronal cultures sug-
gesting that alterations in neuronal communicational dynamics 
are already present during early development in SZ and may con-
tribute to the brain functional connectivity anomalies described in 
SZ patients. SZ-derived BEC show a decreased response to an-
giogenic stimuli and present alterations in their barrier capacities. 
The overall secretome of SZ-derived NVU cultures is less neuro-
trophic than HC, inducing a decreased angiogenic response and 
an increased permeability both in vitro and in vivo. Our findings 
suggest the presence of inherent deficiencies in both neural and 
vascular components resulting in defective crosstalk in the for-
mation of the NVU that possibly contributes to the phenotype de-
scribed in SZP. These results broaden the spectrum of possible 
therapeutic targets for SZ treatment and posit new possibilities 
for biomarkers for disease diagnosis and stratification.

Funding Source: Fondecyt Grant # 1221522

Keywords: induced pluripotent stem cells, schizophrenia, 
neurovascular unit
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USING AUTOMATED PATCH CLAMP FOR 
HIGH THROUGHPUT PHARMACOLOGICAL 
CHARACTERIZATION OF CARDIAC ACTION 
POTENTIAL IN HUMAN INDUCED PLURIPOTENT 
STEM CELL DERIVED CARDIOMYOCYTES
Ozhathil, Lijo Cherian - Research and Development, Sophion 
Bioscience A/S, Copenhagen, Denmark
Badone, Beatrice - Research and Development, Sophion 
Bioscience A/S, Copenhagen, Denmark
Karatsiompani, Stefania - Research and Development, Sophion 
Bioscience A/S, Copenhagen, Denmark
Røskva Rosholm, Kadla - Research and Development, Sophion 
Bioscience A/S, Copenhagen, Denmark
Bjørn Jacobsen, Rasmus - Research and development, Sophion 
Bioscience A/S, Copenhagen, Denmark

Drugs interfering with cardiac electrophysiology is of important 
concern and is the leading cause for either attrition or withdrawal 
from the market. Thus, there has been an increased prioritization 
to assess the cardiac safety liability of the drugs quite early in the 
drug development process in human relevant model systems. Hu-
man-induced pluripotent stem cell-derived cardiomyocytes (hiP-
SC-CMs) recently emerged as a valuable in vitro tool for screen-
ing of drug-induced cardiotoxicity as they well replicate human 
adult cardiac electrophysiological features. However, the low di-
astolic resting potential, low throughput and the tediousness with 
the gold standard manual patch clamp measurements has limited 
its applicability in drug discovery projects. To address these lim-
itations, we have developed an assay using our automated patch 
clamp (APC) system the QPatchII, with the state-of-art feature 
Adaptive Current Clamp - or IAdapt - which allows users to auto-
matically clamp each individual iPSC-CM to the holding potential 
of interest and evoke a cardiac action potential with duration and 
amplitude well mirroring the human adult cardiac action poten-
tial. With the use of IAdapt feature, we observed a significant im-
provement in the upstroke velocity and action potential shape, 
which are critical parameters for evaluating the proarrhythmic 
screening of drugs. Furthermore, we also benchmarked our as-
say with generic ion channel inhibitors, such as E4031, Dofetilide, 
Nifidipine and BayK8644. We observed the alterations of action 
potential duration (APD) with each respective drug, due to their 
modulation of either potassium or calcium conductance. The pos-
sibility to clamp each iPSC-CM cell individually to hyperpolarized 
potential with the IAdapt feature is efficient, robust, and reliable 
in supporting the characterization of the cardiac cellular electro-
physiology, which is essential for cardiac safety liability studies.

Keywords: iPSC derived cardiomyocytes, ion channel, 
Automated patch clamp
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ISOLATION OF MATURE HUMAN IPSC-DERIVED 
VENTRICULAR CARDIOMYOCYTES USING 
SYNTHETIC MICRO-RNA SWITCH
Tsujisaka, Yuta - Graduate School of Medicine, Kyoto 
University, Koyoto, Japan
Miki, Kenji - Center for iPS Cell Research and Application (CiRA), 
Kyoto University, Koyoto, Japan
Ono, Hiroki - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Koyoto, Japan
Saito, Hirohide - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Koyoto, Japan
Yoshida, Yoshinori - Center for iPS Cell Research and 
Application (CiRA), Kyoto University, Koyoto, Japan

For disease modeling and drug screening using induced plurip-
otent stem cell-derived cardiomyocytes (iPSC-CMs), mature and 
subtype-specific iPSC-CMs are required to mimic the disease 
pathology, to understand the underlying mechanism of diseas-
es, and to confirm the candidate drug’s deleterious features. We 
have shown that synthetic mRNAs encoding a fluorescent protein 
tagged with complementary sequences against specifically ex-
pressed microRNA (miRNA-switch) can efficiently purify the target 
cells with the specific miRNA. To purify iPSC-CMs, miR-208a-re-
sponsive mRNA (miR-208a switch) was reported to isolate iP-
SC-CMs efficiently. However, the miR-208a switch cannot purify 
each subtype-specific iPSC-CMs, such as ventricular, atrial, and 
nodal types. We differentiated iPSC-CMs using ventricular, atrial, 
and nodal protocols, respectively. Using purified iPSC-CMs with 
miR-208a switch in those three protocols, we found miR-V ex-
pressed more highly in iPSC-CMs generated by ventricular proto-
col than the others. MiR-V-responsive mRNA (miR-V switch) react-
ed to iPSC-CMs only in the ventricular protocol and not in the atrial 
and nodal protocols. The proportion of miR-V positive iPSC-CMs 
increased with relatively long-term culture only in the ventricular 
protocol (9.2±3.8% on day 20, 35±8.8% on day 40). MiR-V posi-
tive iPSC-CMs showed significantly higher expression of ventri-
cle- and maturation-related genes such as MYL2 and CD36 than 
miR-V negative iPSC-CMs. In electron microscopy observation, 
miR-V positive iPSC-CMs showed M-bands, while miR-V negative 
iPSC-CMs did not. We also showed that the previously reported 
maturation protocol increased miR-V-positive iPSC-CMs.

In conclusion, we demonstrated that the combination of miR-V 
and miR-208a switches efficiently isolated mature ventricular iP-
SC-CMs, enabling its application in disease modeling and drug 
screening.

Keywords: miRNA, mature cardiomyocyte, Induced Pluripotent 
Stem Cell
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MULTI-LINEAGE HEART-CHIP MODELS 
DRUG CARDIOTOXICITY AND ENHANCES 
MATURATION OF HUMAN STEM CELL-DERIVED 
CARDIOVASCULAR CELLS
Mozneb, Maedeh - Board of Governors Regenerative Medicine 
Institute, Cedars-Sinai Medical Center, Los Angeles, CA, USA
Arzt, Madelyn - RMI, Cedars Sinai Medical Center, Los Angeles, 
CA, USA
El-Ghazawi, Kareem - RMI, Cedars Sinai Medical Center, Los 
Angeles, CA, USA
Garcia, Veronica - RMI, Cedars Sinai Medical Center, Los 
Angeles, CA, USA
Ho, Ritchie - RMI, Cedars Sinai Medical Center, Los Angeles, CA, 
USA
Jenkins, Amelia - RMI, Cedars Sinai Medical Center, Los 
Angeles, CA, USA
Laperle, Alex - RMI, Cedars Sinai Medical Center, Los Angeles, 
CA, USA
Mosser, Vanessa - RMI, Cedars Sinai Medical Center, Los 
Angeles, CA, USA
Ondatje, Briana - RMI, Cedars Sinai Medical Center, Los 
Angeles, CA, USA
Pohlman, Stephany - RMI, Cedars Sinai Medical Center, Los 
Angeles, CA, USA
Sances, Sam - RMI, Cedars Sinai Medical Center, Los Angeles, 
CA, USA
Sharma, Arun - RMI, Cedars Sinai Medical Center, Los Angeles, 
CA, USA
Svendsen, Clive - RMI, Cedars Sinai Medical Center, Los 
Angeles, CA, USA
West, Dylan - RMI, Cedars Sinai Medical Center, Los Angeles, 
CA, USA
Woodbury, Amanda - RMI, Cedars Sinai Medical Center, Los 
Angeles, CA, USA
Workman, Michael - RMI, Cedars Sinai Medical Center, Los 
Angeles, CA, USA
Yuser, Nur - RMI, Cedars Sinai Medical Center, Los Angeles, CA, 
USA

Currently prescribed chemotherapeutic drugs inhibiting tyrosine 
kinase (TKI) pathways account for major cardiotoxic events in 
some cancer patients. In the field of personalized medicine, on-
chip devices are a gold standard for gathering preliminary results 
on drug effects on a patient specific cell line, given a comprehen-
sive and reproducible model is developed. In this work, we have 
developed a cardiovascular on chip model for monitoring the car-
diotoxic effect of sorafenib as a TKI on human stem cell-derived 
cardiomyocytes and endothelial cells. Human iPSC cardiomyo-
cytes are cultured in the top channel of an Emulate® organ-on-
chip device, over a porous membrane that separates them from 
the bottom channel hosting human iPSC endothelial cells. Contin-
uous medium flow and mechanical stimulation on chip has shown 
advancements in cellular maturity of both cell types. Furthermore, 
the application of sorafenib has shown measurable cardiotoxici-
ty through structural and functional characterization of both cell 
lines. Uniqueness of each individual in our world mandates the 
use of personalized medicine for future patients and a goal to 
be set for today’s healthcare industries. Our study shows today’s 
capabilities of developing in-clinic personalized medicine, which 
can be faithful physiological models for novel and specific drug 
testing, amongst other healthcare applications.

Keywords: Organ-chips, cardiotoxicity, stem cell
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SPATIAL TRANSCRIPTOMICS REVEALED LONG-
TERM ENGRAFTMENT AND FUNCTIONAL 
MATURATION OF THE HUMAN GRAFTS IN 
MYOCARDIAL INFARCTED PIGS’ HEART
Yap, Lynn - CVMD, Duke-NUS Graduate Medical School, 
Singapore 
Adusumalli, Swarnaseetha - CVMD, Duke-NUS Medical School, 
Singapore 
Lim, Samantha - CVMD, Duke-NUS Medical School, Singapore 
Lee, Cheryl - CVMD, Duke-NUS Medical School, Singapore 
Choo, XIn YI - CVMD, Duke-NUS Medical School, Singapore 
Ren, Vincent - CVMD, Duke-NUS Medical School, Singapore 
Wang, Yibin - CVMD, Duke-NUS Medical School, Singapore 
Ye, Lei - Biomedical Engineering, University of Alabama, 
Birmingham, AL, USA
Petretto, Enrico - CVMD, Duke-NUS Medical School, Singapore 
Tryggvason, Karl - CVMD, Duke-NUS Medical School, Singapore

Cellular therapy could potentially replace damaged heart muscle 
for regenerative cardiology. However, there has been a lack of 
understanding of the molecular mechanisms involved in the en-
graftment and maturation of these transplanted cells. Therefore 
in this study, we utilized the spatial capture technology to get a 
holistic understanding of the complex transcriptional landscapes 
within their spatial context. Previously, we have shown the safety 
and efficacy of transplanting our laminin221-derived cardiovascu-
lar progenitors (CVPs) into myocardial-infracted (MI) pig hearts. 
Here, we continue to gain a deeper understanding of these cells 
by performing 10x spatial transcriptomics at 1-, 4- and 12- weeks 
post-transplantation in both acute and chronic MI pig models. We 
are able to separate the transcripts from the pigs and humans 
in the infarcted region and confidently identify the regions that 
contain human cells. This in silico prediction has been validated 
by immunohistochemistry staining of the pig tissue samples with 
human-specific anti-Ku80 antibodies. Results demonstrated the 
engraftment and viability of the CVPs into the infracted region 
across the time points. Interestingly, we observed an increase 
in ribosomal and mitochondria activity at 12 weeks as compared 
to 1- and 2- weeks. These findings fit into the cardiac maturation 
model where cells will switch their metabolic energy source from 
glucose to fatty acid which increases the ribosomal and mito-
chondrial activities as they switch from immature fetal-like cells 
to mature cardiomyocytes (CMs). We also confirmed the mature 
status of the human grafts by the ratio of cardiac-specific genes 
such as MYH6 and MYH7. Furthermore, we also uncovered novel 
upstream regulators that are highly expressed in mature grafts, 
and these genes will be studied to validate cardiac maturation. 
We also compared the differences in acute and chronic MI mod-
els and these findings will be presented. In conclusion, we have 
shown the successful engraftment and maturation of human CVPs 
toward CMs using spatial technology. These data will be used to 
understand other aspects of regenerative cardiology such as the 
mechanism of VTs and in vivo cellular repair mechanisms.

Keywords: Spatial transcriptomics, Cardiac maturation, 
Regenerative cardiology
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MACHINE LEARNING-BASED SCREENING 
SYSTEM USING HPSC-DERIVED 
CARDIOMYOCYTES FOR THE DISCOVERY 
OF NOVEL THERAPIES TO ATTENUATE 
DOXORUBICIN-INDUCED CARDIAC DAMAGES
Funakoshi, Shunsuke - Department of Cell Growth and 
Differentiation, Center for iPS Cell Research and Application, 
Kyoto, Japan
Sasaki, Masako - Department of Cell Growth and Differentiation, 
Center for iPS Cell Research and Application (CiRA), Kyoto 
University, Kyoto, Japan
Kondo, Shigeru - T-CiRA, Takeda Pharmaceutical Company, 
Shonan, Japan
Naka, Yuki - Department of Cell Growth and Differentiation, 
Center for iPS Cell Research and Application (CiRA), Kyoto 
University, Kyoto, Japan
Imahashi, Kenichi - T-CiRA, Takeda Pharmaceutical Company, 
Shonan, Japan
Yoshida, Yoshinori - Department of Cell Growth and 
Differentiation, Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan

Cardiotoxicity is a life-threatening side effect in Doxorubicin 
(DOX) treatment for patients with cancers. However, there are 
currently no effective methods to attenuate DOX-induced car-
diac damages. Here we have developed an in vitro platform to 
evaluate the effect of DOX on cardiomyocytes and established a 
high-throughput screening assay by the machine learning-based 
evaluation of the DOX-induced cardiac damage using hiPSC-de-
rived cardiomyocytes. 2-dimensionally cultured mature ventricu-
lar cardiomyocytes revealed the DOX-induced sarcomere disor-
ganization and 3-dimentional mature ventricular cardiac tissues 
enabled to quantify the DOX-induced contractile impairment and 
reveal the cellular damage in non-cardiac cells. Using the sarco-
mere imaging in 2-dimentional DOX-treated cardiomyocytes, we 
established the efficient method to quantify the DOX-induced 
sarcomere disorganization by supervised machine learning sys-
tem. This machine learning-based system can precisely score the 
sarcomere damage in cardiomyocyte, which allowed to quan-
tify the DOX-induced cardiomyocyte damage in the dose-de-
pendent manner. Using this quantification method, we have 
established high-throughput screening (HTS) system. We are 
currently performing HTS to discover candidate compounds to 
attenuate DOX-induced sarcomere damages and validating their 
cardio-protective effects using 3D mature cardiac tissues. Collec-
tively, this study highlights the power of the combination of the 
disease modeling using iPSC-derived mature cardiac tissues and 
the machine learning-based evaluation of cellular structures to 
investigate human heart disease.

Keywords: machine learning-based screening, doxorubicin-
induced cardiomyopathy, iPSC-derived cardiomyocyte
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A SIMPLE AND EFFICIENT CULTURE SYSTEM 
FOR THE LARGE-SCALE EXPANSION OF 
HUMAN PLURIPOTENT STEM CELL-DERIVED 
CARDIOMYOCYTES
Legree, Jessica C. - Research and Development, STEMCELL 
Technologies, Vancouver, BC, Canada
Ang, Trisha - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Luo, Hattie - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Conder, Ryan - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Eaves, Allen - Corporate Affairs, STEMCELL Technologies Inc., 
Vancouver, BC, Canada
Louis, Sharon - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Macri, Vincenzo - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada

The in vitro expansion of human pluripotent stem cell-derived 
cardiomyocytes (hPSC-CMs) is limited, and the ability to gener-
ate large numbers of cardiomyocytes would benefit drug dis-
covery, toxicology, and cell therapy research. Here, we present 
STEMdiff™ Cardiomyocyte Expansion Kit, the first commercially 
available and optimized culture system amenable to large-scale 
expansion of hPSC-CMs. STEMdiff™ Cardiomyocyte Expansion Kit 
includes STEMdiff™ Cardiomyocyte Passaging Supplement and 
Expansion Medium. To initiate the hPSC-CM expansion workflow, 
hPSCs were differentiated to CMs using STEMdiff™ Ventricular 
Cardiomyocyte Differentiation Kit. A confluent beating monolayer 
of early-stage hPSC-CMs was observed on day 11 of differentia-
tion and harvested using STEMdiff™ Cardiomyocyte Dissociation 
Kit. The Day 11 hPSC-CMs expressed > 80% cardiac troponin T, 
as measured by flow cytometry, thereby confirming their CM 
identity. Day 11 hPSC-CMs were replated onto Matrigel®-coated 
cultureware at a low density using STEMdiff™ Cardiomyocyte Pas-
saging Medium. After 24 hours, a full-medium change was per-
formed with STEMdiff™ Cardiomyocyte Expansion Medium, and 
every 2 days onwards. After 7 days in culture, a confluent beating 
monolayer of expanding hPSC-CMs was observed. The expand-
ing hPSC-CMs were then dissociated and replated as described 
above for passage 1. After 5 passages, the hPSC-CMs had an av-
erage cumulative fold expansion of 72 ± 12 (n = 15), ranging from 
33- to 103-fold across 4 hPSC lines. The expanded hPSC-CMs ex-
pressed high levels of cardiac troponin T (90 ± 2%, n = 15, 4 hPSC 
lines). After expansion, hPSC-CMs were cultured for one week 
using STEMdiff™ Cardiomyocyte Maintenance Kit. Microelectrode 
array electrophysiology readings confirmed that expanded hP-
SC-CMs had a stable beating profile (12 ± 1 bpm, n = 14, 4 hPSC 
lines). STEMdiff™ Cardiomyocyte Expansion Kit provides a simple 
and standardized workflow for efficient and scalable expansion 
of hPSC-CMs for use in drug discovery, toxicology studies, and 
cell therapy models.

Keywords: Cardiomyocyte, Expansion, hPSC-Derived 
Cardiomyocytes

TOPIC: EPITHELIAL INCLUDES SKIN GUT LUNG
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END TO END AUTOMATION FOR LARGE SCALE 
DRUG DISCOVERY USING PATIENT DERIVED 3D 
COLORECTAL CANCER ORGANOIDS
Sirenko, Oksana - Research and Development, Molecular 
Devices, San Jose, CA, USA
Tong, Zhisong - Imaging, Molecular Devices, San Jose, CA, USA
Prathyushakrishna, Macha - Imaging, Molecular Devices, San 
Jose, CA, USA
Fraser, Elizabeth - Development, Cellesce, Cardiff, UK
Marsh, Victoria - Development, Cellesce, Cardiff, UK

Many oncology drugs fail at the later stages of the drug devel-
opment pipeline and in clinical trials, despite promising data in 
vitro. 3D cell models, such as patient-derived organoids (PDOs), 
offer a promising solution to this problem. Cells grown in 3D can 
better mimic cell-cell interactions and the tissue microenviron-
ment. Studies show that patients and their derived organoids 
respond similarly to drugs, suggesting the value of using PDOs 
to improve therapeutic outcomes. However, challenges such as 
assay reproducibility, scalability, and cost have limited the use 
of PDOs in mainstream drug discovery pipelines. To address 
challenges associated with the use of PDOs in large scale ap-
plications, a semi-automated bioprocess was developed for the 
controlled production of standardized PDOs at scale. The biopro-
cessor maintains an environment that ensures constant delivery 
of nutrients and growth factors to the culture while preventing 
the accumulation of toxins. This method results in the large-scale 
production of assay-ready organoids that are uniform in size and 
have high viability. To demonstrate the utility of these PDOs for 
downstream drug discovery applications, we previously carried 
out a pilot study using patient derived colorectal cancer (CRC) 
organoids for a compound screen. The complete workflow was 
done manually in 96W and 384W microtiter plates. Here, we 
sought to improve assay throughput by developing an end-end, 
automated workflow starting with assay-ready CRC organoids. 
CRC organoids were established in culture, maintained, and 
screened in an automation enabled workcell consisting of an 
incubator, high content imager, liquid handler and robotic plate 
handler. For maintenance, the liquid handler was used for media 
changes with routine imaging to monitor organoid growth (pre 
and post treatment). CRC PDOs were treated with selected an-
ti-cancer compounds and analyzed using deep learning-based 
image segmentation. A viability assay was carried out using 
high-content imaging. We find that PDOs treated with romidep-
sin and trametinib showed the most significant reduction in size, 
with a greater number of dead cells compared to the other com-
pounds and controls. Overall, our results show the utility of PDOs 
in high throughput drug discovery applications using automation 
with high-content imaging.

Keywords: Colorectal cancer, organoids, screening
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PRODUCING OF INDUCED PLURIPOTENT STEM 
CELLS AND MESENCHYMAL STEM CELLS FROM 
ONE PLUCKED HAIR
Yoshizawa, Misa - Frontier Research Center, POLA Chemical 
Industries, Inc., Yokohama, Japan
Iwanaga, Tomoyuki - Frontier Research Center, POLA Chemical 
Industries, Inc., Yokohama, Japan
Kuge, Takayuki - Frontier Research Center, POLA Chemical 
Industries, Inc., Yokohama, Japan

Induced pluripotent stem cells (iPSCs) have been reprogrammed 
into an embryonic-like pluripotent state. They theoretically enable 
to differentiate into any type of human cell. Mesenchymal stem 
cells (MSCs) are mesenchymal stromal cells that differentiate into 
various cell types. Due to of their multipotency, iPSCs and MSCs 
are encouraging options for cell treatment and the reconstruction 
of human tissues. However, the application of these cells to thera-
pies has been limited due to the highly invasive procedures need-
ed for their collection. iPSCs are generally produced from skin 
fibroblasts or mononuclear cells, while MSCs are isolated from 
tissues such as adipose tissue, bone marrow and umbilical cord. 
We herein describe a minimally invasive method to collect iPSCs 
and MSCs from only one plucked hair follicle. All experimental 
procedures conformed to ethical standards. iPSCs were obtained 
by reprogramming keratinocytes collected from one plucked hair. 
A hair follicle with an external root sheath was cultured on a plate 
with MEF-conditioned medium. Cells that growed from the bulge 
area were isolated and cultured, and the expression of Keratin 
14 was confirmed by immunostaining. Isolated cells were trans-
fected with episomal vectors carrying the OCT3/4, SOX2, LIN28, 
KLF4, L-MYC and mouse p53DD genes by electroporation. The 
medium was gradually switched from EpiLife ™ to Essential 8™ 
Flex Medium. Cells expressed iPSC markers and could differenti-
ate into all three germ layers. Karyotyping analysis confirmed that 
these iPSCs cells had no chromosomal abnormalities. MSCs were 
obtained by direct isolation and cultivation from one plucked hair. 
A pulled hair follicle was cultured on a plate with DMEM medium 
containing bFGF, EGF, FBS and Pen/Strep. Cells from the papilla 
were grown and subjected to a flow cytometric analysis, which 
revealed the expression of CD73, CD90 and CD105. These cells 
differentiated into adipocytes, osteoblasts, and chondrocytes. 
Based on these results, cells isolated from one plucked hair 
follicle were identified as MSCs. The present study provides an 
approach to obtain iPSCs and MSCs from only one plucked hair 
follicle with minimal invasiveness and ease. This method will pro-
vide novel insights into and contribute to the expansion and de-
velopment of regenerative medicine.

Keywords: Induced pluripotent stem cells (iPSCs), Mesenchymal 
stem cells (MSCs), Plucked hair

865

RETROSPECTIVE ANALYSIS OF ENHANCER 
ACTIVITY AND TRANSCRIPTOME HISTORY
Tan, Beatrice - Developmental Biology, Erasmus MC, 
Rotterdam, Netherlands
Boers, Ruben - Developmental Biology, Erasmus Medical 
Center, Rotterdam, Netherlands
Boers, Joachim - Developmental Biology, Erasmus Medical 
Center, Rotterdam, Netherlands
van Leeuwen, Marieke - Developmental Biology, Erasmus 
Medical Center, Rotterdam, Netherlands
Wassenaar, Evelyne - Developmental Biology, Erasmus Medical 
Center, Rotterdam, Netherlands
Gribnau, Joost - Developmental Biology, Erasmus Medical 
Center, Rotterdam, Netherlands

Cell state changes in development and disease are controlled 
by gene regulatory networks, the dynamics of which are dif-
ficult to track in real-time. Therefore, we developed the DCM 
time machine (DCM-TM), a system that enables the tracing of 
genome-wide gene transcription and enhancer activity during 
stem cell differentiation. The DCM-TM is based on a fusion be-
tween the bacterial methyltransferase DCM and subunit b of 
the RNA polymerase II machinery. We generated mice with a 
doxycycline-inducible DCM-Polr2b fusion gene which, upon in-
duction, methylates the CCWGG sequence in active genes and 
enhancers. DCM methylation labels can then be detected using 
the methylation-dependent restriction enzyme LpnPI (MeD-seq), 
which recognizes all methylated DCM sites and 50% of the meth-
ylated CpG sites.

MeD-seq analysis of DCM-TM data shows enrichment of DCM 
methylation labels at the gene bodies of active genes and active 
enhancer regions. These labels do not affect gene expression 
and are propagated to daughter cells during S-phase, enabling 
lineage tracing. We apply the DCM-TM technology to study intes-
tinal homeostasis, resulting in gene and enhancer activity maps 
that trace the intestinal stem cell (ISC) state to the enterocyte 
state. These maps allow us to predict transcription factor activity 
and study the changes in chromatin landscape during ISC differ-
entiation. To conclude, DCM-TM provides a powerful technology 
for tracing genome-wide gene transcription and enhancer activity 
back in time without relying on predictions or the requirement to 
isolate stem cells. DCM-TM has wide applicability in tracking cell 
states, providing new insights into the regulatory networks under-
lying cell state changes.

Keywords: Stem cell differentiation, Lineage tracing, Intestinal 
homeostasis
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UNDERSTANDING THE INTERPLAY BETWEEN 
PHYSICS AND BIOLOGY THANKS TO A FINITE 
ELEMENT METHOD-IMPLEMENTED VERTEX 
ORGANOID MODEL
Ferrand, Audrey - Institut de Recherche en Santé Digestive 
(IRSD) / Digestive Health Research Institute, INSERM, Toulouse, 
France
Laussu, Julien - Institut Clement Ader, Université de Toulouse III, 
Toulouse, France
Magne, Lea - Institut de Recherche en Santé Digestive, INSERM, 
Toulouse, France
Marguet, Steven - Institut Clement Ader, Université de Toulouse 
III, Toulouse, France
Michel, Deborah - Institut de Recherche en Santé Digestive, 
INSERM, Toulouse, France
Segonds, Stephane - Institut Clement Ader, Université de 
Toulouse III, Toulouse, France
Bugarin, Florian - Institut Clement Ader, Université de Toulouse 
III, Toulouse, France

Understanding the interplay between biology and physics in-
volved in tissue architecture is a challenging issue, especially 
when it comes to 3D tissue organization. This requires both an 
appropriate biological model, allowing multiscale observations 
from cellular resolution to the overall tissue architecture, and 
relevant theoretical and computational approaches to generate 
a synthetic model that is most relevant to the biological model 
and allows access to the physical constraints experienced by the 
tissue. Here, using the monolayer organoid of the human colon 
epithelium as a biological model, and combining a vertex mod-
el and the finite element method (FEM), we generated a finite 
element model of the human colon organoid. Briefly, using an 
approach combining real-time fluorescence imaging and 2D and 
3D image analysis, we extracted biological parameters charac-
terizing the organoid biological model during the establishment 
of its architecture. Then, the implementation of an ‘organoid’ ver-
tex model allowed us to observe the limits of this vertex method 
by comparing the data obtained on the biological organoid and 
the in silico vertex model. Finally, in order to obtain a more rele-
vant organoid model and to understand the impact of the phys-
ics involved in the dynamic morphological changes contributing 
to the establishment of the colorectal organoid architecture, we 
generated a new specific FEM model. The analysis of the results 
obtained then demonstrates how the flexibility of the new FEM 
model can provide a basis for linking cell shape, tissue deforma-
tion and stresses at the cellular level due to imposed constraints. 
In conclusion, we have demonstrated that the combination of ver-
tex and FEM approaches allows for better modeling of organoid 
morphology alteration over time and better assessment of the 
mechanical cues involved in establishing the architecture of the 
human colon epithelium.

Funding Source: Funding Sources: Cancer Plan projects 
Mocassin-Biosys 2017 to AF & Melchior-Mic 2020 to FB. JL is 
supported by both, DM is supported by Plan cancer Melchior-
MIC 2020. LM is supported by the INSERM and the Région 
Occitanie.

Keywords: In silico model, Organoid, Finite Element Method

Clinical Trial ID number: NCT 02874365
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3-DIMENSIONAL CELLULAR AND SUBCELLULAR 
MAP OF IPSC-RPE DURING MATURATION
Sharma, Ruchi - NEI, NEI/NIH, Bethesda, MD, USA
Bharti, Kapil - OGVFB, NEI, Bethesda, MD, USA
Maminishkis, Arvydas - OGVFB, NEI, Bethesda, MD, USA
Ortolan, Davide - OGVFB, NEI, Bethesda, MD, USA
Pegoraro, Gianluca - Laboratory of Receptor Biology & Gene 
Expression, NCI, Bethesda, MD, USA
Reichert, Dominik - OGVFB, NEI, Bethesda, MD, USA
Sathe, Pushkar - NIST, NIST, Rockville, MD, USA
Sebastian, Sheldon - NEI, Bethesda, MD, USA
Volkov, Andrei - NEI, Bethesda, MD, USA

The retinal pigment epithelium (RPE) is a monolayer of cells sup-
porting photoreceptors apically and the choroid basally. RPE per-
forms specific functions on each side. These functions require 
polarization of cellular structures (apical processes, basal infold-
ings) and organelles (melanosomes, mitochondria etc). Failure to 
acquire a polarized phenotype leads to retinal degeneration, as 
seen in some ciliopathies. In this study, we generated a three-di-
mensional reference map of RPE organelles and cytoskeletal 
structures during the maturation process using high-content imag-
ing and object segmentation. We used induced pluripotent stem 
cells (iPSC) reporter lines to derive RPE cells using our tri-phasic 
differentiation protocol. Each iPSC line is fluorescently tagged 
to a protein expressed in a specific intra-cellular structure. Over 
10,000 images of iPSC-RPE were taken during the five-week mat-
uration phase, with pictures taken every week. A machine-learn-
ing algorithm was trained to identify and segment cells and nuclei 
borders. These were used as a reference to calculate organelle 
location. Each organelle or structure was segmented using a 
combination of classic segmentation algorithms, and an imaging 
expert verified the quality of the segmentation. Three rounds of 
segmentation with the “human in the loop” were carried out to 
ensure the accuracy of the results. We calculated the average 
organelle location and its phenotypical properties. iPSC-RPE cell 
became more compact horizontally and elongated on the vertical 
axis during maturation. Nuclei in maturing iPSC-RPE monolayer 
were more rounded, and nuclear envelop developed invagina-
tions. Matured iPSC-RPE acquired more ER volume while the vol-
ume of Golgi bodies remained unchanged. Similarly, lysosomes 
increased in volume and localized toward the center of the cell, 
while endosomes didn’t appear to change volume or location. In 
conclusion, we developed a three-dimensional reference map of 
organelle morphology and distribution during normal RPE devel-
opment. It can be used to compare the phenotype of degener-
ating or abnormal RPE in different retinal degeneration to under-
stand the underlying mechanisms of action.

Keywords: iPSC-RPE, 3D cellular structure, apical basal 
polarisation
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TOWARD OPTOGENETIC CONTROL OF GUT 
STEM CELL NECROPTOSIS
Oh, Teak Jung - Biochemistry, University of Illinois at Urbana-
Champaign, IL, USA
Zhang, Kai - Biochemistry, University of Illinois at Urbana-
Champaign, IL, USA

Necroptosis is an immunogenic cell death implicated in numer-
ous inflammatory diseases, such as inflammatory bowel diseases 
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(IBDs). The immunogenicity arises from plasma membrane per-
meabilization and the production and secretion of proinflamma-
tory cytokines. Recent work reports that necroptosis in gut stem 
cells induces disruption of epithelial barrier homeostasis and pro-
motes bowel inflammation in mice. We speculate that gut stem 
cell-niche communication could facilitate the spreading of necro-
ptosis in IBDs. However, the current pharmacological approach 
cannot precisely control necroptosis with spatiotemporal accura-
cy. To address this issue, we propose to use our recently devel-
oped Light-activatable RIPK3 (La-RIPK3) system to study gut stem 
cell necroptosis. Receptor Interacting Protein Kinase 3 (RIPK3) 
has been characterized as an essential protein to induce differ-
ent types of necroptosis via the formation of an oligomeric protein 
complex called necrosome. We observed that the blue-light acti-
vation of La-RIPK3 induces necroptotic cell death and inflamma-
tory gene production in HT-29 cell, a colonic epithelial cell. Upon 
successful isolation of crypts and culture of mouse intestinal or-
ganoids, we will deliver La-RIPK3 genes using lentivirus with mul-
tiple gut stem cell-specific promoters, including LGR5 and VIL1. 
We aim to understand how the necroptosis of gut stem cell can 
induce the disruption of epithelial barrier. To ask this question, I 
will perform real-time imaging of intercellular spreading of necro-
ptosis in intestinal organoid, initiated by precise photo-activation 
of necroptosis in gut stem cell using La-RIPK3 system. We expect 
necroptosis of gut stem cells may trigger cell death signaling to 
neighboring epithelial cells which can degenerate epithelial bar-
rier. Spatiotemporal control of necroptosis using La-RIPK3 prom-
ises to offer new insights into the etiology of IBD by controlling 
necroptosis at the level of individual cells.

Funding Source: Cancer center at Illinois and NIH.

Keywords: stem cell necroptosis, Optogenetics, Inflammatory 
bowel diseases
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MICA: A MULTI-OMICS METHOD TO PREDICT 
GENE REGULATORY NETWORKS IN EARLY 
HUMAN EMBRYOS
Huang, Qiulin - Human Embryo and Stem Cell Laboratory, 
Francis Crick Institute, London, UK
Alanis-Lobato, Gregorio - Human Embryo and Stem Cell 
Laboratory, Francis Crick Institute, London, UK
Bartlett, Thomas - Department of Statistical Science, University 
College London, UK
Simon, Claire - Human Embryo and Stem Cell Laboratory, 
Francis Crick Institute, London, UK
McCarthy, Afshan - Human Embryo and Stem Cell Laboratory, 
Francis Crick Institute, London, UK
Elder, Kay - Bourn Hall Clinic, Bourn Hall Clinic, Cambridge, UK
Snell, Phil - Bourn Hall Clinic, Bourn Hall Clinic, Cambridge, UK
Christie, Leila - Bourn Hall Clinic, Bourn Hall Clinic, Cambridge, 
UK
Niakan, Kathy - Department of Physiology, Development and 
Neuroscience, University of Cambridge, Cambridge, UK

Recent advances in single cell omics have been transformative in 
the characterisation of challenging to study biological contexts, 
including when the source material is precious, such as the early 
human embryo. Single cell datasets are technically challenging 
to infer transcription factor-gene regulatory interactions, due to 
low read-depth leading to zero inflated data. Here we have sys-

tematically assessed the application of four different machine 
learning linear or non-linear gene regulatory network prediction 
strategies to single cell simulated and human embryo transcrip-
tome datasets. We have also compared how the method of gene 
expression normalisation impacts on regulatory network predic-
tions. Integrating chromatin accessibility together with transcript 
expression datasets improved the reproducibility of the predict-
ed gene regulatory networks. We found that the application of a 
non-linear network prediction method based on mutual informa-
tion (MI) to single cell transcriptome datasets refined with chroma-
tin accessibility (CA) (called MICA), exhibited higher reproducibility 
compared to the alternative network interference methods test-
ed. Moreover, MICA was used to make predictions about GRNs 
in the preimplantation human embryo, which were supported by 
previous findings in other developmental and stem cell contexts. 
Based on the gene regulatory networks predicted by MICA, we 
discovered co-localisation of the AP-1 transcription factor subunit 
proto-oncogene JUND and the TFAP2C transcription factor AP-
2g in human preimplantation embryos. Overall, our comparative 
analysis of gene regulatory network prediction methods defines 
a pipeline that can be applied to single-cell multi-omics datasets 
to infer interactions between transcription factor expression and 
target gene regulation, which can then be functionally tested.

Funding Source: Wellcome Trust (221856/Z/20/Z) Francis Crick 
institute (CC2074) Cancer Research UK (CC2074) UK Medical 
Research Council (CC2074) Wellcome Trust (CC2074) Medical 
Research Council (MR/P014070/1)

Keywords: Gene regulatory network inference, Multi-omics, 
Human Pre-implantation Embryo
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PARP INHIBITION OF HUMAN NAÏVE STEM CELLS 
AWAKENS A DUX4-ACTIVATED EXPRESSION 
OF 8-CELL-SPECIFIC PIONEER FACTORS THAT 
REGULATE ZYGOTIC GENOME ACTIVATION
Zimmerlin, Ludovic - Oncology - Pediatric Oncology, Johns 
Hopkins University, Baltimore, MD, USA
Angarita, Ariana - Oncology - Pediatric Oncology, Johns Hopkins 
University, Baltimore, MD, USA
Yan, Sirui - Biomedical Engineering, Johns Hopkins University, 
Baltimore, MD, USA
Uribe, Isabel - Chemical Biology, Johns Hopkins University, 
Baltimore, MD, USA
Park, Tea Soon - Oncology - Pediatric Oncology, Johns Hopkins 
University, Baltimore, MD, USA
Evans-Moses, Rebecca - Oncology - Pediatric Oncology, Johns 
Hopkins University, Baltimore, MD, USA
Becker, Moritz - Oncology - Pediatric Oncology, Johns Hopkins 
University, Baltimore, MD, USA
Vegas, Isabella - Oncology - Pediatric Oncology, Johns Hopkins 
University, Baltimore, MD, USA
Kochendoerfer, Clara - Oncology - Pediatric Oncology, Johns 
Hopkins University, Baltimore, MD, USA
Leung, Anthony - Biochemistry and Molecular Biology, Johns 
Hopkins University, Baltimore, MD, USA
Zambidis, Elias - Oncology - Pediatric Oncology, Johns Hopkins 
University, Baltimore, MD, USA

Culture of primed human pluripotent stem cells (hPSCs) with LIF-
2i supplemented with the promiscuous poly-ADP-ribose-poly-
merase (PARP)/tankyrase (TNKS) inhibitor XAV939 generates 
TNKS/PARP inhibitor-regulated naïve (TIRN) human stem cells 
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with significantly improved functional pluripotency. Here, we 
show that TIRN reversion of primed hPSC awakens a DUX4-medi-
ated functional zygotic genome activation (ZGA)/cleavage stage 
program. We performed multi-omic (bulk/single-cell RNA-seq), 
epigenomic (ChIP-seq; PARP1, NANOG, SOX2, POU5F1, phos-
pho-STAT3, H3K4me3, H3K27me3, H3K27ac, BRD4), whole pro-
teome (Tandem Mass Tag mass spectrometry) and ubiquitinome 
studies on isogenic primed vs TIRN-reverted hPSC. TIRN-revert-
ed hPSCs stably expressed protein for the ZGA-activating pio-
neer factor DUX4. Non-specific TNKS/PARP1 inhibition stabilized 
both transcript and protein expressions of pioneer factors that 
are known to regulate not only naïve pluripotent stem cell self-re-
newal (e.g., NANOG, TFAP2C), but also ZGA-associated pioneer 
factors that are normally expressed exclusively during the hu-
man 8-cell and cleavage embryonic stages (e.g., DUX4, TPRXL, 
HOX/GATA factors). To determine the effects of graded protein 
expression levels of DUX4, we analyzed proteomic and transcrip-
tomic profiles of primed vs TIRN hPSCs with inducible transgenic 
DUX4. This multi-omic design revealed that non-specific TNKS/
PARP1 inhibition reprogrammed the transcriptome, epigenome, 
and PAR-dependent proteome of human TIRN stem cells, includ-
ing epigenetic reprogramming of enhancer regions with PARP1/
NANOG/OCT4/SOX2 binding at pioneer factor loci (e.g., HOX/
FOX/GATA/PRD-like). Single-cell RNA-seq expression profiles of 
DUX4-expressing TIRN-hPSCs were mapped against published 
human embryo reference datasets and revealed cleavage and 
totipotent 8C stage-like TIRN subpopulations that co-expressed 
NANOG along with ZGA-specific pioneer factors (e.g., DUXA, 
TPRXL, GATA6). Finally, TIRN-hPSCs efficiently contributed hu-
man embryonic and extra-embryonic lineages following injection 
into murine embryos. Further chemical reprogramming of the PA-
Rylome and post-translational proteome of naïve hPSC may fa-
cilitate derivation of improved human stem cells for regenerative 
medicine.

Funding Source: Supported by NIH/NEI (R01EY032113; 
R01EY023962), NIH/NICHD (R01HD082098), Research to 
Prevent Blindness (Stein Innovation Award), The Maryland Stem 
Cell Research Fund (2020-MSCRFD-5374), and The Lisa Dean 
Moseley Foundation.

Keywords: totipotency, embryonic development, PARP
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KNOCK-IN GENOME ENGINEERING AT NOVEL 
GENOMIC SAFE HARBOR SITES IN PLURIPOTENT 
STEM CELL AND ANIMAL MODELS
Bischoff, Steve R. - Department of Genome Engineering, 
NovoHelix, Miami, FL, USA
Hajiyev, Raul - Genome Engineering, Foundry for Genome 
Engineering & Reproductive Medicine (FGERM), Kent, OH, USA

Knock-in genome engineering refers to the process of precise 
and targeted insertion of DNA fragments or payloads and is a 
powerful reverse genetics tool for manipulating the genomes of 
human pluripotent stem cells and biomedical animal models. A 
handful of genomic safe harbor sites are widely used for the inte-
gration of large DNA fragments, often several to tens of kilobases 
in size, that may contain regulatory elements such as enhancers, 
promoters or synthetic transgene circuits, or may contain genet-
ic modifications that recreate a disease phenotype. Overall, the 
choice of safe harbor site for generating cellular and animal mod-
els will depend on the experimental criteria, but to qualify as an 
authentic safe harbor, the integration site should yield minimal 

disruption to the neighboring and endogenous gene expression 
patterns; and importantly, any disruption should not lead to geno-
toxic stress, abnormal cellular functions, developmental abnor-
malities, and disease. The most common safe harbors include: 
ROSA26, AAVS1, COL1A1, H11 and CCR5. Recently, Aznauryan et 
al, 2022 discovered two novel regions of gene insertion, epon-
ymously named Rogi1 and Rogi2, that are safe harbors on hu-
man chromosomes 1 and 3, respectively. Using bioinformatics, 
we discover and map new Rogi1 orthologous safe harbor sites 
in both mice and swine. Additionally, we develop genome engi-
neering reagents such as CRISPR-Cas9 high-performing sgRNAs 
and PASTEv3 editing with integrases Bxb1 and Bacillus cereus 
(BceINTa) suitable for the insertion of the large DNA payloads at 
Rogi1. Using pluripotent stem cells from mice including embryon-
ic stem (ES) and iPS cells, and porcine expanded potential stem 
cells (EPSCs) we demonstrate high-level and ubiquitous expres-
sion at Rogi1 safe harbor using a CAG promoter driven StayGold, 
a recently discovered highly photostable and bright green fluo-
rescent protein (GFP) derived from the jellyfish Cytaeis uchidae. 
We have microinjected the StayGold genetic reporter into both 
mouse and pig zygotes to monitor transgene expression in whole 
tissues and validate Rogi1 as a safe harbor in both small and large 
biomedical animal models. Knock-in genome engineering at 
Rogi1 has broad applications in fields such as biotechnology, ag-
riculture, and medicine.

Keywords: genome engineering, genomic safe harbor, 
biomedical swine model
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GENERATION OF HEAD-AND-TRUNK EMBRYO-
LIKE STRUCTURES USING MICROFLUIDIC 
DROPLETS
Sart, Sébastien - Genome and Genetics, Institut Pasteur, Paris, 
France

The formation of organoids recapitulates the processes of 
self-organization, symmetry breaking and tissue patterning that 
occur during the embryonic development. These morphogenetic 
events are driven by the creation of specific niches promoting the 
spatially controlled differentiation into specialized cell types. The 
biochemical confinement of differentiating PSCs into oil-isolated 
droplets has the potential to regulate the autocrine signaling that 
triggers tissue patterning during differentiation, which has not 
been demonstrated so far. Here, I will first present a new droplet 
microfluidic platform that sustains the long-term culture of mouse 
embryonic stem cells (mESCs) at the undifferentiated state using 
reduced culture volumes. In addition, the derivation of embryoid 
bodies in droplets biased their fate toward the ectoderm, while it 
preserves their capacity for primitive streak formation. Moreover, 
I found that the culture of mESCs into anchored microfluidic drop-
lets enables the maturation of gastruloids and embryonic-like 
structures (ELSs), a type of organoids that recapitulate the early 
steps of the embryonic development. I show that ELSs display a 
unique head-trunk structure, which demonstrates high degree of 
similarity with the stage E8.5 of the mouse embryonic develop-
ment (i.e. gene expression and structural organization, such as 
patterned somites and brain-like structures). The process of gen-
eration of ELSs using droplet microfluidics proved high degree of 
reproducibility, with more than 75% of generated structures dis-
playing a head-and-trunck structures. As such, the differentiation 
of PSCs into microfluidics droplets provides a novel approach 
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towards the derivation of more functional organoids, in view of 
tissue engineering and disease modeling applications.

Keywords: Embryo-like structures, Gastruloids, Droplet micro 
fluidics
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HIGHLY-COOPERATIVE CHIMERIC SUPER-SOX 
ENABLES COMPLETE DEVELOPMENTAL RESET 
ACROSS SPECIES
Velychko, Sergiy - Genetics, Harvard Medical School, Boston, 
MA, USA
MacCarthy, Caitlin - Schöler, Max Planck Institute for Molecular 
Biomedicine, Münster, Germany
Malik, Vikas - Medicine, Columbia University Irving Medical 
Center, New York, NY, USA
Wu, Guangming - Guangzhou Laboratory, International Bio 
Island, Guangzhou, China
Menuchin-Lasowski, Yotam - Schöler, Max Planck Institute for 
Molecular Biomedicine, Münster, Germany
Velychko, Taras - Cramer, Max Planck Institute for Biophysical 
Chemistry, Göttingen, Germany
Keshet, Gal - The Azrieli Center for Stem Cells and Genetic 
Research, Department of Genetics, Hebrew University of 
Jerusalem, Israel
Church, George - Genetics, Harvard Medical School, Boston, 
MA, USA
Jauch, Ralf - School of Biomedical Sciences, The University of 
Hong Kong, China
Cojocaru, Vlad - STAR-UBB Institute, Babeş-Bolyai University, 
Cluj-Napoca, Romania
Schöler, Hans R. - Schöler, Max Planck Institute for Molecular 
Biomedicine, Münster, Germany

The discovery of induced pluripotent stem cell (iPSC) technology 
by Shinya Yamanaka has truly enabled the stem cell field. Howev-
er, 17 years later our understanding of pluripotency remains lim-
ited: iPSC technology is inaccessible for many valuable species, 
iPSC lines exhibit variable developmental potential, and germline 
transmission has only been demonstrated for mouse and rat. 
Here, we found that Sox2 could be enhanced by key structural el-
ements of the endoderm-specific Sox factor Sox17. By swapping 
multiple beneficial elements of Sox17 into Sox2, we built a chime-
ric super-SOX factor—Sox2-17—that improved iPSC generation 
for five species: mouse, human, cynomolgus macaque, cow, and 
pig. Sox2-17 enhanced five-, four, and three-factor reprogram-
ming efficiency up to hundreds of times and enabled two-factor 
human iPSC production. We confirmed the superior performance 
of super-SOX using viral, episomal, and RNA delivery methods. A 
single residue swap in the DNA binding domain of Sox2 led to the 
most significant gain-of-function: A61→V, which stabilizes Sox/Oct 
heterodimer on DNA through hydrophobic interactions between 
the Sox and Oct molecules. Sox2AV alone enabled induction of 
pluripotency by functionally deficient Oct4 mutants and even by 
tissue-specific Oct factors, such as Oct2 and Oct6. Importantly, 
Sox2AV boosted the developmental potential of OSKM iPSCs, as 
measured by the ability to support normal development of all-iP-
SC mice in tetraploid complementation assay. We concluded 
that stabilizing Sox2/Oct4 dimerization leads to a more complete 
developmental reset. Correspondingly, mouse naïve pluripotent 
stem cells, which represent the pre-implantation epiblast and 
have exceptionally high developmental potential, exhibit high 
levels of Sox2/Oct4 dimerization, whereas heterodimerization in 
primed cells declines; along wanes the ability of primed cells to 

contribute to animal development. A drop in Sox2 levels along 
the naïve-to-primed continuum results in low Sox2/Oct4 co-bind-
ing in primed cells, while Oct4 levels remain the same. Transient 
overexpression of super-SOX and KLF4 could restore the di-
merization and induce naïveté, providing a powerful technology 
to reset pluripotent cells in different species.

Keywords: Sox2/Oct4 heterodimer model of pluripotency, 
enhanced generation of human, mouse, NHP, bovine, porcine 
iPSCs, primed to naïve reset

TOPIC: HEMATOPOIETIC, IMMUNE, AND ENDOTHE-
LIAL
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OFF-THE-SHELF THIRD-PARTY HSC-ENGINEERED 
INKT CELLS FOR AMELIORATING GVHD WHILE 
PRESERVING GVL EFFECT IN THE TREATMENT 
OF BLOOD CANCERS
Li, Yanruide - MIMG, University of California, Los Angeles, CA, 
USA

Allo-HSCT is a curative therapy for hematologic malignancies ow-
ing to GvL effect mediated by alloreactive T cells; however, the 
same T cells also mediate GvHD, a severe side effect limiting the 
widespread application of allo-HSCT in clinics. Invariant natural 
killer T (iNKT) cells can ameliorate GvHD while preserving GvL ef-
fect, but the clinical application of these cells is restricted by their 
scarcity. Here, we report the successful generation of third-party 
HSC-engineered human iNKT (3rdHSC-iNKT) cells using a meth-
od combining HSC gene engineering and in vitro HSC differen-
tiation. The 3rdHSC-iNKT cells closely resembled the CD4 CD8 
/+ subsets of endogenous human iNKT cells in phenotype and 
function- ality. These cells displayed potent anti-GvHD functions 
by eliminating antigen- presenting myeloid cells in vitro and in 
xenograft models without negatively impacting tumor eradication 
by allogeneic T cells in preclinical models of lym- phoma and leu-
kemia, supporting 3rdHSC-iNKT cells as a promising off-the-shelf 
cell therapy candidate for GvHD prophylaxis.

Keywords: Invariant nature killer T (iNKT) cells, Allogeneic 
hematopoietic stem cell transplantation (allo-HSCT), Graft-
versus-host disease (GvHD)
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IN VIVO TIME-COURSE AND TISSUE-WIDE GENE 
PROFILING REVEALS DISTINCT SIGNATURES 
OF CAR-T AND CAR-INKT CELL RESPONSES TO 
SOLID TUMORS
Li, Miao - Department of Microbiology, Immunology and 
Molecular Genetics, University of California, Los Angeles, CA, 
USA
Li, Yan-Ruide - Department of Microbiology, Immunology and 
Molecular Genetics, University of California, Los Angeles, CA, 
USA
Chen, Yuning - Department of Microbiology, Immunology and 
Molecular Genetics, University of California, Los Angeles, CA, 
USA
Yang, Lili - Department of Microbiology, Immunology and 
Molecular Genetics, University of California, Los Angeles, CA, 
USA

CAR-T cell therapy has shown success in treating blood cancers 
but only limited efficacy against solid tumors. Lack of knowledge 
of in vivo behaviors of CAR-T cells, especially in the solid tumor 
microenvironments, is considered as a major hinder hampering 
the application of CAR-T cell therapy for treating solid tumors. 
Invariant natural killer T (iNKT) cells, a type of unconventional T 
cells, are gaining interest as an alternative to traditional CAR-T 
cell therapy due to their tumor killing capacity, solid tumor homing 
ability, as well as their potential for developing “off-the-shelf” cell 
therapy. iNKT cells exist in low numbers in health donor blood, 
that limits their clinical applications. To overcome this limitation, 
our lab has developed a technology to produce therapeutical lev-
els of CAR-iNKT cells through a stem-cell engineering and iNKT 
cell culture strategy. Here, we compare the in vivo behaviors of 
conventional CAR-T cells with the CAR-iNKT cells against solid 
tumors. Mesothelin targeting CAR-T and CAR-iNKT cells were ad-
ministered into NSG mice bearing OVCAR3 human ovarian tumor 
xenograft. Overtimes, tissues were collected from tumor site and 
other sites (peripheral blood, spleen and liver); single cells were 
isolated and subjected to single-cell RNA sequencing analysis. 
Our results revealed several findings. 1) Across all tissues exam-
ined, both CAR-T and CAR-iNKT cells exhibited dynamic gene 
profiling changes, starting by acquiring an effector/proliferating 
signature, and gradually transition to progenitor/terminally ex-
hausted gene profiles. 2) In contrast to CAR-T cells, CAR-iNKT 
cells displayed enhanced gene profiles that correlated with their 
stronger in vivo anti-tumor efficacy. 3) CAR-T cells induced im-
mune evasion in tumor site—loss of antigens, while CAR-iNKT 
cells did not; likely due to their multi-targeting mechanism. 4) 
CAR-T cells triggered an immunosuppressive and cytokine re-
lease syndrome (CRS)-prone TEM while CAR-iNKT cells actively 
altered TME and reduced CRS gene signatures by eliminating tu-
mor associated macrophages. Our result provides the first-time 
insight into the in vivo spatial and temporal behaviors of CAR-T 
and CAR-iNKT cells. Such knowledge will be valuable for select-
ing proper cell therapy products, and further improving these cell 
therapies for solid tumors.

Keywords: gene profiles, CAR-T cell therapy, in vivo behaviors
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DISSECTING THE HETEROGENEITY OF EX VIVO 
EXPANDED MOUSE HEMATOPOIETIC STEM 
CELLS WITH MIRNA SWITCHES
Ono, Hiroki - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Japan
Yamazaki, Satoshi - Laboratory of Stem Cell Therapy, Faculty of 
Medicine, University of Tsukuba, Japan
Saito, Hirohide - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan

The rarity and scarcity of hematopoietic stem cells (HSC) hinder 
progress in HSC research. Despite recent progress in expansion 
and long-term maintenance of HSCs ex vivo, the expanded cells 
remain functionally heterogeneous even after sorting for im-
munophenotypically-defined stem cell subtypes. We have previ-
ously developed a miRNA-based cell type identification method, 
called miRNA switch, and achieved higher enrichment of target 
cells than traditional surface marker-based approaches. Here, 
we illustrate the identification of functional HSCs using synthet-
ic miRNA switches. We first introduced a miRNA switch that re-
sponds to miR-126a-3p, a highly-expressed miRNA in HSCs, into 
ex vivo expanded mouse HSCs. We observed heterogeneity in 
miR-126a-3p activity in these ex vivo expanded cells and enrich-
ment of immunophenotypic c-Kit+Sca-1+Lineage- (KSL) cells in 
the miR-126a-3p+ population. The miR-126a-3p activity was het-
erogeneous even when we analyzed the surface marker-defined 
CD201+KSL fraction, hinting at the possibility that this fraction can 
be further divided into subfractions based on miR-126a-3p activ-
ity. To compare the in vivo repopulation potential of miR-126a-
3p-defined subsets, we competitively transplanted miR-126a-3p+ 
and miR-126a-3p- cells. The miR-126a-3p+ cells showed higher 
donor chimerism in peripheral blood than the miR-126a-3p- cells, 
indicating that the miR-126a-3p+ fraction was enriched with en-
graftable cells. Furthermore, miR-126a-3p activity correlated with 
in vivo repopulation potential. Finally, to gain further insights 
into the miRNA signature that may mark functional HSCs, we 
performed small RNA sequencing and identified differentially 
regulated miRNAs in immunophenotypic HSCs. Several miRNAs 
showed heterogeneity in the miR-126a-3p-defined fraction, sug-
gesting the possibility of further subclassification of HSCs based 
on multiple miRNA activities. Altogether, we have demonstrated 
that miRNA switches can be used to dissect the heterogeneity of 
hematopoietic stem cells. miRNA switches will enable high-reso-
lution identification of functional HSCs after ex vivo culture.

Funding Source: This work was supported by the Japan 
Society for Promotion of Science (JSPS) KAKENHI (grant 
numbers JP19J21199 to H.O. and JP22K20628 to H.O.), Nippon 
Boehringer Ingelheim Co., Ltd., and the iPS Cell Research Fund.

Keywords: Hematopoietic Stem Cell, miRNA, Synthetic Biology
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A NOVEL, NON-VIRAL, TARGETED GENOME 
ENGINEERING APPROACH FOR IPSC-DERIVED 
CAR-NK CELL IMMUNOTHERAPY
Deb Majumdar, Ishita - Cell Biology, Full Circles Therapeutics, 
Cambridge, MA, USA
Niemi, Sarah - Cell Biology, Full Circles Therapeutics, 
Cambridge, MA, USA
Wang, Jiao - Cell Biology, Full Circles Therapeutics, Cambridge, 
MA, USA
Wu, Howard - Cell Biology, Full Circles Therapeutics, 
Cambridge, MA, USA
Xie, Keqiang - Cell Biology, Full Circles Therapeutics, 
Cambridge, MA, USA

Advances in CAR-NK cell therapy presents a promising next gen-
eration immune-cell therapy, due to its allogeneic nature, potent 
anti-tumor activity, and reduced cytokine-release syndrome and 
neurotoxicity. Yet, obstacles such as expansion and inadequate 
solid tumor penetration confine the applications of CAR-mod-
ified blood-derived primary NK therapy. Developments in iPSC 
engineering have facilitated iPSC-derived CAR-NK cell produc-
tion, presenting a solution for challenges yet to be overcome in 
CAR-NK therapy, such as improved gene modification, scalable 
production, thus providing a safer, more effective “off the shelf” 
therapy for cancer patients. Despite this, current viral and non-vi-
ral genome engineering approaches for iPSCs are limited by 
payload size, scalability, and relatively low genome integration 
efficiency and increased cytotoxicity, thus restricting their thera-
peutic applications. Here, we developed a novel, non-viral tech-
nology comprised of circular single stranded DNA (cssDNA) as a 
precise gene writing tool to engineer CAR-expressing iPSC-de-
rived functional CAR-NK cells. With our proprietary gene writing 
platform, we engineered iPSCs having specific integration of our 
in-house CD19 CAR construct into a genomic safe harbor, which 
were further clonally selected and expanded before differentia-
tion. Through an optimized differentiation and expansion process, 
we phenotypically characterized the iPSC-derived CAR-NK cells 
by surface marker detection (defined as CD45+CD56+CD3-). Cell 
killing assays confirmed the functionality of these iPSC-derived 
CAR-NK cells, validating that our cssDNA-mediated genome ed-
iting can effectively engineer iPSCs which can be differentiated 
into functional CAR-NK cells showing similar anti-tumor activity 
with primary NK cells. As a result, our method to differentiate 
CAR-NK cells from engineered iPSCs offers great potential to sat-
isfy a therapeutic need in cancer cell therapy. With the increased 
ease of scalability, lower cost, and targeted integration, our cssD-
NA-mediated gene writing tool showcases the ability to pave the 
way for enhanced iPSC engineering and CAR-NK cell therapy.

Keywords: genome engineering, cell gene therapy, iPSC 
derived NK

891

TYPE 1 INTERFERON PERTURBATES CLONAL 
COMPETITION BY RESHAPING HUMAN BLOOD 
DEVELOPMENT
Lama, Chhiring - Department of Pathology and Laboratory 
Medicine, Weill Cornell Medical College, New York, NY, USA
Rosenberg, Shira - Department of Pathology and Laboratory 
Medicine, Weill Cornell Medicine, New York, NY, USA
Kubas-Meyer, Andrea - Department of Pathology and 
Laboratory Medicine, Weill Cornell Medicine, New York, NY, 
USA
Xie, X. Amy - Memorial Sloan Kettering Cancer Center, New 
York, NY, USA
Moein, Sara - Department of Pathology and Laboratory 
Medicine, Weill Cornell Medicine, New York, NY, USA
Parghi, Neelang - Department of Pathology and Laboratory 
Medicine, Weill Cornell Medicine, New York, NY, USA
Saurty-Seerunghen, Mirca - Department of Pathology and 
Laboratory Medicine, Weill Cornell Medicine, New York, NY, 
USA
Totwani, Mansi - Department of Pathology and Laboratory 
Medicine, Weill Cornell Medicine, New York, NY, USA
Chamely, Paulina - Department of Medicine and Meyer Cancer 
Center, Weill Cornell Medicine, New York, NY, USA
Dillard, Alicia - Department of Pathology and Laboratory 
Medicine, Weill Cornell Medicine, New York, NY, USA
Dueck, Amylou - Department of Quantitative Health Sciences 
and Alliance Statistics and Data Management Center, Mayo 
Clinic, Rochester, MN, USA
Dusaj, Neville - Department of Medicine and Meyer Cancer 
Center, Weill Cornell Medicine, New York, NY, USA
Kosiorek, Heidi - Department of Biostatistics, Mayo Clinic 
Arizona, Scottsdale, AZ, USA
Mimitou, Eleni - Immunai, New York, NY, USA
Omans, Nathaniel - Department of Medicine and Meyer Cancer 
Center, Weill Cornell Medicine, New York, NY, USA
Omar, Mohamed - Department of Pathology and Laboratory 
Medicine, Weill Cornell Medicine, New York, NY, USA
Smibert, Peter - 10x Genomics, Pleasanton, CA, USA
Weinberg, Rona - New York Blood Center, New York, NY, USA
Chaligne, Ronan - Myeloproliferative Neoplasms Research 
Consortium, New York, NY, USA
Marchionni, Luigi - Department of Pathology and Laboratory 
Medicine, Weill Cornell Medicine, New York, NY, USA
Patel, Sanjay - Department of Pathology and Laboratory 
Medicine, Weill Cornell Medicine, New York, NY, USA
Simonson, Paul - Department of Pathology and Laboratory 
Medicine, Weill Cornell Medicine, New York, NY, USA
Landau, Dan - Department of Medicine and Meyer Cancer 
Center, Weill Cornell Medicine, New York, NY, USA
Hoffman, Ronald - Myeloproliferative Neoplasms Research 
Consortium, New York, NY, USA
Nam, Anna - Department of Pathology and Laboratory Medicine, 
Weill Cornell Medicine, New York, NY, USA

Inflammation perturbs the evolutionary dynamics of hematopoi-
etic stem cell (HSC) clones in clonal hematopoiesis and myeloid 
neoplasms. To decipher the downstream effects of inflammato-
ry cytokines on clonal stem cell fitness, we studied HSCs and 
progenitors from patients with CALR-mutated myeloproliferative 
neoplasm (MPN), at baseline and following interferon-alpha (IFNa) 
treatment, the only MPN therapy to deplete clonal stem cells. As 
the mutated cells are admixed with the wildtype without cell sur-
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face markers to isolate them, we leveraged single-cell multi-om-
ics methods that integrate somatic genotyping with whole tran-
scriptomes, immunophenotyping and chromatin accessibility 
across thousands of CD34+ cells. IFNa simultaneously activated 
HSCs into two polarized states, a lymphoid progenitor expansion 
associated with an anti-inflammatory state and an IFNa-specific 
inflammatory granulocytic progenitor (IGP) state derived direct-
ly from HSCs. The augmented lymphoid differentiation balanced 
the typical MPN-induced myeloid bias, thereby normalizing blood 
counts. The lymphoid differentiation was constrained in the mu-
tated HSCs due to the CALR-mutation induced myeloid bias. 
Clonal fitness upon IFNa exposure was due to resistance of clon-
al stem cells to differentiate into IGPs. These results indicate that 
IFNa remodels the hematopoietic differentiation landscape to 
effect hematologic remission. The data also support a paradigm 
wherein inflammation perturbs clonal dynamics by HSC induction 
into an alternate IFNa-specific IGP differentiation program.

Funding Source: National Institutes of Health Director’s 
Early Independence Award (DP5 OD029619-01) Starr Cancer 
Consortium Burroughs Wellcome Fund Career Award for 
Medical Scientists

Keywords: Type 1 interferon, Myeloproliferative neoplasm, 
Clonal evolution

Clinical Trial ID number: NCT01259817, NCT01258856
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MATURATION OF KIDNEY ORGANOIDS IN THE 
MICROWELL-MESH FOR NEPHROTOXICITY 
SCREENING
Hong, HyeJin - Biopharmaceutical Research and Development, 
AstraZeneca, Gaithersburg, MD, USA
Choi, Su Mi - Oncology Research and Development, 
AstraZeneca, Gaithersburg, MD, USA
Davis, Shawn - Biopharmaceutical Research and Development, 
AstraZeneca, Gaithersburg, MD, USA
Doran, Michael - Oncology Research and Development, 
AstraZeneca, Gaithersburg, MD, USA
Futrega, Kathryn - Health and Human Services, National 
Institutes of Health, Bethesda, MD, USA
Graneli, Cecilia - Cell Therapy, Early CVRM, BioPharmaceuticals 
Research and Development AstraZeneca, Gothenburg, Sweden
Sun, Xiangming - Oncology Research and Development, 
AstraZeneca, Gaithersburg, MD, USA
Woollard, Kevin - Bioscience Renal Early CVRM, 
BioPharmaceuticals Research and Development, AstraZeneca. 
Cambridge, UK

Organoids are three-dimensional (3D) cell aggregates, and these 
3D tissues have become preferred cell culture tools, relative to 
monolayer cell culture, for numerous applications. Cell organiza-
tion in organoids can be sophisticated, often yielding structures 
and function reminiscent of native tissue. Organoids can be used 
to study tissue physiology, in drug discovery and screening, or in 
some instances they may be suitable building blocks for use in tis-
sue repair. Because the complex structures that evolve within or-
ganoids are guided by morphogenetic fields, consistent organoid 
size and shape contribute to a more reproducible organoid prod-
uct. The goal of this work was to generate kidney organoids for in 
vitro functional assays and potentially for organ repair. Most kid-

ney organoid generation protocols utilize transwells, bioreactors, 
or spinner flasks, but these techniques can fail to reproducibly 
produce uniformly sized organoids. Herein we used a microwell 
platform, the Microwell-mesh, to facilitate mass production of uni-
formly sized kidney organoids. The Microwell-mesh consists of a 
polydimethylsiloxane (PDMS) insert that fits into a cell culture well. 
This insert has patterned microwell surface, with a nylon mesh 
bonded over the microwell openings. The mesh pore size, 45 mm, 
is large enough to allow single cells to be centrifuged through the 
mesh and into the microwells. However, once the cells aggregate 
into an organoid, they become too large to escape back through 
the mesh. This feature retains organoids in microwells over the 
complex culture period required for kidney organoid differenti-
ation. Kidney organoids cultured in the Microwell-mesh showed 
higher expression of markers related to proximal and distal tubule 
(GATA3 and LRP2), collecting duct (CALB1), and epithelial cells 
(ECAD and CDH1) compared to organoids cultured in suspension. 
Organoids were treated with well-known nephrotoxin, cisplatin, in 
3 different concentrations. Then, the viability of kidney organoids 
was measured through a metabolism assay, Live/Dead staining, 
and LDH assay. The expression levels of kidney injury markers 
(KIM-1, IL-18, and caspase-3) were also compared against refer-
enced in vivo results. These data demonstrate the utility of this 
culture approach for generating kidney organoids.

Keywords: kidney organoid, microwell, drug screening
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OCULAR INSTILLATION OF THE CONDITIONED 
MEDIUM DERIVED FROM HUMAN 
MESENCHYMAL STEM CELLS IS EFFECTIVE FOR 
DRY EYE SYNDROME VIA IMPROVEMENT OF 
CORNEAL BARRIER FUNCTION
Imaizumi, Tsutomu - Basic Research Development Division, 
Rohto Pharmaceutical Co., Ltd., Osaka, Japan
Hayashi, Ryuhei - Department of Stem Cells and Applied 
Medicine, Osaka University Graduate School of Medicine, Suita, 
Japan
Kudo, Yuji - Basic Research Development Division, Rohto 
Pharmaceutical Co., Ltd., Osaka, Japan
Li, Xiaoqin - Department of Stem Cells and Applied Medicine, 
Osaka University Graduate School of Medicine, Suita, Japan
Yamaguchi, Kaito - Basic Research Development Division, Rohto 
Pharmaceutical Co., Ltd., Osaka, Japan
Shibata, Shun - Basic Research Development Division, Rohto 
Pharmaceutical Co., Ltd., Osaka, Japan
Okubo, Toru - Basic Research Development Division, Rohto 
Pharmaceutical Co., Ltd., Osaka, Japan
Ishii, Tsuyoshi - Basic Research Development Division, Rohto 
Pharmaceutical Co., Ltd., Osaka, Japan
Honma, Yoichi - Basic Research Development Division, Rohto 
Pharmaceutical Co., Ltd., Osaka, Japan
Nishida, Kohji - Department of Ophthalmology, Osaka University 
Graduate School of Medicine, Suita, Japan

Dry eye syndrome (DES) is induced epithelial damage to the cor-
nea by decreased tear production or tear quality. In particular, se-
vere DES such as Sjogren’s syndrome has not been established 
adequate treatments due to complicated pathological conditions. 
To solve this problem, we focused on the conditioned medium of 
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human adipose-derived mesenchymal stem cells (hAdMSCs-CM), 
which had multiple therapeutic properties. In this study, we eval-
uated the effects of hAdMSCs-CM for complex pathologies of 
DES such as cytotoxicity, inflammation, and barrier dysfunction 
of human corneal epithelial cells (hCECs) and we investigated the 
efficacy of ocular instillation of hAdMSCs-CM in vivo DES model 
rats with exorbital and intraorbital lacrimal gland excision (LGs-Ex 
rats). Firstly, hAdMSCs were expanded to 80% confluent, then the 
medium was changed to the culture medium for hCECs. After 72 h 
culture, hAdMSCs-CM were collected, and which improved Ben-
zalkonium Chloride (BAC)-induced cytotoxicity, inflammation, and 
barrier dysfunction of hCECs. Also, RNA-seq analysis indicated 
that the effects of hAdMSCs-CM were associated with Transform-
ing growth factor beta (TGFβ) and Janus kinase/signal transduc-
er and activator of transcription (JAK-STAT) signaling pathway. 
Moreover, ocular instillation of hAdMSCs-CM suppressed epithe-
lial damage to the cornea by improved barrier dysfunction of the 
cornea in LGs-Ex Rats. Thus, we demonstrated that hAdMSCs-CM 
had multiple therapeutic properties which were associated with 
TGFβ and JAK-STAT signaling pathway, and ocular instillation of 
hAdMSCs-CM could be an innovative therapeutic agent for DES 
via improvement of corneal barrier function.

Funding Source: The project for the Osaka City Innovation 
Support Grant.

Keywords: Mesenchymal stem cells, Dry eye syndrome, 
Conditioned medium
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SIMPLICON SELF-REPLICATIVE RNAS FOR 
REVERSIBLE IMMORTALIZATION OF PRIMARY 
CELLS WITH KEEPING THE PRIMARY CELL 
INTEGRITY, MOUSE IPSC GENERATION AND 
GENOME EDITING
Yoshioka, Naohisa - Research and Development, 
MilliporeSigma, Temecula, CA, USA
Plasencia, Berenice - Research and Development, 
MilliporeSigma, Temecula, CA, USA
Hoberg, James - Research and Development, MilliporeSigma, 
Temecula, CA, USA

We previously developed a self-replicative RNA system for gen-
erating safer human induced pluripotent stem cells (iPSCs). Sim-
plicon is a positive sense, synthetic, polycistronic, self-replicating, 
single-stranded RNA that mimics cellular mRNA. Here we show 
significant improvements on the Simplicon system as well as ex-
citing, new applications in footprint-free cell engineering. Simpl-
icon is an RNA-based expression system, so there is no risk of 
genomic integration or damage to the host cell genome. Con-
tinued expression of Simplicon RNA requires interferon suppres-
sor(s) because the introduction and replication of Simplicon RNA 
induce the type I interferon response. The improved Simplicon 
system uses vaccinia virus proteins, B18R and E3L, and a JAK 
kinase inhibitor, Ruxolitinib. Combining these reagents strongly 
suppressed the interferon response and significantly improved 
the robustness of the Simplicon system. These improvements 
allowed us to use the Simplicon RNA in a variety of novel ap-
plications such as reversible primary cell immortalization, mouse 
iPSC generation, human iPSC generation from biopsies, and 
Cas9 genome editing. The Simplicon immortalization RNA con-
taining hTert and/or E6E7 can successfully expand human pri-
mary cells such as fibroblasts, mesenchymal stem cells (MSCs), 
adipose stem cells, cardiomyocytes and keratinocytes. Of note, 

Simplicon RNA is removable, so phenotypic change such as the 
decrease of markers of MSCs caused by oncogenic E6E7 can be 
reverted after the removal of Simplicon RNA. Moreover, we can 
generate iPSCs without losing the efficiency after 10 passaging of 
HFFs. These data strongly suggest that Simplicon immortalization 
RNAs can expand primary cells without losing the primary cell 
integrity. Lastly, the improvement of Simplicon system enabled to 
make mouse iPSCs and Cas9 genome editing as same as Lenti-
virus Cas9. The updated Simplicon platform enables immediate, 
robust, sustained, and yet tunable expression of multiple genes 
after a single transfection step without any risk of plasmid DNA/
virus-induced toxicity and genomic integration or any need for vi-
ral clearance. These features make Simplicon a uniquely safe and 
versatile protein expression system with tremendous potential for 
use in cell engineering for regenerative medicine.

Keywords: Reversible Immortalization of primary cells, saRNA/
srRNA, Genome editing/iPSC generation
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TUNING ADSC ADIPOGENIC DIFFERENTIATION 
BY REAC TECHNOLOGY: INVOLVEMENT OF 
CELLULAR ENDOGENOUS BIOELECTRICAL 
ACTIVITY
Cruciani, Sara - Department of Biomedical Sciences, University 
of Sassari, Italy
Fontani, Vania - Department of Regenerative Medicine, Rinaldi 
Fontani Institute, Florence, Italy
Ventura, Carlo - National Laboratory of Molecular Biology 
and Stem Cell Engineering, Eldor Lab, Istituto Nazionale di 
Biostrutture e Biosistemi (INBB), Bologna, Italy
Rinaldi, Salvatore - Department of Regenerative Medicine, 
Rinaldi Fontani Institute, Florence, Italy
Maioli, Margherita - Department of Biomedical Sciences, 
University of Sassari, Italy

Adipose-derived stem cells (ADSCs) represent an ideal stem cell 
population for regenerative medicine. ADSC adipogenic differen-
tiation is controlled by the activation of a specific transcriptional 
program, which includes epigenetic factors and key adipogenic 
genes. Several chemical stimuli can be used to counteract lipid 
accumulation and regulate adipogenesis, pushing toward an in-
termediate phenotype, as beige adipocytes. The present work 
aimed at evaluating ADSC adipogenic differentiation in the pres-
ence of a specific adipogenic conditioned medium and manip-
ulation of the cellular endogenous bioelectrical activity (EBA) 
through a metabolic optimization treatment (MOT) by the Radio 
Electric Asymmetric Conveyer (REAC) technology, in the attempt 
to modulate stem cell differentiation toward an intermediate phe-
notype between white and brown adipocytes, known as beige. 
In this study, the EBA manipulation by REAC MOT, in the pres-
ence of an adipogenic medium, induced significant changes in 
the expression of stemness-associated genes, Oct-4, Sox2 and 
Nanog, and specific adipogenic genes, as PPAR-γ, aP2, LPL and 
ACOT2. We also analyzed the gene expression of the thermo-
genic protein UCP1 and the expression of the main markers of 
white, brown, and beige phenotype, Asc-1, PAT2 and TMEM26 
by confocal microscopy. Our results clearly demonstrate a role of 
REAC MOT in inducing the appearance of a beige phenotype, as 
inferred by the detection of the expression of specific genes as 
well as the main antigenic markers of beige phenotype. This in vi-
tro experimental approach could represent a potential therapeu-
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tic strategy to counteract the accumulation of adipose deposits, 
obesity, and related metabolic disorders.

Keywords: Adipogenic differentiation, REAC technology, Cellular 
mechanisms

TOPIC: MUSCULOSKELETAL
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GENE REGULATORY NETWORKS GOVERNING 
MULTIPOTENCY OF MURINE BONE MARROW 
STROMAL CELLS
Cheng, Ray (Yuhao) - Institute for Cell Engineering, Johns 
Hopkins Medicine, Baltimore, MD, USA
Chan, Ryan - Department of Biomedical Engineering, Johns 
Hopkins University, Baltimore, MD, USA
Bian, Qin - Institute for Cell Engineering, Johns Hopkins 
University, Baltimore, MD, USA
Merling, Randall - Department of Health and Human Services, 
National Institute of Dental and Craniofacial Research, 
Bethesda, MD, USA
Kuznetsov, Sergei - Department of Health and Human Services, 
National Institute of Dental and Craniofacial Research, 
Bethesda, MD, USA
Robey, Pamela - Department of Health and Human Services, 
National Institute of Dental and Craniofacial Research, 
Bethesda, MD, USA
Cahan, Patrick - Department of Biomedical Engineering, Johns 
Hopkins University, Baltimore, MD, USA

Bone marrow harbors a multitude of cell types, including stromal 
cells that can undergo clonal expansion in vitro and osteogenic, 
adipogenic, and chondrogenic differentiation in vitro and in vivo. 
However, we currently lack a detailed map of how some bone 
marrow stromal cells (BMSCs), which typically are expanded in 
vitro prior to their use, self-renew and maintain their multipoten-
cy. Recent scRNAseq atlases of murine BMSCs have highlighted 
their heterogeneity and the absence of a single, distinctive popu-
lation that presents signatures of multipotency and self-renewal. 
We hypothesized that chromatin accessibility to trilineage tran-
scriptional programs distinguishes multipotent BMSCs from oth-
er, less potent bone marrow cell populations. To test this, we first 
determined the chromatin and transcriptional circuits associated 
with in vitro trilineage differentiation of murine BMSCs using sc-
Multiomics and computational inference of regulatory networks. 
Then, we subjected BMSCs from day 0 to day 3 of isolation to 
scMultiomics to see if a native BMSC population exhibited trilin-
eage capacity defined at the chromatin accessibility level and 
how it evolved over the course of expansion in vitro. Day 0 BM-
SCs consisted mainly of Cxcl12 abundant reticular (CAR) cells and 
two distinct populations of osteoprogenitors (OSPs). In contrast 
to our hypothesis, over three days in culture, BMSCs collapsed 
into a single, OSP-fibroblast-like state predicted to have a great-
er lineage potential both at the transcriptional and the chromatin 
accessibility levels. Our network analyses predict that subsets of 
BMSCs in vivo are biased towards their respective lineages as 
determined by regulon priming of the lineage specifiers Runx2, 
Mef2c, and Pparg, and that self-renewal of BMSCs subsets is reg-
ulated by Foxs1, Smarcc1, and Nfic. Prospectively testing these 

and other predictions from our data will yield incisive glimpses 
into BMSC biology.

Funding Source: This work was supported by funds from NIH/
NIGMS R35GM124725 and a Johns Hopkins Catalyst Award.

Keywords: Bone Marrow Stromal Cell, Single-cell Multiomics, 
Gene Regulatory Network
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3’-SIALYLLACTOSE PROMOTES CHONDROGENIC 
DIFFERENTIATION OF HUMAN BONE MARROW-
DERIVED MESENCHYMAL STEM CELLS
Baek, Dawoon - Department and Rehabilitation Medicine, 
Yonsei University Wonju College of Medicine, Seoul, Korea
Baek, Ahreum - Department of Rehabilitation Medicine, Yonsei 
University Wonju College of Medicine, Wonju, Korea
Kim, Sung Hoon - Department of Rehabilitation Medicine, 
Yonsei University Wonju College of Medicine, Wonju, Korea
Cho, Sung-Rae - Department and Research Institute of 
Rehabilitation Medicine, Yonsei University College of Medicine, 
Seoul, Korea

Cell-based therapies have been developed to restore cartilage 
damage and prevent cartilage degeneration. Especially, human 
bone marrow-derived mesenchymal stem cells (hBMSCs) have 
self-renewal capacity and the potential for multi-lineage differen-
tiation. However, loss of self-renewal and multi-lineage differenti-
ation potential occurs in long-term in vitro cultivation. Therefore, 
new techniques require to preserve hBMSCs multipotency after 
long-term expansion. 3′-Sialyllactose, a natural compound, is 
present in human milk and exhibits anti-inflammatory properties 
and modulates immune homeostasis. In this study, we elucidate 
the potential therapeutic effects of 3’-Sialyllactose on hBMSCs. 
Continuously treated with 3’-Siallylactose on hBMSCs, the stem-
ness capacity was significantly increased and senescence was 
significantly decreased compared to those of untreated hBMSCs. 
Next, to induce chondrogenesis on hBMSCs, 3’-Siallylactose 
was treated continuously with chondrogenesis differentiation 
medium, and micromass were conducted. The expression lev-
els of chondrogenic markers were significantly increased and 
the expression levels of hypertrophic markers were significantly 
decreased in 3’-Siallylactose treated hBMSCs. Taken together, 
these effects suggest that 3’-Siallylactose is considered as a nat-
ural therapeutic agent for clinical application.

Funding Source: This study was supported by the NRF-
2022R1I1A1A01065666 and 2021R1F1A1062829, the Korea 
Health Industry Development Institute (HI21C1314 and 
HI22C1588), the Korean Fund for Regenerative Medicine grant 
(21A0202L1 and 21C0715L1).

Keywords: Human bone marrow-derived mesenchymal stem 
cells, 3’-Siallylactose, Chondrogenesis
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POOLED SCREENING TO IDENTIFY NEURONAL 
MITOCHONDRIAL PHENOTYPES IN IPSC-
DERIVED MOTOR NEURONS
Patel, Purva - MGI, Washington University, Saint Louis, MO, USA
Ali, Lina - MGI, Washington University in St. Louis, MO, USA
Bachman, Graham - MGI, Washington University in St. Louis, MO, 
USA
Buchser, William - MGI, Washington University in St. Louis, MO, 
USA
Elia, Serena - MGI, Washington University in St. Louis, MO, USA
Grigore, Diana - MGI, Washington University in St. Louis, MO, 
USA
Kremitzki, Colin - MGI, Washington University in St. Louis, MO, 
USA
Milbrandt, Josh - MGI, Washington University in St. Louis, MO, 
USA
Vakaki, Marianna - MGI, Washington University in St. Louis, MO, 
USA
Waligorski, Jason - MGI, Washington University in St. Louis, MO, 
USA
Wright, Mallory - MGI, Washington University in St. Louis, MO, 
USA

While induced pluripotent stem cell (iPSC) research has been 
widely adopted, genome engineering studies on differentiated 
single cells are still challenging. Similarly, single cell morpholog-
ical quantification on stem cell derived neurons is limited to low 
throughput experiments. Mitochondrial fusion abnormalities in 
neurons have been widely observed in neurodegenerative dis-
eases. The distal ends of the neurons are highly damage-prone 
due to energy demanding cellular processes leading to axon 
degeneration and inflammation. Hence, it is vital to study distally 
localized mitochondria in neurons. Our aim is to perform pooled 
image-based screening with a gRNA library against genes which 
regulate mitochondria in iPSC- derived motor neurons using 
Raft-Seq technology to observe mitochondrial morphology in a 
high-throughput setting. The Raft-Seq platform enables visual-
izing individual single neurons and their mitochondria and then 
physically capturing and genotyping neurons of interest. For this, 
we differentiated numerous disease-derived iPSC cell lines into 
motor neurons. Quantification of neuronal markers through differ-
ent stages of differentiation process was performed via immunos-
taining. We profiled mutant iPSC cell lines which were edited us-
ing CRISPR to knock out MFN2, OPTN, and FUS genes. Machine 
learning models were applied to differentiate between wild type 
and mutant cells. These models were evaluated to have AUCs 
greater than 0.8. Using this technology, we aim to discover patho-
genic genetic mutations in iPSC-derived neurons that produce a 
mitochondrial phenotype observed in patients with neurodegen-
erative diseases.

Keywords: Mitochondria, Neurons, Neurodegeneration
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GENERATING A PERFUSABLE VASCULARIZED 
BRAIN ORGANOID MODEL USING 
MICROFLUIDICS AND PHOTODEGRADABLE 
POLYMER SCAFFOLDS
LaMontagne, Erin Emilia - Bioengineering, University of 
California, La Jolla, CA, USA
Macdougall, Laura - Chemical & Biological Engineering, 
University of Colorado, Boulder, CO, USA
Gonzalez, Gisselle - Bioengineering, University of California, San 
Diego, La Jolla, CA, USA
Papes, Fabio - Pediatrics, University of California, San Diego, La 
Jolla, CA, USA
Teng, Evan - Bioengineering, University of California, San Diego, 
La Jolla, CA, USA
Anseth, Kristi - Chemical and Biological Engineering, University 
of Colorado, Boulder, CO, USA
Muotri, Alysson - Pediatrics, University of California, San Diego, 
La Jolla, CA, USA
Engler, Adam - Bioengineering, University of California, San 
Diego, La Jolla, CA, USA

Although brain organoids (BOs) have advanced our understand-
ing of the human brain, their growth, cellular complexity, tissue 
organization, and functionality are limited by the absence of a 
functional vasculature. Current organoid vascularization efforts 
rely on either: (1) the in situ formation of neo-vessels in endothelial 
cell (EC) co-cultures, or (2) microfluidics channels that flow adja-
cent to organoids. We designed a system combining these two 
strategies by incorporating BOs with in situ generated neo-ves-
sels into a microfluidic device containing tissue engineered blood 
vessels (TEBVs). Upon exposure to EC-activating shear stresses, 
angiogenic sprouts connect TEBVs to neo-vessels, generating 
a perfusable vascular network. To fabricate this system, we first 
developed a microfluidic device composed of a chamber that is 
gated by pillars to restrict BO motility. Physics calculations and 
computational modeling were used to determine the flow pro-
file within the microfluidics channels and flow rates necessary to 
produce physiologically-relevant wall shear stresses. The device 
also contains posts onto which a biocompatible photodegradable 
fiber scaffold is woven in a square lattice resembling the cere-
bral vascular network and embedded into a fibrin hydrogel matrix 
with BOs. Photodegradable fibers are formed by extruding and 
crosslinking a solution of two multi-arm polyethylene glycol (PEG) 
components which contain allyl sulfide to facilitate degradation 
via radical addition. Within 5 minutes of low-intensity UV irradia-
tion, the PEG fibers are solubilized, leaving a continuous, hollow 
framework to be seeded with ECs and form TEBVs in the hydro-
gel-BO matrix. We hypothesize that long-term perfusion of vas-
cularized BOs will reduce vessel permeability, reduce neural cell 
death, promote the formation of more complex and organized ce-
rebral structures, and increase neuronal maturity. This vascular-
ized BO model will generate opportunities to study neurovascular 
development, brain cancers, or other neurological conditions af-
fecting vasculature using a completely human and in vitro system.

Funding Source: National Science Foundation’s Graduate 
Research Fellowship Program, the California Institute for 
Regenerative Medicine Pre-Doctoral Fellowship Program 
(EDUC4-12804), and the National Institute of Health 
(R01NS116802)

Keywords: tissue engineering, neurovascular modeling, 
microfluidics
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FUNCTIONAL CHARACTERIZATION OF A HUMAN 
PLURIPOTENT STEM CELL-DERIVED CEREBELLAR 
ORGANOID MODEL OF RNA EXOSOME-LINKED 
PONTOCEREBELLAR HYPOPLASIA TYPE 1B
Burford, James - Department of Biological Sciences, University 
of Southern California, Los Angeles, CA, USA
Barr, Nina - Department of Biological Sciences, University of 
Southern California, Los Angeles, CA, USA
Arnold, Emily - University of Southern California, Los Angeles, 
CA, USA
Higginson, Lauryn - Department of Biological Sciences, 
University of Southern California, Los Angeles, CA, USA
Seth, Anoothi - Department of Biological Sciences, University of 
Southern California, Los Angeles, CA, USA
Morton, Derrick - Department of Biological Sciences, University 
of Southern California, Los Angeles, CA, USA

Converging evidence indicates that altered RNA processing is a 
key pathophysiological component causing several neurological 
disorders. Recessive missense mutations in the EXOSC3 gene, 
which encodes a subunit of a key RNA processing factor, the RNA 
exosome, cause Pontocerebellar Hypoplasia Type 1b (PCH1b). 
PCH1b is a neurodevelopmental disorder characterized by atro-
phy of cerebellum and brainstem structures. The goal of this study 
is to provide insight into how EXOSC3 variants cause cerebellar 
pathology in PCH1b. To achieve this goal, we developed a 3D hiP-
SC-derived cerebellar organoid model of PCH1b. Thus, we edited 
hiPSCs via CRISPR technology to model PCH1b variants. Here, 
we provide functional characterization of hiPSC-derived cerebel-
lar organoids modeling PCH1b by performing electrophysiologi-
cal and functional imaging studies. We employed Multi-Electrode 
Array (MEA) to understand the function of neuronal networks. 
In addition, we employed live functional imaging, Fluorescent 
Lifetime Imaging Microscopy (FLIM), to provide insight into met-
abolic function during maturation of organoids. Preliminary data 
from MEA functional network recordings on organoids modeling 
PCH1b reveal increased neuronal firing and burst frequency and 
duration as compared to wildtype. Next, we employed FLIM to 
detect changes in metabolic activity in PCH1b-edited organoids 
compared to wildtype. Phasor analysis of FLIM images showed 
regions with higher bound/free NADH ratios in wildtype organ-
oids, which correlates with greater glycolytic activity, as com-
pared to organoids modeling PCH1b. Inversely, organoids mod-
eling PCH1b show regions with lower bound/free NADH ratios, 
which correlates with greater oxidative phosphorylation, as com-
pared to wildtype. Therefore, we show both increased neuronal 
activity and oxidative phosphorylation, an indicator of differentia-
tion, in organoids modeling PCH1b as compared to wildtype. Our 
results suggest an accelerated differentiation of PCH1b-edited 
hiPSCs into cerebellar lineages as compared to wildtype cere-
bellar organoids. Taken together, these data provide evidence 
that the cerebellar organoid platform can be used to provide in-
sight into how RNA exosome-linked PCH1b variants affect both 
neuronal activity and metabolic homeostasis during cerebellar 
development.

Keywords: Live Imaging, Organoid, Neuronal Development
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PARAMETERIZATION OF NEURONAL ACTION 
POTENTIAL WAVEFORM IN HIGH-DENSITY MEA 
AND PATCH CLAMP RECORDINGS OF CONTROL 
AND AUTISTIC-PATIENT DERIVED HUMAN 
CORTICAL ORGANOIDS
Martin-Burgos, Blanca - Neurosciences, University of California, 
La Jolla, CA, USA
Ganapathy, Srividya - Department of Cellular and Molecular 
Medicine, University of California, San Diego, La Jolla, CA, USA
Hammonds, Ryan - Halıcıoğlu Data Science Institute, University 
of California, San Diego, La Jolla, CA, USA
Muotri, Alysson - Department of Pediatrics/Rady Children’s 
Hospital San Diego, Department of Cellular and Molecular 
Medicine, University of California, San Diego, La Jolla, CA, USA
Puppo, Francesca - Department of Pediatrics/Rady Children’s 
Hospital San Diego, Department of Cellular and Molecular 
Medicine, University of California, San Diego, La Jolla, CA, USA
Rivière, Pamela - Department of Cognitive Sciences, University 
of California, San Diego, La Jolla, CA, USA
Voytek, Bradley - Department of Cognitive Sciences, Halıcıoğlu 
Data Science Institute, Neurosciences Graduate Program, Kavli 
Institute for Brain and Mind, University of California, San Diego, 
La Jolla, CA, USA

Neuronal action potentials (APs) are typically thought of as binary 
-“all-or-nothing”- events, with analyses of neural data commonly 
focusing on the number and timing of spike events. However, a 
considerable body of evidence suggests that AP waveforms re-
corded intracellularly and extracellularly exhibit systematic, with-
in-neuron variation that may contribute additional physiological 
information beyond the rate or timing of discharge. We argue 
that this within-neuron variance in AP waveform shape contains 
meaningful neural information that is often ignored in the interpre-
tation of classical results in cognitive and systems neuroscience, 
and is consequently worth exploring. To this end, our lab has de-
veloped an AP shape parameterization approach that quantifies 
the fine-scale features of both extracellular and intracellular spike 
waveforms. Using this approach, our results show differences in 
spike waveform in relation to local-field potential (LFP) oscillatory 
states. We also observe that systematic within-neuron waveform 
variability artificially splits single neurons in typical spike sorting 
algorithms. To study this variability in spike waveform in human 
circuits, we use human cortical organoids. Although invasive 
electrophysiological data acquisition cannot be performed in hu-
mans, recently, cortical organoids generated from hiPSCs have 
emerged as a promising 3D model of human circuits. We applied 
our parameterization approach to high-density MEA and patch 
clamp recordings of control human cortical organoids that allows 
us to obtain electrophysiological activity with cutting-edge spatial 
resolution. In addition, we parameterize MEA and patch-clamp re-
cordings of organoids and neural cultures derived from autistic 
patients to explore spike waveform variability in a model of ASD 
and how it may be altered by processes known to be affected in 
ASD, such as impaired axon guidance and synapse formation, as 
well as reduced alpha oscillations and reduced evoked gamma 
response. Further, we treat these cultures with CBD to study the 
effect of the endocannabinoid system and its perturbation on the 
developing physiological properties of ASD neuronal networks. 
Preliminary results indicate that CBD is able to decrease neuronal 
activity in a reversible fashion.

Keywords: electrophysiology, spike waveform parameterization, 
autism
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VASCULARIZATION OF CEREBRAL ORGANOIDS 
USING 3D-PRINTED PERFUSABLE SYNTHETIC 
STRUCTURES
Pujari, Srinivasa Rao - Chemical Engineering, Massachusetts 
Institute of Technology, Cambridge, MA, USA
Vargas-Asencio, Jose - Chemical Engineering, Massachusetts 
Institute of Technology, Cambridge, MA, USA
Swaney, Justin - Chemical Engineering, Massachusetts Institute 
of Technology, Cambridge, MA, USA
Albanese, Alexandre - Chemical Engineering, Massachusetts 
Institute of Technology, Cambridge, MA, USA
Chung, Kwanghun - Chemical Engineering, Massachusetts 
Institute of Technology, Cambridge, MA, USA

Cerebral organoids are in vitro 3D tissue models of the human 
brain grown from stem cells. These organoids lack a blood cir-
culatory system (vasculature) which results in a lack of supply of 
oxygen and nutrients to the inner tissue regions. This leads to the 
formation of a growing dead tissue core (necrotic core). Only a 
few hundred microns (passive diffusion reach) of the tissue from 
the periphery survive. The presence of this necrotic core in cere-
bral organoids is found to affect cortical layer organization and 
neuronal development. We address this problem by 3D-printing 
high-resolution, porous, mechanically robust, cytocompatible, 
synthetic vasculature arrays using two-photon polymerization 
(2PP). 2PP is a scalable technology that can 3D-print any size 
of complex, free-standing, branching vasculature that mirrors in 
vivo capillary networks. The vasculature array printed using this 
technology is connected to a perfusion platform. The perfusion 
platform includes a peristaltic pump to continuously pump me-
dia through the vascular tubes and provide nutrients and oxygen 
to the whole tissue. Perfused vascularization of cerebral organ-
oids prevented apoptosis and necrotic core formation (reduction 
in cleaved caspase3+ and TUNEL assay expressions). Perfusion 
preserved ventricular structures with proliferating (ki67+) neural 
progenitor (sox2+) cells throughout the tissue in 4-week-old ce-
rebral organoids. sc-RNA sequencing of the perfused vascular-
ized cerebral organoids showed downregulation of glycolysis, 
hypoxia-related pathways, and an upregulation of the oxidative 
phosphorylation (oxphos) pathway. The shift in metabolism from 
glycolysis to oxphos was noticed across all cell clusters. This 
technology platform can be used for high throughput long-term 
organoid cultures for drug screening and disease modeling. It 
can be directly translated to other organoids/ tissues that lack 
vasculature, especially to heterogeneous organoids like liver 
organoids where slicing cultures can be challenging. It can also 
be integrated with applications where shaking cultures are not 
ideal such as continuous live imaging for temporal analyses, and 
clamping organoids with electrodes for futuristic projects involv-
ing information transfer and biocomputing.

Funding Source: Picower Institute Innovation Fund (PIIF)

Keywords: Vascularization, 3D-printing, Cerebral Organoids

915

EXPOSURE TO AN ENVIRONMENTAL 
ENRICHMENT MODULATES SYNAPTIC VESICLE 
CYCLE IN THE MICE MODEL WITH SPINAL CORD 
INJURY MODEL
Baek, Ahreum - Rehabilitation Medicine, Yonsei University 
Wonju College of Medicine, Wonju, Korea
Yoo, Jeehyun - Department of Rehabilitation, Ilsan Paik 
Hospital, Inje University, Gyeonggi-do, Korea
Shin, Ji Cheol - Department and Research Institute of 
Rehabilitation Medicine, Yonsei University College of Medicine, 
Seoul, Korea
Kim, Sung Hoon - Department and Rehabilitation Medicine, 
Yonsei University Wonju College of Medicine, Wonju, Korea
Baek, Dawoon - Department and Rehabilitation Medicine, 
Yonsei University Wonju College of Medicine, Wonju, Korea
Jo, Seongmoon - Department and Research Institute of 
Rehabilitation Medicine, Yonsei University College of Medicine, 
Seoul, Korea
Hwang, Jihye - Department and Research Institute of 
Rehabilitation Medicine, Yonsei University College of Medicine, 
Seoul, Korea
Cho, Sung-Rae - Yonsei University College of Medicine, 
Department and Research Institute of Rehabilitation Medicine, 
Seoul, Korea

Spinal cord injury (SCI) results in motor and/or sensory impairment 
below the level of injury, for this reason, rehabilitation was neces-
sary to for this reason. An environmental enrichment (EE) consists 
in a large cage to increase social interaction and locomotor activ-
ity in mice model. We aimed to investigate the therapeutic effect 
and mechanisms of EE in SCI mice model. CD-1 mice with spinal 
cord contusion and assigned to either standard cage (indicated 
as control) or EE condition (indicated as EE). Each group for Con-
trol and EE were housed for 2 or 8 weeks, separately. The mice 
received only a dorsal laminectomy was assigned as the sham. 
RNA-Sequencing was performed in SCI for two and eight weeks 
compared to the sham. qRT-PCR, western blot, IHC, and neuro-
behavioral tests were conducted for further study. The synaptic 
vesicle cycle (SVC) pathway and related genes were identified 
by significantly down-regulated after SCI for two and eight weeks 
compared to sham. According to these results, we identified 
whether SVC pathway and related genes were modulated by EE 
exposure after SCI compared to exposure to control. Exposure 
to EE for eight weeks compared to exposure to control had a 
greater significant reversal effect in the loss of SVC related gene 
expression and locomotor activity. Based on these results, this 
study confirms that prolonged EE exposure has led to increase 
presynaptic activity and functional improvement by modulating 
SVC in SCI mice model.

Funding Source: This study was supported by the NRF-
2022R1A2C1006374, the Korea Health Industry Development 
Institute (HI21C1314 and HI22C1588), the Korean Fund for 
Regenerative Medicine grant (21A0202L1 and 21C0715L1).

Keywords: Environmental enrichment, Spinal cord injury, 
Synaptic vesicle cycle pathway
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TOPIC: PANCREAS

917

IN VITRO LINEAGE TRACING DURING HUMAN 
PANCREATIC ENDOCRINE FORMATION
De Winter, Twan J. - Department of Internal Medicine, Leiden 
University Medical Center, Leiden, Netherlands
Dommann, Noëlle - Department of Anatomy and Embryology, 
Leiden University Medical Center, Leiden, Netherlands
Shang, Peng - Department of Anatomy and Embryology, Leiden 
University Medical Center, Leiden, Netherlands
Carlotti, Françoise - Department of Internal Medicine, Leiden 
University Medical Center, Leiden, Netherlands
Alemany, Anna - Department of Anatomy and Embryology, 
Leiden University Medical Center, Leiden, Netherlands
de Koning, Eelco - Department of Internal Medicine, Leiden 
University Medical Center, Leiden, Netherlands

During human development, pancreatic hormone-producing 
cells are formed from endocrine progenitors in the pancreatic 
epithelium. It remains elusive, however, whether the distinct en-
docrine cell types, such as beta, alpha, delta, and epsilon cells 
are bifurcating from a common endocrine progenitor population. 
To date, there is no proper lineage tree of pancreatic develop-
ment. Here we use human pluripotent stem cell (hPSC)-derived 
islet cells as a model system to study the lineage relationships be-
tween the different cell types. We present iScarTrace, a CRISPR/
Cas9-based and Cre-inducible cellular recorder that accumulates 
heritable genetic “scars” in single cells. iScarTrace allows us to re-
construct lineage history during in vitro differentiation of hPSCs to 
pancreatic islets by single-cell sequencing of scars and transcrip-
tome. In a first set of experiments, we randomly integrated the 
recorder in the genome of differentiating cells. Our data revealed 
that Cre-activation at the pluripotent stage resulted in complex 
scar accumulation until three days after induction in ~30% of the 
cells. However, this was followed by the immediate epigenetic 
silencing of iScarTrace before the cells reached the definitive en-
doderm stage. Next, we inserted the iScarTrace recorder in the 
ROSA26 genomic safe harbor, and found that fluorescence mark-
er expression is maintained during differentiation, indicating that 
epigenetic silencing was prevented. This approach will help un-
ravel the lineage segregation of endocrine cells in vitro, allowing 
researchers to systematically improve differentiation protocols 
for islet replacement therapy.

Funding Source: Unite2CureType1 grant from Foundation 
DON and the Dutch Diabetes Research Foundation; The Novo 
Nordisk Foundation Center for Stem Cell Medicine is supported 
by Novo Nordisk Foundation grants (NNF21CC0073729).

Keywords: beta cells, lineage tracing, development

919

SINGLE-NUCLEI MULTIOMIC ANALYSIS REVEALS 
DYNAMIC REGULATION OF ENDOCRINE 
SPECIFICATION IN STEM CELL-DERIVED ISLETS
Ishahak, Matthew - Department of Medicine, Washington 
University, Saint Louis, MO, USA
Sanchez-Castro, Enrique - Division of Biology and Biomedical 
Sciences, Washington University in St. Louis, MO, USA
Augsornworawat, Punn - Biomedical Engineering Department, 
Washington University in St. Louis, MO, USA
Millman, Jeffrey - Division of Endocrinology, Metabolism & Lipid 
Research, Washington University in St. Louis, MO, USA

Human pluripotent stem cell-derived islets (SC-islets) have re-
cently emerged as a viable product for cell replacement thera-
py to treat diabetes. However, inefficiencies in the generation of 
SC-islets has hindered the widespread application of SC-islets. 
Specifically, SC-islet differentiation protocols produce heteroge-
neous cell populations consisting of detrimental off-target cells. 
Epigenetics and chromatin accessibility have been shown to play 
an important role in guiding cellular differentiation, but very little 
is known of the epigenetic regulation of cell fate in during SC-islet 
differentiation. Here, we developed a bioinformatics toolbox, the 
Leary Docker, to analyze single-nuclei multiomic sequencing (sn-
MultiSeq) data and generated a novel roadmap of gene expres-
sion and chromatin accessibility dynamics during SC-islet differ-
entiation. Simultaneous characterization of gene expression and 
chromatin accessibility in 35,823 cells, across 6 time points, en-
abled quantitative analysis of the temporal relationship between 
epigenomic and transcriptomic changes using multiomic veloc-
ity analysis. This analysis revealed a relatively linear differentia-
tion trajectory toward CHGA expressing pancreatic endocrine 
progenitor populations during early stages. During later differ-
entiation stages, multiomic velocity analysis revealed divergent 
differentiation trajectories toward expected SC-islet cell types. 
Notably, beta-like and off-target enterochromaffin-like (EC-like) 
populations appear to emerge from a common progenitor popu-
lation. Cell state-specific gene regulatory networks (GRNs) were 
computationally inferred based on accessibility of transcription 
factor (TF) binding motifs and expression of TF target genes. The 
GRN models were leveraged to perform in silico perturbations of 
novel TFs regulating beta-like and EC-like specification. Collec-
tively, these analyses provide the most detailed characterization 
to date of the gene regulatory dynamics of endocrine specifica-
tion during SC-islet differentiation. Further, in vitro validation of 
TFs identified through in silico analysis will provide novel targets 
to improve SC-islet differentiation protocols.

Funding Source: NIH Human Islet Research Network (HIRN) 
Catalyst Award and NIH NRSA Postdoctoral Fellowship (5 T32 
DK007120)

Keywords: stem cell-derived islets, bioinformatics, epigenetics
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921

ESTABLISHMENT OF LENTIVIRAL INFECTIOUS 
TITER AND VECTOR COPY NUMBER ASSAYS 
FOR TRANSLATIONAL APPLICATIONS
Kandell, Jennifer - Pharma Services Group, Thermo Fisher 
Scientific, La Jolla, CA, USA
Sylakowski, Kyle - Pharma Services, Thermo Fisher Scientific, 
San Diego, CA, USA
Lakshmipathy, Uma - Pharma Services, Thermo Fisher Scientific, 
San Diego, CA, USA

The translation of cell-based therapies from the research to clin-
ical landscape requires robust analytical methods that integrate 
with current industry processes and regulatory guidelines. As len-
tivirus is an advantageous vehicle of exogenous gene delivery for 
viral-modified cell products, standardized characterization assays 
for potency and safety have gained momentum. Translational ap-
plications require assays that are universal which can be applied 
for lentivirus with various GOI. In this study, an assay for a univer-
sal method to determine lentivirus infectious titer and vector copy 
number (VCN) of lenti-modified cells using droplet digital PCR 
(ddPCR) was developed. Established methods rely on a lenti-spe-
cific target and housekeeping gene which demonstrate compa-
rability among the gene-specific target. Standards and controls 
were used to determine assay limits of quantification, sensitivity, 
and an assay positive control. Using ddPCR, the LLOQ was deter-
mined with spiked gDNA to the standard plasmid containing the 
target genes, and results indicate sensitivity at 1.8 copies/uL and 
a linear range of 3 log orders while maintaining target copy re-
covery between 80-120%. Next, a suitable sample dilution buffer 
was identified for assay implementation based on established va-
lidity criteria: % recovery, linearity, and stability. ddPCR methods 
were generated to achieve clear separation between positive 
and negative populations for singleplex and duplex reactions, 
demonstrating comparability among target measurement. Or-
thogonal methods using PCR and flow cytometry were tested to 
further support ddPCR infectious titer assay results which indicate 
alignment regardless of flow cytometry target or antibody such as 
ScFv, V5 tag, EGFRt, and FMC63. Further, VCN assay of CAR-T 
cells was tested against a validated standard with a known copy 
number, and deviation from the expected value was shown to be 
consistently < 15% which satisfies the current industry limit and 
demonstrates accuracy. VCN of the validated standards show 
assay consistency with CV <7% for intra-assay variability and CV 
<5% for inter-assay variability. The development and early imple-
mentation of these universal assays with necessary standards 
and controls eases translation towards further qualifiable assays 
for GMP applications.

Keywords: Infectious Titer, Vector Copy Number, ddPCR

923

GENOME INTEGRITY ASSESSMENT AND 
VERIFICATION BY OPTICAL GENOME MAPPING 
FOR CELL MANUFACTURING/BIOPROCESSING 
APPLICATIONS
Hastie, Alex - Clinical Affairs, Bionano Genomics, San Diego, 
CA, USA
Pang, Andy - Clinical Affairs, Bionano Genomics, San Diego, CA, 
USA
Chaubey, Alka - Clinical Affairs, Bionano Genomics, San Diego, 
CA, USA

Cell lines are used for multiple applications such as bioprocessing, 
therapy, and research. To ensure quality of cells and downstream 
applications, appropriate quality control (QC) methods are critical. 
However, historically, karyotyping has been employed, but it is 
limited by its very low resolution and tedious laboratory workflow. 
Other methods such as, PCR and targeted-sequencing can char-
acterize only small genomic variants at specific loci. Whole ge-
nome sequencing can detect small variants genome-wide, but it 
has limited sensitivity in detecting structural variants (SVs). Optical 
genome mapping (OGM) is a novel genome analysis technique 
that can fill many of the gaps in current capabilities in genome 
integrity analysis. To find clonal variants, 400 Gbp of data is col-
lected from the parental and test samples. For both samples, a de 
novo assembly is constructed, and homozygous or heterozygous 
SVs are assessed. Subsequently, Bionano Access software’s 
dual variant annotation pipeline (VAP) identifies unique SVs in the 
test sample compared to the parental sample. To discover sub-
clonal SVs down to 5% variant allele fraction (VAF), the workflow 
leverages the generation of 1.5 Tbp of data (simply requiring a 
longer data collection time). Comparison of test sample to paren-
tal sample by VAP easily enables the determination of acquired 
variants. Finally, generation of ~5 Tbp of data, generally requiring 
2-3 flow cells to be run, enables the detection of SVs at ultra-low 
VAF (down to 1%). In this study, 17 serial dilution experiments were 
performed to examine OGM’s limit of detection on 45+ SV loci. 
Targeting a coverage of 5 Tbp and analysis using the somatic 
SV-analysis workflow revealed that OGM has the sensitivity to 
detect deletions >50kbp, insertions >20kbp, duplications >150 
kbp, and translocations at ~1% VAF. We have applied the clon-
al and somatic workflows to verify genomes’ integrity after cell 
immortalization, induced pluripotency, transgene-integration and 
gene-editing. The data using the robust and sensitive workflows 
demonstrate that the OGM platform is a cost-effective solution for 
cell manufacturing/bioprocessing QC applications.

Keywords: Quality assessment for cell bioprocessing, Off-target 
genome rearrangements, optical genome mapping

925

A MOUSE MODEL WITH HIGH CLONAL 
BARCODE DIVERSITY FOR JOINT LINEAGE, 
TRANSCRIPTOMIC, AND EPIGENOMIC PROFILING 
IN SINGLE CELLS
Li, Li - Hematology and Oncology, Boston Children’s Hospital, 
Boston, MA, USA

Cellular lineage histories along with their molecular states encode 
fundamental principles of tissue development and homeostasis. 
Current lineage-recording mouse models have limited barcode 
diversity and poor single-cell lineage coverage, thus precluding 



408

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 N
E

W
 T

E
C

h
N

O
LO

g
iE

S
 (

N
T

)
their use in tissues composed of millions of cells. Here, we de-
veloped DARLIN, an improved Cas9 barcoding mouse line that 
utilizes terminal deoxynucleotidyl transferase (TdT) to enhance 
insertion events over 30 CRISPR target sites, stably integrated 
into 3 distinct genomic loci. DARLIN is inducible, has an estimated 
~1018 lineage barcodes across tissues, and enables detection of 
usable barcodes in ~60% of profiled single cells. Using DARLIN, 
we examined fate priming within developing hematopoietic stem 
cells (HSCs) and revealed unique features of HSC migration. Ad-
ditionally, we adapted a method to jointly profile DNA methyla-
tion, chromatin accessibility, gene expression, and lineage infor-
mation in single cells. Applying it to study clonal memory of HSCs 
over time, we found that cells within a clone have more similar 
genome-wide DNA methylation than either gene expression or 
chromatin accessibility. We anticipate that DARLIN will enable 
high-resolution study of lineage relationships and their molecular 
signatures in diverse tissues and physiological contexts.

Keywords: lineage tracing, single-cell multiomic profiling, 
hematopoiesis

927

EFFICIENT DERIVATION AND BANKING OF 
CLINICAL-GRADE HUMAN EMBRYONIC STEM 
CELL LINES IN ACCORDANCE WITH JAPANESE 
REGULATIONS
Kawase, Eihachiro - Center for Human ES Cell Research, 
Institute for Life and Medical Sciences, Kyoto University, Kyoto, 
Japan
Takada, Kei - Center for Human ES Cell Research, Institute for 
Life and Medical Sciences, Kyoto University, Kyoto, Japan
Nakatani, Ryoko - Center for Human ES Cell Research, Institute 
for Life and Medical Sciences, Kyoto University, Kyoto, Japan
Moribe, Emiko - Center for Human ES Cell Research, Institute for 
Life and Medical Sciences, Kyoto University, Kyoto, Japan
Yamazaki-Fujigaki, Shizuka - Center for Human ES Cell 
Research, Institute for Life and Medical Sciences, Kyoto 
University, Kyoto, Japan
Fujii, Mai - Center for Human ES Cell Research, Institute for Life 
and Medical Sciences, Kyoto University, Kyoto, Japan
Furuta, Masayo - Center for Human ES Cell Research, Institute 
for Life and Medical Sciences, Kyoto University, Kyoto, Japan
Suemori, Hirofumi - Center for Human ES Cell Research, Institute 
for Life and Medical Sciences, Kyoto University, Kyoto, Japan

We recently reported a clinical-grade human embryonic stem cell 
(hESC) line KthES11 in accordance with current good manufactur-
ing practice standards in Japan. We used xeno-free chemically 
defined medium StemFit AK03N with the E8 fragments of Lami-
nin-511 instead of feeder cells. Despite this success, the estab-
lishment efficiency was very low at 7.1% in the first period. We 
optimized our protocol to establish clinical-grade hESC lines effi-
ciently, especially in the early culture phase. We established five 
hESC lines (KthES12, KthES13, KthES14, KthES15, and KthES16) 
with 45.5% efficiency. All five hESC lines showed typical hESC-
like morphology, a normal karyotype, pluripotent state, and dif-
ferentiation potential for all three germ layers. Furthermore, we 
developed efficient procedures to prepare master cell stocks for 
clinical-grade hESC lines and an efficient strategy for quality con-
trol testing. Our master cell stocks of hESC lines may contribute 

to therapeutic applications using human pluripotent stem cells in 
Japan and other countries.

Keywords: human pluripotent stem cells, Clinical grade, Cell 
banking
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CHEMICALLY-DEFINED HYDROPHOBIC 
POLYMER SCAFFOLD TO PROMOTE 
AUTOMATION OF IPSC CULTURE
Satoshi, Haneda - Life Science Development Center, Advanced 
Technology Institute, Research and Development Center, 
Sekisui Chemical Co., Ltd., Shimamoto-cho, Mishima-gun, Japan
Iguchi, Hiroki - Life Science Development Center, Advanced 
Technology Institute, Research and Development Center, 
Sekisui Chemical Co., LTD., Shimamoto-cho, Mishima-gun, 
Japan
Arai, Yuhei - Life Science Development Center, Advanced 
technology Institute, Research and Development Center, Sekisui 
Chemical Co., LTD., Shimamoto-cho, Mishima-gun, Japan
Sanghavi, Rutvi - Life Science Development Center, Advanced 
Technology Institute, Research and Development Center, 
Sekisui Chemical Co., LTD., Shimamoto-cho, Mishima-gun, 
Japan
Tsuji, Rima - Life Science Development Center, Advanced 
Technology Institute, Research and Development Center, 
Sekisui Chemical Co., LTD., Shimamoto-cho, Mishima-gun, 
Japan

For regenerative medicine to become widely used, cell culture 
operations require automation, continuous control and the use 
of safe and stable scaffold materials. Conventional scaffold ma-
terials such as proteins pose several problems in the cell man-
ufacturing process. Commonly used extracellular matrix (ECM) 
proteins such as Matrigel and Vitronectin exhibit high variability 
and have a narrow process margin due to manual handling in-
volved in the coating process. Also, these ECM proteins raise the 
culture cost and increase the risk of viral contamination due to 
animal-derived components. To address these issues, we have 
previously developed a chemically-defined synthetic (CDS) scaf-
fold for human pluripotent stem cell (iPSC) attachment and main-
tenance. This scaffold comprises a hydrophobic polymer with 
ECM-mimetic structure that enables easy and uniform coating 
of typical cell culture ware such as 6 well plate. This CDS-coat-
ed plate exhibited heat resistance, elution resistance and high 
stability at room temperature storage (25 ℃, 1 month). The CDS 
scaffold showed cell growth similar to that of commercial ECM 
proteins. It supported the long-term expansion of examined iPSC 
lines with normal karyotypes during their undifferentiated state. 
It also allowed the directed differentiation of three germ layers. 
In this study, we demonstrate the automation of iPSC culture 
by combining our CDS-coated plate and a commercially avail-
able automatic culture device. After 6 days of automated culture 
with daily medium changes, the resulting cell doubling time was 
23.7±0.4 hours. Furthermore, in order to fully automate the cell 
manufacturing process, it is preferable to easily detach the cells 
without requiring incubation for a long time. So, we tested and 
verified the applicability of several commercially available detach-
ment reagents in this process. Our results demonstrate a practical 
chemically-defined scaffold that accelerates the automated and 
scalable production of iPSC and has potential to promote the use 
of iPSC-derived functional cells in desired clinical application.

Keywords: scaffold, iPSC, automation
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931

A NEW CLASS OF KILL SWITCHES FOR 
CELL THERAPIES THROUGH CONTROLLED 
DEGRADATION OF AN ESSENTIAL GENE
McAuliffe, Conor - Genome Engineering, BlueRock 
Therapeutics, New York, NY, USA
Soh, Chew-Li - Genome Engineering, BlueRock Therapeutics, 
New York, NY, USA
Jacobs-Rebhun, Noah - Genome Engineering, BlueRock 
Therapeutics, New York, NY, USA
Grace, Cloe - Genome Engineering, BlueRock Therapeutics, 
New York, NY, USA
Levin, Jeffrey - Genome Engineering, BlueRock Therapeutics, 
New York, NY, USA
Tomishima, Mark - Platform Discovery, BlueRock Therapeutics, 
New York, NY, USA

Many cell therapies are designed to be permanently transplanted 
into a patient. Due to the nature and complexity of these “living 
drugs”, it may be desirable to have the ability to remove the cell 
product after introduction into a patient in case of an adverse 
event, or as a safety measure after the cell product has per-
formed its function. One avenue to ablate transplanted cell ther-
apies is to engineer an inducible apoptosis mechanism that can 
be activated by a clinically-approved drug. Here, we describe a 
new class of synthetic kill switches that can be activated with im-
munomodulatory imide drugs (IMiDs). Previous kill switch failure 
modes often occur because the engineered kill switch construct 
is either transcriptionally silenced or the switch itself is mutated. 
To mitigate these design concerns, we developed a kill switch 
that relies on an endogenous essential component of the cell it-
self, rather than introducing an ectopic construct, to synthetically 
activate cell death. We reasoned that the inducible degradation 
of an engineered cell’s essential gene could improve upon pre-
vious classes of kill switches, because: 1) an essential gene can-
not be transcriptionally silenced without cell death, and 2) the kill 
switch itself cannot be mutated without killing the cell. To test 
our kill switch design, we fused inducible degrons onto native 
GAPDH, a gene essential for cell survival. Cells engineered with 
the degron grew with normal kinetics in the absence of the IMiD 
kill switch inducer, but underwent cell death after the application 
of the IMiD, as a consequence of GAPDH protein degradation. 
We believe that many inducible degrons could be combined with 
any essential gene to expand on this new class of kill switches for 
engineered cell therapies.

Keywords: Kill Switch, Genome Engineering, Cell Therapy

933

ELECTROCHEMICAL SIGNALS FROM 
LIVING CELLS ORIGINATE FROM CELLULAR 
METABOLISM
Koo, Kyeong Mo - School of Integrative Engineering, Chung-
Ang University, Seoul, Korea
Kim, Chang-Dae - School of Integrative Engineering, Chung-Ang 
University, Seoul, Korea
Kim, Tae-Hyung - School of Integrative Engineering, Chung-Ang 
University, Seoul, Korea

As an novel method for analyzing living cells, the direct detection 
of cellular redox signals has shown immense potential. However, 
the origin of such signals remains unknown, which hinders the 

widespread use of electrochemical methods for cellular research. 
By isolating a number of cellular components and inhibiting sev-
eral enzymatic and biomolecular activities, we found that intra-
cellular metabolic pathways and ATP levels are the main con-
tributors to extracellularly detectable electrochemical signals. By 
supplementing metabolic intermediates, which we referred to as 
metabolic activator cocktails (MAC), the cellular signals detected 
by differential pulse voltammetry (DPV) can be amplified within 
90 minutes of incubation. This DPV approach combined with 
MAC treatment showed a remarkable performance to detect the 
effects of the anticancer drug CPI-613 on cervical cancer, both at 
a low drug concentration (2 μM) and an extremely short treatment 
time (1 hour). Furthermore, senescence of mesenchymal stem 
cells, which is a major issue for long-term in vitro culture, could 
also be sensitively quantified using the proposed DPV+MAC 
method even at a low passage number (P6). Collectively, our find-
ings unveiled the origin of redox signals in living cells, which has 
important implications for the characterisation of various cellular 
functions and behaviours using electrochemical approaches.

Funding Source: National Research Foundation of Korea (NRF) 
grant funded (Grant Nos. NRF-2022R1A4aaA2000776, NRF-
2019M3A9H2031820, NRF-2022R1A2C4002217) and Korean 
Fund for Regenerative Medicine (Grant number RS-2022-
00070316).

Keywords: Live cell sensing, Metabolic reaction, Electrochemical 
detection

935

AUTOMATED TISSUE CULTURE WORKFLOW 
FOR CRYOVIAL BANKING AND SAMPLE 
PREPERATION OF DIFFERENTIATED AND NON-
DIFFERENTIATED HIPSCS FOR 3D LIVE CELL 
MICRSCOPY
Gregor, Benjamin W. - CellScience, Allen Institute, Seattle, WA, 
USA
Gaudreault, Nathalie - Microscopy, Allen Institute for Cell 
Science, Seattle, WA, USA

The Allen Institute for Cell Science aims to understand the prin-
ciples by which human induced pluripotent stem cells (hiPSCs) 
establish and maintain robust dynamic localization of cellular 
structures, and how they transition between states during dif-
ferentiation and disease. We do this by visualizing hiPSC lines 
expressing fluorescently tagged proteins that represent a spe-
cific cellular structure or organelle using 3D live cell microscopy. 
These gene-edited hiPSCs and our other openly available scien-
tific resources can be found at allencell.org. To produce a large 
number of standardized cell images for analysis, we have devel-
oped a fully automated workflow on Hamilton Star, a robotic liq-
uid-handling platform that can perform hiPSC culture and cryovial 
banking seamlessly from single or multiple sources. We have also 
automated the seeding, maintenance, passage, and differentia-
tion of edited hiPSCs at timed intervals, on 6-well plastic plates 
for propagation, and 96-well glass bottom plates for high-resolu-
tion 3D microscopy. Here, we describe this automated workflow 
that has been instrumental in the successful scale-up and optimi-
zation of our work, along with aspiration and dispense speeds, 
movements of plates, and seeding strategies. Upon comparing 
quality control results with manual modes, we found that automa-
tion considerably improved our pipeline by providing more uni-
formity, reproducibility, and overall cell quality while eliminating 
operator-to-operator variability and the need for weekend main-
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tenance of cell lines. We have also developed an automated im-
age-based colony segmentation and feature extraction pipeline 
to streamline the process of predicting cell count and selecting 
wells with consistent morphology for high-resolution 3D micros-
copy. Overall, automation not only increased consistency and 
reproducibility, but also ensured standardization and scalability. 
Our method considerably decreased error and variability intro-
duced by repetitive handling of cultures and reduced the need 
for stringent training standards. Our intention is for any research 
labs working with hiPSCs to easily reproduce some or all parts of 
this platform using our strategies and settings that can easily be 
transferred to other automated platforms as a starting point to 
their development.

Keywords: Automation, Tissue Culture, Biobanking

937

TOWARD THE DISCOVERY OF NOVEL MIRNAS 
THAT PROMOTE IPSC CELL GENERATION
Yamaji, Norika - Graduate School of Medicine, Kyoto University, 
Kyoto, Japan
Yamagata, Mari - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Hirosawa, Moe - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Fujita, Yoshihiko - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Ohno, Hirohisa - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Nakagawa, Masato - Center for iPS Cell Research and 
Application (CiRA), Kyoto University, Kyoto, Japan
Yamamoto, Takuya - Center for iPS Cell Research and 
Application (CiRA), Kyoto University, Kyoto, Japan
Saito, Hirohide - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan

RNA-based methods for producing human iPS cell have focused 
attention due to the low risk of insertional mutagenesis and ma-
lignant transformation compared to other methods using DNA or 
viral vectors. Also, miRNAs are well known to promote cellular 
reprogramming. In order to find new miRNAs that enhance iPS 
cell production, we have developed a method that can visualize 
the activity of miRNAs in cells. The method utilizes messenger 
RNAs(mRNAs) that contain target sites of miRNA on the 5’-UTR 
and fluorescent protein in the ORF. In the presence of miRNA, 
the mRNA is cleaved and further digested. We can thus quantify 
the activity of the miRNAs in different cell types. Based on this 
system, we found that the miRNA activity and expression levels 
of miRNA analyzed by small RNA-seq did not correlate well. This 
result suggests that the activity profile may help to discover new 
miRNAs with biological functions, which could not be found from 
the miRNA expression profile. We constructed a miRNA-respon-
sive mRNA library and compared miRNA activity between iPS 
cells and human dermal fibroblasts (HDFs) to select new miRNA 
candidates that could contribute to iPS cell production. When 
selected miRNAs were introduced into HDF with a Sendai virus 
vector carrying initialization factors, several candidate miRNAs 
enhanced reprogramming efficiencies. Thus, our miRNA switch-
based method could find new miRNAs that enhance human iPSC 
generation.

Keywords: miRNA, iPS cell, reprogramming

939

GSH DYNAMICS OF MESENCHYMAL STEM CELL 
IN BLOCK COPOLYMER NANOPATTERNS
Kim, Eunhye - College of Pharmacy, University, Jeju-si, Korea
Kim, Jihye - Jeju Research Institute of Pharmaceutical Sciences, 
College of Pharmacy, Jeju National University, Jeju-si, Korea
Lee, In Gyu - Jeju Research Institute of Pharmaceutical 
Sciences, College of Pharmacy, Jeju National University, Jeju-si, 
Korea
Gong, Yi-Xi - Interdisciplinary Graduate Program in Advanced 
Convergence Technology and Science, Bio-Health Materials 
Core-Facility Center and Practical Translational Research 
Center, Jeju National University, Jeju-si, Korea
Jeong, Eui Man - Jeju Research Institute of Pharmaceutical 
Sciences, College of Pharmacy, Jeju National University, Jeju-si, 
Korea

Existing stem cell therapies produced by simple cell culture have 
technical difficulties such as low therapeutic efficacy, engraft-
ment rate, and lack of understanding of treatment mechanisms. 
Various cells, including stem cells, are exposed to complex nano- 
and micro-scale structural environments, and it is known that cell 
functions respond sensitively to these structures. Focusing on 
the environmental structure of cells, it is necessary to develop a 
nanopatterned surface structure that optimizes cell culture condi-
tions and improves the function for stem cell therapy. Here, tech-
nology to enhance the antioxidant capacity of mesenchymal stem 
cells was developed by the surface modification of cell culture 
substrate with block copolymer nanopattern. It was confirmed 
that the cells cultured on block copolymer nanopattern have high 
GSH level compared with the cells cultured on general cover 
glasses, showing elongated spindle like shape. The GSH level 
was measured in a different BCP nanopatterns. Through this, our 
goal is to upgrade stem cell culture conditions by screening the 
effects of various BCP nanopatterns on stem cell GSH, and fur-
ther to increase the clinical application potential of stem cells.

Keywords: GSH, stem cell, nanopattern

941

NEXT GENERATION EXPANSION OF INDUCED 
PLURIPOTENT STEM CELLS USING TERUMO BCT 
QUANTUM® FLEX PROTOTYPE
Jayawardena, Mudith - TPI, Cell and Gene Therapy Catapult, 
London, UK
Tregidgo, Molly - TPI, Cell and Gene Therapy Catapult, London, 
UK
Le Coz, Clementine - TPI, Cell and Gene Therapy Catapult, 
London, UK
Hasan, Jahid - TPI, Cell and Gene Therapy Catapult, London, UK

Pluripotent Stem cell (PSC)-derived therapies target large patient 
populations and require high doses making them unsuited to tra-
ditional 2D expansion. The Quantum® Hollow Fibre Bioreactor 
from Terumo BCT offers an alternative to traditional T-flask seed 
train culture with a functionally closed, and automated adherent 
perfusion system. The Cell and Gene Therapy Catapult has de-
veloped methodologies and protocols for the expansion of PSC 
in 1.7 m2 Quantum® hollow-fibre bioreactor producing above one 
billion undifferentiated cells, able to differentiate into the three, 
embryonic germ layers. Here, we demonstrate the use of the 0.2 
m2 bioreactor kit in Quantum® Flex hollow-fibre bioreactor as 
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scale-down model tool for process development, achieving com-
parable fold expansion (10x), doubling time (50 hrs) and harvest 
viability (>90%) compared to established process using 1.7m2 
bioreactor kit over 6 days of expansion. Additionally, the use of 
high-density cell bank to fully-close the seed train is assessed 
using a 0.2m2 bioreactor kit, achieving an elevated 12-fold ex-
pansion and maintaining high harvest viability (>90%) over 8 days 
of expansion. Following expansion in both initial scale-down 
experiments and direct thaw strategies, harvested PSCs exhibit 
high levels of pluripotency (FC >80% detection: SSEA3, TRA-1-60, 
Nanog, Oct3/4).

Keywords: bioreactor, manufacturing, iPSC

943

COLOR: AN APPROACH FOR MULTIPLEX 
SPATIAL DETECTION OF NUCLEAR 
INTERACTIONS AND TRANSCRIPTION
Alberto de la Fuente, Oscar - Development, Stem Cells and 
Regenerative Medicine, University of Southern California, Los 
Angeles, CA, USA
Trinh, Le - Department of Biological Sciences, University of 
Southern California, Los Angeles, CA, USA
Fraser, Scott - Department of Biological Sciences, University of 
Southern California, Los Angeles, CA, USA

Control over pluripotency and cell fate involves tight regulation 
of gene expression, where localization within the nuclear space 
dictates its expression pattern. For an in-depth study of gene 
regulatory networks, it is necessary to develop high-resolution 
techniques for the multiplexed assessment of DNA localization 
and RNA transcript level in single cells while maintaining tissue 
structure. Conventional in situ approaches allow for the preser-
vation of tissue organization, however they necessitate a dena-
turation step for DNA detection which incurs in RNA degradation 
thus limiting their simultaneous imaging. Cas9-based approaches 
allow for fluorophore recruitment to DNA without chemical de-
naturation but lack signal amplification, reducing resolution and 
increasing experimental complexity. To overcome these obsta-
cles, we developed Cas9 Observation of Loci via Oligomeriza-
tion Reaction (COLOR): an imaging-based approach combining 
the natural ability of dCas9 to stably bind and locally denature 
DNA with the signal amplification and multiplexing capabilities of 
Multimodal Universal Signal Enhancement (MUSE) in situ probes. 
Initial experiments show that COLOR is capable of mediating lo-
cal DNA denaturation, allowing for MUSE probe binding and sub-
sequent signal amplification under conditions identical to those 
conducive to quantitative RNA detection. Due to the strong sig-
nal amplification provided by MUSE, COLOR is compatible with 
signal-intensive high-resolution approaches such as Structured 
Illumination Microscopy, highlighting its potential application for 
the study of nanometer-range DNA-DNA interactions. Leveraging 
local DNA denaturation and modular signal amplification, COLOR 
represents a fast and powerful method for the high-resolution, 
single-cell, multiplexed study of chromatin organization and gene 
transcription dynamics in their natural spatial context. The appli-
cation of COLOR will allow for a better understanding of gene 

regulatory network heterogeneity at the population level and its 
effect in cell homeostasis, fate, aging, and disease.

Funding Source: USC NIH T32 PhD Fellowship in 
Developmental Biology, Stem Cells, and Regeneration NIH 
R01HL140472

Keywords: Spatial Genomics, In Situ Hybridization, Multiplex 
Imaging

945

GENERATION OF ASIAN ELEPHANT IPSCS FOR 
CONSERVATION AND DE-EXTINCTION OF THE 
WOOLLY MAMMOTH
Ashkenazy Titelman, Asaf Josef - Genetics, Harvard Medical 
School, Boston, MA, USA
Appleton, Evan - Genetics, Colossal Laboratories and 
Biosciences, Boston, MA, USA
Hyssoli, Eriona - Genetics, Colossal Laboratories and 
Biosciences, Boston, MA, USA
Church, George - Genetics, Harvard Medical School, Boston, 
MA, USA

The de-extinction of the woolly mammoth is a large-scale effort to 
rehabilitate the steppes and restore balance to these ecological 
environments. One of the most important branches of this proj-
ect is to produce induced pluripotent stem cells (iPSCs) from the 
mammoth’s closest living ancestor – the Asian elephant. These 
generation of these cells accomplishes many goals – they can be 
used to differentiate into different cell types for in vitro testing of 
gene-edited cell types, can be driven to totipotency for embryo-
genesis, and can be differentiated into gametes for population 
diversity. Furthermore, many of these cellular developmental bi-
ology tasks overlap with needs for restoring endangered Asian 
elephant populations via gametogenesis and IVF. Towards this 
end, we lay the groundwork for mutliplex reprogramming tech-
niques to transform somatic Asian elephant cells into naïve iPSCs

Keywords: De-extinction, Elephant iPSCs, De-differentiation

947

A SET-THEORETIC DEFINITION OF CELL TYPES 
WITH AN ALGEBRAIC STRUCTURE ON GENE 
REGULATORY NETWORKS AND APPLICATION IN 
ANNOTATION OF RNA-SEQ DATA
Okano, Yuji - Department of Physiology, Keio University, 
Shinjuku-ku, Japan
Kase, Yoshitaka - Physiology, Keio University, School of 
Medicine, Shinjuku-ku, Japan
Okano, Hideyuki - Physiology, Keio University, School of 
Medicine, Shinjuku-ku, Japan

The emergence of single-cell RNA sequencing (RNA-seq) has 
radically changed the observation of cellular diversity. Although 
annotations of RNA-seq data require preserved properties among 
cells of an identity, annotations using conventional methods have 
not been able to capture universal characters of a cell type. Anal-
ysis of expression levels cannot be accurately annotated for cells 
because differences in transcription do not necessarily explain bi-
ological characteristics in terms of cellular functions and because 
the data themselves do not inform about the correct mapping be-
tween cell types and genes. Hence, in this study, we developed 
a new representation of cellular identities that can be compared 
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over different datasets while preserving nontrivial biological se-
mantics. To generalize the notion of cell types, we developed a 
new framework to manage cellular identities in terms of set theo-
ry. We provided further insights into cells by installing mathemat-
ical descriptions of cell biology. We also performed experiments 
that could correspond to practical applications in annotations of 
RNA-seq data.

Funding Source: The Keio University Medical Science Fund, the 
General Insurance Association of Japan, the Takeda Science 
Foundation, JSPS KAKENHI, the Next-Generation Research 
Project Promotion Program, and the Yagami Data Security Lab 
Project.

Keywords: annotation, cell type, scRNA-seq

949

DISSECTING THE ROLE OF ADARS IN HUMAN 
DEVELOPMENT VIA SINGLE-CELL MULTI-
LINEAGE CRISPR SCREENS AND RNA EDITING 
ANALYSES
Dailamy, Amir - Department of Bioengineering, University of 
California, San Diego, CA, USA
Lyu, Sammi - Bioengineering, University of California, San Diego, 
CA, USA
McDonald, Daniella - Bioengineering, University of California, 
San Diego, CA, USA
Zhang, Kun - Bioengineering, Altos Labs, San Diego, CA, USA
Mali, Prashant - Bioengineering, University of California, San 
Diego, CA, USA

Adenosine to inosine (A-to-I) conversion mediated by the ade-
nosine deaminases acting on RNA (ADAR) family of enzymes can 
have myriad biological implications, such as alterations of amino 
acids and regulation of innate immunity. Correspondingly, ADAR 
deregulation is implicated in diverse disorders such as neurolog-
ical diseases and tumorigenesis. The comprehensive profiling of 
ADAR expression and bulk RNA editing in adult human tissues 
has illuminated regulators of RNA editing and identified genetic 
variants that lead to its deregulation; however, there is a gap in our 
understanding of how ADARs impact human development. Here, 
we leverage multi-lineage, time-course differentiation of human 
pluripotent stem cells to teratomas, coupled with next-generation 
sequencing technologies to characterize cell-fate specification 
and RNA editing at single-cell resolution. Assaying across weeks 
4, 6, 8 and 10 of teratoma development, we observed that glob-
al RNA editing levels broadly correlated with ADAR expression 
in teratoma cell-types, and there was a 2-fold increase in global 
editing levels from weeks 4 to 10 of teratoma development. Inter-
estingly, we observed RNA editing levels in muscle cells were sig-
nificantly lower when compared to all other cell-types. Next, we 
disrupted the three ADAR family members (ADAR1, ADAR2 and 
ADAR3) in teratomas, via pooled CRISPR-Cas9 knockout screens, 
and assayed resulting impact on cell-fate specification and RNA 
editing across all three germ-layers. We observed that knocking 
out the ADAR1 gene led to a global decrease in RNA editing lev-
els across all cell-types, while ADAR2 and ADAR3 knockouts had 
no overt effect. Ongoing studies are examining the impacts of 
these knockouts on gene modules and cell-fitness across tissue 
types. Collectively, our work demonstrates the utility of assaying 
transcriptomes and RNA editing at the single-cell level in multi-lin-

eage differentiation models to uncover salient cell-type specific 
epitranscriptomic patterns and ADAR functions.

Keywords: Single-Cell RNA editing Analysis, Multi-Lineage 
Differentiation, CRISPR-Cas9 KO Screen

951

FULL-TIME ENVIRONMENTAL CONTROLS 
REDUCE MICROBIAL RISKS TO STEM CELL 
CULTURES, EVEN WITH FLAWED DISINFECTION
Henn, Alicia - Scientific, BioSpherix Medical, Parish, NY, USA
Darou, Shannon - Scientific, BioSpherix Medical, Parish, NY, USA
Henn, Stassa - Scientific, BioSpherix Medical, Parish, NY, USA
Yerden, Randy - Scientific, BioSpherix, Parish, NY, USA

The most expensive experiment or production run is one that 
gets contaminated. Next Generation Isolators (NGIs) close the 
cell handling process and make the atmospheric variables in tra-
ditional cell processing controllable. Temperature, relative humid-
ity (RH), oxygen, and carbon dioxide levels are maintained at all 
times. We showed previously that NGIs actively reduce microbial 
risks by controlling the RH and temp. Here we present new data 
on the ability of this ISO 5-compliant environment to reduce the 
viability of common problem contaminants, even if disinfection 
routines fail. Five different problem microbes were inoculated on 
coupons and placed on walls, ceiling, and floor of the cell han-
dling chamber. Every week for 8 weeks, a new set of contaminat-
ed coupons was introduced as if massively contaminated items 
were imported without disinfection. Routine cell handling was 
immediately performed with color-changing microbial broth (Day 
0) and Days 3, 7, and 10. An adherent stem cell process was mim-
icked in triplicate with routine culture set-up, medium changes, 
and cell harvesting activities, all with contaminants in the same 
chamber. Waste media and the “cell harvest” triplicate sam-
ples were incubated for 14 days for microbial growth. Mimicking 
flawed disinfection, at the end of each handling, high-touch sur-
faces were disinfected with wipes dampened with a quaternary 
ammonium disinfectant, avoiding coupon contact. Microbe-load-
ed coupons were allowed to accumulate over time, maximizing at 
120 in the chamber. We performed 21 media runs over 37 weeks 
in this chamber and 0/369 media samples were contaminated. 
Viable B. subtilis spores were still found on coupons at the con-
clusion of the study, although 2-3 logs reduced in numbers. Zero 
other microbes were viable on the coupons. This suggests that 
even if disinfection is not thorough, the controlled environment of 
the NGI can dramatically reduce microbial risks to highly valuable 
stem cell cultures.

Keywords: Regulatory, Cleanroom, Disinfection
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953

PLURIPOTENT STEM CELL EXPANSION IN 
THE QUANTUM CELL EXPANSION SYSTEM - 
PROTOCOL OPTIMIZATION
Krol, Rafal Przybyslaw - Research and Development Center, 
CiRA Foundation, Kyoto, Japan
Igarashi, Masatsugu - Research and Development, Terumo 
Corporation, Ashigarakami-gun, Japan
Yamaguchi, Takaki - Research and Development, Terumo 
Corporation, Ashigarakami-gun, Japan
Tsukahara, Masayoshi - Research and Development Center, 
CiRA Foundation, Kyoto, Japan
Takasu, Naoko - Executive Director, CiRA Foundation, Kyoto, 
Japan

Manufacturing of induced pluripotent stem cells for clinical ap-
plications requires robust and highly scalable cell expansion 
protocols. At the scale of billions of cells traditional cell culture 
systems demand extensive time and resources. Utilization of a 
close culture system offers an efficient alternative for the large-
scale expansion of pluripotent stem cells under clinically applica-
ble conditions. Quantum Cell Expansion System (Terumo BCT) is 
an automated platform design to culture cells in the disposable, 
functionally closed cell expansion set, consisting of hollow-fi-
ber bioreactor and fluidics system with several inlet and outlet 
lines, separate intra- and extracapillary circulation loops, and gas 
transfer module. It is operated by a flexible control software that 
supports wide range of customized protocols. Here we report 
our progress in the development of large-scale pluripotent stem 
cell expansion protocol in the iMatrix-511/StemFit AK03N system. 
Monitoring of the cell growth in the bioreactor is achieved by sam-
pling the extracapillary circulation loop and measuring lactate and 
glucose levels, which combined with medium supply rate allows 
for the calculation of glucose consumption and lactate generation 
in the bioreactor. Additionally, we are evaluating usefulness of 
constant monitoring of the acid base equilibrium and gas satura-
tion of the medium in the extracapillary loop. At present, we can 
achieve exponential cell growth of the cells and with high yield 
and viability at harvest. Our results suggest that pluripotent stem 
cells are growing in the bioreactor in the form of 3D aggregates, 
and our current efforts are aimed at optimization of the feeding 
strategy, that will allow for the cell expansion up to several billion 
cells. Another avenue of the protocol optimization is application 
of customized culture medium. The Quantum system with sepa-
rate intra- and extracapillary circulation loops makes possible to 
use costly medium containing recombinant proteins and growth 
factors to be supplied only to the intracapillary compartment, with 
the extracapillary compartment feeding realized with basal medi-
um supplemented with low molecular weight components. This 
approach will further reduce the cost of pluripotent stem cells 
manufacturing at a large scale.

Funding Source: Japan Agency for Medical Research and 
Development, grant 2022_JP22bm0104001

Keywords: closed culture system, large-scale manufacturing, 
pluripotent stem cells
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INVESTIGATING HPSC GENETIC INTEGRITY 
USING NGS TESTING: TURNING A DEEP 
ANALYSIS INTO A STRAIGHTFORWARD 
INTERPRETATION
Zenagui, Reda - Bioinformatics and Genetics, StemGenomics, 
France
Corcuff, Mélanie - Bioinformatics and Genetics, StemGenomics, 
France
Manchon, Laurent - Bioinformatics and Genetics, 
StemGenomics, France
Vincent, Juline - Research and Development Department, 
StemGenomics, France
Assou, Said - INSERM U1183, Institute for Regenerative Medicine 
and Biotherapy, StemGenomics, France
De Vos, John - INSERM U1183, Institute for Regenerative 
Medicine and Biotherapy, StemGenomics, France

Ensuring the genetic integrity of human pluripotent stem cells 
(hPSCs) is of utmost importance for the reliability of disease mod-
eling and the safety of subsequent clinical applications. Genet-
ic abnormalities can accumulate at critical stages in the hPSC 
workflow, including hPSC generation, amplification, and genome 
editing, underscoring the need for frequent monitoring of hPSC 
genomes. It was recently shown that in addition to recurrent chro-
mosomal abnormalities, hPSCs acquire point mutations in can-
cer-related genes such as TP53 or BCOR. However, current tech-
niques to evaluate genomic integrity in hPSCs do not provide the 
sufficient resolution to detect single nucleotide variations (SNVs). 
To overcome this limitation, a novel protocol was developed 
based on the next-generation sequencing (NGS) strategy for tar-
geted sequencing of the coding region of 361 genes. Specific 
genes involved in the development and differentiation of hPSCs 
were added to a comprehensive set of genes linked to cancer. 
Two different mixtures of DNA derived from hPSC lines were ex-
amined to detect mosaicism at different prevalence levels (10%, 
5%, 2%, and 1%). The protocol implemented allowed for uniform 
library preparation and deeper sequencing, which facilitated the 
identification of variants, with particularly low frequencies (variant 
allele frequency, VAF=1%). Additionally, the bioinformatics pipe-
line was assessed for its capacity to detect a range of variants, 
including single nucleotide variants (SNV), splice variants, and in-
sertions/deletions (indels). The results were subsequently validat-
ed using a commercial DNA set to establish appropriate thresh-
olds. Our newly established protocol has enabled us to gain a 
more comprehensive understanding of the genomic integrity of 
hPSCs, which is a significant milestone in the field.

Keywords: genetic integrity, hEPSC, NGS investigations, 
mosaicism, Single nucleotide variation (SNV), variant 
pathogenecity interpretation, targeting genes,

959

UNLOCKING THE POTENTIAL FOR SINGLE-CELL 
SEQUENCING AT SCALE WITH COMBINATORIAL 
INDEXING
Koth, Jason - Marketing, Scale Biosciences, CA, USA

Single-cell sequencing technologies have allowed for in-depth 
analyses of neuronal cell types and demonstrated the vast het-
erogeneity within these tissues. However, these studies are often 
limited in cell and sample throughput due to prohibitive costs. In 
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this study we show that combinatorial indexing can be used to 
drastically increase cell output from a single experiment while 
simplifying sample multiplexing, significantly reducing bench 
time and cost per cell. Here we show two workflows harness-
ing combinatorial barcoding technology, using kits from ScaleBio 
to profile chromatin accessibility and transcriptome data. In the 
first workflow, used for scATAC profiling, barcodes are added 
upstream of an on-market system to increase throughput while 
decreasing cost. Briefly, nuclei from up to 24 samples are distrib-
uted across 24 wells of a provided plate for barcoded tagmen-
tation, which introduces a cell-based barcode. Nuclei are then 
pooled and can be super-loaded onto existing single-cell capture 
systems. Despite the loading of 100,000 nuclei per channel, the 
additional tagmentation barcode creates a low effective doublet 
rate (< 5%). In the second workflow, used for scRNA profiling, cells 
are taken through three rounds of sequential barcoding in an in-
strument-free, plate-based workflow. With streamlined reagents, 
and the use of smart plastics for pooling, both hands-on time and 
total workflow time are reduced when compared to previously 
published combinatorial indexing methods, allowing for the re-
covery of up to 125,000 cells per experiment. For both work-
flows, this technology was first evaluated using mixed species 
experiments, in which human and mouse nuclei (scATAC) or cells 
(scRNA) are mixed prior to beginning the workflow. Despite the 
loading of 100k nuclei (scATAC) or 125k cells (scRNA), effective 
doublet rates remain low (< 5%), with effective recovery of nuclei/
cells across multiple sites and users (~55-60% from the final bar-
coding step). Data analysis shows a clear distinction between hu-
man and mouse populations with good sensitivity and low back-
ground. Analysis of PBMCs with similar loading rates shows high 
barcode and mapping rates, good recovery of nuclei/cells, and 
successful identification of major PBMC subsets.

Keywords: Single-cell combinatorial indexing, single-cell 
sequencing, Single-cell phenotyping

961

ELECTROPORATION BUFFERLESS MULTIPLEXED 
GENE DELIVERY USING CELLSHOT PARTITIONED 
FLOW TRANSFECTION SYSTEM
Choi, Jongseon - Strategy and Planning, Femtobiomed, 
Seongnam, Korea
Shin, Sungwon - Strategy and Planning, Femtobiomed, 
Seongnam, Korea
Lee, Jinook - Strategy and Planning, Femtobiomed Inc., 
Seongnam, Korea
Park, Taemin - System Development, Femtobiomed Inc., 
Seongnam, Korea
Lee, Sanghyun - Leadership, Femtobiomed Inc., Seongnam, 
Korea
Choi, Juhyun - Leadership, Femtobiomed Inc., Seongnam, Korea

CellShot, an electroporation device, challenges the difficulties 
of viral transduction via Partitioned Flow Electroporation (PFEP). 
PFEP does not require an electroporation buffer, hence elim-
inates the need for washing or mixing. Reducing cell loss and 
damage, it increases cell viability and transfection efficiency. It 
also enables multiplexed cell engineering that is crucial for stem-
cell-based therapies including reprogramming and differenti-
ation. In this study, we evaluated the mRNA delivery efficiency 
of CellShot by delivering eGFP-mRNA to various types of cells 
using CellShot PFEP and assessed cell viability and transfection 
efficiency. 24 hours after delivery, the percentage of eGFP-pos-
itive cells was 92.2% (±1.84) in HepG2 human liver cancer cells, 

84.76% (±1.85) in BJ1 human fibroblast cells, 94.77% (±2.06) in Jur-
kat human T cells, and 99.39% (±0.74) in NK92 human natural 
killer cells. The cell viability at this time point, confirmed by ETHD-
1 staining, ranged from a minimum of 79.16 ±1.2% (BJ1 cells) to a 
maximum of 98.95±0.66% (HepG2 cells). These results suggest 
that CellShot has efficient mRNA delivery capabilities in various 
types of cells without significant cytotoxicity. In addition, we eval-
uated the delivery performance of eGFP-mRNAs to HepG2 cells 
via multiplexed (sequential) transfection. After 24 hours of deliv-
ery, cells maintained a viability of over 95.36% (±0.06) compared 
to the control group up to the third transfection. Only at the 4th 
transfection, the viability decreased by 19% to 81.39% (±0.24). In 
all delivery groups except for the control, the proportion of eG-
FP-positive cells was over 98.16% (±1.15), with no significant differ-
ence in transfection efficiency between groups. Also, the eGFP 
MFI fold value showed an increasing trend with each round of 
transfection. The study demonstrates CellShot can offer both 
technical and cost benefits in the development of nonviral thera-
py through simplified procedures and improved yield (productivi-
ty). CellShot leads to improved cell function and transplantation in 
fields such as CAR-NK/T, iPSC, and MSC therapies, proving to be 
a valuable tool in advancing cell therapy.

Keywords: Electroporation Bufferless Transfection, Nonviral 
Gene Delivery, Multiplexed Cell Engineering
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OPTIMIZED HIDEF-B8 MEDIUM SUPPLEMENT 
REDUCES COSTS AND IMPROVES ACCESSIBILITY 
ASSOCIATED WITH PLURIPOTENT STEM CELL 
RESEARCH
Karpiak, Jerome V. - Research, Defined Bioscience, Inc., CA, 
USA
Aguirre, Gerardo - Research and Development, Defined 
Bioscience, Inc, San Diego, CA, USA
Dias, Angela - Pediatrics, University of California, San Diego, CA, 
USA
Muotri, Alysson - Pediatrics, University of California, San Diego, 
CA, USA
Rees, Steven - Science and Business Development, Defined 
Bioscience, Inc, San Diego, CA, USA

Inconsistency of cell culture media and variation in animal-de-
rived products is a significant problem in both commercial and 
academic sectors that affects research laboratories and manu-
facturing. Additionally, accessibility to ingredients for pluripotent 
stem cell (PSC) culture is limited where shipping conditions and 
timelines remain unreliable. We commercialized liquid HiDef-B8 
supplement with hyperstable FGF2-G3 and extensively assessed 
PSC culture performance using data from a semi-empirical 3-fac-
tor rotatable central composite DOE for complete media variants 
around our product formulation. Fit to an (RSM) model, the data 
verified that HiDef-B8 performance is optimized for cost. Here, 
we follow-up on our previous report with additional verification 
data from a separate lab and highlight an advancement to fur-
ther drive down associated shipping costs for added savings and 
increase global accessibility to ingredients for stem cell culture: 
freeze-dried HiDef-B8-FD stem cell maintenance supplement. In 
our previous study, the NRG1*FGF2-G3 interaction demonstrat-
ed highest impact resulting in significant pValue of 0.013 com-
bined across two cell lines. Insulin had an independent significant 
PValue of 0.018 combining both cell lines. However, during these 
experiments we discovered solubility inconsistencies during sup-
plement thawing that were attributed to insulin instability, local-
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ized pH and also affected downstream detectability of FGF2-G3. 
The commercial result was a manufacturing change reducing 
supplement concentration by 20% to resolve performance in-
consistencies. Here, we repeated testing of the 15-variant me-
dia matrix from 400x supplements compared to previous 500x, 
modifying B8 componentry for three key factors - NRG1, insulin 
and FGF2-G3, across two new model iPSC lines, in a second ac-
ademic lab. We included two additional repeat variants for con-
trols across three assay plates per iPSC line, per technical repeat, 
and an 18th variant control with substantial historic baseline data 
across several iPSC and ESC lines. Insulin and FGF2-G3 again 
demonstrated highest significant impact to formulation perfor-
mance in our post 5-passage PrestoBlue™ outgrowth assay in two 
new iPSC lines, but the interactions with highest impact differed 
substantially. The insulin*FGF2-G3 combinatorial interaction 
demonstrated highest impact resulting in a PValue of 0.003 and 
FGF2-G3 independently registered a PValue of 0.006. These rev-
elations facilitated a new freeze-dry stable HiDef-B8-FD supple-
ment formulation, verified active through the sublimation process 
followed by reconstitution to an equivalent 400x supplement with 
pure water before adding to basal medium to make complete 
HiDef-B8. This new B8 iteration demonstrated no difference in 
performance compared to the current HiDef-B8-cGMP product in 
multi-passage iPSC assays across two cell lines.

Funding Source: NIH R44GM140750

Keywords: DOE, PSC maintenance, Formulation development
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SPATIAL MULTI-OMICS MAPPING OF THE 
HUMAN HIPPOCAMPUS
Su, Graham - Biomedical Engineering, Yale University, New 
Haven, CT, USA
Fan, Rong - Biomedical Engineering, Yale University, New 
Haven, CT, USA
Xiao, Yang - Biomedical Engineering, Columbia University, 
Manhattan, NY, USA

Cellular functions and processes are quite dependent on their lo-
cation and proximity to other cells which led to the development 
of the spatial omics field with efforts to address the loss of this 
information in the widely-used single-cell omics technologies. As 
the brain is a highly complex organ and system, there is grow-
ing interest in building a spatial atlas to map the omics and look 
at regional expression differences of cells based where they are 
and which cells they interact with. Current approaches are able 
to interrogate the transcriptomic landscape in tissue histology 
sections, but so far there is not a comprehensive human hippo-
campus atlas. Here we use the technology platform developed 
in our lab which utilizes a microfluidic approach to spatial omics 
to not only map the transcriptome in healthy post-mortem human 
hippocampus but simultaneously include the chromatin accessi-
bility. Adjacent sections are further used for multiplexed protein 
identification to give precise cell-type information resulting in 
a triple modality spatial omic view in the human hippocampus. 
Focusing on the dentate gyrus region of the hippocampus, we 
have mapped 10 human samples. At a spot size of 50 microns, we 
are able to identify all the cell types using the transcriptome data 
including rare cell populations such as inhibitory interneurons 
falling in the CA3/CA4 regions and adjacent to the subgranular 
zone. Unsupervised clustering of transcriptome and chromatin 

accessibility (which uses the ATACseq chemistry) separately are 
both able to separate the regions due to major cell types. For 
example, the granular cell layer is highly enriched in PROX1, a 
marker for granule cells, which is distinct in the clustering analysis 
and is able to reconstruct the layer in the data. Adding the spatial 
proteome via CODEX provides highly reliable cell identification 
using a multiplexed antibody panel allowing us to connect exact 
cells and cell types with their spatial transcriptome and chroma-
tin accessibility. By mapping the transcriptome, epigenome, and 
proteome in the human hippocampus of healthy individuals, we 
aim to provide a framework for the spatial atlas for the field in 
this region of the brain and further extend it to clinical samples to 
compare and investigate differences in disease groups such as 
major depressive disorder.

Funding Source: BRAIN Initiative Cell Atlas Network

Keywords: Spatial, Omics, Neural
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850

EFFICIENT AND REPRODUCIBLE GENERATION 
OF HUMAN IPSC-DERIVED CARDIOMYOCYTES 
USING A STIRRED BIOREACTOR
Prondzynski, Maksymilian - Cardiology, Boston Children’s 
Hospital, Boston, MA, USA
Bortolin, Raul - Cardiology, Boston Children’s Hospital, Boston, 
MA, USA
Berkson, Paul - Cardiology, Boston Children’s Hospital, Boston, 
MA, USA
Trembley, Michael - Cardiology, Boston Children’s Hospital, 
Boston, MA, USA
Shani, Kevin - Bioengineering, Harvard, Boston, MA, USA
Sweat, Mason - Cardiology, Boston Children’s Hospital, Boston, 
MA, USA
Mayourian, Joshua - Cardiology, Boston Children’s Hospital, 
Boston, MA, USA
Cordoves, Albert - Bioengineering, Harvard, Boston, MA, USA
Anyanwu, Nnaemeka - Bioengineering, Harvard, Boston, MA, 
USA
Tharani, Yashasvi - Cardiology, Boston Children’s Hospital, 
Boston, MA, USA
Cotton, Justin - Cardiology, Boston Children’s Hospital, Boston, 
MA, USA
Milosh, Joseph - Cardiology, Boston Children’s Hospital, Boston, 
MA, USA
Walker, David - Cardiology, Boston Children’s Hospital, Boston, 
MA, USA
Zhang, Yan - Cardiology, Boston Children’s Hospital, Boston, 
MA, USA
Lu, Fujian - Cardiology, Boston Children’s Hospital, Boston, MA, 
USA
Liu, Xujie - Cardiology, Boston Children’s Hospital, Boston, MA, 
USA
Parker, Kit - Bioengineering, Harvard, Boston, MA, USA
Bezzerides, Vassilios - Cardiology, Boston Children’s Hospital, 
Boston, MA, USA
Pu, William - Cardiology, Boston Children’s Hospital, Boston, MA, 
USA

In the last decade human iPSC-derived cardiomyocytes (hiP-
SC-CMs) proved to be valuable for cardiac disease modeling 
and cardiac regeneration, yet challenges with scale, quality, in-
ter-batch consistency, and cryopreservation remain, reducing 
experimental reproducibility and limiting clinical translation. Here, 
we report a robust cardiac differentiation protocol that uses Wnt 
modulation and a stirred suspension bioreactor to produce on 
average 124 million hiPSC-CMs with >90% purity using a variety 
of hiPSC lines (19 differentiations; 10 iPSC lines). After controlled 
freeze and thaw, bioreactor-derived CMs (bCMs) showed high 
viability (>90%), interbatch reproducibility in cellular morphology, 
function, drug response and ventricular identity, which was further 
supported by single cell transcriptomes. bCMs on microcontact 

printed substrates revealed a higher degree of sarcomere matu-
ration and viability during long-term culture compared to mono-
layer-derived CMs (mCMs). Moreover, functional investigation of 
bCMs in 3D engineered heart tissues showed earlier and stron-
ger force production during long-term culture, and robust pac-
ing capture up to 4 Hz when compared to mCMs. bCMs derived 
from this differentiation protocol will expand the applications of 
hiPSC-CMs by providing a reproducible, scalable, and resource 
efficient method to generate cardiac cells with well-characterized 
structural and functional properties superior to standard mCMs.

Funding Source: WTP and KKP were supported by the NCATS 
Tissue Chips Consortium (UH3 HL141798 and UH3 TR003279) 
and by charitable support from the Boston Children’s Heart 
Foundation. WTP and MP were supported by funding from 
Additional Ventures.

Keywords: Cardiac differentiation in a bioreactor, Monolayer vs 
suspension cultures, in vitro maturation of iPSC-cardiomyocytes

852

A 96-WELL PLATE MICRO-TISSUE STRIP 
ASSAY FOR AUTOMATED HIGH THROUGHPUT 
SCREENING OF CARDIAC CONTRACTILITY
Roberts, Erin - Biomedical Engineering, Novoheart, Irvine, CA, 
USA
Aghavali, Reza - Biomedical Engineering, Novoheart, Irvine, CA, 
USA
Chan, Martin Y.C. - Biology, Novoheart, Irvine, CA, USA
Costa, Kevin - CSO, Novoheart, Irvine, CA, USA
Kanal, Varun - Biomedical Engineering, Novoheart, Irvine, CA, 
USA
Li, Ronald - CEO, Novoheart, Irvine, CA, USA
Wong, Andy O.T. - Biology, Novoheart, Irvine, CA, USA

With increased availability of human pluripotent-stem-cell derived 
cardiomyocytes, and recent passing of the FDA Modernization Act 
2.0, interest in generating engineered cardiac tissues for cytotox-
icity testing, disease modelling, and drug discovery applications 
has expanded rapidly. However, most engineered tissue assays 
are limited in throughput and consistency, hampering progress in 
such screening efforts. Based on Novoheart’s established human 
ventricular cardiac tissue strip assay (hvCTS), we developed a 96-
well micro-hvCTS (µCTS) that is 1/3 of the length (~3 vs. 9mm) and 
requires only 15% of the cardiomyocytes per tissue (150k vs. 1M) 
versus the standard hvCTS. The standard 96-well plate format 
is compatible with automated high throughput liquid handling 
and imaging systems. Each µCTS is suspended between two 
micro-posts, with anchors for consistent tissue height across all 
wells, and fluorescent beads to track post tip deflections and an-
alyze µCTS contractile force using custom software. In designing 
this system, the mold and post geometry, as well as cell density 
and seeding volume, were optimized to ensure a tissue aspect 
ratio that maximizes ease of use, twitch force sensitivity, and tis-
sue retention over extended culture periods. In conjunction with 
the plate, an array of biocompatible electrodes was designed and 
validated for field stimulation of tissues during long-term culture, 
enabling tissue maturation by electrical conditioning as well as 
control of beating frequency during data acquisition. To validate 
the plate technology, µCTS were used for dose escalation testing 
with the following compounds: isoproterenol, milrinone, nifed-
ipine, flecainide, and aspirin, demonstrating expected inotropic 
responses. µCTS were also successfully matured by combined 
electrical stimulation and maturation media similar to the hvCTS 
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counterpart. Hence, Novoheart’s µCTS 96-well plate offers an 
assay with increased sample number, reduced variability across 
tissues, decreased overall measurement time, and compatibility 
with automated plate handling systems, advancing cardiac con-
tractility screening to the next level with improved accuracy and 
throughput.

Keywords: cardiac tissue strip, high throughput contractility 
measurement, 96 well plate assay

854

ENGINEERED DEVELOPMENT: DIRECTED 
MORPHOGENESIS OF AN EMBRYONIC HEART 
TISSUE MODEL
Gershlak, Joshua R. - Department of Surgery, Massachusetts 
General Hospital, Boston, MA, USA
Miki, Kenji - Department of Surgery, Massachusetts General 
Hospital, Boston, MA, USA
Ott, Harald - Department of Surgery, Massachusetts General 
Hospital, Boston, MA, USA

Directed morphogenesis of an engineered tissue could be use-
ful as an embryonic model. This model would provide unique 
insights into development and generate complex structures that 
have not been previously engineered. We have generated such 
a model system through the directed morphogenesis of an engi-
neered tissue mimic of the embryonic heart. The heart is one of 
the first organs developed and undergoes a complex morpho-
genesis, also known as looping, transforming it from a tubular 
structure into the four-chambered organ. This phenomenon prop-
erly aligns the heart that leads to further development of more 
specialized forms of the cardiac tissue. Disruptions in the looping 
process are indicative for the onset of congenital heart defects. 
Embryonic heart tubes (EHT) were engineered using a novel cast-
ing approach, resulting in an inner acellular layer surrounded by a 
thin iPS derived cardiomyocyte layer, mimicking the in vivo anato-
my. In the embryo, cardiac looping is driven through both internal 
and external forces, leading to elongation of the tube resulting in 
a rightward rotation at the cranial end of the embryo and a dor-
sal deflection at the caudal end. To direct the morphogenesis of 
the EHTs, we created a novel bioreactor that mimics the external 
forces that are exhibited upon the heart within the embryo. Our 
bioreactor allows for rotation on the cranial end, dorsal deflection 
on the caudal end, and tissue shortening on the entire tube. EHTs 
were able to be looped using the bioreactor system and were 
found to recapitulate specific anatomical shapes seen during the 
looping process. Looped EHTs were maintained for seven days 
via perfusion culture. After the culture period, ends of the looped 
EHTs were found to have fused together. Histological investiga-
tion discovered the generation of different complex anatomical 
structures. Namely, the generation of an intraventricular septum, 
cellular orientations that match measured angles within mamma-
lian hearts, and ventricular shapes that closely resemble that of 
the native heart. In conclusion, through our approach of directed 
morphogenesis, we were able to generate a model of the em-
bryonic heart that matches native anatomical structures. Directed 
morphogenesis could be translated to other organ types to cre-
ate a systemic three-dimensional model of embryogenesis.

Funding Source: Funding for this project was provided through 
the Harvard Stem Cell Institute, Department of Defense, and 
National Institutes of Health.

Keywords: Cardiac Morphogenesis, Embryonic Tissue Model, 
Tissue Engineering

856

HUMAN ENGINEERED HEART-ON-CHIP 
MODEL FOR RISK ASSESSMENT OF CARDIAC 
ARRHYTHMIA
Schwach, Verena - Applied Stem Cell Technologies, University 
of Twente, Enschede, Netherlands
Slaats, Rolf - Applied Stem Cell Technologies, University of 
Twente, Enschede, Netherlands
ten Den, Simone - Applied Stem Cell Technologies, University of 
Twente, Enschede, Netherlands
Passier, Robert - Applied Stem Cell Technologies, University of 
Twente, Enschede, Netherlands

Cardiovascular diseases, including abnormal heart beats (arrhyth-
mias), are number one cause of mortality and morbidity worldwide 
and form a huge impact on society and economy. Until know ther-
apy for arrhythmia mainly helps to reduce symptoms, but is not 
able to solve underlying causes. Mainly because current models 
are not able to recapitulate all aspects of cardiac disease and 
have not proven effective in extrapolating experimental findings 
to the patient. Therefore, there is an urgent necessity to develop 
improved, more predictable disease models of arrhythmia. A hu-
man engineered 3D in vitro model using human pluripotent stem 
cell (hPSC)-derived cardiac cells is a great alternative to existing 
models as it can mimic different facets of arrhythmia with the goal 
to understand the pathogenic mechanisms of the disease and 
develop new therapies. To more closely recapitulate onset and 
progression of arrhythmia in patients, a spatial organization in a 
specific geometry is required as it predisposes to arrhythmia. We 
were able to develop such a 3D cardiac tissue model by engi-
neering a bone-shaped cardiac tissue by utilizing PMMA molding 
in combination with tissue embedding into Xanthan gum and im-
itating the native extracellular cardiac matrix build from collagen 
I and III. This model mimics the source-to-sink mismatch and thus 
creates a vulnerable substrate for cardiac arrhythmia. This tissue 
could be maintained in shape for more than 40 days. By compar-
ison of 2D and 3D culture, we generated proof-of-concept that 
the shape can only be maintained in 3D, but not as monolayer 
highlighting the importance of 3D culture. We developed an op-
tical mapping technique to visualize the conduction of calcium 
or voltage wave propagation through the tissue. Arrhythmia-like 
events were triggered through subjecting the cardiac tissues to 
Epinephrine. Amiodarone and Quinidine, which are prescribed to 
lower arrhythmia incidents in patients, were successful in coun-
teracting the effects of Epinephrine. Our human-based in vitro 
model mimics several aspects of the diseased human heart and 
will not only shed light on underlying mechanisms of arrhythmia, 
but will be further developed into a multidisciplinary platform for 
risk assessment of cardiac arrhythmia.

Funding Source: Dutch Heart Foundation

Keywords: Engineered cardiac model, Disease model, 
Arrhythmia
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HIGHLY DURABLE, STRETCHABLE AND MULTI-
FUNCTIONAL ENGINEERING SYSTEM FOR 
ENHANCED MATURATION AND MONITORING OF 
CARDIAC CONSTRUCTS
Kim, Ari - SKKU Advanced Institute of Nano Technology, 
Sungkyunkwan University, Seoul, Korea
Lee, Han-byeol - Advanced Materials Science and Engineering, 
Sungkyunkwan University, Seoul, Korea
Shrivastava, Sajal - Advanced Materials Science and 
Engineering, Sungkyunkwan University, Seoul, Korea
Lee, Nae-eung - Advanced Materials Science and Engineering, 
Sungkyunkwan University, Seoul, Korea

The use of reprogrammed human-induced pluripotent stem cells 
(hiPSCs) for personalized treatment strategies is gaining attention 
due to their accessibility and compatibility with the human body. 
These hiPSCs can be differentiated into various cell types, includ-
ing cardiomyocytes (CMs). However, current approaches have 
been unable to fully replicate the electro-mechanical functions of 
natural CMs. While several methods have been employed to stim-
ulate hiPSC-CM maturation, the ability to integrate multiple stimuli 
that influence myocardial cell function has been limited. To ad-
dress this, we have designed a multi-functional CM engineering 
system that is durable, stretchable, and can independently control 
electrical and mechanical co-stimulation parameters. Additional-
ly, the system can simultaneously monitor the status of hiPSCs 
and hiPSC-CMs. Our design utilizes a stretchable multielectrode 
array (SMEA) on a 3D micro-patterned elastomeric substrate that 
enables co-stimulation and impedance spectroscopy measure-
ments of hiPSCs. Housed in a mini-incubator, our system em-
ploys various combinations of electrical and mechanical stimula-
tion conditions to adjust hiPSC-CM maturity and monitor the cells 
throughout their proliferation, differentiation, and stimulation. Our 
innovative system holds great promise as a tool for enhancing the 
culture and engineering of CMs with enhanced maturation.

Keywords: human-induced pluripotent stem cells(hiPSCs), 
human-induced pluripotent stem cell derived 
cardiomyocyte(hiPSC-CM) maturation, Cell engineering system, 
Stretchable multi electrode array, electrical and mechanical co-
stimulation

TOPIC: EPITHELIAL INCLUDES SKIN GUT LUNG

860

AUTOMATED INTESTINAL ORGANOIDS 
SCREENING ASSAYS: AUTOMATED CULTURE, 
IMAGING AND ANALYSIS OF ORGANOID 
MORPHOLOGY
Sirenko, Oksana - Research and Development, Molecular 
Devices, San Jose, CA, USA
Lim, Angeline - Research and Development, Molecular Devices, 
San Jose, CA, USA
DeVille, Sara - Research and Development, Molecular Devices, 
San Jose, CA, USA
Keidel, Emily - Research and Development, Molecular Devices, 
San Jose, CA, USA
Macha, Krishna - Marketing, Molecular Devices, San Jose, CA, 
USA
Tong, Zhisong - Marketing, Molecular Devices, San Jose, CA, 
USA
Spira, Felix - Research and Development, Molecular Devices, 
San Jose, CA, USA

Three-dimensional (3D) cell models representing various tissues 
are being successfully used for modeling complex biological 
effects and tissue architecture. However, the complexity of 3D 
models remains a hurdle for their wider adoption in research 
and drug screening. We describe the system that allows automa-
tion of the complex organoid workflow that includes monitoring, 
maintenance, characterization of organoids, and testing for the 
effects of various compounds. This integrated solution includes 
an automated incubator, liquid handler, imaging system, as well 
as scheduling and decision-making software. We developed 
methods for automated seeding, media exchange, passaging of 
organoids, as well as monitoring organoids development. In ad-
dition, these methods allow to automate compound testing and 
evaluation of toxicity effects. 3D intestinal organoids were derived 
from mouse intestinal cells or from human iPSC cells. Organoids 
were cultured in Matrigel domes. The use of an automated liquid 
handling allowed automated cell seeding in Matrigel droplets fol-
lowed by automated media addition and media exchanges every 
2 days. Organoids were autonomously monitored every 2 days 
using imaging in transmitted light. Then, machine learning-based 
image analysis allowed finding organoids and characterization 
of their size, shape, and density. Reaching phenotypic maturity 
triggered the organoid harvest step followed up by re-passag-
ing organoids into additional 24well or 96well plates. Organoid 
cultures were treated with selected compounds allowing detec-
tion of toxicity effects on development of intestinal organoids. For 
endpoint measurements organoids were stained with viability 
dyes or fluorescently labeled antibodies and imaged using the 
imaging system. Advanced image analysis was done by 3D re-
constitution and phenotypic evaluation of organoid structures, 
including characterization of organoid complexity, cell morphol-
ogy, differentiation markers, and cell viability. We demonstrated 
concentration-dependent toxicity effects of several anti-cancer 
drugs. We demonstrate the automation methods allowing auto-
mation of organoid culture and assays, and also described anal-
ysis approaches and descriptors that allow to gain information 
about phenotypic changes and morphology of 3D organoids.

Funding Source: none

Keywords: assay automation, high content imaging, machine 
learning
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862

FUNCTIONAL RECOVERY OF A NOVEL GUT 
TISSUE MODEL OF HIRSCHSPRUNG’S DISEASE 
BY TREATMENT WITH HUMAN PLURIPOTENT 
STEM CELL-DERIVED ENTERIC NEURAL 
PROGENITORS
Hiyoshi, Hideyuki - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Fujisawa, Japan
Yamashita, Teruyoshi - T-CiRA Discovery and Innovation, 
Takeda Pharmaceutical Company, Fujisawa, Japan
Take, Kazumi - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Fujisawa, Japan
Komoike, Yusaku - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Fujisawa, Japan
Kamiya, Daisuke - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Fujisawa, Japan
Toyooka, Yayoi - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Fujisawa, Japan
Matsumoto, Hirokazu - T-CiRA Discovery and Innovation, 
Takeda Pharmaceutical Company, Fujisawa, Japan
Ikeya, Makoto - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan

Dysfunction of the enteric nervous system leads to motility dis-
orders of the gastrointestinal tract including severe and rare 
disorders such as Hirschsprung’s disease (HSCR). For HSCR 
patient treatment, no options exist other than surgical removal 
of the dysfunctional bowel. Here, we show the development of 
human induced pluripotent stem cell (iPSC)-derived artificial gut 
tissue (HSCR-iGUT) that models a HSCR phenotype by harboring 
a HSCR-related point mutation. Furthermore, motility dysfunction 
of HSCR-iGUT was restored by treatment with human iPSC-de-
rived enteric neural progenitors (iENPs). To create HSCR-iGUT of 
sufficient size for injection of iENPs and functional assessment of 
motility, we intraperitoneally implanted human intestinal organ-
oid derived from iPSCs in immunocompromised mice. Ten weeks 
after implantation, iENPs were injected into the muscle layer of 
HSCR-iGUT that had grown to 5-30 mm in diameter. Eight weeks 
after iENP injection, we harvested the HSCR-iGUT and assessed 
smooth muscle motility by organ bath assay. HSCR-iGUT that had 
not been treated with iENPs showed a lack of nitric oxide-depen-
dent relaxation response to electrical field stimulation. In contrast, 
iENP-injected HSCR-iGUT showed clear relaxation responses, 
the intensity of which was equivalent to the maximal relaxation 
induced by the nitric oxide donor, sodium nitroprusside. In con-
clusion, HSCR-iGUT is a novel HSCR-relevant model of dysmotil-
ity, where the therapeutic potential of iENPs was demonstrated. 
These results pave the way for using regenerative cell therapy for 
the treatment of gut dysmotility disorders.

Keywords: a gut tissue model of Hirschsprung’s disease, 
induced pluripotent stem cells (iPSCs), iPSC-derived enteric 
neural progenitors

864

RESTORATION OF CTRP5 EXPRESSION IN VITRO 
USING LENTIVIRUS-MEDIATED GENE THERAPY 
AMELIORATES RPE DYSFUNCTION IN LATE-
ONSET RETINAL DEGENERATION
Bose, Devika Abhijit - Stem Cell Science, National Eye Institute 
(NIH), Bethesda, MD, USA
Sharma, Ruchi - Opthalmic Genetics and Visual Function 
Branch, National Eye Institute (NIH), Bethesda, MD, USA
Miyagishima, Kiyoharu - Retinal Neurophysiology Section, 
National Eye Institute (NIH), Bethesda, MD, USA
Bharti, Kapil - Opthalmic Genetics and Visual Function Branch, 
National Eye Institute (NIH), Bethesda, MD, USA

Late-onset retinal degeneration (L-ORD) is an autosomal domi-
nant disorder in which a missense mutation in the CTRP5 gene 
leads to retinal pigment epithelium (RPE) atrophy and choroidal 
neovascularization. CTRP5 is a paralogue of Adiponectin fami-
ly proteins which regulate cell metabolism. We showed that in 
L-ORD RPE, mutant CTRP5 interferes with its apical secretion 
and reduces binding affinity toward AdipoR1, the receptor for Ad-
iponectin, resulting in AMPK dysregulation inside the cell. Here 
we provide evidence that CTRP5 heterooligomers are entrapped 
in endolysosomal compartments and likely targeted for degra-
dation. Overexpression of WT CTRP5 in patient cells overcame 
lower CTRP5 levels and rescued mis-polarized VEGF secretion. 
RPE were differentiated from induced pluripotent stem cells 
(iRPE) derived from four siblings: two clinically and genotypically 
confirmed L-ORD patients and two unaffected siblings. iRPE were 
cultured with and without bafilomycin A1 (50nm) to determine if 
mutant CTRP5 was degraded by lysosomes. Immunostaining re-
vealed strong co-labeling of CTRP5 with LAMP1/2 and ATG5 in 
L-ORD iRPE especially when lysosomal degradation was blocked 
using bafilomycin A1. For overexpression study, coding sequenc-
es of the human CTRP5 WT or mutant variant were cloned into a 
tagged lentiviral vector and transduced in L-ORD iRPE. With in-
creasing MOI of the WT-CTRP5 expressing construct, 6-7x higher 
expression of CTRP5 on the apical side and 3-4x higher expres-
sion on the basal side of cells could be detected [MOI 1.5: Ap (p< 
0.01), Ba (p< 0.001); MOI 3.0: Ap (p< 0.001), Ba (p< 0.05]. Con-
sistent with increased secretion of CTRP5, pAMPK levels were 
reduced ~23% in L-ORD-iRPE with increasing concentration of 
WT-CTRP5 (MOI 0.5 and 1.5: p=ns; MOI 3.0: p< 0.05). Again, con-
sistent with the increased CTRP5 secretion and reduced pAMPK 
levels, mispolarized VEGF secretion was also corrected in WT-
CTRP5 overexpressed L-ORD-iRPE [MOI 1.5: Ap (p< 0.01), Ba (p< 
0.001); MOI 3.0: Ap (p< 0.001), Ba (p< 0.05)]. Together this data 
further re-enforces our hypothesis that the dominant behavior of 
S163R mutation is through decreased secretion of CTRP5 in RPE 
cells and suggests that gene augmentation provides a potential 
treatment option for L-ORD patients.

Keywords: CTRP5 protein, lentivirus- mediated gene therapy, 
iPSC-RPE disease modelling
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INTERROGATING IMMUNOSUPPRESSIVE NICHES 
OF COLON CANCER STEM CELLS USING SPATIAL 
TRANSCRIPTOMICS
He, Xi (CiCi) C. - Stem Cells and Niche, Stowers Institute for 
Medical Research, Kansas City, MO, USA
Epp, Michael - Development Biology, Stowers Institute for 
Medical Research, Kansas City, MO, USA
Li, Linheng - Development Biology, Stowers Institute for Medical 
Research, Kansas City, MO, USA

In recent years, immunotherapy has revolutionized cancer treat-
ment in patients with certain types of cancers; however, colon 
cancer responds to Immunotherapy poorly. Failure to response 
to immune checkpoint blockade is in part due to the phenotyp-
ic plasticity of tumors/cancers, a feature which tumor-initiating 
stem cells (TSCs or CSCs) and their associated microenviron-
ment (TME) play critical roles in establishing. Utilized single-cell 
RNA-sequencing to identify therapy resistant TSCs (TrTSCs) in 
mouse models of CRT-challenged intestinal adenoma, followed 
by bioinformatics analysis to reveal the bidirectional crosstalk that 
occurs between TSCs and the tumor microenvironment (TME). 
The results of the analysis indicate that TSCs shape the TME into 
an immunosuppressive barrier, in part via the signaling module 
RPS19-C5AR1 between TSCs and myeloid derived suppression 
cells (MDSCs). To investigate the underlying mechanism in this 
regard we applied spatial transcriptomics on MC38 colon can-
cer mouse model. Our result showed that while both innate and 
adaptive immune cells are normally enriched in the boundary re-
gion of tumor, the treatment of MC38 colon cancer animals using 
neutralizing anti-C5AR1 antibody significantly increase the infil-
tration of macrophages, nature killer cells, and CD8 +T cells into 
the tumor, accompanying with ~50% of reduction in tumor mass. 
Using bioinformatics analysis, we are interrogating the signaling 
cascade downstream of RPS19-C5AR1 that mediate the immuno-
suppression. Furthermore, we are testing whether the combina-
torial treatment of overcoming the extrinsic immunosuppressive 
barrier using anti-C5AR1 antibody and anti-PD1 antibody, an im-
mune-checkpoint inhibitor, can increase the therapeutic efficacy 
in colon cancer.

Funding Source: Stowers institute for Medical Research NIDDH

Keywords: therapy resistant tumor stem cell, tumor 
microenvironment, spatial transcriptomics

868

TISSUE-DERIVED EXTRACELLULAR MATRIX 
HYDROGELS AS CULTURE PLATFORM FOR 
GASTROINTESTINAL ORGANOIDS
Min, Sungjin - Department of Biotechnology, Yonsei University, 
Seoul, Korea
Kim, Suran - Department of Biotechnology, Yonsei University, 
Seoul, Korea
Choi, Yi Sun - Department of Biotechnology, Yonsei University, 
Seoul, Korea
Jo, Sung-Hyun - Department of Chemical Engineering, Soongsil 
University, Seoul, Korea
Kim, Yun-Gon - Department of Chemical Engineering, Soongsil 
University, Seoul, Korea
Cho, Seung-Woo - Department of Biotechnology, Yonsei 
University, Seoul, Korea

Organoids, three-dimensional (3D) structures that include stem 
cells and differentiated cells, have been in the spotlight because 
they have similarities with native tissues that go beyond existing 
models. Until now, Matrigel, one of the extracellular matrix (ECM) 
hydrogels, has been widely used as culture platform for organ-
oids. Matrigel provides a suitable 3D environment for cells to 
proliferate, but it has safety issue due to its tumor origin and can-
not provide a tissue-specific ECM environment. In this study, we 
developed gastrointestinal (GI) tissue-derived ECM hydrogels as 
culture platform for GI organoids. Developed matrices contained 
tissue-specific proteins present in native GI tissue, which make 
suitable ECM environment for GI organoids. In addition, these ma-
trices also had low batch variation and adequate biocompatibili-
ty. We found that GI organoids expressing diverse cell types and 
functional phenotypes could be generated in our tissue-derived 
ECM hydrogels. Moreover, the tissue-specific effect and age-re-
lated effects of our hydrogels were confirmed. Finally, applicabil-
ity of tissue-derived ECM hydrogels was demonstrated such as 
long-term storage and organoid transplantation to mouse injury 
model. Tissue-derived ECM hydrogel platforms developed in this 
study could be produced from other tissue types and utilized for 
other organoid types.

Funding Source: This research was supported by the 
Bio & Medical Technology Development Program of the 
National Research Foundation of Korea(NRF) funded by the 
Korean government, the Ministry of Science and ICT(MSIT)
(No.2022M3A9B6082675)

Keywords: Gastrointestinal organoid, Extracellular matrix, 
hydrogel
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870

ESTABLISHMENT OF A CULTIVATION METHOD 
FOR HUMAN INTESTINAL STEM CELLS DERIVED 
FROM HUMAN PLURIPOTENT STEM CELL-
DERIVED STEM CELL-DERIVED INTESTINAL 
ORGANOIDS
Kwon, Ohman - Stem Cell Convergence Research Center, 
Korea Research Institute of Bioscience and Biotechnology 
(KRIBB), Daejon, Korea
Son, Mi-young - Stem Cell Convergence Research Center, Korea 
Research Institute of Bioscience and Biotechnology, Deajeon, 
Korea
Son, Ye Seul - Stem Cell Convergence Research Center, Korea 
Research Institute of Bioscience and Biotechnology, Deajeon, 
Korea
Yu, Won Dong - Stem Cell Convergence Research Center, 
Korea Research Institute of Bioscience and Biotechnology, 
Deajeon, Korea

Three-dimensional human intestinal organoids (hIO) are widely 
used as a platform for biological and biomedical research. How-
ever, reproducibility and challenges for large-scale expansion 
limit their applicability. Here, we established a human intestinal 
stem cell (ISC) culture method expanded under feeder-free and 
fully defined conditions through selective enrichment of ISC pop-
ulations (ISC3D-hIO) within hIO derived from human pluripotent 
stem cells. The intrinsic self-organisation property of ISC3D-hIO, 
combined with air-liquid interface culture in a minimally defined 
medium, forces ISC3D-hIO to differentiate into the intestinal epi-
thelium with cellular diversity, villus-like structure, and barrier in-
tegrity. Notably, ISC3D-hIO is an ideal cell source for gene editing 
to study ISC biology and transplantation for intestinal diseases. 
We demonstrated the intestinal epithelium differentiated from 
ISC3D-hIO as a model system to study severe acute respiratory 
syndrome coronavirus 2 viral infection. ISC3D-hIO culture tech-
nology provides a new tool for use in regenerative medicine and 
disease modelling.

Funding Source: The National Research Foundation (NRF-
2018M3A9H3023077, 2021M3A9H3016046) The Korean 
Fund for Regenerative Medicine (21A0404L1) The Technology 
Innovation Program (No. 20008777) KRIBB Research Initiative 
Program (KGM4722223)

Keywords: Intestinal stem cells derived from 3D intestinal 
organoids, Differentiation of 2.5D intestinal epithelium via air-
liquid interface culture, gene editing and tissue regeneration

872

SPATIOTEMPORAL CHARTING OF THE HUMAN 
FETAL ESOPHAGEAL DEVELOPMENT FOR THE 
DIRECTED DIFFERENTIATION TO ESOPHAGEAL 
BASAL CELLS
Yang, Ying - Dermatology, Stanford University, Stanford, CA, 
USA
McCullough, Carmel - Dermatology, Stanford University, 
Stanford, CA, USA
Seninge, Lucas - Biomolecular Engineering and Genomics 
Institute, University of California, Santa Cruz, CA, USA
Guo, Lihao - Pharmacy Practice and Science, University of 
Arizona, Tucson, AZ, USA
Kwon, Woo-Joo - Dermatology, Stanford University, Stanford, 
CA, USA
Zhang, Yongchun - school of Life Sciences and Biotechnology, 
Shanghai Jiaotong University, Shanghai, China
Li, Nancy Yanzhe - Dermatology, Stanford University, Stanford, 
CA, USA
Gaddam, Sadhana - Dermatology, Stanford University, Stanford, 
CA, USA
Pan, Cory - Dermatology, Stanford University, Stanford, CA, USA
Zhen, Hanson - Dermatology, Stanford University, Stanford, CA, 
USA
Torkelson, Jessica - Dermatology, Stanford University, Stanford, 
CA, USA
Khan, Anum - Stanford Cell Sciences Imaging Facility CSIF, 
Stanford University, Stanford, CA, USA
Alejandro, Wesley - Stanford Cell Sciences Imaging Facility 
CSIF, Stanford University, Stanford, CA, USA
Glass, Ian - Pediatrics, University of Washington, Seattle, WA, 
USA
The, Birth Defect Reseach Laboratory - Pediatrics, University of 
Washington, Seattle, WA, USA
Charville, Greg - Pathology, Stanford University, Stanford, CA, 
USA
Que, Jianwen - Medicine, Columbia University, New York, NY, 
USA
Stuart, Joshua - Department of Biomolecular Engineering and 
Genomics Institute, University of California, Santa Cruz, CA, USA
Ding, Hongxu - Pharmacy Practice and Science, University of 
Arizona, Tucson, AZ, USA
Oro, Anthony - Dermatology, Stanford University, Stanford, CA, 
USA

Stem cell therapy holds promise for severe esophageal epithelial 
defects, such as Epidermolysis Bullosa and caustic injuries. Such 
a therapy demands scalable clinical manufacturing of esophageal 
basal cells (eBCs) from human pluripotent stem cells (hPSCs). 
Deriving eBCs is challenging due to lack of understanding in hu-
man esophageal development. To close this knowledge gap, we 
present a spatiotemporal single cell multi-omics atlas for human 
esophageal development, with a special focus on eBC specifica-
tion. Using single cell RNA sequencing, we delineate the cellu-
lar heterogeneity and lineage dynamics of both epithelium and 
stroma. Coupling with Visium spatial transcriptomics and CODEX 
spatial proteomics, we define the proximal eBC niche and identify 
mesenchymal paracrine signals that drive eBC specification. We 
further use these in vivo identified signals to drive eBC specifi-
cation in vitro. To prioritize signal combinations for efficient and 
effective eBC derivation, we develop Manatee, a deep learning 
algorithm to predict gene expression alterations caused by sig-
naling pathway perturbations. We apply Manatee to systemati-
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cally screen all the combinations, and validate that the prioritized 
perturbation strategy can generate functional eBCs in culture. We 
benchmark that the in vitro derived eBCs express key esophageal 
markers and they can stratify properly in Calcium-induced assay, 
3D organoid and organotypic culture. In summary, our work pro-
vides a holistic survey of human esophageal development in vivo, 
establishes a chemical-defined hPSC-to-eBC differentiation sys-
tem for future clinical application, and proposes a potential para-
digm shift in the rational design of hPSC directed differentiation.

Funding Source: NICHD R24HD000836 to I.A.G. Department 
of Defense PR212394, EB Research Partnership, and Stanford 
Innovative Medicine Accelerator to A.E.O.

Keywords: single cell multi-omics atlas, hPSC differentiation, in 
silico perturbation

Abstract Withdrawn

TOPIC: GERMLINE AND EARLY EMBRYO

876

XAV939 IS A NON-SPECIFIC PARP INHIBITOR 
THAT GLOBALLY REPROGRAMS THE PARYLOME 
OF HUMAN NAÏVE STEM CELLS
Angarita Medrano, Ariana Marina - Pediatric/Oncology, Johns 
Hopkins School of Medicine, Baltimore, MD, USA
Zimmerlin, Ludovic - Pediatric/Oncology, Johns Hopkins School 
of Medicine, Baltimore, MD, USA
Uribe, Isabel - Chemical Biology, Johns Hopkins University, 
Baltimore, MD, USA
Kochendoerfer, Clara - Pediatric/Oncology, Johns Hopkins 
University, Baltimore, MD, USA
Leung, Anthony - Biochemistry and Molecular Biology, Johns 
Hopkins University, Baltimore, MD, USA
Zambidis, Elias - Pediatric/Oncology, Johns Hopkins School of 
Medicine, Baltimore, MD, USA

The small molecule tankyrase (TNKS1/2) inhibitor XAV939 is fre-
quently utilized to modulate WNT pathway signaling in human 
pluripotent stem cell (hPSC) naïve reversion and differentiation 
protocols. XAV939 stabilizes the protein levels of the TNKS1/2 
substrate Axin, which mediates β-catenin degradation. However, 
XAV939 is a promiscuous poly-ADP polymerase (PARP) inhibitor 
of multiple PARP proteins (e.g., TNKS1/2, PARP1, PARP2, PARP3). 
Notably, TNKS1/2 and PARP1 independently regulate cellular pro-
teostasis by catalyzing the PARylation of hundreds of validated 
protein substrates. For example, TNKS-mediated PARylation reg-
ulates proteosomal degradation of protein targets by controlling 
RNF146-mediated ubiquitination. Here, we hypothesized that 
non-specific PARP inhibition by XAV939 mediates broad direct 
and indirect effects on both TNKS1/2 and PARP1 substrates, and 
on the whole proteome of conventional hPSC; when used in naïve 
reversion protocols. To elucidate the role of XAV939 in regulat-
ing both TNKS1/2 and PARP1 substrates, we performed Tandem 
Mass Tag mass spectrometry to differentially evaluate the whole 
proteome and PARylome (i.e., the subset of protein targets cova-
lently-modified by poly-ribosylation), on triplicate isogenic primed 
vs. Tankyrase/PARP inhibitor-regulated naïve (TIRN) hPSC. Dif-
ferential protein expression was analyzed by proteomic gene 
ontology (GO) and pathway analysis. Select TNKS targets were 
validated by western blotting using PAR-affinity resins. Proteom-
ic GO analysis suggested that continuous TNKS/PARP inhibition 
by XAV939 in the context of LIF-2i globally reprogrammed the 
proteome and PARylome of human naïve-epiblast-like TIRN stem 
cells in broad cellular processes. Specifically, inhibition of PARy-
lation by TNKS and PARP1 rewired the pluripotency-associated 
proteomic circuits of TIRN stem cells. XAV939 supplementation 
of the classical LIF-2i cocktail (i.e., LIF-3i) resulted in broad differ-
ential protein expressions of both TNKS and PARP1 targets be-
tween primed conventional and TIRN stem cells. These effects 
were context-dependent and reached far beyond impact on WNT 
modulation. A deeper understanding of the PARylome and pro-
teomic reprogramming may be a gateway for deriving improved 
human stem cells for regenerative medicine.

Funding Source: NIH/NEI (R01EY032113; R01EY023962), NIH/
NICHD (R01HD082098), Research to Prevent Blindness (Stein 
Innovation Award), The Maryland Stem Cell Research Fund 
(2020-MSCRFD-5374), and The Lisa Dean Moseley Foundation.

Keywords: Tankyrase, PARP1, Naïve Pluripotency, Proteome
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DISSECTING SIGNALING RULES OF THE FIRST 
LINEAGE BIFURCATION OF EMBRYONIC 
DEVELOPMENT USING DIFFERENTIATION 
SLINGSHOT
Zhang, Miaoci - Chemical Engineering, Columbia University, 
New York, NY, USA

Shortly after zygotic genome activation (ZGA), the first lineage 
bifurcation occurs where the embryo transitions from a uniform 
cluster of totipotent cells into two specified lineages, one being 
the compact inner cell mass (future fetus) and the other being 
the trophectoderm shell (future placenta). Although extensive 
studies have identified key transcriptional networks that govern 
early embryonic development, there is limited knowledge of the 
molecular mechanisms that govern the first fate separation event 
in humans. To fill this fundamental gap in our knowledge, we de-
velop a two-step approach termed the differentiation slingshot, 
where we first revert pluripotent stem cells into a transient totipo-
tent state and then push them to mimic trophectoderm and inner 
cell mass specification. Transcriptomic and immunofluorescent 
analysis shows this approach generates cells with the appropri-
ate expression of ZGA and trophectoderm-related markers. Our 
novel transient reprogramming strategy, paired with single-cell 
RNA sequencing and genome-wide CRISPR screens, provides an 
in vitro platform to unveil the signaling rules that control the first 
lineage bifurcation and helps uncover more molecular details of 
human embryo development.

Keywords: In vitro model of embryo development, Pluripotent 
stem cells, Reprogramming

880

INTEGRATING SINGLE CELL AND SPATIAL 
GENE EXPRESSION PROFILING OF MOUSE 
ORGANOGENESIS TO IDENTIFY AND LOCALIZE 
NOVEL CELL TYPES
Zimmerman, Stephanie - Research and Development, 
NanoString Technologies, Seattle, WA, USA
Qui, Chengxiang - Genome Sciences, University of Washington, 
Seattle, WA, USA
Nichols, Eva - Genome Sciences, University of Washington, 
Seattle, WA, USA
Lasley, Alexa - Research and Development, NanoString 
Technologies, Seattle, WA, USA
Hoang, Margaret - Research and Development, NanoString 
Technologies, Seattle, WA, USA
Beechem, Joseph - Research and Development, NanoString 
Technologies, Seattle, WA, USA
Shendure, Jay - Genome Sciences, University of Washington, 
Seattle, WA, USA

Mammalian organogenesis is a remarkable process, whereby 
cells rapidly proliferate and differentiate into diverse cell types. 
Single cell RNA-sequencing of whole embryos yields unprece-
dented views of development, revealing hundreds of unique cell 
types defined by gene expression precisely regulated in time and 
space. Although many methods exist to identify cell types defined 
by scRNAseq, annotating cells remains a challenging process. In 
this work, we leverage both scRNAseq and spatial gene expres-
sion profiling to identify novel cell populations during organogen-
esis, and discover changes in cell specification and localization 

in a developmental mutant. We used high-resolution single nu-
cleus transcriptional profiling of millions of cells done by 3-level 
combinatorial indexing on staged mouse embryos in 2-6 hour 
increments from gastrulation to birth. Although an initial round 
of manual annotation based on marker genes and earlier atlas-
es was fruitful, many ambiguities remained. To address these in 
part, we integrated matched timepoints with spatial whole tran-
scriptome profiles of precise anatomical regions generated us-
ing the GeoMx® Digital Spatial Profiler (DSP). We used a cell type 
deconvolution algorithm to estimate the abundance of each cell 
type in each region and validated that known populations such 
as tissue-specific epithelial cell subtypes were localized with high 
accuracy. We then used this method to map trajectories derived 
from the lateral plate mesoderm, populations with limited research 
that are challenging to annotate. Next, we applied this method to 
understand how dysregulated cell lineage contributes to organ 
malformation in a developmental mutant. Absence of embryonic 
macrophages due to CSFR1 deficiency causes bone and brain 
deformities and perinatal lethality in mouse and humans. We per-
formed massively scalable single-cell transcriptomics and GeoMx 
DSP on E18.5 wildtype and CSF1R-deficient mutant littermates. 
We find differential cell type abundance in both the scRNAseq 
and between matched spatial regions across many tissues, sug-
gesting that organs beyond bone and brain are impacted by mac-
rophage loss. In conclusion, this work provides a framework for 
integrating spatial data with scRNAseq in an automated pipeline 
to map cell populations in normal and pathological samples.

Keywords: scRNAseq, spatial transcriptomics, development

TOPIC: HEMATOPOIETIC, IMMUNE, AND ENDOTHE-
LIAL

882

DEVELOPMENT OF ALLOGENEIC HSC-
ENGINEERED INKT CELLS FOR OFF-THE-SHELF 
CANCER IMMUNOTHERAPY
Li, Yanruide - MIMG, University of California, Los Angeles, CA, 
USA

Cell-based immunotherapy has become the new-generation can-
cer medicine, and ‘‘off-the-shelf’’ cell prod- ucts that can be man-
ufactured at large scale and distributed readily to treat patients 
are necessary. Invariant natural killer T (iNKT) cells are ideal cell 
carriers for developing allogeneic cell therapy because they are 
power- ful immune cells targeting cancers without graft-versus-
host disease (GvHD) risk. However, healthy donor blood contains 
extremely low numbers of endogenous iNKT cells. Here, by com-
bining hematopoietic stem cell (HSC) gene engineering and in 
vitro differentiation, we generate human allogeneic HSC-engi-
neered iNKT (AlloHSC-iNKT) cells at high yield and purity; these 
cells closely resemble endogenous iNKT cells, effec- tively target 
tumor cells using multiple mechanisms, and exhibit high safety 
and low immunogenicity. These cells can be further engineered 
with chimeric antigen receptor (CAR) to enhance tumor targeting 
or/and gene edited to ablate surface human leukocyte antigen 
(HLA) molecules and further reduce immunogenicity. Collectively, 
these preclinical studies demonstrate the feasibility and cancer 
therapy potential of AlloHSC-iNKT cell products and lay a founda-
tion for their translational and clinical development.

Keywords: Hematopoietic stem cell, invariant natural killer T 
(iNKT) cell, cancer immunotherapy
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YTHDF2 INHIBITOR AND 3D-NCADHERIN 
PTPTIDES EX VIVO EXPAND HUMAN 
HEMATOPOIETIC STEM CELLS BY MEDIATING 
GENE EXPRESSION AND CHROMATINE ACTIVITY
Mao, Xinjian - Stowers Institute for Medical Research, Kansas 
City, MO, USA
Zhang, Ning - Stowers Institute for Medical Research, Kansas 
City, MO, USA
He, Xi - Stowers Institute for Medical Research, Kansas City, MO, 
USA
Zhang, Linda - Department of Chemistry, Department 
of Biochemistry and Molecular Biology, and Institute for 
Biophysical Dynamics, The University of Chicago, IL, USA
Epp, Michael - Stowers Institute for Medical Research, Kansas 
City, MO, USA
Dong, Ruochen - Stowers Institute for Medical Research, Kansas 
City, MO, USA
Yang, Zhe - Stowers Institute for Medical Research, Kansas City, 
MO, USA
Scott, Allison - Stowers Institute for Medical Research, Kansas 
City, MO, USA
Hall, Kate - Stowers Institute for Medical Research, Kansas City, 
MO, USA
Perera, Anoja - Stowers Institute for Medical Research, Kansas 
City, MO, USA
Javier, Jose - Stowers Institute for Medical Research, Kansas 
City, MO, USA
Haug, Jeff - Stowers Institute for Medical Research, Kansas City, 
MO, USA
Li, Hua - Stowers Institute for Medical Research, Kansas City, 
MO, USA
Sun, Xiuzhi Susan - Biomaterials and Technology Laboratory, 
Grain Science and Industry, Kansas State University, Kansas 
City, KS, USA
He, Chuan - Department of Chemistry, Department of 
Biochemistry and Molecular Biology, and Institute for 
Biophysical Dynamics,, The University of Chicago, Chicago, IL, 
USA
Li, Linheng - Stowers Institute for Medical Research, Kansas 
City, MO, USA

The limited availability of human hematopoietic stem cells (HSCs) 
is a bottleneck of life-saving HSC transplantations in the clinic. 
Thus, the ex vivo expansion of human HSCs has been consid-
ered the holy grail of hematology for decades. Current methods 
only expand short-term HSCs and compromise the self-renewal 
and multi-lineage potential of long-term (LT) HSCs, which is in-
dispensable for life-long graft success upon transplantation. The 
mechanisms of such failure are poorly understood, especially at 
the epigenetic level. Given that adult HSCs reside in bone mar-
row niches where they are simultaneously fine-tuned by both 
intrinsic programs and extrinsic niche signals, we hypothesized 
that culture conditions that recapitulate these intrinsic and ex-
trinsic signals may expand HSCs ex vivo. Here we showed that 
Y13-27, a small molecule inhibitor of YTHDF2, and three-dimen-
sional peptide hydrogels conjugated with N-cadherin peptides 
(3D-PG-Ncad) substantially expand both human umbilical cord 
blood and bone marrow derived LT-HSCs with strong multi-lin-
eage potential. m6A and single-cell RNA sequencing revealed 
that Y13-27 and 3D-PG-Ncad rewire the metabolism, respiration, 
and cell cycle of HSCs, while also increasing the gene expression 
of multiple hematopoietic transcriptional factors essential for HSC 

maintenance. We next used single-cell multi-omics sequencing to 
simultaneously examine gene expression and chromatin accessi-
bility in the same cells. We observed high epigenetic heteroge-
neity in the transcriptionally homogeneous HSCs, indicating that 
epigenetic changes precede transcriptional changes. Although 
lineage related genes were expressed at very low levels in HSCs, 
the corresponding chromatin regions were wide open. Primed 
HSCs exhibited greater openness in the chromatin regions cor-
responding to one lineage related genes and turned off the other 
lineage related genes along differentiation trajectory. In summa-
ry, we demonstrate that Y13-27 and 3D-PG-Ncad enable the ex 
vivo expansion of human LT-HSCs and preserve their balanced 
multi-lineage potential – a finding that has massive potential for 
future clinical applications. This is the first time to use chroma-
tin accessibility as a measurement for multi-lineage plasticity of 
HSCs that could be mediated by intrinsic and extrinsic signals.

Keywords: Human hematopoietic stem cell expansion, Single-
cell multi-omics sequencing, self-renewal and multi-lineage 
plasticity
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NOTCH ACTIVATION WITH ENGINEERED 
SOLUBLE LIGANDS FOR THE GENERATION OF 
HEMATOPOIETIC STEM AND PROGENITOR 
CELLS AND T-CELLS FROM HUMAN IPSC
Mout, Rubul - Stem Cell Program, Stem Cell Program at Boston 
Children’s Hospital, Boston, MA, USA
Baker, David - Institute for Protein Design, University of 
Washington, Seattle, WA, USA
Bingham, Trevor - Stem Cell Program, Boston Children’s 
Hospital, Boston, MA, USA
Blacklow, Stephen - Biological Chemistry and Molecular 
Pharmacology, Harvard Medical School, Boston, MA, USA
Daley, George - Stem Cell Program, Boston Children’s Hospital, 
Boston, MA, USA
Egan, Emily - Biological Chemistry and Molecular Pharmacology, 
Harvard Medical School, Bostom, MA, USA
Hensch, Luca - Stem Cell Program, Boston Children’s Hospital, 
Boston, MA, USA
Jing, Ran - Stem Cell Program, Boston Children’s Hospital, 
Boston, MA, USA
Najia, Mohamad - Stem Cell Program, Boston Children’s 
Hospital, Boston, MA, USA
Schlaeger, Thorsten - Stem Cell Program, Boston Children’s 
Hospital, Boston, MA, USA

During development, Hematopoietic Stem and Progenitor Cells 
(HSPC) that arise in the aorta gonad mesonephros (AGM) as well 
as T cells that arise in the thymus require Notch signaling as a key 
fate specifier. Due to the requirement for force-mediated activa-
tion of Notch receptors, canonical Notch signaling requires pre-
sentation of cell, stroma or matrix-associated Notch ligand. Hu-
man induced Pluripotent Stem Cells (iPSCs) can be differentiated 
in vitro into HSPC and further down blood cell lineages into T and 
NK cells, which hold great promise for the treatment of immune 
deficiency, viral infection, autoimmunity, and cancer through 
adoptive immunotherapies. One bottleneck in producing these 
therapeutic cells for clinical use is the need to present Notch li-
gand either in a plate-bound format or from an adherent stromal 
cell, which complicates cell manufacture. A soluble Notch ligand 
would enable bioreactor scale-up and facilitate T cell manufacture 
for clinical studies. Moreover, engineered forms of Notch ligand 
can be highly informative tools for probing mechanisms of Notch 
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receptor function. Using protein engineering, we have designed 
a variety of soluble multivalent Delta-like ligand 4 (DLL4) proteins 
with distinct geometric and numerical valencies (3, 5, 6, 8, 60, and 
120 copies), and have observed that distinct soluble oligomeric 
DLL4 proteins (i.e C3-DLL4, Icos60-DLL4, and Icos120-DLL4) in-
duce differential activation of Notch despite equimolar equiva-
lents of ligand. We found a soluble trimeric complex (C3-DLL4) 
that is comparable to plate-bound DLL4 as a Notch activator and 
shows a hook effect in its dose-response. Activation assays were 
performed both in an adherent reporter cell line (reporter U2OS), 
and in a suspension-based cell line (reporter K562). Soluble C3-
DLL4 complexes induced cell-cell clustering in the engineered 
suspension cells due to formation of a tight “Notch junction”. Ti-
tration of Notch signaling using the C3-DLL4 protein complexes 
enabled generation of CD4+/CD8+ T cells from cord blood (CB) 
derived T cell progenitors (proTs). Incorporation of soluble Notch 
ligands should enable manufacturing of T and NK cells in stirred 
suspension liquid bioreactors, thereby amplifying cell yields, re-
ducing cost of goods, and enhancing off-the-shelf strategies for 
adoptive cell therapy.

Keywords: Hematopoiesis, HSPCs; iPSC; T cell, Notch signaling; 
Protein engineering
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DEVELOPMENT OF A DYNAMIC PLATFORM 
FOR HAEMATOPOIETIC DIFFERENTIATION OF 
HUMAN IPSCS
Zingaro, Simona - Technology and Process Innovation, Cell and 
Gene Therapy Catapult, London, UK
Lee-Reeves, Charlotte - TPI, Cell and Gene Therapy Catapult, 
London, UK
Zwi-Dantsis, Limor - TPI, Cell and Gene Therapy Catapult, 
London, UK
jayawardena, Mudith - TPI, Cell and Gene Therapy Catapult, 
London, UK
karels, Vera - TPI, Cell and Gene Therapy Catapult, London, UK
Nair, Aishwarya - TPI, Cell and Gene Therapy Catapult, London, 
UK
krishnan, siddharth. - TPI, Cell and Gene Therapy Catapult, 
London, UK
Podovei, Alexander Robert - TPI, Cell and Gene Therapy 
Catapult, London, UK
White, Daniel - TPI, Cell and Gene Therapy Catapult, London, 
UK
Henry, Marianne - TPI, Cell and Gene Therapy Catapult, London, 
UK
smart, Matthew - TPI, Cell and Gene Therapy Catapult, London, 
UK
Hasan, Jahid - TPI, Cell and Gene Therapy Catapult, London, UK

Cell-based immunotherapies are proving to be very effective 
treatments for late-stage cancer patients. However, the current 
autologous model poses manufacturing and logistical chal-
lenges with regard to treating larger clinical populations. These 
personalised medicines are expensive, difficult to manufacture, 
have a large quality control burden, and exhibit donor variability. 
As such, the industry is looking to mitigate these issues by em-
ploying pluripotent stem cells (PSCs) as an alternative, allogenic 
source of immune cells for therapeutic use. It should be possible 
to manufacture large numbers of PSC-derived immune cells that 
provide multiple doses of consistent quality to treat many patients 
per batch. To manufacture at the required scale, it is necessary 
to improve the volumetric yield of existing haematopoietic differ-

entiation processes. The most beneficial approach is to translate 
adherent, monolayer cultures into 3D suspension processes ca-
pable of being cultured at higher densities. Here we describe the 
adaptation of a small-scale, fully-defined, xeno-free, human iPSC- 
hematopoietic differentiation process into a dynamic, shaker flask 
system. PSCs are adapted to culture as spontaneously formed 
aggregates in suspension before being differentiated towards a 
CD34+ haematopoietic progenitor phenotype at day 12. This dy-
namic platform will provide key information about the translation 
of small-scale differentiation processes into scalable systems. 
This know-how can subsequently be leveraged to support the 
development of at-scale manufacturing processes required to 
meet the clinical need for PSC-derived immunotherapy products.

Keywords: hiPSC manufacturing, Dynamic differentiation, 
Allogeneic immunotherapy
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A SERUM- AND FEEDER-FREE DIFFERENTIATION 
CULTURE SYSTEM FOR THE GENERATION 
OF HUMAN CD19+ B CELLS AND ANTIBODY-
SECRETING CELLS FROM STEM CELLS
Brauer, Patrick M. - Immunology - Culture & Applications, 
STEMCELL Technologies Inc., Vancouver, BC, Canada
Babic, Sandra - Immunology: Culture & Applications, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Golubeva, Diana - Immunology: Culture & Applications, 
STEMCELL Technologies Inc., Vancouver, BC, Canada
Van Eyk, Jessica - Immunology: Culture & Applications, 
STEMCELL Technologies Inc., Vancouver, BC, Canada
Wang, Tinya - Immunology: Culture & Applications, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Wilson, Kirsten - Immunology: Culture & Applications, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Nguyen, Doan - Department of Medicine, Emory University, 
Atlanta, GA, USA
Karkhanis, Avanti - Immunology: Culture & Applications, 
STEMCELL Technologies Inc., Vancouver, BC, Canada
Kuo, Grace - Immunology: Culture & Applications, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Le Fevre, Tim - Immunology: Culture & Applications, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Kokaji, Andy - Immunology: Culture & Applications, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Eaves, Allen - Corporate Affairs, STEMCELL Technologies Inc., 
Vancouver, BC, Canada
Louis, Sharon - Research & Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Lee, F. Eun-Hyung - Department of Medicine, Emory University, 
Atlanta, GA, USA
Tabatabaei-Zavareh, Nooshin - Immunology: Culture & 
Applications, STEMCELL Technologies Inc., Vancouver, BC, 
Canada

Long-lived plasma cells (LLPCs) are B cells that are generated 
from antibody secreting cells (ASCs) following an immune re-
sponse and can persist for decades producing antibodies to pro-
tect against pathogen re-exposure. LLPCs do not proliferate and 
reside at low frequencies in hard-to-access areas, such as the 
bone marrow. These features, combined with the lack of efficient 
in vitro generation methods, are a major obstacle in the use of 
LLPCs as a cellular therapeutic tool. To address this, we have de-
veloped a serum- and feeder-free culture system for generating 
B cells from human hematopoietic stem and/or progenitor cells 
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(HSPCs) derived from umbilical cord blood (CB) or pluripotent 
stem cells (PSCs). HSPCs isolated from CB were cultured in se-
rum-free StemSpan™ SFEM II medium and multi-stage differenti-
ation supplements. After 5 weeks, CD19+ B cells were produced 
with a frequency of 67 ± 3% and a yield of 246 ± 58 cells per input 
CD34+ cell (mean ± SEM, n = 30). CD19+IgM+ cells were gener-
ated with a frequency of 37 ± 4% and a yield of 157 ± 41 cells per 
input CD34+ cell (n = 30). The sequencing of the B cell receptor 
loci of CB-derived CD19+ B cells was performed, displaying V(D)
J gene rearrangement, diverse complementary-determining re-
gion 3 (CDR3) sequences with a normal length distribution, and 
diverse V and J segment usage and joining. Further analysis by 
ELISpot assay suggested that a subset of CB-derived B cells con-
tained ASCs, with an average IgM ASC yield of 14 ± 3 cells per 
input CD34+ cell (n = 24). Culture in conditioned medium (Nguy-
en et al., Nat. Commun. 2018) for one additional week produced 
CD19+CD38highCD138+ cells (418 IgM+ and 22 IgG+ ASCs per 1 x 
10^4 day 42 cells [n = 1]), suggesting differentiation to plasma cell-
like cells. PSC-derived HSPCs (H9 and WLS-1C cell lines) were 
generated using the STEMdiff™ Hematopoietic - EB kit and further 
differentiated to CD10+CD19+ B cells with average frequency of 
6 ± 2% (n = 18), in a feeder cell-free culture system similar to CB 
HSPC-to-B cell differentiation. This novel culture system is the 
first report of a serum- and feeder-free system for the generation 
of PSC-derived B cells, and can also be used to generate CD19+ 
B cells and ASCs from CB-derived HSPCs. This work enables fur-
ther B lineage-specific research and provides a path to in vitro 
generation of LLPCs for clinical applications.

Funding Source: This poster is based on research funded in 
part by the Bill & Melinda Gates Foundation. The findings and 
conclusions contained within are those of the authors and do 
not necessarily reflect positions or policies of the Foundation.

Keywords: Hematopoiesis, B cells, Antibody secreting cells

892

GENERATION OF NOVEL CANCER 
IMMUNOTHERAPY FUNCTION IN HUMAN 
PLURIPOTENT STEM CELL-DERIVED 
MACROPHAGES USING MULTIPLEXED GENETIC 
ENGINEERING
Khalil, Andrew - Wyss Institute for Biologically Inspired 
Engineering, Harvard University, Cambridge, MA, USA
Weiskopf, Kipp - Weiskopf Lab, Whitehead Institute, Cambridge, 
MA, USA
Lungjangwa, Tenzin - Jaenisch Lab, Whitehead Institute, 
Cambridge, MA, USA
Vaccaro, Kyle - Weiskopf Lab, Whitehead Institute, Cambridge, 
MA, USA
Allen, Juliet - Weiskopf Lab, Whitehead Institute, Cambridge, 
MA, USA
Mooney, David - Wyss Institute/John A. Paulson School 
of Engineering and Applied Sciences, Harvard University, 
Cambridge, MA, USA
Jaenisch, Rudolf - Jaenisch Lab, Whitehead Institute, 
Cambridge, MA, USA

Engineered immune cells such as chimeric antigen receptor T 
cells (CAR-T) offer a novel, potent, and specific immunotherapy 
strategy for neoplasms like CD19-positive leukemias. However, 
this approach is less effective for solid tumors, and standardiza-
tion and engineering of primary human immune cell sources are 
persistent challenges. Macrophages are non-antigen-specific 

immune cells with immunotherapy potential, given their ability 
to phagocytose cancer cells. However, cancer cells can upreg-
ulate CD47, a checkpoint inhibitor that signals through SIRPα to 
prevent phagocytosis. CD47 targeting antibodies (aCD47) can 
override this signal and enable phagocytosis of solid tumors in 
mice, but primary sourcing of macrophages presents similar chal-
lenges as in CAR-T cells. Additionally, macrophages lack antigen 
specificity, but recent advances show that the transgenic CAR 
approach can help address this issue. Here, we show that human 
pluripotent stem cells (hPSC) can create a uniform, reproducible, 
and constant supply of macrophages that can enable phagocy-
tosis of solid and liquid tumor cells and be scaled at a rate of 
~5x10^6 cells per 10 cm dish per week. Moreover, we show that 
controlled multiplexed genetic engineering can confer novel im-
munotherapy functionality. Specifically, we demonstrated that 
wild-type (WT) hPSC-macrophages could reduce epithelial ade-
nocarcinoma growth in vitro by > 90% when cultured with aCD47. 
Genetic knock-out (KO) of SIRPα in hPSCs resulted in macro-
phages with enhanced phagocytosis relative to WT. Further, 
these KO macrophages could be used in an antigen-specific and 
aCD47-independent manner when combined with an epithelial 
growth factor receptor (EGFR) opsonizing antibody and cultured 
with epithelial tumor cells. We also examined two safe harbor loci 
for multiplexing orthogonal knock-in (KI) gene function and insert-
ing both previously established and novel phagocytosis-inducing 
CARs. Co-culture of CD19+ B-cell lymphoma with KI-engineered 
CAR-Macrophages in the AAVS1 safe harbor locus resulted in a 
77% decrease in cancer cell growth rate without SIRPα inhibition. 
Together, these results present a strategy to create a potent, scal-
able, standardizable, and engineered source of macrophages 
with enhanced functionality as cell-based cancer immunothera-
pies from hPSCs.

Funding Source: Wellcome-LEAP

Keywords: Cancer immunotherapy, Macrophages, Genetic 
Engineering
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STEM CELL-BASED NMD-KNOCKDOWN 
APPROACH TO TREAT CYSTIC FIBROSIS
Kubal, Jackson - OBGYN, UC San Diego, San Diego State, 
CIRM, San Diego, CA, USA
Molnar, Marton - OBGYN, UCSD, CSUCI, CIRM, San Diego, CA, 
USA
Wilkinson, Miles - OBGYN, University of California, San Diego, 
CA, USA
Zhu, Fugui - OBGYN, University of California, San Diego, CA, 
USA

Cystic Fibrosis (CF) is an autosomal recessive genetic disease 
caused by mutations in the cystic fibrosis transmembrane reg-
ulator (CFTR) gene. CF patients harboring nonsense mutations 
in the CFTR gene are currently untreatable. Nonsense mutations 
have two consequences. First, the nonsense mutation leads to 
expression of a truncated protein as a result of the premature 
termination codon (PTC) in the mRNA, often leading to complete 
lack of function. Second, the PTC is recognized by nonsense-me-
diated decay (NMD), an RNA turnover pathway that rapidly de-
grades PTC-bearing mRNAs. Thus, nonsense mutations in the 
CFTR gene lead to lower CFTR mRNA levels and consequent re-
duction in the amount of CFTR protein produced. Here, we report 
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our progress on devising practical approaches to inhibit NMD and 
thereby raise CFTR mRNA levels. First, we found that knockdown 
of several factors critical for the NMD pathway increases non-
sense-mutant CFTR mRNA levels in bronchial cells in vitro without 
measurable toxicity. Second, NMD factor knockdown combined 
with G418, a PTC-readthrough drug, led to a dramatic induction in 
CFTR protein expression. Third, delivery of antisense oligonucle-
otides targeting NMD factors into the lungs of nonsense mutant 
CFTR mice suppressed NMD and increased nonsense-mutant 
CFTR mRNA levels in lung and trachea. Finally, to develop a via-
ble NMD knockdown approach for use in CF patients, we devel-
oped short-hairpin (sh) RNA constructs that inhibit NMD in human 
embryonic stem cells (hESCs) and pluripotent stem cells (iPSCs). 
Experiments are in progress to differentiate these NMD-inhibit-
ed pluripotent stem cells into pulmonary epithelial cells to test 
function (given that CF patients typically die from complications 
of inadequate CFTR function in the lung). We propose that this 
NMD-suppression therapy in combination with sub-toxic levels of 
PTC-readthrough drugs can confer clinical benefit to CF patients 
who currently have no treatment options.

Keywords: Cystic Fibrosis, Non-sense Mediated Decay, 
Nonsense mutation mRNA
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EVALUTION OF PRIMED ADIPOSE TISSUE-
DERIVED MESENCHYMAL STEM CELL EXOSOME 
FOR TREATMENT OF DRY EYE SYNDROME
Kudo, Yuji - Basic Research Development Division, Rohto 
Pharmaceutical Co., Ltd., Kizugawa, Shumidai, 6-5-4, Japan
Imaizumi, Tsutomu - Basic Research Development Division, 
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Hayashi, Ryuhei - Department of Stem Cells and Applied 
Medicine, Osaka University Graduate School of Medicine, 
Osaka, Japan
Li, Xiaoqin - Department of Stem Cells and Applied Medicine, 
Osaka University Graduate School of Medicine, Osaka, Japan
Yamaguchi, Kaito - Basic Research Development Division, 
ROHTO Pharmaceutical Co., Ltd., Osaka, Japan
Shibata, Shun - Basic Research Development Division, ROHTO 
Pharmaceutical Co., Ltd., Osaka, Japan
Okubo, Toru - Basic Research Development Division, ROHTO 
Pharmaceutical Co., Ltd., Osaka, Japan
Ishi, Tsuyoshi - Basic Research Development Division, ROHTO 
Pharmaceutical Co., Ltd., Osaka, Japan
Honma, Yoichi - Basic Research Development Division, ROHTO 
Pharmaceutical Co., Ltd., Osaka, Japan
Nishida, Kohji - Department of Ophthalmology, Osaka University 
Graduate School of Medicine, Osaka, Japan

Exosomes are extracellular vesicles with a diameter of 50 to 
150 nm, and the effects of which are different depending on cell 
types. Human adipose-derived mesenchymal stem cells (hAdM-
SCs) are relatively easy to isolate and have multiple therapeutic 
properties such as anti-inflammatory effect and anti-apoptotic ac-
tivity. Similarly, exosomes secreted from hAdMSCs (hMSC-Exo) 
have various effects, therefore which are expected to provide 
new therapeutic approaches. On the other hand, for applica-
tion to corneal diseases, it is necessary to reveal the effects and 
mechanism of hMSC-Exo, and to collect a sufficient amount of 

hMSC-Exo for the treatment. Hence, in this study, we evaluat-
ed the function of hMSC-Exo as therapeutic agents for dry eye 
syndrome (DES), and whether stimulation of hAdMSCs with 
TNFα enhanced the production and effects of hMSC-Exo. Firstly, 
hAdMSCs were expanded to 80% confluent, then medium was 
replaced to two types of medium with or without TNFα. After 72 
hours of cultivation, the conditioned medium was collected, and 
from which hMSC-Exo were isolated by ultracentrifugation. Then, 
we examined the effects of hMSC-Exo on Benzalkonium Chloride 
(BAC)-induced cytotoxicity, inflammation and barrier dysfunction 
in human corneal epithelial cells (hCECs), and this experiment 
showed that hMSCs-Exo suppressed cytotoxicity and expression 
of inflammation-related genes such as IL1A, TNFα and MMP9. 
Moreover, immunostaining of hCECs indicated that expression 
of barrier function-related proteins such as TJP1 and CDH1 was 
recovered by hMSCs-Exo. In addition, stimulation of hAd-MSCs 
with TNFα increased production of hMSCs-Exo (Primed-Exo), and 
Primed-Exo showed similar effects to hMSCs-Exo. Thus, these re-
sults indicated that Primed-Exo would be beneficial for treatment 
of DES. Next, we plan to investigate the mechanism by RNA-seq, 
and the effects of ocular instillation with Primed-Exo in vivo DES 
model.

Funding Source: This work was supported in part by the project 
for the Osaka City Innovation Support Grant.

Keywords: Mesenchymal stem cells, Dry eye syndrome, 
Exosome
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Sun, Binggang - MCBio, BioLegend, San Diego, CA, USA
Cruz Zarate, David - MCBio, BioLegend, San Diego, CA, USA
Wheat, Cassie - MCBio, BioLegend, San Diego, CA, USA
Zhao, Amy - MCBio, BioLegend, San Diego, CA, USA
Piedra, Zayda - MCBio, BioLegend, San Diego, CA, USA
Ni, Jessie - MCBio, BioLegend, San Diego, CA, USA

Mesenchymal stem cells (MSCs) are known for their ability to se-
crete various soluble factors such as growth factors, cytokines, 
chemokines, soluble receptors and extracellular matrix compo-
nents. These factors play a crucial role in mediating the beneficial 
effects of MSCs on tissue regeneration, inflammation, and im-
mune modulation. The composition and conditions of the culture 
medium can impact the proliferation, differentiation, and function 
of MSCs, as well as the secretion of soluble factors. Therefore, it 
is important to carefully control the culture condition and compo-
sition of the MSC culture medium in order to obtain consistent 
results. In addition, having a tool to simultaneously quantify the 
soluble factors secreted by the MSCs will be very important for 
evaluating the optimal culture condition and can serve as quality 
control for MSCs used for clinical research or therapeutical appli-
cations. Here bone marrow-derived MSCs were cultured under 
various conditions and supernatant collected after 3 days. A to-
tal of 8 different LEGENDplexTM panels were selected and used 
for screening of the soluble factors (>90 targets) secreted by the 
MSCs. The effect of different medium without or with various con-
centration of FBS on the secretion of soluble factors were then 
compared. The results showed that the presence of FBS from 
2-12% dose dependently correlated with the levels of secretion of 
VEGF, IL-8, GROα, SDF-1, IL-6, IL-11, SCF, LIF, ALCAM and PD-L2, 
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with the α MEM medium supported a higher level of secretion 
than DMEM F12 medium for IL-8, GROα, SDF-1, LIF, TGF-β1, AL-
CAM and sPD-L2 and mostly comparable levels for VEGF, SCF, 
IL-6, and IL-11. ANGPT-2, Arginase, sNCAM, and TGF-β1 were de-
tected from both cell culture supernatants and medium controls, 
and the levels seemed to correlate with FBS concentrations, indi-
cating these were at least partially endogenous levels of bovine 
proteins present in the medium. Other targets detected with sig-
nificant levels, but not showing a clear dose dependent response 
to FBS concentrations include MCP-1, sCD44, sVCAM-1, PAI-1, 
sTREM-1, sST2, sTNF-R1, sRAGE, and sCD130. Soluble factor pro-
filing, and further studies using Multiplex immunoassay, LEGEND-
plex, may help design an optimal, consistent culture condition, 
including culture media for MSC expansion and differentiation.

Funding Source: BioLegend

Keywords: Mesenchymal stem cells, Multiplex quantification, cell 
culture medium
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RESEARCH ON SUSPENSION CULTURE OF NON-
CRYOPRESERVE OF SPHEROIDS USING A THREE-
DIMENSIONAL CULTURE MEDIUM FCEM
Kida, Katsuhiko - Medicinal Research Department, Nissan 
Chemical Corporation, Shiraoka, Japan
Anno, Shiho - Biological Research Laboratories, Nissan 
Chemical Corporation, Shiraoka, Japan
Hatanaka, Daisuke - Material Research Laboratories, Nissan 
Chemical Corporation, Funabashi, Japan
Suzuki, Taiyo - Material Research Laboratories, Nissan 
Chemical Corporation, Funabashi, Japan

In recent years, spheroid and organoid research are being devel-
oped rapidly and it is expected to apply to cell therapy. However, 
it is extremely difficult with current technologies to cryopreserve 
cell aggregates maintaining their structure and function. There-
fore innovative transport and storage technologies are required 
to realize transplantation therapy of cell aggregates. We have 
discovered a polymer FP003B (FCeM™ Advance-CR) that can be 
used to prepare a three-dimensional culture medium that enables 
suspension culture under static condition. In this presentation, 
we report the results of non-cryopreservation of adipose-de-
rived mesenchymal stem cell (ADSC) spheroids using 3D medi-
um supplemented with polymer FP003B. ADSC spheroids were 
suspended in FP003B supplemented 3D culture medium, and 
storage under airtight and static condition at room temperature. 
It was confirmed that the cell viability and the expression of MSC 
surface markers were maintained. In addition, ADSC spheroids 
were actively metabolized even at room temperature, suggesting 
that the depletion of nutrients and/or the decrease in pH might 
affect the maintenance of cell viability. Therefore, we performed 
the experiment using a gas permeable culture bag. The pH of 
culture medium was maintained during storage period and this 
enabled storage ADSC spheroids in higher density. From these 
results, it is considered that FP003B is useful for the transport 
and storage of spheroids would also be applicable for organoids.

Keywords: storage of Spheroids, transportation of Spheroids, 
storage of Organoids
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FUNCTIONAL INNERVATED SKELETAL MUSCLE 
TISSUE USING 3D CELL PATTERNING
Jeong, Eunseon - Biotechnology, Yonsei University, 
Seodaemun-gu, Korea
Kang, Byungjun - School of Mechanical Engineering, Yonsei 
University, Seodaemun-gu, Korea
Lee, Hyungsuk - School of Mechanical Engineering, Yonsei 
University, Seodaemun-gu, Korea
Cho, Seung-Woo - Biotechnology, Yonsei University, 
Seodaemun-gu, Korea

Skeletal muscle has an innate regeneration mechanism, but mus-
cle loss beyond a certain magnitude of size cannot be recovered, 
requiring external intervention. Therefore, development of ther-
apeutic strategies for muscle tissue regeneration is urgently re-
quired. Here, we generated a functional three-dimensional (3D) 
skeletal muscle tissue with a neuro-muscular junction that mim-
ics the hierarchical structure of the muscle microenvironment by 
combining 3D cell patterning technology with direct cell repro-
gramming. 3D patterning allowed nerve cells and muscle cells to 
align closely with each other within the hydrogel, thus precisely 
mimicking the structure of actual muscle tissue. The alignment of 
nerve-muscle cells promoted muscle differentiation and matura-
tion, which enhanced the contractile ability of engineered skeletal 
muscle tissue. When engineered skeletal muscle was transplant-
ed into a mouse model of volumetric muscle loss, we confirmed 
that the pre-innervated, aligned engineered skeletal muscle tis-
sue promotes neuromuscular regeneration and enhances func-
tional recovery of limb muscles. 3D skeletal muscle tissue engi-
neering based on direct reprogramming combined with 3D cell 
patterning recapitulates the actual structure and functionality of 
native skeletal muscle tissue for neuromuscular disease model-
ing and muscle regeneration.

Funding Source: This work was supported by the NRF grant 
(No. 2021R1A2C3004262) funded by the Korea government, 
MSIT and Samsung Research Funding & Incubation Center of 
Samsung Electronics under Project Number SRFC-TC2003-03.

Keywords: Tissue engineering, Direct reprogramming, Skeletal 
muscle tissue
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SIMULTANEOUS PROFILING OF SPATIAL GENE 
EXPRESSION AND CHROMATIN ACCESSIBILITY 
FOR MOUSE BRAIN DEVELOPMENT
Jiang, Fuqing - Guangzhou Lab, China
Qian, Yingying - GIBH, Guangzhou Institutes of Biomedicine and 
Health, Guangzhou, China
Zhou, Xin - Bioland Lab, Guangzhou Institutes of Biomedicine 
and Health, Guangzhou, China
Zhu, Miao - GIBH, Guangzhou Institutes of Biomedicine and 
Health, Guangzhou, China

Brain are complex biological tissues which function relies on co-
ordinated anatomical and molecular structure comprised by a 
large number of specialized cells. The spatial architecture of brain 
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which is key to the understanding of its physiological and patho-
logical significance is formed during embryo development. How-
ever, the molecular annotation of discrete spatial organization of 
the brain is inadequate. Here, we describe microfluidic indexing 
based spatial ATAC and RNA sequencing (MISAR-seq), a meth-
od for joint profiling of chromatin accessibility and gene expres-
sion with spatial information retained. By applying MISAR-seq to 
mouse developing brain, we identified the chromatin potential 
and transcriptional activity to define cell fate determination and 
tissue organization, and unraveled the spatiotemporal regulatory 
logics in mouse brain development.

Funding Source: National Key Research and Development 
Program of China (2018YFA0801402), “Strategic Priority 
Research Program” of the Chinese Academy of Sciences 
(XDA16020404), National Natural Science Foundation of China 
(32270854), et al.

Keywords: Spatial gene expression and chromatin accessibility, 
spatial gene expression, spatial chromatin accessibility
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Mammalian organs, such as the brain, are challenging to study 
being inaccessible to direct optical observation and experi-
mental manipulation. However, recent advances in stem cell re-
search allowed to develop novel three-dimensional (3D) culture 
techniques, such as neural organoids, resembling cell type di-
versity, developmental processes and function of human brain. 
Measuring the electrical activity of self-organizing in vitro cellu-
lar models in real time and label-free add valuable insights into 
the complexity of their functional structure. As such, high-density 
microelectrode arrays (HD-MEAs) provide unprecedented means 
for non-invasive in vitro electrophysiological recordings, and can 
be used to acquire live measurements from iPSC-derived neural 
organoids, contributing to study neuronal development and/or to 
model neurological disorders. Here, we used a HD-MEA platform 
featuring 26,400 electrodes per well (MaxWell Biosystems AG, 
Switzerland) to capture live the fast propagating extracellular ac-
tion potentials in neural organoids at different scales, from net-
work through single-neuron with high spatio-temporal resolution 
and low noise. Metrics, such as firing rate, spike amplitude, net-
work burst profile and other network features, were extrapolated 
in a parallelized manner. Furthermore, at the subcellular level, we 
tracked the propagating action potentials across axonal branches 
to compute and characterize the conduction velocity across mul-
tiple neurons within the network of individual iPSC-derived neural 
organoids. Our single- and multi-well HD-MEA platforms, together 
with the extracted parameters highlighted in this study, provide 
an uniquely powerful user-friendly approach for identifying and 
isolating active areas of a 3D cellular model in both acute re-
cordings and longitudinal studies. This not only allows long-term 

disease modelling but also efficient compound testing on stem 
cell-derived in-vitro models

Funding Source: This work is funded by the NEUREKA project, 
GA 863245, within the H2020 Framework Program of the 
European Commission. This work is funded by the HyVIS 
project, GA 964468, within the H2020 Framework Program of 
the European Commission.

Keywords: In vitro electrophysiology, HD-MEA, Neural 
Organoids
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BRAIN ORGANOIDS AND IMPROVED 
CHARACTERIZATION BY 3D-IF AND FLOW 
CYTOMETRY ANALYSIS
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B.V. and Co. KG, Bergisch Gladbach, Germany
Werheid, Johanna - Research and Development, Miltenyi Biotec 
B.V. and Co. KG, Bergisch Gladbach, Germany
Adrian, Manuela - Research and Development, Miltenyi Biotec 
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Dannhauser, Philip - Research and Development, Miltenyi Biotec 
B.V. and Co. KG, Bergisch Gladbach, Germany
Nolte, Lena - Research and Development, Miltenyi Biotec B.V. 
and Co. KG, Bergisch Gladbach, Germany

Due to its complexity, the processes of human brain development 
and its function are incompletely understood. Development of 
new in vitro disease models as well as implementation of state-
of-the-art analytical workflows are urgently required to enable im-
proved understanding of neurological diseases and to advance 
therapeutic development. To overcome these limitations we de-
veloped a simple and standardized workflow covering matrix-free 
generation of hPSC-derived brain organoids followed by detailed 
characterization of the cellular composition including lightsheet 
microscopy, automated dissociation and flow cytometry analysis. 
Using various hPSC lines, we established a Matrigel-free differen-
tiation protocol for suspension culture. Our defined and xenofree 
media formulation allowed for highly reproducible differentiation 
of hPSCs into brain organoids within 30 days, recapitulating early 
brain development in 3D. For proper characterization of the cel-
lular composition and 3D assembly we developed an automated 
dissociation procedure followed by flow cytometry analysis as 
well as an improved sample preparation workflow for 3D-IF and 
3D imaging including organoid clearing and antibody conjugate 
optimization and validation. Our data indicate that we developed 
a simple differentiation protocol, allowing for standardized gen-
eration of hPSC-derived organoids with high efficiency. Specific 
whole mount labeling using recombinant antibody conjugates 
was optimized on brain organoids at different developmental 
stages and followed by a non-toxic tissue clearing procedure. 
Imaging of organoid samples by lightsheet microscopy revealed 
the formation of multiple ventricular zones and cortical plate-like 
regions, indicating recapitulation of early cortical development. 
Automated dissociation followed by flow cytometry analysis al-
lowed for quantification of the cellular composition on a single 
cell level, adding further prove to the findings obtained by 3D 
imaging. Next, this workflow will be used for characterization of 
patient-derived organoid models and in vitro evaluation of cellu-
lar therapeutics.

Keywords: brain organoid, lightsheet microscopy, tissue clearing
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PROBING AND ANALYZING THE ACTIVITY OF 
BRAIN ORGANOIDS WITH ADVANCED HIGH-
DENSITY MICROCHIP TECHNOLOGY
Aquila, Marco - Sales, 3Brain AG, Switzerland
Brambilla, Lorenzo - Department of Neurology, Fondazione 
IRCCS Ca’, Granda - Ospedale Maggiore Policlinico, Milan, Italy
Quetti, Lorenzo - Department of Neurology, Fondazione IRCCS 
Ca’, Granda - Ospedale Maggiore Policlinico, Milan, Italy
D’Angelo, Andrea - Department of Pathophysiology and 
Transplantation Department, University of Milan, Italy
Rosa Battaglia, Chiara - Application Field Scientist, 3Brain AG, 
Genoa, Italy
Fioreze, Gabriela - Application Field Scientist, 3Brain AG, Genoa, 
Italy
Corti, Stefania - Department of Pathophysiology and 
Transplantation Department, University of Milan, Italy

The development of brain organoids opened a window for tap-
ping into the richness and complexity of neural circuits observed 
in the human brain. Many prevalent neurological disorders are 
characterized by the functional disruption of neural circuits, there-
fore probing the activity of brain organoids in therapeutical devel-
opment is highly desired. However, dissecting the functional or-
ganization of brain organoids is still a biological and technological 
challenge. Novel microchip-based biointerfaces offer new ways 
to record, visualize and assess functional activity and connec-
tivity of electrogenic tissues in real-time and label-free. Here we 
present an approach based on high-density multi-electrode array 
(HD-MEA) to measure and analyze the electrogenic activity ob-
served in brain organoids and other biological samples. We show 
the functional characterization of 5-month-old brain organoids 
generated from the isogenic control N6 line. HD-MEA allows for 
the simultaneous recording of thousands of electrodes in a high 
signal-to-noise regime. After, we extracted single spikes and iso-
lated the contributions of individual putative neurons to the signal 
recorded on each electrode. To exemplify the potential of our 
system for drug screenings, we measure the activity of organoids 
immediately before, and after, treatment with 4-Aminopyridine 
(4AP) and Cyclothiazide (CTZ). We record and observe drastic 
changes in many functional metrics, as well as in the network con-
nectivity during drug modulation. Finally, we validate the HD-MEA 
as a technology to fully exploit the brain organoids’ capabilities.

Keywords: label-free functional imaging, neural biointerface, 
neuromodulator & biomarker discovery
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GENERATION OF HIGHLY PURE, CONSISTENT 
AND FUNCTIONAL INHIBITORY GABAERGIC 
NEURONS FROM HUMAN IPSCS USING OPTI-OX 
TECHNOLOGY
Mastrogiovanni, Gianmarco - Cell Type Development, bit.bio, 
Cambridge, UK
Bernard, Will - Cell Type Development, bit.bio, Cambridge, UK
Garnett, Hannah - Manufacturing, bit.bio, Cambridge, UK
Hickman, Richard - Bioinformatic, bit.bio, Cambridge, UK
Klapholz, Benj - Functional Genomics, bit.bio, Cambridge, UK
Kotter, Mark - CEO, bit.bio, Cambridge, UK
Metzakopain, Manos - Cell Type Development, bit.bio, 
Cambridge, UK
Milde, Stefan - Phenotyping, bit.bio, Cambridge, UK
Moreau, Thomas - Cell Biology Research, bit.bio, Cambridge, UK
O’Reilly, Rose - Manufacturing, bit.bio, Cambridge, UK
Oosterveen, Tony - Cell Type Development, bit.bio, Cambridge, 
UK
Ortiz, Marco - Cell Type Development, bit.bio, Cambridge, UK
Parac, Petra - Functional Genomics, bit.bio, Cambridge, UK
Patell-Socha, Farah - Product, bit.bio, Cambridge, UK
Raman, Malathi - Product, bit.bio, Cambridge, UK

Neuronal circuits in the cortex consist of two main neuronal types, 
glutamatergic excitatory neurons and GABAergic inhibitory neu-
rons (IN). The inputs of IN provide cortical networks with the abil-
ity to balance spontaneous and evoked excitatory activities, pre-
venting runaway excitation. Abnormal IN function is associated 
with a variety of neurological diseases such as autism, epilepsy 
and schizophrenia. It has proven to be challenging to develop 
drugs to treat neurological diseases as less than 10% of findings 
derived from conventional animal models can be translated to the 
clinic. Scalable approaches are needed to generate human in vi-
tro models suitable for high-content drug screening that consist 
of well-defined and pure populations of specific neurons, such as 
GABAergic neurons. We have used our precision cellular repro-
gramming technology opti-ox™ (optimised inducible overexpres-
sion), to tightly control the expression of a unique combination of 
transcription factors to generate a highly pure (>95%) population 
of GABAergic neurons, named ioGABAergic Neurons, from hu-
man iPSCs, at scale, within 12 days post-revival. A deep molec-
ular characterisation of these neurons by immunocytochemistry, 
RT-qPCR and single-cell RNA-sequencing revealed that the cul-
tures consist of over 95% pure GABAergic neurons expressing 
the classical marker genes GAD1, GAD2, VGAT, DLX1, as well as 
DLX2 and are positive for GABA. Remarkably, SST was the only 
main GABAergic subtype specific marker that was detected in the 
transcriptomes of the single cells, further highlighting the purity of 
our ioGABAergic Neurons. Moreover, the transcriptomic profile of 
ioGABAergic Neurons was highly equivalent across three inde-
pendently manufactured lots, showing that cells can be produced 
in a consistent manner, at scale. The ioGABAergic Neurons are 
functional as they display spontaneous neuronal activity and can 
easily be co-cultured with our ioGlutamatergic Neurons in the 
presence of astrocytes. In summary, opti-ox precision cellular re-
programming enables the manufacturing of highly pure (>95%), 
consistent, and functional GABAergic neurons that can serve as a 
high-quality human model to study both neurodevelopment and 
neurological disorders.

Keywords: reprogramming, opti-ox, GABAergic neurons
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APPLICATIONS OF AN ISOGENIC HUMAN IPSC-
DERIVED BLOOD-BRAIN BARRIER (BBB) MODEL
Xu, Xuan - FUJIFILM Cellular Dynamics, Inc., Madison, WI, USA
Carlson, Coby - FUJIFILM Cellular Dynamics, Inc., Madison, WI, 
USA
Munn, Christie - FUJIFILM Cellular Dynamics, Inc., Madison, WI, 
USA
Donegan, Madelyn - FUJIFILM Cellular Dynamics, Inc., Madison, 
WI, USA
Livingston, Megan - FUJIFILM Cellular Dynamics, Inc., Madison, 
WI, USA
Tomotoshi, Kimihiko - FUJIFILM Cellular Dynamics, Inc., 
Madison, WI, USA
Fiene, Rebecca - FUJIFILM Cellular Dynamics, Inc., Madison, WI, 
USA
Hilcove, Simon - FUJIFILM Cellular Dynamics, Inc., Madison, WI, 
USA
Vaidyanathan, Ravi - FUJIFILM Cellular Dynamics, Inc., Madison, 
WI, USA

The blood-brain barrier (BBB) is a specialized network of cells that 
function to maintain a tightly controlled microenvironment around 
the brain. A robust BBB model is needed to evaluate barrier func-
tion, test drug permeability, and study how different diseases can 
affect it. Harnessing the power of iPSC technology, we were able 
to generate specific cell types of the human brain required to 
assemble such a model, including astrocytes, pericytes, & brain 
microvascular endothelial cells (BMEC). Importantly, the same do-
nor iPSC line (01279) was used to make each of these cell types, 
yielding a fully isogenic tri-culture system. Marker expression and 
other cellular characterization data has been presented previous-
ly; therefore, we focused on the functional performance of the 
BBB model in various assay platforms. The traditional trans-endo-
thelial electrical resistance (TEER) assay using cell culture inserts 
resulted in robust & reproducible signal (>1500 ohms▪cm2) after 
3 days. TEER measurements were further investigated using im-
pedance-based instrumentation and barrier disruption with VEGF 
and mannitol was quantified. BBB permeability of fluorescent 
dextran molecules was assessed, and the apparent permeabil-
ity of drug compounds (e.g., atenolol, caffeine, chlorpromazine, 
& propranolol) was quantified via LC-MS/MS. Generation of 3D 
spheres was accomplished using ULA plates and imaging re-
vealed insightful structural features. Development of a recep-
tor-mediated transcytosis assay was also initiated, beginning with 
characterization of transferrin receptor expression and evaluation 
of detection techniques. Finally, integration with emerging organ-
on-a-chip technologies, such as MIMETAS OrganoPlate and Emu-
late Brain Chip, offers a unique way to further enhance biological 
complexity. Importantly, the keys to success here were consis-
tency of supply made possible by differentiation at-scale resulting 
in large batches of cells, cryopreservation of all three cell types 
for subsequent on-demand use, and an optimized formulation of 
media/supplements to enable long-term survival. Taken together, 
this study highlights the modular and flexible nature of an isogen-
ic human iPSC-derived BBB model as a new capability to advance 
the understanding of BBB function with respect to human health 
and disease.

Keywords: Blood-Brain Barrier (BBB), iPSC, TEER
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ELECTRICAL STIMULATION ENHANCES 
PLURIPOTENT STEM CELL-DERIVED 
PHOTORECEPTOR CELL REPLACEMENT 
THERAPY TO RESTORE VISUAL FUNCTION
O’Hara-Wright, Michelle - Stem Cell Medicine, Children’s 
Medical Research Institute, Westmead, Australia
Smith, Grady - Stem Cell Medicine, Children’s Medical Research 
Institute, Westmead, Australia
Lim, Benjamin - Stem Cell Medicine, Children’s Medical 
Research Institute, Westmead, Australia
Wong, Emilie - Stem Cell Medicine, Children’s Medical Research 
Institute, Westmead, Australia
Aryamanesh, Nader - Bioinformatics, Children’s Medical 
Research Institute, Westmead, Australia
Gonzalez-Cordero, Anai - Stem Cell Medicine, Children’s 
Medical Research Institute, Westmead, Australia

Photoreceptor cell replacement therapy offers a universal ap-
proach to treat incurable blindness. Human PSC-derived retinal 
organoids provide an unlimited source of functional photorecep-
tor cells. We have pioneered subretinal transplantation of photo-
receptors to rescue vision. However, poor survival and integration 
of cells remains a challenge in moving to the clinic. This project 
aims to improve cell therapy efficacy using electrical stimulation 
(EStim), an emerging technique implicated in developmental cel-
lular processes. We have established EStim delivery in vitro to 
retinal organoids, and in vivo to the eye after transplantation. We 
hypothesise that EStim promotes neuroplasticity of donor and 
host cells, and increases transplanted cell integration- leading to 
robust restoration of visual function. We demonstrate EStim of ret-
inal organoids regulates key photoreceptor signalling pathways 
including IGF-1 and Ca 2+, whilst increasing photoreceptor yield 
by 24.2%. Next, we show EStim in vivo enhances neuroplasticity 
in the advanced degenerated retina. Finally, we demonstrate that 
transplantation of photoreceptor cells can restore of blind mice 
long-term. Moreover, we show that combinatorial cell transplanta-
tion with in vivo EStim significantly improves transplantation out-
come. Animals receiving EStim post-transplantation were signifi-
cantly more likely to exhibit both light perception behaviour and 
improved visual acuity function. Morphologically, EStim-trans-
planted cells display enhanced expression of mature markers of 
visual function and synaptogenesis. We therefore demonstrate in 
vitro EStim may significantly enhance PSC-derived organoid de-
velopment whilst in vivo EStim may prime host cells and promote 
donor cell integration. We provide first demonstration of EStim as 
an easily implementable technique both in vitro for PSC-derived 
differentiation and in vitro for cell therapies, with huge promise in 
accelerating photoreceptor cell therapy to the clinic.

Funding Source: This work is supported by Luminesce Alliance 
(PPM1 K5116/RD274), established by the Government of NSW to 
coordinate and integrate paediatric research. Further support 
was provided by the Australian Government RTP Scholarship.

Keywords: Cell therapy, Retinal organoids, Photoreceptor
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BROWN ADIPOSE TISSUE: A PROMISING SITE 
FOR ISLET ORGANOIDS TRANSPLANTATION
Wang, Ping - Department of Radiology, Precision Health 
Program, East Lansing, MI, USA
Sun, Aixia - Radiology, Michigan State University, East Lansing, 
MI, USA
Quadri, Tahnia - Radiology, Michigan State University, East 
Lansing, MI, USA
Amos, Darius - Radiology, Michigan State University, East 
Lansing, MI, USA
Kenyon, Elizabeth - Radiology, Michigan State University, East 
Lansing, MI, USA
Mallett, Christiane - Radiology, Michigan State University, East 
Lansing, MI, USA
Li, Wen - Electrical and Computer Engineering, Michigan State 
University, East Lansing, MI, USA
Fan, Jinda - Radiology, Michigan State University, East Lansing, 
MI, USA
Aguirre, Aitor - Biomedical Engineering, Michigan State 
University, East Lansing, MI, USA

Transplantation of human induced pluripotent stem cell (hiPSC) 
derived islet organoids is a promising cell replacement therapy 
for type 1 diabetes (T1D). It is important to improve the cell en-
graftment by investigating new transplantation sites with high 
vascularization. hiPSCs-L1 was generated constitutively express-
ing luciferase. Luciferase expression was verified using biolumi-
nescence imaging (BLI) using the IVIS SpectrumCT (Perkin Elmer). 
Luciferase-expressing hiPSCs were differentiated into islet organ-
oids according to the established protocols. We transplanted islet 
organoids (20 IEQ) into the brown adipose tissue (BAT) of NOD/
scid mice (12-week-old, female, n=4, the Jackson Laboratory) as 
BAT group. The same amount of islet organoids were transplant-
ed under the left kidney capsule (KC) of NOD/scid mice (12-week-
old, female, n=4, the Jackson Laboratory) as a control group. 
These two groups were followed up by BLI at day 1, 7, 14, 28, 35, 
42, 49, 56, and 63 post transplantation. Quantitative assessment 
of the BLI signal intensity of grafts was performed using the Living 
Image software. Islet organoids grafts were collected and pro-
cessed for histological examinations at 14 days post-transplanta-
tion. Islet organoids were successfully transplanted into the BAT 
of NOD/scid mice and were detected by BLI. The BLI signals were 
detected from all recipients including both BAT and control group 
on the first day post transplantation after injection of luciferin at a 
dose of 150 mg/kg. During the study, the BLI signals gradually de-
creased, both in the BAT and the KC group. However, the BLI sig-
nal intensity of the grafts under the left KC decreased substantial-
ly faster than those from the BAT, on day 63 post transplantation, 
there was no detectable BLI signal from the KC mice, while the 
graft BLI signal of the BAT group remained. Immunofluorescence 
staining of islet organoid graft in the BAT displayed the presence 
of functional organoid grafts as confirmed by expressing of insu-
lin and glucagon. Our results demonstrated that in comparison to 
the transplantation site of under kidney capsule, the BAT enhanc-
es islet organoid graft survival. The results strongly suggest that 

the BAT is a potential desirable site for islet organoid transplanta-
tion for T1D therapy.

Funding Source: RCSA Scialog collaborative award to P. W.

Keywords: induced pluripotent stem cell, islet organoid, brown 
adipose tissue

TOPIC: NO TISSUE SPECIFICITY
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ENGINEERING 3D MICRO-COMPARTMENTS FOR 
HIGHLY EFFICIENT AND SCALE-INDEPENDENT 
EXPANSION OF HUMAN PLURIPOTENT STEM 
CELLS IN BIOREACTORS
Feyeux, Maxime - Discovery, TreeFrog Therapeutics, Pessac, 
France
Alessandri, Kevin - Physics, TreeFrog Therapeutics, Pessac, 
France

Human pluripotent stem cells (hPSCs) have emerged as the most 
promising cellular source for cell therapies. To overcome the 
scale-up limitations of classical 2D culture systems, suspension 
cultures have been developed to meet the need for large-scale 
culture in regenerative medicine. Despite constant improve-
ments, current protocols that use microcarriers or generate cell 
aggregates only achieve moderate amplification performance. 
Here, guided by reports showing that hPSCs can self-organize 
in vitro into cysts reminiscent of the epiblast stage in embryo de-
velopment, we developed a physio-mimetic approach for hPSC 
culture. We engineered stem cell niche microenvironments inside 
microfluidics-assisted core-shell microcapsules. We demonstrate 
that lumenized three-dimensional colonies significantly improve 
viability and expansion rates while maintaining pluripotency com-
pared to standard hPSC culture platforms such as 2D cultures, 
microcarriers, and aggregates. By further tuning capsule size and 
culture conditions, we scale up this method to industrial-scale 
stirred tank bioreactors and achieve an unprecedented hPSC 
amplification rate of 277-fold in 6.5 days. In brief, our findings - 
recently published in Biomaterials (Feb. 2023)* - indicate that our 
3D culture system offers a suitable strategy both for basic stem 
cell biology experiments and for clinical applications. * Cohen et 
al. Engineering 3D micro-compartments for highly efficient and 
scale-independent expansion of human pluripotent stem cells in 
bioreactors. Biomaterials. 2023 Feb 2;295:122033. doi: 10.1016/j.
biomaterials.2023.122033. Epub ahead of print. PMID: 36764194.

Keywords: Human pluripotent stem cells, Scale-up in 
bioreactors, biomimetic stem cell culture
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AUTOMATING THE MAINTENANCE AND 
EXPANSION OF HIGH-QUALITY HUMAN 
PLURIPOTENT STEM CELLS
Sojonky, Tia - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Lam, Stephanie - STEMCELL Technologies Inc., Vancouver, BC, 
Canada
Faris, Carrick - STEMCELL Technologies Inc., Vancouver, BC, 
Canada
Hakkinen, Elmeri - STEMCELL Technologies Inc., Vancouver, 
BC, Canada
Nazareth, Emanuel - STEMCELL Technologies Inc., Vancouver, 
BC, Canada
Wong, Taylor - STEMCELL Technologies Inc., Vancouver, BC, 
Canada
Yechuri, Bhaskar - STEMCELL Technologies Inc., Vancouver, 
BC, Canada
Louis, Sharon - STEMCELL Technologies Inc., Vancouver, BC, 
Canada
Eaves, Allen - STEMCELL Technologies Inc., Vancouver, BC, 
Canada
Hunter, Arwen - STEMCELL Technologies Inc., Vancouver, BC, 
Canada
O’Keane, Martin - STEMCELL Technologies Inc., Vancouver, BC, 
Canada
Jervis, Eric - STEMCELL Technologies Inc., Vancouver, BC, 
Canada

Human pluripotent stem cells (hPSCs) enable the study of oth-
erwise difficult-to-obtain cell types from a diverse set of genetic 
backgrounds. However, manual maintenance of hPSCs is repet-
itive, laborious, and subject to variability between different op-
erators, making large studies requiring a variety of cell lines at 
high numbers challenging. As a result, there is an increased need 
to implement automation in hPSC workflows while preserving 
high hPSC quality. To address this need, we developed Robo-
Cult™-PSC, an automated hPSC maintenance and expansion plat-
form that delivers a desired quantity of 6-well plates, on a specific 
date, at a defined target culture confluency. RoboCult™-PSC is 
able to maintain cell lines completely unattended for up to 3 days 
at its full capacity of 105 plates. hPSCs are fed, imaged, and pas-
saged as small clumps with minimal operator intervention through 
the use of an intuitive user interface, predictive cell growth algo-
rithms, and integrated error detection and response. During an 
18-week validation period operating at 50% capacity (~46 plates/
week), RoboCult™-PSC performed 4295 feeds and 859 passag-
es with a 2.5-fold lower contamination rate than manually main-
tained cultures. Four hPSC lines maintained for 10 passages had 
similar morphology, undifferentiated PSC marker expression (> 
90% OCT4+ and TRA-1-60+), differentiation efficiency, and genet-
ic stability (G-banding) when compared to manually maintained 
cultures. RoboCult™-PSC cultures also showed reduced variation 
in confluency passage-to-passage (17.4 ± 3.6% versus 33.5 ± 4.7% 
for manually maintained cultures; data represent mean confluen-
cy coefficient of variation ± SEM), as well as an enhanced ability to 
attain the defined target confluency (10.3 ± 1.0% versus 18.0 ± 1.7% 
for manually maintained cultures; data represent average devia-
tion from target confluency ± SEM). These results demonstrate 
that RoboCult™-PSC significantly improves the reproducibility of 
hPSC cultures while maintaining cell quality and greatly reduc-

ing manual labor and contamination rates, enabling more robust, 
high-throughput hPSC research.

Keywords: Automation, hPSC, Maintenance
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RECONSTITUTION OF ORGANOIDS USING 
MINIMIZED NUMBER OF SECTIONED CONFOCAL 
IMAGES: UTILIZING DEEP LEARNING AND 
VIRTUAL ORGANOID GENERATION
Song, Euijeong - Research and Business Development, Next 
and Bio Incorporation, Seoul, Korea
Kwak, Taehwan - Division of Translational Research, Next and 
Bio Incorporation, Seoul, Korea
Lee, Siyoung - Research and Business Development, Next and 
Bio Incorporation, Seoul, Korea

Organoid and 3-Dimensional (3D) imaging techniques are pow-
erful method that enable researchers to study morphological 
and physiological aspects of human tissues which are in devel-
oping or damaged condition. For reconstruction of 3D structure 
of organoid, current applications should utilize the whole set of 
Z-stack confocal images, which spends a lot of working cost and 
time. Recently, we developed a deep-learning based organoid 
3D rendering system which shows robust performance and re-
producibility. To minimize the required number of focal plane 
confocal images, we developed a fully-convolutional-neural-net-
work-based deep learning model which can construct 3D voxel 
data using 1 to 10 focal plane confocal images as input. Although, 
massive amount of image sets are required for training deep-neu-
ral network, there are few public datasets. To overcome this prob-
lem, we developed artificially synthesized 3D organoids named 
virtual organoid (V.O.) and established massive datasets (more 
than 39,000 synthesized V.O.) for training deep learning network. 
Our results demonstrated that newly developed 3D rendering 
system successfully reconstructed the 3D structure of organoid 
using minimal number of images with 0.82 IOU values. Interest-
ingly, our system could predict the structure of organoid regions 
which are located deep focal plane, even though confocal micro-
scope is not able to detect those regions. We expect that our V.O. 
data sets and 3D rendering system may contribute substantially 
to development of advanced 3D bioimaging technology.

Funding Source: The Technology Innovation Program 
(20009125, Establishment of a high-contents 3D organ on a chip 
system for studying pancreatic modeling in vitro) funded By the 
Ministry of Trade, Industry & Energy(MOTIE, Korea)

Keywords: Deep Learning, Organoid, Confocal microscopy
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USING SINGLE CELL CRISPR/DCAS9-BASED 
REGULATORY ELEMENT SCREENING TO DISSECT 
CIS-REGULATORY INTERACTIONS IN THE MAJOR 
HISTOCOMPATIBILITY LOCUS
Bounds, Lexi - Department of Biomedical Engineering, Duke 
University, Durham, NC, USA
Barrerra, Alejandro - Center for Advanced Genomic 
Technologies, Department of Biostatistics and Bioinformatics, 
Duke University, Durham, NC, USA
Ter Weele, Maria - Department of Biomedical Engineering, 
Center for Advanced Genomic Technologies, Duke University, 
Durham, NC, USA
Wu, Euphy - Department of Biostatistics, University of North 
Carolina, Chapel Hill, NC, USA
Giusti-Rodríguez, Paola - Department of Psychiatry, University of 
Florida, Gainesville, FL, USA
Reddy, Timothy - Department of Biostatistics and Bioinformatics, 
Center for Advanced Genomic Technologies, Center for 
Genomic and Computational Biology, Duke University, Durham, 
NC, USA
Li, Yun - Department of Biostatistics, University of North 
Carolina, Chapel Hill, NC, USA
Love, Michael - Department of Biostatistics, University of North 
Carolina, Chapel Hill, NC, USA
Sullivan, Patrick - Department of Psychiatry, Center for 
Psychiatric Genetics, University of North Carolina, Chapel Hill, 
NC, USA
Allen, Andrew - Department of Biostatistics and Bioinformatics, 
Center for Genomic and Computational Biology, Center for 
Advanced Genomic Technologies, Department of Surgery, Duke 
University, Durham, NC, USA
Crawford, Gregory - Department of Pediatrics, Department of 
Molecular Genetics and Microbiology, Center for Advanced 
Genomic Technologies and Regeneration Next Institutes and 
Centers, Duke University, Durham, NC, USA
Gersbach, Charles - Department of Biomedical Engineering, 
Duke University, Durham, NC, USA

The Major Histocompatibility (MHC) Locus is the most SNP-dense 
region in the human genome and has been linked with >100 poly-
genic disorders. However, it remains unknown which variants af-
fect gene expression. To dissect cis-regulation within the locus, 
we performed noncoding CRISPR/dCas9-based regulatory ele-
ment screening with targeted single-cell RNA-sequencing read-
out and identified putative regulatory element (pRE)-gene pairs 
in human induced pluripotent stem cells (hiPSCs), hiPSC-derived 
neural progenitor cells (hNPCs), and K562 cells. We designed a 
sgRNA library targeting 581 pREs with TSS-targeting positive con-
trols and nontargeting negative controls (12,723 sgRNAs). We en-
gineered hiPSCs, hNPCs, and K562 cells to express the repres-
sor dCas9-KRAB, and hiPSCs and hNPCs to express the activator 
dCas9-p300 and transduced each cell line with the sgRNA library 
at a multiplicity of infection greater than one. We profiled 1.2 mil-
lion single cell transcriptomes seven to nine days post-transduc-
tion, and then performed differential expression testing between 
all cells in which a given sgRNA was observed versus all cells in 
which a different sgRNA was observed. Across all five screens, 
we identified a pRE for 76.3% (106/139) of genes detected with-
in the locus and connected genes to 50.4% (293/581) of all per-
turbed regions, with 48.2%-66.7% of pRE-gene pairs spanning 
< 100kb and 16.4%-23.4% spanning >1Mb. For all cell types, the 
overlap of active histone marks (H3K4me1, H3K4me3, H3K27ac) 

increases as the pRE-gene link becomes more significant. Con-
cordantly, 97% of functional pREs in K562s are also in accessible 
chromatin in that cell type. In contrast, >33% of functional pREs 
in hiPSCs and hNPCs are not in accessible regions in these cell 
types and may also overlap the repressive mark, H3K27me3. We 
next investigated the cell-type specificity of the interactions and 
observed dense regulatory networks spanning ~25kb proximal to 
the genes IER3 and HLA-A in hiPSCs that are not present in the 
other cell types. Taken together, we clarified cis-regulatory mech-
anisms for lowly and highly expressed genes across three diverse 
cell types, and identified shared and cell-type specific regulatory 
interactions that can be further separated into subclasses based 
on functional annotations and may be broadly applicable to other 
complex genomic regions.

Keywords: CRISPR/dCas9 regulatory element screen, Single cell 
RNA sequencing, Regulatory elements and noncoding regions
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RNA-TEMPLATED EDITING USING TYPE V CRISPR 
EFFECTORS
Rojas Duran, Maria F. - PreClinical, Arbor Biotechnologies, 
Cambridge, MA, USA
Jakimo, Noah - Head of Computational Design, Arbor 
Biotechnologies, Cambridge, MA, USA
Hsieh, Fu-Kai - Discovery and Technology Development, Arbor 
Biotechnologies, Cambridge, MA, USA
Haswell, Jeffrey - Preclinical, Arbor Biotechnologies, Cambridge, 
MA, USA
Hunnewell, Pratyusha - Discovery and Technology 
Development, Arbor Biotechnologies, Cambridge, MA, USA
McGaw, Colin - Discovery and Technology Development, Arbor 
Biotechnologies, Cambridge, MA, USA
Maben, Zachary - Discovery and Technology Development, 
Arbor Biotechnologies, Cambridge, MA, USA
Varadarajan, Malini - Discovery and Technology Development, 
Arbor Biotechnologies, Cambridge, MA, USA
Scott, David - Business Development/Innovation, Arbor 
Biotechnologies, Cambridge, MA, USA
DiTommaso, Tia - Preclinical, Arbor Biotechnologies, Cambridge, 
MA, USA
Murphy, John - CSO, Arbor Biotechnologies, Cambridge, MA, 
USA
Hoffman, Gregory - Discovery and Technology Development, 
Arbor Biotechnologies, Cambridge, MA, USA

The programmable nature of RNA-guided CRISPR nucleases 
stimulated a genome editing revolution, and RNA-templated 
systems promise to enable precise genomic repair. In this work, 
we present new systems for genome-primed Reverse Transcrip-
tase-editing (RT-editing) that operate with a CRISPR Type V nucle-
ase. Our implementation with the Type V system demonstrates 
precision editing within human cells mediated by optimized ver-
sions of Type V CRISPR RT-editing systems. The compact nature 
of the Type V effectors and their gRNAs confer advantages re-
garding delivery and manufacture relative to existing precision 
editing systems. RT-editing using a Type V nuclease has shown 
significant precision editing in therapeutically relevant cell types 
including T-cells and iPSCs, an editing profile that can be well 
suited to addressing specific classes of human disease. This work 
highlights an initial proof of concept in expanding RNA-templat-
ed editing to the broad biochemical and mechanistic diversity of 
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Type V CRISPR systems, potentially enabling additional transla-
tional potential of RT editors.

Keywords: CRISPR, RT-Editing, T-cells

930

OPEN TOOLS AND RESOURCES FOR 
QUANTITATIVE IMAGE ANALYSIS OF CELLULAR 
ORGANIZATION
Dunster, Gideon - Allen Institute for Cell Science, Seattle, WA, 
USA

The Allen Institute for Cell Science aims to understand the prin-
ciples by which human induced pluripotent stem cells (hiPSCs) 
establish and maintain robust dynamic localization of cellular 
structures, and how they transition between states during dif-
ferentiation and disease. To understand and predict cellular 
organization, we have created the Allen Cell Collection of flu-
orescently-tagged hiPSC lines and a suite of openly available 
image-based computational tools for quantitation and analyses. 
Each hiPSC line expresses a monoallelic fluorescently tagged 
protein that represents a major cellular structure or organelle. The 
Allen Cell Collection now contains 56 high quality lines that tar-
get 43 key cellular structures and substructures and are available 
to academic and commercial researchers. Following tagging, we 
perform live 3D imaging via our microscopy pipeline and gener-
ate hundreds of thousands of high-resolution images. To meet 
the challenge of segmenting, analyzing, and visualizing this mas-
sive volume of imaging data, we have developed several tools 
which we make available to the public for free. These include a 
python-based toolkit for cell segmentation which can also be ac-
cessed as a plug in for the napari app called the Allen Cell and 
Structure Segmenter, a volume viewer tool with path-trace ren-
dering called AGAVE, a visual analysis tool to interrogate biolog-
ical simulations called Simularium, and an online tool to visualize 
and plot features of segmented images called the Cell Feature 
Explorer, among others. Finally, we have educational resources, 
software, and analysis code developed at the Institute and our 
datasets are openly available to the community for access and 
download. These tools, resources, and data can be found at al-
lencell.org.

Keywords: hiPSC, imaging, software

932

EXPLORING THE COMPLEX SIGNALING 
NETWORK REGULATING STEM CELL 
DIFFERENTIATION USING A CAPILLARY 
IMMUNOASSAY PLATFORM
Chaudhuri, Gargi - ProteinSimple, Bio-Techne, CA, USA
Ramirez, Francisco - ProteinSimple, Bio-Techne, San Jose, CA, 
USA
Heger, Chris - ProteinSimple, Bio-Techne, San Jose, CA, USA

Studying signaling networks is particularly important in the field 
of regenerative medicine since stem cell reprogramming and dif-
ferentiation are regulated by multiple signaling events. However, 
methods conventionally used to study protein expression during 
stem cell differentiation, including immunofluorescence staining 
and western blotting, have been inadequate to gain a complete, 
quantitative understanding of these complex signaling networks. 
Here, we have investigated differentiation of human induced plu-
ripotent stem cells (iPSCs) by applying a capillary immunoassay 

platform (Simple Western™, ProteinSimple) to better understand 
stem cell signaling. Using this approach, we analyzed core dif-
ferentiation markers and compared multiple signaling pathways 
in iPSCs cultured under naïve conditions and when stimulated to 
differentiate into germ layers in multiplexed experiments. Togeth-
er, our results validate the potential of capillary immunoassays for 
studying signaling pathways in stem cells for regenerative med-
icine.

Keywords: Differentiation, Signaling, Method

934

ASSESSMENT OF MICROBIOLOGICAL 
CONTAMINATION IN A CELL PROCESSING 
CENTER FOR A HUMANOID ROBOT
Iida, Tomomitsu - Research and Development, VC Cell Therapy 
Inc., Kobe, Japan
Terada, Motoki - Research and Development, VC Cell Therapy 
Inc., Kobe, Japan
Maeda, Tadao - Research and Development, VC Cell Therapy 
Inc., Kobe, Japan
Kato, Shinya - Research and Development, VC Cell Therapy Inc., 
Kobe, Japan
Kitagawa, Michinori - Research and Development, VC Cell 
Therapy, Kobe, Japan
Shibata, Yumiko - Research and Development, VC Cell Therapy, 
Kobe, Japan
Kogawa, Yu - Research and Development, DAI-DAN Co., Ltd., 
Osaka, Japan
Yorimitsu, Tsuyoshi - Research and Development, DAI-DAN Co., 
Ltd., Osaka, Japan
Matsukuma, Kenji - Robotic Biology Institute Inc., Tokyo, Japan
Kurimoto, Yasushi - Ophthalmology, Kobe-city Eye Hospital, 
Kobe, Japan
Takahashi, Masayo - President, VC Cell Therapy, Kobe, Japan
Kanda, Genki - Research and Development, Vision Care Inc., 
Kobe, Japan

Industrial robots have been utilized for cell manufacturing pro-
cess since they can support cell productions with unified specifi-
cations. To produce cell therapy products, entire cell manufactur-
ing process must be compliant to the Good Gene, Cellular, and 
Tissue-based Products Manufacturing Practice (GCTP), which 
meats the good manufacturing practice standards. We installed 
LabDroid Maholo is a humanoid robot system, which is devel-
oped by Robotic Biology Institute Inc., for the clinical grade iP-
SCs-derived retina pigment epithelial cells (RPEs) production in 
cell processing center (CPC) in Kobe-City Eye Hospital. However, 
the operational actions of robots on the environmental quality in 
cleanrooms should be evaluated to identify risks of microbiolog-
ical contamination. In this study, we assessed microbial contam-
ination levels in a CPC unit for LabDroid Maholo being currently 
used for the clinical research of RPEs transplantation therapy. We 
setup LabDroid Maholo in an All-in-one cell processing (CP) unit 
(DAI-DAN Co., Ltd.) in Kobe Eye Center, Facility for Retinal Re-
generation. First, we performed a RPEs production test with CPC 
operation training using the robot system for Sep. to Dec. in 2021. 
After the training, the pilot and clinical manufacturing for RPEs 
were conducted for Jan. to Jun. in 2022. During the 10 months 
period, we measured a degree of airborne and surface-colonized 
bacterial contamination at a set of GCTP-grade A, B, and C areas 
in the All-in-one CP unit. Throughout this investigation, we prohib-
ited entering the All-in-one CP unit unless cleaning and cell cul-
ture preparations were necessary. As a result of multiple bacterial 
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monitoring tests in the entire testing period, no microorganisms 
are detected in the GCTP-grade A area. This study indicates that 
LabDroid Maholo could be a promising industrial robot that is suit-
able for cell therapy products manufacturing.

Funding Source: Japan Agency for Medical Research and 
Development Japan Science and Technology Agency

Keywords: CPC, Environmental monitoring, Cell manufacturing
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ILLUMINATING DYNAMIC STRUCTURAL STATES 
IN HIPSCS THROUGH ENDOGENOUS GENE 
TAGGING
Turman, Gaea Prime - Stem Cells and Gene Editing, Allen 
Institute for Cell Science, Seattle, WA, USA
Gunawardane, Ruwanthi - Allen Institute for Cell Science, 
Seattle, WA, USA

The Allen Institute for Cell Science aims to understand the prin-
ciples by which human induced pluripotent stem cells (hiPSCs) 
establish and maintain robust dynamic localization of cellular 
structures, and how they transition between states during dif-
ferentiation and disease. We have created a large collection of 
endogenously tagged hiPSC lines to illuminate cell organization 
and state transitions. The tagged proteins include notable mem-
brane-bound and membrane-less cellular organelles, signaling 
complexes, phase transition markers, transcription factors, and 
structural markers specific to differentiated cells. To date, the 
Allen Cell Collection consists of 56 single- or compound-edited 
lines that have undergone extensive quality control testing to en-
sure genomic, cell biological, and stem cell integrity. Here, we 
highlight our gene-editing and quality control workflow for mono- 
and biallelic editing of expressed or silent genes that are either 
expressed in stem cells or expressed specifically during differen-
tiation. We also describe the construction of genetically encoded 
reporter cell lines to reveal cell signaling status. Furthermore, we 
underscore our efforts to increase manipulation efficiency by uti-
lizing Adeno-Associated Virus 6 (AAV6) to deliver donor DNAs 
and multiplexing transfection strategies for gene tagging at mul-
tiple loci. Our most recently released lines are CTCF-mEGFP and 
PCNA-mEGFP, for dynamic visualization of chromatin domains 
and replication foci, G3BP1-mEGFP to label stress granules, mono- 
and bi-allelic mEGFP-CDH1 to visualize adherens junctions and 
DCP1a-mEGFP for P-bodies. Currently, we are characterizing cell 
populations with tags on CDH2 (N- cadherin) and CDH5 (VE-cad-
herin) for analysis of cell adhesions in differentiated lineages, as 
well as CENPA for monitoring centromere assembly, with intent 
to release clones following quality control assays. Our continued 
overarching goal is to make these tools openly available to the 
cell biology community to accelerate biomedical research. In ad-
dition to our cell lines, the donor plasmids, segmented 3D images 
of about 200,000 cells from our lines, image analysis and visual-
ization tools, integrated cell models, and biological findings are all 
openly available to the research community (www.allencell.org).

Keywords: hiPSCs, Gene editing, Gene tagging

938

CONTROL OF CELLULAR BEHAVIORS BY 
SYNTHETIC GENETIC CIRCUITS TO ESTABLISH 
VASCULARIZED HUMAN ORGANOIDS
Wang, Siqi - Institute of Zoology, Chinese Academy of Sciences, 
Beijing, China
Mao, Yi Huan - Institute of Zoology, Chinese Academy of 
Sciences, Beijing, China
Niu, Rui - Institute of Zoology, Chinese Academy of Sciences, 
Beijing, China
Zhong, Bei - Institute of Zoology, Chinese Academy of Sciences, 
Beijing, China
Zhang, Ying - Institute of Zoology, Chinese Academy of 
Sciences, Beijing, China
Li, Wei - Institute of Zoology, Chinese Academy of Sciences, 
Beijing, China
Zhou, Qi - Chinese Academy of Sciences, Beijing, China

Organoids are 3D micro-tissues or organs recapitulating mi-
cro-anatomy and certain functions of organs in vitro, playing an 
important role in drug screening and cell therapy. Establishment 
of human pluripotent stem cell (hPSC)-derived organoids are 
mainly based on the understanding of embryonic development 
and cellular aggregation capacity. Currently, many types of hP-
SC-derived organoids have been set up, such as liver, kidney, 
brain and so forth. However, hPSC-derived organoids still have 
some limitations, from which lack of blood vessel network is one 
of the key challenges needed to be overcome. Here, we report-
ed a novel strategy to establish functional vascularized hPSC-de-
rived organoids by using synthetic genetic circuits. SynNotch 
system is a well-established synthetic genetic circuit modulat-
ing the cellular communication and spatial arrangement in vitro, 
which has been used in Car-T cell therapy. In view of this, we 
engineered hPSC cells with synNotch system to manually control 
cellular communication between hPSC-derived endothelial pro-
genitor cells and hPSC-derived nephron progenitor cells, aiming 
to obtain organoids with plenty of glomerulus with correct struc-
ture and functions. To achieve our goal, we first modified three 
plasmids of synNotch system according to our demands. We 
constituted one plasmid to express GFP-ligase by dox-induction, 
named as plasmid A. At the same time, we constructed other two 
plasmids to express other three genes related to nephron matu-
ration in response to GFP-ligase, named as B package. Then A 
plasmid and B package were infected into both K562 cells and 
hPSC cells, respectively. For system test, direct interaction be-
tween K562-synNotch-A cells and K562-synNotch-B cells suc-
cessfully activated synNotch system, leading to express target 
genes and regulate spatial arrangement, respectively. Addition-
ally, we have successfully obtained hPSC-derived endothelial 
progenitor cells, hPSC-derived nephron progenitor cells, as well 
as kidney organoids with plenty of podocytes, verified by immu-
nofluorescent staining. By integration of hPSC-derived organoid 
technique and synNotch genetic circuits, we proposed that we 
could obtained nephron organoids with correct glomerulus struc-
tures and functional glomerulus.

Keywords: human pluripotent stem cell, SynNotch genetic 
circuit, Organoids
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RETINOIC ACID AND RCAN2 REGULATION OF 
AN INTRACELLULAR K+ CIRCUIT THAT SCALES 
EMBRYONIC FIN BUDS VIA INTRACELLULAR 
CA2+ SIGNALING
Antos, Christopher L. - School of Life Sciences and Technology, 
ShanghaiTech University, Shanghai, China
Jiang, Xiaowen - School of Life Sciences and Technology, 
ShanghaiTech University, Shanghai, China
Zhao, Kun - School of Life Sciences and Technology, 
ShanghaiTech University, Shanghai, China
Sun, Yi - School of Life Sciences and Technology, ShanghaiTech 
Univeristy, Shanghai, China
Yi, Chao - School of Life Sciences and Technology, 
ShanghaiTech University, Shanghai, China
Xiong, Tianlong - School of Life Sciences and Technology, 
ShanghaiTech University, Shanghai, China
Wang, Sen - School of Life Sciences and Technology, 
ShanghaiTech University, Shanghai, China
Song, Xinyue - School of Life Sciences and Technology, 
ShanghaiTech University, Shanghai, China
Yu, Yi - School of Life Sciences and Technology, ShanghaiTech 
University, Shanghai, China
Yan, Xin - School of Life Sciences and Technology, 
ShanghaiTech University, Shanghai, China

The generation and regeneration of any entire anatomical struc-
ture by stem and progenitor cells requires controlling the propor-
tional growth of these cells in each of the contributing tissues. 
K+ channels have a significant role in scaling fish appendages; 
however, it remains unknown how intracellular K+ is integrated 
into mechanisms that scale these anatomical structures. Using 
the zebrafish pectoral fin bud as a model for early vertebrate 
fin/limb development, we observed coordinated decreases in 
endogenous intracellular K+ levels during bud outgrowth of the 
entire mesenchyme and ectoderm tissues, and overexpression 
of the K+-leak channels is sufficient to increased bud size of the 
entire anatomical structure and upregulate the several morpho-
gens (Fgf10, Fgf8, Shh and Aldh1a2) that control bud growth. 
These results indicate that this electrophysiological scaling phe-
nomenon is conserved among all vertebrates appendages from 
fish to humans. Retinoic acid (RA) is a hormone morphogen that 
can increase limb proportions, and we found that RA decreased 
intracellular K+ in all bud tissues. We also found that RA up-reg-
ulated regulator of calcineurin (rcan2) in the buds and that rcan2 
overexpression was sufficient to decrease intracellular K+ as well 
as to enhance growth of the entire buds. Conversely, removal 
of rcan2 increased intracellular K+ and decreased scaling. These 
results together with our previously published findings provide 
molecular control of a specific K+-leak channel, Kcnk5b; that is, 
RA upregulates the transcription of rcan2 to inhibit calcineurin 
and thereby increase the activity of the K+-leak channel Kcnk5b, 
which we found is present in the embryonic buds. Furthermore, 
we now also show that K+-channel-induced growth requires 
IP3R-mediated Ca2+ release from the endoplasmic reticulum and 
CaMKK activity in vivo. Thus, we provide mechanisms for how this 
electrophysiological scaling signal can be regulated by RA and 

can subsequently scale a vertebrate anatomical structure via reg-
ulation of IP3R-mediated intracellular Ca2+ signaling.

Funding Source: National Science Foundation of China, 
ShanghaiTech University

Keywords: Proportional growth control, Intracellular K+, 
embryonic fin/limb bud
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OPTIMIZATION OF HIPSC CULTURE CONDITIONS 
IN AMBR® BIOREACTOR APPLYING A DOE 
APPROACH
Vossoughi, Amin - Corporate Research, Sartorius Stedim North 
America, Inc., Ann Arbor, MI, USA
Hamfeldt, Art - Data Science, Sartorius Stedim North America, 
Inc., Home Office, GA, USA
Splan, David - Corporate Research, Sartorius Stedim North 
America, Inc., Ann Arbor, MI, USA
Robu, Irina - Corporate Research, Sartorius Stedim North 
America, Inc., Ann Arbor, MI, USA
Daniliuc, Sharon - Cell Culture Technologies, Sartorius Stedim, 
Israel, Beit Haemek, Israel
Traul, Donald - Cell Culture Technologies, Sartorius Stedim 
North America, Inc., Home Office, MA, USA
Miropolski, Yulia-Yael - Cell Culture Technologies, Sartorius 
Stedim, Israel, Beit Haemek, Israel
Fiorentini, David - Cell Culture Technologies, Sartorius Stedim, 
Israel, Beit Haemek, Israel
Szczypka, Mark - Corporate Research, Sartorius Stedim North 
America, Inc., Ann Arbor, MI, USA

The seminal discovery of human induced pluripotent stem cells 
(hiPSC) contemporaneously in the Yamanaka and Thomson labo-
ratories has tremendously advanced the fields of cell therapy and 
regenerative medicine. This is due to the inherent characteristics 
of hiPSC, including pluripotency, self-renewal capability, and low 
immunogenicity. However, hiPSC are difficult to propagate be-
cause they can spontaneously differentiate, display genetic in-
stability, and require costly growth factors for propagation. The 
foremost process parameters affecting hiPSC aggregate growth 
in three-dimensional (3D) culture include, media and growth fac-
tors, feed strategy, bioreactor (BR) geometry, impeller speed, 
and seeding density. The Ambr15® is an automated multi-paral-
lel BR system that provides 24 or 48 15 ml vessels to optimize 
culture parameters by implementing design of experiment (DOE) 
approaches with MODDE 13® software. Together with the small 
volume of each BR, this approach is an excellent solution for low 
cost, high throughput experiments. Evolving regulatory recom-
mendations and desire to optimize consistency of cell expan-
sion have prompted development of animal component-free 
(ACF) cell culture medium. To meet this demand, Sartorius de-
veloped NutriStem® hPSC 3D ACF media which supports iPSC 
growth both, in planar and suspension cultures. The impact of 
media type (Nutristem hPSC 3D ACF or xeno free (XF)), stir speed 
(600 vs 800rpm), and seeding density (2.5E5 to 5E5 cells/mL) 
on hiPSC growth was explored. Aggregate size, harvest density, 
and fold increase was measured over 4 days. Aggregates formed 
in all BRs with a >90% cell viability at harvest. At higher speed 
(800rpm), aggregates were 50% smaller than those formed at 
600rpm. A 20-80% higher fold increase of hiPSC was achieved 
in NutriStem 3D ACF compared to XF media. Increased seeding 
density above 2E5 cells/mL decreased fold increase achieved in 
both media. The highest fold increase was observed when cells 
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were cultured using NutriStem ACF media at 800rpm and 1.25E5 
cells/mL seeding density. The results demonstrate the power of 
utilizing the Ambr15 and a high throughput DOE-based approach 
to rapidly identify conditions that significantly influence hiPSC 
growth in 3D culture.

Keywords: Bioreactor, DOE, pluripotent stem cells

944

OPTIMIZATION OF GROWTH FACTORS FOR 
HUMAN PLURIPOTENT STEM CELL CULTURE IN 
BASAL 8 MEDIA
Bottini, Sveva - Molecular Biotechnology Center “Guido 
Tarone,” University of Torino, Italy
Bell, Helen - Qkine, Cambridge, UK
Elisa, Balmas - Molecular Biotechnology Center “Guido Tarone,” 
University of Torino, Italy
Rubinetto, Cristina - Molecular Biotechnology Center “Guido 
Tarone,” University of Torino, Italy
Elton, Catherine - Qkine, Cambridge, UK
Bertero, Alessandro - Molecular Biotechnology Center “Guido 
Tarone,” and University of Torino, Italy

Commercial media can empower most laboratories that wish to 
culture human induced pluripotent stem cells (hiPSCs). Though, 
democratization of this technology is hindered by high costs, par-
ticularly for applications that require large scale cultures. Among 
homemade media, Basal 8 (B8) stands out as an attractive neg-
ligible-cost and weekend-free chemically defined formulation. 
However, B8 requires homebrewing three growth factors in E. 
coli: TGF-B3, NRG-1, and thermostable FGF2 (t-FGF2). This rep-
resents a bottleneck for research laboratories with limited ex-
pertise in recombinant protein purification. Furthermore, B8 re-
quires a high concentration of t-FGF2 (40 ng/mL), leading to a 
substantial burn rate. In all, we set out to explore sourcing options 
to stimulate pluripotency signaling pathways in a reproducible 
yet cost-effective manner. In house production of growth factors, 
following published protocols, was successful yet plagued by 
batch-to-batch variations in endotoxin levels and t-FGF2 bioac-
tivity. We thus pivoted to testing growth factors manufactured by 
various commercial suppliers. First, we compared various types 
of TGF-B signaling inducers, concluding that an animal-free E.coli 
expressed TGF-B1 has equivalent bioactivity yet higher purity and 
lower costs compared to mammalian cell-derived options. Ani-
mal-free TGF-B1 and TGF-B3 are both effective in B8, though at 
higher doses than previously reported, while Activin A is unsuit-
able. Then, we tested various types of FGF2, comparing wild type 
versus thermostable, and full length (154 aa) versus truncated (145 
aa) variants. Tag-free FGF2-G3 (a t-FGF2 patented for commer-
cial use by Enantis/Masaryk University) outperforms homemade 
his-purified t-FGF2, and its higher stability in media is essential 
for weekend-free feeding schedules. Additionally, the truncat-
ed FGF2-G3 is more bioactive than full-length, and therefore its 
dosage in B8 can be optimized. Characterization of hiPSCs main-
tained in optimized B8 versus commercial Essential 8 (E8) via 
single cell RNA sequencing, immunostaining, and trilineage dif-
ferentiation confirmed pluripotency. Finally, culture of hiPSCs in 
optimized B8 supports robust cardiac differentiation. In all, these 

advances enable strong cost reduction while maintaining repro-
ducibility of hiPSC culture.

Funding Source: This work was supported by an Armenise-
Harvard Foundation Career Development Award (to A.B.).

Keywords: Basal 8 (B8) media, Human induced pluripotent stem 
cells, Growth factor optimisation
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VERIFICATION OF LINEAGE REPORTER HPSCS 
USING CRISPR-MEDIATED ACTIVATION
Wu, Youjun - SKI Stem Cell Research Facility, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA
Zhong, Aaron - SKI Stem Cell Research Facility, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA
Sidharta, Mega - SKI Stem Cell Research Facility, Memorial 
Sloan Kettering Cancer Center, New York, NY, USA
Wang, Yining - SKI Stem Cell Research Facility, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA
Studer, Lorenz - The Center for Stem Cell Biology and 
Developmental Biology Program, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA
Zhou, Ting - SKI Stem Cell Research Facility, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA

Generation of lineage reporter human pluripotent stem cells (hP-
SCs) by genetic engineering provides powerful tools with broad 
applications, including studying biological function of gene of in-
terest, isolating intended cell population, investigating stem cell 
fate evolution and specification, and performing high-throughput 
screening. Current approach to identify the knock-in of fluores-
cent reporter is using genomic PCR, sanger sequencing, and 
monitor the expression of reporter gene at specific differentia-
tion stage. However, some genes only express in the terminal 
differentiated cells which require a complicated, expensive, and 
time-consuming differentiation process. In addition, the cell dif-
ferentiation variation will affect reporter gene expression, which 
gives vague results for evaluation of the lineage reporter itself. 
Here, we comprehensively compared and optimized the current 
transcriptional activation systems in hPSCs and established a ro-
bust platform to identify lineage reporter hPSCs. With this plat-
form, the reporter gene can be turned on efficiently in a transient 
or a sustained manner. The platform allows us to verify reporter 
gene expression rapidly and effectively without the complex cell 
differentiation steps.

Keywords: hPSC, lineage reporter verification, CRISPR-mediated 
transcriptional activation
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948

INDUCIBLE KRAB-DCAS9 IPS CELL LINES 
FOR CROSS-SPECIES CRISPR-BASED 
PERTURBATIONS
Edenhofer, Fiona - Faculty of Biology, Department Biology II, 
Ludwig Maximilian University, Munich, Germany
Termeg, Anita - Department Biology II, Ludwig Maximilian 
University, Munich, Germany
Ohnuki, Mari - Institute for the Advanced Study of Human 
Biology, Kyoto University, Kyoto, Japan
Radmer, Jessica - Department Biology II, Ludwig Maximilian 
University, Munich, Germany
Hellmann, Ines - Department Biology II, Ludwig Maximilian 
University, Munich, Germany
Enard, Wolfgang - Department Biology II, Ludwig Maximilian 
University, Munich, Germany

CRISPR-based perturbation screens in stem cells have become 
important tools in developmental biology and can be an efficient 
method to infer gene regulatory networks (GRNs). A powerful 
variant are CRISPR interference (CRISPRi) screens, using a cat-
alytically inactive (dead) dCas9 fused to a repressor domain like 
KRAB to knock down specific genes. Furthermore, to distinguish 
primary from secondary effects of the perturbations, an induc-
ible, time-controlled expression of dCas9 is advantageous. While 
perturbation screens are often performed in individual species, 
cross-species CRISPRi systems will help to compare knockdown 
effects and study the evolution of GRNs. Here we present a system 
for the generation of doxycycline (Dox)-inducible KRAB-dCas9 iP-
SCs and its application to various primate species. We assem-
bled a ZIM3-KRAB-dCas9-HA-P2A-mCherry construct flanked by 
species-specific, interchangeable homology arms, allowing flex-
ible adaptation to different species. We utilized this system for 
stable integration into the AAVS1 safe harbor locus of iPSCs of 
four primate species: Human (Homo sapiens), Cynomolgus ma-
caque (Macaca fascicularis), Gorilla (Gorilla gorilla) and Orangutan 
(Pongo abelii). The generated cell lines (dCas9-iPSCs) were con-
firmed by PCR, demonstrating integration into the AAVS1-sites. 
Furthermore, we validated Dox-induced KRAB-dCas9 expression 
by Western Blot, imaging and flow cytometry, while ensuring pre-
served pluripotency of the dCas9-iPSCs. To assess knockdown 
efficiency, we performed an inducible knockdown of SOX2 in 
the primate dCas9-iPSCs, which was subsequently quantified 
by qPCR. This analysis revealed increased KRAB-dCas9 levels 
and downregulation of SOX2 in Dox-induced dCas9-iPSCs com-
pared to non-induced cells. Finally, we could also demonstrate 
KRAB-dCas9 expression and target-gene downregulation in a 
single-cell CRISPR-screen in human and cynomolgus dCas9-iP-
SCs. In conclusion, we present the successful integration of a 
KRAB-dCas9 encoding construct into the AAVS1-locus of differ-
ent primate species and robust Dox-inducible knockdown in iP-
SCs. The generated dCas9-iPSCs will expand the possibilities for 
cross-species perturbation screens and be a valuable resource 
for comparative approaches in primates to investigate the evolu-
tion of GRNs.

Funding Source: This project is funded by the Deutsche 
Forschungsgemeinschaft (DFG, German Research Foundation) - 
458888224

Keywords: dCas9-iPSCs, CRISPRi, primates
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ROBUST WORKFLOWS FOR THE EXPANSION 
AND DIFFERENTIATION OF HUMAN 
PLURIPOTENT STEM CELLS AS AGGREGATES IN 
SUSPENSION CULTURE
Jervis, Eric - Research and Development, STEMCELL 
Technologies, Vancouver, BC, Canada
Eaves, Allen - Corporate Affairs, STEMCELL Technologies Inc., 
Vancouver, BC, Canada
Gharaee, Nadia - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Knock, Erin - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Lin, Leon - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Louis, Sharon - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
McManus, Sarah - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Moosa, Alym - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Sojonky, Tia - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada
Walasek, Marta - Research and Development, STEMCELL 
Technologies Inc., Vancouver, BC, Canada

3-dimensional (3D) suspension culture of human pluripotent stem 
cells (hPSCs) has been challenging due to the extreme shear sen-
sitivity of hPSCs, hindering efforts to reproducibly generate large 
volumes of high-quality cells. To address this, we have developed 
TeSR™ 3D-based media and protocols for the robust and scalable 
suspension culture of hPSCs as aggregates. hPSCs (n = 8 lines) 
passaged by dissociation with Gentle Cell Dissociation Reagent 
and filter-based trituration undergo 1.5- to 1.9-fold expansion per 
day (cell line dependent) with > 85% viable, > 90% OCT4+ and 
TRA-1-60+, and expected karyotype. To verify the utility of this 
workflow and assess the compatibility of STEMdiff™ hPSC differ-
entiation media formulations designed for 2D cultures in 3D sus-
pension culture, 2 hPSC lines were differentiated into polyploid 
megakaryocytes (MKs) or neural crest cells (NCCs) in 3D. The 
differentiation initiation day and length of differentiation stages 
were optimized in small-scale cultures using 6-well plates mixed 
at 70 RPM on an orbital shaker. For 3D hPSC-generated MKs, a 
10-day endothelial-to-hematopoietic transition phase and a 4-day 
progenitor-to-mature MK stage maximized MK marker expres-
sion and yields, with 30 - 75% co-expressing CD41a and CD42b, 
and 15 - 60 CD41a+CD42b+ cells generated per seeded hPSC 
(n = 3). The hPSC-derived MKs from 3D cultures produced 3 - 8 
platelet-like particles per MK (n = 2; gating based on blood plate-
lets). Approximately 30% and 15% of CD41a+CD42b+ cells had 4N 
and 8N+ DNA ploidy, respectively (n = 2). For 3D hPSC-derived 
NCCs, maximum marker expression and yields were achieved 
by pre-forming aggregates in TeSR™-AOF 3D medium for 24 - 48 
hours before 6 days of NCC differentiation resulting in > 60% of 
cells co-expressing CD271 and SOX10, and 3 - 15 CD271+SOX10+ 
cells per seeded hPSC (n = 2). When 3D hPSC-derived NCCs 
were dissociated and replated on Matrigel®-coated plates, cells 
differentiated and matured into sensory neurons expressing pe-
ripherin and BRN3A. 3D hPSC differentiation to NCCs was also 
validated at a larger scale in a PBS-MINI 0.1 L Bioreactor with sim-
ilar results to the small-scale studies. These results demonstrate 
that the combination of TeSR™ 3D workflows and low-shear bio-
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reactors provides a robust system for the expansion and differen-
tiation of hPSC lines to MKs or NCCs.

Keywords: PSC Manufacturing and Scaleup, PSC Suspension 
Culture, PSC Differentiation in Suspension Culture
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MANIPULATION OF THE NUCLEOSCAFFOLD 
POTENTIATES CELLULAR REPROGRAMMING 
KINETICS
Aguilar, Carlos A. - Department of Biomedical Engineering, 
University of Michigan, Ann Arbor, MA, USA
Yang, Benjamin - Biomedical Engineering, University of 
Michigan, Ann Arbor, MI, USA

Somatic cell fate is an outcome set by the activity of specific tran-
scription factors and chromatin landscape and maintained by 
gene silencing of alternate cell fates through physical interactions 
with the nuclear scaffold. Here we evaluate the role of the nuclear 
scaffold as a guardian of cell fate in human fibroblasts by compar-
ing the effects of transient loss (knockdown) and genetic modi-
fication (progeria) of functional Lamin A/C, a core component of 
the nuclear scaffold. We observed that Lamin A/C deficiency or 
modification disrupts nuclear morphology, heterochromatin lev-
els and increases access to DNA in lamina-associated domains. 
Changes in Lamin A/C were also found to impact mechanical 
properties of the nucleus when measured by a new microfluid-
ic cellular squeezing device. We last show that transient loss of 
Lamin A/C accelerates the kinetics of cellular reprogramming to 
pluripotency through opening of previously silenced heterochro-
matin domains while genetic modification of Lamin A/C into pro-
gerin induces a senescent phenotype that inhibits the induction 
of reprogramming genes. Our results highlight the physical role of 
the nuclear scaffold in safeguarding cellular fate.

Funding Source: NSF CAREER (2045977), NIGMS R01GM123517, 
CDMRP W81XWH2010336 and W81XWH2110491 (C.A.A.), 
Defense Advanced Research Projects Agency (DARPA) “BETR” 
award D20AC0002 (C.A.A.) NIBIB T32 EB005582 (BAY).

Keywords: Reprogramming, Lamina, Microfluidics
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A VERSATILE ANIMAL-COMPONENT FREE 
MEDIUM FOR PSC MONOLAYER AND MID-SCALE 
AGGREGATE SUSPENSION CULTURE
Daniliuc, Sharon - Research and Development, BI Sartorious, 
Kibbutz Beit-Haemek, Israel
Genser-Nir, Mira - Product Development Advanced Therapy, 
Sartorius Stedim, Kibbutz Beit Haemek, Israel
Vossoughi, Amin - Corporate Research, Sartorius, Ann Arbor, MI, 
USA
Robu, Irina - Corporate Research, Sartorius, Ann Arbor, MI, USA
Splan, Dave - Corporate Research, Sartorius, Ann Arbor, MI, 
USA
Traul, Don - Cell Culture Technologies, Sartorius, North America, 
USA
Hamfeldt, Art - Data Science, Sartorius, North America, USA
Miropolski, Yuliya-Yael - Product Development Advanced 
Therapy, Sartorius Stedim, Kibbutz Beit-Haemek, Israel
Sabbah, Rawan - Product Development Advanced Therapy, 
Sartorius Stedim, Kibbutz Beit-Haemek, Israel
Yaseen-Badarne, Wesal - Product Development Advanced 
Therapy, Sartorius Stedim, Kibbutz Beit-Haemek, Israel
Fiorentini, David - Product Development Advanced Therapy, 
Sartorius Stedim, Kibbutz Beit-Haemek, Israel

In the last several years, the number of clinical trials with human 
pluripotent stem cells (hPSC)-based therapies is rapidly increas-
ing. These advancements raise the need for safe and efficient 
system towards large scale expansion. Production of hPSC in high 
quantities for clinical applications using standard 2D adherent 
culture is inefficient and process scalability is difficult. A develop-
ing strategy to overcome these hurdles, is 3D suspension culture 
of pluripotent aggregates in environmentally control bioreactors. 
This approach enables reproducible production of a high num-
bers of pluripotent stem cells that can be used for differentiation 
into mature cells of various tissue types. Aiming for therapeutic 
applications, the quality of culture medium and its performance 
are particularly crucial, since hPSC properties can significantly be 
affected by medium components and culture conditions. More 
than that, with the stringent regulatory requirements the need for 
an Animal-Components Free (ACF) culture media is preferred to 
minimize the risks associated with infectious agents transmission 
and immune rejection of the transplanted cells. The present study 
describes development of a versatile ACF medium suitable for 
hPSC expansion using recombinant matrices (e.g. Laminin, Vit-
ronectin) in 2D culture for multiple passages and as aggregates 
in dynamic small-scale suspension culture (e.g. shaker flasks, 
spinner flasks). This ACF medium was used in design of exper-
iment (DOE) studies implementing MODDE® software to identify 
optimal design space for aggregate formation and growth in the 
Ambr® 250 modular bioreactor. Results show that ACF medium 
enables high proliferation rate of hPSC, while maintaining high 
pluripotency marker expression and stable karyotype. This ad-
vanced culture system would greatly facilitate the development 
of a robust, clinically acceptable culture process for generating 
quality-assured cells.

Keywords: Aggreate suspension culture, Animal-component 
free, Mid-scale expansion
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958

THE PIN-POINT BASE EDITING PLATFORM 
STREAMLINES THE GENERATION OF 
HYPOIMMUNOGENIC IPSCS FOR ALLOGENEIC 
CELL THERAPY
Blassberg, Robert - Base Editing Research and Development, 
Horizon a Perkin Elmer Company, Cambridge, UK
Loesch, Robin - Base Editing Research and Development, 
Horizon a Perkin Elmer Company, Cambridge, UK
Ahamed, Rae - Base Editing Research and Development, 
Horizon a Perkin Elmer Company, Cambridge, UK
Maksimova, Elena - Base Editing Research and Development, 
Horizon a Perkin Elmer Company, Boulder, CO, USA
Harbottle, Jennifer - Base Editing Research and Development, 
Horizon a Perkin Elmer Company, Cambridge, UK
Hemphill, Kevin - Base Editing Research and Development, 
Horizon a Perkin Elmer Company, Boulder, CO, USA
Lambourne, John - Base Editing Research and Development, 
Horizon a Perkin Elmer Company, Cambridge, UK
Van Brabant Smith, Anja - Base Editing Research and 
Development, Horizon a Perkin Elmer Company, Boulder, CO, 
USA
Porreca, Immacolata - Base Editing Research and Development, 
Horizon a Perkin Elmer Company, Cambridge, UK

The Pin-pointTM platform enables the modular assembly of 
base editors composed of a DNA modifying deaminase and a 
DNA binding Cas component via an aptamer encoded in the se-
quence-targeting guide RNA (gRNA). We optimized conditions for 
the delivery of synthetic gRNAs and mRNAs encoding a Pin-point 
base editor composed of Rat APOBEC1 and SpCas9 nickase to 
iPSCs, and demonstrated that simultaneous multiplex editing with 
this editor configuration was significantly more efficient, and re-
sulted in substantially enhanced cell viability and genome integri-
ty compared to CRISPR-Cas9. To apply the Pin-point base editing 
technology to the engineering of hypoimmunogenic allogeneic 
iPSC lines we screened sgRNAs for efficient knock-out of class 1 
and class 2 HLA antigens. Clonal engineered hypoimmunogen-
ic iPSC lines retained pluripotency and could be differentiated 
to products with potential in a range of cell replacement thera-
pies. To expand the utility of the Pin-point platform we optimised 
conditions for the co-delivery of reagents for targeted transgene 
integration and base editing. Combining aptamer containing Pin-
point base editing gRNAs with aptamer-less gRNAs and a donor 
DNA template enabled simultaneous multigene knockout and 
transgene knock-in. The Pin-point platform therefore provides 
the capability to safely, efficiently, and precisely perform multiple 
genome engineering operations in a one-step process, offering 
the opportunity to dramatically streamline the development of al-
logeneic iPSC-derived cell therapies.

Keywords: base-editing, multigene, allogeneic

960

HIGH RESOLUTION SPATIAL TRANSCRIPTOMICS 
OF MAMMALIAN EMBRYONIC DEVELOPMENT
Galonska, Christina - Research and Development, 10x 
Genomics, Sweden
Rouault, Morgane - Sample Prep, 10x Genomics, Stockholm, 
Sweden
Beliakoff, Ghezal - Sample Prep, 10x Genomics, Pleasanton, CA, 
USA
Janesick, Amanda - Sample Prep, 10x Genomics, Pleasanton, 
CA, USA
Faria de Oliveira, Michelli - Sample Prep, 10x Genomics, 
Pleasanton, CA, USA
Mohabbat, Syrus - Sample Prep, 10x Genomics, Pleasanton, CA, 
USA
Williams, Stephen - Comp Biology, 10x Genomics, Pleasanton, 
CA, USA
Gutgesell, Lauren - Molecular Biology, 10x Genomics, 
Pleasanton, CA, USA
Sukovich, David - Molecular Biology, 10x Genomics, Pleasanton, 
CA, USA
Drennon, Tingsheng - Sample Prep, 10x Genomics, Pleasanton, 
CA, USA
Russell, Spontaneous - Product Marketing - Spatial, 10x 
Genomics, Pleasanton, CA, USA
Tentori, Augusto - Microfluidics, 10x Genomics, Pleasanton, CA, 
USA

Embryonic development in time and space is one of the most 
fascinating processes in biology. In recent years, single cell mo-
lecular profiling studies have greatly advanced our knowledge 
of mammalian embryogenesis. However, the loss of anatomical 
information precludes a deeper understanding of the spatio-
temporal regulation of cell identity in the developing embryo. 
The emerging field of spatial transcriptomics closes this gap by 
enabling the profiling of both cell identity and positioning within 
complex tissues. Here, we analyzed the full section of a forma-
lin-fixed, paraffin-embedded (FFPE) mouse embryo using the syn-
ergistic power of both in situ and spatial transcriptomics. In a first 
step, we interrogated the mouse embryo section using the 10x 
Genomics Xenium In Situ platform, a novel high throughput mi-
croscopy-based technology that allows the automated analysis of 
both pre-validated and custom gene panels in situ. The subcellu-
lar resolution of the Xenium In Situ platform enabled us to resolve 
fine morphological structures and zoom into complex anatomi-
cal areas of the early mouse embryo. To leverage the non-de-
structive nature of the Xenium workflow, we next performed H&E 
staining followed by downstream whole transcriptome capture 
using the 10x Genomics Visium CytAssist platform. This novel 
technology allows the transfer of target molecules from any stan-
dard tissue section onto Visium Spatial Gene Expression slide 
capture arrays. Both datasets are highly complementary and to-
gether offer a more complete view on the sample type. It enabled 
us to refine both gene clustering and cell typing and study the 
co-expression of marker genes across the entire embryo section. 
In summary, the integration of both high resolution in situ data 
with the unbiased whole transcriptome readout of Visium provide 
deep insights into the complex spatial organization of the early 
mouse embryo and offer a compelling snapshot of mammalian 
development.

Keywords: Spatial Transcriptomics, In Situ Technology, 
Embryonic Development
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CLASS-I HLA ENGINEERED HIPSCS AS “OFF THE 
SHELF” IMMUNE-MATCHED CELLS FOR CELL 
THERAPY AND REGENERATIVE MEDICINE
Levovitz, Sarah - Biomedical Engineering, New York University, 
New York, NY, USA
Kim, Minjoo - Biomedical Engineering, New York University, NY, 
USA
Jaramillo, Susanna - Biomedical Engineering, New York 
University, NY, USA
Generoso, Serena - Biomedical Engineering, New York 
University, NY, USA
Dara, Sumanth - Biomedical Engineering, New York University, 
NY, USA
Truong, David - Biomedical Engineering, New York University, 
NY, USA

Induced Pluripotent Stem Cells (iPSCs) can be differentiated into 
virtually all cell types and can therefore serve as a renewable 
source of cells for cell therapy and regenerative medicine. How-
ever, using allogeneic cells in clinical settings is limited by the risk 
of adverse immune responses, particularly in cases of HLA mis-
match. Finding HLA-matched donors is a strategy used to prevent 
graft vs. host disease during transplantation, but the likelihood of 
finding a match is slim, especially for individuals with rare HLA 
types. Having banks of iPSCs available for use in cell therapy and 
tissue engineering would significantly increase the availability of 
treatments. Here, we present a strategy for genetically engineer-
ing the MHC I locus of iPSCs to create an on-demand library of 
immune-matched stem cells that can be readily available to treat 
disease in patients with any HLA type. We have deleted the three 
HLA class I loci in human iPSCs and will use this ‘hiPSC blank” 
cell line as a platform to insert HLA types of interest back into 
the genome using our patented REWRITE system. Using yeast re-
combineering, we relocated the HLA-A locus within the 80 kb in-
tergenic region between the HLA-B and HLA-C loci, thereby gen-
erating a 100 kb refactored locus called synHLA, which retains 
native transcriptional control We have also created a minimized 
version of the HLA locus that contains only the HLA-A, -B, and -C 
genes and their respective regulatory regions that are required 
for proper HLA gene expression. We built three HLA haplotypes, 
and integrated one of the 100 kb synHLAs into the hiPSC bank, 
thus generating “HLA personalized” iPSCs. Our method for cre-
ating HLA-engineered iPSCs enables the creation of off-the-shelf 
banks of iPSCs that can be “personalized” for use in any patient. 
Additional cellular reprogramming and gene editing can be per-
formed on these iPSCs to engineer cells and tissues for a variety 
of uses in clinical settings.

Funding Source: NIH (NIAID) Director’s New Innovator Award 
(DP2)

Keywords: Genome Engineering, iPSCs, Off-the-shelf
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A SMART PIPETTING SYSTEM FOR TRACEABLE 
CLONING OF SINGLE STEM CELLS
Baldo, Alessia - Business Development, SEED Biosciences, 
Lausanne, Switzerland
Muller, Georges - CEO, SEED Biosciences, Epalinges, 
Switzerland

The aim of this study was to develop a simple and inexpensive 
method that enables the cloning of living single cells. Most impor-
tantly, the method shall provide an indisputable proof of clonality 
to be compliant with the guidelines published by the WHO. We 
have engineered an impedance-based sensing tip coupled to a 
custom made pipetting system: DISPENCELL. The pipetting ro-
bot allows the isolation of individual single cells while providing 
a record of the trace of impedance. A single peak is the mark of 
a single cell whereas multiple peaks indicate that several cells or 
doublets have been isolated. Impedance records serve as trace-
ability and quality control of the single cell isolation. The capability 
of DISPENCELL to isolate single cells into wells was first tested. 
Of the culture wells that passed the impedance-based quality 
control, 80% of wells contained a single cell, whereas the other 
wells were empty or contained doublets. Next, the cloning pipet-
ting system was tested for its capacity to clone human epidermal 
normal and cancer stem cells as well as rat hair follicle multipo-
tent stem cells. The regenerative capacity of the progeny of each 
clone was then assessed in state-of-the-art in vitro and in vivo as-
says. These tests demonstrated that the cloning pipetting system 
does not impact stem cell properties. Our new impedance-based 
method to isolate single stem cells using DISPENCELL is reliable, 
intuitive and cell-friendly. Above all, it has the capacity to record 
the isolation of single cells, a key feature for regulatory affairs. 
Therefore, it fulfils an unmet need of many scientists in search of 
a single-cell cloning method for the development of biotherapies 
and personalised medicine.

Keywords: stem cell cloning, stem cell functionality, regenerative 
capacity
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NEAR-INSTANT DETECTION OF GLIOMA STEM 
CELLS IN LIVE HUMAN GBM-TISSUE
Hermanson, Ola - Department of Neuroscience, Karolinska, 
Institutet, Stockholm, Sweden
Persson Oscar -  Department of Neuroscience, Karolinska, 
Institutet, Stockholm, Sweden
Neofytou, Christina - Department of Neuroscience, Karolinska, 
Institutet, Stockholm, Sweden
Keane, Lily - Institute of Environmental Medicine, Karolinska, 
Institutet, Stockholm, Sweden
Jensdottir, Margret - Department of Clinical Neuroscience, 
Karolinska, Institutet, Stockholm, Sweden
Ilkhanizadeh Shirin - Department of Neuroscience, Karolinska, 
Institutet, Stockholm, Sweden

Emerging research suggests that failure to target glioma stem 
cells (GSCs) rather than the inability to remove tumors through 
surgery, radi¬ation, or chemotherapy, explains the poor survival 
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of GBM patients. In this study, a luminescent conjugated oligothio-
phene (LCO), named GlioStem (p-HTMI), is used for non-invasive 
and non-amplified real-time detection of GSCs in live human 
GBM-tissue. More than 90 patient samples were stained, quan-
tified, and analyzed by fluorescent microscopy for the presence 
of Gliostem-positive (GS+) cells. Approximately 30 of the samples 
were FACS-sorted for GS+ and GS- cells where quantification by 
FACS could verify microscopy results. In addition, GS+ cells were 
shown to express significantly higher levels of stem cell mark-
ers (CD271, CD133, PDGFRa, CD44) in FACS-experiments. Bulk 
RNA sequencing of 7 GBM patient samples with paired GS+ and 
GS- sorted cells revealed that GS+ patient samples clustered to-
gether, whereas the GS- populations did not cluster to¬gether 
neither with each other nor with the GS+ populations. These data 
suggest a distinct heterogeneity in the GS- samples and a certain 
level of homogeneity regarding the GS+ populations, indepen-
dent of intra-patient or patient-to-patient heterogeneity. More-
over, the GS+ samples were found to express significantly higher 
levels of stem cell markers including SOX10, OLIG1/2, and ASCL1, 
compared to the GS- samples. More specifically, the GS+ samples 
exhibited significantly higher expression of 35 genes associ¬ated 
with stemness compared to the GS- samples, with most markers 
being associated with pre-oligodendrocyte precursor cells (pre-
OPCs) and pro-neural subtypes. Our results suggest that GlioS-
tem is a versatile tool for near-instant and selective detection of 
GSCs in live tumor tissue. Detecting and eliminating these cells 
during tumor resection may therefore be an im¬portant aim in 
efficiently preventing tumor regrowth and would mean a crucial 
step towards increased patient survival.

Funding Source: The Swedish Childhood Cancer Foundation 
(Barncancerfonden), The Swedish Cancer Society 
(Cancerfonden), Bio-X/Tillväxtverket

Keywords: Glioblastoma; Thiophene; Neurosurgery, malign
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DEFINED CGMP ANIMAL-FREE MEDIUM 
SUPPORTS PLURIPOTENT STEM CELLS DURING, 
AND PROMOTES SINGLE-CELL CLONAL 
EXPANSION AFTER, MICROFLUIDIC SORTING
Karpiak, Jerome V. - Research, Defined Bioscience, Inc., CA, 
USA
Aguirre, Gerardo - Research and Development, Defined 
Bioscience, Inc, San Diego, CA, USA
Gordon, Kara - Neurobiology, Vala Sciences, San Diego, CA, 
USA

Pluripotent stem cell (PSC) fate is, by nature, influenced by envi-
ronmental cues. Dissociation, followed by deposition into a sin-
gle-PSC microenvironment to establish a unique clonal cell line 
challenges the status quo of aggregate propagation. Subsequent 
inefficiency of PSC clonal expansion is a barrier to gene editing 
workflows for basic and translational research. Further, success-
ful translation of stem cell-based therapies requires tracking the 
cell product and the components in contact with the product 
throughout the manufacturing process. To facilitate this transi-

tion, new fully defined, animal-free, cGMP-compliant tools are in 
demand. HiDef-B8-cGMP is an optimized PSC maintenance me-
dium manufactured under relevant cGMPs and was developed 
with traceable, animal-free raw materials. Here we describe a pro-
tocol for robust single-cell cloning using microfluidics-based cell 
sorting in combination with HiDef-B8-cGMP complete medium 
used as both sheath fluid, as well as pluripotency maintenance 
medium. A single-cell suspension of PSC was obtained using a 
cGMP-compliant enzymatic reagent. To prevent natural aggrega-
tion in suspension, complete HiDef-B8 was supplemented with 
10% enzymatic reagent and used as “sorting sample buffer.” PSC 
suspensions were then sorted using the gentle WOLF®, a micro-
fluidic cell sorter that facilitates using HiDef-B8 as sheath fluid 
at operating pressure <2 psia. PSC were sorted for SSEA-4 and 
TRA-1-60-R, surface markers of self-renewal and pluripotency. 
Prior to cell sorting and seeding, 70% of the cells were positive 
for SSEA-4 and TRA-1-60-R. After sorting, greater than 90% were 
positive for both markers and greater than 99% of the cells were 
viable via SYTOX Green®. Next, we compared 5-day adherent 
outgrowth in a quantitative multi-well PrestoBlue™ assay after 
seeding PSC from single-cell suspensions and found no differ-
ence in the performance of HiDef-B8-cGMP 400x supplemented 
into Defined Bioscience’s cGMP-compliant stable formulation of 
DMEM:F12 compared to another commercially available formula-
tions of DMEM:F12 also manufactured under cGMP.

Keywords: clonal expansion, cGMP, Microfluidic cell sorting
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USING IPSC AND GENE EDITING TECHNOLOGIES 
TO GENERATE IMMUNE-CLOAKED OFF-THE-
SHELF CELL THERAPIES
Snellenberg, Suzanne - Cell Line Development, Cellistic, 
Belgium
Matsa, Elena - Cell Line Development, Cellistic, Mont-Saint-
Guibert, Belgium
Dakou, Eleni - Cell Line Development, Cellistic, Mont-Saint-
Guibert, Belgium
Lepoivre, Audrey - Cell Line Development, Cellistic, Mont-Saint-
Guibert, Belgium
van Benthem, Anja - Cell Line Development, Cellistic, Mont-
Saint-Guibert, Belgium
Braam, Stefan - Cell Line Development, Cellistic, Mont-Saint-
Guibert, Belgium

Human induced pluripotent stem cells (iPSCs) can be renewed, 
genetically modified, scaled and differentiated into almost any 
cell type. These characteristics make iPSCs an excellent tool for 
CAR cell therapies, with several clinical trials recently initiated. 
However, the risk of immune-rejection caused by the mismatch 
of human leukocyte antigens (HLA) between the therapy and the 
patient poses a challenge to the continued growth of the clinical 
applications of iPSC-based cell therapies. Though solutions, such 
as HLA-banking or generation of iPSCs from each patient have 
been proposed, they are unrealistic given the costs and regulato-
ry compliance required. Generation of immune-cloaked cells can 
be accomplished with gene editing technologies by preventing 
presentation of the HLA class I and II antigens on the cell surface, 
while at the same time overexpressing specific transmembrane 
proteins. This solution will greatly reduce time and expenses 
of cell therapies, with huge benefits for the patients. However, 
application of the CRISPR technology remains challenging for 
generating cells with multiple genetic alterations, especially in iP-
SCs which are sensitive to these procedures. Here we present a 
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streamlined pipeline to produce gene edited iPSCs. We first deter-
mine the editing efficiencies of CRISPR complexes at target sites 
by performing deconvolution of Sanger traces. Once the CRISPR 
components are validated, iPSCs are single sorted and using im-
aging software for systematic monitoring we can assure single 
cell clonality. Clone screening for the correct edits is performed, 
followed by NGS analysis for validation. We have achieved up 
to 90% editing efficiencies using our optimized conditions and 
>30% recovery from single iPSCs. Our bespoke gene editing plat-
form offers state-of-the-art facilities and fits in seamlessly with our 
good manufacturing practice (GMP)-compliant master cell bank-
ing and proprietary cell-specific differentiation pipelines.

Keywords: Allogeneic cell therapy, iPSC based cell therapy, 
Gene editing technology
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IMMUNE SHIELDED AND SAFE IPSC-DERIVED 
CARDIOMYOCYTES FOR HEART REPAIR
Ridders, Katrin - Cell Therapy, Evotec International GmbH, 
Goettingen, Germany
Wolters, Benjamin - Cell Therapy, Evotec International GmbH, 
Cologne, Germany
Weinberger, Florian - Institute for Experimental Pharmacology 
and Toxicology, University Clinic Hamburg-Eppendorf, 
Hamburg, Germany
von Bibra, Constantin - Institute for Experimental Pharmacology 
and Toxicology, University Clinic Hamburg-Eppendorf, 
Hamburg, Germany
Hansen, Arne - Institute for Experimental Pharmacology and 
Toxicology, University Clinic Hamburg-Eppendorf, Hamburg, 
Germany
Manstein, Felix - Cell Therapy, Evotec International GmbH, 
Goettingen, Germany
Rubenchik, Olga - Cell Therapy, Evotec International GmbH, 
Cologne, Germany
Rossa-Riske, Janine - Cell Therapy, Evotec International GmbH, 
Cologne, Germany
Wagner, Tanja - Cell Therapy, Evotec International GmbH, 
Cologne, Germany
Mueller, Katarina - Cell Therapy, Evotec International GmbH, 
Cologne, Germany
Bianco, Alessandra - Cell Therapy, Evotec International GmbH, 
Cologne, Germany
Essougrati, Sara - Cell Therapy, Evotec International GmbH, 
Cologne, Germany
Reinsch, Marina - Institute for Experimental Pharmacology and 
Toxicology, University Clinic Hamburg-Eppendorf, Hamburg, 
Germany
Willbold, Stefanie - Cell Therapy, Evotec International GmbH, 
Goettingen, Germany
Schwarz, Kathrin - Cell Therapy, Evotec International GmbH, 
Goettingen, Germany
Reinbothe, Thomas - Cell Therapy, Evotec International GmbH, 
Goettingen, Germany
Hofmann, Katharina - Metabolic Diseases, Evotec International 
GmbH, Goettingen, Germany
Oliveira Vidal, Ramon - Bioinformatics, Evotec International 
GmbH, Goettingen, Germany
Holtzinger, Audrey - Cell Therapy, Evotec International GmbH, 
Goettingen, Germany
Austen, Matthias - Cell Therapy, Evotec International GmbH, 
Goettingen, Germany
Eschenhagen, Thomas - Institute for Experimental 
Pharmacology and Toxicology, University Clinic Hamburg-
Eppendorf, Hamburg, Germany

Heart failure (HF) is a global health burden aggravated by the 
marginal regenerative capacity of cardiomyocytes. A single myo-
cardial infarction can cause irreversible loss of a billion cardio-
myocytes, leading to HF with reduced ejection fraction (HFrEF). 
Despite optimal medical treatment, HF worsens over time, even-
tually leaving end stage HF patients with ventricular assist de-
vices or rare heart transplantation as last treatment options. Re-
generative cell therapy holds the potential for a novel treatment 
of HFrEF with curative character, and active investigations are 
ongoing to re-muscularize the failing heart with stem cell-derived 
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cardiomyocytes. To offer a safe and sustained therapeutic effect, 
we aim to generate genetically engineered off-the-shelf alloge-
neic iPSC-derived cardiomyocytes (iCMs) that are shielded from 
the patients’ immune system (cloaking), carry a drug-inducible 
kill-switch and possess a safety handle for arrhythmia prevention. 
Using a validated GMP iPSC line as starting material, we have es-
tablished a 10-days GMP-compatible 3D differentiation protocol 
that enables robust and large-scale production of iCMs with very 
high purity and yield. To ensure reproducible quality and safety 
of our cells, we perform stringent monitoring of all process stages 
using a QC panel including, amongst others, flow cytometry, tran-
scriptome analysis, as well as genetic integrity assays. iCMs are 
tested for their contraction and remuscularization capacity in vitro 
and in vivo. Differentiated iCM exhibit a marker profile of >97% 
pure, immature cardiomyocytes. Utilizing our 24-well plate engi-
neered heart tissue platform, we demonstrate contractility and 
maturation capacity of our iCM in vitro. When injected into cryo-
injured hearts of a guinea pig model, the iCM efficiently engraft, 
mature and form contacts with host myocardium. We confirm that 
kill-switch engineered iPSC are sensitive to the inducer drug in a 
dose-dependent manner in vitro.

Keywords: Heart regeneration, iPSC-derived cardiomyocytes, 
Heart failure
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CHARACTERISATION AND EXPERIMENTAL 
TREATMENT OF CARDIOMYOCYTES DERIVED 
FROM HIPSCS FROM A PATIENT WITH 
BAG3P209L MYOFIBRILLAR MYOPATHY
Hesse, Michael - Institute of Physiology, University of Bonn, 
Medical Faculty, Bonn, Germany
Wiemann, Martin - Institute of Physiology, University of Bonn, 
Germany
Rupp, Stefan - Pediatric Heart Center, Justus Liebig University 
Giessen, Germany
Fleischmann, Bernd - Institute of Physiology, University of Bonn 
Medical Faculty and University Hospital, Bonn, Germany

BAG3 is a member of the chaperone-assisted selective autoph-
agy (CASA) complex and plays an important role in cellular pro-
tein homeostasis. A rare exchange of a single nucleotide in the 
BAG3 gene, causing the dominant negative missense mutation 
P209L, leads to myofibrillar myopathy with onset in childhood 
(OMIM: MFM6). Affected patients suffer from muscle dystrophy, 
restrictive cardiomyopathy and neuropathy with a life expectancy 
of around 20 years. For detailed characterisation of the disease 
and to establish new experimental treatments, we established an 
induced pluripotent stem cell (iPSC) line by reprogramming fibro-
blasts from a young patient suffering from BAG3P209L myofibril-
lar myopathy. These iPSCs were differentiated to cardiomyocytes 
(CMs) and further analysed by immune-histology, western-blot 
analysis and live-imaging of beating CMs to get insights into the 
pathomechanism. Previously studies on mice overexpressing hu-
man BAG3P209L showed that a siRNA-mediated knockdown of 
hBAG3P209L rescued the disease’s phenotype. To translate this 
to the human system, we had to identify a point mutation-specific 
siRNA that can distinguish between the wild type and mutated 
BAG3. Therefore, we tested the allele specificity of 19 different 
siRNAs on the expression levels of hBAG3WT and hBAG3P209L 
in patient-derived iPSCs. Our goal was to find an siRNA that spe-
cifically knocks down the expression level of hBAG3P209L. For 
detection we used a single nucleotide polymorphism (SNP) -spe-
cific quantitative PCR assay which is able to determine the ratio 

of hBAG3P209L to BAG3WT-mRNA. We are currently testing the 
most specific siRNAs to analyze whether a specific reduction in 
BAG3P209L expression level can be achieved and whether we 
can thereby achieve a change in the phenotype of the pathology.

Keywords: siRNA-mediated allele-specific knockdown, 
Restrictive cardiomyopathy, MFM6, Patient-specific iPSCs
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A TRANSLATION-UP APPROACH USING 
PLURIPOTENT STEM CELLS TO TREAT CYSTIC 
FIBROSIS
Molnar, Marton L. - Obstetrics, Gynecology and Reproductive 
Sciences, University of California, San Diego, Ventura, CA, USA
Kubal, Jackson - Obstetrics, Gynecology and Reproductive 
Sciences, University of California, San Diego, CA, USA
Zhu, Fugui - Obstetrics, Gynecology and Reproductive Sciences, 
University of California, San Diego, CA, USA
Wilkinson, Miles - Obstetrics, Gynecology and Reproductive 
Sciences, University of California, San Diego, CA, USA

Cystic Fibrosis (CF) is the most common lethal autosomal reces-
sive genetic disease in Caucasians. CF is caused by mutations in 
the cystic fibrosis transmembrane regulator (CFTR) gene, which 
encodes a chloride ion transporter protein. The CF disease land-
scape is varied, with over a thousand CFTR mutations grouped into 
5 classes, each requiring a different therapeutic approach. Here, 
we propose a broadly applicable stem cell-based therapeutic ap-
proach that, in principle, can benefit CF patients harboring any of 
the 5 classes of CFTR mutations. The inspiration for this approach 
came from inspection of the CFTR sequence, which revealed se-
quences in its 5’ UTR suggestive of sub-optimal translation. This 
raised the possibility that eliminating the sub-optimal elements 
in the CFTR 5’UTR could increase CFTR translation. The follow-
ing data supported this hypothesis: First, we found that a single- 
nucleotide substitution at a key Kozak consensus site following 
the CFTR start ATG significantly increased reporter expression in 
transfected 16HBE bronchial epithelial cells. Second, we identi-
fied and removed an upstream open-reading frame (uORF) in the 
CFTR 5’ UTR, which also increased reporter expression. Third, a 
double mutation improving both the Kozak consensus sequence 
and eliminating the uORF led to a synergistic (3.5 fold) increase in 
reporter expression. Experiments are in progress to make these 2 
mutations in the endogenous CFTR gene in pluripotent stem cell 
lines harboring CFTR G542X and W1282X nonsense mutations 
. By differentiating these iPSCs into mature lung cells, we will 
test their ability to confer therapeutic benefit to the lung, which 
is the primary site of CF disease pathology. We propose that this 
“translation-up” stem-cell approach will be universally applicable 
to all CF patients. Those with only modestly compromised CFTR 
function may benefit from this approach alone, while those with 
severely compromised CFTR function will require pairing of the 
translation-up approach with currently existing therapeutics, such 
as CFTR modulator drugs and PTC-readthrough drugs.

Keywords: iPSC, cystic fibrosis, guided differentiation
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IDENTIFYING BIOMARKERS OF RETINAL 
PIGMENT EPITHELIAL CELL STEM CELL-
DERIVED RPE CELL HETEROGENEITY AND 
TRANSPLANTATION EFFICACY
Farjood, Farhad - NSCI, Neural Stem Cell Institute, Rensselaer, 
NY, USA
Manos, Justine - AbbVie, Cambridge, MA, USA
Wang, Yue - NSCI, Neural Stem Cell Institute, Rensselaer, NY, 
USA
Williams, Anne - NSCI, Neural Stem Cell Institute, Rensselaer, 
NY, USA
Zhao, Cuiping - Regeneron Pharmaceuticals Inc, Rensselaer, 
NY, USA
Borden, Susan - NSCI, Neural Stem Cell Institute, Rensselaer, 
NY, USA
Alam, Nazia - Burke Neurological Institute, Weill Cornell 
Medicine, White Plains, NY, USA
Prusky, Glen - Burke Neurological Institute, Weill Cornell 
Medicine, White Plains, NY, USA
Temple, Sally - NSCI, Neural Stem Cell Institute, Rensselaer, NY, 
USA
Stern, Jeffrey - NSCI, Neural Stem Cell Institute, Rensselaer, NY, 
USA
Boles, Nathan - NSCI, Neural Stem Cell Institute, Rensselaer, NY, 
USA

Transplantation of retinal pigment epithelial (RPE) cells holds great 
promise for patients with retinal degenerative diseases such as 
age-related macular degeneration. In-depth characterization of 
RPE cell product identity and critical quality attributes are needed 
to enhance efficacy and safety of replacement therapy strategies. 
Here we characterized an adult RPE stem cell-derived (RPESC-
RPE) cell product using bulk and single cell RNA sequencing 
(sc-RNA-seq), assessing functional cell integration in vitro into a 
mature RPE monolayer and in vivo efficacy by vision rescue in the 
Royal College of Surgeons rats. scRNA-seq revealed several dis-
tinct subpopulations in the RPESC-RPE product, some with pro-
genitor markers. Our gene expression analysis revealed a lncRNA 
(TREX) as a predictive marker of in vivo efficacy and integration. 
TREX knockdown decreased cell integration while overexpres-
sion increased integration in vitro and improved vision rescue in 
the RCS rats. Our scRNA analysis identified specific RPE clusters 
that express TREX, suggesting that select subpopulations may 
differentially influence the efficacy of RPE transplantation.

Funding Source: This study was funded by the National Eye 
Institute, National Institutes of Health (R01EY029281 to J.H.S.)

Keywords: RPE stem cell transplantation, Regenerative 
medicine, Biomarker discovery
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CONTROLLED HEMATOPOIETIC LINEAGE 
SPECIFICATION USING MORPHOGEN IN HUMAN 
PLURIPOTENT STEM CELLS
Kim, Jieun - National Primate Research Center (NPRC), Korea 
Research Institute of Bioscience and Biotechnology (KRIBB), 
Cheongju-si, Korea
Lee, Jonghee - National Primate Research Center (NPRC), 
Korea Research Institute of Bioscience and Biotechnology, 
Cheongju-si, Korea

Human pluripotent stem cells (hPSCs) have infinite potentials for 
regenerative medicine. Among them, artificial blood technology, 
which uses stem cells to make various blood components, is cur-
rently at the basic level of research. Retinoic acid (RA) signaling is 
known to regulate definitive hematopoietic development during 
embryogenesis. However, the role and consequences are not 
well understood when RA signaling at each step of the blood dif-
ferentiation. Here we show that RA has an effect on Hemogenic 
Endothelium (HE). Modulation of RA signaling at the HE formation 
stage does not affect HE production, but it does make a differ-
ence between hematopoietic progenitor cells and mature blood 
cells by regulating the function of HE. In addition, RA develops 
the functional properties of hematopoiesis upon temporary treat-
ment on hematopoietic progenitor cells. The potential of RA to 
differentiate from hematopoietic progenitors into specific blood 
lineage provides clear signal conditioning for application in spe-
cific hematopoiesis process. Our study reveals a previously unex-
plained RA signaling pathway during early human hematopoiesis, 
and demonstrates distinct role of fate specification and functional 
activation through temporal RA regulation.

Funding Source: This research was supported by the KRIBB 
Research Initiative Program Grants (KGM4562323), the Korea 
government (MSIT) (NRF-2019R1A2C1086988), and the Korea 
government (MSIT) (NRF-2022M3A9E4082684)

Keywords: human pluripotent stem cell, hematopoiesis, retinoic 
acid
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HUMAN PLURIPOTENT STEM CELLS DERIVED 
ENDOTHELIAL CELLS REPAIR CHOROIDAL 
ISCHEMIA
Na, Jie - Department of Basic Medical Sciences/School of 
Medicine, Tsinghua University, Beijing, China

Choroidal atrophy is a common fundus pathological change 
closely related to the development of age-related macular de-
generation (AMD), retinitis pigmentosa, and pathological myopia. 
Studies suggested that choroidal endothelial cells (CECs) that 
form the choriocapillaris vessels are the first cells lost in choroidal 
atrophy. Therefore, restoring the choriocapillaris vessels is crucial 
to the prognosis of the above diseases. We found that endothe-
lial cells derived from human pluripotent stem cells (hPSC-ECs) 
through the MESP1+ mesodermal progenitor stage expressed 
CECs specific markers and can integrate into choriocapillaris. In 
a rat model of choroid ischemia (CI), transplantation of hPSC-ECs 
into the suprachoroidal space increased choroid thickness and 
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vasculature density. Close-up examination showed that engraft-
ed hPSC-ECs formed new blood vessels and integrated with ex-
isting rat vessels. Our work demonstrated that hPSC-ECs could 
be used to repair choroidal ischemia in the animal model, which 
may lead to a new therapy to alleviate choroidal atrophy implicat-
ed in AMD and other ocular diseases such as retinitis pigmento-
sa, and pathological myopia.

Keywords: Choroidal ischemia, human pluripotent stem cells, 
endothelial cells
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OPTIMIZATION OF IN VITRO SAFETY ASSAYS 
FOR GENE THERAPY TO PREDICT RETROVIRAL 
VECTOR-INDUCED GENOTOXICITY
Bastone, Antonella L. - Institute of Experimental Hematology 
and REBIRTH - Research Center for Translational Regenerative 
Medicine, Hannover Medical School, Hannover, Germany
John-Neek, Philipp - Institute of Experimental Hematology and 
REBIRTH - Research Center for Translational Regenerative 
Medicine, Hannover Medical School, Hannover, Germany
Dziadek, Violetta - Institute of Experimental Hematology and 
REBIRTH - Research Center for Translational Regenerative 
Medicine, Hannover Medical School, Hannover, Germany
Fleischauer, Jenni - Institute of Experimental Hematology and 
REBIRTH - Research Center for Translational Regenerative 
Medicine, Hannover Medical School, Hannover, Germany
Mansel, Friederike - Institute of Experimental Hematology and 
REBIRTH - Research Center for Translational Regenerative 
Medicine, Hannover Medical School, Hannover, Germany
Schambach, Axel - Institute of Experimental Hematology, 
REBIRTH - Research Center for Translational Regenerative 
Medicine, Hannover Medical School, Hannover, Germany 
and Division of Hematology and Oncology, Boston Children’s 
Hospital, Boston, USA
Rothe, Michael - Institute of Experimental Hematology and 
REBIRTH - Research Center for Translational Regenerative 
Medicine, Hannover Medical School, Hannover, Germany

Severe adverse events (SAE) in retroviral vector-mediated gene 
therapy clinical trials urge the field for a more reliable pre-clinical 
safety assessment. Lymphoid and myeloid leukemia were trig-
gered in some of the treated patients due to the dysregulation 
of proto-oncogenes neighboring the vector´s insertion sites. We 
previously developed the In Vitro Immortalization Assay (IVIM) 
and Surrogate Assay for Genotoxicity Assessment (SAGA) to 
quantify the genotoxic risk of integrating vectors. Here, murine 
hematopoietic stem and progenitor cells (mHSPCs) transduced 
with mutagenic vectors acquire a proliferation advantage under 
limiting dilution (IVIM) and activate stem cell-like and cancer-re-
lated transcriptional programs (SAGA). However, both assays are 
limited by a myeloid differentiation bias. To broaden the spec-
trum of insertional mutants detected, we differentiated mHSPCs 
to mature T cells and analyzed their phenotype, insertion site pat-
terns, and gene expression changes after transduction with ret-
roviral vectors with different genotoxic potentials. We show that 
a highly mutagenic gammaretroviral vector induced a block in T 
cell differentiation at an early progenitor stage, which coincided 
with the uprising of a distinct oncogenic signature detected by 
the machine-learning algorithm in SAGA. Characteristic insertions 
nearby the leukemogenic transcription factor Lmo2 were present 
in the dominant clones, reproducing clinical observations. In this 
setting, a safer self-inactivating lentiviral vector (SIN-LV) with an 
internal cellular promoter behaved similarly to untransduced sam-

ples. However, further optimization is still needed to bring this 
assay further in the pre-clinical stage. Currently, we are testing 
the sensitivity of the new lymphoid pipeline with other SIN-LV de-
signs relevant to the field, e.g., containing strong internal viral-de-
rived promoters (SFFV, MND). Aiming towards a more accessible 
readout, we are evaluating the expression levels of the lymphoid 
predictors found by SAGA using a qPCR panel, thus reducing 
costs and technical complexity. Lastly, ectopic overexpression of 
the candidates in the lymphoid and myeloid IVIM/SAGA assays 
will likely lead to a better understanding of the mechanisms un-
derlying insertional mutagenesis.

Keywords: genotoxicity prediction, retroviral vectors, gene 
therapy
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DEVELOPMENT OF INDUCED PLURIPOTENT 
STEM CELL-DERIVED T CELLS AS A NOVEL 
THERAPEUTIC PLATFORM FOR CANCER 
IMMUNOTHERAPY
Arima, Suguru - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Fujisawa, Japan
Miyake, Yasuyuki - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Iriguchi, Shoichi - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan
Kunitomo, Mihoko - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Fujisawa, Japan
Takiguchi, Maiko - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Fujisawa, Japan
Matsuda, Atsushi - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Fujisawa, Japan
Shinohara, Tokuyuki - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Fujisawa, Japan
Koga, Keiko - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Fujisawa, Japan
Hayashi, Akira - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Fujisawa, Japan
Kassai, Yoshiaki - T-CiRA Discovery and Innovation, Takeda 
Pharmaceutical Company, Fujisawa, Japan
Kaneko, Shin - Center for iPS Cell Research and Application 
(CiRA), Kyoto University, Kyoto, Japan

CAR-T therapy has been one of the most highly acclaimed can-
cer treatments for the past decade. This has been found to be 
particularly effective against some types of hematological malig-
nancies, and it is anticipated that more simplified, less expensive 
and more effective cancer immune cell therapies will be realized 
for clinical application. The most advanced of these is the re-
generation of immune cells using induced pluripotent stem cell 
(iPSC), and significant investments are being made to develop 
platforms using iPS cell-derived immune cells, such as iPSC-de-
rived NK cells. Clinically validated products, such as autologous 
CD19 CAR-T have further encouraged these, while many iPS-de-
rived immune cells reported are classified as innate immune 
system, thus iPS-derived immune cells which mimics adaptive 
immune system are the next challenge. In this study, we intro-
duce the novel iPSC-derived T cell (iPS-T) platform development 
which conveys adaptive signatures such as CD4, CD8 and alpha / 
beta TCR. These iPS-T cells can be generated in organoid-based 
condition which employs thymic T cell differentiation and don’t 
require murine-derived feeder cells. Robustness, reproducibility 
and less technical burden are typical improvement for this culture 
method, suggesting potential application to clinical manufactur-



448

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 C
Li

N
iC

A
L 

A
P

P
Li

C
A

T
iO

N
S

 (
C

A
)

ing process. To characterize the functional properties of these or-
ganoid-derived iPS-T cells, we have harbored CD19-targeted chi-
meric antigen receptor and found potent anti-tumor effects both 
in vitro and vivo. Collecting together, these finding provide new 
insight into the potential of iPS cells for production of a broader 
range of functional immune system and their potential for clinical 
applications as the novel off the shelf cancer immunotherapy.

Keywords: iPSC, T cell development, Immunotherapy

131

CONTINUOUS PRODUCTION OF FEEDER-
FREE HUMAN IPSC-DERIVED DENDRITIC CELL 
SUBSETS FOR THERAPEUTIC APPLICATIONS
Saleh, Fawaz - Pediatric Pneumology, Allergology and 
Neonatology and Leibniz Research Laboratories for 
Biotechnology and Artificial Organs (LEBAO), Hannover Medical 
School, Hannover, Germany
Jirmo, Adan - Pediatric Pneumology, Allergology and 
Neonatology, Hannover Medical School, Hannover, Germany
Carvalho Oliveira, Marco - Pediatric Pneumology, Allergology 
and Neonatology, Hannover Medical School, Hannover, 
Germany
Kloos, Doreen - Pediatric Pneumology, Allergology and 
Neonatology, Hannover Medical School, Hannover, Germany
Santamorena, Maria - Institute for Transfusion Medicine and 
Transplant Engineering, Hannover Medical School, Hannover, 
Germany
Eiz-Vesper, Britta - Institute for Transfusion Medicine and 
Transplant Engineering, Hannover Medical School, Hannover, 
Germany
Hansen, Gesine - Pediatric Pneumology, Allergology and 
Neonatology, Hannover Medical School, Hannover, Germany
Zweigerdt, Robert - Leibniz Research Laboratories for 
Biotechnology and Artificial Organs (LEBAO), Department 
of Cardiothoracic, Transplantation, and Vascular Surgery, 
Hannover Medical School, Hannover, Germany
Lachmann, Nico - Pediatric Pneumology, Allergology and 
Neonatology, Hannover Medical School, Hannover, Germany

The number of human clinical trials employing hematopoietic 
stem cells (HSCs) and their derivatives – including dendritic cells 
(DCs) – for cell-based immunotherapies is increasing substantial-
ly. However, hurdles such as donor availability, donor cell quali-
ty, quantity amongst other factors limit the broad applicability of 
primary donor cells. Instead, human induced pluripotent stem 
cells (hiPSC) might serve as an alternative approach to generate 
specific immune cell types in scalable numbers for future innova-
tive cellular immunotherapies. We previously reported the ability 
to continuously produce hiPSC-macrophages in long-term cul-
tures for several months. Here, we extend this technology and 
report continuous production of iPSC-derived DCs (iDCs). By 
nature, DCs are a heterogeneous population of cells that func-
tion as sentinels of the immune system and play an essential role 
in the initiation and regulation of immune responses. Given the 
importance of these cells in immune regulation and activation, 
iDCs may pave the way for potential innovative immunothera-
pies. Our novel method entails pre-culture of iPSC followed by 
the generation of 3D aggregates (hemanoids) with hematopoietic 
potential expressing CD309+,TRA-160- (99%±3%) CD34+CD144+ 
(25%±5%). By adding defined cytokines to control DC fate, we 
can continuously generate different subsets of iDCs that are pro-
duced semi-weekly to weekly in continuous scalable cultures for 
more than five weeks. Of note, we have developed three differ-

ent protocols to generate multiple iDC subsets representing DCs 
from FLT3, GM-CSF, and AhR antagonist cultures. Interestingly, 
we observed similar immunophenotype profile (CD123+CD141-, 
CD123+CD141+, CD123-CD141+, CD123-CD141-) in all three iDC 
cultures and noted differences in the expression ratios of the dif-
ferent populations in the culture conditions. In terms of function-
ality, the generated iDCs possess antigen-processing capabilities 
associated with increased MHC II expression. Furthermore, we 
observed HCMV transfectability in our DCs, which could be used 
as targets for the generation of HCMV-specific T cells against var-
ious naturally occurring HCMV epitopes. In summary, we present 
innovative methods for the continuous generation of fully func-
tional DC subsets for future therapeutic applications.

Keywords: iPSC derived Dendritic Cell Subsets, Cell 
Manufacturing, Immunotherapies
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VENETOCLAX-RESISTANT IPSC-DERIVED 
NATURAL KILLER CELLS FOR IMPROVED 
LEUKEMIA TREATMENT
Shia, Samuel - Biology, CSU San Marcos, CA, USA
Goldenson, Benjamin - Medicine, University of California, San 
Diego, CA, USA
Kaufman, Daniel - Medicine, University of California, San Diego, 
CA, USA

This study investigates the derivation and use of venetoclax-re-
sistant induced pluripotent stem cell (iPSC)-derived natural killer 
(NK) cells as a cellular therapy treatment for acute myeloid leu-
kemia (AML). AML is one of the most aggressive blood cancers, 
and less than half of patients are cured. NK cells, known to have 
potent anti-AML activity, and venetoclax, an anti-cancer drug, are 
promising treatment options for curing AML in patients. Veneto-
clax has anti-leukemia activity through its inhibition of the BCL-
2 protein—a mitochondrial protein that regulates apoptosis and 
is often abnormally activated in AML cells. However, treatment 
of patients with venetoclax has the unintended consequence of 
killing immune cells important in controlling AML, including NK 
cells. Here, venetoclax-resistant iPSC-NK cells are generated by 
use of CRISPR-Cas 9 gene editing to knock-in the BCL2 G101V 
mutation that has been demonstrated to mediate venetoclax re-
sistance into iPSCs. After this gene editing, iPSCs homozygous 
for the mutation were selected. The mutant iPSCs were then dif-
ferentiated into NK cells, using methods standard by our group. 
The venetoclax-resistant, BCL2 G101V NK cells were found to be 
approximately 100-fold more resistant to venetoclax than wild-
type cells. A 36-hour Incucyte cytotoxicity assay testing the killing 
activity of NK cells against the MOLM-13 AML cell line found that 
the mutant NK cells retained their cytotoxicity in the presence of 
venetoclax, while the wildtype cells were inhibited. Additional 
degranulation and cytokine production assays also demonstrate 
the BCL2 G101V NK cells were unaffected by venetoclax. Addi-
tionally, BCL2-G101V-iPSC-NK cells demonstrated improved cyto-
toxicity against both wildtype and venetoclax-resistant MOLM-13 
cells, when compared to the wildtype NK cells. We are currently 
doing studies to treat mice with combination therapy consisting 
of venetoclax and the BCL2-G101V-iPSC-NK cells, to evaluate the 
effectiveness of the combined treatment in an in-vivo model. The 
outcome of this study will contribute to the development of a nov-
el, effective, combination leukemia therapy.

Keywords: NK cell, immunotherapy, iPSC induced pluripotent 
cell
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COMPARISON OF ISOLATION MODALITIES OF 
EXTRACELLULAR VESSICLES FROM BIOFLUIDS
Duran, Julian Xavier - Center for Surgical Bioengineering, 
University of California Davis, Sacramento, CA, USA
Armador, Ashley - Center for Surgical Bioengineering, University 
of California, Davis, Sacramento, CA, USA
Clark, Kaitlin - Center for Surgical Bioengineering, University of 
California, Davis, Sacramento, CA, USA
Kumar, Priyadarsini - Center for Surgical Bioengineering, 
University of California, Davis, Sacramento, CA, USA
Wang, Aijun - Center for Surgical Bioengineering, University of 
California, Davis, Sacramento, CA, USA
Wang, David - Center for Surgical Bioengineering, University of 
California, Davis, Sacramento, CA, USA

In the search for novel biomarkers of disease, extracellular ves-
icles (EVs) have emerged as a promising tool for biomarker dis-
covery. As mediators of cell-cell communication, EVs are enriched 
in many biofluids such as plasma and serum. EVs contain pro-
teins and other biomolecules that regulate both homeostatic and 
pathological processes. Obtaining blood samples for disease di-
agnosis is relatively noninvasive, simple, and cost effective. How-
ever, methodology for EV isolation is limited by EV heterogenetic 
and yield. To address these challenges, the goal of the current 
project is to investigate EV isolation strategies from biofluids for 
biomarker discovery. For identification of EV-derived prognostic 
and diagnostic biomarkers, optimal methodology of EV isolation 
from human biofluids must be established. In this study, serum 
and platelet poor plasma (PPP) were used. EVs were isolated us-
ing size exclusion chromatography (SEC), tangential flow filtration 
(TFF) and centrifugal filters. Nanoparticle tracking analysis (NTA) 
was performed to quantify EV yield and purity. PPP and serum 
isolated from whole blood samples were collected from healthy 
donors. From 150uL samples, 2.6e10 EVs/mL were isolated using 
TFF for serum and 2.85e10 for PPP, 1.14e10 EVs/mL using SEC for 
serum and 7.58e09 for PPP, and 7.35e13 using centrifugal filters 
for serum and 4.13e13 for PPP. EVs from all modalities had com-
parable properties with a median size of 149.25nm and average 
zeta potential of -15.70mV. Preliminary data indicates the highest 
EV yield from centrifugal filters but low purity of EVs. TFF and SEC 
had lower EV yield with higher purity. Therefore, TFF and SEC will 
be explored in future studies with additional EV characterization 
tools for biomarker discovery applications. This study will have 
significant implications for early diagnosis and treatment monitor-
ing in a range of diseases.

Keywords: Extracellular Vesicles, Biomarker, Spinal Cord Injury
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TRANSFUSION-READY RED BLOOD CELL 
GENERATION FROM HUMAN INDUCED 
PLURIPOTENT STEM CELLS
Varga, Eszter - Hematopoiesis, Sanquin Research Amsterdam, 
Netherlands
Chavli, Athina - Hematopoiesis, Sanquin Research Amsterdam, 
Netherlands
Paskel, Ruthmila - Hematopoiesis, Sanquin Research 
Amsterdam, Netherlands
Ramlal, Renuka - Hematopoiesis, Sanquin Research Amsterdam, 
Netherlands
Brandsma, Eelke - Hematopoiesis, Sanquin Research 
Amsterdam, Netherlands
Iacono, Giulia - Hematopoiesis, Sanquin Research Amsterdam, 
Netherlands
Klijn, Marieke - Biotechnology, Tu Delft, Delft, Netherlands
Haringa, Cees - Biotechnology, Tu Delft, Delft, Netherlands
Hansen, Marten - Hematopoiesis, Sanquin Research 
Amsterdam, Netherlands
von Lindern, Marieke - Hematopoiesis, Sanquin Research 
Amsterdam, Netherlands
van den Akker, Emile - Hematopoiesis, Sanquin Research 
Amsterdam, Netherlands

There is constant need of blood products that are generally rely 
on blood donations, although the world-wide demand do not 
meet availability. In vitro red blood cell (RBC) production would 
substantially supplement this need, and would provide further 
benefits such as thoroughly screened products, possibility of ge-
netic manipulation and therapeutic loading. IPSC is a promising 
cell source to derive transfusable RBCs and blood products due 
to their immortality, donor independency, availability in GMP-
grade and as universal source (e.g. HLA-matched, blood group 
matched). However till to date the field lacks a sufficient iPSC dif-
ferentiation protocol, that is capable of reaching required eryth-
roid yield suffice transfusion, due to developmental immaturity, in-
efficient enucleation (5-25%) and traditionally applied small-scale, 
static culture conditions. RBC-transfusion products generally con-
tain large cell quantity (10^11-12 cells/unit) and to be able to prop-
agate that, feasible iPSC differentiation with high enucleation and 
scalable, suspension culturing allowing bioreactor applications is 
required. Here we describe a 4 phase iPSC to RBC differentia-
tion platform and their translation process from static/adherent 
to dynamic/suspension culture condition, allowing scalability and 
eventual bioreactor application. Our system gives rise to ~16000 
fold increase in cell number, with a constant 50-60% enucleation, 
thus a mini-transfusion (10^11 RBC, required in phase I trial) ac-
cording to our calculation could be generated from 6x10^6 iPSC 
in bioreactors. The iRBC derived here, passed the necessary 
functional assays, including but not limited to morphological anal-
yses, hemoglobin content, blood group phenotype, deformability, 
oxygen dissociation. The stability of iRBC is currently tested in 
mouse transfusion experiments using humanized MISTRG mice. 
Translation to bioreactors, including novel bioreactor design, cul-
turing parameters, feeding regimen, in house GMP-grade media 
development is momentarily ongoing. In conclusion, an efficient 
4 phase iPSC-RBC differentiation and their translation to dynamic 
culturing described here for the first time, provides a bridge from 
small-scale static culturing to large-scale bioreaction RBC produc-
tion aiding clinical transfusion application.

Keywords: red blood cell, transfusion, cellular therapy
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DEVELOPMENT OF AN OFF-THE-SHELF 
ALLOGENIC ANTI-CANCER CELL THERAPY USING 
POTENT IPSC-DERIVED NATURAL KILLER CELLS
Grandolfo, Davide - iPSC Cell Therapy, Evotec International 
GmbH, Göttingen, Germany
Pichery, Mélanie - Evotec France SAS, Toulouse, France
Richter, Mandy - Evotec International GmbH, Göttingen, 
Germany
Beuraud, Chloe - Evotec France SAS, Toulouse, France
Hublitz, Philip - Evotec International GmbH, Göttingen, Germany
Schneider, Tanja - Evotec International GmbH, Göttingen, 
Germany
Fabre, Marion - Evotec France SAS, Toulouse, France
Gador, Mylene - Evotec France SAS, Toulouse, France
Betous, Delphine - Evotec France SAS, Toulouse, France
Bastida, Alexia - Evotec France SAS, Toulouse, France
Ysebaert, Loïc - IUCT- Oncopole, Toulouse, France
Despas, Fabien - IUCT- Oncopole, Toulouse, France
Paillasse, Michael - Evotec France SAS, Toulouse, France
Sommermeyer, Daniel - Evotec International GmbH, Göttingen, 
Germany
Austen, Matthias - Evotec International GmbH, Göttingen, 
Germany
Esquerre, Michael - Evotec France SAS, Toulouse, France
Holtzinger, Audrey - Evotec International GmbH, Göttingen, 
Germany
Scheel, Andreas - Evotec International GmbH, Göttingen, 
Germany
Dangl, Markus - Evotec International GmbH, Göttingen, Germany
Wagner, Nadja - Evotec International GmbH, Munich, Germany

Autologous CAR-T cell therapies have been a game changer in 
the treatment of specific patient subsets and forms of cancer. 
However, many challenges remain, including manufacturing com-
plexity for patient-derived cell products, insufficient starting ma-
terial in immune-exhausted patients, limited therapeutic efficacy 
against solid tumors, and antigen escape, all of which can limit the 
durability of response or prevent success in a broad range of can-
cer types. Human iPSCs can solve some of these hurdles by pro-
viding unlimited starting material for manufacturing of allogenic, 
off-the-shelf cell products, thereby simplifying logistics with lower 
overall cost per dose. In addition, iPSCs can be genetically modi-
fied at the pluripotent stage to give rise to a range of functionally 
enhanced end products after directed differentiation. Given the 
innate anti-tumor potential of NK cells against solid tumors due to 
their immunosurveillance ability, modified NK cells have emerged 
as a potential alternative to CAR-T cell therapies. CAR-NK cells 
increase specific tumor killing retaining their natural tumor rec-
ognition and killing ability, lack the potential to cause GvHD, 
and trigger minimal to no cytokine release syndrome (CRS). As 
part of the EVOcells oncology programs, we have established a 
scalable feeder- and cell sorting-free process that reproducibly 
generates highly pure iPSC-derived natural killer (iNK) cells. Our 
iNK product shows typical NK cell morphology, marker expres-
sion profile and function, including ADCC, cytokine secretion, and 
strong anti-tumor killing activity. Using a GMP iPSC line and our 
optimized GMP-compatible gene-editing workflow, we have ob-
tained CAR-expressing iPSC clones and differentiated them into 
CAR-iNK cells. Stringent QC of pluripotent starting material, in-
termediate and end product confirmed genetic integrity, proper 
CAR expression, functionality and purity of the CAR-iNK product. 
Using our scalable EVOcells iNK differentiation process, we gen-

erate highly pure and potent iNK cells. Genetic modification of a 
GMP iPSC line and subsequent differentiation results in CAR-iNKs 
with strong target-specific cytotoxic activity against primary tumor 
samples and tumor cell lines in vitro, indicating their great poten-
tial as an alternative to autologous CAR cell therapies.

Keywords: iPSCs, NK cells, Cell therapy
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EPITOPE ENGINEERED HEMATOPOIETIC STEM 
AND PROGENITOR CELLS TO ENABLE MULTI-
SPECIFIC CAR-T CELLS FOR ACUTE MYELOID 
LEUKEMIA
Casirati, Gabriele - Pediatric Oncology, Dana Farber Cancer 
Institute, Boston, MA, USA
Cosentino, Andrea - Pediatric Oncology, Dana Farber Cancer 
Institute, Boston, MA, USA
Mucci, Adele - Pediatric Oncology, Boston Children’s Hospital, 
Boston, MA, USA
Mahmoud, Mohamed - Department of Zoology, College of 
Science, Fayoum University, Fayoum, Egypt
Klatt, Denise - Pediatric Oncology, Dana Farber Cancer Institute, 
Boston, MA, USA
Pellin, Danilo - Pediatric Oncology, Boston Children’s Hospital, 
Boston, MA, USA
Brendel, Christian - Pediatric Oncology, Boston Children’s 
Hospital, Boston, MA, USA
Ritz, Jerome - Connell-O’Reilly Cell Manipulation, Core Facility, 
Dana-Farber Cancer Institute, Boston, MA, USA
Armstrong, Scott - Pediatric Oncology, Dana Farber Cancer 
Institute, Boston, MA, USA
Genovese, Pietro - Pediatric Oncology, Dana Farber Cancer 
Institute, Boston, MA, USA

Despite the use of hematopoietic stem/progenitor (HSPC) cell 
transplantation (HSCT), acute myeloid leukemia (AML) is associ-
ated with a poor outcome for >50% of patients. Whereas novel 
immunotherapies, such as CAR T cells and bispecific antibodies 
(Ab), demonstrated efficacy targeting a dispensable lineage an-
tigen (Ag), such as CD19 in B-ALL, this approach cannot be ex-
ploited for AML, due to lack of actionable leukemia-restricted 
Ags and severe on target off tumor toxicity. We reasoned that 
precise modification of the target epitope in donor HSPC used in 
HSCT would result in loss of recognition, without affecting protein 
expression and function. Epitope editing allows targeting genes 
essential for AML survival, minimizing the risk of immune escape. 
As proof of concept, we selected the cytokine receptors FLT3, 
KIT, CD123 and identified amino acid changes in their extracellu-
lar domains that preserve surface expression, ligand binding and 
kinase activation but avoid detection by therapeutic mAbs. These 
variants were resistant to CAR killing and did not induce CAR ac-
tivation in co-culture assays. We introduced these mutations by 
adenine base editing (BE) achieving up to 90%, 85% and 75% 
efficiency in CD34+ HSPCs on FLT3, KIT and CD123, respectively. 
To assess if CAR-T cells can eliminate AML while sparing edit-
ed hematopoiesis, we sequentially engrafted NBSGW mice with 
HSPCs, human patient derived AML xenografts (PDX) and FLT3 or 
CD123 CAR T cells. FLT3 and CD123 edited HSPC sustained long-
term multilineage hematopoiesis indicating successful editing of 
HSCs. Upon treatment with CAR T, we observed eradication of 
AML PDXs while sparing healthy hematopoiesis (B cells, GMP, 
LMPP and CD34+38- HSPCs for FLT3 CAR; dendritic cells and 
myeloid lineages for CD123 CAR) in mice engrafted with edited 
HSPCs but not in AAVS1BE controls. To assess multiplexing, we 
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tested all combinations of FLT3, KIT and CD123 BE, which provid-
ed superior protection when challenged with dual/triple specific 
CAR. Dual FLT3+CD123 BE protected hematopoietic lineages in 
mice treated with FLT3+CD123 CAR, which in turn eradicated a 
PDX resistant to FLT3 targeting alone. Transplantation of epitope 
engineered HSPCs endowed with selective resistance to CAR or 
Ab is a novel approach to enable more effective and safer immu-
notherapies for high-risk AML patients.

Funding Source: LRF, CCRF

Keywords: Epitope engineering, Acute Myeloid Leukemia, 
CAR-T cells
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ENGINEERING RENEWABLE FORMS OF HUMAN 
LIVER TISSUE TO TREAT AND MODEL DISEASE
Hay, David C. - Centre for Regenerative Medicine, University of 
Edinburgh, UK
Szkolnicka, Dagmara - Research and Development, Stimuliver, 
Copenhagen, Denmark

Liver disease is an escalating global health issue. While liver 
transplantation is an effective mode of therapy, patient mortality 
has increased due to the shortage of donor organs. Developing 
renewable sources of human liver tissue is therefore attractive. 
Pluripotent stem cell-derived liver tissue represents a potential al-
ternative to cadaver derived hepatocytes and whole organ trans-
plant. At present, two dimensional differentiation procedures 
deliver tissue lacking certain functions and phenotypic instability. 
Efforts to overcome these limiting factors have led to the building 
of three-dimensional (3D) cellular aggregates. Although enabling 
for the field, their widespread application and adoption is limit-
ed due to the reliance on poorly defined biological components. 
Our studies focus on developing 3D liver tissue under defined 
conditions. We demonstrate that 3D derived liver tissue is func-
tional, phenotypically stable and can be scaled. Excitingly, when 
implanted underneath the skin of mice, stem cell derived liver 
tissue provides key support to mice with metabolic liver disease 
(Tyrosinemia type 1). Of significance, liver tissue also performs 
well when delivered to immunocompetent recipients. In 2021 we 
founded Stimuliver to take this work toward the clinic, building 
on our revolutionary proof-of-concept data. We believe, that our 
technology, which does not rely on donor organ formation and 
modulates the adaptive immune system, has the potential to treat 
a large spectrum of liver diease indications. In addition to their 
clinical application, in vitro generated 3D tissues also have im-
portant roles to play in developing innovative medicines to treat 
human disease. The renewable and stable nature of our stem cell 
derived 3D liver tissue therefore provides an attractive resource 
for long-term disease modelling. Our current focus is to better 
understand 2 important disease states, non-alcoholic fatty liver 
disease and cancer metastasis. Our most recent experimental ad-
vances in vitro and in vivo will be presented at the meeting.

Keywords: Pluripotent stem cell, Liver tissue engineering, Pre-
clinical validation
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AND CONNECTIVE TISSUE
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ADIPOSE-DERIVED MESENCHYMAL STEM CELLS 
IMPROVE BRAIN ANEURYSM TREATMENT 
OUTCOMES
Belanger, Brooke L. - Hotchkiss Brain Institute, University of 
Calgary, AB, Canada
Sen, Arindom - Chemical and Petroleum Engineering, University 
of Calgary, AB, Canada
Mitha, Alim - Hotchkiss Brain Institute, University of Calgary, AB, 
Canada

Brain aneurysms are balloon-like vascular lesions that affect up to 
20% of the population. One of the most common treatments is by 
endovascular coiling, where small metal coils are placed within 
the aneurysm sac to cause occlusion and redirect blood flow. In 
up to 30% of patients, coils do not permanently divert blood flow, 
and many patients need to be retreated. Given their healing capa-
bilities, mesenchymal stem cells (MSCs) are a potential solution. 
This study aims to analyze the histological and paracrine effects 
that intra-arterially injected MSCs have on aneurysms. Aneurysms 
were created in rabbits using the modified elastase model. Blood 
samples were taken before creation to provide healthy serum 
levels, before treatment to provide aneurysm containing serum 
levels, and prior to sacrifice to provide treatment serum levels. 
Four weeks after creation, treatment was performed. Animals 
were separated into two groups: Group 1 coils only (n=2) and 
Group 2 coils+MSCs (n=3). Group 1 animals were packed to com-
pletion. Group 2 received 5x10^6 allogeneic MSCs injected into 
the aneurysm sac after placing 1-2 framing coils and were packed 
to completion. After 3 months, angiography was performed, then 
animals were sacrificed and tissues were taken for histology. 
There were no differences in aneurysm volumes and angiograph-
ic outcomes between treatment groups. Coil packing density was 
not significantly different (p=0.09). Group 2 showed increased 
neointimal thickness (92um±77.4 vs 52um±37.3, p=0.04). Group 2 
also had a significantly increased histologic healing score (13±0.9 
vs 8±0.8, p=0.04). Cytokine analysis showed a significantly higher 
concentration of growth factors in group 2 to group 1 (p=0.026). 
Compared to healthy and aneurysm serum, pro-inflammatory 
markers were significantly increased in group 2 while group 1 
showed no changes (p=0.013 and p=0.026 vs. p=0.38 and p=0.25 
) . Conversely, tissue remodelling markers were significantly re-
duced in group 2, while group 1 showed no changes (p=0.027 and 
p=0.022 vs. p=0.55 and p=0.48 respectively). These preliminary 
results demonstrate that MSCs can affect endovascular coiling 
procedures by improving histological healing and downstream 
paracrine signalling by upregulating healing through growth fac-
tors and inflammatory responses.

Funding Source: Brain CREATE Evolve2Innovate

Keywords: Adipose Mesenchymal Stem Cells, Brain Aneurysms, 
Tissue Engineering



452

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 C
Li

N
iC

A
L 

A
P

P
Li

C
A

T
iO

N
S

 (
C

A
)

147

SAFETY OF HUMAN EMBRYONIC STEM CELL-
DERIVED MESENCHYMAL STEM CELLS FOR 
TREATING INTERSTITIAL CYSTITIS: A PHASE I 
STUDY
Lee, Jinah - Biomedical Sciences, University of Ulsan College of 
Medicine, Seoul, Korea
Ryu, Chae-Min - Center for Cell Therapy, Asan Medical Center, 
Seoul, Korea
Shin, Jung Hyun - Department of Urology, Ewha Womans 
University, Mokdong Hospital, Seoul, Korea
Choo, Myung-Soo - Department of Urology, Asan Medical 
Center, University of Ulsan College of Medicine, Seoul, Korea
Shin, Dong-Myung - Department of Biomedical Sciences, Asan 
Medical Center, University of Ulsan College of Medicine, Seoul, 
Korea

There are still no definite treatment modalities for interstitial cysti-
tis (IC). Meanwhile, stem cell therapy is rising as potential alterna-
tive for various chronic diseases. This study aimed to investigate 
the safety of the clinical-grade mesenchymal stem cells (MSCs) 
derived from human embryonic stem cells (hESCs), code name 
MR-MC-01 (SNU42-MMSCs), in IC patients. Three female IC pa-
tients with (1) symptom duration >6 months, (2) visual pain analog 
scale (VAS) ≥4, and (3) one or two Hunner lesions < 2 cm in-office 
cystoscopy within 1 month were included. Under general anes-
thesia, participants received cystoscopic submucosal injection 
of SNU42-MMSCs (2.0 × 10^7/5 mL) at the center or margin of 
Hunner lesions and other parts of the bladder wall except trigone 
with each injection volume of 1 mL. Follow-up was 1, 3, 6, 9, and 
12 months postoperatively. Patients underwent scheduled fol-
low-ups, and symptoms were evaluated with validated question-
naires at each visit. No SNU42-MMSCs-related adverse events 
including immune reaction and abnormalities on laboratory tests 
and image examinations were reported up to 12-month follow-up. 
VAS pain was temporarily improved in all subjects. No de novo 
Hunner lesions were observed and one lesion of the first subject 
was not identifiable on 12-month cystoscopy. This study reports 
the first clinical application of transurethral hESC-derived MSC in-
jection in three patients with IC. hESC-based therapeutics was 
safe and proved to have potential therapeutic efficacy in IC pa-
tients. Stem cell therapy could be a potential therapeutic option 
for treating IC.

Funding Source: This research was supported by a grant from 
the Basic Science Research Program through the National 
Research Foundation of Korea (NRF-2020R1A2C1007789); by 
an NRF MRC grant funded by the Korean government (NRF-
2018R1A5A2020732).

Keywords: interstitial cystitis, embryonic stem cell, mesenchymal 
stem cell
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PRECLINICAL EVALUATION OF 
NANOSCAFFOLDS IMPREGNATED WITH HUMAN 
WHARTON’S JELLY STEM CELLS FOR THE 
TREATMENT OF SKIN WOUNDS IN A DIABETIC 
PIG MODEL
Arjunan, Subramanian - Obstetrics and Gynaecology, National 
University of Singapore, Singapore
Bongso, Ariff - Obstetrics and Gynaecology, National University 
of Singapore, Singapore
Fong, Chui Yee - Obstetrics and Gynaecology, National 
University of Singapore, Singapore
Libao, Peneyra Jonnathan - Comparative Medicine, National 
University of Singapore, Singapore 
Lim, Jane - Department of Surgery, National University of 
Singapore, Singapore
Lin Hao, Daniel - Obstetrics and Gynaecology, National 
University of Singapore, Singapore
Biswas, Arijit - Obstetrics and Gynaecology, National University 
of Singapore, Singapore
Mahesh, Choolani - Obstetrics and Gynaecology, National 
University of Singapore, Singapore

Diabetic foot ulcers (DFU) are a serious consequence of poorly 
controlled diabetes, and current treatment options are limited. 
We evaluated the wound healing potential of an aloe-vera-poly-
caprolactone (AV/PCL) nanoscaffold impregnated with human 
Wharton’s jelly stem cells (hWJSCs + AV/PCL), or hWJSC-condi-
tioned medium (hWJSC-CM + AV/PCL). Following ethical commit-
tee review, diabetes was induced in 4 pigs using streptozotocin. 
12 full-thickness wounds were created in each pig. 48 wounds 
were randomised to one of three treatments (n=16 wounds/group) 
as follows: i) hWJSC + AV/PCL (WJSC Treatment); ii) hWJSC-CM 
+ AV/PCL (WJSC Media Treatment); or iii) empty media (UCM) + 
AV/PCL (Negative Control). Wound healing was monitored for 28 
days. A calibrated digital camera was used to photograph each 
wound to calculate wound closure rates. All pigs were eutha-
nized on day 28. Full-thickness wound biopsies were sampled 
for histology and snap-frozen for molecular analyses. All results 
are mean ± SD. A p< 0.05 was considered statistically significant 
using one-way ANOVA. Full-thickness wounds from diabetic pigs 
treated with hWJSC + AV/PCL and hWJSC-CM + AV/PCL com-
pletely healed by day 28. Wounds treated with UCM+AV/PCL 
(Negative Control) had slower healing. Wound closure percent-
ages were significantly greater for hWJSCs + AV/PCL (87.5 ± 2.9) 
and hWJSC-CM+AV/PCL (89.8 ± 2.5) compared to UCM+AV/PCL 
(75.6 ± 3.4) (p< 0.05). Epidermal and dermal thicknesses were 
significantly greater for hWJSCs + AV/PCL (52.03 ± 1.80 μm and 
2388.1 ± 99.5 μm, respectively) and hWJSC-CM+AV/PCL (57.0 ± 
4.5 μm and 2387.8 ± 87.8 μm, respectively) treated wounds com-
pared to UCM+AV/PCL (41.0 ± 2.3 μm and 2051.4 ± 70.6 μm, re-
spectively) (p< 0.05). Histological studies showed greater re-epi-
thelialization in Treatment Groups compared to Negative Control. 
mRNA expression of markers associated with wound healing 
(MMP-9, COL1A1, TGF-β and ANGPTL4) were significantly greater 
in Treatment Groups compared to Negative Control on day 28. 
Our results show that hWJSCs nanoscaffolds provide an effective 
means of treating diabetic wounds in the pig. Interestingly, equiv-
alent wound healing was achieved with the use of nanoscaffolds 
impregnated with stem cell-conditioned media. The safety and 
efficacy of this system will be evaluated in a human clinical trial.

Keywords: Human Wharton’s jelly stem cells, Pig diabetic 
wounds, Wound dressing patch
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A NOVEL EXOSOME-DEPLETED XENO-FREE 
HUMAN PLATELET LYSATE FOR THERAPEUTIC 
MSC-DERIVED SECRETOME PRODUCTION
Lin, Yee-Hsien - Research and Development, AventaCell 
BioMedical Corporation, Kent, WA, USA
Chou, Cheng-Hung - MFG, AventaCell BioMedical Corporation, 
Kent, WA, USA
Huang, Min-Chang - General Manager, AventaCell BioMedical 
Corporation, Kent, WA, USA
Lin, Han-Tse - Research and Development, AventaCell 
BioMedical Corporation, Kent, WA, USA
Milligan, William - Business Department, AventaCell BioMedical 
Corporation, Kent, WA, USA

Mesenchymal stem cell (MSC)-derived extracellular vesicles (EVs) 
play an important role in cell-to-cell communication and have 
inspired great interest as a new strategy for developing novel 
therapeutics. Exosomes, one of the subpopulations, comprise 
various growth factors, cytokines, RNAs, and DNAs. MSC-derived 
EVs are also now one of the promising therapeutic candidates 
in both regenerative medicine and drug delivery system based 
on their unique biological properties. However, existing exo-
somes derived from supplements of fetal bovine serum or human 
platelet lysate (hPL) could potentially modulate MSC physiology 
which subsequently affects the quantity and profile of released 
EVs. In addition, the mixture of MSC-derived and supplement-de-
rived EVs can also confound downstream isolation and analysis, 
leading to misinterpretation of the results. Therefore, qualified 
ancillary materials and a controlled culture environment are cru-
cial for MSCs to achieve consistent EV expression profiles batch-
to-batch for cGMP production. Herein, a novel gamma-irradiated 
hPL (ED hPL Gi) featuring xeno-free with a high level of EV de-
pletion is developed for MSC-derived EV production. Moreover, 
pathogen reduction treatment (PRT) by gamma irradiation allows 
the EV production process to comply with regulatory guidance 
for clinical research and development. In the study, the particle 
depletion process was performed by using a tangential-flow-fil-
tration system, and then gamma irradiation was the PRT process 
as the final step to prepare ED hPL Gi. Afterwards, MSC were 
cultured in 0-5% ED hPL Gi supplemented medium when the con-
fluency reached 50-70% in a T75 flask. The conditioned medium 
was harvested and refreshed every 2 days. The results showed 
>98% of the particles were successfully removed in our process. 
Additionally, MSC could be maintained at >90% viability during 
the culture period, and billions of EVs were harvested in each 
cycle in the presence of ED hPL Gi. Therefore, ED hPL Gi provides 
an effective environment feasible for MSCs to produce a signifi-
cant amount of EVs and prolong cell activity. Our data support 
that ED hPL Gi is a promising supplement for MSC-derived EV 
production in both exosome research and GMP manufacturing 
for clinical applications.

Keywords: MSC-derived secretome production, Exosome-
depleted supplement, Human platelet lysate
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HARNESSING DONOR HETEROGENEITY 
TO UNRAVEL CELL PERFORMANCE IN 
AUTOLOGOUS THERAPIES USING PERIOSTEUM-
DERIVED CELLS
Marks, Maria Paula - Department of Cell Biology-Inspired 
Tissue Engineering, MERLN Institute for Technology-Inspired 
Regenerative Medicine, Maastricht University, Maastricht, 
Netherlands
Roumans, Nadia - Department of Cell Biology-Inspired 
Tissue Engineering, MERLN Institute for Technology-Inspired 
Regenerative Medicine, Maastricht University, Maastricht, 
Netherlands
Emans, Pieter - Laboratory for Experimental Orthopedics, 
Department of Orthopedic Surgery, Maastricht University 
Medical Center, Maastricht, Netherlands
LaPointe, Vanessa - Department of Cell Biology-Inspired 
Tissue Engineering, MERLN Institute for Technology-Inspired 
Regenerative Medicine, Maastricht University, Maastricht, 
Netherlands

Osteoarthritis (OA) is a common degenerative disease of the 
joints that affects the quality of life of millions of people world-
wide. Osteochondral lesions penetrating deeply into the sub-
chondral bone are a major risk factor for OA and a condition that 
remains a therapeutic challenge to date. The periosteum contains 
skeletal stem cells capable of healing critical-size bone defects in 
vivo by endochondral ossification, making these periosteum-de-
rived cells an interesting source for the treatment of osteochon-
dral lesions. However, the biological behavior of these cells has 
been shown to be age-dependent and variable amongst different 
harvest sites. Understanding how patient outcomes relate to cell 
behavior, including cell identity and potency, is paramount for the 
clinical application of cell-based therapies. In this study, perios-
teum samples were harvested from the anterior–medial side of 
the knee of individuals undergoing routine orthopedic surgeries. 
Human periosteum-derived cells (hPDCs) were isolated from 10 
different donors, aged 15 to 45 years. Donor cells showed similar 
viability, yet differences in proliferation rates and growth curves 
were observed. While all donors differentiated to the chondro-
genic lineage, the osteogenic and adipogenic differentiation pro-
files presented more diversity. Moreover, donor-derived cells had 
different expression profiles of the mesenchymal and skeletal 
stem cell markers CD73, CD105, CD90, CD164 and PDPN. Taken 
together, these results indicate that hPDCs harvested from the 
same region differ amongst different donors in terms of cellular 
properties and behavior. By evaluating donor variability, we will 
attempt to predict the performance of hPDCs and provide evi-
dence for the reproducibility and the potential outcomes of using 
these cells in autologous stem cell therapy approaches.

Keywords: osteochondral defects, periosteum, donor variability
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MESENCHYMAL STEM CELLS-DERIVED 
EXOSOMES AS AN ACTIVE PHARMACEUTICAL 
INGREDIENT BRINGS A SIGNIFICANT NEURAL 
RESPONSE IN SPINAL CORD INJURY PATIENTS, 
A PILOT STUDY
Sidhu, Kuldip S. - Medicine, UNSW, CK Cell Technologies PTY 
Ltd, Sydney, Australia
Cunningham, Corey - Sports Medicine, CK Cell Technologies Pty 
Ltd, Baulkham Hill, Australia
Doshi, Riddhesh - Research and Development, CK Cell 
Technologies Pty Ltd, Baulkham Hill, Australia
Hanif, Mohamad - Orthopaedic, Lahore General Hospital, 
Lahore, Pakistan
Vakil, Devashree - Research and Development, CK Cell 
Technologies Pty Ltd, Baulkham Hill, Australia
Sohail, Tariq - Orthopaedic, PGI Lahore General Hospital, 
Lahore, Pakistan

We have developed a proprietary stem cells-derived exosome 
active pharmaceutical ingredient (API) containing growth factors 
and cytokines that is intrinsically stabilised for shelf life over 12 
months and could be scaled up by using a fixed bed bioreactor. 
The API is characterised including for markers such as CD 63, 
73, 81, 105 by inhouse optimised nano flow cytometry as well by 
Western blot. The potency validated by in vitro wound healing 
assay including optimising the dose and the tubulogenic assay 
for angiogenesis(VEGF). The safety of the product was based on 
another double blinded placebo-controlled skin trials completed 
without any adverse event. This innovative API, Endexome-EX-
OTM was the subject of current pilot studies in Spinal Cord Injury 
(SCI) Patients. Twenty SCI patients were recruited with due ethics 
approval and with an export permit for API from the Therapeutic 
Goods Administration (TGA) Australia. Patients were injected API 
intrathecally every second month for 8 months. Adverse event 
if any was assessed by blood profiling and efficacy for neural 
and motor response by sensory dermatomes and muscle reflex 
scaling. Seventy five percent of the patients responded with a 
significant progressive increase in neural response, but non-sig-
nificant motor response compared to patient’s base levels. No 
adverse event was reported. This is the first report of exosomes 
in SCI pilot trials and data published as PCT AU 2022/050561/
WO 2022/256865.

Funding Source: AUSTRALIAN GOVERNMENT RESEARCH AND 
DEVELOPMENT REBATE

Keywords: MSC, EXOSOMES, API, PILOT STUDY, SCI, PILOT 
STUDY, SCI

Clinical Trial ID number: R#00-103-20
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IDENTIFICATION OF GENES FOR 
PHOTORECEPTOR CELL ENRICHMENT 
USING LAMININ BASED PHOTORECEPTOR 
DIFFERENTIATION
Tan, Wei Sheng - Centre for Vision Research, Duke-NUS, 
Singapore
Adusumalli, Swarnaseetha - Cardiovascular and Metabolic 
Disease, Duke-NUS, Singapore, Singapore
Chiang, Luanne - Centre for Vision Research, Duke-NUS, 
Singapore, Singapore
Shepherdson, Edwin - Centre for Vision Research, Duke-NUS, 
Singapore, Singapore
Tun, Sai Bo Bo - Singapore Eye Research Institute, Singapore, 
Singapore
Barathi, Amutha - Singapore Eye Research Institute, Singapore, 
Singapore
Tan, Gavin - Eye Research Institute, Singapore, Singapore
Petretto, Enrico - Cardiovascular and Metabolic Disease, Duke-
NUS, Singapore, Singapore
Tryggvason, Karl - Cardiovascular and Metabolic Disease, Duke-
NUS, Singapore, Singapore
Tay, Hwee Goon - Centre for Vision Research, Duke-NUS, 
Singapore, Singapore

Background: Aging retinal degenerative disease affects the in-
creasing aging population indiscriminately with increasing prev-
alence. Blindness caused by retinal degeneration results in 
irreversible loss of photosensitive photoreceptors. Therefore, re-
placing the loss of these photoreceptors is considered a potential 
therapy to restore vision. As shown in our publication, we have 
developed a laminin based method to generate functional pho-
toreceptor progenitor cells from human pluripotent stem cells. 
Our day 32 photoreceptor progenitors have shown to partially 
restore vision in the preclinical animal models. We hypothesize 
that enriched photoreceptor sub-population containing signature 
transcript profile could lead to better transplantation outcome as 
shown in electroretinogram and visual behavioural assays. Meth-
ods: We have generated human recombinant retina specific lami-
nin (LN)-323 and 523 and have shown that the human embryonic 
stem cells grown on these matrices involving two media chang-
es, were able to generate photoreceptor progenitors at day 32. 
Single cell transcriptomic analysis was used to compare the dif-
ferentiation efficacy mediated by these matrices. Results: Based 
on immunohistochemical and single cell transcriptomic analyses, 
we observed there is different co-expression levels of cone-rod 
homeobox and recoverin proteins by day 32 for cells cultured 
on LN323+LN521, LN523+LN521 and LN521 alone, suggesting 
there is specific matrix mediated efficacy. We have identified 4 
candidates out of 194 genes to be playing a role in early photore-
ceptor specification based on the differential gene analysis from 
cells differentiated on these different matrix formats. Ongoing ex-
periments are underway to study these candidate genes in our 
laminin based photoreceptor differentiation system. Conclusions: 
Our laminin based photoreceptor differentiation method have led 
to the identification of gene candidates that could be involved 
in modulating the photoreceptor sub-population. Hence, this 
system could increase our understanding in human early retina 
development and thereby generate an improved cell therapeutic 
product as compared to our earlier report which ultimately brings 
us closer for future therapies to treat vision loss.

Keywords: cell therapy, retina, photoreceptor
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QUALITATIVE ASSESSMENT OF HUMAN 
EMBRYONIC- AND PLURIPOTENT STEM CELL 
DERIVED- NEURAL STEM CELLS UNDER CGMP 
METHODS
Hernandez, Michelle R. - Stem Cell Research Center, California 
State University, San Bernardino, CA, USA
Karam, Joshua - Stem Cell Research Center, University of 
California, Irvine, CA, USA
Cummings, Brian - Physical Medicine and Rehabilitation, 
University of California, Irvine, CA, USA

Neural stem cell therapies represent a promising tool for the 
development of regenerative medicine and are being tested in 
clinical trials for several neurological disorders. However, the clin-
ical applicability of stem cell therapies is dependent on the imple-
mentation of good manufacturing practices (GMPs) to ensure the 
quality, safety, and consistency that stem cell products need to 
meet FDA regulatory requirements. As such, there is a need for a 
shift to xeno-free methodologies so experimental conditions are 
cGMP compliant. The purpose of this study is to test a GMP com-
patible production method to generate multipotent neural stem 
cell (NSCs) from different cell sources. Comparability of NSCs is 
dependent on critical quality attributes (CQAs) such as sterility, 
stability, purity, and multipotent neural differentiation. According-
ly, we will test human embryonic cells (hESCs) Shef6 and induced 
pluripotent stem cell (iPSC) ADRC76 lines for their suitability to 
produce CD133-positive neural stem cells. Due to potential epi-
gentic differences found in hiPSCs, we predict that hESCs will 
produce higher quality NSCs compared to hiPSCs. To test this, 
both cell lines will be cultured under identical reagents and meth-
ods for expansion and neuralization. For NSC characterization, 
trophic factor and cytokine secretion and neural differentiation 
will be compared between the processing runs. Clinical and man-
ufacturing controls (CMC) standards will be applied throughout 
the downstream processing such as sterility, stability and purity 
validations. This manufacturing protocol will be compared with 
a prior derivation of Shef6 hNSCs. In the future, we would test 
several additional hESC and hiPSC lines to confirm if cell source is 
a significant factor in generating cGMP neural stem cell products. 
The adoption of cGMP-compliant methods early in the research 
environment will improve the replication of results across cell 
lines and may increase translatability of preclinical studies as the 
protocols are transferred to GMP facilities.

Funding Source: A Tran 1 and a Bridges Grant from California 
Institute of Regenerative Medicine (CIRM)

Keywords: Pluripotent Stem Cells, Current Good Manufacturing 
Process (cGMP), Neural Stem Cells (NSCs)
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NEURAL CELLS FOR NEURODEGENERATIVE 
DISEASES IN CLINICAL TRIALS
Fan, Yiping - Department of Reproductive Medicine, KK 
Women’s and Children’s Hospital, Singapore
Goh, Eyleen Lk - Lee Kong Chian School of Medicine, Nanyang 
Technological University, Singapore
Chan, Jerry Ky - Reproductive Medicine, KK Women’s and 
Children’s Hospital, Singapore

Neural stem cells (NSCs) are multipotent cells found within the 
central nervous system (CNS), capable of differentiating into the 

various neural lineages. Neurodegenerative (ND) diseases, many 
of which have no effective cure, affect hundreds of millions world-
wide, and increasingly represent a major global health challenge 
today. We aimed to collate the latest clinical trials using NSCs and 
cells of neural lineage for the treatment of ND diseases. For each 
disease, a search of the disease name, neural stem cells, neural 
cells and cell therapy were performed on clinicaltrials.gov. There 
are18 trials listed for Parkinson’s with four being neural and 32 
cells transplantation clinical trials recorded for Amyotrophic Lat-
eral Sclerosis of which five are with neural related cells. A total 
of 48 studies involving cell therapy for Multiple Sclerosis was re-
trieved, with five cell sources being of neural lineage (10.4%). Four 
trials proposed direct CNS delivery of CNS derived NSCs (n=3) or 
Umbilical Cord Blood derived oligodendrocyte-like cells (n=1) for 
a group of rare diseases including Pelizaeus-Merzbacher, Batten 
and a few enzymes deficiency disorders and another four trials 
retrieved for Huntington, one of which neurons from fetal tissues 
were used as a donor. For macular degeneration, there are 22 
trials listed of which 16 involved neural related cells. Finally, six of 
the 19 cell therapy trials for retinitis pigmentosa are with cells of 
neural lineage. In our review, we noted 33 trials involving neural 
stem/ progenitor cells, 8 involving differentiated neural cells and 
109 trials utilising non-neural cells for ND diseases. Cells of neural 
lineage have the advantage of contributing to direct differentia-
tion in replacing neural cell types. However, there are many more 
trials involving non-neural cell types, particularly MSCs indicating 
the importance of secretion of trophic factors and/or neuropro-
tective growth factors as well as the preference for immune com-
patibility to avoid rejection. Better characterization of well-defined 
human NSCs as well as understanding the immunology of cell 
therapy will need to continue to widen the range of diseases 
treatable with NSCs and their downstream differentiated cells as 
well as to improve the efficacy of the treatments.

Keywords: Neural stem cells, neurodegenerative disease, 
clinical trial
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IMPROVING THE FUNCTIONAL INTEGRATION 
OF HUMAN PLURIPOTENT STEM CELL DERIVED 
NEURAL GRAFTS THROUGH ENVIRONMENTAL 
ENRICHMENT
Moriarty, Niamh - Stem Cells and Neural Development Lab, The 
Florey Institute of Neuroscience and Mental Health, Parkville, 
Australia
Hunt, Cameron - Stem Cells and Neural Development 
Laboratory, The Florey Institute of Neuroscience and Mental 
Health, Melbourne, Australia
Thompson, Lachlan - School of Medical Sciences, University of 
Sydney, Australia
Parish, Clare - Stem Cells and Neural Development Laboratory, 
The Florey Institute of Neuroscience and Mental Health, 
Melbourne, Australia

Evidence that human pluripotent stem cell (hPSC)-derived dopa-
minergic (DA) neurons can structurally and functionally integrate 
into the host brain when transplanted into Parkinson’s disease (PD) 
models has led to a series of ongoing clinical trial. However, pre-
clinical studies have highlighted poor graft survival and plasticity. 
We recently demonstrated that the viral delivery of Glial-Derived 
Neurotrophic Factor (GDNF), can significantly improve the surviv-
al, plasticity, and function of hPSC-derived grafts. Of relevance, 
numerous studies have reported that environmental enrichment 
can increase neurotrophic levels, including GDNF, in the rodent 



456

#ISSCR2023

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

T
R

A
C

K
: 

 C
Li

N
iC

A
L 

A
P

P
Li

C
A

T
iO

N
S

 (
C

A
)

brain. We therefore examined whether an enriched environment 
(including enhanced sensory, cognitive, and/or motor stimulation) 
could improve hPSC-derived midbrain graft outcomes. We show 
that the housing of animals receiving hPSC-derived neural grafts 
in an enriched environment resulted in a significant increase in 
the number of surviving DA neurons, their innervation of target 
nuclei and density of graft-derived synapses – with motor stimuli 
having the greatest impact. These findings were supported by a 
significant increase in phosphorylated extracellular signal-regu-
lated protein kinase (pERK) expressing cells in the graft, indica-
tive of mitogen-activated protein kinase (MAPK-ERK) signalling, 
a downstream target of GDNF. We subsequently demonstrated 
that voluntary wheel running could significantly enhance recov-
ery of motor deficits (amphetamine-induced rotational, cylinder 
and adjusted stepping tasks) in animals receiving ectopic/striatal, 
but not homotopic/midbrain placed grafts. Together, these re-
sults demonstrate the remarkable capacity for achieving superior 
efficacy within hPSC-derived DA transplantation using clinically 
relevant exercise and enrichment approaches.

Keywords: Parkinson’s Disease, Neural Transplantation, 
Environmental Enrichment
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SAFETY, EFFICACY, AND DOSE-RANGING 
ASSESSMENT OF HESC-DERIVED 
DOPAMINERGIC PROGENITORS FOR PHASE1 
CLINICAL TRIAL IN PARKINSON’S DISEASE
Park, ChanWook - Department of Physiology, Yonsei University 
College of Medicine, Seoul, Korea
Park, Sanghyun - Department of Physiology, Yonsei University 
College of Medicine, Seoul, Korea
Eom, Jang-Hyoun - S. Biomedics Co., Ltd, Seoul, Korea
Cho, Myung Soo - S. Biomedics Co., Ltd, Seoul, Korea
Kim, Dong-Wook - Department of Physiology, Yonsei University 
College of Medicine, Seoul, Korea

Transplantation of human pluripotent stem cell-derived midbrain 
dopaminergic (mDA) progenitors has gained enormous attention 
as a promising therapeutic strategy for Parkinson’s disease (PD). 
A critical step toward clinical application of cell therapeutics is 
to demonstrate that the cells manufactured under cGMP condi-
tions satisfy numerous non-clinical prerequisites regarding safety 
and efficacy, guided by the regulatory agency of every country. 
Here, we adapted our mDA neuronal differentiation protocol to 
GMP-compliant conditions under rigorous quality controls, gener-
ating high purity of clinical mDA progenitors derived from hESCs 
on a large-scale as cell therapeutics for PD. We then conduct-
ed preclinical safety assessment of clinical mDA progenitors to 
evaluate toxicity, biodistribution and tumorigenicity under the 
GLP-compliant facilities. A year-long and large-scale transplan-
tation study performed by an independent CRO using immuno-
deficient rats revealed that the mDA neuron graft did not cause 
significant toxicity, ectopic integration outside the injection site, 
or any tumorigenicity. Next, to investigate the therapeutic poten-
tial, clinical mDA progenitors were transplanted in the striatum of 
toxin-induced hemi-parkinsonian rats with various cell doses. The 
results showed that the cells ranging from 10,000 to 350,000 en-
grafted and matured into functional mDA neurons in host brains, 
allowing behavioral improvement in the parkinsonian rat models. 
The present pre-clinical profiles provided us with a verification of 
the therapeutic safety and efficacy of the clinical mDA progen-
itors as well as an insight into designing cell dosage for human 
trials. Based on the results, we submitted an investigational new 

drug (IND) application to the Korean Ministry of Food and Drug 
Safety (KMFDS) for a clinical trial and received the final approval.

Keywords: Parkinson’s disease, Cell therapy, dopaminergic 
neurons
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LARGE KNOCK-IN IN PRIMARY T CELLS WITH 
OPTIMIZED CAS9 HDR METHODS AND DESIGN
Thommandru, Bernice - Molecular Genetics, Integrated DNA 
Technologies, Coralville, IA, USA
Woodley, Jessica - Molecular Genetics, Integrated DNA 
Technologies, Inc, Coralville, IA, USA
Murugan, Karthik - Molecular Genetics, Integrated DNA 
Technologies, Inc, Coralville, IA, USA
Osborne, Thomas - Molecular Genetics, Integrated DNA 
Technologies, Inc, Coralville, IA, USA
Schubert, Mollie - Molecular Genetics, Integrated DNA 
Technologies, Inc, Coralville, IA, USA
Rettig, Garrett - Molecular Genetics, Integrated DNA 
Technologies, Inc, Coralville, IA, USA
Turk, Rolf - Molecular Genetics, Integrated DNA Technologies, 
Inc, Coralville, IA, USA

Knock-in of large transgenes in primary T lymphocytes has pre-
viously relied on methods that insert via random integration, not 
allowing for precise editing and making the genome susceptible 
to insertional mutagenesis (off-target effects, chromosomal re-
arrangements, translocations, etc.). As such, there is a need for 
precision gene editing for introduction of stably expressed trans-
genes such as chimeric antigen receptor (CAR) variants. CRIS-
PR-Cas9 is an expedient tool for precision editing and can me-
diate targeted HDR-based insertion. Here we present optimized 
reagents, donor design, and delivery methods for CRISPR HDR in 
primary T cells with chemically synthesized short HDR donors for 
small inserts and PCR-based long HDR donors for knock-in of up 
to 2kb. These methods and reagents together in primary human 
T cells achieve high-efficiency precise genome editing with low 
off-target integration.

Keywords: CAR, CRISPR, knock-in
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NOVEL ONCOGENIC EXOSOMAL MIRNA 
IDENTIFIED IN TRIPLE NEGATIVE BREAST 
CANCER AND STEM CELLS
Choudhary, Ananya - Molecular Medicine and Stem Cell 
Research, Amity University, Noida, India
Das, Bhudev - Molecular Medicine and Stem Cell Research, 
Amity University, Noida, India

Triple-negative breast cancers (TNBCs) are defined by lack of 
hormone receptors and human epidermal growth factor recep-
tor type 2 (HER) leading to a dearth of targeted therapies, poor 
prognosis, high rates of recurrences and mortality. TNBC is also 
characterized by an abundance of treatment-resistant breast can-
cer stem cells (CSCs). Exosomes and exosome-secreted miRNAs 
have emerged as critical mediators of intercellular communication 
in the tumor microenvironment. Tumor-derived exosomes have 
been linked to the initiation and progression of various cancers. 



457

P
O

S
T

E
R

 A
B

S
T

R
A

C
T

 G
U

ID
E

F
R

iD
A

Y
, 

16
 J

u
N

E
 2

0
2

3

In the present study we sought to analyze oncogenic exosomal 
miRNAs secreted by TNBC cell lines and TNBC stem cells and 
their possible role in tumor diagnosis/ prognosis. Meta analysis 
was first carried out to identify all differentially expressed miRNAs 
in breast cancer and TNBC. From the data pool we selected a set 
of five highly expressed miRNAs namely miR 6803, miR 1180, miR 
4728, miR 1915 and miR 940 and their expression in exosomes 
isolated from TNBC cell lines were analyzed by RTqPCR. We sub-
sequently performed target prediction of the selected miRNAs 
and carried out GO and KEGG pathway enrichment analyses to 
explore the potential effects of these miRNAs on TNBC progres-
sion. To reconstruct the microRNAs-genes regulatory network in 
TNBC, we employed the expression data from The Cancer Ge-
nome Atlas (TCGA) related to these five novel miRNAs. Survival 
analysis revealed high expression of these miRNAs is significantly 
associated with decreased overall survival. Exosomal transcrip-
tomes are reflective of the cells from which they were produced, 
therefore they should serve as a platform for the identification of 
tumor-specific markers. These specific secretory miRNAs could 
serve as a liquid biopsy tool for diagnosis and may provide ref-
erence value for the early detection and monitoring of TNBC 
progression. In summary, our study identifies novel oncogenic 
exosomal miRNAs expressed both in TNBC and TNBC CSCs and 
highlights the potency of exosomal miRNAs as therapeutic tar-
gets for TNBC

Keywords: TNBC, CSC, miRNA, exosomes
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DOWNREGULATION OF ADAMTS3 SUPPRESSES 
STEMNESS AND TUMORIGENICITY IN GLIOMA 
STEM CELL
Kim, Hyun Jin - Animal Molecular Biochemistry, Chonnam 
National University, Korea
Kim, Sung-Hak - Department of Animal Science, Chonnam 
National University, Gwangju, Korea

Glioblastoma multiforme (GBM) is the most aggressive type of 
human brain tumor, with a poor prognosis and a median overall 
survival of fewer than 15 months. Glioma stem cells (GSCs) have 
recently been identified as a key player in tumor initiation and 
therapeutic resistance in GBM. ADAMTS family of metalloprotein-
ases is known to cleave a wide range of extracellular matrix sub-
strates and has been linked to tissue remodeling events in tumor 
development. Here, we investigate that ADAMTS3 regulates GSC 
proliferation and self-renewal activities, and tumorigenesis in or-
thotopic xenograft models. ADAMTS3 mRNA expression levels in 
normal human astrocyte (NHA), glioma, and GSCs cell lines were 
compared. After knockdown of ADAMTS3, alamarBlue assay, in 
vitro limiting dilution, and orthotopic xenograft assays were per-
formed. To investigate the tumor-associated roles of ADAMTS3, 
several statistical assays were conducted using publicly available 
datasets. ADAMTS3 level was remarkably higher in GSCs than 
in NHA, glioma cell lines, and their matched differentiated tumor 
cells. Interestingly, knockdown of ADAMTS3 disrupted GSC’s pro-
liferation, self-renewal activity, and tumor formation in vivo. Fur-
thermore, ADAMTS3 could be used as an independent predictor 
of malignancy progression in GBM. We identified ADAMTS3 as a 
potential therapeutic target for GBM.

Keywords: Glioma Stem Cell, GBM, ADAMTS3
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ROBUST LENTIVIRUS AND AAV 
MANUFACTURING PLATFORMS FOR CELL AND 
GENE THERAPIES
Oh, Steve K.W. - Research, CellVec, Singapore
Chopra, Sukh - Management, SGVector, Singapore
Lam, Paula - Research, CellVec Pte Ltd, Singapore
Ganesh, Shekhar - Chief Scientific Advisor, CellVec Pte Ltd, 
Singapore
Soon, Eric - MSAT, CellVec Pte Ltd, Singapore

Chimeric antigen T cell receptors (CAR-T) are receptor proteins 
that have been engineered to give T cells the new ability to tar-
get a specific antigen on cancer cells. To enable success of such 
therapies in the clinic, viral vectors such as lentivirus and AAV 
have to be designed, and manufactured according to GMP stan-
dards. Cellvec a leading CDMO in Singapore has developed a 
duet of robust lentivirus and AAV viral vector manufacturing plat-
forms for clients to meet their viral vector requirements suitable 
for all phases of clinical development (pre-clinical to GMP manu-
facturing). For the lentiviral vector platform, we have developed 
patented helper plasmids for the production of CD19, BCMA and 
CD20 CAR transgenes, produced in a fully characterised bacte-
rial cell bank free from animal components that meet FDA and 
EMEA regulatory standards. Designing of the vector construct to 
GMP manufacturing in a closed system, downstream purification 
and analysis of quality attributes can be accomplished between 
6-9 months. Functional (FACS) and genomic (qPCR) titers of the 
purified product are typically 10E+11 TU/ml in 15L compared to 
competitive technologies that only achieve 1.5E+11 TU/ml in 50L 
suspension cultures. The purified lentiviral vectors are highly 
potent, and is able to transduce 30% of CD3+ T cells at a low 
multiplicity of infection equivalent to 1, with a low vector integrant 
copy number. This manufacturing platform can be readily scaled 
currently to 40L with a potential to scale to 100L in the future. 
For suspension based viral vector technologies, Cellvec has part-
nered with SGVector. Using rAAV2-RPE65 as a gene of interest, 
SGVector has developed an efficient 6 day total HEK293 suspen-
sion bioreactor process (3 days of cell expansion + 3 days for viral 
transfection). This upstream platform suspension process at the 
2L scale has consistently demonstrated harvest viral titers (qPCR) 
yields of 2E+12 vg/ml, 20-fold higher compared to a leading CD-
MO’s published AAV2 process yield of 1E+11 vg/ml. The robust 
AAV downstream process demonstrates effective clearance of 
impurities that meets FDA and EMEA regulatory expectations for 
safety, identity, strength, purity and quality attributes (SISPQ).

Keywords: Lentiviral Vector, Adeno-associated virus, T-cell, 
Bioreactor, GMP, Virus production, Contract manufacturing
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RECOMBINANT LAMININ 521 IMPROVES 
SINGLE CELL SURVIVAL AND MAINTAINED 
PLURIPOTENCY OF PLURIPOTENT CELLS 
DURING GENE EDITING
Fereydouni, Noah - Application Specialist, BioLamina AB, 
Sundbyberg, Sweden
Mader, Theresa - Application Manager, BioLamina AB, 
Sundbyberg, Sweden
Kele, Malin - Business Development, BioLamina AB, 
Sundbyberg, Sweden

The CRISPR/Cas9 technology revolutionized the field of gene 
editing. So far, obtaining single-cell clones of edited human plu-
ripotent cells (hPSC) has been a major problem. Laminins are an 
extracellular matrix (ECM) protein family of around 16 different 
isoforms and a major component of the basement membrane, 
thus vital for tissue homeostasis. The laminin-521 isoform is the 
major ECM protein expressed in the inner cell mass of the pre-im-
planted embryo and offering a biologically relevant support for 
PSCs in vitro, actively stabilizing cell identity and proliferation. 
Recombinant Biolaminin® 521 can support different gene editing 
applications. Here, we are summarizing several studies using 
the matrix for CRISPR/Cas9 technology. In feeder-free cultures, 
Biolaminin 521 increased the single cell cloning efficiency com-
pared to e.g. tissue-extract based substrates and improved sur-
vival of single cell seeding at low density. Additionally, the purity 
of Biolaminin proved advantageous for imaging purposes. Due 
to the tissue-specific expression of laminins, Biolaminin 521 and 
-111 supported the effective differentiation of CRISPR/Cas9-edited 
human induced PSC (hiPSC) into cortical neurons via targeting 
the neuroprotective E3-ubiquitin ligase CHIP, which is important 
in healthy brain aging. Moreover, Biolaminin 521 and -111 were ef-
ficient substrates for CRISPRi-mediated transcriptional silencing 
in hiPSCs and the differentiation of hiPSC into forebrain neural 
progenitor cells for loss-of-function studies in brain development 
research. The CRISPRi cells differentiated in cerebral organoids 
with steady transcriptional silencing after 4 months. In conclusion 
Biolaminins are highly suitable matrixes for CRISPR/Cas9 gene 
editing of hPSC in a variety of applications including PSC main-
tenance and differentiation. Biolaminins improve single cell sur-
vival and pluripotency and help achieving high transduction and 
silencing efficiency.

Keywords: Gene-editing, cell therapy, extracellular matrix

177

NEXT-GENERATION DMSO-FREE & SERUM-FREE 
CRYOPRESERVATION FOR CELL AND GENE 
THERAPY MANUFACTURING AND PROCESSING
Shridhar, Arthi - Research and Development, X-Therma Inc., 
Richmond, CA, USA
Kline, Mark - X-Therma Inc, Richmond, CA, USA
Oh, Steve - Stem Cell Bioprocessing, A*STAR, Singapore
lam, Alan - A*STAR, Singapore
Cool, Simon - Chemical Engineering, The University of 
Queensland, Brisbane, Australia
Gilfanova, Renata - Stanford University, Palo Alto, CA, USA
McDevitt, Todd - Bioengineering, University of California, San 
Francisco, CA, USA
Muench, Marcus - Vitalant Institute, San Francisco, CA, USA
Norris, Philip - Vitalant Institute, San Francisco, CA, USA

The regenerative medicine field is rapidly advancing, with many 
pivotal trials underway. As the field moves into large-scale com-
mercial manufacturing, cryopreservation becomes an even more 
critical component for ensuring maximum efficacy and long 
shelf-life during end-to-end production. However, the potency 
and yield of fragile cell types, such as induced pluripotent stem 
cells and genetically modified cell-based immunotherapies, are 
significantly reduced post-cryopreservation due to ice damage 
and genomic and in vivo toxicity associated with current cryo-
protectants (e.g. DMSO). These issues further limit the realization 
of off-the-shelf advanced regenerative medicine products, such 
as those being developed in allogeneic cell therapy and tissue 
engineering. Existing standards in cryopreservation use 5-10% di-
methyl sulfoxide (DMSO) and often serum. DMSO exhibits acute 
toxicity in patients and causes adverse cell mutation at low levels 
including irreversible cell chromosome damage and alterations in 
the epigenetic landscape. X-Therma applies convergent biomi-
metic nanoscience to solve this unmet need in biopreservation, 
pioneering a novel chemistry that is inspired by natural antifreeze 
protein, developed with modern drug discovery methods. Our 
fully synthetic molecules are non-toxic, chemically stable, and 
exhibit surprising dual ice control function, superior to antifreeze 
proteins and 500x more effective than non-colligative small 
molecule cryoprotectants. The resulting product is XT-Thrive. 
Third-party validations have demonstrated superior post-thaw 
cryopreservation outcomes for both cell viability and function-
ality with a variety of engineered cell lines and therapeutic cell-
based products. XT-Thrive is extremely process-friendly and can 
be directly plugged into current workflows without requiring any 
specialized instrumentation, replacing the leading DMSO-based 
cryopreservation solutions. Empowered by negligible toxicity, 
XT-Thrive removes bottlenecks for large batch production and 
enables a highway of premium quality cell products for the many 
patients in need. Moreover, the lack of DMSO is expected to re-
sult in a better patient experience during clinical trials and the use 
of final cell therapy products.

Keywords: Regenerative Medicine, Cryopreservation, Cell and 
gene therapy
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NEURONAL PROTEOSTATIC STRESS AND GLIAL 
RESPONSES IN ALS REVEALED BY SINGLE 
NUCLEUS RNA-SEQUENCING OF PRIMARY 
SAMPLES AND HUMAN IPSC MODELLING
Limone, Francesco - HSCRB, Harvard Stem Cell Institute, 
Cambridge, MA, USA
Mordes, Daniel - Weill Institute for Neurosciences, University of 
California, San Francisco, CA, USA
Couto, Alexander - Broad CIRM Center, University of Southern 
California, Los Angeles, CA, USA
Joseph, Brian - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Therrien, Martine - Stanley Center for Psychiatric Research, 
Broad Institute of Harvard and MIT, Cambridge, MA, USA
Mitchell, Jana - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA
Ghosh, Sulagna Dia - Stanley Center for Psychiatric Research, 
Broad Institute of Harvard and MIT, Cambridge, MA, USA
Meyer, Daniel - Stanley Center for Psychiatric Research, Broad 
Institute of MIT and Harvard, Cambridge, MA, USA
Stevens, Beth - Kirby Neurobiology Center, Boston Children’s 
Hospital, Boston, MA, USA
McCarroll, Steven - Department of Genetics, Harvard Medical 
School, Boston, MA, USA
Pietiläinen, Olli - Neuroscience Center, University of Helsinki, 
Helsinki, Finland
Burberry, Aaron - Department of Pathology, Case Western 
Reserve University, Cleveland, OH, USA
Eggan, Kevin - Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA, USA

Amyotrophic Lateral Sclerosis (ALS) is a fatal neurodegenerative 
disorder characterised by a progressive loss of motor function. 
The eponymous spinal sclerosis observed at autopsy is the re-
sult of the degeneration of extratelencephalic neurons/Betz cells 
(ETNs/Cortico-Spinal Motor Neuron). To understand the unique 
molecular properties that specifically sensitise these cells to ALS, 
we performed RNA sequencing of 79,169 single nuclei from cor-
tices of patients and controls. In patients, we found that genetic 
risk factors connected to ALS, as well as genes involved in pro-
tein homeostasis and stress responses, were significantly upreg-
ulated in a collection of subcerebral projection neurons, including 
layerV-ET neurons. We used hiPSC-derived neurons and RNA-
seq to dissect changes driven by proteostatic stress and then 
compared it to the signature identified in patients’ neurons. This 
comparison allowed us to underline the importance of the ubiq-
uitin-proteasome system and autophagic responses in stressed 
neurons connected to disruption of synaptic biology relevant to 
ALS. Examination of microglial nuclei from patients revealed gene 
expression changes that were at least in part a response to dis-
ease-associated alterations in neurons. Disease modelling using 
hiPSC-derived microglial-like cells confirmed that dying neurons 
trigger changes in phagocytosis and inflammatory responses in 
microglial cells similar to the ones seen in ALS patients. Our find-
ings suggest that selective vulnerability of ETNs to ALS is con-
nected to both intrinsic molecular properties sensiting them to 
genetic and mechanistic factors of degeneration and our human 
iPSC in vitro systems confirmed these changes in neurons are 

connected to alterations to proteostasis that trigger microglial ac-
tivation.

Keywords: ALS, Motor neurons, Microglia
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EPIGENETIC MODIFICATION ENHANCES 
HAIR CELL REGENERATION AND RESTORES 
FUNCTION IN MICE WITH VESTIBULAR 
DISORDERS
Lahlou, Hanae - Department of Otololaryngology, Harvard 
Medical School, Boston, MA, USA
Edge, Albert - Otolaryngology, Harvard Medical School - Mass 
Eye and Ear Infirmary, Boston, MA, USA

The sense of balance relies on motion sensing vestibular hair 
cells within the inner ear. Hair cells accumulate damage with age, 
resulting in balance disorders, the number one health complaint 
of individuals over age 70. The lack of significant hair cell regen-
eration in the adult vestibular system makes balance disorders 
essentially irreversible, and patients have few treatment options. 
In this work, we sought to develop a pharmacological treatment to 
enhance hair cell regeneration in the balance organ of adult mice. 
We used mice expressing the diphtheria toxin receptor in hair 
cells (Pou4f3-DTR) for targeted ablation of hair cells. After diph-
theria toxin administration, mice were injected via the semi-circu-
lar canal with a glycogen synthase kinase inhibitor and a histone 
deacetylase inhibitor, a combination previously shown to stimu-
late hair cell differentiation in the auditory organ. We observed a 
significant increase in hair cell number relative to spontaneously 
regenerated hair cells. Drug treatment resulted in regeneration 
of 58% of the normal number of hair cells. Regenerated hair cells 
from drug treatment re-established afferent connections with the 
vestibular neurons as assessed by single unit recording, resulting 
in a significant functional improvement measured by the vestibu-
lo-ocular reflex. The drug combination described here may pave 
the way toward a novel therapeutic approach suited for hair cell 
replacement to restore vestibular function in patients with vestib-
ular disorder.

Funding Source: This work was supported by NIH grant 
DC0014089.

Keywords: Hair cell regeneration, Epigenetic modification, 
Balance disorders
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ENGINEERED EPICARDIAL CELLS FROM 
HUMAN EMBRYONIC STEM CELLS PROMOTE 
ENGRAFTMENT AND MATURATION OF HUMAN 
CARDIAC PROGENITOR CELLS IN THE RODENT 
KIDNEY CAPSULE MODEL
Musa, Gentian - Bioscience Cardiovascular, Research and Early 
Development, Cardiovascular, Renal and Metabolism (CVRM), 
BioPharmaceuticals Research and Development, AstraZeneca 
Gothenburg, Sweden 
Hong, Xuechong - Cell Therapy, Research and Early 
Development, Cardiovascular, Renal and Metabolism (CVRM), 
BioPharmaceuticals Research and Development, AstraZeneca, 
Göteborg, Sweden
Åvall, Karin - Bioscience Cardiovascular, Research and Early 
Development, Cardiovascular, Renal and Metabolism (CVRM), 
BioPharmaceuticals Research and Development, AstraZeneca, 
Göteborg, Sweden
Celauro, Emanuele - Clinical Pharmacology & Safety Sciences, 
BioPharmaceuticals Research and Development, AstraZeneca, 
Göteborg, Sweden
Albery, Tamsin - Bioscience Cardiovascular, Research and Early 
Development, Cardiovascular, Renal and Metabolism (CVRM), 
BioPharmaceuticals Research and Development, AstraZeneca, 
Göteborg, Sweden
González-King, Hernán - Bioscience Cardiovascular, Research 
and Early Development, Cardiovascular, Renal and Metabolism 
(CVRM), BioPharmaceuticals Research and Development, 
AstraZeneca, Göteborg, Sweden
Saxena, Pratik - Cell Therapy, Research and Early 
Development, Cardiovascular, Renal and Metabolism (CVRM), 
BioPharmaceuticals Research and Development, AstraZeneca, 
Göteborg, Sweden
Butron, Mariela - Cell Therapy, Research and Early 
Development, Cardiovascular, Renal and Metabolism (CVRM), 
BioPharmaceuticals Research and Development, AstraZeneca, 
Göteborg, Sweden
Incitti, Tania - Cell Therapy, Research and Early Development, 
Cardiovascular, Renal and Metabolism (CVRM), 
BioPharmaceuticals Research and Development, AstraZeneca, 
Göteborg, Sweden
Tesan Tomic, Tajana - Bioscience Cardiovascular, Research 
and Early Development, Cardiovascular, Renal and Metabolism 
(CVRM), BioPharmaceuticals Research and Development, 
AstraZeneca, Göteborg, Sweden
Sini, Marcella - Clinical Pharmacology & Safety Sciences, 
BioPharmaceuticals Research and Development, AstraZeneca, 
Göteborg, Sweden
Graneli, Cecilia - Cell Therapy, Research and Early 
Development, Cardiovascular, Renal and Metabolism (CVRM), 
BioPharmaceuticals Research and Development, AstraZeneca, 
Göteborg, Sweden
Hicks, Ryan - Cell Therapy, Research and Early Development, 
Cardiovascular, Renal and Metabolism (CVRM), 
BioPharmaceuticals Research and Development, AstraZeneca, 
Göteborg, Sweden
Wang, Qing-Dong - Bioscience Cardiovascular, Research and 
Early Development, Cardiovascular, Renal and Metabolism 
(CVRM), BioPharmaceuticals Research and Development, 
AstraZeneca, Göteborg, Sweden

Jennbacken, Karin - Bioscience Cardiovascular, Research and 
Early Development, Cardiovascular, Renal and Metabolism 
(CVRM), BioPharmaceuticals Research and Development, 
AstraZeneca, Göteborg, Sweden

Despite major advances in the treatment of ischemic heart fail-
ure, the root cause of impairment is still unaddressed due to the 
inability of the injured mammalian heart to regenerate the loss of 
contractile myocardial tissue. Human embryonic stem cell (hES-
C)-derived cardiac progenitors (CPCs) engraft, differentiate into 
cardiomyocytes (CMs), and prevent disease progression after 
myocardial infarction (MI) in the murine and porcine heart (refer-
ence). As such CPCs are a promising source of cardiomyocytes 
for cardiac regeneration of the adult mammalian heart. Howev-
er, the extensive myocardial remodeling post-injury makes it a 
particularly harsh environment that negatively affects graft size. 
In this study, we are exploring strategies to further enhance ro-
bust cell engraftment and maturation. To unlock the full potential 
of CPCs, we have tested the ability of hESC-derived epicardial 
cells (EPIs) to promote CPC-derived CM graft size and matura-
tion in the rodent kidney subcapsular transplant model. During 
development, EPIs and their deriving cells play a crucial role in 
the expansion, and support of the embryonic myocardium. To fur-
ther promote the grafting of CPCs, we engineered EPIs to secrete 
cardiac supporting growth factor(s) which promote CPC prolifer-
ation. The growth factor(s) were selected based on their ability 
to affect the proliferation of CPCs in vitro measured by EdU and 
Ki67 assays. Luciferase-expressing CPCs were co-transplanted 
with engineered and naïve EPIs in vivo. Bioluminescence imaging 
and histological analysis revealed that the presence of EPIs sig-
nificantly promotes the expansion of the grafted CM population 
over time. Most strikingly, co-transplantation of engineered EPIs 
further improves graft size severalfold. Lastly, in all conditions, 
EPIs promote a robust increase in the expression of CM matura-
tion markers. In summary, the ability to promote engraftment and 
maturation presents EPIs, especially engineered EPIs, as an im-
portant companion cell enhancing the therapeutic effect of CPCs 
in cardiac repair.

Keywords: cardiovascular, cell therapy, ischemic heart failure
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PROTEIN-FREE, LOW-COST MEDIUM FOR 
EFFICIENT HPSC-CARDIOMYOGENIC 
DIFFERENTIATION IN MULTIPLE CULTURE 
PLATFORMS INCLUDING UPSCALING TO 
STIRRED-TANK BIOREACTORS
Kriedemann, Nils - Leibniz Research Laboratories for 
Biotechnology and Artificial Organs, Hannover Medical School, 
Hannover, Germany
Manstein, Felix - Cell Therapy, Evotec International GmbH, 
Göttingen, Germany
Ullmann, Kevin - Leibniz Research Institutes for Biotechnology 
and Artificial Organs, Hannover Medical School, Hannover, 
Germany
Triebert, Wiebke - Cell Therapy, Evotec International GmbH, 
Cologne, Germany
Franke, Annika - Leibniz Research Institutes for Biotechnology 
and Artificial Organs, Hannover Medical School, Hannover, 
Germany
Mertens, Mira - Leibniz Research Institutes for Biotechnology 
and Artificial Organs, Hannover Medical School, Hannover, 
Germany
Hernandez Bautista, Carlos - Leibniz Research Institutes for 
Biotechnology and Artificial Organs, Hannover Medical School, 
Hannover, Germany
Zweigerdt, Robert - Leibniz Research Institutes for 
Biotechnology and Artificial Organs, Hannover Medical School, 
Hannover, Germany

Harnessing the full potential of human pluripotent stem cell (hP-
SC)-derived cardiomyocytes for cell therapy, tissue engineering 
and drug discovery, will require the cost-effective, large-scale 
production of cell products. Chemically defined, low-cost me-
dia of constant quality represent an important factor in such 
processes. The broadly utilised “Chemically defined medium, 3 
components” (CDM3) for cardiac differentiation presents a first 
step towards this. However, one main component of CDM3 is the 
costly and batch-quality dependent recombinant human albumin 
(RHA), utilised in high concentrations. In our preceding studies, 
we showed that the variability of the cardiomyogenic hPSC dif-
ferentiation process is substantially influenced by cell-secreted 
paracrine factors. Thus, investigating the differentiation stage-de-
pendent secretome is of substantial interest to further optimize 
and control the process, and for revealing novel biomarkers for 
process monitoring. However, high concentrations of protein, in 
particular, RHA, in the culture medium interfere with a proper and 
sensitive secretome analysis by mass spectrometry, which is es-
pecially critical for low-abundant, yet differentiation-directing, fac-
tors such as secreted cytokines. To overcome these drawbacks 
we have developed entirely protein-free, chemically defined me-
dia formulations that efficiently support cardiomyocyte yield and 
purity equivalent or even better than CDM3 medium. Applicability 
of these novel media formulations is demonstrated across nu-
merous differentiation culture platforms, including conventional 
6-well plates (3 mL volume) and Erlenmeyer flasks (20 mL vol-
ume), followed by process upscaling to 150 mL stirred tank bio-
reactors (STBRs) and ultimately 2000 mL STBR scale, supporting 
cell production for clinical translation. The achieved CM yield of 
about 1.5×106 cells/mL on average is superior to previous data in 
the field. All components of the newly developed media are com-
monly utilized in the medical industry and are known to be highly 
biocompatible, in line with the clinical applicability of hPSC-de-
rived cardiomyocytes; moreover, media cost reduction of at least 

30% compared to CDM3 medium is achieved, further promoting 
commercial aspects of cell therapies for heart regeneration.

Keywords: Cardiomyocyte-bioprocessing, Protein-free Medium, 
Secreteomics
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AUTOLOGOUS IPSC THERAPY AND THE 
DEVELOPMENT OF AN RPE-PLGA TREATMENT 
FOR AGE-RELATED ACUTE MACULAR 
DEGENERATION
Montford, Jair T. - National Eye Institute, National Institutes of 
Health, Bethesda, MD, USA
Sharma, Ruchi - National Eye Institute, National Institutes of 
Health, Bethesda, MD, USA
Jha, Shekhar - National Eye Institute, National Institutes of 
Health, Bethesda, MD, USA
Barone, Francesca - National Eye Institute, National Institutes of 
Health, Bethesda, MD, USA
Maminishkis, Arvydas - National Eye Institute, National Institutes 
of Health, Bethesda, MD, USA
Amaral, Juan - National Eye Institute, National Institutes of 
Health, Bethesda, MD, USA
Bunea, Irina - National Eye Institute, National Institutes of Health, 
Bethesda, MD, USA
Bharti, Kapil - National Eye Institute, National Institutes of Health, 
Bethesda, MD, USA

Age-related macular degeneration (AMD) is one of the most com-
mon causes of blindness in individuals over the age of 55. The 
“dry” stage of this retinal degenerative disease is characterized 
by degeneration of the retinal pigment epithelium (RPE), retinal 
photoreceptors, and vasculature of the retina. Our lab uses in-
duced pluripotent stem cells (iPSCs) to generate autologous iP-
SC-RPE to treat patients with the “dry” form of AMD. Patients’ 
blood was collected to isolate peripheral blood mononuclear 
cells (PBMCs). PBMCs were reprogrammed into iPSCs and subse-
quently differentiated into RPE using our tri-phasic protocol. The 
iPSC-RPE were matured on a biodegradable polylactic co-glycolic 
acid (PLGA) scaffold for five weeks. The maturity and purity were 
verified by FLOW-based assay for RPE-specific markers (BEST1, 
TYRP1, CRALBP), and pluripotency markers (TRA-1-81 and OCT-4). 
The safety and efficacy of the iPSC-RPE patch was tested in small 
(rat) and large (pig) animal models, respectively. The 0.5mm patch 
was transplanted in immune-compromised rats and no signs of 
tumor formation was observed, confirming the safety of the prod-
uct. For testing the efficacy, the iPSC-RPE patch was transplanted 
in the pig after laser injuring their RPE layer. Optical coherence 
tomography (OCT) and histological analysis confirmed the inte-
gration of the patch within the pig RPE layer. In conjunction with 
OCT, multi-focal electroretinogram (ERG) was used to show that 
the retina over the transplanted iPSC-RPE patch had a higher 
electrical response as compared to the lasered area without the 
patch. Recently, the FDA has cleared our product for a phase I/
IIa IND application that will allow us to transplant the iPSC-RPE 
patch in patients to treat “dry” AMD. This ongoing clinical study 
will allow us to test the safety and feasibility of the autologous 
iPSC-RPE patch in twelve “dry” AMD patients.

Keywords: Autologous iPSC therapy, Age-related macular 
degeneration, iPSC-RPE
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IDENTIFICATION OF MARKERS FOR OCULAR 
SURFACE CHARACTERIZATION IN LSCD 
PATIENTS TREATED BY ORAL MUCOSA
Attico, Eustachio - Centre of Regenerative Medicine “Stefano 
Ferrari” University of Modena and Reggio Emilia, Modena, Italy
Galaverni, Giulia - Center for Regenerative Medicine “Stefano 
Ferrari” University of Modena and Reggio Emilia, Modena, Italy
Bianchi, Elisa - Center for Regenerative Medicine “Stefano 
Ferrari” University of Modena and Reggio Emilia, Modena, Italy
Losi, Lorena - Department of Life Sciences, Unit of Pathology, 
University of Modena and Reggio Emilia, Modena, Italy
Torello, Andrea - Center for Regenerative Medicine “Stefano 
Ferrari” University of Modena and Reggio Emilia, Modena, Italy
Bonacorsi, Susanna - Center for Regenerative Medicine 
“Stefano Ferrari” University of Modena and Reggio Emilia, 
Modena, Italy
Manfredini, Rossella - Center for Regenerative Medicine 
“Stefano Ferrari” University of Modena and Reggio Emilia, 
Modena, Italy
Lambiase, Alessandro - Department of Sense Organs, La 
Sapienza University of Rome, Italy
Rama, Paolo - Cornea and Ocular Surface Unit, IRCCS San 
Raffaele Scientific Institute, Vita-Salute San Raffaele University, 
Milan, Italy
Pellegrini, Graziella - Center for Regenerative Medicine “Stefano 
Ferrari” and University of Modena and Reggio Emilia, Modena, 
Italy

Total bilateral Limbal Stem Cells Deficiency is a pathologic con-
dition of the ocular surface due to loss or impairment of corneal 
stem cell function, altering the corneal epithelium’s homeosta-
sis and bringing discomfort and blindness. Cultivated Oral Mu-
cosa Epithelial Transplantation (COMET) is the only autologous 
successful treatment for this pathology in clinical applications. 
However, peripheric corneal vascularization often occurs. Proper 
characterization of the transplanted cornea is needed for accu-
rate follow-up and understanding of the underlying regenerative 
and neovascularization processes. So far, the univocal identi-
fication of transplanted oral mucosa has been challenging due 
to the absence of tissue-specific markers. Previously proposed 
markers were shown to be co-expressed by the different ocu-
lar surface epithelia in a homeostatic or perturbated environ-
ment. In this scenario, we investigated new unique markers that 
distinguish the transplanted oral tissue from the other epithelia 
of the ocular surface. We compared the transcriptome of stem 
cells from the human oral mucosa, limbus and conjunctiva and 
found factors uniquely upregulated in oral epithelium. Moreover, 
we identified angiogenesis-related factors responsible for vas-
cularization in oral mucosa-treated patients. Different molecular 
biology techniques validated the upregulated transcripts at RNA 
and protein levels. Finally, the proposed markers were used to 
investigate corneal samples with 10 years of follow-up of aniridia 
patient treated by COMET. These new findings have several im-
plications: a) they will support the follow-up analysis of patients 
transplanted with non-ocular epithelia; b) they will provide the 
knowledge on the process of neovascularization to prevent it on 
patient corneas; c) they will help to shed lights on the mechanism 
of repair and regeneration of the cornea.

Funding Source: This study was funded by the Awards 
“Lombardia è Ricerca 2018” and “Louis Jeantet Award 2020” 
and by Holostem Terapie Avanzate s.r.l. and by Regione 

Emilia-Romagna (area 1b, medicina rigenerativa) and POR-FESR 
2007-13-Tecnopolo.

Keywords: Oral Mucosa, Cornea, Neovascularization
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AN OPTIMIZED APPROACH TO GENERATE 
OVARIAN SUPPORT CELLS FROM INDUCED 
PLURIPOTENT STEM CELLS: A PLATFORM TO 
DEVELOP THERAPEUTICS FOR DISEASES OF THE 
FEMALE REPRODUCTIVE SYSTEM
Paulsen, Bruna - Cell Engineering, Gameto, Inc., New York, NY, 
USA
Noblett, Alexander - Cell Engineering, Gameto, Inc., New York, 
NY, USA
Potts, Kathryn - Cell Engineering, Gameto, Inc., New York, NY, 
USA
Rockwell, Graham - Cell Engineering, Gameto, Inc., New York, 
NY, USA
Piechota, Sabrina - Embryology, Gameto, Inc., New York, NY, 
USA
Giovannini, Alexa - Embryology, Gameto, Inc., New York, NY, 
USA
Marchante, Maria - Embryology, Gameto, Inc., Madrid, Spain
Figueroa, Alexandra - Cell Engineering and Embryology, 
Gameto, Inc., New York, NY, USA
McCulloh, David - Embryology, Gameto, Inc., New York, NY, USA
Kramme, Christian - Cell Engineering and Embryology, Gameto, 
Inc., New York, NY, USA

An in vitro model of the human ovary would advance our under-
standing of female sexual development and reproduction, en-
abling development of novel fertility treatments such as robust 
oocyte in vitro maturation technology. A crucial functional com-
ponent of such a model are ovarian support cells (OSCs), includ-
ing granulosa, theca and stromal lineages. Together, OSCs are 
responsible for shaping the ovarian signaling and oocyte growth 
environment throughout development and adult life. Recent-
ly, our group reported an efficient 5 day protocol to generate 
FOXL2+ OSCs from human induced pluripotent stem cells (hiP-
SCs) through transcription factor (TF) overexpression. Resultant 
differentiated cells have transcriptomes resembling human in vivo 
OSCs and recapitulate key ovarian phenotypes in vitro, including 
follicle formation and steroidogenesis. As the induced OSCs are 
a heterogeneous cell population, differentiation outcomes, while 
high, exhibit significant variability (75.4 ± 23.3% FOXL2+ cells) and 
scRNA-seq analysis indicates that cell subpopulation composi-
tion varies across production batches. Aiming to increase repro-
ducibility and ensure translatability to clinical settings, we applied 
design of experiments (DOE) to further optimize multiple factors 
known to be associated with intermediate mesoderm induction 
and OSC differentiation along with our standard TF overexpres-
sion. We assessed cell viability and FOXL2, AMHR2 and CD82 
expression as indicators of successful OSC differentiation. We 
demonstrated that optimized conditions determined by DOE re-
sult in less variability in OSC induction than our previous differen-
tiation protocol. The improvements in the differentiation process 
combined with quality by design approaches allow for reduced 
manufacturing costs and improve compliance with cGMP regu-
lations. Further investigation will establish whether specific opti-
mized conditions and associated OSC characteristics would give 
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a more robust clinical outcome in assisted reproductive technolo-
gies applications. Generation of a robust and consistent protocol 
to produce OSCs for oocyte in vitro maturation applications have 
the potential to widen access to IVF and egg freezing, as well as 
reduce the duration and hormonal burden to which women are 
subject during these processes.

Keywords: Ovarian support cells, Granulosa cells, Cell 
Manufacturing Directed Differentiation, Design of experiments, 
Quality by Design
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DEVELOPMENT OF AN IN VITRO POTENCY 
ASSAY OF IMMUNE EFFECTOR CELL-MEDIATED 
CYTOTOXICITY AND KINETICS
Passaro, Austin - Product Management, Axion Biosystems, 
Atlanta, GA, USA
Chvatal, Stacie - Product Management, Axion Biosystems, 
Atlanta, GA, USA
Sullivan, Denise - Applications, Axion Biosystems, Atlanta, GA, 
USA
Streeter, Ben - Applications, Axion Biosystems, Atlanta, GA, USA
Califano, Danielle - Product Management, Axion Biosystems, 
Atlanta, GA, USA
Millard, Daniel - Applications, Axion Biosystems, Atlanta, GA, 
USA
Lamers-Kok, Nina - Research and Development, Glycostem 
Therapeutics, Oss, Netherlands
Özkazanc, Didem - Research and Development, Glycostem 
Therapeutics, Oss, Netherlands
Spanholtz, Jan - Research and Development, Glycostem 
Therapeutics, Oss, Netherlands
Doganay Duru, Adil - Research & Development, Glycostem 
Therapeutics, Oss, Netherlands
Georgoudaki, Anna-Maria - Research and Development, 
Glycostem Therapeutics, Oss, Netherlands

Immunotherapy harnesses the power of the innate and adaptive 
immune system to seek out and attack cancer. Engineering chi-
meric antigen receptors (CAR) into T cells or Natural Killer (NK) 
cells to target tumor-associated or neo-antigens can lend high 
specificity. Stem cell-derived allogeneic therapies offer advan-
tages over autologous products, particularly for manufacturing, 
off-the-shelf availability, and patient access. One such therapy is 
oNKord® NK cells developed by Glycostem Therapeutics, which 
are derived from umbilical cord blood hematopoietic stem cells 
(HSCs). Immunotherapy development relies on the use of in vi-
tro potency assays—which are key for understanding complex 
interactions between immune (effector) cells and cancer (target) 
cells—to evaluate the function, specificity, and sensitivity of a 
product. Here, we describe an in vitro potency assay that quanti-
fies the killing kinetics of various immune effector cells. We show 
examples using HER2-CAR T cells against SKOV3 target cells, as 
well as antibody-dependent cellular cytotoxicity (ADCC)-specific 
killing using the monoclonal antibody trastuzumab and oNKord 
NK cells against SK-BR-3 target cells. Target cells were first seed-
ed into CytoView-Z plates. Electrical impedance measurements 
from the electrodes in each well detected cell attachment and 
proliferation. Immune effector cells, as well as antibody for ADCC 
experiments, were then added and co-cultured with the target 

cells for 24-72 hours. Cytolysis of the target cells was calculated 
by comparing treated wells to no treatment control wells, and the 
kinetics of cell death were determined by the time required for 
effector cells to kill half of the target cells (kill time 50, KT50). 
For CAR-T experiments, antigen-specific cytolysis of target cells 
was evaluated by comparing SKOV3 cytolysis from HER2-specific 
CAR T cells (93.5 +/- 1.5%) to donor-matched mock CAR T cells 
(52.1 +/- 9.4%) and non-transduced T cells 24 hours post-effector 
cell addition. The kinetic readout from the assay indicates a KT50 
of 7.1 +/- 0.6 hours for HER2 CAR T cells and 22.6 +/- 4.8 hours for 
mock CAR T cells. For NK experiments, ADCC was observed with 
trastuzumab and oNKord NK cells from three different donors. Fu-
ture work will further evaluate cytolysis kinetics using additional 
immune therapies and cancer models.

Keywords: Immunotherapy, Potency assay, Impedance
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DEVELOPMENT OF TRANSLATABLE PROCESSES 
FOR VIRAL & NON-VIRAL T-CELL MODIFICATION
Kandell, Jennifer - Pharma Services Group, Thermo Fisher 
Scientific, La Jolla, CA, USA
Richards, Colleen - Pharma Services Group, Thermo Fisher 
Scientific, San Diego, CA, USA
Verbarendse, Maetja - Pharma Services Group, San Diego, CA, 
USA
OBrien, Lea - Pharma Services Group, Thermo Fisher Scientific, 
San Diego, CA, USA
Lakshmipathy, Uma - Pharma Services Group, Thermo Fisher 
Scientific, San Diego, CA, USA

Immunotherapy has been revolutionized by advancements in 
Chimeric Antigen Receptors (CAR) T-cell manufacturing process-
es using viral, nonviral, or a combination of the two methods. 
However, further process improvements must be implemented 
for CAR T-cell therapies to become an “off-the-shelf” therapy in 
the clinical setting. Challenges associated with viral modification 
include the need for high-quality virus with adequate purity and 
potency, while nonviral methods rely on efficient delivery meth-
ods and components. Additionally, the design of the designated 
clinical study defines the scalability at which the CAR T-cell man-
ufacturing process is to be performed. This calls for a scalable 
and translatable approach to attain regulatory-compliant produc-
tion under good manufacturing practice (GMP) conditions. In this 
study, we investigated flexible cell processing methods and gene 
delivery tools to generate CAR T-cells to best translate to GMP 
conditions. CAR T-cell workflows were performed using either 
single-step automated, multistep semi-automated, or modular 
protocols and assessed for improvements in cell phenotype, cell 
expansion, and gene editing efficiency. Using viral or non-viral 
modification platforms in combination with different donor ma-
terials, our efficiency in generating CAR T-cells ranged between 
8.5% to 40.7%. Subsequent expansion of these CAR T-cells re-
sulted in a 50 to 80-fold expansion rate with >90% viability. To fur-
ther access the efficiency of our CAR T-cell process and identify 
additional factors impacting variability besides donor or lentivirus 
lot; we established flow cytometry and image-based in-process 
testing at various stages of processing. T-cell enrichment (~50% 
CD3(+) pre-process vs >95% CD3(+) post-process); the presence 
of contaminating cell types such as monocytes (18.2% pre-pro-
cess vs <1% post-process); and activation status (CD25 >70%, 
CD69 >50%) of cells prior to transduction were established as key 
checkpoints to ensure successful runs. A systematic approach 
to understanding sources of variability will help specify control 
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measures and criteria which are critical for translation to scalable 
manufacturing.

Keywords: Immunotherapy, Good Manufacturing Practices 
(GMP), Bioprocessing
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HIGH-EFFICIENCY TARGETED TRANSGENE 
INTEGRATION VIA PRIMED MICRO-
HOMOLOGUES
Wang, Chenxin - State Key Laboratory of Stem Cell and 
Reproductive Biology, Institute of Zoology, Chinese Academy of 
Sciences, Beijing, China
Fang, Sen - State Key Laboratory of Stem Cell and Reproductive 
Biology, Institute of Zoology, Chinese Academy of Sciences, 
Beijing, China
Chen, Yangcan - State Key Laboratory of Stem Cell and 
Reproductive Biology, Institute of Zoology, Chinese Academy of 
Sciences, Beijing, China
Tang, Na - State Key Laboratory of Stem Cell and Reproductive 
Biology, Institute of Zoology, Chinese Academy of Sciences, 
Beijing, China
Jiao, Guanyi - State Key Laboratory of Stem Cell and 
Reproductive Biology, Institute of Zoology, Chinese Academy of 
Sciences, Beijing, China
Hu, Yanping - State Key Laboratory of Stem Cell and 
Reproductive Biology, Institute of Zoology, Chinese Academy of 
Sciences, Beijing, China
Li, Jing - State Key Laboratory of Stem Cell and Reproductive 
Biology, Institute of Zoology, Chinese Academy of Sciences, 
Beijing, China
Shan, Qingtong - State Key Laboratory of Stem Cell and 
Reproductive Biology, Institute of Zoology, Chinese Academy of 
Sciences, Beijing, China
Wang, Xin - State Key Laboratory of Stem Cell and Reproductive 
Biology, Institute of Zoology, Chinese Academy of Sciences, 
Beijing, China
Feng, Guihai - State Key Laboratory of Stem Cell and 
Reproductive Biology, Institute of Zoology, Chinese Academy of 
Sciences, Beijing, China
Li, Wei - State Key Laboratory of Stem Cell and Reproductive 
Biology, Institute of Zoology, Chinese Academy of Sciences, 
Beijing, China
Zhou, Qi - State Key Laboratory of Stem Cell and Reproductive 
Biology, Institute of Zoology, Chinese Academy of Sciences, 
Beijing, China

Due to the difficulties in precisely manipulating DNA repair path-
ways, targeted integration of large transgenes triggered by dou-
ble-strand breaks (DSBs) is inherently inefficient and non-specific. 
Here, we exploited prime editors (PE) in donor template pro-
cessing and devised a robust knock-in (KI) strategy: Primed mi-
cro-homologues-assisted integration (PAINT). PAINT utilizes the 
reverse-transcribed single-stranded micro-homologues (MHs) to 
boost targeted KIs in various cell types. PAINT exhibits highest 
editing efficiency and minimized off-target integration effects, 
especially in dealing with scarless in-frame KIs. By the PAINT 
method, we achieved KI frequencies of up to 85% with a 2.5-kb 
CAG-EGFP reporter transgene at several therapeutically relevant 
genomic loci, indicating its application potential in clinical trials. 
We also devised a DSB-independent version of PAINT, nPAINT, 
which is triggered with a double-nick at the genomic target site, 
and achieved up to 40% editing efficiencies with much higher KI/
indels ratios. Thus, we establish that the PAINT/nPAINT system is 

a powerful gene editing tool for large transgene integrations and 
will pave a new avenue for cell and gene therapies and genome 
writing technologies.

Funding Source: National Key Research and Development 
Program (2019YFA0110800, 2020YFA0707900 and 
2019YFA0903800 to W.L., and 2017YFA0103803 to Q.Z.), the 
National Natural Science Foundation of China (31621004 to Q.Z. 
and W.L.)

Keywords: gene editing, targeted knock-in (KI), PAINT
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IMPROVING CD34 + YIELDS LEADS TO A ROBUST 
AND REPRODUCIBLE FEEDER-FREE HUMAN INK 
DIFFERENTIATION PROCESS
Perr, Eli L. - Stem Cell and Gene Therapy Research and 
Development, Bio-Techne, Minneapolis, MN, USA
Kota, Kalyani - BMogen Research and Development, Bio-
Techne, Minneapolis, MN, USA
Wang, Yiao - Stem Cell and Gene Therapy Research and 
Development, Bio-Techne, Minneapolis, MN, USA
Patrinostro, Xiaobai - Genome Engineering Services, Bio-
Techne, Minneapolis, MN, USA
Lu, Xi - Stem Cell and Gene Therapy Research and 
Development, Bio-Techne, Minneapolis, MN, USA

Natural Killer (NK) cells show promise as a cancer immunotherapy 
to target both hematological and solid tumors. However, current 
sources of NK cells such as umbilical cord (UCB) or Peripheral 
blood (PB) cannot easily expand to clinically relevant numbers 
and are heterogeneous in cell composition. Theoretically, human 
iPSCs-derived-NKs (iNKs) may provide a uniform and potentially 
unlimited source of NKs for allogeneic cell therapy but current 
protocols are not robust or easily reproducible due to highly 
variable differentiation efficiency. Using small molecules and 
recombinant animal free proteins, we developed a feeder free 
differentiation process to reproducibly generate iNKs at scale by 
optimizing for CD34+ hematopoietic stem cells (iHSC) expression 
prior to downstream NK differentiation. These optimizations led to 
vastly improved iNK yields. Within 30 days, cells reached a purity 
of more than 95% CD56+, CD3- with a single iPSC yielding up to 
500 iNKs. Subsequent activation and expansion of iNKs showed 
potent (>90%) killing of target cancer cells (including K562 and 
SKOV3) via an Incucyte based killing assay. Additionally, we 
transfected iPSCs with a CD19-CAR construct using TC-Buster to 
generate CAR-iNKs and obtained cells with increased B-cell lym-
phoma targeted cytotoxicity. These results show that optimizing 
for CD34+ HSCs is a critical step for robustly differentiating iNK 
from iPSCs. This protocol should greatly increase reproducibility 
and uniformity of clinically relevant iNK production for allogeneic 
cancer therapy.

Keywords: iPSC derived Natural Killer cell (iNK), iPSC derived 
Hematopoetic stem cell (iHSC), Differentiation optimization
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ESTABLISHMENT OF AN EXTERNAL QUALITY 
ASSURANCE PROGRAMME FOR VIABLE CD34 
CELL ENUMERATION: TRANSLATION TO 
CLINICAL PRACTICE
Ragg, Scott J. - Tasmanian BMT Services, Royal Hobart 
Hospital, Australia
Trickett, Annette - BMT Laboratory, NSW Health Pathology, 
Randwick, Australia
Chang, Annabella - Stem Cell and Cancer Research Program, St 
Vincent’s Applied Medical Research Centre, Sydney, Australia
Ma, David - Stem Cell and Cancer Research Program, St 
Vincent’s Applied Medical Research Centre, Sydney, Australia

Blood and marrow transplant centers use CD34+ cell enumer-
ation as the primary determinant of hematopoietic progenitor 
cell (HPC) content of the infused cells. A viable (rather than total) 
CD34+ assay should be performed on products that have been 
manipulated and/or cryopreserved. Although there are external 
quality assurance programs (EQAP) for total CD34+ enumeration 
using fixed cells, there is an urgent need to develop one to de-
termine inter-laboratory accuracy and reproducibility of viable 
CD34+ enumeration. We have recently published a sustainable 
EQAP method which utilizes discarded cryopreserved HPC that 
have been approved and consented for research use. The cur-
rent work is to translate research to clinical practice. An initial 
survey identified 28 laboratories across Australia that are inter-
ested in participating. Cryopreserved HPC were thawed, washed 
and re-frozen in 100 de-identified aliquots for use as the EQAP 
cryopreserved reference material. Aliquots were maintained in 
the vapor phase of liquid nitrogen apart from approximately 24 
hours on dry ice during transit to participating centers. Ten of 
these samples were tested up to 3 months after transit by two 
different laboratories. The total CD34 counts between aliquots 
were reproducible (sample 1 total CD34 CV = 10.1%; sample 2 
CV = 12.6%), but greater variation in viable CD34 counts was ob-
served, particularly in sample 2 which had lower viability (sample 
1 CV for viable CD34 = 21.2%; sample 2 CV = 30.5%). The viable 
CD34 counts in sample 2 did not show a progressive decrease 
over time suggesting that the low viability is due to sample quality 
rather than storage time post transit. The high CV is likely due 
to subjectivity in placement of the viability gate. The distribu-
tion of EQAP samples and collection of data for the viable CD34 
EQAP will be coordinated through Royal College of Pathologists 
of Australasia Quality Assurance Programs. We expect to com-
plete these feasibility and logistic studies within next few months 
and to launch the first EQAP for viable CD34+ cell enumeration in 
cryopreserved HSC products in continental Australia by mid-year.

Funding Source: Royal College of Pathologists of Australasia 
(RCPA) Foundation Grant

Keywords: Viable CD34, Quality assurance program, 
Hematopoietic transplantation
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GENERATION OF FUNCTIONAL T CELLS FROM 
IPSCS VIA RECAPITULATION OF THYMIC NOTCH 
SIGNALLING USING DLL4/VCAM1 MICROBEADS
Rajesh, Deepika - Research and Development, Notch 
Therapeutics, Point Roberts, WA, USA
Carpenedo, Richard - Manufacturing Sciences, Notch 
Therapeutics, Vancouver, BC, Canada
Afshinmanesh, Elham - Manufacturing Sciences, Notch 
Therapeutics, Vancouver, BC, Canada
Ouellete, Marc - Research and Development, Notch 
Therapeutics, Vancouver, BC, Canada
Martinez, Elisa - Research and Development, Notch 
Therapeutics, Vancouver, BC, Canada
De Souza, Rebecca - Research and Development, Notch 
Therapeutics, Vancouver, BC, Canada
Yoon, Boyoung - Research and Development, Notch 
Therapeutics, Vancouver, BC, Canada
Duong, Angela - Research and Development, Notch 
Therapeutics, Vancouver, BC, Canada
Wall, Valerie - Research and Development, Notch Therapeutics, 
Vancouver, BC, Canada
Cadell, Michael - Research and Development, Notch 
Therapeutics, Vancouver, BC, Canada
Apelu, Sommer - Research and Development, Notch 
Therapeutics, Vancouver, BC, Canada
Abraham, Libin - Research and Development, Notch 
Therapeutics, Vancouver, BC, Canada
Deyati, Avisek - Systems Biology, Notch Therapeutics, 
Vancouver, BC, Canada
Zmurchok, Cole - Systems Biology, Notch Therapeutics, 
Vancouver, BC, Canada
Kardel, Melanie - Research and Development, Notch 
Therapeutics, Vancouver, BC, Canada
Kirouac, Dan - Systems Biology, Notch Therapeutics, Vancouver, 
BC, Canada
Chandrasekaran, Siddarth - Research and Development, Notch 
Therapeutics, Vancouver, BC, Canada
Joshi, Shrinidh - Manufacturing Sciences, Notch Therapeutics, 
Vancouver, BC, Canada
Titus, Emily - Technical Operations, Notch Therapeutics, 
Vancouver, BC, Canada
Bond, Christopher - Research and Development, Notch 
Therapeutics, Vancouver, BC, Canada

Adoptive cell therapy (ACT) with CAR-T cells derived from au-
tologous or allogeneic donors has demonstrated success with 
hematological malignancies. However, the high cost and lengthy 
manufacturing times of autologous T cells and a risk of graft ver-
sus host disease (GvHD) with allogeneic cells have been initial 
roadblocks for therapeutic applications. Human induced pluripo-
tent cells (iPSCs) can differentiate into T cells and are amenable 
to multiplexed gene edits and clonal expansion. Current methods 
for generating iPSC-derived T cells rely on plate bound or feed-
er-based presentation of Notch ligands which limit the scalability 
of the process. Hence, developing a defined, efficient, and bio-
reactor-compatible process to generate hematopoietic precursor 
cells (HPCs) with lymphoid potency is key to making iPSC derived 
T cells as a universal off-the-shelf product for ACT. Here we report 
the development of a proprietary, scalable Engineered Thymic 
Niche (ETN) comprising of DLL4-VCAM-conjugated paramagnetic 
microbeads that allow precise control of Notch signaling during T 
cell differentiation. In a previous study using the ETN we demon-
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strated the generation of Pro T cells and further differentiation to 
CD8αβ+ cells in the presence of sustained high concentration of 
Notch. The present study focused on recapitulating the canon-
ical T cell differentiation pathway in the thymus using the ETN 
platform. First, we generated multipotent CD34+CD43+CD45+ 
HPCs across multiple iPSC lines with a high yield and purity that 
resemble definitive HPCs in the human embryo. Next, we opti-
mized the ratio of ETN dose and cell density to recapitulate high 
Notch signaling required to drive HPCs to the Progenitor T-cells 
stage of T-cell development. Then, we fine-tuned the decline of 
Notch signaling intensity using the ETN to generate double posi-
tive CD4+CD8+, which then mature to single positive CD4-CD8+ 
αβ T cells from unmodified and engineered iPSCs. T cells gener-
ated from iPSC expressing CAR demonstrated multiple rounds of 
in vitro tumor cell killing. The stage specific transition from HPCs 
to T cells was supported by phenotypic characterization and anal-
ysis of Notch target genes. The results demonstrate that the mod-
ular ETN platform is a powerful system that can generate clinical 
batches of iPSC derived T cells for ACT applications.

Keywords: iPSC-derived T cells, Notch signalling, Engineered 
Thymic Niche
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REACTIVATION OF FETAL HEMOGLOBIN BY 
GENERATING HPFH3 GENOTYPE IN SICKLE CELL 
DISEASE AND BETA-THALASSEMIA PATIENTS-
DERIVED HSPCS TO TREAT THE DISEASE
Goswami, Sangam Giri - Molecular Medicine, CSIR-IGIB, Delhi, 
India

Beta hemoglobinopathies are a set of inherited blood disorders 
affecting beta-globin production, a constituent of hemoglobin. 
These diseases include sickle cell disease (SCD) and beta-thalas-
semia (BT), which result from genetic mutations in the HBB gene 
that play a role in producing adult hemoglobin (HbA) in red blood 
cells (RBCs). SCD leads to the creation of sickle hemoglobin 
(HbS), which gives the RBCs a sickle shape, while over 200 mu-
tations are responsible for BT, resulting in the reduced or no pro-
duction of HBB. Designing donor DNAs for each type of mutation 
in beta-thalassemia (BT), which involves over 200 mutations, and 
sickle cell disease (SCD), is a difficult and impractical approach 
for gene-correction-based therapies. Furthermore, such thera-
pies are restricted by the limited efficiency of homology-directed 
repair, while utilizing the naturally occurring HPFH3 genotype to 
reactivate fetal hemoglobin (HbF) has the potential to alleviate 
symptoms of the disease. HPFH3 genotype is a deletion of 50 
kb region of the beta-globin gene cluster encompassing HBD, 
HBB, and some repressors of HBG1/2. The deletion is associat-
ed with the reactivation of HBG1/2 gene causing HbF induction. 
HPFH3 genotype were recapitulated in patients’ HSPCs using 
efficient NHEJ-based outcomes of CRISPR/Cas9, and the edited 
cells were differentiated into erythroid cells to assess the cellular 
and molecular aspects of the disease. We found that HPFH3 gen-
otype reactivated HbF in edited HSPCs-derived erythroid cells, 
resulting in reduced symptoms such as improved erythropoie-
sis and decreased oxidative stress in both SCD and BT cells. In 
our study, we observed that edited sickle cell disease (SCD)-de-
rived cells showed a noteworthy decrease of 81% in the number 
of sickled cells, while edited beta-thalassemia (BT)-derived cells 
showed the restoration of globin chain balance. The HPFH3 gen-
otype bears several advantages as a genome editing strategy 
for beta-hemoglobinopathies, including its therapeutic potential 
as a naturally occurring genotype, and its suitability for treating 

both SCD and BT. Additionally, the strategy relies on the efficient 
NHEJ-based outcome of CRISPR/Cas9.

Funding Source: Department of Biotechnology, India CSIR-IGIB, 
Delhi, India

Keywords: beta-hemoglobinopathies, fetal hemoglobin, genome 
editing in hematopoietic stem cells
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GENERATION OF HUMAN IPSC-DERIVED 
NATURAL KILLER CELLS FOR ALLOGENEIC 
CANCER IMMUNOTHERAPY
Tarunina, Marina - Plasticell Ltd, Stevenage, UK
Luharia, Sachin - Plasticell Ltd, Stevenage, UK
Gestwa, Michelle - Plasticell Ltd, Stevenage, UK
Houppermans, Matthew - Plasticell Ltd, Stevenage, UK
Lam, Lam - Plasticell Ltd, Stevenage, UK
Habich-Crayton, Aleksandra - Plasticell Ltd, Stevenage, UK
Agrawal, Shivam - Plasticell Ltd, Stevenage, UK
D’ and Agostino, Giuseppe - Plasticell Ltd, Stevenage, UK
Makhija, Harshyaa - LambdaGen Pte. Ltd, Singapore
Ponomaryov, Tatyana - Plasticell Ltd, Stevenage, UK
Choo, Yen - Lee Kong Chian School of Medicine, NTU, 
Singapore

Natural Killer (NK) cell-based immunotherapies have gained 
significant traction to treat several cancer types including B-cell 
lymphoma as they have achieved appreciable and durable re-
sponses without eliciting the adverse toxicity events that have 
been associated with CAR-T therapies. NK-based therapies do 
not require complete HLA-matching and therefore can be man-
ufactured from allogeneic cell sources. Generating functional 
NK cells from a potentially unlimited source like iPSCs alleviates 
many manufacturing and affordability constraints. iPSC-derived 
NK cells have so far proven as effective as those from primary cell 
sources. Facile genetic modification and the capability to create 
clonal iPSC lines provides huge potential for ‘off-the-shelf’ thera-
pies with increased functionality. We have used a combinatorial 
screening platform specifically developed for use with stem cells, 
CombiCult®, to test thousands of cell culture protocols in paral-
lel to discover efficient, cost-effective, feeder-free protocols for 
differentiation of hiPSCs into functional NK cells. Our screening 
strategy was focused on development of serum-free and feed-
er-free GMP-compliant protocols for production of functional NK 
cells from human iPS cells using defined media compositions 
that effectively substitute exogenous signals necessary for NK 
cell-poiesis. In a CombiCult® screening experiment the starting 
iPS cells are encapsulated in alginate microbeads then subjected 
to a predefined combinatorial cell culture regime through seri-
al split-pool cycles. Altogether, different beads were exposed to 
4,032 protocols, and screened for the presence of proliferative 
leukocyte progenitors at Day 12 of differentiation (using CD45 
staining and EdU-Click incorporation) and mature NK cells at Day 
32 (expression of CD45+/CD56+). Using the proprietary bioin-
formatics software (Ariadne) we deconvoluted hits and deduced 
the optimal differentiation protocols through statistical analysis of 
high performing media components. Ten serum-free feeder-free 
protocols were further validated in both alginate-encapsulated 
and suspension cultures. The phenotype of differentiated NK 
cells was assessed by expression of maturation and functionality 
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markers, as well as their ability to kill tumor cells in cytotoxicity 
assays.

Funding Source: Innovate UK: EUREKA GlobalStars Singapore 
CRD – Round 2 Innovate UK: Biomedical Catalyst 2021 Round 2: 
Feasibility & Primer Awards

Keywords: Natural Killer cell-based immunotherapies, human 
iPSC-derived Natural Killer (NK) cells, combinatorial screening 
platform
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USING THE CTS XENON ELECTROPORARION 
SYSTEM WITH A TAL-BASED GENE EDITING 
PLATFORM ON A PATH TO CLINICAL T CELL 
THERAPY APPLICATIONS
Lee, Sung-uk - Cell Biology Research and Development, 
Thermo Fisher Scientific, Carlsbad, CA, USA
Song, Shanshan - Cell Biology Research and Development, 
Thermo Fisher Scientific, Carlsbad, CA, USA
Shastry, Karthik - Cell Biology Research and Development, 
Thermo Fisher Scientific, Carlsbad, CA, USA
Desai, Kunjan - Cell Biology Research and Development, 
Thermo Fisher Scientific, Carlsbad, CA, USA
Song, Youngzee - Cell Biology Research and Development, 
Thermo Fisher Scientific, Carlsbad, CA, USA

TALXcell™ platform is a novel, programmable TAL-based nuclease 
for genome editing. TALXcell™ platform consists of a DNA binding 
domain that is specifically engineered to target your site of inter-
est and that is fused with a highly effective, proprietary nuclease 
to cleave the DNA. Unlike CRISPR-Cas9, TALXcell™ platform has 
no sequence restrictions so it can target any desired sequence 
within a genome without PAM site. Recently, the advanced cell 
and gene therapeutics sector has been undergoing significant 
transformations, driven by the clinical success of CAR T cell ther-
apy. To minimize risk for therapeutic developers, it is essential to 
ensure the manufacturing process is suitable for clinical produc-
tion. Thermo Fisher Scientific has been providing solutions for cell 
therapy manufacturing by incorporating innovative technologies 
into the Gibco™ Cell Therapy Systems™ (CTS) product line. One 
such product is the Gibco™ CTS™ Xenon™ Electroporation Sys-
tem, which supports closed, scalable GMP-compliant cell therapy 
manufacturing. The CTS™ Xenon™ electroporation system delivers 
non-viral gene editing through reliable delivery of DNA, RNA, pro-
teins and other molecules into cells, with exceptional cell viability 
and recovery. The workflow is as follow: On day 0, PBMCs from 
3 different donors were thawed and activated using Gibco™ CTS™ 
Dynabeads™ CD3/28 and expanded in Gibco™ CTS™ OpTmizer™ 
T Cell Expansion SFM, supplemented with Gibco™ CTS™ Immune 
Cell SR and other components as instructed per product insert. 
On day 3, activated T cells were debeaded and electroporated 
using the Xenon electroporation system with TALXcell™ technol-
ogy. As a result, functional CAR T cells were generated with high 
viability (>89%), high knockout efficiency (>90%) and similar gene 
editing efficiency (25-32%) 7 days post-electroporation for 3 dif-
ferent donors. Additionally, those CD19+ CAR T cells demonstrat-
ed the ability to efficiently kill GFP-labeled target cells. Through 
our analysis of electroporation efficiency and functionality of the 
resulting CAR T cells, we showcase that the integration of the 

CTS™ Xenon™ electroporation system and TALXcell™ platform can 
be used for non-viral cell therapy applications.

Funding Source: Thermo Fisher Scientific

Keywords: Xenon Electroporation, T cell therapy, TALXcell

TOPIC: KIDNEY

142

ADVANCED ORGAN THERAPEUTICS AS A NOVEL 
TREATMENT FOR RENAL FAILURE
Ott, Harald - Research and Development, IVIVA Medical, 
Boston, MA, USA
Bowers, Daniel - Research and Development, IVIVA Medical, 
Boston, MA, USA
Cheng, Daniel - Engineering, IVIVA Medical, Boston, MA, USA
Condon, Natalie - Research and Development, IVIVA Medical, 
Boston, MA, USA
Diamantides, Nicole - Engineering, IVIVA Medical, Boston, MA, 
USA
Ford, Andrew - Engineering, IVIVA Medical, Boston, MA, USA
Gallegos, Thomas - Research and Development, IVIVA Medical, 
Boston, MA, USA
Klassen, Charles - Engineering, IVIVA Medical, Boston, MA, USA
Marsh, Graham - Research and Development, IVIVA Medical, 
Boston, MA, USA
Martin, Evan - Research and Development, IVIVA Medical, 
Boston, MA, USA
Martinez, Eduardo - Research and Development, IVIVA Medical, 
Boston, MA, USA
Nelson, Susan - Cell Biology, IVIVA Medical, Boston, MA, USA
Przepiorski, Aneta - Research and Development, IVIVA Medical, 
Boston, MA, USA
Sarikhani, Mohsen - Cell Biology, IVIVA Medical, Boston, MA, 
USA
Yadav, Pushpendra - Research and Development, IVIVA 
Medical, Boston, MA, USA

Over two million patients worldwide depend on renal replace-
ment therapy due to end stage renal disease. Transplantation 
is the only cure, yet available only to a small fraction of patients 
due to the shortage of donor organs and the need for chronic 
immunosuppression. As an alternative to both hemodialysis and 
transplantation, we aim to leverage recent progress in hypo-im-
mune stem cell technology, and to replace renal function with 
advanced organ therapeutics. To date, our team has achieved 
four milestones: (1) Scalable manufacturing of a robust biomimetic 
filtration membrane that supports water and solute transfer and 
can be maintained and remodeled by cells to prevent fouling and 
ensure long term function in direct blood contact.(2) A tunable 
hierarchical blood distribution system that accommodates suffi-
cient blood flow to the filtration membrane at a resistance that 
is compatible with the boundaries of the human cardiovascular 
system. (3) Integration of membrane and channel system in a bio-
mimetic fully cell lined biologic system of human scale that is resil-
ient and capable of self-repair like a human organ. (4) A functional 
architecture that enables filtration and subsequent self-balancing 
separation of water and solute transport to enable sufficient toxin 
removal without the need for adjustment and dialysate. By com-
bining these building blocks, we have created a scalable biologic 
blood purification device that achieves toxin and fluid removal in 
vitro. Two devices were subsequently anastomosed to the ab-
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dominal aorta and inferior vena cava in large animal pilot studies 
and produced a filtrate under blood perfusion by the recipient.

Keywords: bioengineered kidney, organ engineering, biologic 
blood purification

TOPIC: LIVER
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STUDYING THE EFFECT OF SMALL MOLECULE 
DRUG ON ALAGILLE SYNDROME PATIENTS 
CELLS DERIVED SPHEROIDS AND ORGANOIDS
Aljaber, Aya - Biology Department, San Diego State University, 
La Jolla, CA, USA
Dong, Duc - Human Genetics Program, Sanford Burnham 
Prebys, La Jolla, CA, USA
Kumar, Shiv - Human Genetics Program, Sanford Burnham 
Prebys, La Jolla, CA, USA

Alagille syndrome is a rare genetic disorder caused by a muta-
tion in the notch ligand gene JAG1, which leads to lower activa-
tion of the Notch2/Sox9 signaling axis. The global reported in-
cident is 1 in about 30,000-40,000 births, yearly. Furthermore, 
the survival rate without a liver transplanted is less than 30% by 
18.5 years old. The Jag1/Notch2/Sox9 signaling is widely involved 
in developmental events, including to germ layer specification, 
axis formation, and organogenesis. The failure of JAG1/Notch2 
activation causes intrahepatic biliary paucity (no or less liver duct 
formation), liver cirrhosis, slow development/mental growth re-
tardation, cardiac ventral septum defects, weight loss, jaundice, 
and many other birth defects. Several studies have shown that 
the Notch2/Sox9 signaling is a key player in liver duct develop-
ment. In ALGS patients, the notch signaling is failed to activate 
the Notch2 downstream gene regulatory network (GRN), result-
ing in no or less expression of Sox9 in a Notch2-depedent man-
ner. The project focuses on studying the molecular mechanism of 
Notch2 signaling activation in hepatocyte cells (HepG2) and het-
erozygous hepatocytes (HepG2-Jag1+/-). The goal is to identify a 
Notch2 agonist and its clinical validation to regenerate the bile 
network in ALGS patients to target the bile paucity in liver. A small 
molecule drug (NoRA1) is being used to study its effect on bile 
duct regeneration in-vitro and in-vivo model systems. The results 
indicate that NoRA1 activated Notch2 signaling and increased 
Sox9 expression in WT-HepG2 and Jag1+/- cells (invitro). More-
over, NoRA1 has shown an increase in the expression of Sox9 
in zebrafish’s liver with mutant JAG1 (in vivo) (Zhao et al, 2022). 
Additionally, NoRA1 also augmented the Sox9, and Hes1 expres-
sions in mice liver. In spheroid, NoRA1 rescued MDR1 (Bile Cana-
liculi marker) level in a Jag1+/- spheroid which was decreased due 
to Jag1+/- knockout spheroid compared to untreated group (fig.4). 
Thereafter, the MDR1 expression remarkably reduced in double 
heterozygous (Jag1+/- and Notch2+/-) mice liver. At the last, re-
sults suggested that NoRA1 has Notch2 agonist therapeutic po-
tential, leading to duct regeneration in ALGS patients. Currently, 
we are focusing to validate its clinical aspect in organoids model 
and trigger duct regeneration in ALGS patients.

Keywords: Bile Ducts Notch Signaling Pathway Alagille 
Syndrome Protein Expression SOX9, Notch 2, MDR1 Notch 
receptor Notch ligand Jagged 1+/- Intrahepatic biliary paucity 
spheroids, Alagille Syndrome Protein Expression SOX9, Notch 
2, MDR1 Notch receptor Notch ligand Jagged 1+/- Intrahepatic 
biliary paucity spheroids, Rare autosomal genetic disorder

TOPIC: MESENCHYMAL STROMAL CELLS, ADIPOSE, 
AND CONNECTIVE TISSUE
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ENHANCED CHONDROGENIC DIFFERENTIATION 
OF IPS CELL-DERIVED MESENCHYMAL STEM/
STROMAL CELLS VIA NEURAL CREST CELL 
INDUCTION FOR HYALINE CARTILAGE REPAIR
Zujur, Denise - Clinical Application, CiRA, Kyoto University, 
Kyoto, Japan
Al-Akashi, Ziadoon - Clinical Application, Center for iPS Cell 
Research and Application (CiRA), Kyoto University, Kyoto, Japan
Nakamura, Anna - Center for Regenerative Medicine Research, 
Faculty of Medicine, Saga University, Saga, Japan
Zhao, Chengzhu - Laboratory of Skeletal Development and 
Regeneration, Institute of Life Sciences, Chongqing Medical 
University, Chongqing, China
Takahashi, Kazuma - Research Institute for Bioscience Product & 
Fine Chemicals, Ajinomoto Co., Inc., Kawasaki, Japan
Aritomi, Shizuka - Research Institute for Bioscience Product and 
Fine Chemicals, Ajinomoto Co., Inc., Kawasaki, Japan
Theoputra, William - Clinical Application, Center for iPS Cell 
Research and Application (CiRA), Kyoto University, Kyoto, Japan
Kamiya, Daisuke - (T-CiRA), Takeda-CiRA Joint Program, 
Kanagawa, Japan
Nakayama, Koichi - Center for Regenerative Medicine Research, 
Faculty of Medicine, Saga University, Saga, Japan
Ikeya, Makoto - Clinical Application, Center for iPS Cell Research 
and Application (CiRA), Kyoto University, Kyoto, Japan

To date, there is no effective long-lasting treatment for cartilage 
tissue repair. Primary chondrocytes and mesenchymal stem/stro-
mal cells are the most commonly used cell sources in regenerative 
medicine. However, both cell types have limitations, such as de-
differentiation, donor morbidity, and limited expansion. Here, we 
report a stepwise differentiation method to generate matrix-rich 
cartilage spheroids from induced pluripotent stem cell-derived 
mesenchymal stem/stromal cells (iMSCs) via the induction of neu-
ral crest cells under xeno-free conditions. The genes and signal-
ing pathways regulating the chondrogenic susceptibility of iMSCs 
generated under different conditions were studied. Enhanced 
chondrogenic differentiation was achieved using a combination 
of growth factors and small-molecule inducers. We demonstrated 
that the use of a thienoindazole derivative, TD-198946, synergis-
tically improves chondrogenesis in iMSCs. The proposed strat-
egy produced controlled-size spheroids and increased cartilage 
extracellular matrix production with no signs of dedifferentiation, 
fibrotic cartilage formation, or hypertrophy in vivo. These findings 
provide a novel cell source for stem cell-based cartilage repair. 
Furthermore, since chondrogenic spheroids have the potential to 
fuse within a few days, they can be used as building blocks for 
biofabrication of larger cartilage tissues using technologies such 
as the Kenzan Bioprinting method.

Funding Source: This research was supported by the Incubation 
Program of Kyoto University, HEALIOS K.K., Ajinomoto Co., Inc., 
Takeda Pharmaceutical Company Limited, AMED, JSPS, and iPS 
Cell Research Fund.

Keywords: induced pluripotent stem cells, chondrogenesis, 
cartilage
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148

BONE MARROW DERIVED MESENCHYMAL 
STEM CELLS COMBINED WITH PLATELET RICH 
PLASMA VERSUS PLATELET RICH PLASMA 
IN KNEE OSTEOARTHRITIS: A RANDOMISED 
COMPARATIVE STUDY
Aggarwal, Aditya - Department of Orthopaedic Surgery, 
Postgraduate Institute of Medical Education and Research 
(PGIMER), Chandigarh, India
Jha, V. - Department of Nephrology, George Institute of Global 
Health, New Delhi, India
Marwaha, N. - Department of Transfusion Medicine, 
Postgraduate Institute of Medical Education and Research 
(PGIMER), Chandigarh, India
Prakash, M. - Department of Radiodiagnosis, Postgraduate 
Institute of Medical Education and Research (PGIMER), 
Chandigarh, India
TR, S. Kumar T.R. - Department of Orthopaedic Surgery, 
Postgraduate Institute of Medical Education and Research 
(PGIMER), Chandigarh, India

Conservative management fails to repair the articular cartilage in 
knee osteoarthritis (KOA). Biological agents such as Platelet-rich 
plasma (PRP) has been found to be promising treatment option, 
however short-term effects and limited efficacy with increasing 
age are the limitation. Hypothesis was that autologous bone mar-
row derived mesenchymal stem cell (BM-MSCs) enhanced PRP 
would improve the clinical outcome and healing of articular car-
tilage. Thirty-two patients with bilateral early KOA of Ahlbacks 
grade I &II, were randomly allocated to either PRP with MSCs 
treatment (group I; 16) or PRP only (Group II; 16). Follow up clinical 
evaluation was done on 6th week, 6th month and 12 months by 
visual analogue scores for pain (VAS), Western Ontario and Mc-
Master Universities Index of Osteoarthritis (WOMAC) and Knee 
injury and Osteoarthritis Outcome Score (KOOS). Mean articular 
cartilage thickness was evaluated before and after 12 months. 
VAS at 1st follow-up after PRP combined with MSCs (41.88±11.67) 
was significantly lower than PRP alone (52.50±9.30) (p < 0.006) 
and percentage change of VAS score from baseline to 12 months 
follow-up after MSCs and PRP was significantly more than PRP 
alone (46.36±14.19 vs 31.60±10.24; p=0.002). Decrease in stiff-
ness from baseline to 1st and 2nd follow-up was significantly 
more in group I compared to group II. However, at final follow-up 
difference was not significant. Percentage change in KOOS ADL 
score from Baseline to 12month follow up was significant. Per-
centage change in KOOS sports and recreational score in group 
I (32.11±44.72) was significantly (p< .037) more than group II 
(-11.04±65.22). Global WOMAC score was significantly better at 6 
months follow-up. However, at 12 months the difference was not 
significant. MSCs enhanced PRP increased cartilage thickness 
from 3.62±0.56 mm at base line to 4.06±0.38mm at 12 months fol-
low-up. PRP alone increased cartilage thickness from 3.61±0.32 
to 3.77±0.33. Increase in mean articular cartilage thickness in 
group I was significantly higher than in group II (p < 0.030). This 
study suggests that pain relief, functional outcome and healing of 
articular cartilage were better after intraarticular injection of BM-
MSC with PRP than PRP alone.

Funding Source: No funding involved

Keywords: Osteoarthritis, Cartilage, bone marrow derived 
mesenchymal stem cell

152

EXPANSION OF HUMAN MESENCHYMAL 
STROMAL/STEM CELLS ON DECELLULARIZED 
ADIPOSE TISSUE SCAFFOLDS PRESERVES 
PRIMITIVE MSC PHENOTYPE AND ENHANCES 
PRO-ANGIOGENIC SECRETORY FUNCTION
Moharrem, Yehia - Department of Medicine, Western Schulich 
School of Medicine and Dentistry, London, ON, Canada
Bell, Gillian - Physiology and Pharmacology, Western University, 
London, ON, Canada
Cooper, Tyler - Biochemistry, Western University, London, ON, 
Canada
Flynn, Lauren - Biomedical Engineering, Western University, 
London, ON, Canada
Hess, David - Physiology and Pharmacology, Western 
University, London, ON, Canada

Due to limited treatment options for individuals with critical limb 
ischemia (CLI), cellular-based therapies have been investigated 
to induce collateral blood vessel regeneration. Bone marrow-de-
rived mesenchymal stromal/stem cells (BM- MSC) have shown 
pre-clinical success in animal models of CLI as they possess 
pro-angiogenic and immunomodulatory secretory functions. 
However, clinical translation has been hindered by inadequate 
expansion and poor survival in the ischemic limb after injection. 
This project aimed to characterize the phenotype and pro-an-
giogenic secretory function of human BM-MSC cultured on de-
cellularized adipose tissue (DAT) bioscaffolds as an expansion 
and delivery platform. Human fat samples were decellularized 
through an established detergent-free treatment protocol and 
then processed to generate DAT coatings. BM-MSC seeded onto 
DAT coatings were assessed in vitro for cell survival, proliferation, 
surface marker phenotype, mass spec-based proteomic analy-
ses, and pro-angiogenic secretory function. In vivo function was 
characterized via the Directed in vivo Angiogenesis Assay (DI-
VAATM). Compared to cells grown on tissue-culture plastic (TCP), 
DAT coatings increased BM-MSC proliferation and regenerative 
marker expression (Aldehyde dehydrogenase and CD271). Con-
ditioned media (CM) generated by BM-MSC cultured on DAT 
coatings significantly increased human endothelial cell survival 
under starvation conditions in vitro, and proteomic analysis of the 
CM showed enrichment with factors associated with wound heal-
ing and angiogenesis in the BM-MSC expanded on DAT relative 
to TCP. Similarly, BM-MSC cultured on DAT coatings increased 
endothelial cell infiltration in DIVAATM inserts implanted in NOD/
SCID mice. BM-MSC expansion on DAT coatings represents a 
promising approach to retain primitive cell phenotype and en-
hance pro-angiogenic secretory function.

Funding Source: CIHR and NSERC

Keywords: Vascular Regeneration, Mesenchymal Stem Cells, 
Bioscaffolds
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TOPIC: NEURAL

154

MICROTISSUE CELL THERAPY FOR PARKINSON’S 
DISEASE: SCALE-UP IN BIOREACTORS AND 
LATEST IN VIVO RESULTS
Faggiani, Emilie - Process Dev, TreeFrog Therapeutics, Pessac, 
France
Abarkan, Myriam - Research and Development, TreeFrog 
Therapeutics, Pessac, France
Cordero-Espinoza, Lucia - Research and Development, 
TreeFrog Therapeutics, Pessac, France
De Marco, Maëlle - Process Dev, TreeFrog Therapeutics, 
Pessac, France
Dufourd, Thibault - Process Dev, TreeFrog Therapeutics, 
Pessac, France
Feyeux, Maxime - Discovery, TreeFrog Therapeutics, Pessac, 
France
Guilbert, Solenn - Analytical Dev, TreeFrog Therapeutics, 
Pessac, France
Gurchenkov, Basile - Research and Development, TreeFrog 
Therapeutics, Pessac, France
Husson, Marine - Research and Development, TreeFrog 
Therapeutics, Pessac, France
Jonckeau, Agathe - Process Dev, TreeFrog Therapeutics, 
Pessac, France
Lanero Fidalgo, Michael - Process Dev, TreeFrog Therapeutics, 
Pessac, France
Lepleux, Marilyn - Research and Development, TreeFrog 
Therapeutics, Pessac, France
Luquet, Elisa - Process Dev, TreeFrog Therapeutics, Pessac, 
France
Mamache-Alberici, Lucie - Analytical Dev, TreeFrog 
Therapeutics, Pessac, France
Milvoy, Loanne - Research and Development, TreeFrog 
Therapeutics, Pessac, France
Moisan, Kevin - Physics, TreeFrog Therapeutics, Pessac, France
Moncaubeig, Fabien - Research and Development, TreeFrog 
Therapeutics, Pessac, France
Morand, Pauline - Research and Development, TreeFrog 
Therapeutics, Pessac, France
Morel, Chloé - Research and Development, TreeFrog 
Therapeutics, Pessac, France
Moutier, Vincent - Physics, TreeFrog Therapeutics, Pessac, 
France
Piouceau, Lucie - Analytical Dev, TreeFrog Therapeutics, 
Pessac, France
Pletenka, Justine - Process Dev, TreeFrog Therapeutics, Pessac, 
France
Poincot, Léa - Process Dev, TreeFrog Therapeutics, Pessac, 
France
Prudon, Nicolas - Research and Development, TreeFrog 
Therapeutics, Pessac, France
Wurtz, Hélène - Process Dev, TreeFrog Therapeutics, Pessac, 
France

A breadth of preclinical studies (Doi et al, 2020; Piao et al, 2021; 
Hiller et al, 2022) is now backing the rationale of cell replace-
ment therapies as a disease-modifying treatment to restore mo-
tor function in Parkinsonian patients. As programs move to the 
clinic - with several phase I trials initiated over the past 5 years 
- cell therapy players are still facing several issues with progeni-
tors derived from pluripotent stem cells, including batch-to-batch 

variability, low post-transplantation survival, uncontrolled in situ 
neurodifferentiation and proliferation risks. To ensure accurate 
dosing and enhance functional reproducibility, one solution may 
consist in changing the graft format, moving away from single cell 
suspensions to neural microtissues that are resistant to the stress 
of transplantation. However, this 3D approach typically requires 
the use of well-plates, and thus remains unscalable. TreeFrog 
Therapeutics created a scalable approach to generate 3D neu-
ral microtissues from human induced pluripotent stem cells in 
standard bioreactors using a proprietary C-Stem technology. In 
this presentation, we will describe the manufacturing process up 
to cryopreservation, the latest in vivo results with cryopreserved 
products demonstrating safety and dose-dependent efficacy, as 
well as our roadmap to the clinic, including large animal studies 
to validate transplantation procedure, toxicity studies and Phase I.

Keywords: Parkinson’s disease, 3D neural microtissues, Cell 
therapy
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QUALITY CONTROL AND PRECLINICAL STUDIES 
OF HUMAN IPSC-DERIVED RETINAL SHEETS FOR 
TISSUE-TRANSPLANTATION THERAPY
Watari, Kenji - Regenerative and Cellular Medicine Kobe 
Center, Sumitomo Pharma Co., Ltd., Kobe, Japan
Yamasaki, Suguru - Regenerative and Cellular Medicine Kobe 
Center, Sumitomo Pharma Co., Ltd., Kobe, Japan
Kamei, Tatsuya - Regenerative and Cellular Medicine Kobe 
Center, Sumitomo Pharma Co., Ltd., Kobe, Japan
Adachi, Hideki - Preclinical Research Unit, Research Division, 
Sumitomo Pharma Co., Ltd., Konohana-ku, Japan
Tochitani, Tomoaki - Preclinical Research Unit, Research 
Division, Sumitomo Pharma Co., Ltd., Kobe, Japan
Kita, Yasuyuki - Regenerative and Cellular Medicine Kobe 
Center, Sumitomo Pharma Co., Ltd., Kobe, Japan
Fujiwara, Masayo - Regenerative and Cellular Medicine Kobe 
Center, Sumitomo Pharma Co., Ltd., Kobe, Japan
Hori, Yoriko - Regenerative and Cellular Medicine Kobe Center, 
Sumitomo Pharma Co., Ltd., Kobe, Japan
Tanabe, Anna - Regenerative and Cellular Medicine Kobe 
Center, Sumitomo Pharma Co., Ltd., Kobe, Japan
Hirai, Rina - Regenerative and Cellular Medicine Kobe Center, 
Sumitomo Pharma Co., Ltd., Kobe, Japan
Ono, Keiichi - Technology Research and Development Division, 
Sumitomo Pharma Co., Ltd., Kobe, Japan
Ueyama, Kazuki - Technology Research and Development 
Division, Sumitomo Pharma Co., Ltd., Kobe, Japan
Nakamura, Aya - Technology Research and Development 
Division, Sumitomo Pharma Co., Ltd., Kobe, Japan
Hayama, Tetsuya - Regenerative and Cellular Medicine Kobe 
Center, Sumitomo Pharma Co., Ltd., Kobe, Japan
Kishino, Akiyoshi - Regenerative and Cellular Medicine Kobe 
Center, Sumitomo Pharma Co., Ltd., Kobe, Japan
Ikeda, Atsushi - Regenerative and Cellular Medicine Kobe 
Center, Sumitomo Pharma Co., Ltd., Kobe, Japan
Kimura, Toru - Regenerative and Cellular Medicine Kobe Center, 
Sumitomo Pharma Co., Ltd., Kobe, Japan
Kawamata, Shin - Research and Development Center for Cell 
Therapy, Foundation for Biomedical Research and Innovation at 
Kobe, Kobe, Japan
Mandai, Michiko - Laboratory for Retinal Regeneration, RIKEN 
Center for Biosystems Dynamics Research, Kobe, Japan
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Kuwahara, Atsushi - Regenerative and Cellular Medicine Kobe 
Center, Sumitomo Pharma Co., Ltd., Kobe, Japan

Retinitis pigmentosa, a group of hereditary diseases character-
ized by a loss of photoreceptors, is the major cause of untreatable 
blindness in developed countries. Pluripotent stem cell (PSC)-de-
rived three-dimensional retinal organoid (3D-retina) is anticipated 
as a promising graft source for retinal tissue-sheet transplanta-
tion therapy. We have previously developed a self-organizing 
culture technique based on SFEBq to generate 3D-retina. Here 
we present a quality control strategy and preclinical study results 
for tissue-sheet transplantation. We found that self-organizing hu-
man PSCs differentiated into both retinal and off-target tissues. 
Gene expression analyses identified the major off-target tissues 
as eye-related, cortex-like, and spinal cord-like tissues. We es-
tablished qPCR-based quality test using a fragment of the reti-
nal tissue-sheet (retinal sheet). Main part of each retinal sheet, 
to be used for transplantation, were preserved with non-freez-
ing preservation method during the quality test. We performed 
a tumorigenicity study of these retinal sheets and observed no 
transplant-related adverse events. We also confirmed that retinal 
sheets subretinally transplanted into retinal degeneration model 
rats differentiated into mature photoreceptors and exhibited light 
responses in electrophysiology assays. These results demon-
strate our rationale toward self-organizing retinal sheet trans-
plantation therapy. Based on these technologies, we generated 
clinical grade human allogeneic iPSC-derived retinal sheets and 
supplied them to Kobe City Eye Hospital on October 2020 for the 
first-in-human clinical research for retinitis pigmentosa.

Funding Source: This work was funded by AMED and by 
Sumitomo Pharma Co., Ltd.

Keywords: self-organizing organoid culture, retinal tissue sheet 
transplantation, regenerative medicine
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TRANSPLANTATION OF HUMAN EMBRYONIC 
STEM CELL-DERIVED RETINAL SHEET IN A 
PRIMATE MODEL OF MACULAR HOLE
Iwama, Yasuaki - Laboratory for Retinal Regeneration, RIKEN 
Center for BDR, Kobe, Japan
Senba, Toshika - Laboratory for Retinal Regeneration, RIKEN 
Center for BDR, Kobe, Japan
Uyama, Hirohumi - Department of Ophthalmology, Kobe City 
Eye Hospital, Kobe, Japan
Masuda, Tomohiro - Laboratory for Retinal Regeneration, RIKEN 
Center for BDR, Kobe, Japan
Hayashi, Kazuko - Human Informatics and Interaction Research 
Institute, National Institute of Advanced Industrial Science and 
Technology (AIST), Tsukuba, Japan
Matsuda, Keiji - Human Informatics and Interaction Research 
Institute, National Institute of Advanced Industrial Science and 
Technology (AIST), Tsukuba, Japan
Sugase-Miyamoto, Yasuko - Human Informatics and Interaction 
Research Institute, National Institute of Advanced Industrial 
Science and Technology (AIST), Tsukuba, Japan
Yokota, Satoshi - Department of Ophthalmology, Kobe City Eye 
Hospital, Kobe, Japan
Kurimoto, Yasuo - Department of Ophthalmology, Kobe City Eye 
Hospital, Kobe, Japan
Nishida, Kohji - Department of Ophthalmology, Osaka University 
Graduate School of Medicine, Suita, Japan
Takahashi, Masayo - Vision Care Inc., Kobe, Japan
Mandai, Michiko - Department of Ophthalmology, Kobe City Eye 
Hospital, Kobe, Japan

A macular hole (MH) is a retinal break involving the fovea and 
causes impaired vision including metamorphopsia and central 
scotoma. Although routine vitreoretinal surgical protocols can 
achieve more than 90% MH closure rate after primary surgery, 
refractory cases such as high myopic MHs, large MHs, and recur-
rent MHs still exist. Recently, in such difficult cases, autologous 
retinal transplantation became an optional therapy, which allows 
for good anatomic success after surgery, but visual improve-
ment is rare and peripheral visual field defects are inevitable af-
ter harvesting the transplant sheet. This study aims to evaluate if 
hESC-derived retinal organoid sheet transplantation can be an ef-
fective treatment for MH in the primate model. We used the retinal 
organoid sheet derived from Islet1-/- CRX::Venus hESC cell line 
(KhES-1) and transplanted it in the eye of the Japanese Macaque 
with idiopathic MH. Anatomical closure and foveal structure were 
assessed by optical coherence tomography (OCT). Subjective 
and objective visual functional examinations were also conduct-
ed. As for the subjective examination, we tried eye fixation tasks 
on this model before and after transplantation. Focal macular 
electroretinograms (FMERGs) were adapted as an objective test 
before and after transplantation. After seven months, the mon-
key was euthanized and the transplanted eye was studied by im-
munohistochemistry (IHC). Immediately after transplantation, MH 
was successfully closed and no obvious graft rejection was ob-
served early after surgery; however, OCT findings showed slight 
macular edema around the graft at four months after transplanta-
tion and subtenon steroid injection was conducted. The fixation 
tasks were conducted at six months after transplantation, and the 
correct answer ratio significantly increased [from 1.5% (7/461) to 
31.0% (54/174), p < 0.001]. The b-wave amplitude of FMERGs ob-
viously increased at the same time. IHC showed that the grafted 
tissue was present in the host MH space and developed mature 
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photoreceptors inside. Also, GFAP-positive activated glial cells, 
possibly as a response to slight rejection, were observed seg-
mentally in the graft. In summary, hESC-derived retinal organoid 
sheet transplantation would be effective for treating refractory 
MH and may be applicable in macular disease.

Funding Source: This research was supported by AMED grant 
JP20bm0204002.

Keywords: Macular Hole, Human ESC-derived Retinal Organoid, 
Xenotransplantation
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THERAPEUTIC POTENTIAL OF HUMAN IPSC-
DERIVED RETINAL SHEETS IN RESTORING 
VISUAL FUNCTION IN A SWINE MODEL OF 
MACULAR DEGENERATION
Barabino, Andrea - Molecular Biology, UDEM/Stem Axon, 
Montréal, QC, Canada
Hanna, Roy - Bioinformatics, StemAxon, Montreal, QC, Canada
Mellal, Katia - Ophthalmology, StemAxon, Montréal, QC, Canada
Hamam, Rimi - Molecular Biology, University of Montreal 
(UDEM), Montreal, QC, Canada
Polosa, Anna - Ophthalmology, Hôpital Maisonneuve-Rosemon, 
Montréal, QC, Canada
Kalevar, Ananda - Ophthalmology, Sherbrooke University 
Hospital Center, Sherbrooke, QC, Canada
Griffith, May - Ophthalmology, University of Montreal (UDEM), 
Montreal, QC, Canada
Bouchard, Jean-François - School of Optometry, University of 
Montreal (UDEM), Montréal, QC, Canada
Nakamura, Takashi - Regenerative Medicine, Healios, Kobe, 
Japan
Shunsuke, Saito - Regenerative Medicine, Healios, Kobe, Japan
Bernier, Gilbert - Neuroscience, University de Montreal (UDEM)/
StemAxon, Montreal, QC, Canada

Retinal degenerative diseases (RDs) affect millions of people 
worldwide, and legal blindness is commonly associated with the 
loss of cone photoreceptors (PRs) in the central macular region. 
Currently, no treatment is available to stop or reverse these dis-
eases. Induced pluripotent stem cells (iPSCs) are a promising tool 
for regenerative medicine, as they can differentiate into any cell 
type in the human body, including retinal neurons. We have de-
veloped a method to produce large amounts of cone photore-
ceptor precursors from human ESC and iPSC using the Cerbe-
rus-like family member COCO/DAND5, allowing us to generate 
a polarized human retinal sheet with a high proportion of cone 
precursors. We transplanted round retinal sheets derived from 
human iPSCs into a chemically-induced swine model of macular 
degeneration, which showed complete destruction of the out-
er nuclear layer (ONL) without affecting the inner nuclear layer 
(INL) in an 8mm diameter area around the macula. The grafted 
retinal sheets integrated into the host retinal tissue and survived 
for several months. OCT and histological studies indicated the 
formation of a new polarized “hiPSC-derived ONL” and the gen-
eration of synaptic connections between grafted cells and the 
host INL. Multifocal ERG analysis suggested some restoration of 
bright-light responsiveness at the grafted site in one of the trans-
planted animals. No residual pluripotent stem cells were detected 
in the graft. This work demonstrates the therapeutic potential of 
iPSC-derived retinal sheets in restoring visual function by replac-
ing degenerated photoreceptors and provides new insights into 
the treatment of RDs such as age-related macular degeneration, 

retinitis pigmentosa, and photoreceptor degeneration caused by 
traumatic injury or inherited genetic disorders.

Funding Source: Stem cell network, Healios, StemAxon

Keywords: Preclinical study, regenerative medicine, 
Macular Degeneration (MD), photoreceptors, Retinal sheets, 
transplantation
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DIFFERENTIAL MONOLAYER FORMATION OF 
HIPSC-DERIVED RPE SUBPOPULATIONS AFTER 
SUBRETINAL TRANSPLANTATION INTO RPE-
DEPLETED MICE
Knoebel, Sebastian - Research and Development, Miltenyi 
Biotec B.V & Co. KG, Bergisch Gladbach, Germany
Tessmer, Karen - CRTD, Technische Universität Dresden, 
Germany
Adhikari, Trishla - CRTD, Technische Universität Dresden, 
Germany
Gasparini, Sylivia - CRTD, Technische Universität Dresden, 
Germany
Lutz, Michalke - CRTD, Technische Universität Dresden, 
Germany
Kurtz, Annett - Research and Development, Miltenyi Biotec B.V. 
& Co. KG, Bergisch Gladbach, Germany
Chelius, Nadine - Research and Development, Miltenyi Biotec 
B.V. & Co. KG, Bergisch Gladbach, Germany
Ader, Marius - CRTD, Technische Universität Dresden, Germany

Retinal pigment epithelium (RPE) degeneration leads to photo-
receptor dysfunction and loss causing visual impairment and 
blindness. Cell replacement using human RPE generated from 
pluripotent stem cells in vitro represents a potential therapeutic 
strategy, however cell cultures can be heterogenous. We there-
fore identified cell surface markers to detect, isolate and trans-
plant RPE subpopulations and examined how the groups differ 
with respect to cell survival, monolayer formation and maturation 
after suspension transplantation into RPE-depleted mice. A com-
bination of two markers was used for MACSQuant® Tyto® based 
cell sorting. Suspensions containing 50,000 cells from unsorted, 
target-enriched or target-reduced fractions were transplanted 
subretinally into RPE-depleted C57BL/6JRj mice, which had in-
travenously received 30 mg/kg NaIO3 one week before. 80 µg 
triamcinolone acetonide were injected intravitreally for local im-
mune suppression. Three weeks later, eyes were analyzed by 
IHC staining, electron microscopy and bulk RNA sequencing. All 
cell fractions expressed RPE-specific markers, showed survival 
for three weeks and were able to generate a RPE-specific phe-
notype in vivo with a basal labyrinth, basal nuclei, melanosomes 
and apical microvilli. While all groups formed correctly polar-
ized monolayers the extent of retinal coverage and monolayer 
formation varied greatly between groups. Target-enriched cells 
covered the largest retinal area (35%) and exhibited the highest 
fraction of monolayer (72% of graft area). Unsorted and target-re-
duced cells showed similar retinal coverage (30% and 24%), yet a 
significantly lower proportion of polarized monolayers (32% and 
38%). Here, we show that increased homogeneity of hiPSC-de-
rived RPE cell compositions after surface marker based flow 
sorting greatly affects the capacity for monolayer formation after 
transplantation into RPE-depleted mouse retinas. Remarkably, 
target-enriched human RPE formed monolayers covering up to 
72% of the graft and 35% of the entire retinal surface, an import-
ant prerequisite for proper RPE function. Our results thus suggest 
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that cell transplantation approaches for the treatment of retinal 
degenerative diseases require careful selection of appropriate 
donor cell populations.

Funding Source: ReSight BMBF

Keywords: RPE, sorting, Tyto
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IMPROVED DOPAMINERGIC NEURON 
DIFFERENTIATION FROM LINEAGE-RESTRICTED 
UNDIFFERENTIATED STEM CELLS
Denham, Mark - Biomedicine, Aarhus University, Aarhus,
Denmark
Maimaitili, Muyesier - Biomedicine, Aarhus University, Aarhus, 
Denmark
Chen, Muwan - Biomedicine, Aarhus University, Aarhus, 
Denmark
Febbraro, Fabia - Biomedicine, Aarhus University, Aarhus, 
Denmark
Ucuncu, Ekin - Biomedicine, Aarhus University, Aarhus, 
Denmark
Niclis, Jonathan - Cell Therapy Research and Development, 
Novo Nordisk, Copenhagen, Denmark
Christiansen, Josefine - Cell Therapy Research and 
Development, Novo Nordisk, Copenhagen, Denmark
Mermet-Joret, Noëmie - Department of Molecular Biology and 
Genetics, Aarhus University, Aarhus, Denmark
Niculescu, Dragos - Biomedicine, Aarhus University, Aarhus, 
Denmark
Lauritsen, Johanne - Biomedicine, Aarhus University, Aarhus, 
Denmark
Iannielli, Angelo - Division of Neuroscience, San Raffaele 
Scientific Institute, Milan, Italy
Klæstrup, Ida - Biomedicine, Aarhus University, Aarhus, 
Denmark
Kelly, Rachel - Biomedicine, Aarhus University, Aarhus, Denmark
Qvist, Per - Biomedicine, Aarhus University, Aarhus, Denmark
Nabavi, Sadegh - Department of Molecular Biology and 
Genetics, Aarhus University, Aarhus, Denmark
Broccoli, Vania - Division of Neuroscience, San Raffaele 
Scientific Institute, Milan, Italy
Nykjær, Anders - Biomedicine, Aarhus University, Aarhus, 
Denmark
Romero-Ramos, Marina - Biomedicine, Aarhus University, 
Aarhus, Denmark

The differentiation of human pluripotent stem cells (hPSCs) into 
mesencephalic dopaminergic (mesDA) neurons requires a pre-
cise combination of extrinsic factors that recapitulate the in vivo 
environment and timing. Current methods are capable of gener-
ating mesDA neurons after long-term culture in vitro; however, 
when mesDA progenitors are transplanted in vivo the resulting 
mesDA neurons are only minor components of the graft. In this 
study, we genetically modified pluripotent stem cells to gener-
ate a novel type of stem cell that we named lineage-restricted 
undifferentiated stem cells (LR-USCs). LR-USCs are prevented 
from differentiating into a broad range of nondopaminergic cell 
types due to the knockout of genes critical for the specification 
of alternate lineages. When LR-USCs were differentiated using a 
state-of-the-art protocol, significantly more of the LR-USCs gener-
ated bona fide caudal midbrain floor plate progenitors, compared 
to human embryonic stem cells (hESCs) differentiated under the 
same conditions. Furthermore, LR-USCs generated significantly 

more dopaminergic (DA) neurons in vitro compared to hESCs 
from the same genetic background. We show that the LR-USC-
derived mesDA neurons were electrophysiologically active in 
vitro and restored motor function eight weeks after transplanta-
tion into 6-hydroxydopamine (6-OHDA)-lesioned rats. This novel 
strategy improves the efficiency, reliability and thus scalability of 
mesDA neuron generation for clinical use.

Keywords: Dopaminerigc neurons, human pluripotent stem 
cells, Lineage restriction
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STEM CELL DERIVED ISLET CELLS SHOW 
ROBUST SURVIVAL AND FUNCTION WHEN 
TRANSPLANTED IN THE MUSCLE WITHOUT 
NEED FOR ADDITIONAL BIOSCAFFOLDING
Abani, Chiderah P. - Translational Sciences - In Vivo 
Pharmacology, Sana Biotechnology, Inc., Cambridge, MA, USA
Angel, Pamela - Translational Sciences - In Vivo Operations, 
Sana Biotechnology, Inc., Cambridge, MA, USA
Broom, Lauren - Translational Sciences, Sana Biotechnology, 
Inc., Cambridge, MA, USA
Chandra, Sundeep - Translational Sciences, Sana 
Biotechnology, Inc., Cambridge, MA, USA
Delyea, Cole - Translational Sciences - Bioanalytical 
Development, Sana Biotechnology, Inc., Cambridge, MA, USA
Dingar, Dharmesh - Translational Sciences, Sana Biotechnology, 
Inc., Cambridge, MA, USA
Elgendi, Tarik - Translational Sciences - Bioanalytical Sciences, 
Sana Biotechnology, Inc., Cambridge, MA, USA
Ferland, Benjamin - Translational Sciences, Sana Biotechnology, 
Inc., Cambridge, MA, USA
Gagnon, Allison - Cell Therapy - Beta Islet, Sana Biotechnology, 
Inc., Cambridge, MA, USA
Hunckler, Michael - Cell Therapy - Beta Islet, Sana 
Biotechnology, Inc., Cambridge, MA, USA
Jain, Suvi - Cell Therapy - Beta Islet, Sana Biotechnology, Inc., 
Cambridge, MA, USA
Joyce, Shannon - Translational Sciences, Sana Biotechnology, 
Inc., Cambridge, MA, USA
Kaczmarek, James - Translational Sciences, Sana 
Biotechnology, Inc., Cambridge, MA, USA
Liang, Anna - Translational Sciences, Sana Biotechnology, Inc., 
Cambridge, MA, USA
Maiocco, Claire - Cell Therapy - Beta Islet, Sana Biotechnology, 
Inc., Cambridge, MA, USA
Millman, Jeffery - Cell Therapy - Beta Islet, Sana Biotechnology, 
Inc., Cambridge, MA, USA
Nguyen-McCarty, Michelle - Cell Therapy - Beta Islet, Sana 
Biotechnology, Inc., Cambridge, MA, USA
Ramos-Zayas, Rebeca - Cell Therapy - Beta Islet, Sana 
Biotechnology, Inc., Cambridge, MA, USA
Regmi, Bimal - Translational Sciences - Bioanalytical 
Development, Sana Biotechnology, Inc., Cambridge, MA, USA
Roberto, Nicole - Translational Sciences - In Vivo Operations, 
Sana Biotechnology, Inc., Cambridge, MA, USA
Rukstalis, J. Michael - Cell Therapy - Beta Islet, Sana 
Biotechnology, Inc., Cambridge, MA, USA
Sahm, Matthew - Cell Therapy - Beta Islet, Sana Biotechnology, 
Inc., Cambridge, MA, USA
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Sanborn, Michael - Cell Therapy - Beta Islet, Sana 
Biotechnology, Inc., Cambridge, MA, USA
Velazco-Cruz, Leonardo - Cell Therapy - Beta Islet, Sana 
Biotechnology, Inc., Cambridge, MA, USA
Zeballos Hernandez, Gonzalo - Translational Sciences, Sana 
Biotechnology, Inc., Cambridge, MA, USA

The recent clinical result shown in a single patient using stem 
cell-derived islet cells (SC-islets) with immune suppression has 
highlighted the potential such therapies may hold for a broadly ac-
cessible cure to diabetes. However, much like the cadaveric islet 
transplant field, these clinical trials with non-encapsulated SC-is-
lets utilize portal vein infusion to deliver the therapy - an invasive 
procedure with the potential to introduce complications, includ-
ing instant blood mediated immune response (IBMIR). Moreover, 
diffuse engraftment of cells within the liver makes monitoring the 
entire graft in situ difficult, thus limiting the safety and function-
ality data that can be gathered about the cells following implan-
tation. Intramuscular (IM) administration of SC-islets could avoid 
IBMIR, simplify monitoring, and increase patient accessibility but 
has not been thoroughly studied. To evaluate the potential of the 
IM site of implantation using hypoimmune-edited (HIP) SC-islets, 
1 million to 10 million cells were transplanted into the hamstring 
of immunodeficient mice made diabetic via streptozotocin treat-
ment (n=49 total). An additional pilot study tested implants in the 
gastrocnemius and abdominal wall skeletal muscle locations (n=1 
each). Graft success was assessed by sustained euglycemia (< 
200 mg/dL), as well as by stimulated human c-peptide production 
and glucose tolerance test compared to cadaveric islets implant-
ed in kidney capsule. IM-injected SC-islets corrected disease 
phenotype at multiple cell doses, cell batches, and skeletal mus-
cle locations. Euglycemia was observed across the dose ranges 
and implant locations tested, and 100% of mice receiving 5 million 
cells or more were cured when dosed in the hamstring. Time to 
euglycemia was dose dependent, with doses of 10 million cells 
normalizing blood glucose as early as 4-weeks post implant. Clini-
cal translation of these methodologies may result in cell therapies 
that are easier to monitor in situ and that may be administered in 
an outpatient setting. Moreover, the HIP edits, which have been 
shown in other experiments to protect cells in immunocompetent 
animal models without the need for immunosuppression, did not 
impede the functionality of the islets. HIP SC-islets thus represent 
a potentially accessible, functional cure for type 1 diabetes.

Keywords: Diabetology, iPSC, Intramuscular
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SELECTIVE VULNERABILITY OF HUMAN-
INDUCED PLURIPOTENT STEM CELLS TO 
DIHYDROOROTATE DEHYDROGENASE 
INHIBITION DURING MESENCHYMAL STEM/
STROMAL CELL PURIFICATION
Al-Akashi, Ziadoon Hameed Abed - Clinical Application, Center 
for iPS Cell Research and Application (CiRA), Kyoto University, 
Kyoto, Japan
Zujur, Denise - Clinical Application, Center for iPS Cell Research 
and Application (CiRA), Kyoto University, Kyoto, Japan
Kamiya, Daisuke - CiRA Joint Program (T-CiRA), Takeda, 
Kanagawa, Japan
Kato, Tomohisa - Medical Research Institute, Kanazawa Medical 
University, Uchinada, Japan
Kondo, Toru - Institute for Genetic Medicine, Hokkaido 
University, Sapporo, Japan
Ikeya, Makoto - Clinical Application, Center for iPS Cell Research 
and Application (CiRA), Kyoto University, Kyoto, Japan

The use of induced mesenchymal stem/stromal cells (iMSCs) 
derived from human induced pluripotent stem cells (hiPSCs) in 
regenerative medicine involves the risk of teratoma formation 
due to hiPSCs contamination in iMSCs. Therefore, eradicating 
the remaining undifferentiated hiPSCs is crucial for the effective-
ness of the strategy. The present study demonstrates the Brequi-
nar (BRQ)-induced inhibition of dihydroorotate dehydrogenase 
(DHODH), a key enzyme in de novo pyrimidine biosynthesis, se-
lectively induces apoptosis, cell cycle arrest, and differentiation; 
furthermore, it promotes transcriptional changes and prevents 
the growth of 3-dimensional hiPSC aggregates. Contrastingly, 
BRQ-treated iMSCs showed no changes in survival, differentia-
tion potential, or gene expression. The results suggest that BRQ 
is a potential agent for the effective purification of iMSCs from a 
mixed population of iMSCs and hiPSCs, which is a crucial step in 
successful iMSC-based therapy.

Funding Source: (AMED) under Grant Number JP15bm0104001 
and JP22bm1123006, grants-in-aid JSPS (#22H03275, 
#22H03204), the iPS Cell Research Fund, and Takeda 
Pharmaceutical Company, and by JST SPRING (grant number 
JPMJSP2110)

Keywords: Mesenchymal stem/stromal cells (MSCs), Induced 
pluripotent stem cells (hiPSC), brequinar (BRQ)
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DEVELOPMENT OF CELL THERAPY SET 
PROTOTYPE FOR MY IPS
Nakashima, Yoshiki - Research and Development Center, 
Kyoto University Center for iPS Cell Research and Application 
Foundation (CiRA Foundation), Kyoto, Japan
Tsukahara, Masayoshi - Research and Development Center, 
Kyoto University Center for iPS Cell Research and Application 
Foundation (CiRA Foundation), Kyoto, Japan

We are preparing to launch the my iPS® project in Japan in 2025, 
a custom-made cell therapy method in which iPS cells are gen-
erated from the patient’s own blood, differentiated into cells suit-
able for the patient’s treatment, and transplanted into the patient. 
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A closed culture system is under development to produce ther-
apeutic cells via iPS cells from the patient’s own cells. The “Cell 
Therapy Applications for my iPS®” are a closed culture set that is 
equipped with 10 culture ports for each culture process, and the 
cells are moved to the next culture port according to the step of 
the culture process. When using blood collected in a hospital out-
patient setting as a source for iPS cell establishment, it is desirable 
to be able to inject the desired cells into a closed culture system 
without opening the blood collection tube. Therefore, we chose 
BD Vacutainer mononuclear cell preparation tubes for our blood 
collection tubes. After blood collection, PBMCs (peripheral blood 
mononuclear cells) were separated as supernatant by centrifuga-
tion, and then PBMCs in the blood collection tube were connect-
ed to the culture port using the BD Vacutainer Luer-Lok™ Access 
Device as a connection connector to complete injection. Next, in 
the process of establishing iPS cells and inducing differentiation, 
the cells were attached to atelocollagen beads so that the cells 
and beads could move between the culture processes without 
cell detachment. As a result, the therapeutic cells are loaded into 
a syringe together with atelocollagen beads at the final stage for 
commercialization. As a pilot study using the my iPS® cell thera-
py set prototype, we first established iPS cells on atelocollagen 
beads using PBMCs and evaluated their characteristics (mRNA 
expression analysis, induction of 3-hybrid differentiation, flow cy-
tometry analysis, karyotyping analysis, microarray analysis, and 
PluriTest, and cell proliferation test were performed. A series of 
processes was reproduced in a closed culture system to examine 
cell characteristics. Besides the above studies, we reproduce the 
series of processes using whole blood in a cell therapy set and 
verify the cell characteristics. In conclusion, we have developed 
a prototype closed culture system for use in the my iPS® project.

Funding Source: Agency for Medical Research and 
Development (AMED) under Grant Number JP22bm0104001.

Keywords: iPS cell, Closed culture system, Custom-made cell 
therapy
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VITRONECTIN IS A XENO-FREE AND DEFINED 
SURFACE FOR THE DERIVATION OF HUMAN 
EMBRYONIC STEM CELLS
Souralova, Tereza - Cell and Tissue Engineering Facility, St. 
Anne’s University Hospital Brno/Masaryk University, Brno, 
Czech Republic
Rehakova, Daniela - Department of Experimental Biology, 
Masaryk University, Faculty of Science, Brno, Czech Republic
Jeseta, Michal - Department of Gynecology and Obstetrics, 
Faculty of Medicine, Masaryk University Brno and University 
Hospital, Brno, Czech Republic
Ventruba, Pavel - Department of Gynecology and Obstetrics, 
Faculty of Medicine, Masaryk University Brno and University 
Hospital, Brno, Czech Republic
Hampl, Ales - Department of Histology and Embryology, 
Masaryk University, Brno, Czech Republic
Koutna, Irena - Cell and Tissue Engineering Facility, St. Anne’s 
University Hospital, Brno, Czech Republic

Human embryonic stem cells (hESCs) have unique abilities that 
enable their use in cell therapy, disease modelling, and drug de-
velopment. Their derivation is usually performed using a feeder 
layer, which is undefined and potentially contagious, and be-
cause of these difficulties, there is a tendency to replace feeders 
with xeno-free defined substrates in recent years. We used trun-

cated vitronectin for the derivation of hESCs for the first time, de-
rived three hESC lines, and confirmed their undifferentiated state, 
hESC morphology, and standard karyotypes together with their 
potential to differentiate into three germ layers. These results 
support the conclusion that truncated vitronectin is a defined xe-
no-free substrate that is suitable for the derivation of hESCs.

Keywords: human embryonic stem cells, vitronectin, derivation
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CLINICALLY COMPLIANT MATRIX FOR HUMAN 
ES AND IPSC CULTURE FOR PRECLINICAL AND 
CLINICAL THERAPY
Falk, Mats - Product Management, BioLamina AB, Sundbyberg, 
Sweden
Fereydouni, Noah - Application Specialist, BioLamina AB, 
Sundbyberg, Sweden
Xiao, Zhijie - Business Development, BioLamina AB, 
Sundbyberg, Sweden
Sun, Yi - Business Development, BioLamina AB, Sundbyberg, 
Sweden
Kallur, Therése - Business Development, BioLamina Inc., 
Cambridge, MA, USA

Laminins influence phenotypic stability, differentiation, and func-
tionality of all cells. Laminin 521 is a key basement membrane pro-
tein naturally expressed by human pluripotent stem cells (hPSCs) 
and is a critical factor of the PSC niche, promoting attachment, 
high survival, and robust long-term self-renewal of hPSCs. The 
lack of defined, xeno-free and robust matrixes for efficient expan-
sion and differentiation of hPSC for cell therapy has been a draw-
back for the development of promising cell therapies. The cell 
therapy Biolaminin® 521 grades MX/CT521 are human, full-length, 
recombinant Laminin-521 substrates and the only products on the 
market which provide an optimal environment for xeno-free cul-
ture of hESCs and hiPSCs and most other anchorage-dependent 
cell types. MX/CT521 enables efficient single cell passaging of ge-
netically stable hPSCs without any apoptosis inhibitors, e.g. Roc-
ki. hPSCs reach 10 populations doubling already after 10days on 
MX/CT521, compared to 20 days on other matrices. The simplici-
ty and reliability of the culture procedure, the rapid cell amplifica-
tion and the genetic stability of the cells make MX/CT521 suitable 
for each stage throughout the cell therapy development process, 
from research development to commercialized therapy. Scientif-
ic publications have proven MX/CT to be an excellent matrix for 
culture of iPSC and differentiation into astrocytes, dermal fibro-
blast and islet-like cluster cells for various cell therapy treatment 
development. We showed MX/CT521 supports long term hESC 
and hiPSCs cultivation while maintaining normal cell karyotype. In 
conclusion, we demonstrated that MX/CT521 is an optimal matrix 
for human ESC and iPSC culture in cell therapy processes, due to 
its biological relevance that allows derivation, clonal cultivation, 
stable long-term pluripotent cell growth, scalability, and differen-
tiation. We showed that Biolaminin® 521 grades are an optimal 
matrix for human PSC and ES culture due to its biological rele-
vance that allows derivation, clonal cultivation, stable long-term 
pluripotent cell growth and scalability. We showed that hiPSC and 
hESC exhibit a normal morphology on Biolaminin® 521 can reach 
confluency by day3. Cells can keep pluripotent for more than 10 
passages which are confirmed by immonocytology , flowcytom-
etry and PCR with pluripotency markers :OCT4,NANOG, SSEA4 
and TRA1-81 with maintaining normal karyotype and capability of 
EB formation. The robust method allows minimum culture mainte-
nance and standardized protocols, which can easily be adapted 
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to automation platforms, making CT521 a suitable reagent choice 
for human cell therapy trials.

Keywords: stem cell niche, cell therapy, extracellular matrix

176

FRIZZLED-7 BIOMARKER DETECTION IN CANCER 
LIQUID BIOPSIES
Key, Ashley - Biology, CSU San Marcos, CA, USA
Carson, Dennis - Medicine, University of California, San Diego, 
CA, USA
Hayashi, Tomoko - Cancer Center, University of California, San 
Diego, CA, USA
Sako, Yukiya - Cancer Center, University of California, San 
Diego, CA, USA
Willert, Karl - Cellular and Molecular Medicine, University of 
California, San Diego, CA, USA
Wu, Christina - Cellular and Molecular Medicine, University of 
California, San Diego, CA, USA

Cancer stage at diagnosis is one of the most potent indicators 
of patient prognosis; however, screening methods are costly, 
invasive, and infrequently used in individuals younger than age 
45. Though breast cancer in younger individuals is rare, it carries 
a poor prognosis relative to breast cancer in older individuals. 
Due to its poorer prognosis, impact on life expectancy, advanced 
stage at presentation, and higher prevalence of unfavorable tu-
mor features compared to breast cancer at older ages, the dis-
ease carries a disproportionate burden on younger patients. We 
have identified the protein Frizzled-7 (FZD7) as a tumor-specific 
antigen in various cancers, including breast cancer. We propose 
to examine whether FZD7 can serve as a biomarker for the early 
detection of these different types of cancers. Toward this objec-
tive, we will test various liquid biopsies, including culture media 
from FZD7- expressing cancer cell lines, mammary tumor-bearing 
mouse sera, and cancer patient serum samples. We will process 
these samples to isolate exosomes, a type of vesicle abundantly 
produced and released from cancer cells. Exosomes are present 
in serum and are capable of carrying a variety of proteins, such as 
FZD7. In preliminary studies, we analyzed cell conditioned media 
(CCM) from an ovarian cancer cell line, MA-148, by immunoblot-
ting for FZD7 and for the common exosome markers CD9, CD63, 
and CD81. We are investigating several protocols to optimize 
exosome isolation, including ultracentrifugation, size exclusion 
chromatography (SEC), commercial exosome isolation kits, and 
Nanoparticle Tracking Analysis. To date, the most reliable FZD7 
detection was accomplished by performing SEC exosomal iso-
lation and FZD7 immunoprecipitation on 48-hour CCM. The pre-
liminary findings support the hypothesis that FZD7 is detectable 
in cancer cell CCM. FZD7 biomarker detection could provide a 
platform for a highly sensitive, inexpensive, and non-invasive 
screening method for certain solid tumor cancers at a broader 
range of ages, thus leading to improved survivability and treat-
ment outcomes.

Keywords: cancer, biomarker, exosome
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UNDERSTANDING THE FACTORS INVOLVED IN 
U.S. PATIENT ATTITUDES ON UNPROVEN STEM 
CELL INTERVENTIONS TO IMPROVE PERSUASIVE 
EDUCATION
Master, Zubin - Biomedical Ethics Research Program and 
Center for Regenerative Medicine, Mayo Clinic, Rochester, MN, 
USA
Kawam, Omar - Biomedical Ethics Research Program, Mayo 
Clinic, Rochester, MN, USA
Zhu, Xuan - Robert D. and Patricia E. Kern Center for the 
Science of Health Care Delivery, Mayo Clinic, Rochester, MN, 
USA
Martin-Lillie, Charlene - Center for Regenerative Biotherapeutics, 
Mayo Clinic, Rochester, MN, USA
Gillmore, Erin - Center for Regenerative Biotherapeutics, Mayo 
Clinic, Rochester, MN, USA
Eton, David - Outcomes Research Branch, Healthcare Delivery 
Research Program, Division of Cancer Control and Population 
Sciences, National Cancer Institute, Bethesda, MD, USA
Finney Rutten, Lila - Department of Quantitative Health 
Sciences, Mayo Clinic, Rochester, MN, USA
Shapiro, Shane - Department of Orthopedic Surgery, Mayo 
Clinic, Jacksonville, FL, USA
Tilburt, Jon - Division of General Internal Medicine, Mayo Clinic 
Arizona, Scottsdale, AZ, USA

Given the increasing availability of unproven stem cell interven-
tions (SCIs) and the potential associated harms, understanding pa-
tient attitudes for acquiring SCIs is necessary and urgent to inform 
interventions to correct misinformation and discourage participa-
tion in unproven SCIs. We aimed to understand the attitudes, be-
liefs, and knowledge of patients interested in unproven SCIs. We 
conducted semi-structured interviews with 31 U.S. patients and 
families recruited from Mayo Clinic’s Regenerative Medicine Con-
sult Service and ResearchMatch databases. Participants were 
categorized as high or low SCI seekers based on intent to pur-
sue unproven SCIs. We identified 6 factors (Hope, Desperation, 
Knowledge, Trust, Pre-existing Attitudes, and Personality Traits) 
that influence patient willingness to undertake an unproven SCI. 
Feelings of desperation and desire for hope were reported as 
main drivers for pursuing unproven SCIs among high seekers. 
Many patients expressed that desperation was influenced by ex-
periencing chronic and unbearable suffering, feeling abandoned 
by the medical establishment, and not knowing where else to turn 
for treatment. Both low and high seekers reported low scientific 
knowledge of SCI and frequently relied on mental shortcuts or 
simple rules for decision-making. Many expressed they cannot 
understand scientific messaging about SCI efficacy or safety but 
relied on information from their trusted sources, including family, 
friends, and for-profit clinicians. Among most high seekers, high-
er tolerance of risk and uncertainty, the need to control health, 
willingness to diverge from medical norms, and mistrust of main-
stream health and medical institutions contributed to higher in-
tent to pursue unproven SCIs. Among most low seekers, skepti-
cism of business practices among SCI clinics, respect of medical 
expertise, and trust in the medical establishment and regulatory 
agencies was involved in reducing intent to pursue unproven 
SCIs. Our findings suggest that persuasive education on unprov-
en SCIs should empathize with patient experiences, use trusted 
message sources, and guide critical thinking. Warnings from gov-
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ernment agencies are unlikely to be successful at deterring pa-
tients towards unproven SCIs and may cause reactance.

Funding Source: National Institute on Aging, National Institutes 
of Health (R21AG068620 and R03AG078555)

Keywords: unproven stem cell interventions, U.S. patient 
perceptions, Persuasive education and policy

VIRTUAL POSTERS 
TRACK:  CELLULAR IDENTITY (CI)

TOPIC: CARDIAC

2001

WNT-HISTONE DEUBIQUITINASE LINK AND 
MODULATION OF MESODERMAL CELL FATES
Lenka, Nibedita - Lab # 10, National Center for Cell Science, 
Pune, India
Haran, Varun - Lab # 10, National Centre for Cell Science, Pune, 
India

Embryogenesis involves a fine-tuned orchestration of develop-
mental events modulated by selective activation and repression 
of many genetic and epigenetic players that exert their influence 
in a precise and coordinated fashion. During heart development, 
the role of Wnt signalling remains contentious with reports span-
ning both positive and negative influences of Wnt during the 
same. Earlier findings from our group have suggested a crucial 
and temporal influence of canonical Wnt signalling during meso-
derm specification and its further differentiation into the cardio-
myogenic derivative, wherein it induces mesoderm and attenu-
ates cardiomyogenesis during murine embryonic stem cell (ESC) 
differentiation. Hence, further mechanistic underpinning on Wnt 
influence during mesoderm specification from ESCs has revealed 
USP3, a deubiquitinating (DUB) enzyme, as a downstream target 
of canonical Wnt. While USP3 seems dispensable during ESCs’ 
maintenance, as revealed by the retention of normal colony mor-
phology and pluripotent gene signatures in both USP3-deficient 
and efficient ESC clones, it plays a crucial modulatory role by dis-
playing differential fate-switching between neuroectoderm and 
mesoderm differentiation. Under USP3 deficient condition, the 
overall mesoderm induction was promoted depicting its negative 
modulatory influence and the same was also true for the gener-
ation of Mesp1+ cardiac progenitors and subsequent cardiomyo-
cytes. In contrast, USP3 positively regulated hemangioblasts dif-
ferentiation that further promoted hematopoietic differentiation 
at the expense of endothelial ones. The differential fate modu-
lation by USP3 was proven to be mediated by deubiquitination 
and contextual deposition of H2AUb/H2BUb in the promoters of 
mesoderm genes, reflecting its histone deubiquitinase attribute. 
Collectively, our study has revealed the crucial Wnt-DUB link in 
manifesting differential cell-fate modulation. Hence, unveiling its 
potential chromatin regulatory functions would greatly enhance 
our knowledge of epigenetic machinery underlying Wnt-mediat-
ed differential fate choice during ESCs differentiation into various 
mesodermal derivatives.

Keywords: Embryonic stem cell, Wnt, DUB, Mesoderm

2002

FOXG1 REGULATES EPICARDIAL CELL 
PROLIFERATION IN RODENTS
Pilcher, Lucy - Medicine, University of Vermont, Colchester, VT, 
USA
Solomon, Lara - Medicine, University of Vermont, Burlington, VT, 
USA
Dragon, Julie - Microbiology and Molecular Genetics, University 
of Vermont, Burlington, VT, USA
Spees, Jeffrey - Medicine, University of Vermont, Colchester, VT, 
USA

The epicardium contributes precursor cells for coronary vascu-
lar development and also secretes paracrine factors that support 
cardiac growth. Although normally quiescent in the adult heart, 
epicardial cells are activated by ischemic cardiac injury; this pro-
motes their proliferation, EMT, migration, and differentiation to aid 
in tissue repair. Thus, epicardial cells are a potential source of 
reparative cells to regenerate injured cardiac tissue. We inves-
tigated the transcriptome of epicardial cells during physiologi-
cal (beneficial) cardiac remodeling to identify gene targets that 
regulate epicardial cells. We compared native epicardial cells 
isolated directly from hearts of running-exercised mice to age-
matched, non-running littermates. To obtain epicardial cells, we 
performed Magnetic-Activated Cell Sorting (MACS) with antibod-
ies against CD104 (integrin β4). By cDNA microarray assays, we 
identified genes with increased transcription in epicardial cells 
after running exercise; these included Snord116, a small non-cod-
ing RNA that coordinates expression of genes with epigenetic, 
circadian, and metabolic functions, and FoxG1, a transcription fac-
tor that controls neural progenitor cell proliferation during brain 
development. By immunohistochemistry, FoxG1 localized to the 
nuclei of proliferating (PCNA+) epicardial-derived cells. In cul-
ture, shRNA-mediated FoxG1 knockdown significantly decreased 
epicardial cell proliferation and Snord116 expression. Our results 
demonstrate that FoxG1 regulates epicardial cell proliferation and 
likely acts upstream of Snord116 expression. In vivo modulation of 
FoxG1 levels in epicardial cells has potential to improve cardiac 
remodeling and outcomes after ischemic injury.

Funding Source: This work was supported, in part, by National 
Institutes of Health (NIH) grant HL132264 (to J.L.S.). Additional 
support was provided by the Cardiovascular Research Institute 
of Vermont (CVRI-VT).

Keywords: Epicardial cell, Proliferation, FoxG1
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A CARDIAC FIBROSIS DETERMINATIVE FACTOR, 
MEOX1, BLOCKS DIRECT REPROGRAMMING 
OF CARDIAC MYOFIBROBLASTS TO 
CARDIOMYOCYTE-LIKE CELLS
Yang, Chunyan - College of Future Technology, Peking 
University, Beijing, China
Wu, Jingdong - College of Future Technology, Peking University, 
Beijing, China
Zhu, Shaoqi - Center for Quantitative Biology, Peking University, 
Beijing, China
Yang, Xiaochun - College of Future Technology, Peking 
University, Beijing, China
Yang, Yang - Academy for Advanced Interdisciplinary Studies, 
Peking University, Beijing, China
Tao, Yanmeng - Center for Life Sciences, Peking University, 
Beijing, China
Zhou, Bin - Center for Excellence in Molecular Cell Science, 
University of Chinese Academy of Sciences, Shanghai, China
Tang, Chao - Center for Quantitative Biology, Peking University, 
Beijing, China
Zhao, Yang - College of Future Technology, Peking University, 
Beijing, China

Direct reprogramming of cardiac fibroblasts (CFs) into induced 
cardiomyocyte-like cells (iCMs) by expressing transcription fac-
tors involved in cardiomyocyte fate determination is a promising 
strategy under development for future in situ regenerative medi-
cine therapies for myocardial infarction (MI) patients. However, in-
jury-induced cardiac fibroblasts (MFs) show lower reprogramming 
efficiency to these factors in MI model mice in vivo compared with 
that in vitro. This study explores possible molecular barriers influ-
encing MF to iCM reprogramming in the MI microenvironment. 
We conducted a targeted shRNA library screen of transcription 
factors (TFs) enriched in MFs with single cell RNA sequencing to 
identify the endogenous barriers blocking MF or in vivo cardiac 
reprogramming. We identified Meox1, a TF downstream of TGF-β1 
reportedly involved in driving cardiac fibrosis, as a barrier to iCM 
reprogramming. In MFs induced with MGT (Polycistronic Mef2c, 
Gata4 and Tbx5) or MGT plus Myocd (MGTM), Meox1 knockdown 
results in an approximate 4-fold increase in reprogramming effi-
ciency compared to that in the vector control group in vitro. By 
contrast, Meox1 overexpression results in a 10-fold decrease in 
cardiac reprogramming efficiency in vitro. RNA-seq and CHIP-seq 
analysis showed that Meox1 mainly binds to DNA sequence mo-
tifs in the promoter region of fibrosis-related genes, supporting 
its function in stabilizing a fibrosis-associated transcriptomic pro-
gram. Furthermore, mutations disrupting the MEOX1 DNA binding 
domain or fusing it to a transcriptional repressor domain attenu-
ate its inhibition of cardiac reprogramming. Dual recombinase lin-
eage tracing showed that iCM reprogramming efficiency is higher 
and cardiac function can be restored in MI model mice with Meox1 
knockdown. Finally, we found that Meox1 knockdown leads to im-
proved reprogramming efficiency in human CFs in vitro. In sum-
mary, our findings illustrate the molecular basis through which 
factors regulating cardiac fibrosis, especially Meox1, antagonize 
cardiac reprogramming in situ, providing a robust combination of 
reprogramming factors that can be further developed for direct in 
situ cardiac regeneration therapies.

Funding Source: Supported by the National Key Research 
and Development Program of China (2018YFA0800504), the 
National Natural Science Foundation of China (31922020), and 

fundings provided by Plastech Pharmaceutical Technology Co., 
LTD

Keywords: cardiac reprogramming, heart regeneration, cardiac 
fibrosis
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REDOX CONTROL OF THE PROGRESSION 
AND INVASION OF HUMAN GASTRIC CANCER 
ORGANOIDS
Yokoyama, Kazushige K. - Graduate Institute of Medicine, 
Kaohsiung Medical University, Kaohsiung, Taiwan (Republic of 
China)
Wuputra, Kenly - Graduate Institute of Medicine, Kaohsiung 
Medical University, Kaohsiung, Taiwan
Pan, Jia-Bin - Graduate Institute of Medicine, Kaohsiung Medical 
University, Kaohsiung, Taiwan
Ku, Chia-Chen - Graduate Institute of Medicine, Kaohsiung 
Medical University, Kaohsiung, Taiwan
Liu, Chung-Jung - Medicine, Kaohsiung Medical University, 
Kaohsiung, Taiwan
Wu, Deng-Chyang - Medicine, Kaohsiung Medical University, 
Kaohsiung, Taiwan

Gastric cancer (GC) organoids are frequently used to examine the 
tumorigenic ability of human GC and screen the novel antioxidant 
drugs to prevent the progression of GC. In general, GC organ-
oids were used to examine cell proliferation and death as well 
as cancer development. Here, the GC organoids can be used in 
the identification of novel antioxidant drugs to prevent the pro-
gression of GC. Invasion-migration, xenotransplantation, and 
reactive oxygen species (ROS) production assays were used to 
examine the effects of antioxidant drugs including perillaldehyde 
(PEA), cinnamaldehyde (CA), and sulforaphane (SNF), on GC. We 
found that both PEA and CA repressed the proliferation of human 
GC organoids, whereas SFN enhanced it. Caspase 3/7 activities 
were also repressed on treatment with PEA and CA. In addition, 
the tumor formation and invasive activities were also repressed 
on treatment with PEA and CA, whereas they were enhanced on 
treatment with SFN. The ROS production and the expression of 
p53, nuclear factor (erythroid-derived 2)-like 2, and Jun dimeriza-
tion protein 2 were downregulated on treatment with PEA and 
CA, but not SFN. The new type of antioxidation reagents such 
as PEA and CA inhibited the development of the human gastric 
cancer through the decrease of ROS, indicating they have the 
potential to be new antitumorigenic therapeutics for GC. Taken 
together, we provide the first experimental evidence using GC 
organoids to show the functional heterogeneity of the antioxidant 
drugs on GC. PEA and CA have the potential to be new antitum-
origenic therapeutics for GC.

Funding Source: Ministry of Science and Technology (MOST 
111-2314-B-037-009), the National Health Research Institutes 
(NHRI-EX109-10720SI), Kaohsiung Medical University Hospital 
(KMUH110-0R86; KMUH-DK (A)-111001)..

Keywords: Antioxidation, Organoid, ROS
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DESCRIPTION OF A NOVEL INTERMEDIATE 
MELANOCYTE PROGENITOR SUBPOPULATION
Noguchi, Fumihito - Alfred Health, Melbourne, Australia
Zhao, Peinan - Monash Bioinformatics Platform, Monash 
University, Melbourne, Australia
Abali, Gamze - Cancer Development and Treatment Group, 
Monash University, Melbourne, Australia
Chew, Christopher - Cancer Development and Treatment 
Group, Monash University, Melbourne, Australia
Szeto, Pacman - Cancer Development and Treatment Group, 
Monash University, Melbourne, Australia
Ameratunga, Malaka - Cancer Development and Treatment 
Group, Monash University, Melbourne, Australia
Leece, Isobel - Cancer Development and Treatment Group, 
Monash University, Melbourne, Australia
Cheung, Jen - Cancer Development and Treatment Group, 
Monash University, Melbourne, Australia
Zhang, Youfang - Cancer Development and Treatment Group, 
Monash University, Melbourne, Australia
Andrews, Miles - Cancer Development and Treatment Group, 
Monash University, Melbourne, Australia
Wong, Nicholas - Monash Bioinformatics Platform, Monash 
University, Melbourne, Australia
Shackleton, Mark - Cancer Development and Treatment Group, 
Monash University, Melbourne, Australia

Current prevention of cutaneous melanoma is passive. In part, this 
is because the early biological and molecular events that trans-
form normal melanocytes to melanomas are poorly understood. 
Based on the cell-of-origin model of tumor initiation, a given mela-
nomagenic stimulus may be more or less transforming depending 
on the type of melanocyte exposed to it. To develop sophisticat-
ed strategies for melanoma prevention, understanding is essen-
tial of how melanocytes develop, are maintained, and respond 
to mitogenic stimuli. Towards this, we performed scRNAseq on 
CKIT+ human skin melanocytes purified by flow cytometry. One 
cell cluster displayed increased expression of NTRK2, which is 
linked to neural progenitor function and oncogenesis. The gene 
expression profile of NTRK2-expressing cells had progenitor cell 
characteristics including increased ribosome biogenesis. Splicing 
analysis revealed that the isoform of NTRK2 expressed in human 
melanocytes is the short-truncated form, TrkB.T1. NTRK2+ mela-
nocytes were detected by immunohistochemistry in epidermis 
and hair follicles in human and mouse skin. NTRK2+ melanocytes 
were less pigmented and more clonogenic than NTRK2- mela-
nocytes, and dominated primary melanocyte cultures. NTRK2+ 
melanocytes had increased expression of nucleolin (NCL), a reg-
ulator of cell proliferation, DNA damage responses, and ribosome 
biogenesis, which was suppressed with siNTRK2s and in NTRK2-
knock out mouse melanocytes. Following UVB irradiation, NCL, 
pATR, γH2AX and Bcl-2 were upregulated in melanocytes in vitro 
while this UVB-induced upregulation was suppressed by treat-
ment with siNTRK2s. NTRK2+ CKIT+ melanocytes were increased 
in mouse skin in vivo and in ex vivo whole human skin culture, 
implicating regulation by NTRK2 of melanocytic ribosome bio-
genesis, DNA damage and proliferative responses to UVB. Con-
sistent with this, survival of siNTRK2-treated melanocytes after 
UVB was inhibited in vitro. These data implicate NTRK2+ CKIT+ 
melanocytes as intermediate progenitors that regulate melano-
cyte stress and mitogenic responses to UVB-irradiation.

Funding Source: This project is partially funded by Department 
of Defense U.S. Army Medical Research and Development 

Command Congressionally Directed Medical Research 
Programs Fiscal Year 2021 Melanoma Research Program Idea 
Award.

Keywords: Melanocyte, NTRK2, Single cell RNA-seq

TOPIC: GERMLINE AND EARLY EMBRYO
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ABERRANT BROAD H3K4ME3 DOMAIN IMPAIRS 
REPROGRAMMING EFFICIENCY OF SOMATIC 
CELL NUCLEAR TRANSFER EMBRYOS
Zhang, Xiaolei - School of Life Science and Technology, Tongji 
University, Shanghai, China
Xu, Ruimin - School of Life Science and Technology, Tongji 
University, Shanghai, China
Li, Chong - School of Life Science and Technology, Tongji 
University, Shanghai, China
Liu, Xiaoyu - School of Life Science and Technology, Tongji 
University, Shanghai, China
Gao, Shaorong - School of Life Science and Technology, Tongji 
University, Shanghai, China

Somatic cell nuclear transfer (SCNT) enables terminally differ-
entiated somatic cells reprogrammed into totipotent embryos. 
However, developmental defects such as early-stage-arrest and 
epigenetic abnormalities usually occur in SCNT embryos and the 
underlying mechanisms are largely unknown. Here, we generate 
genome-wide map of H3K4me3 and H3K27me3, two critical epi-
genetic markers which regulate gene expression in SCNT pre-
implantation embryos. We found distinct profiles of H3K4me3 
and H3K27me3 between SCNT embryos and naturally fertilized 
embryos. Notably, over-establishment of H3K4me3 domains, es-
pecially those wider than 5 kb which we termed broad H3K4me3 
domains, exist in SCNT two-cell-stage embryos. Injection of his-
tone demethylase Kdm5b and incubation with histone methyl-
transferase inhibitor WDR5-0103 both successfully narrowed the 
width of H3K4me3 domains in SCNT embryos to the same level 
of naturally fertilized embryos. Furthermore, incubation of WDR5-
0103 rescued gene expression level and improved developmen-
tal capacity of SCNT embryos. Our findings reveal genome-wide 
H3K4me3 and H3K27me3 profiles in SCNT preimplantation em-
bryos and suggest approaches for improving reprogramming 
strategies.

Keywords: Somatic Cell Nuclear Transfer, Histone Modification, 
Reprogramming
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DEVELOPMENT OF TERATOMAS IN MICE 
PRODUCED FROM ESCS MAINTAINED IN 
CHEMICALS-BASED CULTURES
Tian, Chenglei - ITS, Helmholtz Zentrum München, Munich, 
Germany
Wang, Jing - David Geffen School of Medicine, University of 
California, Los Angeles, CA, USA
Ye, Xiaoying - College of Life Sciences, Nankai University, 
Tianjin, China
Chen, Jiyu - College of Life Sciences, Nankai University, Tianjin, 
China
Zheng, Rongyan - Zhongshan School of Medicine, Sun Yat-sen 
University, Guangzhou, China
Yu, Hanwen - Zhongshan School of Medicine, Sun Yat-sen 
University, Guangzhou, China
Li, Jie - College of Life Sciences, Nankai University, Tianjin, 
China
Yin, Guoxin - College of Life Sciences, Nankai University, Tianjin, 
China
Liu, Linlin - Nankai University, College of Life Sciences, Tianjin, 
China
Zhao, Nannan - Nankai University, College of Life Sciences, 
Tianjin, China
Feng, Guofeng - College of Life Sciences, Nankai University, 
Tianjin, China
Zhu, Zhengmao - Nankai University, College of Life Sciences, 
Tianjin, China
Wang, Jichang - Zhongshan School of Medicine, Sun Yat-sen 
University, Guangzhou, China
Fan, Guoping - David Geffen School of Medicine, University of 
California, Los Angeles, CA, USA
Liu, Lin - College of Life Sciences, Nankai University, Tianjin, 
China

A mouse can be produced entirely from pluripotent embryonic 
stem cells (ESCs) by tetraploid embryo complementation (TEC) 
assay, demonstrating that ESCs held the capacity to differentiate 
into all cell types in a body, thus are truly pluripotent. Various cul-
ture conditions by small molecules have been explored to extend 
pluripotency of the stem cells to maximize their potential clinical 
therapy in regenerative medicine, but their impacts on cell fate in 
vivo remain elusive. We systematically and directly compared the 
effects of various culture conditions on the pluripotency and cell 
fate in vivo of the ESCs originated from the same mouse genetic 
background by TEC assay. Conventional ESC cultures in serum/
LIF-based condition produced the complete ESC-mice and also 
the survival to the adulthood at the highest rates than those of 
all other chemical-based cultures. Moreover, long-term examina-
tion of the adult ESC-mice demonstrated that conventional ESC 
cultures did not lead to visible abnormality for up to 1.5-2 years, 
whereas, unexpectedly, the chemicals-based cultures developed 
retroperitoneal atypical teratomas or leiomyomas. The chemi-
cals-based cultures exhibited the transcriptome typically differed 
from that of conventional ESC cultures. Our results warrant further 
refinement of the culture conditions in promoting the pluripoten-
cy as well as the safety of ESCs in future applications.

Funding Source: This research was supported in part by the 
National Key Research and Development Program of China 
(2018YFA0107000), the National Natural Science Foundation of 

China (32030033) and Tianjin Science and Technology Plan Key 
Project (20JCZDJC00550).

Keywords: Pluripotent stem cells, teratoma, tetraploid embryo 
complementation

2008

NEUROTROPHIN-4 CONTRIBUTES 
TROPHECTODERMAL LINEAGE SPECIFICATION 
DURING PORCINE PREIMPLANTATION 
EMBRYONIC DEVELOPMENT
Kim, Mirae - Veterinary Medicine, Chungbuk National 
University, Cheongju, Korea
Hyun, Sang-Hwan - Department of Veterinary Medicine, 
Chungbuk National University, Cheongju-si, Korea

Neurotrophins are associated with successful implantation and 
maintenance of pregnancy. Here, we investigated the effect of 
neurotrophin-4 (NT-4) on porcine preimplantation embryonic de-
velopment in vitro. We confirmed for the first time that NT-4 and its 
receptor proteins (TrkB and p75NTR) were localized to both the 
inner cell mass (ICM) and trophectoderm (TE) in porcine partheno-
genetic activation (PA)-derived blastocysts (BLs). Porcine zygotes 
were treated with different concentrations of NT-4 (0, 1, 10, and 
100 ng/mL) during in vitro culture (IVC). The optimal concentra-
tion of NT-4 to enhance the porcine preimplantation embryonic 
developmental capacity during IVC was identified as 10 ng/mL. 
NT-4 supplementation during porcine IVC significantly (p < 0.05) 
increased proportion of the TE cells by inducing the transcription 
of TE lineage markers (CDX2, PPAG3, and GATA3 transcripts). In 
addition, NT-4 can reduce apoptosis by regulating the transcrip-
tion of apoptosis-related genes (BAX and BCL2L1 transcripts). In-
terestingly, supplementation of NT-4 during IVC significantly (p < 
0.05) increased YAP1 transcript levels and significantly (p < 0.01) 
decreased LATS2 transcript levels in the porcine PA-derived BLs. 
It was also confirmed that intensity of YAP1 protein expression 
significantly (p < 0.001) increased in the NT-4-treated BLs com-
pared with control. Thus, NT-4 contributes to promoting differ-
entiation into the TE lineage rather than the ICM lineage in the 
porcine preimplantation embryonic development.

Funding Source: This work was supported by grants from the 
“NRF funded by the Korean Government (2020R1A2C2008276, 
2022R1A4A1025557, 2022R1A6A3A01086851)” and “IPET in 
Food, Agriculture, Forestry and Fisheries (320005-4)”, Republic 
of Korea.

Keywords: Neurotrophin-4, Trophectoderm, Blastocysts
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MULTI-OMICS ANALYSIS OF STEM CELLS 
ESTABLISHED FROM AGED INDIVIDUALS
Yamada, Mitsutoshi - Department of Obstetrics and 
Gynecology, Keio University School of Medicine, Tokyo, Japan
Usami, Shinju - Obstetrics and Gynecology, Keio University 
School of Medicine, Tokyo, Japan
Ooka, Reina - Obstetrics and Gynecology, Keio University 
School of Medicine, Tokyo, Japan
Matsuzawa, Yuichi - Obstetrics and Gynecology, Keio University 
School of Medicine, Tokyo, Japan
Fukuoka, Mio - Obstetrics and Gynecology, Keio University 
School of Medicine, Tokyo, Japan
Nakamura, Akihiro - Obstetrics and Gynecology, Keio University 
School of Medicine, Tokyo, Japan
Sugawara, Tohru - Center for Regenerative Medicine, National 
Center for Child Health and Development, Tokyo, Japan
Kanekura, Kohsuke - Department of Molecular Pathology, Tokyo 
Medical University, Tokyo, Japan
Akutsu, Hidenori - Center for Regenerative Medicine, National 
Center for Child Health and Development, Tokyo, Japan
Umezawa, Akihiro - Center for Regenerative Medicine, National 
Center for Child Health and Development, Tokyo, Japan
Tanaka, Mamoru - Obstetrics and Gynecology, Keio University 
School of Medicine, Tokyo, Japan

Assisted reproductive technology (ART) has become increasingly 
important among fertility treatments in recent years due to the 
declining birthrate. However, ART is not immune to the effects of 
aging, and improving embryo quality is a major issue. Proliferative 
potential, expression of pluripotent markers, and DNA methyl-
transferases such as Dnmt3a of embryonic stem cells (ESCs) es-
tablished from aged mice (8-month-old) are decreased compared 
to those derived from young mice, suggesting that the aging ef-
fect on oocytes is inherited by stem cells as well. Therefore, we 
established ESCs from blastocysts to capture the mechanism of 
embryonic senescence, and iPSCs from isogenic individuals to 
examine the effects of differences in the initialization mechanism 
on stem cells. In order to examine the effects of aging on iPSCs 
in detail, we established iPS cell lines up to 24 months and per-
formed multi-omics analysis to identify aging regulatory factors. 
Transcriptomic analysis followed by gene ontology analysis re-
vealed changes in the expression of genes involved in cell de-
fense. Accordingly, we conducted a radiation-induced genome 
stability test. The results showed that the number of γH2AX foci 
in iPSCs significantly increased with aging, suggesting that ge-
nomic instability was increased. Furthermore, the metabolomic 
analysis revealed that glutathione was more abundant in aged 
iPSCs, while oxidized glutathione was inverted, suggesting that 
the scavenger pathway works in aged iPSCs to regulate oxidative 
stress. These results suggest the existence of a compensatory 
gene cluster in aged iPSCs, which suppresses oxidative stress 
through the scavenger pathway in aged iPSCs. We would identify 
candidate factors for regulating senescence in iPSCs and investi-
gate gene transfer methods using viral vectors to demonstrate ex 
vivo gene therapy aimed at restoring the developmental potential 
of aged embryos.

Keywords: Assisted reproductive technology, Aging, 
Metabolome

2010

IDENTIFICATION, CHARACTERIZATION, 
AND LINEAGE TRACING OF MESENDODERM 
PROGENITOR CELLS IN MAMMALIAN EMBRYO
Masamsetti, V. Pragathi - Embryology Research Unit, Children’s 
Medical Research Institute, Westmead, Australia
Aryamanesh, Nader - Embryology Unit, Children’s Medical 
Research Institute, Sydney, Australia
Kim, Hani - Computational Systems Biology, Children’s Medical 
Research Institute, Sydney, Australia
McMahon, Riley - Embryology Unit, Children’s Medical Research 
Institute, Sydney, Australia
Osteil, Pierre - Embryology Unit, Children’s Medical Research 
Institute, Sydney, Australia
Santucci, Nicole - Embryology Unit, Children’s Medical Research 
Institute, Sydney, Australia
Sun, Jane - Embryology Unit, Children’s Medical Research 
Institute, Sydney, Australia
Tam, Patrick - Embryology Unit, Children’s Medical Research 
Institute, Sydney, Australia
Weatherstone, Megan - Embryology Unit, Children’s Medical 
Research Institute, Sydney, Australia
Yang, Pengyi - School of Mathematics and Statistics, University 
of Sydney, Australia

Multipotent embryonic cells are capable of contributing to a mul-
titude of cell types in the body. As the development progresses, 
these progenitor cells become restricted in lineage potential for 
a specific range of tissue derivatives. At gastrulation, the epiblast 
cells are allocated to the progenitor cells for the ectoderm, the 
mesoderm, and the endoderm, which is driven by lineage-specif-
ic transcriptional activity and regionalized signalling input. How-
ever, when and whereabouts of the allocation of the progenitors 
of specific germ layers and the trajectory of their differentiation 
towards multiple lineages are not clearly understood. Previous 
studies conducted in nematode and zebrafish embryos identified 
a subset of germ layer progenitors that display dual propensity for 
mesoderm and endoderm. The existence and lineage propensi-
ty of such bipotential mesendoderm progenitors in mammalian 
embryos remains unclear. Our study focuses on the identification 
and characterization of the putative bipotential progenitor cells 
of mesoderm and endoderm in mouse embryos using single-cell 
transcriptome analysis and imaging of the lineage descendants 
of these progenitors in embryos and in vitro mouse and human 
embryo models. Identification and characterisation of the bipo-
tential progenitors will enable efficient generation of biologically 
relevant cell types for tissue engineering applications.

Keywords: Mesendoderm, Early embryo, Confocal Microscopy
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UNREPROGRAMMED H3K9ME3 PREVENTS 
MINOR ZGA AND LINEAGE COMMITMENT IN 
SCNT EMBRYOS
Xu, Ruimin - School of Life Sciences and Technology, Tongji 
University, Shanghai, China
Zhu, Qianshu - School of Life Sciences and Technology, Tongji 
University, Shanghai, China
Zhao, Yuyan - School of Life Sciences and Technology, Tongji 
University, Shanghai, China
Jiang, Cizhong - School of Life Sciences and Technology, Tongji 
University, Shanghai, China
Li, Chong - School of Life Sciences and Technology, Tongji 
University, Shanghai, China
Liu, Xiaoyu - School of Life Sciences and Technology, Tongji 
University, Shanghai, China
Gao, Shaorong - School of Life Sciences and Technology, Tongji 
University, Shanghai, China

Somatic cell nuclear transfer (SCNT) can be used to reprogram 
differentiated somatic cells to a totipotent state but has poor ef-
ficiency in supporting full-term development. H3K9me3 is con-
sidered to be an epigenetic barrier to zygotic genomic activation 
(ZGA) in 2-cell SCNT embryos. However, the mechanism underly-
ing the failure of H3K9me3 reprogramming during SCNT embryo 
development remains elusive. Here, we performed genome-wide 
profiling of H3K9me3 and found it to be persistently redundant 
throughout SCNT embryo development, with most marks inherit-
ed from the donor cells. These redundant H3K9me3 marks direct-
ly blocked the transcription of minor ZGA genes and delayed the 
activation of long terminal repeats (LTRs) during ZGA. Moreover, 
SCNT blastocysts showed severely indistinct lineage-specific 
H3K9me3 deposition. Max and Mcrs1 were identified as poten-
tial lineage-specific H3K9me3-related transcription factors and 
were found to be essential for early embryogenesis. Compensa-
tory expression of Max and Mcrs1 significantly benefited the early 
development and improved the implantation capability of SCNT 
embryos. Notably, Mcrs1 improved the differentiation of SCNT 
embryos, with reorganized lineage-specific H3K9me3 allocation, 
and further improved the efficiency of full-term development.

Keywords: cell fate decision, SCNT, histone modifications
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IDENTIFYING REGULATORS OF HEMOGENIC 
REPROGRAMMING WITH CRISPR/Cas9 
SCREENING
Vazquez Echegaray, Camila - Molecular Medicine and Gene 
Therapy, Lund Stem Cell Centre, Wallenberg Centre for 
Molecular Medicine, Lund University, Lund, Sweden
Silveiro-Alves, Rita - Molecular Medicine and Gene Therapy, 
Lund Stem Cell Centre, Wallenberg Centre for Molecular 
Medicine, Lund University, Lund, Sweden
Kurochkin, Ilia - Molecular Medicine and Gene Therapy, Lund 
Stem Cell Centre, Wallenberg Centre for Molecular Medicine, 
Lund University, Lund, Sweden
Lipjankic, Nina - Molecular Medicine and Gene Therapy, Lund 
Stem Cell Centre, Wallenberg Centre for Molecular Medicine, 
Lund University, Lund, Sweden
Bäckström, Alexandra - Molecular Medicine and Gene Therapy, 
Lund Stem Cell Centre, Wallenberg Centre for Molecular 
Medicine, Lund University, Lund, Sweden
Larsson, Jonas - Molecular Medicine and Gene Therapy, Lund 
Stem Cell Centre, Wallenberg Centre for Molecular Medicine, 
Lund University, Lund, Sweden
Pereira, Filipe - Molecular Medicine and Gene Therapy, Lund 
Stem Cell Centre, Wallenberg Centre for Molecular Medicine, 
Lund University, Lund, Sweden

Hematopoietic stem cells (HSCs) are capable of self-renewal and 
continuous production of mature blood cells. For these reasons, 
HSC transplantation is the only curative treatment for a variety 
of hematologic malignancies. However, HSC numbers are often 
insufficient to meet transplantation demands, and expansion of 
HSCs in vitro remains challenging. The generation of patient-tai-
lored HSCs by direct cellular reprogramming has the potential 
to overcome these limitations. We have previously shown that 
the ectopic expression of the transcription factors (TFs) GATA2, 
GFI1B, and FOS in fibroblasts generates hematopoietic stem and 
progenitor cells (HSPCs) through a dynamic endothelial to hema-
topoietic transition. Nevertheless, a comprehensive understand-
ing of the molecular regulators underlying this dynamic process 
in humans is needed to improve the efficiency and fidelity of 
the process. Here, we optimized a CRISPR/Cas9 knock-out (KO) 
screening toolbox to map genes encoding for positive and neg-
ative regulators of hemogenic reprogramming. We fined-tuned 
the conditions for efficient KO with a constitutive Cas9 and a 
sgRNA library targeting 116 genes implicated in HSC self-renewal 
and expansion. In parallel, we established the delivery of the he-
mogenic TFs to human dermal fibroblasts using a polycistronic 
lentiviral vector allowing antibiotic-mediated selection of trans-
duced cells. We tested 6 polycistronic constructions and showed 
that the order of GATA2, GFI1B, and FOS which is translated to 
elevated levels of GATA2 and GFI1B, results in the highest re-
programming efficiency measured by the activation of the early 
hemogenic markers CD9 and CD49f. After 15 days of inducing 
reprogramming of edited fibroblasts, we purified reprogrammed 
(CD9+CD49f+) and non-reprogrammed (CD9-CD49f-) popula-
tions and performed deep sequencing. We identified candidate 
genes that may function as barriers or facilitators of hemogenic 
reprogramming including signaling interactors and TFs, for future 
exploration of molecular mechanisms. Overall, our findings pro-
vide the foundation for CRISPR/Cas9 screening to define drivers 
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of human hematopoietic reprogramming and ultimately use this 
information for the efficient generation of patient-specific HSCs.

Keywords: HSCs, Cellular Reprogramming, CRISPR/Cas9

2013

RUNX3 DEPENDENT GENE EXPRESSION 
PROFILES IN PLURIPOTENT STEM CELL DERIVED 
MYELOID CELLS
Szatmari, Istvan - Department of Biochemistry and Molecular 
Biology, University of Debrecen, Hungary
Fareh, Chahra - Department of Biochemitry and Molecular 
Biology, University of Debrecen, Hungary
Lengyel, Adél - Department of Biochemitry and Molecular 
Biology, University of Debrecen, Hungary
Póliska, Szilárd - Department of Biochemitry and Molecular 
Biology, University of Debrecen, Hungary

The transcription factor RUNX3 is an important regulator of sev-
eral hematopoietic cell lineages. For example, RUNX3 can facil-
itate the terminal differentiation and the maturation of cytotoxic 
T cells and some dendritic cell (DC) subsets. We have previously 
described that forced expression of Runx3 positively regulated 
the mouse embryonic stem cell (ESC) derived myeloid DC (ES-
DC) development and this factor promoted the ES-DC maturation 
and immunogenicity. In this study we analyzed RUNX3 mediated 
gene expression changes in ESCs and ES-DC progenitors with 
bulk RNA sequencing. Large number of differently expressed 
mRNA transcripts were identified in the presence of the trans-
genic Runx3. For example, members of the granzyme b gene 
family were coordinately upregulated by RUNX3 during the early 
phase of the ESC differentiation. We also employed gene expres-
sion profiling of RUNX3-instructed and control ESC derived me-
sodermal and myeloid cells by single-cell RNA sequencing. We 
observed a very diverse set of cell types and states during the ES-
DC differentiation. Importantly, we identified RUNX3 dependent 
cell populations with unique gene expression profiles. In summa-
ry, our genome-scale transcript analysis provides a catalogue for 
exploration of the RUNX3 regulatory network in murine ESC de-
rived myeloid cells. Moreover, this work provides unique insights 
for studying the molecular mechanisms of the RUNX3-dependent 
cell fate modulation.

Keywords: RNA sequencing, RUNX3, myeloid cells
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SEXUAL DIMORPHISM IN THE MAMMALIAN 
KIDNEY IS REGULATED BY ANDROGEN 
RECEPTOR IN PROXIMAL TUBULE SEGMENTS
Xiong, Lingyun - Department of Stem Cell Biology and 
Regenerative Medicine, Eli and Edythe Broad Center for 
Regenerative Medicine and Stem Cell Research, University of 
Southern California, Los Angeles, CA, USA
Liu, Jing - Department of Stem Cell Biology and Regenerative 
Medicine, University of Southern California, Los Angeles, CA, 
USA
Han, Seung Yub - Department of Biology, University of 
Pennsylvania, Philadelphia, PA, USA
Koppitch, Kari - Department of Stem Cell Biology and 
Regenerative Medicine, University of Southern California, Los 
Angeles, CA, USA
Guo, Jin-Jin - Department of Stem Cell Biology and 
Regenerative Medicine, University of Southern California, Los 
Angeles, CA, USA
Rommelfanger, Megan - Department of Quantitative and 
Computational Biology, University of Southern California, Los 
Angeles, CA, USA
Gao, Fan - Division of Biology and Biological Engineering, 
California Institute of Technology, Pasadena, CA, USA
Hallgrimsdottir, Ingileif - Division of Biology and Biological 
Engineering, California Institute of Technology, Pasadena, CA, 
USA
Pachter, Lior - Department of Computing and Mathematical 
Sciences, California Institute of Technology, Pasadena, CA, USA
Kim, Junhyong - Department of Biology, University of 
Pennsylvania, Philadelphia, PA, USA
MacLean, Adam - Department of Quantitative and 
Computational Biology, University of Southern California, Los 
Angeles, CA, USA
McMahon, Andrew - Department of Stem Cell Biology and 
Regenerative Medicine, University of Southern California, Los 
Angeles, CA, USA

Previous studies have demonstrated sexual dimorphism in the 
mammalian kidney’s physiology, susceptibility to disease and 
response to injury. In the mouse, proximal tubule (PT) cell types 
show distinct gene expression between the sexes. Here, we 
investigated the molecular mechanisms regulating dimorphic 
gene expression in the murine kidney. Gene- and isoform-level 
analysis highlighted differential functions related to peroxiso-
mal lipid metabolism and nuclear receptor pathways, suggest-
ing a sex-dependent role for metabolic regulation in renal func-
tion. Whole-kidney bulk RNA-seq from neonates to aged adult 
C57BL/6 mice demonstrated differential gene expression was 
established with the onset of sexual maturity from 4-8 weeks un-
der gonadal control and stably maintained. Nephron-specific ab-
lation of androgen receptor (AR) and estrogen receptor activity, 
and hormonal injection studies, showed testosterone-driven Ar 
activity in proximal tubule cells is the primary regulator of sexually 
distinct gene expression in the mouse kidney, distinguishing pre-
dominant sex-specific control mechanisms between the kidney 
and liver. Single-nuclear multiomic analysis of chromatin acces-
sibility (snATAC-seq) and gene expression (snRNA-seq) demon-
strated decreased chromatin accessibility for male-biased genes 
and increased accessibility for female-biased genes following Ar 
removal in male PT segments. Integrating published AR-ChIP-seq 
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and these multiomic data identified putative androgen response 
elements near sex-biased genes. Examining human kidney data-
sets identified evidence of conserved dimorphic gene expression 
in the male and female human kidney. Collectively, these studies 
highlight organ-specific regulatory programs differentiating gene 
activity between organs in the mouse and provide a foundation 
for mechanistic analysis of sex difference in renal physiology and 
injury and disease modeling.

Keywords: Renal Sexual Dimorphism, Androgen Receptor, Gene 
Regulation
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THE EFFECT OF HYPOXIA INDUCIBLE FACTOR-
1A ON THE METABOLIC FUNCTIONS OF 
HEPATOCELLULAR CARCINOMA
El-Badri, Nagwa - Biomedical Science, Zewail City of Science 
and Technology, October City, Egypt
Khedr, Mennatallah - Biomedical Sciences, Center of Excellence 
for Stem Cells and Regenerative Medicine, Zewail City of 
Science and Technology, Cairo, Egypt
Mohamed, Zainab - Biomedical Sciences, University of Science 
and Technology, Zewail City of Science and Technology, Cairo, 
Egypt
El-Derby, Azza - Biomedical Sciences, Center of Excellence for 
Stem Cells and Regenerative Medicine, Zewail City of Science 
and Technology, Beni-suif, Egypt
Soliman, Malak - Bioinformatics, School of Information 
Technology and Computer Science, Nile University, Cairo, Egypt
Badr, Eman - Biomedical Sciences, University of Science and 
Technology, Zewail City of Science and Technology, Cairo, 
Egypt

Hypoxia is a pathological state in solid tumors, characterized by 
low oxygen levels due to the imbalance between oxygen supply 
and oxygen demand. Hypoxia inducible factor-1A (HIF-1A) medi-
ates the effect of hypoxia by binding to the hypoxia responsive 
element (HRE) at the promoter site of the targeted genes. HIF-1A 
modulates different cancer-related properties including genomic 
instability, metastasis, invasion, proliferation, angiogenesis, and 
metabolic reprogramming. In this study, we utilized computation-
al analytical tools to determine the altered genes and enriched 
pathways due to hypoxia in hepatocellular carcinoma (HCC). 
Data acquired from TCGA were analyzed for differential gene 
expression, protein-protein interaction (PPI) network, and path-
way enrichment analysis. Our results showed the enrichment of 7 
pathways under the metabolic, disease, and signaling pathways 
categories. Since metabolic reprogramming is one of the can-
cer hallmarks in HCC caused by hypoxia, the 9 target genes of 
HIF-1A in those metabolic pathways including SLC2A1, SLC2A2, 
ENO2, ENO3, PKM, PFKP, HK2, PFKPB3, and GCK were subject-
ed to further validation using liver cancer organoids as a 3 dimen-
sional (3D) in-vitro model. Gene expression analysis of the HIF-1A 
targeted genes demonstrated the metabolic reprogramming of 
liver cancer organoids under hypoxic conditions from oxidative 
phosphorylation into glycolysis. Data were confirmed by the con-
sumption of glucose and the production of lactate and pyruvate 
assays. Our data highlight specific HIF-1A targeted genes that can 
be considered therapeutic targets for HCC treatment.

Funding Source: Funded by: 1- Scientists for Next Generation 
(SNG) cycle 7 from the Academy of Scientific Research and 

Technology (ASRT) 2- JESOR ASRT 5275 3- STDF FLUG Call 1- 
Project ID 46721

Keywords: Hypoxia inducible factor-1A (HIF-1A), Hepatocellular 
carcinoma (HCC), Glycolysis
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A NOVEL XENO-FREE PROLIFERATION CONTROL 
CULTURE SYSTEM FOR HUMAN ADIPOSE 
DERIVED STEM CELLS
Shoda, Masaki - Advanced Research Institutes, Bourbon 
Corporation, Matsumoto City, Japan
Fujikura, Sumiyo - Advanced Research Institutes, Bourbon 
Corporation, Matsumoto City, Japan
Fujimoto, Syunsuke - Advanced Research Institutes, Bourbon 
Corporation, Matsumoto City, Japan
Kiyanagi, Yumiko - Production Management Division, Cell 
Science and Technology Institute, Inc., Sendai, Japan
Tomita, Yuta - Production Management Division, Cell Science 
and Technology Institute, Inc., Sendai, Japan
Yue, Fengming - Department of Biotechnology and Biomedical 
Engineering, Shinshu University, Matsumoto City, Japan
Tomotsune, Daihachiro - Department of Biotechnology and 
Biomedical Engineering, Shinshu University, Matsumoto City, 
Japan
Takizawa, Sakiko - Advanced Research Institutes, Bourbon 
Corporation, Matsumoto City, Japan

Human mesenchymal stem cells (hMSCs) have shown great 
promise as a cell source not only for cell therapy but also for exo-
some therapy. However, when cells are cultured or transported 
alive, it is vital to keep the cells on a routinely passage in order 
to avoid overcrowding which can cause poor cell growth, senes-
cence even death. We have developed the Xyltech cell prolifera-
tion control system for human pluripotent stem cells. In this study, 
we developed the novel Xeno-Free proliferation control medi-
um (Xyltech, MSC-01) on the basis of “Xyltech technology”, and 
validated its applicability on human adipose-derived stem cells 
(hADSCs). Xeno -free growth medium (Xyltech Growth, MSC) was 
used as a control. Cellular proliferation of hADSCs cultured in 
proliferation control medium (MSC-01) was suppressed compared 
with that in growth medium (MSC). hADSCs resumed prolifera-
tion immediately after replacement with MSC. Moreover, these 
proliferative suppressed cells cultured in MSC-01 presented with 
remarkable lower positive for the senescence marker, SA-β-GAL 
than crowded cells cultured in MSC. The expression analysis of 
hMSC-specific markers by flow cytometry showed that hADSCs 
in the presence of MSC-01 maintained a positive rate of more 
than 95% for expressed markers (CD73, CD90, CD105) and less 
than 2% for unexpressed markers (CD34, CD45). Furthermore, 
hADSCs cultured in MSC-01 were capable of differentiating into 
adipocytes, osteoblasts, and chondrocytes. These findings indi-
cated that hADSCs cultured in MSC-01 retained the same char-
acteristics of hMSCs seen with MSC medium. In addition, the pro-
liferation control culture using this “Xyltech system” can support 
a long term maintenance of human stem cells without frequent 
media changes and cell passages during experiments and live 
cell transport, thereby reduce the workload of researchers.

Keywords: Mesenchymal Stem cells, Cell Proliferation 
Suppression, Xeno-Free
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ANALYSIS OF NEURAL CREST-LIKE PROPERTIES 
OF CD271+ WHARTON JELLY-DERIVED 
MESENCHYMAL STEM/STROMAL CELLS
Smolińska, Agnieszka - Translational Platform of Regenerative 
Medicine, Mossakowski Medical Research Institute, Polish 
Academy of Sciences, Warsaw, Poland
Sarnowska, Anna - Translational Platform of Regenerative 
Medicine, Mossakowski Medical Research Institute of Polish 
Academy of Sciences, Warsaw, Poland

Mesenchymal Stem/Stromal Cells (MSCs) is a highly heteroge-
nous group of cells used in the regenerative medicine. Existence 
of small population expressing CD271 (low-affinity nerve growth 
factor receptor) suggest partial distinct origin of MSCs, as this 
marker is typical for Neural Crest Derived Stem Cells (NCSCs). 
According to the literature, such cells characterize with neural dif-
ferentiation in vitro and in vivo, but there have been no evidenc-
es described for CD271+ subpopulation isolated from MSCs yet. 
Here, we would like to describe properties of CD271+ MSCs to 
confirm whether such population exhibit higher neural properties 
than heterogenous MSCs. In our research, we used MSCs derived 
from Wharton jelly (WJ-MSCs) to isolate CD271+ cells with Flu-
orescence Activated Cell Sorting (FACS). Received results from 
positive population (WJ-MSC-CD271+) were compared to nega-
tive (WJ-MSC-CD271-) and initial (unsorted WJ-MSC) populations. 
We analyzed the CD271 content before and after FACS sorting, 
clonogenicity of WJ-MSC-CD271+ subpopulation and expression 
of neural markers performed with qPCR and immunocytochemis-
try staining. We observed, that WJ-MSCs contained a sparse sub-
population of CD271+ cells, less than 5%. FACS sorting allowed 
for enrichment of CD271+ subpopulation for 1 passage. WJ-MSC-
CD271+ cells exhibited higher expression of neural genes (B3Tu-
bulin, Nestin and GFAP) than negative and initial populations. 
We confirmed that WJ-MSCs contain cells exhibiting CD271+, but 
population size makes it difficult to isolate and it disappears with 
the duration of culture. WJ-MSC-CD271+ cells exhibit increased 
expression of markers associated with neural tissue.

Funding Source: National Science Centre, Poland, Preludium 
21 2022/45/N/NZ3/02564, ESF, National Science Centre, 
Poland, OPUS NCN 2018/31/B/NZ4/03172, POWR.03.02.00-
00-I028/17-00;

Keywords: Mesenchymal Stem/Stromal Cells, Neural Crest 
derived stem cells, CD271
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PRODUCTION AND IN-DEPTH QUALITY 
ASSESSMENT OF MULTIFACTORIAL 
REPROGRAMMED SKELETAL MUSCLE CELLS 
FROM HUMAN STEM CELLS BY ADVANCED 
INTEGRATIVE TECHNOLOGIES.
Faustino, Dinis - Institute of Experimental Gene Therapy and 
Cancer Research, Rostock University Medical Center, Rostock, 
Germany
Brinkmeier, Heinrich - Institute of Pathophysiology, University 
Medicine Greifswald, Germany
Logotheti, Stella - Institute of Experimental Gene Therapy and 
Cancer Research, Rostock University Medical Center, Rostock, 
Germany
JonitzHeincke, Anika - Department of Orthopedics, Rostock 
University Medical Center, Rostock, Germany
Yilmaz, Hande - Institute of Experimental Gene Therapy and 
Cancer Research, Rostock University Medical Center, Rostock, 
Germany
Takan, Isil - Izmir International Biomedicine and Genome 
Institute, Dokuz Eylül University, Izmir, Turkey
Peters, Kirsten - Department of Cell Biology, Rostock University 
Medical Center, Rostock, Germany
Bader, Rainer - Department of Orthopedics, Rostock University 
Medical Center, Rostock, Germany
Lang, Hermann - Department of Operative Dentistry and 
Periodontology, Rostock University Medical Center, Rostock, 
Germany
Pavlopoulou, Athanasia - Izmir International Biomedicine and 
Genome Institute, Dokuz Eylül University, Rostock, Germany
Spitschak, Alf - Institute of Experimental Gene Therapy and 
Cancer Research, Rostock University Medical Center, Rostock, 
Germany
Pützer, Brigitte - Institute of Experimental Gene Therapy and 
Cancer Research, Rostock University Medical Center, Rostock, 
Germany

Skeletal muscle tissue engineering aims at generating biological 
substitutes that restore, maintain or improve normal muscle func-
tion; however, the quality of cells produced by current protocols 
remains insufficient. Here, we developed a multifactor- based 
protocol that combines adenovector (AdV)-mediated MYOD ex-
pression, small molecule inhibitor and growth factor treatment, 
and electrical pulse stimulation (EPS) to efficiently reprogram dif-
ferent types of human-derived multipotent stem cells into phys-
iologically functional skeletal muscle cells (SMCs). The protocol 
was complemented through a novel in silico workflow that allows 
for in-depth estimation and potentially optimization of the qual-
ity of generated muscle tissue, based on the transcriptomes of 
transdifferentiated cells. We additionally patch-clamped pheno-
typic SMCs to associate their bioelectri- cal characteristics with 
their transcriptome reprogramming. Overall, we set up a compre-
hensive and dynamic approach at the nexus of viral vector-based 
technology, bioinformatics, and electrophysiology that facilitates 
production of high-quality skeletal muscle cells and can guide it-
erative cycles to improve myo-differentiation protocols.

Funding Source: This work was supported by the European 
Union Structural Fund [ESF/14-BM-A55-0026/18, ESF-14BM-A55-
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0025–18-A02], DFG [PU 188/19–1), and the Research award of 
the Deutsche Duch- enne-Stiftung to A.S and H.B.

Keywords: Multipotent stem cells, Myogenic differentiation, 
Myo-informatics
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HUMAN IPSCS DIFFERENTIATION TO 
TENOGENIC LINEAGE INFORMED BY SINGLE 
CELL TRANSCRIPTOMICS
Yu, Victoria - Regenerative Medicine Institute, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA
Papalamprou, Angela - Regenerative Medicine Institute, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Jiang, Wensen - Regenerative Medicine Institute, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA
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Medical Center, Los Angeles, CA, USA
Stefanovic, Tina - Regenerative Medicine Institute, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA
Chavez, Melissa - Regenerative Medicine Institute, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA
Chen, Angel - Regenerative Medicine Institute, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA
Castaneda, Chloe - Regenerative Medicine Institute, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
Sheyn, Dmitriy - Regenerative Medicine Institute, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA

Tendon injuries contribute to 45% of musculoskeletal consulta-
tions in the US alone and can be attributed to tendons’ poor in-
nate healing capacity. Conservative approaches and/or surgical 
intervention is the current standard of care, but rehabilitation is 
prolonged and re-injury rates are high. To date there is no con-
sensus on a biological or pharmacological approach for the heal-
ing process that is clinically practical. Bone marrow mesenchymal 
stromal cells and adipose stem cells have been explored as po-
tential cell therapies, but they have limited self-renewal capaci-
ty and phenotypic heterogeneity. iPSCs have potential because 
they do not have these limitations. However, there are very few 
protocols for tenogenic differentiation from human iPSCs with 
high efficiency rates, largely in part to the limited understanding 
of tendon development origins and how they differentiate from 
precursors. We sought to investigate a method of differentiation 
from human iPSCs to tenocytes that is more efficient and spe-
cific. Human iPSCs were differentiated to Syndetome (SYN) in a 
stepwise manner through the presomitic mesoderm and somite. 
Successful differentiation was confirmed through classical mark-
ers at each developmental stage with gene expression analysis, 
immunofluorescence, and single cell RNA-sequencing (scRNA-
seq). However, trajectory analysis revealed off-target differenti-
ation towards a neural phenotype. Because Wnt family members 
were identified as crucial in the generation of neural by-products, 
a WNT signaling inhibitor Wnt-C59 was added to the later stag-
es of the differentiation. Further transcriptomics post-treatment 
showed that blockade of the Wnt pathway not only dramatically 
increased the SYN population but also eliminated the side-prod-
ucts, resulting in a more specific cell population differentiating to-
wards the tenogenic lineage. This study demonstrates that iPSCs 
can be differentiated to tenocytes more specifically in a stepwise 
manner by blocking the Wnt signaling pathway in the later stag-
es of the differentiation. Elucidating the Wnt pathway mechanism 
using a development-inspired protocol can lead to more powerful 
and specific differentiation protocols for cell therapy applications 

and has potential as an off-the-shelf cell source for tendon inju-
ries.

Keywords: iPSCs, Differentiation, Single cell RNA-sequencing
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A SUBTYPE OF HUMAN NUCLEUS PULPOSUS 
CELLS DRIVES PAIN SYMPTOMS IN 
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Low back pain (LBP) is a leading cause of disability affecting al-
most 80% of the adult population, and 40% of LBP is attributed to 
intervertebral disc (IVD) degeneration. However, the mechanisms 
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that determine which degenerating discs drive the pain are yet 
to be fully revealed. Loss of nucleus pulposus cells (NPCs) cor-
relates with disc degeneration. We hypothesize that NPC affect-
ed by specific environmental stressors trigger the onset of low 
back pain. Degenerated IVD tissue freshly harvested from sur-
gical discards or human cadavers with approved protocols were 
compared with single-cell RNA-seq (scRNA-seq), including 3 back 
pain-inducing IVDs (bpIVD) and 4 asymptomatic IVDs (aIVD) from 
different individuals. Further subset NPCs from bpIVD (bpNPC) 
or aIVD (aNPC) for further analyses. Replated aNPCs in 2D tissue 
culture and transformed them from non-stressed status (nsNPC) 
into a stressed status (sNPC). Pain-inducing effect of sNPC was 
determined in vitro in a co-culture with iPSC-derived nociceptors 
(iNOC) using microfluidic devices and in vivo using healthy rat 
models. For statistics, 3-way ANOVA and a critical significance 
level of 5% was used. Some clusters, particularly NPC1MMP3+, 
were found associated with bpIVDs because 62% cells of this 
subtype were derived from bpIVDs (Fig. 1A). A pseudo-time tra-
jectory analysis shows the trend of differentiation (Fig. 1B). Within 
NPC1 subtype, the cells solely derived from bpIVD were annotat-
ed as bpNPC1 and further examined for pathway network (Fig. 1C). 
These data suggest that NPC1 cluster might be the pain-inducing 
cell subtype. We recreated the NPC1 subtype with combinatory 
stimulation of NPCs in vitro with cell stressors (Fig. 1D) resulting in 
an upregulation of degenerative markers (Fig. 1E). sNPC showed 
bpNPC1-like transcriptomes as evidenced by Fig. 1F-N. In the an-
imal study, the intradiscal injection (Fig. 1O) led to an expression 
of nociceptive markers only in sNPC-injected group (Fig, 1P) and 
increased nociceptive behavior compared to nsNPCs or saline-in-
jected groups (Fig. 1Q). This study discovered that a subtype of 
NPC generated under stress is responsible for triggering low 
back pain. This NPC-mediated pain mechanism will inform future 
NPC-focused clinical therapies that are more approachable than 
regenerating the entire IVDs.

Funding Source: Cedars Sinai Regenerative Medicine Institute, 
National Institutes of Health K01AR071512 (DS), National 
Institutes of Health grant R34NS126032 (DS, LSS), California 
Institute for Regenerative Medicine for EDUC4-12751 (WJ)

Keywords: Low back pain, Intervertebral disc, Single cell RNA-
seq
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SATELLITE CELL SPECIFICATION INTO BROWN 
ADIPOSE TISSUE IS REGULATED BY P53
Hall, Derek - Regenerative Medicine, Ottawa Hospital Research 
Institute, Ottawa, ON, Canada
Feige, Peter - Regenerative Medicine, Ottawa Hospital 
Research Institute, Ottawa, ON, Canada
Hekmatnejad, Bahareh - Regenerative Medicine, Ottawa 
Hospital Research Institute, Ottawa, ON, Canada
Ming, Hong - Regenerative Medicine, Ottawa Hospital Research 
Institute, Ottawa, ON, Canada
Abdul-Ghani, Mohammad - Regenerative Medicine, Ottawa 
Hospital Research Institute, Ottawa, ON, Canada
Megeney, Lynn - Regenerative Medicine, Ottawa Hospital 
Research Institute, Ottawa, ON, Canada
Yin, Hang - Department of Biochemistry and Molecular Biology, 
University of Georgia, Athens, GA, USA
Rudnicki, Michael - Regenerative Medicine, Ottawa Hospital 
Research Institute, Ottawa, ON, Canada

Brown adipose progenitors are derived from the muscle stem cell 
population in adult skeletal muscle, where the switch from myo-
genic to brown adipogenic fates is regulated by microRNA-133 
(miR-133). However, little is known about the control of miR-133 
expression during adipogenic fate-switching. Using a biosen-
sor for miR-133 activity, we conducted a screen for regulators of 
miR-133 expression. We found the p53 inhibitor Pifithrin-α to be a 
potent repressive agent for miR-133 expression in primary myo-
blasts and muscle stem cells. Notably, p53 inhibition stimulates 
precocious brown adipose formation within regenerating skeletal 
muscle, and mice exposed to cold temperatures exhibit reduced 
p53 expression in muscle. Moreover, we found pri-miR-133 pro-
cessing was inhibited when p53 is down-regulated. Together, 
our experiments provide new insight into muscle stem cell fate 
determination and suggest modulating pri-miRNA-133 processing 
may be beneficial to manage obesity through selective induction 
of brown fat.

Keywords: satellite cell, muscle stem cell, adipogenesis

TOPIC: NEURAL

2022

SNRNA-SEQ DISSECTION OF NEUROG2-
INDUCED GLIA-TO-NEURON REPROGRAMMING 
INDICATES PROGRESSIVE ACQUISITION OF 
HOMEOSTATIC GENE EXPRESSION RESPONSES 
TO NEURONAL ACTIVITY MODULATION
Calzolari, Filippo - Institute of Physiological Chemistry, 
Johannes Gutenberg University, Mainz, Germany
Sharif, Nesrin - Institute of Physiological Chemistry, Johannes 
Gutenberg University, Mainz, Germany
Berninger, Benedikt - Centre for Developmental Neurobiology, 
King´s College, London, UK

Direct cell reprogramming, whereby somatic cells are induced 
to acquire a desired (e.g. neuronal) identity, holds promise as a 
strategy to address cell replacement therapeutic needs and as 
a tool to dissect processes influencing cell identity acquisition 
and maintenance. Diverse cell types can be reprogrammed to 
induced neurons (iNs) by forced Neurogenin2 (Neurog2) expres-
sion, but it is unclear if iNs acquire functional properties typical of 
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mature endogenous neurons (eNs) which ensure integrated con-
tribution to the activity of neural networks, such as homeostatic 
synaptic plasticity (HSP). To address this, we pharmacologically 
inhibited for 48hrs the activity of co-cultured mature cortical eNs 
and postnatal glia-derived Neurog2-iNs, followed by single-nu-
cleus transcriptional profiling. eNs displayed strong transcription-
al responses to inhibition, suggestive of homeostatic synaptic 
upscaling and predicted to be driven by well-established activi-
ty-dependent transcriptional regulators. iNs comprised a molec-
ularly heterogeneous population of neurons mapping to cortical 
glutamatergic subtypes at various stages of maturation. As a pop-
ulation, iNs displayed a limited transcriptional response to inhibi-
tion suggestive of morphological reorganization, which we con-
firmed experimentally. Interestingly, the most mature iNs more 
closely resembled eNs in their response to inhibition, upregulat-
ing synapse-associated signatures, thus suggesting progressive 
acquisition of the ability to undergo HSP by iNs. Immature and 
mature iNs displayed high basal levels of eN-upregulated mat-
uration-related genes, intriguingly resembling early stages of in 
vivo gene expression dynamics observed in mice and humans 
during neuronal maturation, when maturation- and synapse-relat-
ed genes are transiently upregulated. This raises the possibility 
that an evolutionarily conserved early event in the maturation of 
cortical neurons, recapitulated during glia-to-neuron direct repro-
gramming, may share regulatory mechanisms with homeostatic 
synaptic plasticity. Overall, our observations indicate that Neu-
rog2 drives reprogramming of cortical glia to iNs which progres-
sively acquire core functional attributes of endogenous neurons, 
in a process reminiscent of endogenous neuronal maturation.

Funding Source: Funded by the German Research Foundation 
(BE 4182/11-1 project number 357058359; CRC1080, project No. 
221828878), and the research initiative of Rheinland-Pfalz at the 
Johannes Gutenberg University Mainz (ReALity)

Keywords: Glia-to-neuron Reprogramming, Neurogenin2, 
Homeostatic synaptic plasticity

2023

IN VITRO PIGMENTATION OF HUMAN IPSC-
DERIVED RETINAL PIGMENT EPITHELIUM CELLS 
DOES NOT INDICATE THEIR QUALITY FOR CELL 
TRANSPLANTATION
Futatsugi, Yoko Nakai - VC Cell Therapy Inc., Kobe, Japan
Jin, Jianshi - Laboratory for Prediction of Cell Systems Dynamics, 
RIKEN Biosystems Dynamics Research (BDR), Osaka, Japan
Ogawa, Taisaku - Laboratory for Prediction of Cell Systems 
Dynamics, RIKEN Biosystems Dynamics Research (BDR), Osaka, 
Japan
Sakai, Noriko - VC Cell Therapy Inc., Kobe, Japan
Maeda, Akiko - Department of Ophthalmology, Kobe City Eye 
Hospital, Kobe, Japan
Hironaka, Ken-ichi - Knowledge Palette, Inc., Kawasaki, Japan
Fukuda, Masakazu - Knowledge Palette, Inc., Kawasaki, Japan
Danno, Hiroki - Knowledge Palette, Inc., Kawasaki, Japan
Tanaka, Yuji - Laboratory for Retinal Regeneration, RIKEN 
Biosystems Dynamics Research (BDR), Kobe, Japan
Hori, Seiji - VC Cell Therapy Inc., Kobe, Japan
Shiroguchi, Katsuyuki - Laboratory for Prediction of Cell Systems 
Dynamics, RIKEN Biosystems Dynamics Research (BDR), Osaka, 
Japan
Takahashi, Masayo - Vision Care, Inc., Kobe, Japan

Retinal pigment epithelium (RPE) cells show heterogeneous level 
of pigmentation when cultured in vitro. To know whether their 
color in appearance indicates any functional qualities of the RPE, 
especially in terms of clinical use for cell transplantation, we an-
alyzed human-induced pluripotent stem cell-derived RPE cells 
(iPSC-RPE) that passed our quality management criteria for clin-
icals use, for the correlation between their color intensities and 
gene expression profiles at single cell level. For this purpose, we 
utilized our recent invention, Automated Live imaging and cell 
Picking System (ALPS), which enabled photographing each cell 
before RNA-sequencing analysis to profile the gene expression 
of each cell. While our iPSC-RPE were categorized in 4 clusters 
by gene expression, the color intensities of iPSC-RPE did not proj-
ect any specific gene expression profiles. The results suggest the 
degree of pigmentation of iPSC-RPE in vitro does not specifically 
correlate with the functional characteristics of the cells.

Keywords: retinal pigment epithelium (RPE) cell, single cell RNA 
sequencing, cell transplantation
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REPROGRAMMING TRAJECTORIES DURING THE 
DIRECT CONVERSION OF HUMAN FIBROBLASTS 
INTO INDUCED NEURAL STEM CELLS ANALYZED 
BY SINGLE-NUCLEI MULTIOME SEQUENCING
Spathopoulou, Angeliki - Molecular Biology, University of 
Innsbruck, Austria
Podlesnic, Martina - Molecular Biology, University of Innsbruck, 
Austria
Merotto, Lorenzo - Molecular Biology, University of Innsbruck, 
Austria
Günther, Katharina - Molecular Biology, University of Innsbruck, 
Austria
Finotello, Francesca - Molecular Biology, University of Innsbruck, 
Austria
Esk, Christopher - Molecular Biology, University of Innsbruck, 
Austria
Edenhofer, Frank - Molecular Biology, University of Innsbruck, 
Austria

Mammalian tissue regeneration, particularly in the central nervous 
system, is limited. Comparative analysis with regeneration in fish 
and axolotl indicates evolutionary conserved transcriptional pro-
grams, that are not fully elucidated. The cellular reprogramming 
of human somatic cells into induced pluripotent stem cells (iPSCs) 
provides new opportunities to analyze regeneration trajectories. 
During iPSC-type reprogramming, cells get epigenetically reju-
venated, whereas direct conversion of adult dermal fibroblasts 
(ADFs) into induced neurons (iNs) circumvents the rejuvenation 
and maintains the majority of epigenetic ageing marks. The di-
rect conversion into induced neural stem cells (iNSCs) provides 
another novel system for studying human neural regeneration. 
However, the transcriptional programs underlying the iNSC-type 
rejuvenation are poorly investigated. In this study, we aim to 
assess the reprogramming trajectories during the conversion 
of ADFs into iNSCs. For this purpose, we employed a lentiviral 
cell barcoding method, CellTagging, to label cells with barcodes 
at multiple stages during the direct conversion. Subsequently, 
samples were collected along the iNSC conversion, in order to 
analyze the transcriptome and epigenome on a single-cell lev-
el by multi-omics. Single-cell RNA sequencing data revealed the 
generation of a highly homogeneous cell population, enriched for 
bona fide NSC markers, like PAX6, indicating a successful con-
version. Analysis of markers for the anterior/posterior and ventral/
dorsal axis of the neural tube revealed a hindbrain, dorsal cellu-
lar identity of the converted iNSCs. The transcriptomic temporal 
data indicated intermediate conversion stages, characterized by 
relevant identity marker gradients of expression, like COL1A2 for 
the initial fibroblast population and CXCR4 for later iNSC clusters. 
Furthermore, we also identified trajectory pathways that lead to 
non-productive conversion outcomes, i.e., neural progenitor-like 
cells with inactive cell cycle. Currently, we are deciphering the 
key genes and pathways affecting the conversion efficiency and 
putative conversion bifurcation points. Ultimately, we expect our 
study to provide novel insights into the transcriptional programs 
regulating human neural ageing and regeneration.

Keywords: Human neural ageing and regeneration, Neural stem 
cells, Conversion pathways

TOPIC: NO TISSUE SPECIFICITY

2025

DERIVATION OF INDUCED PLURIPOTENT STEM 
CELLS IN BORNEAN ORANGUTANS
Li, Chia-Jung - Institute of Biotechnology, National Taiwan 
University, Taiwan (R.O.C.), Taiwan
Chang, Wei-Fang - Institute of Biotechnology, National Taiwan 
University, Taipei, Taiwan
Yu, Jane Fang - Conservation and Research Center, Taipei Zoo, 
Taipei, Taiwan
Sung, Li-Ying - Institute of Biotechnology, National Taiwan 
University, Taipei, Taiwan

Bornean orangutans (Pongo pygmaeus) is an endanged non-hu-
man primate species. Here we report the derivation of induced 
pluripotent stem cells (iPSC) from peripheral blood mononuclear 
cells (PBMCs) in Bornean orangutans. Non-integrative Sendai vi-
rus expressing human OCT4, SOX2, NANOG, and c-MYC were 
transduced into the Bornean PBMCs. Putative orangutan iPSCs 
(o-iPSCs) colonies appeared three weeks after induction, mani-
festing a dome-shape morphology in E8 and hESM culture condi-
tions. Moreover, these colonies showed typical characteristics of 
pluripotency, including positive staining of alkaline phosphatase 
activity, normal karyotypes, and expression of pluripotent mark-
ers OCT4, SOX2, NANOG, and SSEA3/4. The teratoma assay 
demonstrated these o-iPSCs were capable of differentiation into 
all three germlayer lineages in vivo. We also confirmed that these 
o-iPSCs are of normal karyotypes. In sum, the o-iPSCs were suc-
cessfully derived from the non-human primate species Bornean 
orangutans. Given the genomic similarity between this species 
and Homo sapiens, the o-iPSCs are valuable tools to study re-
generative biology.

Funding Source: This work was supported by the Ministry 
of Science and Technology Taiwan (MOST 109-2313-B-002-
003-MY2) and Chang Gung Memorial Hospital Taiwan 
(CMRPG3L0171).

Keywords: Bornean orangutans, non-integrative Sendai virus 
transduction, induced pluripotent stem cells
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2026

EPITHELIAL-MESENCHYMAL TRANSITION 
AFFECTS AMNIOTIC DERIVED STEM CELL 
IMMUNE RESPONSE
Peserico, Alessia - Department of Biosciences and Technology 
for Food, Agriculture and Environment, University of Teramo, 
Italy
Canciello, Angelo - Department of Biosciences and Technology 
for Food, Agriculture and Environment, University of Teramo, 
Italy
Cerveró-Varona, Adrián - Department of Biosciences and 
Technology for Food, Agriculture and Environment, University of 
Teramo, Italy
Dufrusine, Beatrice - Department of Biosciences and 
Technology for Food, Agriculture and Environment, University of 
Teramo, Italy
Di Lollo, Valeria - National Reference Center for Whole 
Genome Sequencing of Microbial Pathogens: Database and 
Bioinformatic Analysis, Istituto Zooprofilattico Sperimentale 
dell’Abruzzo e del Molise, Teramo, Italy
Orsini, Massimiliano - Department of Microbiology, Istituto 
Zooprofilattico Sperimentale delle Venezie, Venice, Italy
Russo, Valentina - Department of Biosciences and Technology 
for Food, Agriculture and Environment, University of Teramo, 
Italy
Mauro, Annunziata - Department of Biosciences and Technology 
for Food, Agriculture and Environment, University of Teramo, 
Italy
Ancora, Massimo - National Reference Center for Whole 
Genome Sequencing of Microbial Pathogens: Database and 
Bioinformatic Analysis, Istituto Zooprofilattico Sperimentale 
dell’Abruzzo e del Molise, Teramo, Italy
Cammà, Cesare - National Reference Center for Whole 
Genome Sequencing of Microbial Pathogens: Database and 
Bioinformatic Analysis, Istituto Zooprofilattico Sperimentale 
dell’Abruzzo e del Molise, Teramo, Italy
Dainese, Enrico - Department of Biosciences and Technology 
for Food, Agriculture and Environment, University of Teramo, 
Italy
Barboni, Barbara - Department of Biosciences and Technology 
for Food, Agriculture and Environment, University of Teramo, 
Italy

Epithelial-mesenchymal transition (EMT) deeply affects many bio-
logical properties of stem cells, including those of placental amni-
otic epithelial cells (AEC). AEC experience EMT during pregnancy, 
at labor or during in vitro expansion. EMT affects AEC properties 
by impacting on mechanism controlling placental immune re-
sponse, however gene regulation involved remains still unknown. 
Here, to fill the gap related to the transcriptome dynamics regulat-
ing immune response of the AEC we adopted a compelling meth-
od allowing to link data derived from RNA seq, system biology 
and ex vivo cultural approaches. We demonstrated that epithelial 
(eAEC) and mesenchymal (mAEC) counterpart of AEC, collected 
before and after EMT in vitro induction, showed a divergent ex-
pression of genes implied in the immune response. In particular, 
eAEC acted as antigen-presenting cells and were able to induce 
a higher inhibition of PHA-stimulated lymphocyte proliferation. 
Conversely, even though mAEC showed an enhanced produc-
tion of inflammatory mediators (e.g. upregulating IL6, IL12B, IL10, 
PDGFB) they were less effective in damping lymphocyte prolifer-
ation. Consistently, we found that genetic ablation of the identi-
fied key drivers of the immune response of eAEC (CIITA, the HLA 

class II presenting antigen related gene) and mAEC (Nrf2, the key 
regulator of cellular response to oxidants) caused an impaired im-
mune response of mAEC and eAEC, respectively. This new sce-
nario, open to the hypothesis that eAEC and mAEC could co-exist 
in vivo and synergistically collaborate to lead the different im-
mune responses towards the resolution of the inflammation, an 
essential event characterizing the remodeling mechanism of the 
amniotic membrane during pregnancy and labor, which might be 
managed to improve the current approaches in stem cell therapy 
and regenerative medicine.

Keywords: EMT of amniotic stem cells, Immunomodulation, 
RNA-seq

2027

ESTABLISHMENT OF PORCINE EMBRYONIC 
STEM CELLS CAPABLE OF SERUM-FREE AND 
FEEDER-FREE CULTURE FROM IN VITRO 
BLASTOCYSTS
Choi, Hyerin - Veterinary Medical Center and College of 
Veterinary Medicine, Chungbuk National University, Cheongju, 
Korea
Hyun, Sang-Hwan - Veterinary Medical Center and College of 
Veterinary Medicine, Laboratory of Veterinary Embryology and 
Biotechnology (VETEMBIO), Chungbuk National University, 
Cheongju, Korea

Stable porcine embryonic stem cells (pESCs) obtained from blas-
tocysts in vitro can be a promising tool enabling beneficial applica-
tions in animal breeding as well as modeling human development 
as pigs are similar to humans in terms of embryonic development 
and physiology. However, most pESCs require complex media 
compositions and feeder layers. We derived pESCs using simpli-
fied culture media (F12-FIW) consisting of small molecules FGF2, 
IWR-1, and WH-4-023 in knockout serum replacement medium. 
Blastocysts obtained in vitro on day 6 were seeded on the feeder 
cell layer with F12-FIW medium. We established several pESCs 
lines (pESCs-FIW) capable of single cell passaging with short cell 
doubling time. These cells exhibited alkaline phosphatase (AP) 
activity and expressed pluripotency markers, OCT4, SOX2, and 
NANOG, as well as cell surface markers, SSEA1, SSEA4, and 
TRA-1-60. Established pESCs showed negative expression for 
the naive marker KLF4 and primed marker T, whereas strong ex-
pression for the formative marker OTX2. When the pESCs were 
maintained until late passages (above p50), they showed simi-
lar proliferation rates and single-cell clonal efficiencies with the 
same morphology as those of early passages (below p30). When 
using mTeSR™, a feeder-free culture medium for human pluripo-
tent stem cells, pESCs could be maintained on Matrigel, fibronec-
tin, rhLaminin-521, and Vitronectin. Expression of pluripotency 
marker genes in pESCs maintained on each of the four matrices 
showed similar levels to those in pESCs under the feeder condi-
tion. These results indicate that the canonical WNT inhibitor (IWR-
1) and the SRC inhibitor (WH-4-023) under serum-free conditions 
are sufficient to establish pESCs capable of single-cell passaging 
and feeder-free expansion. Easy to maintain-pESCs can be used 
to develop complex genetic modifications useful for agriculture 
and biomedicine, and manufacture cell-derived meat and other 
products.

Funding Source: Supported by grants from the “NRF 
funded by the Korean Government (2017K1A4A3014959, 
2020R1A2C2008276, 2022R1A4A1025557)” and “IPET in Food, 
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Agriculture, Forestry and Fisheries (318016-5, 320005-4)”, 
Republic of Korea.

Keywords: Pigs, Embryonic stem cells, Serum-free media

2028

CELLS LINES AUTHENTICATION FOR THEIR 
DEPOSIT IN BIOBANKS
Catalina Carmona, Purificación - Genetic Quality Control 
and Biomarkers, Andalusian Public Health System Biobank, 
Granada, Spain
Carrillo Avila, Jose Antonio - Genetic Quality Control and 
Biomarkers, Andalusian Public Health System Biobank the 
Central Node, Granada, Spain
Ligero Martin, Gertrudis - Quality Control, Andalusian Public 
Health System Biobank the Central Node, Granada, Spain
Aguilar Quesada, Rocío - Quality Control, Andalusian Public 
Health System Biobank the Central Node, Granada, Spain

Cell lines authentication is part of the Good Cell Culture Practice 
principles, so it’s necessary to establish cells identity and track-
ing provenance prior to the initiation of experimental research. 
Cell lines authentication is promoted by the International Cell Line 
Authentication Committee (ICLAC). Currently, funding agencies 
and scientific papers are increasingly requiring evidences of cell 
lines authentication. Although several techniques have arisen in 
order to assess cell lines identity, STRs (Short Tandem Repeats) 
profiling is the preferred method for cell lines authentication. The 
Andalusian Public Health System Biobank (BBSSPA) is part of the 
National Stem Cell Bank (BNLC), and participates in the deposit 
and traceability control of human pluripotent stem cell lines. STRs 
genotyping is based on the detection of DNA microsatellites con-
taining variable lengths of STRs through the genome. The analysis 
of those repeated regions is performed by PCR and bioinformat-
ics software. Hence, when the STRs profile of a cell line match-
es ≥80% with its original source we may confirm its authenticity. 
Currently, the minimum number of STR loci to accept cell lines 
authentication is thirteen, thus some authors test sixteen STRs 
to improve the specificity of the analysis. During the last 6 years, 
traceability analysis of 44 pluripotent stem cell lines was carried 
out, by analyzing 10 STRs fragments (GenePrint-10). All cell lines 
showed a correct authentication, except one who manifest the 
mixture of two different pluripotent stem cells lines. Currently, this 
method has been replaced by a more precise one that includes 
16 STRs (CLA IdentiFiler™ Plus PCR Amplification Kit) following the 
recommendations of the ANSI/ATCC ASN-0002. The BBSSPA 
performs a fundamental task of traceability of cell lines deposited 
in the BNLC for their distribution. Cell lines traceability must be 
checked during different passages such as at the beginning of 
the generation, regularly during the culture or before distribution, 
among others. Finally, as a node of the BNLC, it’s essential to 
promote standardized and coordinated methods for international 
authentication of stem cells lines.

Funding Source: Action, Investment and Financing Program 
granted to the Andalusian Public Foundation for Progress 
and Health by the Junta de Andalucía.Support Platforms for 
R+D+i Biomedicine and Health Sciences, ISCIII. SSPA Biobank 
Research Area

Keywords: Authentication cells lines, stem cells lines, Short 
Tandem Repeats
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RE-ENGINEERING THE METHYLATION READER 
FUNCTION OF KLF4 ENABLES PLURIPOTENCY 
INDUCTION WITHOUT THE SOX2/OCT4 DUO
Gao, Ya - School of Biomedical Sciences, The University of 
Hong Kong, Hong Kong
Weng, Mingxi - School of Biomedical Sciences, The University of 
Hong Kong, Hong Kong
Tan, Daisylyn Senna - School of Biomedical Sciences, The 
University of Hong Kong, Hong Kong
Ng, Kevin Hoi Man - School of Biomedical Sciences, The 
University of Hong Kong, Hong Kong
Jauch, Ralf - School of Biomedical Sciences, The University of 
Hong Kong, Hong Kong

Krüppel-like factor 4 (KLF4) is a pioneer transcription factor di-
recting reprogramming towards pluripotent and multipotent stem 
cells. This activity is tied to its capacity to bind silenced chromatin 
such as methylated CpG and nucleosome core particles. To dis-
sect the basis for KLF4’s reprogramming activity and to enhance 
its function, we designed saturation mutagenesis libraries by ran-
domising positions that are critical to bind epigenetically modified 
DNA. Using pooled screens in mouse pluripotency reprogram-
ming, we identified several evolved KLF4 (eKLF4) variants that 
change the reprogramming activity of wild-type KLF4. Two KLF4 
double mutants support iPSC generation without the otherwise 
essential SOX2/OCT4 duo. The iPSCs derived from eKLF4 and 
c-MYC (eKM iPSCs) exhibit all the molecular, cellular and function-
al characteristics of embryonic stem cells (ESCs). Mechanistically, 
eKLF4 shows a higher sensitivity to the methylation of its binding 
motif compared to the wild-type protein in vitro. Further analysis 
will elucidate the molecular basis for the pioneer factor function 
of KLF4, decode its sequence-structure-function relationship, and 
inform the functional enhancements of KLFs to optimize strate-
gies for the generation of functional cell types for regenerative 
medicine.

Keywords: iPSC, KLF4, Epigenetics

TRACK:  CLINICAL APPLICATIONS (CA)

TOPIC: HEMATOPOIETIC, IMMUNE, AND ENDOTHE-
LIAL

2029

IMPROVING THE LONG-TERM ENGRAFTMENT 
OF GENETICALLY MODIFIED HEMATOPOIETIC 
STEM AND PROGENITOR CELLS IN THE BONE 
MARROW BY TRANSIENT UPREGULATION OF 
ENGRAFTMENT ENHANCERS
Zinghirino, Federica - Great Ormond Street Institute of Child 
Health, University College London, UK
Thrasher, Adrian - Great Ormond Street Institute of Child Health, 
University College London, UK
Cavazza, Alessia - Great Ormond Street Institute of Child Health, 
University College London, UK

Autologous transplantation of genetically modified hematopoi-
etic stem and progenitor cells (HSPCs) is becoming a promising 
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treatment for patients suffering from blood disorders. The HSPCs 
gene editing (GE) procedure is mostly performed ex-vivo through 
a process in which HSPCs are harvested from the patient, geneti-
cally corrected in vitro and re-infused back to the patient by intra-
venous transplantation. Effective treatment requires the success-
ful homing and engraftment of transplanted HSPCs into the bone 
marrow (BM) niche, where they undergo self-renewal and estab-
lish a population of genetically modified cells that pass a correct 
copy of the gene to the blood cell progeny. Despite the excellent 
levels of gene correction currently attainable in vitro, the transla-
tional potential of this approach has been hampered by a poor 
engraftment of engineered HSPCs in vivo after transplant. Most 
likely, this is caused by some cell intrinsic defect such as reduced 
homing capacity or the loss of HSPCs repopulating potential due 
to the ex vivo manipulation. This represents an impellent hurdle 
to overcome for the therapeutic success of GE technologies. To 
improve the long-term engraftment of GE-HSPCs in the BM, we 
devised an innovative epigenome platform for the transient up-
regulation of chemokines and integrins involved in stem cell hom-
ing and engraftment. We used a highly specific CRISPR activation 
system composed by a catalytically dead Cas9 protein fused to 
the tripartite transcriptional activator VPR (dCas9-VPR) and sgR-
NAs specifically designed to recruit dCas9-VPR to the promoter 
region of the target genes and activate their transcription. The 
time-course analysis revealed a peak of gene activation after 
24h and the restoration of baseline expression levels after 96h, 
demonstrating that this platform is compatible with the kinetics of 
HSPCs homing and engraftment after transplant. We also tested 
the efficiency of this system by in vitro migration assay of HSPCs 
gene-edited with a CRISPR/Cas9 platform for the correction of 
WAS mutation developed by our group. By integrating our epig-
enome platform with GE platforms for gene correction, it will be 
possible to ensure high levels of engraftment of corrected HSPCs 
providing a bench-to-bedside translation of GE technologies to 
treat blood disorders.

Keywords: HSPCs, Engraftment, Epigenome editing
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GENOME EDITING OF MESENCHYMAL 
STEM CELLS: IMPLICATIONS FOR TISSUE 
REGENERATION IN CHRONIC INFLAMMATORY 
MUSCULOSKELETAL DISORDERS.
Naik, Amruta - Department of Biosciences and Technology, Dr. 
Vishwanath Karad MIT World Peace University, Pune, India

Musculoskeletal disorders are major healthcare concerns that 
lead to disabilities in the aged population. Progression of multiple 
musculoskeletal disorders is associated with the accumulation of 
inflammatory cytokines causing destruction of extracellular matrix 
and cellular apoptosis in the affected tissues. Current pharmaco-
logical recommendations for chronic inflammatory musculoskel-
etal disorders are palliative and fail to reconstruct the damaged 
tissue. Thus, existing therapies have limited clinical potential 
with variable outcomes. Stem cell-based tissue reconstruction is 
a promising approach wherein Mesenchymal stem cells (MSCs) 
have shown most promising results in human and animal clinical 
trials for various disorders of bone, cartilage and muscle. Howev-
er; these clinical trials state that exogenously delivered MSCs get 
eliminated fast due to deleterious effects of inflammatory envi-

ronment. Inflammatory cytokines down-regulate the transcription 
factors involved in differentiation and up-regulate the apoptot-
ic pathways in MSCs. Thus, successful application of MSCs for 
chronic inflammatory and autoimmune disorders relies upon the 
efficient localization and retention of cells within appropriate tis-
sue. Present study hypothesizes an approach to improve engraft-
ment efficiency and survival of exogenously infused MSCs to in-
crease their therapeutic effects, based on a genetic engineering 
approach. This study documents generation of TNF-α and IFN-γ 
receptor knockdown in human MSCs (hMSCs) using shRNA-me-
diated technology. MSCs isolated from bone marrow, adipose tis-
sue and gingiva showed the expression of TNFR1 and IFNGR1 as 
evidenced by flow cytometry and western blotting. Further, it was 
studied that exposure of hMSCs to TNF-α and IFN-γ synergistical-
ly induced apoptosis and inhibited osteogenesis. Therefore, a set 
of shRNAs were used to knockdown TNFR1 and IFNGR1. We gen-
erated engineered hMSCs which showed about 50% knockdown 
of TNF-α and IFN-γ receptors than that of control. Currently, we 
are investigating the growth, survival and differentiation potential 
of these engineered MSCs in presence of an inflammatory en-
vironment. In the subsequent studies, we propose to use CRIS-
PR-based epigenome editing for generation of inflammation-re-
sistant hMSCs.

Funding Source: The author is a recipient of research grant from 
Department of Science and Technology, Government of India 
under “Women Scientist-A” scheme.

Keywords: mesenchymal stem cells, genome editing, 
inflammatory musculoskeletal disorders
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ADIPOSE TISSUE DERIVED MESENCHYMAL 
STROMAL STEM CELL (MSC) TRANSPLANTATION 
SHOULD BE CONSIDERED WITH CAUTION IN 
PROTHROMBOTIC CONDITIONS
Sanal, Madhusudana Girija M. - Molecular and Cellular 
Medicine, Institute of Liver and Biliary Sciences, New Delhi, India
Gupta, Sarita - Molecular and Cellular Medicine, Institute of Liver 
and Biliary Sciences, New Delhi, India
Parthasaradhy, Kumaraswamy - Hepato-biliary Surgery, Institute 
of Liver and Biliary Sciences, New Delhi, India
Saha, Rahul - Molecular and Cellular Medicine, Institute of Liver 
and Biliary Sciences, New Delhi, India
Singh, Sinam - Molecular and Cellular Medicine, Institute of Liver 
and Biliary Sciences, New Delhi, India
Pamecha, Viniyendra - Hepato-biliary Surgery, Institute of Liver 
and Biliary Sciences, New Delhi, India
Sarin, Shiv - Hepatology, Institute of Liver and Biliary Sciences, 
New Delhi, India

The conventional thought is that liver produces Factor VIII/ an-
ti-hemophilic factor-an important blood-clotting protein. Here we 
show that adipose tissue synthesizes FVIII and its expression is 
increased significantly in cirrhosis/Chronic Liver Disease (CLD). 
Since the mass of adipose tissue is large, the net contribution of 
adipose tissue towards circulating factor VIII is significant. This is 
clinically important in obesity, diabetes, fatty liver disease, which 
are associated with high fat mass. This may also partly explain 
increased incidence of blood clots, myocardial infarction, and 
stroke in obesity. We have shown the factor VIII levels in adipose 
tissue is increased in CLD by multiple methods-immunohisto-
chemistry (IHC), western blot (WB), reverse transcriptase real time 
PCR and flow cytometry of freshly isolated cells from adipose tis-
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sue. Further we showed that these cells retain FVIII positivity in 
culture by immunofluorescence (IF) and WB. This fact is important 
when we consider MSC transplantation in prothrombotic condi-
tions such as stroke or CLD. We tested the difference between 
MSC from CLD patients versus healthy subjects and found that 
MSC from CLD patients proliferated faster in culture but they also 
attained senescence faster (β-galactosidase assay). We found 
that MSC from patients differentiated less efficiently into osteo-
cyte (silver stain), adipocyte (Oil Red O stain) and chondrocyte 
(Alcian Blue stain) lineages. This means MSC from patients aren’t 
equal to healthy subjects and this fact should be a consideration 
for autologous MSC transplantations. Human subjects: Healthy 
subjects, n=15; cirrhosis patients, n=15, Inclusion criteria: decom-
pensated liver cirrhosis who were referred for liver transplanta-
tion. Exclusion criteria: patients suffering from Acute Liver Failure 
and Acute on Chronic Liver Failure, inherited bleeding disorders 
and those not consenting for study. To conclude, adipose tissue 
MSC produces FVIII and should be administrated with caution in 
prothrombotic conditions. Further MSCs derived from patients 
differ in their proliferation, senescence and differentiation poten-
tial. This fact should be considered during MSC autologous trans-
plantation protocols.

Funding Source: SMG thanks Department of Biotechnology, 
Ministry of Science and Technology, India (grant #BT/PR15116/
MED/31/334/2016) Government of India and Science and 
Engineering Research Board (grant #ECR/2015/000275).

Keywords: Adipose Tissue MSC, Factor VIII, F8, Liver Cirrhosis, 
Chronic Liver Disease, Prothrombotic, coagulopathy
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CHARCTERISTICS OF MESENCHYMAL STEM 
CELLS ENCAPSULATED IN CORE-SHELL 
HYDROGEL MICROFIBERS AND THEIR 
THERAPEUTIC EFFECTS ON INFLAMMATORY 
BOWEL DISEASE MODEL IN RATS
Nagaishi, Kanna - Department of Anatomy, Sapporo Medical 
University, Sapporo, Japan
Ikeda, Kazuhiro - Research and Development, CellFiber Co., 
Ltd., Tokyo, Japan
Sannohe, Kouta - Second Department of Anatomy, Sapporo 
Medical University, Sapporo, Japan

This study focused on the functional characteristics of mesen-
chymal stem cells (MSCs) encapsulated in core-shell hydrogel 
microfibers which are known as “cell fibers” and their therapeutic 
effects on a colitis model. Inflammatory bowel diseases, especial-
ly Crohn’s disease, frequently complicates refractory anal fistula. 
Most anal fistula cases require invasive surgical intervention such 
as seton drainage or fistula removal surgery. Since existing treat-
ments are not curative for severe inflammatory cases and may 
lead to anal fistula cancer, establishing a novel treatment with high 
local efficacy is crucial. MSCs exhibit immunoregulatory functions 
and tissue regeneration ability by releasing various anti-inflam-
matory factors and extracellular secretory granules encapsulat-
ing nucleic acid and protein components. It is also known that 
three-dimensional (3D) cultures of MSCs suppress the replicative 
senescence of cells and enhance their anti-inflammatory effects, 
angiogenesis, and prolongation of cell survival. Since therapeu-

tic efficacy is associated with cell distribution to the target organ, 
local cell therapy is expected to be highly effective. However, 
MSCs administrated directly into an anal fistula could be dam-
aged by intestinal bacteria or aggressive cytokines in vivo. There-
fore, we employed a “cell fiber” technology, which is expected 
to provide the following two advantages. MSCs cultured in cell 
fibers maintained a 3D state, enhancing cell viability and anti-in-
flammatory functions for a prolonged time, and MSCs in the fibers 
could be administered near the anal fistula locally with protection 
from a cytotoxic environment by the shell and effective secretion 
of cell-derived factors. In fact, persistent and highly concentrated 
prostaglandin E2 and TGF-β secretions were observed in the cul-
ture supernatant of MSC-fiber compared to those of the two-di-
mensional cultured MSCs. The expression of tissue regenerative 
factors, such as VEGF and HGF, was enhanced in the spherical 
MSCs in the cell fibers. Additionally, MSC-fibers administered di-
rectly to the ulcerative lesions of the intestinal mucosa exhibited 
superior therapeutic effects than vehicle treatment in acute colitis 
in rats. We will report on the mechanism involved in the therapeu-
tic effects of the MSC-fiber on colitis. 

Funding Source: Grants-in-Aid for Scientific Research in Japan 
CellFiber Co., Ltd.

Keywords: Cell fibers, Mesenchymal stem cells, Inflammatory 
bowel disease
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IPSC-DERIVED TENOCYTES ON MICROGROOVED 
SCAFFOLD CONTRIBUTES TO ACHILLES 
TENDON REGENERATION
Kaneda, Giselle - Board of Governors Regenerative Medicine 
Institute, Cedars-Sinai Medical Center, Los Angeles, CA, USA
Chan, Julie - Neurosurgery, Cedars-Sinai Medical Center, Los 
Angeles, CA, USA
Castaneda, Chloe - Board of Governors Regenerative Medicine 
Institute, Cedars-Sinai Medical Center, Los Angeles, CA, USA
Papalamprou, Angela - Board of Governors Regenerative 
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CA, USA
Sheyn, Julia - Board of Governors Regenerative Medicine 
Institute, Cedars-Sinai Medical Center, Los Angeles, CA, USA
Shelest, Oksana - Board of Governors Regenerative Medicine 
Institute, Cedars-Sinai Medical Center, Los Angeles, CA, USA
Huang, Dave - Orthopedics, Cedars-Sinai Medical Center, Los 
Angeles, CA, USA
Kluser, Nadine - AO Research Institute Davos, Switzerland
Yu, Victoria - Board of Governors Regenerative Medicine 
Institute, Cedars-Sinai Medical Center, Los Angeles, CA, USA
Ignacio, Gian - Orthopedics, Cedars-Sinai Medical Center, Los 
Angeles, CA, USA
Gertych, Arkadiusz - Pathology, Cedars-Sinai Medical Center, 
Los Angeles, CA, USA
Yoshida, Ryu - Orthopedics, Cedars-Sinai Medical Center, Los 
Angeles, CA, USA
Metzger, Melodie - Orthopedics, Cedars-Sinai Medical Center, 
Los Angeles, CA, USA
Tawackoli, Wafa - Board of Governors Regenerative Medicine 
Institute, Cedars-Sinai Medical Center, Los Angeles, CA, USA
Vernengo, Andrea - AO Research Institute Davos, Switzerland
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Sheyn, Dmitriy - Board of Governors Regenerative Medicine 
Institute, Cedars-Sinai Medical Center, Los Angeles, CA, USA

In the US, 50% of musculoskeletal injuries reported annually in-
volve tendons or ligaments. Current treatments for tendon injury 
include pain management, physical therapy, and in serious cases, 
surgical repair. Tendons have a poor innate healing capacity and 
full structural and functional restoration after injury remains an un-
met clinical need. The application of a 3D-printed microgrooved 
scaffold (MGS) provides a customizable matrix for cells to grow 
while encouraging cellular alignment. We examined the applica-
tion of induced pluripotent stem cell (iPSC)-derived mesenchymal 
stem cells (iMSCs) overexpressing the tenogenic transcription 
factor Scleraxis (SCX, iMSCSCX+) in conjunction with 3D-printed 
MGS, as a novel method for tendon defect repair. iPSCs were 
differentiated to iMSCs and transduced with a SCX lentiviral vec-
tor to produce iMSCSCX+. iMSCSCX+ were seeded on custom 
3D-printed non-patterned scaffolds (NPS), MGS, or regular plates 
and cultured for 7 days to assess tenogenic gene expression 
and cell alignment. In vivo, MGS+iMSCSCX+ treatment was test-
ed against MGS-only and suture-only repair for 6 weeks in a rat 
model of Achilles tendon rupture. The repair was assessed using 
gait analysis, biomechanical testing, and histological staining. iM-
SCSCX+-seeded MGS showed significant upregulation of tendon 
markers compared to NPS and 2D culture after 7 days in vitro. 
Immunostaining showed more linearly organized cells on the 
MGS compared to the NPS. Gait analysis found that rats repaired 
with MGS+iMSCSCX+ had improved stride length compared to 
the MGS-only group. Sway width and paw spread was also sig-
nificantly improved in MGS+iMSCSCX+ group the compared to 
the suture only group. Ex vivo biomechanical testing showed 
a significant improvement in the biomechanical properties of 
the MGS+iMSCSCX+ group compared to both the suture and 
MGS-only controls. Histology and immunostaining demonstrat-
ed more regular tissue formation in MGS+iMSCSCX+ group. This 
study shows the potential of iMSCSCX+-seeded MGS, a com-
bined iPSC and tissue engineering approach, as an alternative for 
current tendon defect treatments. Further studies of cell-scaffold 
constructs can potentially revolutionize tendon reconstruction by 
improving healing and functional outcome at both the cellular and 
tissue level.

Keywords: Microgrooved Scaffold, iPSC, Microgrooved scaffold
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MULTIPASSAGE EXPANSION OF SERUM-FREE 
ISOLATED EQUINE MESENCHYMAL STEM CELLS 
WITH ENHANCED SELF-RENEWAL CAPACITY 
FOR CELL THERAPY APPLICATIONS
Tehrani, Ashkan H. - McCaig Institute for Bone and Joint Health, 
University of Calgary, AB, Canada
Sen, Arindom - Department of Chemical and Petroleum 
Engineering, University of Calgary, AB, Canada
Sparks, Holly - Department of Veterinary Clinical and Diagnostic 
Sciences, University of Calgary, AB, Canada

Adult bone marrow derived mesenchymal stem cells (BM-MSCs) 
have shown promise in treating musculoskeletal diseases. Re-
cently, there has been increasing interest in the veterinary field to 
use these cells to treat joint injuries in equine athletes. Conven-
tional media for isolating equine BM-MSCs include fetal bovine 
serum (FBS) to support cell growth, yet FBS is undefined, exhibits 
batch-to-batch variability, and poses significant concerns about 
xenogeneic proteins present in the therapeutic fraction. Alterna-

tively, substituting bovine serum with equine serum have shown 
to result in loss of MSC function. While a few studies have recent-
ly used defined media for the short-term culture of equine MSCs, 
there remains limited knowledge about the impact that removing 
serum has on these cells at cellular and functional levels during 
extended culture periods. Here, we present a unique serum-free 
medium (SFM) that not only supported isolation and expansion of 
equine BM-MSCs, but also enhanced self-renewal and multipo-
tency properties. We found that serum free isolated equine BM-
MSCs differed significantly in morphology, cytokine secretion, 
growth kinetics, and colony forming capacity from those cells 
expanded in serum containing medium (SCM). Namely, the cells 
acquired irregular shapes with multiple cytoplasmatic processes 
in SFM, while they assumed an elongated uniform spindle shape 
in SCM. The cells in SFM were 4 times larger in size compared 
with those in SCM (p< 0.0001). Cell doubling level was 1.36 (SD 
0.36) in SFM, and 2.42 (SD 0.40) in SCM (p< 0.0001). Colonogen-
ic assays revealed the cells in SFM continued to grow in smaller 
colonial densities for several passages (p< 0.01), while those in 
SCM propagated in a monolayer. While full trilineage differentia-
tion was explored, ongoing work is underway characterizing the 
proteome and immunomodulatory function of these distinct cell 
populations. Overall, our findings demonstrate that the defined, 
serum-free medium can support the efficient isolation and rap-
id expansion of equine BM-MSCs. We anticipate our systematic 
characterization of serum free isolated equine BM-MSCs to be a 
starting point toward developing robust processes for the large-
scale production of equine BM-MSCs with enhanced therapeutic 
effect for preclinical research and cell-based therapies.

Keywords: serum-free medium, bone marrow derived 
mesenchymal stem cells, preclinical research & cell-based 
therapies
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ENGINEERED HYPOIMMUNE CAR T CELLS 
SURVIVE, FUNCTION, AND PERSIST IN 
IMMUNOCOMPETENT ALLOGENEIC HUMANIZED 
MICE
Schrepfer, Sonja - Hypoimmune Platform, Sana Biotechnology 
Inc, San Francisco, CA, USA
Hu, Xiaomeng - Hypoimmune Platform, Sana Biotechnology, 
San Francisco, CA, USA
Manner, Karl - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA
White, Kathy - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA
Gattis, Corie - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA
Ngo, Priscilla - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA
Chu, Elaine - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA
Young, Chi - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA
Wells, Frank - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA
Basco, Ron - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA
Friera, Annabelle - Hypoimmune Platform, Sana Biotechnology, 
San Francisco, CA, USA
Kangeyan, Divy - Hypoimmune Platform, Sana Biotechnology, 
San Francisco, CA, USA
Beauchesne, Pascal - Hypoimmune Platform, Sana 
Biotechnology, San Francisco, CA, USA
Deuse, Tobias - Surgery, University of California-San Francisco, 
CA, USA
Fry, Terry - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA
Foster, Aaron - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA

Off-the-shelf CAR T cells potentially offer advantages over au-
tologous strategies such as ease of manufacturing, quality con-
trol, off-the-shelf availability, and lack of T cell dysfunction, as 
well as the ability to generate a more consistent CAR T product 
from healthy T cells. However, the vigorous host-versus-graft 
immune response against histoincompatible T cells prevents 
expansion and persistence of allogeneic CAR T cells and mit-
igates the efficacy of this approach. A major challenge is that, 
while HLA deletion can result in adaptive immune evasion, innate 
reactivity is enhanced with this approach. CD47 overexpres-
sion can block both NK cell and macrophage killing (J Exp Med 
2021;218(3):e20200839), and we hypothesized that T cells would 
lose their immunogenicity when human leukocyte antigen (HLA) 
class I and II genes are disrupted and CD47 is over-expressed. 
We describe here the engineering of human immune evasive 
CAR T cells building on our previously described hypoimmune 
technology (Nat Biotechnol 2019;37(3):252-258 and Proc Natl 
Acad Sci U S A 2021;118(28):e2022091118). Human T cells from 
healthy donors were obtained by leukapheresis. CRISPR/Cas12b 
technology was used to disrupt the B2M, CIITA, and TCR genes, 
and lentiviral transduction was used to overexpress CD47 and to 
express a CD19 CAR to generate hypoimmune (HIP) CD19 CAR 
T cells. Control T cells were unmanipulated except for overex-

pression of the CD19 CAR (unmodified). For 3 month persistence 
studies, allogeneic SGM3 humanized mice were injected with 
1´106 Luc+ Nalm6 cells and received 7´106 unmodified CD19 
CAR T cells or HIP CD19 CAR T cells. In the mice treated with 
either unmodified CD19 CAR T cells and HIP CD19 CAR T cells, 
tumor control was initially rapidly achieved. However, unmodified 
CD19 CAR T cells were eventually rejected by the host and the 
loss of these cells resulted in re-growth of tumor. By contrast, in 
HIP CD19 CAR T injected mice, tumor control was maintained 
throughout the study, including following a rechallenge at day 83 
with NALM6 cells without further administration of HIP CD19 CAR 
T cell. Flow cytometry at endpoint from bone marrow and spleen 
confirmed persistence of HIP CD19 CAR T cells.

Keywords: immune barrier, allogeneic CAR T, persistence
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IMPACT OF HYPOXIA ON TISSUE-SPECIFIC 
MESENCHYMAL STEM CELLS ON IMMUNE 
CONDITIONING OF ACUTE GRAFT-VERSUS-
HOST-DISEASE
Mendiratta, Mohini - Medical Oncology, All India Institute of 
Medical Sciences, New Delhi, India
Mendiratta, Meenakshi - Stem Cell Facility, All India Institute of 
Medical Sciences, New Delhi, India
Rai, Sandeep - Laboratory Oncology, All India Institute of 
Medical Sciences, New Delhi, India
Mohanty, Sujata - Stem Cell Facility, All India Institute of Medical 
Sciences, New Delhi, India
Gupta, Ritu - Laboratory Oncology, All India Institute of Medical 
Sciences, New Delhi, India
Prakash, Hridayesh - Amity Center for translational Research, 
Amity University, Noida, India
Sahoo, Ranjit - Medical Oncology, All India Institute of Medical 
Sciences, New Delhi, India

The efficacy of Mesenchymal stem cells (MSCs) in acute Graft-
Versus-Host-Disease (aGVHD) is quite variable and unpredict-
able which needs improvement before their clinical application. 
Hypoxia is one of the intrinsic factors which promote metabolic 
programming and stabilize stemness in MSCs. In view of this, the 
current study explored the influence of hypoxia on MSC-based 
immune conditioning of aGVHD. MSCs were isolated from two 
different sources (BM, WJ) followed by their characterization ac-
cording to the ISCT guidelines. MSCs were preconditioned with 
an exposure of 1% O2 for 12hr using a tri-gas incubator. At 70-
80% confluency, serum-containing media was replenished with 
serum-free media, and culture-conditioned media (CCM) was 
collected after 48h from both naive and hypoxia preconditioned 
MSCs. The impact of hypoxia-conditioned MSCs/MSCs-CCM was 
evaluated on the phenotypical index of various subsets of NK and 
T cells from aGVHD patients using 13-color flow cytometry. To 
assess the direct impact of MSCs, tissue-specific MSCs (naïve, hy-
poxia preconditioned) and CFSE-labeled activated PBMNCs were 
co-cultured using the 2D direct co-culture system, and prolifera-
tion of CD3+ T cells, CD4+ T cells, CD8+ T cells, and Tregs were 
assessed using flow cytometry. Phenotypic analysis of MSCs ( 
apoptosis/Efferocytosis) was observed in the co-culture system. 
Both BM-MSCs and WJ-MSCs enhanced the differentiation of 
helper T cells towards regulatory phenotype (Tregs) and sup-
pressed the proliferation of CD8+ T cells. WJ–MSCs were more 
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immunosuppressive (approximately 17%, p-value:< 0.0001) than 
BM-MSCs, which was due to an increase in late apoptosis of WJ 
MSCs. Interestingly CD14+ monocyte picked up dying WJ-MSC 
more effectively (8.5% higher, p:0.0017) over BM-MSC and under-
went Efferocytosis. Hypoxia enhanced the immunomodulatory 
potential of both MSCs but hypoxia-primed BM-MSCs (25%) were 
more effective than WJ-MSCs (12%) in their immune conditioning 
capacity. Additionally, responders had more naïve (CD45RA+ 
CCR7+), effector (CD45RA+ CCR7-) CD8+ T cells, and functional 
NK cells (CD56+ KIR+) than non-responders. Our results demon-
strate that hypoxia-guided BM-derived MSCs bear the potential 
to mitigate effector immunity and can be used as a palliative cel-
lular therapeutic approach for managing GVHD.

Funding Source: The study was supported by the Indian Council 
of Medical Research, New Delhi, India.

Keywords: Mesenchymal Stem Cells, Acute Graft-Versus-Host-
Disease, Hypoxia
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HOW ARE SURGICAL AND CLINICAL 
INNOVATION IN MEDICAL PRACTICE DEFINED 
FOR THE PURPOSE OF DETERMINING 
REGULATORY JURISDICTION AND OVERSIGHT 
RESPONSIBILITY: A SCOPING REVIEW
Ge, Lin - Johnson Shoyama Graduate School of Public Policy, 
University of Regina, SK, Canada
Bradley, Cara - University of Regina Library, University of 
Regina, SK, Canada
Zarzeczny, Amy - Nson Shoyama Graduate School of Public 
Policy, University of Regina, SK, Canada

Regenerative medicine (RM) is a promising field that may ulti-
mately offer improved treatment options for various diseases and 
conditions. In addition to its scientific complexity, this field raises 
questions regarding oversight, including whether RM interven-
tions should be characterized and regulated as drugs, whether 
they fall more appropriately within the practice of medicine and 
should be regulated accordingly as forms of clinical or surgical in-
novation, or whether an alternative pathway is most appropriate. 
Previous work has identified a lack of clarity and consensus re-
garding how the concepts of clinical and surgical innovation and 
the practice of medicine are characterized and interpreted. This 
ambiguity risks uncertainty in some jurisdictions, including Cana-
da, regarding the locus of responsibility for oversight of emerging 
medical interventions in these categories, potentially including 
new RMs. Robust oversight with an emphasis on safety and effec-
tiveness is imperative to ensure responsible clinical applications 
of new therapeutics such as RMs. In this project, we conducted 
a scoping review to better understand how surgical, clinical, and 
medical innovations have been defined and characterized for the 
purpose of determining regulatory jurisdiction and oversight re-
sponsibility. We reviewed peer-reviewed literature from various 
fields using the following databases: PubMed/Medline, Web of 
Science, Nexis Uni, Embase, HeinOnline, CanLII, and Academic 
Search Complete. We supplemented our data collection with grey 
literature searches via Proquest Dissertations and Theses Global, 

Canadian Electronic Library from Canada Commons, Google, and 
websites of relevant professional regulatory bodies and health-
care policy organizations. We followed the Preferred Reporting 
Items for Systematic Reviews and Meta-analysis Protocols (PRIS-
MA) when drafting our scoping protocol. Through this research, 
we aim to provide greater clarity regarding these concepts and 
how they have been defined or characterized, systematically map 
existing research on these issues, and identify relevant gaps that 
warrant further exploration. Our findings will ideally help inform 
future policy development regarding regulation and oversight of 
emerging RMs in Canada and beyond.

Funding Source: This work is funded by the Stem Cell Network.

Keywords: Clinical and Surgical Innovation, Regulations and 
Oversight Responsibility, Scoping Review
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A MACHINE LEARNING AI MODEL AND CLUSTER 
ANALYSIS TO EXPLORE THE CONTOURS OF 
ETHICALLY RESPONSIBLE, SCIENTIFICALLY 
MERITORIOUS INTEGRATED STEM CELL-BASED 
EMBRYO MODEL RESEARCH BEYOND THE 14-
DAY RULE
Jakimo, Alan L. - Law, JakimoLaw, Woodbury, NY, USA

In May 2021, following its March 2021 announcement, ISSCR re-
leased its updated Guidelines for Stem Cell Research and Clinical 
Translation. Notably in the March 2021 pre-release announce-
ment, ISSCR telegraphed that the updated Guidelines would “ac-
knowledge the sensitivities surrounding the 14-day rule for in vitro 
embryo research and call for a public conversation about the sci-
entific significance of in vitro embryo research as well as the as-
sociated societal and ethical issues.” The “14-day/primitive streak 
rule” up to the release of ISSCR’s May 2021 Guidelines, continues 
to be, and will continue to be, a sacrosanct component of globally 
recognized limits to human embryo research. That said, the May 
2021 Guidelines explained that the 14-day rule was not written to 
apply to integrated stem cell-based embryo models (“ISCbEMs”) 
and that, going forward, ISCbEMs would be worthy of pursuit if 
deemed “highly meritorious by a rigorous review process”. The 
contours of that rigorous review process remain subject to dis-
cussion and consensus building, as illustrated by the addition of 
a track to the 2023 ISSCR for this purpose. To contribute to this 
process, we have constructed a relevant machine learning model 
trained on an applicable dataset of the scientific, medical, ethical, 
and regulatory literature and have also undertaken a natural lan-
guage processing concept-driven clustering analysis of that liter-
ature. The design matrix in the machine learning model identifies 
various features that attend the important need for the various 
stakeholders in new stem cell-based research technologies, such 
as ISCbEMs, to agree upon the policies and standards that will at-
tend the development, implementation, and ongoing use of these 
technologies, which take stem cell science into the landscape be-
yond the 14-day/primitive streak border. In addition, we illustrate 
how the NLP clustering analysis helps to organize the relevant 
literature for purposes of discovering the lessons it contains that 
are relevant to navigating and blazing that landscape.

Keywords: Integrated Stem Cell-based Models, Ethically 
Responsible/Scientific Merit, Machine Language/Clustering 
Analysis
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META-ANALYSIS FOR REGULATORY SCIENCE 
ADVOCACY AND CONSENSUS-DRIVEN POLICY-
MAKING TO SUPPORT USING ARTIFICIAL 
INTELLIGENCE (AI) TOOLS TO ADVANCE STEM 
CELL-BASED REGENERATIVE MEDICINE
Jakimo, Alan L. - Law, JakimoLaw, Woodbury, NY, USA

We first undertake a meta-analysis of the impact of various forms 
of artificial intelligence on advancing stem cell-based regenera-
tive medicine and then apply this meta-analysis to several pol-
icy-making areas, viz., regulatory science, science advocacy, 
patient advocacy, ethics, research funding, health care, and in-
tellectual property. We use two datasets for the meta-analysis: 
the first derived from the PubMed library; and the second derived 
from the USPTO library of patent applications and issued patents. 
For each library, we used the same search string: a conjunction of 
(A) a list of references to artificial intelligence generally and specif-
ic types thereof, (B) a reference to “stem cell”, and (C) a reference 
to “regenerative medicine”. The list of specific AI types includes 
machine learning, deep learning, reinforcement learning, image 
processing, neural networks, generative AI, and natural language 
processing. Examination of both datasets lead to constructing a 
list of stakeholders and stakes relevant to each aforementioned 
policy-making area. In some cases, conflicts arise between and 
among the stakeholders; in other cases, virtually all stakeholders 
are in alignment. The meta-analysis and its policy-making appli-
cations help to illuminate both the conflicts and alignments for 
purposes of building multi-stakeholder consensus building on 
policies aimed at maximizing the benefits, as well as addressing 
the challenges, attending continued use and advancement of the 
various tools within AI to support the advancement of stem cell-
based regenerative medicine.

Keywords: Artificial Intelligence, Stem Cell-Based Regenerative 
Medicine, Regulatory Science

TRACK:  MODELING DEVELOPMENT AND 
DISEASE (MDD)

TOPIC: NO TISSUE SPECIFICITY 

2038

CONVERGENCE OF NEURODEVELOPMENTAL 
SIGNATURES IN PRADER-WILLI SYNDROME 
FROM AN ALLELIC SERIES OF CRISPR-
ENGINEERED NEURONAL MODELS
Tai, Derek JC. - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
de Esch, Celine - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Yadav, Rachita - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Nuttle, Xander - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Bhavsar, Riya - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Liu, Yating - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Shin, Jaeweon - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Burt, Nicholas - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Gao, Dadi - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Erdin, Serkan - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Lemanski, John - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Currall, Ben - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Mostovoy, Yulia - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Burnett, Lisa - Foundation For Prader-Willi Research, Covina, 
CA, USA
Gusella, James - Center for Genomic Medicine, Massachusetts 
General Hospital, Boston, MA, USA
Talkowski, Michael - Center for Genomic Medicine, 
Massachusetts General Hospital, Boston, MA, USA

Prader-Willi Syndrome (PWS) is a neurodevelopmental genomic 
disorder characterized by life-threatening childhood hyperphagia 
and obesity, hypogonadism, muscular hypotonia, and intellectu-
al impairment. Full and partial deletions of the paternally inherit-
ed 15q11.2-q13 region, including the loss of nine protein-coding 
genes and seven noncoding RNAs, are the most common cause 
of the phenotype. To investigate the underlying molecular path-
ways, we created an allelic series of CRISPR-engineered Type I 
(6Mb) and Type II (5Mb) deletions in isogenic human induced plu-
ripotent stem cells (hiPSCs). We also created lines with a critical 
region deletion (CRD) containing three genes, including the small 
nucleolar RNA SNORD109A, and individual PWS gene deletions. 
We differentiated these lines into Ngn2-induced neurons and 
performed systematic transcriptomic analyses producing 725 li-
braries (small RNA, mRNA, and total RNA), and functional assays 
using a multi-electrode array. The differentially expressed and 
co-expressed genes from Type I and Type II edits were strongly 
enriched for neurodevelopmental and synaptic-associated path-
ways, including glutamatergic and cholinergic synaptic pathways, 
as well as GnRH secretion and oxytocin signaling. Moreover, the 
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) Type I/II edits displayed significantly reduced electrophysiologi-
cal features. This result was again replicated in the CRD model 
and some of the individual gene edits, including the deletion of 
SNORD109A. Preliminary analyses showed amelioration of the 
electrophysiological deficits by re-introducing exogenous SNOR-
D109A into the Type I and SNORD109A edited lines, suggesting 
a potential therapeutic target. Our findings demonstrate the func-
tional impact of PWS-associated gene deletions in human-derived 
neural models and highlight alterations to neuronal networks and 
pathways associated with PWS pathogenesis.

Funding Source: NIH/NINDS 5R01NS093200 NIH/NICHD 
5R01HD096326 Foundation for Prader-Willi Research Levo 
Therapeutics, Inc. SRA

Keywords: Prader-Willi Syndrome, CRISPR/Cas9-engineered 
neuronal model, Transcriptional and functional profiling

2039

SAMPLED AND EBISC: IPSC TOOLS AND 
SERVICES FOR ACADEMIC AND COMMERCIAL 
RESEARCHERS WORLDWIDE
Sheldon, Michael H. - Scientific Affairs, Sampled, Piscataway, 
NJ, USA
Steeg, Rachel - EBiSC, Fraunhofer UK Research Ltd, Glasgow, 
UK
Jadali, Azadeh - Stem Cell Lab, Sampled, Piscataway, NJ, USA
Neubauer, Julia - Fraunhofer Project Center for Stem Cell 
Process Engineering, Fraunhofer Institute for Biomedical 
Engineering IBMT, Würzburg, Germany
Moore, Jennifer - Cellular Services, Sampled, Piscataway, NJ, 
USA
Zimmerman, Heiko - Head Of Institute, Fraunhofer-Institute for 
Biomedical Engineering IBMT, Sulzbach, Germany

Development of technologies such as iPSC disease modeling 
and next generation sequencing have ushered in the era of big 
science, with projects driven by the need for open access, on 
a global scale, to large, well curated, high quality collections of 
cells and data. Meeting this need requires biorepositories to 
move beyond their traditional models to adopt a centralized 
approach designed to bring together cells and data and make 
both highly traceable, visible and accessible, enabling re-use 
and increasing reproducibility. Here we discuss two differing but 
aligned approaches towards this goal; the Global Integrated Ana-
lytical Biorepository (GIAB) by SAMPLED and the European Bank 
for induced Pluripotent Stem Cells (EBiSC). Both GIAB and EBiSC 
safeguard, centralise and standardise iPSC lines and associated 
cell products including pre-differentiated cells and isogenics to 
increase access to iPSC resources and improve quality of iPSC 
research. Provision of iPSC services also supports Research and 
Development across the academic and commercial landscapes. 
GIAB is modeled along the lines of a SMART lab (Storage, Man-
agement, Analysis, Research and Transport), offering a compre-
hensive menu of services ranging from human sample collection, 
sample processing, cell culture and reprogramming, genomics, 
analysis and global biosample transport. As part of longstanding 
grants to operate several NIH biorepositories, SAMPLED hosts 
the NINDS Cell and Human Data Repository and the NIMH Re-
pository & Genomics Resource. These repositories house iPSC, 
gene-edited isogenic pairs, NPCs and cryopreserved somat-
ic cells from >1000 subjects, including a GMP grade iPSC line. 
EBiSC aims to ‘open the door’ to iPSC research for all, including 
non-expert Users, providing researchers with a diverse collection 

of >900 iPSCs across >40 diseases including iPSC neurons as 
well as protocols, training videos, guidance and comprehensive 
open and managed access datasets. EBiSC provides a single 
access point to iPSCs derived within diverse research projects 
worldwide as well as specialization in iPSC reprogramming, gene 
editing, differentiation, cryopreservation and scalability. Here 
we present and compare these differing approaches including 
mechanisms for obtaining access to cells as well as associated 
de-identified data in a secure and GDPR compliant manner.

Keywords: Biobank, iPSC, Global Resource

2040

RECURRENT SOMATIC DRIVER MUTATIONS IN 
HUMAN INDUCED PLURIPOTENT STEM CELLS
Rouhani, Foad J. - Wellcome Sanger Institute, Hinxton, UK 
Zou, Xueqing - Early Cancer Institute, University of Cambridge, 
UK
Danecek, Peter - Wellcome Sanger Institute, Hinxton, UK
Badja, Cherif - Early Cancer Institute, University of Cambridge, 
UK
Dias Amarante, Tauanne - Early Cancer Institute, University of 
Cambridge, UK
Koh, Gene - Early Cancer Institute, University of Cambridge, UK
Wu, Qianxin - Wellcome Sanger Institute, Cambridge, UK
Memari, Yasin - Early Cancer Institute, University of Cambridge, 
UK
Durbin, Richard - Genetics, University of Cambridge, UK
Martincorena, Inigo - Wellcome Sanger Institute, Cambridge, UK
Bassett, Andrew - Wellcome Sanger Institute, Cambridge, UK
Gaffney, Daniel - Genomics PLC, Oxford, UK
Nik-Zainal, Serena - Early Cancer Institute, University of 
Cambridge, UK

Human Induced Pluripotent Stem Cells (hiPSC) are an established 
patient-specific model system where opportunities are emerging 
for cell-based therapies. We studied the mutational landscape of 
hiPSCs derived from different tissues, at single-nucleotide resolu-
tion, across hundreds of cell lines including sub-clones. The ma-
jority of fibroblast derived hiPSC (72%) were heavily mutagenized 
with UV-related damage and there was evidence of genomic het-
erogeneity amongst hiPSCs derived in the same reprogramming 
experiment, due to oligoclonal fibroblast populations. We looked 
for recurrent somatic driver mutations and identified strong selec-
tion for mutations in BCOR in approximately 25% of hiPSC lines, 
predominantly in blood-derived hiPSCs. Our findings suggested 
the mutations had arisen during in vitro culture. We explored the 
functional consequences of hiPSCs harbouring BCOR mutations 
using RNA sequencing and directed differentiation. We observed 
that BCOR mutations profoundly alter the transcriptome and im-
pair differentiation into the neural lineages. We present the most 
comprehensive assessment to date of the mutational landscape 
in hiPSCs and identify the first somatic driver mutation in hiPSCs. 
Our work demonstrates the importance and utility of high reso-
lution genomic characterisations of hiPSCs prior to research or 
clinical use.

Keywords: hiPSCs, Mutation, BCOR
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2041

RECONSTRUCTING GOUD POPULATION BASED 
ON MATTAPALLY SURNAME HISTORY
Mattapally, Saidulu - UAB, Mattapally Technologies, 
Birmingham, AL, USA
Singh, Lalji - Genome Foundation, Hyderabad, India

In higher vertebrates and some invertebrates, physically differ-
ent sex chromosomes, which are mainly heterochromatic and 
rich in highly repetitive DNA, are responsible for the underlying 
molecular control of primary sex determination. Since they offer 
a model system that represents all stages in the evolution of sex 
chromosomes, snakes in particular offer unique opportunity to 
clarify the mechanisms involved in the evolution and function of 
these chromosomes. Our understanding of the molecular basis 
of sex determination began with the identification of highly con-
served Bkm (Banded krait minor satellite DNA) DNA sequences 
associated with the sex chromosomes. Since GATA4 is crucial 
for embryonic heart development, the goal of this study was to 
determine whether GATA4 repeats are associated with CHD in 
south Indian CHD patients and control samples study to exam-
ine the genetic diversity of the Goud population in south India. 
A trustworthy genetic marker for forensic DNA analysis systems 
is the SE33 locus based on Pakistan study but our studies find 
M34 sequences are unique to each species. On the Y chromo-
some, M34 is present in 200–300 copies, mixed together with 
other sequences. A 1.2 kb segment of M34 contains 32 copies of 
GATA repeats that are flanked by SAR motifs (ATATTT) that bind 
to nuclear matrices. Such SAR motifs are firmly bound by histone 
HI, indicating that histone HI is involved in the condensation of 
the Y chromosome in somatic cells. The GATA repeat may have 
functional significance because no other simple repeat is known 
to be as consistently connected with the sex chromosome. Based 
on this supposition, the Y chromosome contains GATA repeats all 
the way down to the region that determines sex. The distribution 
pattern of GATA repeats on the mouse Y chromosome and the 
W chromosome of the snake are remarkably comparable. Glob-
ally, forensic investigations are using genetic variation, an actual 
tool of individual discrimination. Even one of the 13–17 indicators 
with incomplete data results in an equivocal report. To account 
for this, more trustworthy markers are necessary. such shortcom-
ings. Some nations use forensic investigation techniques and the 
highly conserved Bkm locus compared SE33 locus, which exhib-
its considerable genetic variability among populations.

Keywords: GATA4, Goud population, SE33 locus

2042

CERNA NETWORK ANALYSIS OF TURNER 
SYNDROME IPSC-DERIVED CARDIOMYOCYTES 
REVEALS DYSREGULATION OF AUTOSOMAL 
HEART DEVELOPMENT GENES BY ALTERED 
DOSAGES OF X-INACTIVATION ESCAPING NON-
CODING RNAS
Luo, Yumei - Obstetrics and Gynecology, The Third Affliated 
Hospital of Guangzhou Medical University, Guangzhou, China
Chen, Yapei - Department of Obstetrics and Gynecology, 
Key Laboratory for Major Obstetric Diseases of Guangdong 
Province, The Third Affiliated Hospital of Guangzhou Medical 
University, Guangzhou, China
Ge, Lingxia - Department of Obstetrics and Gynecology, 
Key Laboratory for Major Obstetric Diseases of Guangdong 
Province, The Third Affiliated Hospital of Guangzhou Medical 
University, Guangzhou, China
Zhang, Mimi - Department of Obstetrics and Gynecology, 
Key Laboratory for Major Obstetric Diseases of Guangdong 
Province, The Third Affiliated Hospital of Guangzhou Medical 
University, Guangzhou, China
Zhou, Guanqing - Department of Obstetrics and Gynecology, 
Key Laboratory for Major Obstetric Diseases of Guangdong 
Province, The Third Affiliated Hospital of Guangzhou Medical 
University, Guangzhou, China
Chen, Yaoyong - Department of Obstetrics and Gynecology, 
Key Laboratory for Major Obstetric Diseases of Guangdong 
Province, The Third Affiliated Hospital of Guangzhou Medical 
University, Guangzhou, China
Wang, Junzhi - Key Laboratory of the Ministry of Health for 
Research on Quality and Standardization of Biotech Products, 
National Institutes for Food and Drug Control, Beijing, China
Zhu, Detu - Department of Obstetrics and Gynecology, Key 
Laboratory for Major Obstetric Diseases of Guangdong 
Province, The Third Affiliated Hospital of Guangzhou Medical 
University, Guangzhou, China

45,X monosomy (Turner syndrome, TS) is the only chromosome 
haploinsufficiency compatible with life. Nevertheless, the surviv-
ing TS patients still suffer from increased morbidity and mortality, 
with around one third of them subjecting to cardiovascular diseas-
es (CVDs). Although haploinsufficiency of X-inactivation escap-
ing genes could partially explain some of the TS symptoms, the 
genetic causes that drive the most life-threatening CVDs remain 
largely unknown, thus requiring more systematic approaches to 
investigate. Here, we have generated cardiomyocytes (CMs) from 
wild-type and TS patient-specific induced pluripotent stem cells 
and profiled the mRNA, lncRNA and circRNA expression in these 
cells. We observed that the beating frequencies decreased from 
averagely 78 to 68 beats per minute, and the mitochondrial DNA 
copies increased from averagely 1.7k to 5.4k per nucleus in TS-
CMs vs. WT-CMs. Moreover, by using gene expression microar-
rays, we have identified a global transcriptome dysregulation of 
mRNAs, lncRNAs and circRNAs in TS-CMs. Interestingly, there 
are more differentially expressed (DE) genes, across all mRNA, 
lncRNA and circRNA classes, of TS-CMs vs. WT-CMs than those 
of TS-iPSCs vs. WT-iPSCs. The expression patterns are also more 
distinctive between TS-CMs vs. WT-CMs than those between 
TS-iPSCs vs. WT-iPSCs. These results implied that loss of one X 
chromosome exert more genomewide ripple effects in CMs rather 
than in iPSCs. Gene ontology analysis indicated that the DE mR-
NAs of TS-CMs vs. WT-CMs were enriched of heart development 
genes. Further competing endogenous RNA network analysis 
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) revealed putative regulatory circuit of autosomal genes relevant 
with mitochondrial respiratory chain and heart development, such 
as COQ10A, RARB and WNT2, mediated by X-inactivation escap-
ing lnc/circRNAs, such as lnc-KDM5C-4:1, hsa_circ_0090421 and 
hsa_circ_0090392. The aberrant expressions of these genes in 
TS-CMs were verified by qPCR. In summary, our study has re-
vealed a genomewide ripple effect of X chromosome halpoin-
sufficiency at post-transcriptional level and provided insights into 
the molecular mechanisms underlying heart abnormalities in TS 
patients.

Funding Source: NSFC 82002774, Guangdong Basic and 
Applied Basic Research Foundation 2020A1515010065, 
Guangzhou Science and Technology Project 202201020208, 
202002030077, Guangdong Outstanding Youth Medical Talent 
110217110 and 2021HLKY05.

Keywords: Turner syndrome, induced pluripotent stem cell, non-
coding RNA
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USING HUMAN INDUCED PLURIPOTENT STEM 
CELLS TO MODEL OBESITY AND ITS INFLUENCE 
ON VARIABLE RESPONSE TO PROARRHYTHMIC 
DRUGS
Xu, Michelle - Computational Cardiology, Victor Chang Cardiac 
Research Institute, Sydney, Australia
Vandenberg, Jamie - Cardiac Electrophysiology, Victor Chang 
Cardiac Research Institute, Sydney, Australia
Perry, Matthew - Pharmacology, University of New South Wales, 
Sydney, Australia
Hill, Adam - Computational Cardiology, Victor Chang Cardiac 
Research Institute, Sydney, Australia

Cardiac function is modulated by various autocrine, paracrine, 
and endocrine signals, many of which are derived from epicar-
dial adipose tissue (EAT). EAT typically has physiological and 
cardioprotective functions, but under pathological circumstances 
such as obesity, there are changes in signalling related to cardiac 
pathophysiology. These can include pro-inflammatory cytokine 
release and increased levels of fibrosis, all of which play a pivotal 
role in remodelling of major atrial and ventricular ion channels. 
This can lead to either faster or delayed repolarisation, and thus, 
predispose obese patients to higher risk of atrial fibrillation or 
ventricular arrhythmias, respectively. Additionally, drugs can also 
contribute to this repolarisation, further increasing risk of cardiac 
arrhythmias. Although this concept has been demonstrated clin-
ically, the number of in vitro studies conducted has been limited, 
and the extent to how EAT modifies proarrhythmic risk has not 
been fully explored. This study will use human induced pluripo-
tent stem cell derived cardiomyocytes (hiPSC-CM) to investigate 
the extent of change in electrical phenotype and proarrhythmic 
risk in response to EAT. EAT is collected from swine hearts to 
produce conditioned media, which is added onto the hiPSC-CMs. 
Electrical phenotypes are assessed using a multi-electrode array 
over a 30-hour period, that is split into two phases: the adipose 
phase and the drug phase. Measurements using a mixed-effects 
model show minimal changes in field potential duration (FPD), but 
a significant slowing in beat period (BP) and conduction velocity 
(CV) over 24-hours in presence of EAT conditioned media. More-
over, conduction maps show EAT-treated cardiomyocytes with 
a significant slowing in propagation time. The addition of drugs 
exhibits further alteration in these measurements. Cytokines 
released from the EAT conditioned media may be responsible 

for the significant changes observed in BP and CV, as they are 
known to alter expression level of depolarising and repolarising 
cardiac ion channels. Furthermore, the continuous decrease in 
CV is consistent with changes in protein expression such as gap 
junction remodelling. This study illustrates the importance of EAT 
influence in both normal and pathological conditions in response 
to proarrhythmic drugs.

Keywords: Epicardial Adipose Tissue, Obesity, Cardiac 
Arrhythmias

Abstract Withdrawn
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A BRUGADA SYNDROME-ASSOCIATED RARE 
NON-CODING VARIANT IN SCN5A RESULTS IN 
DETECTABLE FUNCTIONAL EFFECTS IN HUMAN 
IPSC-DERIVED CARDIOMYOCYTES
Mengarelli, Isabella - Department of Experimental Cardiology, 
Amsterdam University Medical Centers, University Medical 
Centers, Amsterdam, Netherlands
Walsh, Roddy - Department of Experimental Cardiology, 
University of Amsterdam, Amsterdam University Medical 
Centers, Amsterdam, Netherlands
Bosada, Fernanda - Department of Experimental Cardiology, 
University of Amsterdam, Amsterdam University Medical 
Centers, Amsterdam, Netherlands
Mauleekoonphairoj, John - Department of Medicine, 
Chulalongkorn University, Center of Excellence in Arrhythmia 
Research, Bangkok, Thailand
Poovorawan, Yong - Department of Pediatrics, Faculty of 
Medicine, Chulalongkorn University, Bangkok, Thailand
Nademanee, Koonlawee - Department of Medicine, 
Chulalongkorn University, Center of Excellence in Arrhythmia 
Research, Bangkok, Thailand
Verkerk, Arie - Department of Experimental Cardiology, 
University of Amsterdam, Amsterdam University Medical 
Centers, Amsterdam, Netherlands
Khongphatthanayothin, Apichai - Department of Medicine, 
Bangkok University, Center of Excellence in Arrhythmia 
Research, Bangkok, Thailand
Bezzina, Connie - Department of Experimental Cardiology, 
University of Amsterdam, Amsterdam University Medical 
Centers, Amsterdam, Netherlands

Brugada syndrome (BrS) is an inherited arrhythmia condition 
which can cause sudden cardiac death in young and middle-aged 
individuals. Genetic variation in the Nav1.5 cardiac sodium chan-

nel-encoding SCN5A gene is robustly associated with BrS, across 
both rare coding and common non-coding variants. The preva-
lence of the disease is several folds higher in Southeast Asia com-
pared to populations of European ancestry which likely reflects 
population-specific environmental or genetic (founder variant) 
risk factors. To identify these, we performed genome sequencing 
in 231 BrS probands from Thailand and 500 population-matched 
controls. We identified a rare (absent in gnomAD), non-coding 
variant in a candidate regulatory element (RE) of the SCN5A gene 
(GRCh37:3-38621871-A-C) which was significantly enriched in 
cases vs controls (3.9% vs 0.2%, OR=20.2[2.5-160.6], p=2e-04). 
We further obtained multiple lines of evidence linking this intronic 
variant to alterations of SCN5A expression and Nav1.5 function. 
We obtained two isogenic pairs of human induced pluripotent 
stem cells (hiPSCs) generated by introducing the heterozygous 
variant in a control hiPSC line and investigated the functional ef-
fect of the variant’s presence by single cell electrophysiological 
analysis in the derived cardiomyocytes (hiPSC-CMs) from both 
pairs. The functional relevance of the variant was confirmed by 
the detection of a significant reduction of the peak Nav1.5-medi-
ated sodium-current (INa) density (30% decrease at -20mV, p=8e-
03), without changes in gating properties, in the variant-carrying 
hiPSC-CMs compared to the isogenic control-CMs. Additionally, 
we found that the variant significantly reduced luciferase activity 
of the 600 bp candidate RE in HEK cells in the presence of the 
cardiogenic transcription factors Tbx5, Gata4, Mef2A, and Mef2D. 
These findings demonstrate for the first time that a rare non-cod-
ing variant in the SCN5A gene reduces Nav1.5 function and partly 
explains the increased prevalence of BrS in the Thai population.

Keywords: Non-coding variant, SCN5A, hiPSC-CMs
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THE ROLE OF ROTORS IN ATRIAL 
ARRHYTHMOGENIC REMODELING: AN IN 
VITRO STUDY ON HIPSC-DERIVED ATRIAL 
CARDIOMYOCYTES
Casini, Marilu - Itaca Institute (COR), Universitat Politècnica de 
València, Spain
Fambuena, Carlos - Itaca Institute (COR), Universitat Politècnica 
de València, Spain
Emig, Ramona - Institute for Experimental Cardiovascular 
Medicine, University Heart Center Freiburg∙Bad Krozingen, 
Freiburg, Germany
O. Oviedo, Imelda - Regenerative Medicine and Heart 
Transplantation Unit, Instituto de Investigación Sanitaria La Fe, 
Valencia, Spain
Peyronnet, Rémi - Institute for Experimental Cardiovascular 
Medicine, University Heart Center Freiburg∙Bad Krozingen, 
Freiburg, Germany
Ravens, Ursula - Institute for Experimental Cardiovascular 
Medicine, University Heart Center Freiburg∙Bad Krozingen, 
Freiburg, Germany
M. Climent, Andreu - Itaca Institute (COR), Universitat Politècnica 
de València, Spain
Sepulveda, Pilar - Regenerative Medicine and Heart 
Transplantation Unit, Instituto de Investigación Sanitaria La Fe, 
Valencia, Spain

Despite atrial fibrillation (AF) being a common, clinically import-
ant, and economically significant public health problem, the initi-
ation mechanisms of atrial remodeling during AF are still unclear. 
Furthermore, few human atria-specific biological models allow to 
investigate these mechanisms in vitro. We aim to generate and 
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) characterize human induced pluripotent stem cell (hiPSC)-derived 
atrial cardiomyocytes to develop a novel human in vitro model of 
AF able to reproduce and evaluate the arrhythmia initiation and 
maintenance mechanisms. Two hiPSC lines were differentiated 
into atrial cardiomyocytes by adding 1 µM retinoic acid (RA) from 
day 3 to day 8 and compared to the ventricular differentiation. On 
day 20, cells were seeded into plates with different sizes: 0.32 
cm2 and 9.6 cm2, respectively, preventing or allowing rotors for-
mation. After 10 days we performed qPCR and optical mapping 
experiments to evaluate the remodeling cells undergo during AF 
initiation and maintenance. The molecular analysis showed high-
er atrial markers expression in the RA-treated population. Me-
chanical and electrophysiological properties were analyzed by 
nanoindentation and patch clamp techniques at 37°C. RA-treated 
cells had significantly shorter action potential duration at 90% re-
polarization, 182.3.5 ± 68 ms vs.371.6 ± 82 ms, and higher spon-
taneous beating frequency, 1.5 Hz vs. 1 Hz (n = 14, ± SD). Optical 
mapping experiments allowed evaluation of the activation rate 
depending on the size of the dish: in larger wells activation rate 
was 1.6 ± 1.9 Hz compared with 0.9 ± 0.5 Hz in smaller wells. The 
faster activation rate in larger wells was associated with a higher 
number of reentrant wavefronts: 11.0 ± 8.2 reentries/cm2 vs 0.9 ± 
0.5 reentries/cm2, suggesting an AF-like phenotype in the larger 
wells only. Furthermore, qPCR studies showed that spontaneous 
initiation of rotors was associated with expression remodeling of 
the channels SCN5A, KCNJ2, GJA5, ATP2A2 and RYR2. We con-
clude that AF initiation in hiPSC-derived atrial cardiomyocytes can 
recapitulate key features of the electrical remodeling observed 
in atrial myocardium from patients with AF. Such a model, based 
on human cells and allowing high-throughput approaches, will 
provide a powerful tool to investigate the initiation of fibrillatory 
activity and its maintenance.

Funding Source: This project has received funding from the 
European Union’s Horizon 2020 research and innovation 
programme under the Marie Skłodowska- Curie grant 
agreement No.860974.

Keywords: atrial fibrillation, atrial-like cardiomyocytes, 
electrophysiology

TOPIC: EPITHELIAL INCLUDES SKIN GUT LUNG

2047

FIRST MULTI-TISSUE COMPARISON OF SIX 
CANINE ORGANOID CELL LINES
Zdyrski, Christopher - Biomedical Science, 3D Health Solutions, 
Ames, IA, USA
Gabriel, Vojtech - Biomedical Science, Iowa State University, 
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Ospina, Oscar - Biomedical Science, Moffitt Cancer Center, 
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Wickham, Hannah - Biomedical Science, Iowa State University, 
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University, Ames, IA, USA
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IA, USA
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University, Ames, IA, USA
Ralston, Abigail - Biomedical Science, 3D Health Solutions, 
Ames, IA, USA
Bedos, Leila - Veterinary Medical Center, Iowa State University, 
Ames, IA, USA
Honold, Sydney - Biomedical Science, Iowa State University, 
Ames, IA, USA
Piñeyro, Pablo - Vet Diagnostic and Production Animal 
Medicine, Iowa State University, Ames, IA, USA
Allenspach, Karin - Veterinary Clinical Sciences, Iowa State 
University, Ames, IA, USA
Mochel, Jonathan - Biomedical Science, Iowa State University, 
Ames, IA, USA

Recent legislation, including the FDA Modernization Act 2.0, al-
lows in vitro models to replace live animal testing when seeking 
approval of therapeutic drug candidates. The longer lifespan of 
dogs over mice predisposes dogs to develop analogous sponta-
neous chronic diseases to humans, including diabetes mellitus, 
inflammatory bowel disease, congestive heart failure, cancers, 
and cognitive dysfunction. Previously, the use of canine organ-
oids for drug testing and disease modeling was limited to organ-
oids from the intestine, liver, kidney, and urinary bladder. Here, we 
report the development of additional novel organoid lines from 
healthy canine endometrium, lung, and pancreas, with the aim 
to comprehensively compare tissue/organoid pairs from two ge-
netically related healthy canines. Tissues were minced, washed, 
plated in Matrigel, and cultured using our published media. After 
expansion, samples were fixed, sequenced, and cryopreserved. 
Transcriptomic expression comparing all six organoid cell lines 
identified upregulated tissue-specific genes for the endometrium 
(SRY-box transcription factor 17; SOX17, Distal-Less Homeobox 
6; DLX6), lung (NK2 homeobox 1; NKX2-1, Leucine Rich Repeat 
Containing 15; LRRC15), pancreas (NK6 homeobox 1; NKX6-1, Mal-
tase-Glucoamylase 2; MGAM2), kidney (SIM bHLH transcription 
factor 1; SIM1, POU Class 3 Homeobox 3; POU3F3), bladder (Uro-
plakin 3A; UPK3A, Uroplakin 2; UPK2), and liver (Tripartite Motif 
Containing 71; TRIM71, NLR Family Pyrin Domain Containing 6; 
NLRP6). Immunofluorescence staining in tissues and organoids 
further confirmed tissue-type and localization of protein expres-
sion. Importantly, between 78-82% of all expressed genes over-
lapped between organoid/tissue pairs across all tissues. Taken 
together, this study constitutes the most comprehensive multi-tis-
sue comparison in canine organoid cell lines to date. Applications 
range from using urinary bladder organoids to assess the carcino-
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genic effects of environmental toxicants, screening drug candi-
dates for liver toxicity, and studying reproductive toxicology using 
endometrial organoids. Overall, canine organoids can accelerate 
therapeutic drug screening and broaden the availability of in vitro 
models from different species, which may decrease the need for 
in vivo experiments.

Funding Source: Funding was provided by 3D Health Solutions 
Inc., Ames, USA, and a donation from the ISU Foundation.

Keywords: canine, organoids, reverse translational medicine
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MESENCHYMAL STEM CELL-DERIVED 
CONDITIONED MEDIA DOWNREGULATE THE 
PROTEIN EXPRESSION OF INFLAMMATION-
INDUCED CHEMOKINES IN A HUMAN EX VIVO 
COLONOID MODEL
Kandilogiannakis, Leonidas - Department of Medicine, 
Democritus University of Thrace, Alexandroupolis, Greece
Filidou, Eirini - Department of Medicine, Democritus University of 
Thrace, Alexandroupolis, Greece
Spathakis, Michail - Department of Medicine, Democritus 
University of Thrace, Alexandroupolis, Greece
Tarapatzi, Gesthimani - Department of Medicine, Democritus 
University of Thrace, Alexandroupolis, Greece
Arvanitidis, Konstantinos - Department of Medicine, Democritus 
University of Thrace, Alexandroupolis, Greece
Vradelis, Stergios - Department of Medicine, Democritus 
University of Thrace, Alexandroupolis, Greece
Manolopoulos, Vangelis - Department of Medicine, Democritus 
University of Thrace, Alexandroupolis, Greece
Paspaliaris, Vasilis - Tithon, Tithon Biotech Inc., San Diego, CA, 
USA
Kolios, George - Department of Medicine, Democritus University 
of Thrace, Alexandroupolis, Greece

Mesenchymal stem cell-derived conditioned media (MSC-CM) 
have been reported to possess anti-inflammatory and anti-fi-
brotic properties in in vitro and in vivo experimental models of 
Idiopathic Pulmonary Fibrosis. In this study, we investigated the 
effect of MSC-CM on the chemokine responses in human epi-
thelial crypt-derived Colonoids treated with pro-inflammatory 
cytokines. Human epithelial crypts were isolated from colonic 
endoscopic biopsies of three different healthy individuals, who 
had no endoscopic pathological findings. Using a commercially 
available kit, crypts were differentiated into Colonoids, and then 
treated with: a) DMEM (control), b) MSC-CM, c) the inflammatory 
cytokines IL-1α (5ng/ml) and TNF-α (50ng/ml) (2C) and d) MSC-CM 
and 2C for 12 and 24 hours. At the end of the incubation peri-
ods, the mRNA and protein expression of the pro-inflammatory 
chemokines CXCL10, CXCL11 and CCL20 was examined by re-
verse transcription RTq-PCR and ELISA, respectively.Untreated 
Colonoids did not express any of the studied chemokines. Treat-
ment with 2C resulted in a statistically significant upregulation of 
all studied chemokines both in mRNA (CXCL10: 6.05-fold ± 0.91, 
p< 0.01; CXCL11: 14.63-fold ± 1.32, p< 0.05; CCL20: 116.8-fold ± 
37.0, p< 0.05) and protein levels (CXCL10: 98.28 pg/ml ± 14.06, 
p< 0.0001; CXCL11: 80.27 pg/ml ± 10.24, p< 0.0001; CCL20: 5,014 
pg/ml ± 214.2, p< 0.0001). Treatment of 2C-stimulated Colonoids 
with MSC-CM led to a statistically significant downregulation of 
the CXCL10 mRNA (9.63-fold ± 1.77, p< 0.05), but not of CXCL11 
or CCL20 mRNA (CXCL11: 11.18-fold ± 1.23, p< 0.05; CCL20: 275.7-
fold ± 91.84, p< 0.05). Nonetheless, on the protein level, MSC-CM 

treatment resulted in a statistically significant reduction of all stud-
ied chemokines (CXCL10: 63.12 pg/ml ± 8.27, p< 0.05; CXCL11: 
36.01 pg/ml ± 1.59, p< 0.001; CCL20: 3,574 pg/ml ± 481.5, p< 0.01). 
In conclusion, MSC-CM may have an anti-inflammatory effect, as 
it strongly downregulated the protein expression of the CXCL10, 
CXCL11 and CCL20 chemokines, which are known to be involved 
in intestinal inflammation. Further research is required in order to 
characterize the MSC-CM’s proteomic profile and to elucidate its 
mechanisms of action.

Funding Source: IMPReS (MIS 5047189), financially supported 
by the Program “Competitiveness, Entrepreneurship and 
Innovation” (NSRF 2014–2020), co-financed by Greece and the 
European Union (European Regional Development Fund)

Keywords: Mesenchymal stem cells, Conditioned Media, 
Colonoids
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A 3D SANDWICH CO-CULTURE SYSTEM WITH 
HPPSCS AND HUVECS SUPPORTS MOUSE 
EMBRYO DEVELOPMENT FROM E3.5 TO E7.5 IN 
VITRO
Xu, Jun Jun - School of Basic Medical Sciences, Wenzhou 
Medical University, Wenzhou, China

The implantation of mouse embryos involves intricate signal reg-
ulation and key morphological events and is influenced by en-
dometrial secretory factors. To date, a variety of methods for ex 
utero culture systems have been established, but there remain 
limitations in terms of in vitro culture platforms used prior to the 
implantation of mouse embryos, and the ability of mouse blasto-
cysts to develop normally in vitro has not been reported. Here, in 
order to establish culture conditions for mouse embryos from em-
bryonic day (E) 3.5 to E 7.5 in vitro, we established a three-dimen-
sional (3D) “sandwich” culture system with in vitro culture medium 
(IVCM) and human placenta perivascular stem cells (hPPSCs) and 
human umbilical vein endothelial cells (hUVECs), as supportive 
cells, which were seeded into the bottom layer of Matrigel to 
boost embryo development. Embryos in the IVCM + Cells group 
showed higher development rates and greatest diameters at 
each stage than those in the IVCM group. Embryos in the IVCM + 
Cells group cultured to E5.5 resembled natural egg cylinders in 
morphology and expressed specific embryonic cell markers, in-
cluding Oct4 and Nanog, which were features similar to embryos 
developed in vivo. After transplantation, the embryos could be 
re-implanted in the internal uterus and continue to develop to a 
certain stage. Therefore, the 3D in vitro culture system enabled 
the development of embryos from E 3.5 to E 7.5, and the vas-
cularization microenvironment constructed by Matrigel, hPPSCs, 
and hUVECs significantly promoted the development of implant-
ed embryos. This system allowed us to further study the physical 
and molecular mechanisms of embryo implantation in vitro.

Keywords: hPPSCs and hUVECs, 3D “Sandwich” Co-culture 
System, Embryo Development, E3.5-E7.5
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ATF4 PROMOTES ERYTHROID DIFFERENTIATION 
BY REGULATING RIBOSOME ASSEMBLY 
VIA FACILITATING THE TRANSCRIPTION OF 
RPS19BP1
Zheng, Zhaofeng - State Key Laboratory of Experimental 
Hematology, Institute of Hematology and Blood Disease 
Hospital, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Tianjin, China
Yang, Shangda - State Key Laboratory of Experimental 
Hematology, Institute of Hematology and Blood Diseases 
Hospital, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Tianjin, China
Tang, Chao - State Key Laboratory of Experimental Hematology, 
Institute of Hematology and Blood Diseases Hospital, Chinese 
Academy of Medical Sciences and Peking Union Medical 
College, Tianjin, China
Zhu, Ping - State Key Laboratory of Experimental Hematology, 
Institute of Hematology and Blood Diseases Hospital, Chinese 
Academy of Medical Sciences and Peking Union Medical 
College, Tianjin, China
Qian, Pengxu - Center of Stem Cell and Regenerative Medicine, 
Zhejiang University, Hangzhou, China
Cheng, Hui - State Key Laboratory of Experimental Hematology, 
Institute of Hematology and Blood Diseases Hospital, Chinese 
Academy of Medical Sciences and Peking Union Medical 
College, Tianjin, China
Cheng, Tao - State Key Laboratory of Experimental Hematology, 
Institute of Hematology and Blood Diseases Hospital, Chinese 
Academy of Medical Sciences and Peking Union Medical 
College, Tianjin, China

Erythroid cell production is driven by numerous transcription 
factors. Investigations into the signals and regulatory networks 
involved in erythropoiesis have provided significant insights into 
the biology of erythroid cells and clinical therapy. Previous work 
reported by our group and others have demonstrated that Atf4, a 
basic region-leucine zipper transcription factor, plays pivotal roles 
in fetal liver hematopoiesis, hematopoietic stem cell (HSC) main-
tenance, bone formation and tumorigenesis. Here, we demon-
strated that loss of Atf4 in the hematopoietic system resulted in 
severe anemia. Atf4 deficiency led to cell cycle arrest in erythroid 
progenitor cells (EPCs) and impaired their CFU-E and BFU-E col-
ony-forming ability. Single cell RNA-seq (scRNA-seq) analysis of 
bone marrow (BM) Lin-cKit+ cells confirmed the defects of eryth-
ropoiesis after Atf4 depletion. GO analysis of the downregulated 
genes from RNA-seq, ATAC-seq and H3K4me3 Cut&Tag data 
of Atf4-deleted MEP cells revealed that several terms related to 
erythrocyte differentiation and translation process were dimin-
ished. O-propargyl-puromycin (OP-Puro) incorporation and SUn-
SET assays further confirmed the global protein synthesis defect 
in Atf4-deficient MEP cells. 5-FU administration markedly acceler-
ated the death of the Atf4-deficient mice, showing severe protein 
synthesis defects of cKit+ cells, thereby causing hematopoietic 
failure. Subsequent analysis of scRNA-Seq data by using pySce-
nic predicted Rps19bp1 as the top target gene of Atf4. Luciferase 
reporter assays validated that Atf4 was a transcriptional activator 
of Rps19bp1. Downregulation of Rps19bp1 caused by Atf4 dele-
tion led to decreased assembles of 40S proteins, such as RPS3, 
RPS6 and RPS19. The protein synthesis defect and impaired 

erythropoiesis were rescued upon Rps19bp1 overexpression in 
Atf4 knockdown MEL cell line or BM cKit+ cells from Atf4-deficient 
mice. Taken together, ATF4 promotes erythroid differentiation by 
regulating ribosome assembly via facilitating the transcription of 
Rps19bp1. Our current study uncovers an essential role of ATF4/
Rps19bp1 in erythropoiesis.

Keywords: ATF4, RPS19BP1, ERYTHROPOIESIS
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AML-DERIVED EXOSOMES PROMOTE 
LEUKEMOGENESIS BY AUTOCRINING MIR-221-3P
Li, Mengyu - Department of Cell Biology, School of Basic 
Medical Sciences, Tianjin Medical University, Tianjin, China
Cheng, Tao - State Key Laboratory of Experimental Hematology, 
National Clinical Research Center for Blood Diseases, Haihe 
Laboratory of Cell Ecosystem, Institute of Hematology and 
Blood Diseases Hospital, Chinese Academy of Medical Science 
and Peking Union Medical College, Tianjin, China
Cheng, Hui - State Key Laboratory of Experimental Hematology, 
National Clinical Research Center for Blood Diseases, Haihe 
Laboratory of Cell Ecosystem, Institute of Hematology and 
Blood Diseases Hospital, Chinese Academy of Medical Science 
and Peking Union Medical College, Tianjin, China

Acute myeloid leukemia (AML) is a malignant disorder charac-
terized with abnormal growth and differentiation of hematopoi-
etic stem cells (HSCs). It has been elucidated that AML-derived 
exosomes can reprogram bone marrow microenvironment to 
suppress HSCs function via miRNAs. However, their autocrinal 
effect remains largely unknown. Here we found that AML-de-
rived exosomes promoted AML cell proliferation and viability. 
By MiR-seq analysis, we found high expression of miR-221-3p in 
the AML-derived exosomes, which was validated by qPCR. Then 
we overexpressed miR-221-3p in HEK293T cells and isolated the 
exosomes containing high level of miR-221-3p (Exo221) from the 
cell supernatant by differential ultracentrifugation (dUC). Through 
co-culturing with AML cells, Exo221 rescued the phenotypes un-
der the treatment of GW4869 (an exosome biogenesis inhibitor), 
suggesting the secreted exosomes of AML play a role through 
the delivery of miR-221-3p. Moreover, knockdown of miR-221-3p 
in AML cells inhibited their proliferation and increased apoptosis, 
which could be rescued by Exo221. We further validated that miR-
221-3p knockdown improved the survival of AML mice. In con-
trast, overexpression of miR-221-3p in AML cells displayed the 
opposite phenotypes. To elucidate the mechanisms, we analyzed 
the differences of gene expressions between WT, miR-221-3p 
knockdown and miR-221-3p overexpressed AML cells. Combined 
with miRNA target prediction software, we found several potential 
targets for miR-221-3p and observed the upregulation of Fzd9 in 
the miR-221-3p knockdown cells, which was confirmed by lucifer-
ase reporter assays. Furthermore, depletion of Fzd9 in AML cells 
relieved the growth inhibition and apoptosis of AML cells caused 
by miR-221-3p knockdown. In conclusion, we demonstrate that 
AML-derived exosomes can promote leukemogenesis through 
miR-221-3p.

Keywords: AML, Exosome, miRNA
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IDENTIFICATION OF CANCER STEM CELLS IN 
RICHTERS TRANSFORMATION VIA SINGLE-
CELL RNA SEQUENCING LEVERAGING GENE 
EXPRESSION SIGNATURES AND RNA VELOCITY
Blakemore, Stuart J. - CECAD, University Hospital of Cologne, 
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Brinker, Reinhild - CECAD, University Hospital Cologne, 
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Franitza, Marek - CCG, University Hospital Cologne, Germany
Gödel, Philipp - CIO ABCD, University Hospital Cologne, 
Germany
Georgiomanolis, Theodoros - CECAD, University Hospital 
Cologne, Germany
Hallek, Michael - CIO ABCD, CECAD, University Hospital 
Cologne, Köln, Germany
Michalik, Michael - CECAD, University Hospital Cologne, 
Germany
Nürnberg, Peter - CCG, University Hospital Cologne, Germany
Pallasch, Christian - CIO ABCD, CECAD, University Hospital 
Cologne, Germany
Peifer, Martin - CMMC, University Hospital Cologne, Germany
Nikolic, Milos - Internal Medicine, CMMC, University Hospital 
Cologne, Germany

Richter’s transformation (RT) is an aggressive lymphoma that oc-
curs upon progression from chronic lymphocytic leukemia (CLL). 
Transformation has been associated with genetic aberrations 
in the CLL phase involving TP53, CDKN2A, MYC, and NOTCH1, 
with recent novel RT genes; CCND3, TNFAIP3, CIITA, EP300, 
and NRAS being added. However, although recent application of 
single-cell RNA/DNA-Sequencing has allowed an unparalleled in-
sight into the dormant nature of RT in matched RT and CLL-phase 
biopsies, a complete assessment of the functional consequenc-
es of these changes including the role of the tumor microenvi-
ronment (TME) has yet to be determined. Here, we conducted 
scRNA-Seq in 4 RT lymph node biopsies, retaining >35,000 cells 
after data pre-processing. Post UMAP clustering we derived the 
cell types using standard cell type markers, identifying in each 
RT biopsy at least 1 cluster pertaining to an embryonic stem cell 
signature via single cell gene set enrichment analysis (ssGSEA) 
(Figure 1A&B). Grouped gene expression analysis across all 4 
RT biopsies identified a shared set of 1656 significant genes (, < 
0.05 Q value, >1 Log2 FC; Figure 1C) which upon Gene Ontolo-
gy analysis unearthed pathways associated with; chromatin seg-
mentation, cell cycle, and focal adhesion, amongst others (Figure 
1D). Initial RNA Velocity dynamical modelling of the RT CSCs and 
main RT clone revealed not only a distinct PAGA cellular trajec-
tory, but also via Latent Time derivation of spliced and unspliced 
RNA molecules that the earliest cells transcriptionally differenti-
ate from the CSCs to the main RT clone (Figure 1E). We observed 
a similar finding using previously published scRNA-Seq data of 
our murine RT mouse model (Eµ-TCL1AKT-C; Figure 1F). Initial 
flow cytometry observations in murine RT could validate the exis-
tence of an expanded Hoechst 33342 negative population (~10%, 
Figure 1G), including the >80% enrichment of CD321 (F11R/JAM1) 
in Hoechst negative cells, a significant increase in comparison to 
the Hoechst positive cells of ~40% (P = 0.0223; Figure 1H). We 
show here the identification of CSCs in RT for the first time, and in 
future work we will be looking to validate the CSC phenotype via 

Colony Forming Unit assay and Hyperion CYTOF imagine in vitro 
and adoptive transfer of CSCs in NSG mice in vivo.

Funding Source: Jose Carreras (Project Nr. DJCLS 07R/2022)

Keywords: Richters Transformation, scRNA-Seq, Cancer Stem 
Cells
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Vellore, India
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Technology, Vellore Institute of Technology, Vellore, India
Velayudhan, Shaji - Center For Stem Cell Research, Christian 
Medical College, Vellore, India
Srivastava, Alok - Center For Stem Cell Research, Christian 
Medical College, Vellore, India
Marepally, Srujan - Center For Stem Cell Research, Christian 
Medical College, Vellore, India
Murugesan, Mohankumar - Center For Stem Cell Research, 
Christian Medical College, Vellore, India

Disrupting the production or function of the long isoform of the 
fetal globin repressor BCL11A-XL is a strategy for treating of b-he-
moglobinopathies. Multiple clinical trials are focussed on disrupt-
ing the erythroid-specific BCL11A enhancer or its binding site in 
the HBG promoters to reduce its expression or its binding to the 
fetal globin gene promoters respectively. The complete knock-
out of BCL11A yields a greater induction of fetal globin (HbF) but 
affects haematopoietic development. Several inherited muta-
tions in BCL11A result in neuronal disorders together with elevat-
ed HbF. In particular missense mutations in the BCL11A-XL Zinc 
Finger (ZnF) domain exhibit levels of HbF equivalent to those 
observed with total BCL11A loss although importantly other he-



506

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

# ISSCR2023

T
R

A
C

K
: 

 M
O

D
E

Li
N

g
 D

E
v

E
LO

P
M

E
N

T
 A

N
D

 D
iS

E
A

S
E

 (
M

D
D

) matological parameters are normal. This suggests that these 
modifications may have therapeutic potential. We disrupted the 
BCL11A-XL ZnF domains using CRISPR/Cas9 and observed high 
HbF induction (~35% HbF vs 12% control) albeit with some defects 
in Hematopoietic Stem and Progenitor Cells (HSPC) engraftment 
and erythroid maturation. But we found that base substitutions 
at the key residues of these ZnF-domains involved in DNA rec-
ognition effectively upregulated HbF(60% ZnF4 vs 10% Control) 
without fewer side effects. A ZF4 mutation resulted in very few 
changes to erythroid gene expression, no impact on erythroid 
maturation in vitro (60% ZnF4 vs 10% Control), but some reduction 
in HSPC engraftment in vivo (60% ZnF4 vs 85% Control). A modifi-
cation of ZF6 showed a potential elevation of HbF levels, that was 
unexpected as this region does not directly contact DNA at the 
HBG promoter. Our strategy of specifically altering residues of 
BCL11A-XL will potentially identify residues critical for fetal globin 
repression but less important in the other biological functions of 
BCL11A-XL.

Keywords: BCL11A, Base Editing, Zinc Finger domain
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IPSC-DERIVED MACROPHAGES AS A 
PREVENTATIVE TREATMENT FOR KNEE POST-
TRAUMATIC OSTEOARTHRITIS
Del Rio, Patricia - RMI, Cedars-Sinai Medical Center, Los 
Angeles, CA, USA
Spaeter, Thomas - RMI, Cedars-Sinai Medical Center, Los 
Angeles, CA, USA
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Angeles, CA, USA
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CA, USA
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Shelest, Oksana - RMI, Cedars-Sinai Medical Center, Los 
Angeles, CA, USA
Metzger, Melodie - Orthopedics, Cedars-Sinai Medical Center, 
Los Angeles, CA, USA
Tawackoli, Wafa - RMI, Cedars-Sinai Medical Center, Los 
Angeles, CA, USA
Sheyn, Dmitriy - RMI, Cedars-Sinai Medical Center, Los Angeles, 
CA, USA

Post-traumatic osteoarthritis (PTOA) is a degenerative cartilage 
disease that occurs in relatively young patients following injury 
like ACL tear, causes pain, disability, and economic burden. The 
iPSC-derived macrophages have the potential to prevent the in-
flammatory insult to the joint and PTOA induction. Non-surgical 
model of PTOA using a noninvasive ACL tear mimics the human 
condition as close as possible. Immunogenicity poses challenges 
for development of human stem cell therapies in animal models. 
To study the potential iPSC-derived treatments on PTOA, immu-
nocompromised Nude and wild type Sprague Dawley (SD) rats 
were used to study immune reactivity to human iPSC-derived 
cells. Since the joint is considered immune privileged site, we 
hypothesized that SD rats would not have a greater immune re-
action compared to Nude rats when human iPSC-derived cells 
were injected into the injured knee. Human iPSCs were differ-
entiated to macrophages using an optimized protocol, charac-
terized via flow cytometry, and confirmed functionality through 
phagocytic assay. SD and Nude rats went noninvasive ACL injury 
and were injected with human cells 2 weeks later. Serum was 
collected during the day of injury, injection day, day 3, 7 10 and 
14 post injection. We observed no significant difference in IgM 
levels and CD8+ cells between Nude and SD rats, demonstrating 
no immune reaction in immunocompetent rats after human cell 
injection to the joint. To further characterize the PTOA model, SD 
rats underwent non-invasive ACL injury and were followed for 16 
weeks. Biobehavioral tests of rats with knee injury demonstrat-
ed an increase in left and right stride length, a decrease in sway 
width and a significant increase in left paw angle and a trend of 
increasing right paw angle. Rats were sacrificed after 18, 20 or 25 
weeks, the knee joints were processed for histology and used for 
OARSI score, showing development of knee OA as early as week 
18 post injury. This confirmed the feasibility of noon-invasive ACL 
tear to model PTOA and a feasibility of human stem cell therapy 
development. Future steps of this study will include introducing 
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differentiated iPSC-derived macrophages into an ACL injured rat 
model to modify the inflammatory environment and hinder OA 
onset, progression, and associated pain.

Funding Source: I would like to acknowledge CIRM for funding 
my internship.

Keywords: PTOA, iPSC, macrophages

TOPIC: KIDNEY

2055

THE (PRO)RENIN RECEPTOR IS INVOLVED IN 
KIDNEY ORGANOID DEVELOPMENT
Lin, Hui - Internal Medicine, Erasmus MC, Rotterdam, 
Netherlands
Li, Shengbing - Internal Medicine, Erasmus Medical Center, 
Rotterdam, Netherlands
Mullick, Adam - Cardiovascular Drug Discovery, Ionis 
Pharmaceuticals, Inc., Carlsbad, CA, USA
Van den Bosch, Thierry - Pathology, Erasmus Medical Center, 
Rotterdam, Netherlands
Danser, A.H. Jan - Internal Medicine, Erasmus Medical Center, 
Rotterdam, Netherlands
Hoogduijn, Martin - Internal Medicine, Erasmus Medical Center, 
Rotterdam, Netherlands

The (pro)renin receptor [(P)RR], a receptor for prorenin and renin, 
is widely distributed in the body, including the kidneys. Studies in 
(P)RR knockout mouse models indicate that (P)RR ablation can be 
detrimental to the normal development and function of the kid-
neys. However, the lack of human models hinders investigation 
into the role of (P)RR in human kidney development. The advent 
of human induced pluripotent stem cell (iPSC)–derived kidney or-
ganoids resembling the first and early second trimester of human 
fetal kidneys provides a tool to study the role of (P)RR in human 
kidney development. To investigate the effects of (P)RR knock-
down on kidney organoid development, human iPSC–derived 
kidney organoids were generated according to a previously de-
scribed protocol. We silenced the (P)RR by introducing (P)RR anti-
sense oligonucleotides (ASOs) by electroporation at the stage of 
iPSCs and nephron progenitor cells induction, respectively. The 
development of kidney organoids was monitored morphological-
ly and through protein expression analysis of nephron markers by 
immunohistochemistry staining which was quantified by Image J. 
After silencing the (P)RR at the initial stage of differentiation, the 
size of iPSCs-derived organoids was substantially smaller, but the 
size of tubular structures was bigger. We observed a decrease 
by 50% in both WT1 (glomerular cell marker) and PDGFRα (stro-
mal cell marker) expressions in (P)RR-knockdown organoids, a 
4-fold and 2-fold increase in expressions of fibrogenic cell mark-
ers α-SMA and COL1A1 respectively, and no change in Villin1 
(proximal tubular cell marker) and Cadherin-1 (distal tubular cell 
marker) expression. Additionally, (P)RR knockdown at the stage 
of nephron progenitor cells induction decreased the expressions 
of Villin1 and Cadherin-1 in organoids by 50% and 60% separately, 
while it induced a 4-, 3-, 2- and 2-fold increase in the expressions 
of CD31 (endothelial cell marker), PDGFRα, α-SMA and COL1A1 
respectively. This study shows that (P)RR silencing at the initial 
stage of differentiation or at the stage of nephron progenitor cells 
induction impaired the normal development of kidney organoids. 
Its absence caused a shift into the direction of fibrogenic cells. 

This study provides new insights into the understanding the role 
of (P)RR in human kidney development.

Keywords: (pro)renin receptor, human iPSC – derived kidney 
organoids, human kidney development

2056

RAAS-DEFICIENT ORGANOIDS REVEAL 
THAT DELAYED ANGIOGENESIS IS THE 
PATHOMECHANISM UNDERLYING AUTOSOMAL 
RECESSIVE RENAL TUBULAR DYSPLASIA
Pode Shakked, Naomi - Developmental Biology, Cincinnati 
Children’s Hospital Medical Center, Cincinnati, OH, USA and 
Sackler School Of Medicine, Tel Aviv University, Tel Aviv, Israel
Sundaram, Nambirajan - Division of Pediatric Surgery, Cincinnati 
Children’s Hospital Medical Center, Cincinnati, OH, USA
Schreiber, Ruth - Department of Pediatrics, Soroka University 
Medical Center, Ben Gurion University of the Negev, Beer 
Sheva, Israel
Dekel, Benjamin - Pediatric Stem Cell Research Institute and 
Division of Pediatric Nephrology, Edmond and Lily Safra 
Children’s Hospital, Sheba Medical Center, Tel Aviv University, 
Ramat Gan, Israel
Helmrath, Michael - Division of Pediatric Surgery, Cincinnati 
Children’s Hospital Medical Center, Cincinnati, OH, USA
Kopan, Raphael - Developmental Biology, Cincinnati Children’s 
Hospital Medical Center, Cincinnati, OH, USA

The renin–angiotensin–aldosterone system (RAAS) regulates 
blood volume and systemic vascular resistance in humans. Au-
tosomal Recessive Renal Tubular Dysgenesis (AR-RTD) is a fatal 
genetic disorder of kidney development resulting from pathogen-
ic variants in any of the four genes involved in RAAS (REN, ACE, 
AGT, AGTR1), characterized by absent or maldeveloped proximal 
tubules (PT). A similar RTD phenotype is observed as a result of in 
utero exposure to ACE inhibitors or angiotensin receptor block-
ers. At present, it is still unclear whether the PT pathology in RTD 
is caused by a vascular/hemodynamic effect, secondary to the 
RAAS disruption, or rather by a direct (autonomous) contribution 
of RAAS to PT development.Human induced Pluripotent Stem Cell 
(hiPSC)-derived 3D kidney organoids mimic kidney development 
without effective circulation, providing a system to study the ef-
fects of RAAS mutations on PT. To uncover the pathomechanism 
of AR-RTD we differentiated ACE and AGTR1 deficient pluripotent 
stem cells and reprogrammed AR-RTD patient cells into kidney 
organoids. Marker analyses confirmed that all mutant and control 
organoids generated PT in room air (21% O2) or under hypoxic 
conditions (2% O2). Thus, PT development did not require RAAS 
nor high oxygen levels. To ask whether in vitro culture conditions 
rescued PT development, organoids were implanted under the 
kidney capsule of immunodeficient mice. AGTR1-/- iPSC organ-
oids were chosen for transplantation, to circumvent confounding 
effects of host RAAS. When AGTR1-/- and control iPSC-derived 
organoids were transplanted at a fully developed stage (day 24), 
or when control organoids were transplanted at the renal vesicle 
stage (day 14), PT-containing differentiated organoids formed. By 
contrast, AGTR1-/- organoids transplanted at day 14 failed to en-
graft due to low levels of pro-angiogenic VEGFA compared to 
controls. Pre-transplant culture in hypoxia (2% O2) was sufficient 
to increase VEGFA production and rescue AGTR1-/- organoid 
engraftment and differentiation. Thus, PT dysgenesis in AR-RTD 
is a non-autonomous consequence of a developmental delay in 
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) VEGF-A induction, providing a mechanistic link between RAAS 
and angiogenesis during kidney development.

Keywords: Kidney development, Kidney Organoids, Renal 
Tubular Dysgenesis

TOPIC: LIVER

2132

BETA-CATENIN COUPLES SELF-RENEWAL, 
INDUCTION AND EPITHELIAL MORPHOGENESIS 
AND PATTERNING AT THE OUTSET OF 
MAMMALIAN NEPHROGENESIS
Bugacov, Helena - Development Stem Cells and Regenerative 
Medicine, University of Southern California, Los Angeles, CA, 
USA
Der, Balint - USC Stem CELL, San Marino, CA, USA
Kim, Sunghyun - USC Stem CELL, San Marino, CA, USA
McMahon, Andrew - USC Stem Cell, Los Angeles, CA, USA

Wnt/β-catenin signaling is a highly conserved molecular pathway 
that plays a crucial role in many stem/progenitor systems. β-cat-
enin, the main Wnt pathway effector, has two pools within a cell 
which are required for cell-cell adhesion at the membrane and 
transcriptional functions in the nucleus. However, how β-catenin 
mediates both roles remain unknown. The tightly controlled, well 
characterized system of nephrogenesis is an ideal model to de-
couple the roles of β-catenin at the membrane and in the nucleus. 
In kidney development, a delicate balance of NPC self-renewal 
and differentiation is required for the mesenchymal to epithelial 
transition (MET) in nephrogenesis and is driven by Wnt/β-catenin 
signaling. Given an ability to isolate and manipulate large num-
bers of NPCs in tissue culture, we can dissect the dual nature of 
β-catenin as a transcriptional activator and component of a cell 
membrane complex in adhesion. We have pioneered a method 
using CRISPR/Cas9 gene editing and lipid based mRNA lipofec-
tion enabling us to rapidly remove β-catenin,α-catenin and simul-
taneous cadherin and Tcf/Lef factor gene activity in primary NPCs. 
We have characterized the effects of modulating β-catenin and 
integrated RNA-seq results from β-catenin’s removal with mouse 
ChIP-Seq and mouse Single Cell RNA -seq data. Functional anal-
ysis of β-catenin removal provides strong evidence for β-catenin 
regulation of NPC proliferation, independent of a direct Lef/Tcf 
associated transcriptional program. Our data shows that β-cat-
enin mediates aggregation, the first step in MET, by stabilizing 
interactions in catenin-cadherin cell adhesion complexes at the 
membrane by stabilizing cell -cell contacts through interactions 
with α-catenin and cadherins. Moreover, the findings support a 
direct transcriptional role for Lef/Tcf/β-catenin complexes in driv-
ing differentiation programs, associated with the mesenchymal 
to epithelial progression of differentiating mammalian NPCs. Our 
findings have broad significance by gaining a deeper mechanistic 
understanding of Wnt signaling as Wnt plays a key role directing 
stem cell/progenitor populations in many organ systems and de-
regulation of these interactions drives a number of cancers.

Funding Source: F31DK122777-01

Keywords: Wnt Signaling, Kidney Development, Nephron 
Progenitor
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THE ROLE OF MAT1A MUTATION IN 
BILIARY ATRESIA DISEASE INITIATION AND 
PROGRESSION: AN IPSC STUDY
Zheng, Jiachen - Surgery, The University of Hong Kong, Hong 
Kong
So, Man Ting - Surgery, The University of Hong Kong, Hong 
Kong
Tang, Clara Sze Man - Surgery, The University of Hong Kong, 
Hong Kong
Chung, Patrick Ho Yu - Surgery, The University of Hong Kong, 
Hong Kong
Tam, Paul Kwong Hang - Medicine, Macau University of Science 
and Technology, Macau
Wong, Kenneth Kak Yuen - Surgery, The University of Hong 
Kong, Hong Kong
Lui, Vincent Chi Hang - Surgery, The University of Hong Kong, 
Hong Kong

The pathobiological mechanisms underlying disease initiation 
and progression in biliary atresia (BA) remain unclear. Limited 
studies have addressed whether liver deterioration despite surgi-
cal treatment represent a primary event affecting hepatocytes or 
reactive changes secondary to bile duct injuries. A heterozygous 
de novo G to A mutation in the exon 8 of the MAT1A gene in a BA 
patient’s peripheral blood DNA was identified. This patient has a 
poor response to Kasai portoenterostomy, requiring liver trans-
plantation shortly after surgery. This G>A mutation created a new 
splice acceptor site within the exon 8. The aberrant splicing from 
exon 7 to this new acceptor site within exon 8 generated a mu-
tant transcript with part of the exon 8 deletion, a frameshift lead-
ing to a new stretch of 14 amino acids and a stop codon. MAT1A 
encodes two liver-specific methionine adenosyltransferase iso-
zymes (MATI/III), and the mutant enzymes retained only 14.4% of 
the wild type enzyme activity. iPSC (BA638C) was generated from 
this patient’s blood and was differentiated into hepatocytes. Mor-
phological/flow cytometric/RT-qPCR analysis was performed to 
address if MAT1A deficiency impaired hepatocyte development/
functioning. Control iPSC (HKUPS-001) derived from a normal 
person was included for comparison. At iPSC stage, BA638C’s 
proliferation rate was much lower than that of HKUPS-001. After 
hepatocyte induction, both HKUPS-001 and BA638C iPSCs de-
veloped into hepatocyte-like cells showing typical hepatocyte 
morphology on day 20, expressing high level of hepatic markers. 
However, by day 22, BA638C-derived hepatocytes gradually lost 
the hepatocyte features, developed into flat and spindle-shape fi-
broblast-like cells. Furthermore, BA638C-derived cells expressed 
not only low level of hepatic makers, but also elevated levels 
of the epithelial-mesenchymal-transition (EMT) related markers 
(SMA and FSP1). In conclusion, MAT1A mutation resulted in de-
creased activity of MATI/III. The disrupted methionine metabolism 
could lead to reduced iPSC proliferation, a premature loss of dif-
ferentiated hepatocyte morphology and function, and abnormal 
mesenchymal transformation, contributing respectively to dis-
ease initiation and progression of BA.

Funding Source: Theme-based Research Scheme (T12-712/21-R) 
RGC Hong Kong SAR Government, Hong Kong SAR, China.

Keywords: Biliary atresia, MAT1A, aberrant splicing
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2058

HIGH-THROUGHPUT CRISPR ACTIVATION 
SCREENING WITH MOUSE EMBRYONIC 
HEPATOCYTES IDENTIFIES ADULT HEPATIC 
METABOLIC GENE ACTIVATOR AND EMBRYONIC 
GENE SUPPRESSOR
Taguchi, Atsuhiro - Genome Regulation, Max Planck Institute 
for Molecular Genetics, Berlin, Germany
Magalhães, Alexandre - Genome Regulation, Max Planck 
Institute for Molecular Genetics, Berlin, Germany
Kretzmer, Helene - Genome Regulation, Max Planck Institute for 
Molecular Genetics, Berlin, Germany
Wittler, Lars - Developmental Genetics, Max Planck Institute for 
Molecular Genetics, Berlin, Germany
Hnisz, Denes - Genome Regulation, Max Planck Institute for 
Molecular Genetics, Berlin, Germany
Meissner, Alexander - Genome Regulation, Max Planck Institute 
for Molecular Genetics, Berlin, Germany

A deepened understanding of lineage specification mechanisms 
enabled us to induce various types of organoids from pluripo-
tent stem cells. However, most of the current organoids are still 
functionally immature and resemble embryonic states, which is 
partly attributable to our incomplete knowledge of organ matu-
ration mechanisms during the late phase of development. Here 
we addressed the mouse hepatocyte maturation mechanisms 
after lineage commitment. Time course RNA-sequencing analysis 
between embryonic day 11 to adult purified hepatocytes identi-
fied about 60 developmentally late-onset transcription regulators 
(DLTR). We set up a CRISPR-activation and single-cell RNA-seq 
combined high throughput experimental pipeline, which enabled 
DLTR-wide perturbation screening with transcriptomic phenotyp-
ing on the primary embryonic hepatocytes. Our analysis identi-
fied transcription regulators which can boost the expression of 
a subset of drug-metabolizing enzymes or suppress embryonic 
genes. Further optimization of signaling molecules additively ac-
tivated a broader spectrum of metabolic gene expression close 
to the adult level. Therefore, our study will pave the way toward 
understanding of transcriptional control of hepatocyte maturation 
and induction of functionally mature liver organoids from plurip-
otent stem cells.

Keywords: maturation, CRISPR-activation, transcriptional 
regulation

2059

MODELING SEPSIS-ASSOCIATED LIVER 
DYSFUNCTION WITH HUMAN INDUCED 
PLURIPOTENT STEM CELL-DERIVED LIVER 
ORGANOIDS
Li, Yang - Division of Regenerative Medicine, Center for Stem 
Cell Biology and Regenerative Medicine, The Institute of 
Medical Science, The University of Tokyo, Minato, Japan
Nie, Yun-Zhong - Division of Regenerative Medicine, Center for 
Stem Cell Biology and Regenerative Medicine, The Institute of 
Medical Science, The University of Tokyo, Minato, Japan
Yang, Xia - Division of Regenerative Medicine, Center for 
Stem Cell Biology and Regenerative Medicine, The Institute of 
Medical Science, The University of Tokyo, Minato, Japan
Taniguchi, Hideki - Division of Regenerative Medicine, Center 
for Stem Cell Biology and Regenerative Medicine, The Institute 
of Medical Science, The University of Tokyo, Minato, Japan

Sepsis associated-liver dysfunction has served as the important 
prognosis and mortality predictor of sepsis. It is caused by the 
overwhelming inflammatory response induced by Kupffer cells 
(KC). Despite intense studies on rodent and nonhuman primate 
sepsis models, sepsis-targeted drugs or therapies for humans are 
still not available due to the lack of human models. In this study, 
we aim to generate a human induced pluripotent stem cell (hiP-
SC)-based model to mimic the pathological events in sepsis-as-
sociated liver dysfunction. For this purpose, we first differentiated 
hiPSC into erythro-myeloid progenitors (EMP), the embryonic or-
igin of KC. By co-culturing hiPSC-derived EMP (hiPSC-EMP) with 
liver organoid (LO), generated from hiPSC-derived hepatic endo-
derm, endothelial progenitors, and mesenchymal progenitors, 
the proliferation and differentiation of hiPSC-EMP were promoted 
significantly compared with the cells without co-culture. Further-
more, the supplement of macrophage colony-stimulating factor 
(M-CSF) induced the directed differentiation of hiPSC-EMP to KC 
in the co-culture system along with LO maturation. Following lipo-
saccharides (LPS) and interferon-gamma (IFNγ) treatment, we no-
ticed a strong inflammatory response in the LO-KC co-culture sys-
tem, resulting in significant cell necrosis and decreased hepatic 
functions. We also observed a significant decrease of endothelial 
marker CD31 upon stimulation. Furthermore, the RNA sequencing 
results showed that stimulated organoids shared similar patho-
logical events with septic liver in mice model. More importantly, 
the impaired hepatic functions could undergo self-recovery after 
the LPS/IFNγ were removed. Our results showed that the LO-KC 
co-culture system could recapitulate the onset and resolution of 
sepsis associated-liver dysfunction, thus have promising pros-
pects for exploring novel therapeutic targets.

Funding Source: This work was supported by the JST Research 
Centre Network for Realization of Regenerative Medicine (No. 
17bm0304002h0105), Grant-in-Aid for Research Activity Start-up 
(No. 20K22946).

Keywords: Sepsis associated-liver dysfunction, Kupffer cells, 
Human iPSC



510

T
H

E
 G

LO
B

A
L 

S
T

E
M

 C
E

LL
 E

V
E

N
T

# ISSCR2023

T
R

A
C

K
: 

 M
O

D
E

Li
N

g
 D

E
v

E
LO

P
M

E
N

T
 A

N
D

 D
iS

E
A

S
E

 (
M

D
D

) 2060

GENERATION OF EXPANDABLE QUIESCENT 
HEPATIC STELLATE CELLS FROM HUMAN 
INDUCED PLURIPOTENT STEM CELLS FOR 
MODELING HUMAN LIVER ORGANOGENESIS
Yang, Xia - Department of Computational Biology and Medical 
Sciences, The University of Tokyo, Japan
Nie, Yun-Zhong - Center for Stem Cell Biology and Regenerative 
Medicine, The University of Tokyo, Japan
Li, Yang - Department of Computational Biology and Medical 
Sciences, The University of Tokyo, Japan
Taniguchi, Hideki - Center for Stem Cell Biology and 
Regenerative Medicine, The University of Tokyo, Japan

The biological applications of existing liver organoids have been 
restricted primarily owing to the lack of relevant cell types like qui-
escent hepatic stellate cells (qHSCs). Although several protocols 
have been established to induce qHSCs from human induced 
pluripotent stem cells (hiPSCs), those low-purity hiPSC-derived 
cells either exhibited the characteristics of active HSCs or did not 
have the capacity to expand. To overcome the difficulties in previ-
ous research, this study attempted to generate pure qHSCs from 
hiPSCs (hiPSC-qHSCs) while maintaining their quiescent pheno-
type during expansion. According to our results, hiPSC-qHSCs 
reached an extremely high purity without expressing PDGFRα, a 
surface marker of active HSCs, and displayed signatures of HSCs 
in a healthy liver. Functional analysis showed that hiPSC-qHSCs 
can store Vitamin A in lipid droplets and become active after 
TGFβ stimulation. Additionally, hiPSC-qHSCs can be passaged at 
least 6 times with an increase of 240 folds while keeping their 
characteristics and functions. To reveal the role of hiPSC-qHSC 
in a human liver model, we constructed a functional liver organ-
oid (LO) in a low attachment culture system by co-culturing hiP-
SC-qHSCs with hiPSC-derived hepatic endoderm and endotheli-
al progenitors. Comparing LOs with or without hiPSC-qHSCs, we 
found that hiPSC-qHSCs highly promoted the vascularization and 
maturation of LOs both in vitro and in vivo. Overall, this protocol 
enabled us to robustly generate qHSCs for the development of 
vascularized LOs and unveil previous unobservable aspects of 
human liver development.

Funding Source: This work was supported by the JST Research 
Centre Network for Realization of Regenerative Medicine (No. 
17bm0304002h0105), Grant-in-Aid for Research Activity Start-up 
(No. 20K22946).

Keywords: Quiescent hepatic stellate cells, Human induced 
pluripotent stem cells, Liver organoid

TOPIC: MESENCHYMAL STROMAL CELLS, ADIPOSE, 
AND CONNECTIVE TISSUE
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RUXOLITINIB IMPROVES HEMATOPOIETIC 
REGENERATION VIA RETRIEVING 
MESENCHYMAL STROMAL CELL NICHE 
FUNCTION IN AGVHD
Gu, Quan - State Key Laboratory of Experimental Hematology, 
Institute of Hematology and Blood Disease Hospital, Chinese 
Academy of Medical Sciences and Peking Union Medical 
College, Tianjin, China
Lin, Yan - State Key Laboratory of Experimental Hematology, 
Department of Hematology, The First People’s Hospital of 
Changzhou, Third Affiliated Hospital of Soochow University, 
State Key Laboratory of Experimental Hematology, Department 
of Hematology, The First People’s Hospital of Changzhou, Third 
Affiliated Hospital of Soochow University, Changzhou, China
Lu, Shihong - State Key Laboratory of Experimental Hematology, 
Institute of Hematology and Blood Diseases Hospital, Chinese 
Academy of Medical Sciences and Peking Union Medical 
College, Tianjin, China
Pan, Zengkai - State Key Laboratory of Medical Genomics, 
Shanghai Institute of Hematology, National Research Center 
for Translational Medicine, Shanghai Rui Jin Hospital, Shanghai 
Jiao Tong University School of Medicine, Shanghai, China, 
State Key Laboratory of Medical Genomics, Shanghai Institute 
of Hematology, National Research Center for Translational 
Medicine, Shanghai Rui Jin Hospital, Shanghai Jiao Tong 
University School of Medicine, Shanghai, China
Yang, Shangda - State Key Laboratory of Experimental 
Hematology, Institute of Hematology and Blood Diseases 
Hospital, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Tianjin, China
Lv, Yanling - State Key Laboratory of Experimental Hematology, 
Institute of Hematology and Blood Diseases Hospital, Chinese 
Academy of Medical Sciences and Peking Union Medical 
College, Tianjin, China
Zheng, Zhaofeng - State Key Laboratory of Experimental 
Hematology, Institute of Hematology and Blood Diseases 
Hospital, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Tianjin, China
Sun, Guohuan - State Key Laboratory of Experimental 
Hematology, Institute of Hematology and Blood Diseases 
Hospital, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Tianjin, China
Zhao, Xiangnan - State Key Laboratory of Experimental 
Hematology, Institute of Hematology and Blood Diseases 
Hospital, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Tianjin, China
Xu, Chang - State Key Laboratory of Experimental Hematology, 
Institute of Hematology and Blood Diseases Hospital, Chinese 
Academy of Medical Sciences and Peking Union Medical 
College, Tianjin, China
Gou, Fanglin - Department of Cell Biology, School of Basic 
Medical Sciences, Tianjin Medical University, Tianjin, China
Yang, Zining - State Key Laboratory of Experimental 
Hematology, Institute of Hematology and Blood Diseases 
Hospital, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Tianjin, China
Wang, Fengjiao - Center of Stem Cell and Regenerative 
Medicine, Institute of Hematology and Blood Diseases Hospital, 
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Chinese Academy of Medical Sciences and Peking Union 
Medical College, Tianjin, China
Gu, Weiying - State Key Laboratory of Experimental 
Hematology, Department of Hematology, The First People’s 
Hospital of Changzhou, Third Affiliated Hospital of Soochow 
University, Changzhou, China
Cheng, Tao - State Key Laboratory of Experimental Hematology, 
Institute of Hematology and Blood Diseases Hospital, Chinese 
Academy of Medical Sciences and Peking Union Medical 
College, Tianjin, China
Cheng, Hui - State Key Laboratory of Experimental Hematology, 
Institute of Hematology and Blood Diseases Hospital, Chinese 
Academy of Medical Sciences and Peking Union Medical 
College, Tianjin, China
Hu, Xiaoxia - State Key Laboratory of Medical Genomics, 
Shanghai Institute of Hematology, National Research Center 
for Translational Medicine, Shanghai Rui Jin Hospital, Shanghai 
Jiao Tong University School of Medicine, Shanghai, China

Acute graft-versus-host disease (aGVHD) is a severe complica-
tion of allogeneic hematopoietic stem cell transplantation. Hema-
topoietic dysfunction, which may be caused by niche impairment, 
is a long-standing clinical problem. However, how the bone mar-
row (BM) niche is damaged in aGVHD hosts is poorly defined. 
To comprehensively address this question, we employed a 
haplo-MHC-matched transplantation aGVHD mouse model and 
performed single-cell RNA-sequencing of non-hematopoietic 
BM cells. Transcriptional analysis showed that BM mesenchymal 
stromal cells (BMSCs) were severely affected with reduction of 
cell ratio, obvious abnormalities of metabolism, compromised 
differentiation potential and defective hematopoietic support-
ive function, which were validated by in vitro functional assays. 
Ruxolitinib, a selective JAK1/2 inhibitor, could ameliorate aGVHD 
when administrated topically and systemically with BMSC func-
tion recovery and increase its crosstalk with hematopoietic stem/
progenitor cells via mitochondrial transfer. The observations from 
the mouse model were validated by patients’ specimens. Overall, 
ruxolitinib can directly retrieve BMSC function and in turn improve 
hematopoietic dysfunction caused by aGVHD

Funding Source: Ministry of Science and Technology of China 
(SQ2021YFA1100017, 2020YFE0203000, 2017YFA0103400), 
Natural Science Foundation of China (81922002, 81730006, 
81861148029,81890990, 81870086, 81800100, 81700157, 
82170206)

Keywords: aGVHD, Ruxolitinib, Mesenchymal stromal cell
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ANTIBACTERIAL ACTIVITY OF HUMAN BONE 
MARROW-DERIVED MESENCHYMAL STROMAL 
CELLS AGAINST STAPHYLOCOCCUS AUREUS IN 
DIABETIC MICROENVIRONMENT
El-Badri, Nagwa - Biomedical Science, Zewail City of Science 
and Technology, October City, Egypt
Shouman, Shaimaa - Stem Cells and Regenerative Medicine, 
Zewail City of Science and Technology, Cairo, Egypt

Diabetic foot ulcer (DFU) is one of the serious complications of 
diabetes mellitus. The most common microbe isolated from DFU 
wound is staphylococcus aureus (S. aureus). Wound healing of 
foot ulcers in diabetic patients thus remains a real therapeutic 
challenge. In addition to their regenerative capacities, mesenchy-
mal stem cells (MSCs) were shown to have antimicrobial activities 
against various microbes. These properties are mediated by se-

cretion of antimicrobial peptides (AMPs). In this project, we inves-
tigate the capacity of bone marrow MSCs and their conditioned 
medium (CM) to ameliorate infection in the diabetic microenviron-
ment. BM-MSCs were cultured in serum collected from normal 
subjects and diabetic patients over six days, and their antimicro-
bial effect against S. aureus was evaluated. Our results demon-
strate that both MSCs and their CM caused marked inhibition of 
S. aureus bacterial growth in both normal and diabetic conditions. 
MSCs cultured in diabetic serum showed no significant difference 
in the expression of AMPs genes beta-defensins, cathelicidin and 
hepcidin compared with normal. Bacterial colony forming units 
(CFU) were markedly reduced when cultured with MSCs from 
both normal and diabetic group, but inhibition was observed only 
in the normal CM but not the diabetic CM. Bacterial biofilm forma-
tion was also significantly inhibited when cultured with MSCs from 
both groups, and when bacteria were cultured in normal CM, but 
not diabetic CM. Proteomics analysis were undertaken to confirm 
these findings. Our data support that BM-MSCs have direct anti-
microbial activity against S. aureus in diabetic microenvironment.

Funding Source: Partially funded by: JESOR ASRT 5275 STDF 
FLUG Call 1-Project ID 46721

Keywords: MSCs, antibacterial peptide, s aureus. 
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2063

CYTOSKELETAL REARRANGEMENT IN UBE2A-KO 
IPSC DERIVATIVES PROMOTES ENHANCED CELL 
SPREADING AND MIGRATION
Sekretova, Elizaveta - Department of Cell Biology, Lopukhin 
Federal Research Clinical Center of Physical and Chemical 
Medicine, Moscow, Russia
Khomiakova, Ekaterina - Department of Ontogenetics, Tomsk 
National Research Medical Center, Tomsk, Russia
Fedorenko, Alisa - Department of Cell Biology, Lopukhin Federal 
Research Clinical Center of Physical and Chemical Medicine, 
Moscow, Russia
Surdina, Anastasia - Department of Cell Biology, Lopukhin 
Federal Research Clinical Center of Physical and Chemical 
Medicine, Moscow, Russia
Lavrushkina, Svetlana - Department of Electron Microscopy, 
A.N. Belozersky Institute of Physico-Chemical Biology, Moscow, 
Russia
Lagarkova, Maria - Department of Cell Biology, Lopukhin 
Federal Research Clinical Center of Physical and Chemical 
Medicine, Moscow, Russia
Bogomazova, Alexandra - Department of Ontogenetics, Tomsk 
National Research Medical Center, The Research Institute of 
Medical Genetics, Tomsk, Russia
Alieva, Irina - Department of Electron Microscopy, A.N. 
Belozersky Institute of Physico-Chemical Biology, Moscow, 
Russia

The Nascimento syndrome, or X-linked intellectual developmen-
tal disorder type Nascimento, was first described in 2006. It is 
characterized by mental retardation, developmental delay, skin 
anomalies, and seizures. The Nascimento syndrome is caused 
by loss-of-function mutations in the UBE2A gene, which encodes 
the E2 enzyme UBE2A related to the ubiquitin-proteasome sys-
tem. The role of UBE2A in normal brain development and the 
molecular mechanisms underlying the Nascimento syndrome are 
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) still poorly understood. At the same time, neurodevelopmental 
disorders are often associated with defects in the cytoskeleton 
and abnormal neuronal migration. Thus, our study focused on 
cytoskeletal alterations in cells with UBE2A knockout (KO). We 
derived UBE2A-KO iPSC clones from the healthy male iPSCs us-
ing CRISPR/Cas9 genome editing. The pluripotent state of iPSC 
UBE2A-KO lines was confirmed by expressions of stem cell mark-
ers, typical stem cell morphology and the ability to differentiate 
into three germ layers. The iPSCs were differentiated into fibro-
blast-like cells (CD105+, CD73+, CD90+) and glial cells (s100β+). 
Using live-cell imaging, we demonstrated that UBE2A-KO iPSC 
derivatives were characterized by enlarged focal adhesions, en-
hanced cell spreading and polarization dynamics. The random 
cell migration assay showed a dramatic increase of migration 
velocity of UBE2A-KO glial cells, compared to WT glial cells (p 
< 0.0001). In contrast, the migration velocity of UBE2A-KO fibro-
blast-like cells was slightly increased (p = 0.04). Similarly, in the 
wound-healing assay, we observed increased velocity of UBE2A-
KO derivatives, more significant for glial cells. Further immunos-
taining experiments performed with super-resolution microscopy 
showed that the actin cytoskeleton was drastically altered in the 
lamellipodia of UBE2A-deficient derivatives. The actin cytoskel-
eton is involved in the fine-tune regulation of dendritic spines 
formation, and dysregulated dendritic spine dynamics play a cru-
cial role in the neurodevelopmental disorder. The UBE2A protein 
might regulate the dynamics of actin networks, thereby influenc-
ing cell migration. Further investigations are required to verify if 
altered actin cytoskeleton dynamics results in dendritic spines 
anomalies in patients with Nascimento syndrome.

Funding Source: The project is supported by RSF grant #21-65-
00017

Keywords: UBE2A, X-linked intellectual developmental disorder 
type Nascimento, Actin cytoskeleton

2064

KDM5B TRUNCATION ALTERS ECTODERM 
PATTERNING AND CORTICAL NEURAL 
DIFFERENTIATION
Liu, Wenzhong - Child Study Center, Yale Universiity, New 
Haven, CT, USA
Delapenha, Kayla - Child Study Center, Yale School of Medicine, 
New Haven, CT, USA
Olfson, Emily - Child Study Center, Yale School of Medicine, 
New Haven, CT, USA
Fernandez, Thomas - Child Study Center, Yale School of 
Medicine, New Haven, CT, USA

KDM5B, a lysine-specific demethylase, plays an important role 
in stem cell differentiation and embryonic development. Loss of 
function mutations in KDM5B have implicated the gene as a risk 
factor for developmental disorders, including autism spectrum 
disorder, attention-deficit/hyperactivity disorder, congenital heart 
diseases, facial dysmorphism, and agenesis of the corpus callo-
sum. The specific alterations in the human brain resulting from 
mutations in KDM5B remain unclear. To investigate the effect of 
KDM5B deficiency on early embryonic brain development, we 
used human induced pluripotent stem cells (iPSC) and 3D neural 
differentiation systems to identify cell type specific developmen-
tal abnormalities that result from KDM5B truncation created by 
CRISPR gene editing. By performing single-cell RNA sequenc-
ing analysis of more than 30,000 cells and immunochemistry 
analysis of individual organoids, we identify that a deficiency of 

KDM5B results in an increased ratio of cortical neural progenitor 
cells (PAX6+) to cortical neural cells (TBR1+ and SLC17A6+). This 
increase is associated with increased glial cell (S100B+) counts, 
suggesting impairment of cortical neural cell maturation and 
skewing toward glial cell linage. Furthermore, loss of KDM5B dis-
rupts patterning of sensory placodes and the neural crest around 
neural progenitor cells during neurulation. Finally, depletion of 
KDM5B leads to agenesis of choroid-plexus-like cystic structures 
in brain organoids. Our results indicate KDM5B is essential for 
neural cell fate and self-organizing neurodevelopmental pattern-
ing. This study demonstrates the effects of KDM5B truncation 
with relevance for neurodevelopmental disorders and provides 
a path for exploring the function of KDM5B in early neurodevel-
opment.

Funding Source: Yale Child Study Center Pilot Research Award

Keywords: Induced Pluripotent Stem Cells (iPSCs), 
Neurodevelopmental Disorder (DD), KDM5B
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POTENTIAL ROLE OF BRIDGING INTEGRATOR 
PROTEIN 3 (BIN3) IN PARKINSONS DISEASE
Mathivanan, Sakthikumar - Waisman Center, University of 
Wisconsin, Madison, WI, USA
Tao, Yunlong - Waisman Center, University of Wisconsin, 
Madison, WI, USA
Weykopf, Beatrice - Center for Advanced Parkinson Research, 
Brigham and Women’s Hospital and Harvard Medical School, 
Boston, MA, USA
Abella, Emily - Waisman Center, University of Wisconsin, 
Madison, WI, USA
Petersen, Andrew - Waisman Center, University of Wisconsin, 
Madison, WI, USA
Lin, Zechuan - Center for Advanced Parkinson Research, 
Brigham and Women’s Hospital and Harvard Medical School, 
Boston, MA, USA
Liao, Zhixiang - Center for Advanced Parkinson Research, 
Brigham and Women’s Hospital and Harvard Medical School, 
Boston, MA, USA
Parker, Jacob - Center for Advanced Parkinson Research, 
Brigham and Women’s Hospital and Harvard Medical School, 
Boston, MA, USA
Wang, Tao - Center for Advanced Parkinson Research, Brigham 
and Women’s Hospital and Harvard Medical School, Boston, 
MA, USA
Dong, Xianjun - Center for Advanced Parkinson Research, 
Brigham and Women’s Hospital and Harvard Medical School, 
Boston, MA, USA
Levin, Joshua - Stanley Center for Psychiatric Research, Broad 
Institute of MIT and Harvard, Cambridge, MA, USA
Feany, Mel - Department of Pathology, Brigham and Women’s 
Hospital and Harvard Medical School, Boston, MA, USA
Scherzer, Clemens - Center for Advanced Parkinson Research, 
Brigham and Women’s Hospital and Harvard Medical School, 
Boston, MA, USA
Zhang, Su-Chun - Waisman Center, University of Wisconsin, 
Madison, WI, USA

Genome Wide Association Studies (GWAS) in Parkinson’s Dis-
ease (PD) patients have identified numerous non-coding vari-
ants. Using expression Quantitative Trait Locus (eQTL) analyses 
of hundreds of thousands of single brain cells in the Parkinson 
Brain Atlas initiative and in 1,170 human brains, we identified BIN3 
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(Bridging Integrator Protein 3) as an effect gene regulated by a 
GWAS peak on Chromosome 8. This raises the possibility of BIN3 
involvement in PD pathogenesis. By using CRISPR cas9 gene 
editing technology, we generated BIN3 Knockout (KO) and Over 
Expression (OE) human pluripotent stem cell (hPSC) lines. In the 
BIN3 KO hPSC-derived midbrain dopamine neurons, there is a 
substantial increase in alpha-synuclein and serine 129 phosphor-
ylated alpha-synuclein. Western blotting showed decreased lev-
els of proteins related to the autophagosomal-lysosomal system, 
including P62, LAMP1 and LC3BII, suggesting that accumulation 
of alpha-synuclein may be due to impaired degradation. Indeed, 
the BIN3 KO cells display enlarged lysosomes, as indicated by 
lysotracker red. Furthermore, BIN3 KO neurons show reduced 
endocytosis, especially when the neurons were stimulated, indi-
cated by the uptake of a fluorescent dye. These results suggest 
that BIN3 plays a role in regulating vesicular trafficking and al-
teration of BIN3 (e.g., KO) impairs the vesicular trafficking, which 
may impair dopamine neuron function and result in degeneration.

Funding Source: This research is funded in whole or in part by 
Aligning Science Across Parkinson’s through the Michael J. Fox 
Foundation for Parkinson’s Research (MJFF).

Keywords: Parkinson’s Disease, Midbrain Dopaminergic 
neurons, Vesicular trafficking
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DISEASE MODELING OF IMPAIRED BRAIN 
GLUCOSE METABOLISM USING PATIENT-
SPECIFIC IPSC-DERIVED MICROPHYSIOLOGICAL 
MODELS OF THE NEUROVASCULAR UNIT
Rogal, Julia - Department of Neuroscience, Karolinska Institute, 
Solna, Sweden
Wu, Tingting - Department of Neuroscience, Karolinska Institute, 
Solna, Sweden
Gökce, Begüm - Department of Neuroscience, Karolinska 
Institute, Solna, Sweden
Yanovska, Monika - Department of Neuroscience, Karolinska 
Institute, Solna, Sweden
Ygberg, Sofia - Centre for Inherited Metabolic Diseases, 
Karolinska Institute and Karolinska University Hospital, Solna, 
Sweden
Wredenberg, Anna - Centre for Inherited Metabolic Diseases, 
Karolinska Institute and Karolinska University Hospital, Solna, 
Sweden
Wedell, Anna - Centre for Inherited Metabolic Diseases, 
Karolinska Institute and Karolinska University Hospital, Solna, 
Sweden
Herland, Anna - Department of Protein Science, KTH Royal 
Institute of Technology, Stockholm, Sweden

Neurological conditions conquer the world; they are the leading 
cause of disability and second leading cause of death worldwide. 
Although there is growing evidence for the immense impact of 
disturbances in neurometabolism for overall brain function, only 
little is known about the underlying mechanisms. Especially hu-
man insights are sparse due to a paucity of physiologically rel-
evant model systems. To address these challenges, we are de-
veloping a novel, human iPSC-based organ-on-chip model of the 
neurovascular unit (NVU) that integrates all neurometabolically 
active NVU cell types and specifically enables the inspection 
of neurometabolic coupling mechanisms. To categorically cast 
light onto the mechanisms behind impaired metabolism of glu-
cose, the brain’s principal energy supplier, we are focusing on an 

NVU-on-Chip disease model of glucose transporter 1 deficiency 
syndrome (GLUT1-DS). Since GLUT1-DS is monogenic, it presents 
an excellent paradigm to study cellular and molecular conse-
quences of disturbed neuroenergetics, even beyond the disease 
itself. We have successfully generated induced pluripotent stem 
cells (iPSCs) derived from fibroblasts of two GLUT1-DS patients 
carrying different mutations in the solute carrier family 2 member 
1 (SLC2A1) gene. Moreover, we have differentiated neurometa-
bolically relevant NVU cell types (endothelial cells, perivascular 
cells, astrocytes) as well as cerebral organoids from these GLUT1-
DS-iPSCs and investigated (i) key cell type-specific characteris-
tics as well as (ii) changes in energy metabolism compared to 
neural cells/organoids derived from apparently healthy iPSCs. 
To address shortcomings of existing NVU-on-Chip systems, we 
developed a novel microfluidic platform allowing for advanced 
neurometabolic coupling while at the same time retaining acces-
sibility of individual compartments. Thereby, we can specifically 
study perturbations in energy metabolism, blood-brain barrier 
integrity and neuroinflammation as a consequence of GLUT1-DS 
in vitro. Our GLUT1-DS-NVU-on-Chip model holds great promise 
to provide novel knowledge on the underlying mechanisms and 
pathophysiology of GLUT1-DS, and thereby not only benefit those 
afflicted by the orphan disease but impact our understanding of a 
variety of other CNS and metabolically linked disorders.

Keywords: neurovascular unit-on-chip, CNS energy metabolism, 
glucose transporter 1 deficiency syndrome
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ENHANCEMENT OF NEURONAL 
DIFFERENTIATION OF HUMAN DENTAL PULP 
STEM CELLS INDUCED BY ERGOTHIONEINE
Thongsuk, Amarin - Anatomy, Faculty of Science, Mahidol 
University, Bangkok, Thailand
Songsaad, Anupong - Anatomy, Faculty of Dentistry, Mahidol 
University, Bangkok, Thailand
Gonmanee, Thanasup - Faculty of Medicine Ramathibodi 
Hospital, Chakri Naruebodindra Medical Institute, Mahidol 
University, Bangphi, Thailand
Ruangsawasdi, Nisarat - Pharmacology, Faculty of Dentistry, 
Mahidol University, Bangkok, Thailand
Srikawnawan, Wittawas - Anatomy, Faculty of Science, Mahidol 
University, Bangkok, Thailand
Lumbikananda, Supanat - Anatomy, Faculty of Science, Mahidol 
University, Bangkok, Thailand
Thonabulsombat, Charoensri - Anatomy, Faculty of Science, 
Mahidol University, Bangkok, Thailand

Neurodegenerative diseases were characterized by the loss of 
neurons. Stem cell-based therapy is a promising treatment to gen-
erate functional neurons for neurodegenerative disease. Human 
dental pulp stem cells (hDPSCs) are alternative candidates due to 
their neuronal differentiation. However, the differentiation ability 
still presented a low percentage of differentiated cells. Interest-
ingly, Ergothioneine (ERGO), a mushroom-extracted compound 
consisting of sulfur-containing amino acid, can be specifically trig-
gered neuronal differentiation via organic cation transporter N1 
uptake. Therefore, this study aims to demonstrate the potential of 
ERGO as an enhancer of neuronal differentiation of hDPSCs. The 
hDPSCs were characterized by cell morphology, plastic adherent, 
self-renewal, and multipotential differentiation. Following, neu-
ronal induction treatment with/without 500 μM ERGO was per-
formed. The characterization of differentiated hDPSCs was eval-
uated by cell morphology and β-III tubulin immunofluorescence 
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) staining. The hDPSCs exhibited fibroblast-like shape morphology 
with plastic adherent and can be performed self-renewal, and 
multipotential differentiation including osteogenic, adipogenic, 
and neurogenic lineage which is characterized as mesenchymal 
stem cells. Importantly, under neuronal induction medium, the 
hDPSCs were differentiated into neuronal-like morphology which 
positively expressed β-III tubulin (neurogenic-associated protein, 
immature neuron marker) while the hDPSCs presented the fibro-
blast morphology. Interestingly, synergistic treatment with 500 
μM ERGO significantly increased the percentage of neuronal-like 
cells, which enhanced 1.5 times and 7.6 times neuronal differen-
tiation when compared to the neuronal induction medium and 
negative control medium, respectively. Taken together, these 
findings could be suggested that using ERGO as the neuronal 
differentiation enhancer to increase the number of neuron for 
neurodegenerative disease.

Keywords: Human dental pulp stem cells, Neuronal 
differentiation, Ergothioneine
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TRANSCRIPTOMIC PROFILING OF PSEN1-
MUTANT CEREBRAL ORGANOIDS REVEALS 
DYSREGULATED MITOCHONDRIA FUNCTIONS IN 
A SUBPOPULATION OF ASTROCYTES
Qiu, Lifeng - Research Department, National Neuroscience 
Institute, Singapore
Hamashima, Kiyofumi - Research, Institute of Molecular and Cell 
Biology, Singapore
Lee, Jolene - Research, National Neuroscience Institute, 
Singapore
Loh, Yuin-Han - Research, Institute of Molecular and Cell 
Biology, Singapore 
Ng, Adeline - Neurology, National Neuroscience Institute, 
Singapore 
Zeng, Li - Research, National Neuroscience Institute, Singapore

Alzheimer’s disease (AD) is the primary form of dementia with at 
least 50 million people suffering from it. Our understanding of 
AD pathophysiology is still rudimentary, due to the complexity of 
the brain and disease, and limitations with animal models. Ce-
rebral organoids (COs) are self-organizing and offer an unprec-
edented model with better structural and functional complexity 
resembling the human brain. Our work aims to model Presenilin1 
(PS1)-mutant AD pathogenesis and study the effects of astrocytes 
on Aβ clearance using patient iPSCs-derived COs. In this study, 
COs were differentiated from patient-derived iPSCs that har-
bour PS1 mutation and their isogenic controls were corrected via 
CRISPR/Cas9. Subsequently, we conducted single-cell RNA se-
quencing (scRNAseq) on mutant and corrected COs and studied 
transcriptomic differences in a subpopulation of astrocytes. We 
observed typical neurodevelopment patterning and spontaneous 
differentiation of astrocytes in COs with accumulation AD disease 
hallmarks such as Aβ aggregates and p-Tau in PS1-mutant COs 
which recapitulates AD progression. scRNAseq revealed genes 
implicated in mitochondria process were significantly upregulat-
ed in a subpopulation of astrocytes present in PS1-mutant COs. 
Interestingly these genes are respectively and have also been 
reported to be implicated in other diseases such as Parkinson’s 
Disease. To our knowledge, the role of these genes in astrocytes 
involved AD pathology have not been studied extensively. Study-
ing these genes in the context of AD could help us unravel new 
mechanisms leading up to AD neuropathology and provide an 
opportunity to develop drugs to intervene in AD progression. Ul-

timately, unravelling deregulation of mitochondria processes in 
astrocytes and its effects on Aβ clearance will shed light on their 
role in AD progression.

Keywords: cerebral organoid, Alzheimer’s disease, scRNAseq
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C9ORF72 MUTATION INDUCES HUMAN 
ENDOGENOUS RETROVIRUS-K EXPRESSION IN 
MOTOR NEURONS
Wang, Tongguang - Translational Neuroscience Center, NINDS/
NIH, Bethesda, MD, USA
Henderson, Lisa - SINS, NIH/NINDS, Bethesda, MD, USA
McDonalds, Valerie - Translational Neuroscience Center, NIH/
NINDS, Bethesda, MD, USA
Traynor, Bryan - Laboratory of Neurogenetics, NIH/NIA, 
Bethesda, MD, USA
Nath, Avindra - SINS, NIH/NINDS, Bethesda, MD, USA

Integrated retroviral elements in human genome play an im-
portant role in human brain development and in the pathogen-
esis of neurological disorders. HERV-K components have been 
found reactivated in brain and cerebrospinal fluid of individuals 
with Amyotrophic Lateral Sclerosis (ALS) which can cause motor 
neurotoxicity. C9orf72 repeat expansion is known to occur in a 
subset of ALS patients. It introduces DNA damage and increas-
es KU80 activity, a protein responsible for recruiting DNA repair 
elements. Whether the C9orf72 repeat expansion itself results in 
HERV-K activation is unknown. We generated iPSCs from CD34 
cells purified from PBMCs of ALS patients with C9orf72 expan-
sion. iPSCs were further differentiated into motor neurons and 
monitored for HERV-K env expression using RT-PCR. We found 
that HERV-K env expression was increased in C9orf72 motor 
neurons compared to those derived from healthy controls. The 
abnormal activation of HERV-K env was specific for motor neu-
rons, and was not noted in iPSCs. An antisense oligonucleotide 
(ASO) targeting C9orf72 mutations, also decreased HERV-K env 
activation and KU80 expression. Inhibition of KU80 using siRNAs 
resulted in an attenuation of HERV-K expression as well. The re-
sults indicate that C9of72 expansion causes HERV-K activation 
specifically in motor neurons. This activation may be mediated by 
KU80-associated DNA repair process. As HERV-K activation has 
been shown to cause detrimental effect on motor neurons, ASOs 
targeting C9orf72 or HERV-K env could provide the therapeutic 
benefit in ALS patients with C9orf72 expansion.

Funding Source: Funded by the NIH/NINDS intramural fund

Keywords: C9orf72, ALS, iPSC
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DEFECTIVE OXPHOS PERTURBS THE NEURONAL 
DIFFERENTIATION OF HUMAN ENTERIC NEURAL 
CREST CELLS AS REVEALED BY THE IPSC MODEL 
OF HIRSCHSPRUNG DISEASE AND SINGLE-CELL 
TRANSCRIPTOMIC ANALYSIS
Ngan, Elly - Department of Surgery, University of Hong Kong, 
Hong Kong 
Liu, Zhixin - Department of Surgery, The University of Hong 
Kong, Hong Kong
Lui, Kathy - Department of Surgery, The University of Hong 
Kong, Hong Kong
Lau, SinTing - Department of Surgery, The University of Hong 
Kong, Hong Kong
Lai, Frank - Department of Surgery, The University of Hong 
Kong, Hong Kong

Hirschsprung disease (HSCR) is characterized by the absence 
of enteric neurons caused by the defects of enteric neural crest 
cells (ENCCs), leading to intestinal obstruction. Here, using iP-
SC-based models of HSCR and single-cell transcriptomic analy-
sis, we identified a gene set of 118 genes commonly dysregulated 
in all HSCR-ENCCs, with HDAC1 found to be a key regulator of 
these genes. Furthermore, upregulation of RNA splicing media-
tors and enhanced alternative splicing events were associated 
with severe form of HSCR. In particular, the higher inclusion rate of 
exon 9 in PTBP1 and the perturbed expression of a PTBP1-target, 
PKM, were significantly enriched in these HSCR-ENCCs, and as-
sociated with the defective oxidative-phosphorylation (OXPHOS) 
and impaired neurogenesis. Inhibition of HDAC1 and up-regula-
tion of PKM1 significantly enhanced the differentiation capacity 
of HSCR-ENCCs. In sum, we have defined the core factors un-
derpinning HSCR disease and demonstrated the implications of 
OXPHOS in ENCC development and HSCR pathogenesis.

Funding Source: This work was substantially supported by the 
HMRF grants (Project no.: 06173306, 08192786) and the General 
Research Fund (GRF: HKU 17108019, 17101320) Hong Kong

Keywords: neural crest, neuronal differentiation, Hirschsprung 
disease
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DEVELOPING A SCALEABLE, 3D, BIOREACTOR 
BASED PROTOCOL FOR THE GENERATION 
OF EBISC-NEUR1, HUMAN INDUCIBLE NGN2 
NEURONS
Steeg, Rachel - EBiSC, Fraunhofer UK Research Ltd, Glasgow, 
UK
Wihan, Jeanette - Project Center for Stem Cell Process 
Engineering, Fraunhofer Institute for Biomedical Engineering, 
Wuerzburg, Germany
Karnatz, Isabell - Project Center for Stem Cell Process 
Engineering, Fraunhofer Institute for Biomedical Engineering, 
Wuerzburg, Germany
Rabets, Andrii - Project Center for Stem Cell Process 
Engineering, Fraunhofer Institute for Biomedical Engineering, 
Wuerzburg, Germany
Sébastien, Isabelle - Project Center for Stem Cell Process 
Engineering, Fraunhofer Institute for Biomedical Engineering, 
Wuerzburg, Germany
Schmid, Benjamin - Department for Gene-editing and CNS 
Modelling, Bioneer A/S, Hoersholm, Denmark
Clausen, Christian - Department for Gene-editing and CNS 
Modelling, Bioneer A/S, Hoersholm, Denmark
Neyrinck, Katrien - Stem Cell Institute, Department of 
Development and Regeneration, KU Leuven, Belgium
Ahuja, Karan - Stem Cell Institute, Department of Development 
and Regeneration, KU Leuven, Belgium
Verfaillie, Catherine - Stem Cell Institute, Department of 
Development and Regeneration, KU Leuven, Belgium
Neubauer, Julia - Project Center for Stem Cell Process 
Engineering, Fraunhofer Institute for Biomedical Engineering, 
Wuerzburg, Germany
Zimmermann, Heiko - Fraunhofer Institute for Biomedical 
Engineering, Sulzbach, Germany

Human induced pluripotent stem cells (hiPSCs) represent a valu-
able and versatile tool for research and drug development. To 
meet the increasing demand in high-quality hiPSCs and their de-
rivatives, the non-profit European Bank for induced pluripotent 
Stem Cells (EBiSC) was founded in 2014. By integrating state-of-
the-art upscaling and automation, EBiSC provides a central plat-
form for standardized cells and operating procedures. Here we 
applied this approach for a fast and efficient protocol to differ-
entiate genetically modified, doxycycline-inducible Neurogenin 2 
(iNGN2) expressing hiPSCs into EBiSC-NEUR1 neurons using a 
benchtop 3D cell culture incubator. In brief, single cell suspen-
sions of hiPSCs were allowed to form aggregates first, followed 
by the addition of doxycycline to drive neuronal lineage commit-
ment. After two days of transgene induction, aggregates were 
dissociated and cells either cryopreserved or replated for termi-
nal maturation. BIONi010-C-13 iNGN2 neurons are generated in 
high yield and are also available as the hiPSC-derived product 
NEUR1 via EBiSC (www.EBiSC.org). Besides the expression of 
classical neuronal markers such as beta-III-tubulin and microtu-
bule associated protein 2 early on, iNGN2 neurons form complex 
and dense neuritic networks within one week after replating in-
dicating an increasing maturity of the cultures. In summary, we 
demonstrate the bulk generation of iNGN2 neurons in a 3D en-
vironment, with potential applications in disease modeling, phe-
notypic high-throughput drug screenings and large-scale toxicity 
testing.

Funding Source: This project has received funding from the 
Innovative Medicines Initiative 2 Joint Undertaking (JU) under 
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) grant agreement No 821362. The JU receives support from the 
European Union’s Horizon 2020 RIA programme and EFPIA.

Keywords: iPSC, Neuron, 3D
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ALTERED GLUTAMATERGIC DEVELOPMENT IN 
HIPPOCAMPAL-CORTICAL CIRCUITRY IN 3D 
MODELS OF SCHIZOPHRENIA
Lopes, Claudia A. - Department of Psychiatry, McLean Hospital, 
Harvard Medical School, Belmont, MA, USA
Bhatia, Kaiya - Psychiatry, Harvard Medical School, Belmont, 
MA, USA
Boyce, Zack - Psychiatry, Harvard Medical School, Belmont, MA, 
USA
Cohen, Bruce - Psychiatry, Harvard Medical School, Belmont, 
MA, USA
Detloff, Kristen - Boston, MA, USA
Kim, Kwang-Soo - Psychiatry, Harvard Medical School, Belmont, 
MA, USA
McPhie, Donna - Psychiatry, Harvard Medical School, Belmont, 
MA, USA

SCZ has neurodevelopmental origins. Difficulties in recapitulat-
ing human brain development has slowed our understanding of 
its pathophysiology. Here we propose to use, single region Hip-
pocampal Organoids (HOs) and double region hippocampal+-
cortical organoids (DOs or double organoids) to investigate key 
neurodevelopmental alterations in the brains of individuals diag-
nosed with SCZ. While much remains to be clarified, it is accepted 
that patients with SCZ have altered brain structure and function. 
Post-mortem studies indicate that the disorder is characterized 
by reduced brain volume, cell size, spine density and abnormal 
neural distribution in the prefrontal cortex (PFC) and hippocam-
pus (Hc). At the same time iPSC studies show deficits in migration, 
synaptic maturation, and activity of SCZ neurons suggesting that 
abnormal neural development culminates in the failure of neural 
circuits to form and function appropriately. The PFC and the Hc 
are central to architectural and circuit abnormalities in SCZ. The 
Hc projects profusely to the entire PFC via a strong monosynaptic 
glutamatergic projection in the Hippocampal-prefrontal pathway 
(H-PFC); but the interplay between these regions is deficient in 
SCZ. We hypothesize that the H-PFC is a primary source of gluta-
matergic induced dysfunction of the PFC. The prominence of the 
H-PFC pathway in executive function and emotional regulation 
underscores its potential role in SCZ’s cognitive symptoms and, 
thereby, it may be a promising therapeutic target. We will utilize 
Brain Organoids as models to investigate the neurodevelopmen-
tal and circuitry alterations in SCZ. We posit that i) reduced pro-
genitor pool and impaired migration are responsible for smaller 
Hc size in SCZ and ii) defects in glutamatergic neural transmission 
will produce imprecise temporal coordination of neural activity 
manifesting in abnormal H-PFC circuitry synchronization. We will 
address this through the study of i) HOs and ii) DOs, respective-
ly, to understand how disturbed neural synchrony can contribute 
to failures of effective connectivity and neural integration in SCZ, 
and how these are modulated by a glutamatergic dysfunction. 
This study will contribute to our knowledge of SCZ’s neurodevel-
opmental roots by creating an early Hc and H-PFC model system.

Funding Source: T32 NIMH Fellow

Keywords: Organoid, Neural, Schizophrenia

2073

TET1-EXPRESSING IPS CELLS REPRESENT 
HIGHER SOMATIC DIFFERENTIATION 
CAPABILITY BY SUPPRESSION OF 
EXTRAEMBRYONIC LINEAGE
Motono, Makoto - Department of Anatomy and Cell Biology, 
Osaka Medical and Pharmaceutical University, Takatsuki, 
Japan
Hiraki-Kamon, Keiko - Department of Developmental Biology 
and Functional Genomics, Ehime University, Toon-shi, Japan
Kamon, Masayoshi - Department of Developmental Biology and 
Functional Genomics, Ehime University, Toon-shi, Japan
Kiyosawa, Hidenori - Department of Life Science, Chiba Institute 
of Technology, Narashino-shi, Japan
Kondo, Yoichi - Department of Anatomy and Cell Biology, Osaka 
Medical and Pharmaceutical University, Takatsuki, Japan
Kato, Hidemasa - Department of Developmental Biology and 
Functional Genomics, Ehime University, Toon-shi, Japan

Human pluripotent stem cells such as human induced pluripotent 
stem cells (hiPSCs) would meet promising clinical and pharma-
ceutical needs if these cells robustly are induced to the desired 
cell types in vitro. Currently, numerous aberrant regulations of the 
signaling pathways and epigenetic statuses have been proposed 
to be causative of the observed differentiation defectiveness, 
but no consensus has been attained. Therefore, we screened 
in-house large isogenic male and female hiPSCs and unveiled a 
subpopulation of extraembryonic-biased cells within most hiPSC 
clones, coinciding with TET1-low cells. The extraembryonic pro-
pensity of these hiPSC clones was mainly driven by high BMP4 
expressivities, solely produced by the TET1-low subpopulation. 
Our TET1-aided hiPSCs (T-iPSCs), where the conventional repro-
gramming cocktail (OSKM+LIN28A+p53shRNA) was supplement-
ed with the DNA demethylase TET1, showed enhanced epithe-
lialized morphology, a trait attributable to TET1 activity during 
reprogramming, but also were devoid of TET1-low subpopulation 
and exhibited minimal extraembryonic gene noises. Furthermore, 
we enhanced the neural inductivity of not only the dual SMAD 
inhibition (inhibiting BMP and NODAL signaling) but also WNT 
inhibition (triple inhibition). Notably, the triple inhibition of T-iP-
SCs, but no other iPSC clones, led to the in vitro differentiation 
of ventral midbrain dopaminergic neurons with unprecedented 
fidelity and efficiency by responding to the embryonic axes’ mor-
phogens robustly. We propose the T-iPSC production pipeline as 
a de facto standard for human iPSC reprogramming.

Funding Source: This work was supported by AMED under 
Grant Number JP19bk0104090h0001.

Keywords: TET-1, Differentiation, Extraembryonic propensity
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2074

MAPPING THE STRUCTURE AND FUNCTION OF 
WHOLE-MOUNT HUMAN RETINAL ORGANOIDS
Duarri, Anna - Ophthalmology, Vall d’Hebron Institut de 
Recerca (VHIR), Barcelona, Spain
Cunquero, Marina - ICFO-Institut de Ciències Fotòniques, The 
Barcelona Institute of Science and Technology, Castelldefels, 
Spain
Castro-Olvera, Gustavo - ICFO-Institut de Ciències Fotòniques, 
The Barcelona Institute of Science and Technology, 
Castelldefels, Spain
Marsal, Maria - ICFO-Institut de Ciències Fotòniques, The 
Barcelona Institute of Science and Technology, Castelldefels, 
Spain
Isla-Magrané, Helena - Ophthalmology Research Group, Vall 
d’Hebron Institut de Recerca, Barcelona, Spain
García-Arumí, Josep - Ophthalmology Research Group, Vall 
d’Hebron Institut de Recerca, Barcelona, Spain
Loza-Alvarez, Pablo - ICFO-Institut de Ciències Fotòniques, The 
Barcelona Institute of Science and Technology, Castelldefels, 
Spain

Retinal organoids derived from human pluripotent stem cells are 
highly similar to the human retinal structure. They have many po-
tential applications in research, including the study of retinal de-
velopment and disease, the testing of new therapies for retinal 
diseases, and the development of new models for drug screen-
ing. For that, it is essential to understand how they work from a 
4D perspective in order to test their reproducibility. In this study, 
we first characterized the structure of whole-mount mature retinal 
organoids in their natural 3D architecture by optimizing several 
optical clearing methods (fructose/glycerol, ECi, and FluoClear 
BABB) in combination with improved antibody permeabilization. 
We identified the distinct retinal cell types and their spatial-tem-
poral interaction within the organoid using specific antibodies. 
We described the morphology and population of the three neu-
ron-path that provide the direct route for visual information trans-
mission: cone and rod photoreceptors, bipolar and ganglion cells. 
Then, we used light-sheet fluorescence microscopy (LSFM) to de-
fine the functional window of the retinal organoid’s responsive-
ness to light. LSFM uses a thin sheet of light to irradiate the sam-
ple, and the fluorescence generated is captured with a camera. In 
this manner, we can track fast live dynamics (15 Z-planes at 5 Hz; 
200 ms/volume) occurring on a volumetric scale (600x830x150 
µm) with minor (or none) photo-toxic or photo-damage effects. 
To functionally characterize the organoids, we studied calcium 
dynamics by delivering genetically encoded calcium indicators 
(GCaMP6s) with viral vectors. We imaged in high-resolution the 
retinal organoid response to light stimuli in 3D and at a cellular 
scale. The changes in fluorescence intensity were quantified to 
determine the pattern and frequency of calcium signals. These 
findings shed more light on the temporal, spatial, and function-
al organization of retinal cells within the organoid and are highly 
promising as an in vitro model for retinal diseases due to their re-
capitulation of the structure and physiology of the human retina.

Keywords: retinal organoids, in vivo imaging, Calcium imaging

2075

HUMAN PLURIPOTENT STEM CELLS-DERIVED 
INNER EAR ORGANOIDS RECAPITULATE OTIC 
DEVELOPMENT IN VITRO
Roccio, Marta - Department of Otorhinolaryngology, Head and 
Neck Surgery, University of Zurich, Switzerland
Doda, Daniela - Otorhinolaryngology Head and Neck Surgery, 
University of Zürich and University Hospital Zurich, Switzerland
Alonso Jimenez, Sara - Otorhinolaryngology Head and Neck 
Surgery, University of Zurich and University Hospital Zurich, 
Switzerland
Rehrauer, Hubert - Functional Genomics Center Zurich, 
University of Zürich and ETH, Zürich, Switzerland
Carreño, Jose’ - Functional Genomics Center Zurich and 
Otorhinolaryngology Head and Neck Surgery, ETH, Zürich, 
Switzerland
Valsamides, Victoria - Otorhinolaryngology Head and Neck 
Surgery, University of Zurich and University Hospital Zurich, 
Switzerland
Di santo, Stefano - Department for BioMedical Research, 
University of Bern, Switzerland
Widmer, Hans Ruedi - Department for BioMedical Research, 
University of Bern, Switzerland
Edge, Albert - Massachusetts Eye and Ear, Harvard Medical 
School, Boston, MA, USA
Locher, Heiko - Otorhinolaryngology and Head and Neck 
Surgery, Leiden University Medical Center, Leiden, Netherlands
van der Valk, Wouter - Department of Otorhinolaryngology and 
Head and Neck Surgery, Leiden University Medical Center, 
Leiden, Netherlands
Zhang, Jingyuan - Department of Otolaryngology and F.M. Kirby 
Neurobiology Center, Boston Children’s Hospital, Boston, MA, 
USA
Koehler, Karl - Department of Otolaryngology and F.M. Kirby 
Neurobiology Center, Boston Children’s Hospital, Harvard 
Medical School, Boston, MA, USA

Our molecular understanding of the early stages of human inner 
ear development has been limited by the difficulty in accessing 
fetal samples at early gestational stages. As an alternative, pre-
vious studies have shown that inner ear morphogenesis can be 
partially recapitulated using pluripotent stem cells (iPSCs) direct-
ed to differentiate into Inner Ear Organoids (IEOs). Once validated 
and benchmarked, these systems could represent unique tools 
to complement and refine our understanding of human otic dif-
ferentiation and model developmental defects. Here, we provide 
one of the first direct comparisons of the early human embryonic 
otocyst and iPSC-derived IEOs. We use multiplexed immunos-
taining, and single-cell RNA sequencing to characterize IEOs at 
three key developmental steps, providing a new and unique sig-
nature of in vitro derived otic -placode, -epithelium, -neuroblasts, 
and -sensory epithelia. In parallel, we evaluated the expression 
and localization of critical markers at these equivalent stages in 
human embryos. We show that the otic placodes derived in vi-
tro (day 8-12) match marker expression of Carnegie Stage (CS) 11 
embryos and subsequently (day 20-40) give rise to otic epithelia 
and neuroblasts comparable to the CS13 embryonic stage. Dif-
ferentiation of sensory epithelia, including supporting cells and 
hair cells, starts in vitro at day 50-60 of culture. The maturity of 
these cells is equivalent to vestibular sensory epithelia at week 10 
or cochlear tissue at week 12 of development, before functional 
onset. Together, our data indicate that the current state-of-the-art 
protocol enables the specification of bona fide otic tissue, sup-
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) porting the further application of IEOs to inform inner ear biology 
and disease.

Keywords: Human Otic Development, Inner Ear Organoids, 
scRNASEQ profiling otic epithelia, neuroblasts and sensory hair 
cells

2076

CTIP2-DRIVEN MONOSYNAPTIC TRACING TO 
CHARACTERIZE DEVELOPMENT OF CORTICAL 
MICROCIRCUITRY IN LONG-TERM ORGANOID 
CULTURES
Harary, Paul - Neurosurgery, Perelman School of Medicine, 
University of Pennsylvania, Philadelphia, PA, USA
Lim, James - Neuroscience, Jefferson College of Life Sciences, 
Philadelphia, PA, USA
Dedhia, Mehek - Neurosurgery, University of Pennsylvania, 
Philadelphia, PA, USA
Castellanos, Mackenzie - Neurosurgery, University of 
Pennsylvania, Philadelphia, PA, USA
Jgamadze, Dennis - Neurosurgery, University of Pennsylvania, 
Philadelphia, PA, USA
Song, Hongjun - Neuroscience, University of Pennsylvania, 
Philadelphia, PA, USA
Ming, Guo-li - Neuroscience, University of Pennsylvania, 
Philadelphia, PA, USA
Chen, Han-Chiao Isaac - Neurosurgery, University of 
Pennsylvania, Philadelphia, PA, USA

Recent advances in brain organoid (Org) technology have en-
abled expansion of laminar structure in long-term cultures. How-
ever, it is still unknown to what extent circuit-level architecture 
in developing Orgs reflects the “canonical” cortical microcircuit. 
Obtaining a stronger understanding of Org neural circuity is im-
portant to their translational use as a platform to study neurode-
velopmental disorders as well as a substrate for use in neural re-
pair. To explore circuit structure in forebrain Orgs, we used the 
layer V (L5)-specific CTIP2 promoter to drive rabies virus-based 
monosynaptic retrograde tracing and characterize the network of 
inputs to L5 cells. A “helper” virus was used to co-express rabies 
glycoprotein and TVA in CTIP2+ starter cells, which are required 
genes for spread of subsequently added ΔG rabies viral vector 
expressing GFP. This system was used to assess the sources of 
L5 inputs at 3 time points: differentiation day (dd) 70, 100 and 
130. Orgs were grown from an iPSC line derived from a healthy 
volunteer. Transduction with LV-CTIP2-DsRedExpress2-G-TVA 
was performed 7 days before addition of EnvA-RVΔG-GFP. Orgs 
were fixed 7 days after rabies infection for histology. Images were 
processed in CellProfiler and segmented for DAPI, cortical layer 
markers and GFP. Percent abundance of each layer marker was 
compared between total cells (TC) and inputs to L5 cells (L5-Inp) 
to determine preferential connectivity. Statistical analyses were 
performed using a Student’s t-test (sig. = P < 0.05). Orgs were 
selected randomly from cultures in 2 independent experiments. 
The fraction of CTIP2+ (L5) L5-Inp was significantly higher than TC 
at all time points, while fractions of Cux1+ (L2-3) and Satb2+ (L4) 
L5-Inp were significantly higher only at later time points. Foxp2 
(L6) was lower in L5-Inp than TC (NS). Overall expression of Cux1, 
Ctip2 and Satb2 increased significantly from dd100 to dd130. To-
tal number of GFP+ cells was comparable over time, indicating 
stable network size of L5-Inp in maturing Orgs. Our data broadly 
suggests development of an organized circuit in maturing Orgs, 
with distribution of layers in L5-Inp clearly differing from that in 
TC. Next steps to investigate micro-circuitry of Orgs include an-

alyzing later developmental time points and performing tracing 
driven by other layer-specific promoters.

Funding Source: National Institutes of Health (R01NS119472 to 
H.-C.I.C.)

Keywords: Cortical organoids, Retrograde tracing, Tissue 
engineering

TOPIC: NO TISSUE SPECIFICITY
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POST GASTRULATION SYNTHETIC EMBRYOS 
GENERATED EX UTERO FROM MOUSE NAIVE 
ESCS
Joubran, Carine - Molecular Genetics, Weizmann Institute of 
Science, Rehovot, Israel
Aguilera Castrejon, Alejandro - Molecular Genetics, Weizmann 
Institute of Science, Rehovot, Israel
Hanna, Yaqub (Jacob) - Molecular Genetics, Weizmann Institute 
of Science, Rehovot, Israel
Novershtern, Noa - Molecular Genetics, Weizmann Institute of 
Science, Rehovot, Israel
Tarazi, Shadi - Molecular Genetics, Weizmann Institute of 
Science, Rehovot, Israel

In vitro cultured stem cells with distinct developmental capacities 
can contribute to embryonic or extraembryonic tissues after mi-
croinjection into pre-implantation mammalian embryos. However, 
whether cultured stem cells can independently give rise to entire 
gastrulating embryo-like structures with embryonic and extra-
embryonic compartments remains unknown. Here, we adapt a 
recently established platform for prolonged ex utero growth of 
natural embryos to generate mouse post-gastrulation synthetic 
whole embryo models (sEmbryos), with both embryonic and ex-
traembryonic compartments, starting solely from naive ESCs. This 
was achieved by co-aggregating non-transduced ESCs, with na-
ive ESCs transiently expressing Cdx2 or Gata4 to promote their 
priming toward trophectoderm and primitive endoderm lineages, 
respectively. sEmbryos adequately accomplish gastrulation, ad-
vance through key developmental milestones, and develop or-
gan progenitors within complex extraembryonic compartments 
similar to E8.5 stage mouse embryos. Our findings highlight the 
plastic potential of naive pluripotent cells to self-organize and 
functionally reconstitute and model the entire mammalian em-
bryo beyond gastrulation.

Keywords: synthetic embryos., naive pluripotency, ex utero
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TOPIC: MUSCULOSKELETAL

2131

EPIGENETIC REGULATOR PTIP GOVERNS 
SKELETAL STEM CELL QUIESCENCE VIA 
REGULATING GLYCOLYSIS FOR SKELETAL 
HOMEOSTASIS
Liang, Jianfei - Stomatology, Xi’an Jiaotong University, Xi’an, 
China
Wang, Jing - College of Stomatology, Wuhan University, Wuhan, 
China

Skeletal homeostasis depends on the stringent governance of 
quiescent state of stem cells. Skeletal stem cells (SSCs), with hi-
erarchical cell populations similar to hematopoietic stem cell lin-
eage and specific cell surface markers, have been identified in 
mouse and human growth plates. A series of studies have found 
that SSCs play an important role in fracture repair, distraction os-
teogenesis, articular cartilage regeneration and craniosynostosis. 
However, the underlying mechanisms in controlling the SSCs 
quiescence remain largely unclear. Chromatin states exhibiting 
various epigenetic landscapes are crucial for defining cellular 
identify and differentiation, but how it acts in determining SSC 
fate is totally unknown. Here, we profiled histone modifications 
by focusing on H3K4me1, H3K4me3 and H3K27ac in SSCs and 
subpopulations including pBCSPs and BCSPs, and found epigen-
etic alterations play a crucial role in governing the developmental 
trajectory of SSCs. To further identify the key epigenetic regu-
lator in SSCs, firstly, we identified the super-enhancer in SSCs, 
pBCSPs and BCSPs by ranking H3K27ac signal. Surprisingly, we 
found that Ptip was the gene with the highest H3K27ac modifi-
cation in SSCs. Then, we first crossed Ptipfloxp/floxp mice with 
Ubc-CreERT mice and R26-confetti mice to trace clonal activity 
of SSCs in the long bone and found loss of Ptip disturbed SSC 
quiescence. Ptip-deficient mice showed skeletal dysplasia and 
disturbed SSCs quiescence. By analyzing of RNA-seq, we found 
that the expression levels of metabolic genes were markedly in-
creased. As expected, glucose consumption, lactic acid produc-
tion and glycolytic capacity were markedly increased. Integrated 
analysis of RNA-seq and ChIP-seq data showed Pgk1 was the di-
rect target of Ptip. When inhibiting glycolysis using 2-DG, the level 
of ECAR, the cell number and percentage, chondrogenic capacity 
were normalized. Taken together, our results reveal that Ptip is 
a critical glycolytic regulator in controlling SSCs quiescence for 
skeletal homeostasis.

Keywords: Epigenetic, skeletal stem cell, bone development

2078

DISCOVERY OF NOVEL CANCER T CELL 
ANTIGENS THROUGH MULTI-OMICS ANALYSIS 
OF PLURIPOTENT STEM CELLS
Huang, Ziyi - Biochemistry, Monash University, Melbourne, 
Victoria, Australia
Laslett, Andrew - Australian Regenerative Medicine Institute, 
Monash University, Melbourne, Australia
Purcell, Anthony - Monash Biomedicine Discovery Institute and 
Department of Biochemistry and Molecular Biology, Monash 
University, Melbourne, Australia
Illing, Patricia - Monash Biomedicine Discovery Institute and 
Department of Biochemistry and Molecular Biology, Monash 
University, Melbourne, Australia

In recent studies, pluripotent stem cells (PSCs) have been shown 
to boost antigen-specific immunity in cancer treatment. It is hy-
pothesized that non-mutant antigens presented by PSCs can 
prime T cells against cancer, thereby reducing tumour burden 
and preventing cancer growth. To investigate this hypothesis, we 
initiated a mass spectrometry-based epitope discovery program. 
Our program focuses on interrogating the HLA-I immunopepti-
dome of both embryonic stem cells (ESCs) and induced pluripo-
tent stem cells (iPSCs) to determine the mechanisms that enable 
PSCs to generate anticancer responses. Our data show that the 
inflammatory cytokine IFN-γ upregulates HLA-I mediated antigen 
presentation in undifferentiated PSCs. This upregulation results 
in increased expression of key antigen presentation machinery 
components TAP1 and Tapasin, which are normally poorly ex-
pressed in PSCs. These findings suggest that undifferentiated 
PSCs can express high levels of antigen presentation machinery 
components and present antigens for T cell recognition. In sup-
port of this, our HLA-I immunoprecipitation and mass spectromet-
ric analysis of eluted peptide ligands revealed the presentation 
of a wide array of novel and previously reported cancer T cell 
epitopes. Taken together, our data provide a mechanism for the 
observed anticancer effects induced by PSCs and identify PSCs 
as a novel antigen source with potential to induce T cell-mediated 
immune response against diverse cancer types. Furthermore, we 
identified a subset of HLA-I bound peptides derived from com-
mon PSC and cancer-derived antigens that are marginally or not 
at all expressed by somatic tissues. These findings underscore 
the potential of PSCs as a novel and powerful tool in cancer im-
munotherapy.

Keywords: induced pluripotent stem cells, tumor-specific 
antigens, cancer immunotherapy
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CHARACTERİZATION OF HUMAN INDUCED 
PLURIPOTENT STEM CELL DERIVED 
PARATHYROID ORGANOIDS IN VITRO AND IN 
VIVO
Dogan, Aysegul - Genetics and Bioengineering, Yeditepe 
University, Istanbul, Turkey
Şenkal, Selinay - Genetics and Bioengineering, Yeditepe 
University, Istanbul, Turkey
Bulut, Ezgi - Genetics and Bioengineering, Yeditepe University, 
Istanbul, Turkey
Başak Türkmen, Neşe - Pharmaceutical Toxicology, Inönü 
University, Malatya, Turkey
Aydın, Muhterem - Obstetric and Gynecology, Fırat University, 
Elazığ, Turkey
Taşlıdere, Aslı - Histology and Embryology, Inönü University, 
Malatya, Turkey
Yüce, Hande - Pharmaceutical Toxicology, Inönü University, 
Malatya, Turkey
Şahin, Fikrettin - Genetics and Bioengineering, Yeditepe 
University, Istanbul, Turkey

The parathyroid gland consists of four small glands located at the 
posterior of the thyroid gland which are originated from the endo-
derm layer. Parathyroid cells secrete parathyroid hormone (PTH) 
which acts on the bone, kidney, and small intestine to maintain 
the calcium/phosphorus balance. Due to the limited proliferation 
capacity of parathyroid tissue cells in culture, alternative cell and 
tissue sources are required for cell therapy. The microanatomy of 
the parathyroid gland might enable modelling of the organ struc-
ture in vitro via organoids. In the current study, we demonstrated 
for the first time that parathyroid organoids derived from induced 
pluripotent stem cells (iPSCs) are capable of efficient hormone 
release. Parathyroid organoids were derived from fibroblast de-
rived iPSCs in 3D Matrigel dome structures by induction of en-
doderm generation as the initial step of a 20 days of differenti-
ation protocol. Parathyroid organoids were characterized by the 
morphological, physiological, and molecular analyses. The PTH 
secretion by the parathyroid organoids was evaluated in a time 
dependent manner. Protein expression and RNA-Seq analyses 
confirmed the expression of parathyroid related markers such 
as Foxn1, Gcm2, CasR, PTH, and CxCR4 in organoids. Organ-
oid condition medium induced osteogenic differentiation of the 
preosteoblast cell line indicating active and functional PTH re-
lease. The rise in ERK phosphorylation in CasR+ cells in response 
to varying calcium doses, provided evidence that organoids can 
functionally respond to calcium via CasR. Moreover, parathyroid 
organoids can be sub-cultured up to 4 passages without losing 
their morphological, physiological, or functional integrity. In a 
parathyroidectomy animal model, the in vivo functional activity of 
organoids was controlled by active PTH secretion, blood calcium/
phosphorus levels, and bone mineralization. The parathyroid or-
ganoid model generated in this study is a promising candidate for 
parathyroid disease modelling and reflects tissue anatomy and 
physiology in vitro and in vivo. This model might be a potential 
organoid source for transplantation in the near future.

Funding Source: This study is supported by Tübitak (Project no: 
219S665). This study was also supported by Yeditepe University.

Keywords: Organoid, Pluripotent stem cell, Parathyroid

2080

PRIORITIZATION OF GENETIC CONTRIBUTORS 
TO NEOCORTICAL ALTERATIONS IN 2Q37 
DELETION SYNDROME USING GENOMIC 
ANALYSIS OF NEURAL STEM CELLS AND HUMAN 
CEREBRAL ORGANOIDS
Fedorko, Joshua - Medicine, QUINNIPIAC, North Haven, CT, 
USA
Imitola, Jaime - Neuroscience, UCHC, Farmington, USA
Watanabe, Fumi - Neuroscience, UCHC, Farmington, USA

2q37 microdeletion syndrome is a rare syndrome characterized 
by neurodevelopmental delay, bone, cardiovascular, and neu-
rological alterations including autism spectrum disorder, and 
microcephaly. This syndrome is typically associated with loss of 
genetic material of approximately 100 genes in the 2q37 band. 
However, the genes and cells most associated with the neurode-
velopmental phenotype in this syndrome are still unknown. Previ-
ously, we identified a deleted region of 496 kb in the distal region 
of 2q37, in a patient with developmental delay, microcephaly and 
hypoplasia of the corpus callosum. This segment contains genes 
that are highly expressed in the developing human cortex, the 
subventricular zone (SVZ) in vivo and human neural progenitors 
in vitro. To further elucidate the genes involved in the neurode-
velopmental phenotype, we used genomics analysis of fetal brain 
and single cell RNAseq of normal cerebral organoids, to prioritize 
genes with a developmental pattern most consistent with neural 
stem cell function. In addition. to genetically define the brain cell 
types underlying the syndrome based on genes enriched in hu-
man cerebral organoids. We found PTMA is highly expressed in 
multiple populations of radial glia, neurons and cycling cells as 
a potential candidate. In addition to SEPT2 that is expressed in 
NSCs and radial glia. Our study narrows not only potential seg-
ment of novel neuronal genes but the cells that may be involved 
in 2q37 microdeletion syndrome. Although, a rare syndrome, our 
data may suggest novel pathways for the development of the hu-
man cortex and corpus callosum.

Keywords: GENOMICS, BIOINFORMATICS, 2q37 deletion 
syndrome
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KNOCKOUT OF THE NADSYN1 GENE IN HUMAN 
INDUCED PLURIPOTENT STEM CELLS
Willson, Jessica - Pediatrics, Western University, ON, Canada
Drysdale, Thomas - Physiology and Pharmacology, Western 
University, London, ON, Canada

VACTERL association is a specific set of developmental defects 
that can impact multiple organs. VACTERL stands for vertebral 
defects, anal atresia, cardiac defects, trachea-esophageal fistula, 
renal anomalies, and limb abnormalities. The exact cause of VAC-
TERL association has yet to be identified, although it appears to 
be a combination of genetic and environmental factors. Whole 
exome sequencing of the 2 patients who presented at the Chil-
dren’s Hospital of Western Ontario and their parents identified 
a novel mutation in the gene NADSYN1, the final enzyme in the 
NAD synthesis pathway. NAD is a vital molecule found in all liv-
ing cells which regulates multiple biological processes, including 
metabolism and DNA repair. Given that NAD is central to cell 
metabolism and is a co-factor for many essential enzymes, it is 
surprising that humans and mice with severe deficiencies sur-
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vive past birth and that the resulting VACTERL association is a 
specific set of defects. Our hypothesis for the specificity in the 
defects seen in the VACTERL patients is that mesodermal pro-
genitors are under-represented given that the affected tissues 
are predominantly mesodermal in origin. To test this hypothesis, 
induced pluripotent stem cells with the same novel patient mu-
tation in NADYSYN1 were generated at the Centre for Commer-
cialization of Regenerative Medicine (Toronto). NADSYN1 mutant 
cells grew in compact colonies similar to their parental line and 
maintained expression of pluripotency-associated markers. We 
then examined the differentiation potential of NADSYN1 mutant 
cells via embryoid body (EB) formation. NADSYN1 mutant cells 
formed similar sized EBs while in suspension as the parental line. 
After reattachment to Geltrex-coated dishes, NADSYN1 mutant 
EBs were significantly smaller in size and morphologically distinct 
from the parental line, although they displayed expression of dif-
ferentiation markers as assayed through RT-PCR and immunola-
beling. This work is part of a highly collaborative effort to uncover 
the novel role of NADSYN1 in VACTERL association. Our overall 
aim is to contribute to the identification and understanding of the 
genetic variants that may be associated with VACTERL associa-
tion in hopes of developing better treatment options.

Keywords: induced pluripotent stem cells, Embryoid bodies, 
NADSYN1 gene

2082

HYPOIMMUNE RHESUS MACAQUE INDUCED 
PLURIPOTENT STEM CELLS ACHIEVE LONG-
TERM SURVIVAL IN FULLY IMMUNOCOMPETENT 
ALLOGENEIC RECIPIENTS
Schrepfer, Sonja - Hypoimmune Platform, Sana Biotechnology 
Inc, San Francisco, CA, USA
Hu, Xiaomeng - Hypoimmune Platform, Sana Biotechnology, 
San Francisco, CA, USA
White, Kathy - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA
Olroyd, Ari - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA
DeJesus, Rowena - Hypoimmune Platform, Sana Biotechnology, 
San Francisco, CA, USA
Dominguez, Antonia - Hypoimmune Platform, Sana 
Biotechnology, San Francisco, CA, USA
Dowdle, William - Hypoimmune Platform, Sana Biotechnology, 
San Francisco, CA, USA
Friera, Annabelle - Hypoimmune Platform, Sana Biotechnology, 
San Francisco, CA, USA
Young, Chi - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA
Wells, Frank - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA
McGill, Trevor - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA
Gattis, Corie - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA
Basco, Ron - Hypoimmune Platform, Sana Biotechnology, San 
Francisco, CA, USA
Connolly, Andrew - Hypoimmune Platform, Sana Biotechnology, 
San Francisco, CA, USA
Deuse, Tobias - Surgery, University of California, San Francisco, 
CA, USA

Transplantation of cells that are allogeneic—derived from a donor 
who is not genetically identical to the recipient—induces an im-

mune response that subsequently leads to rejection of the trans-
plant. However, survival, engraftment, and long-term functionality 
of transplanted cells is crucial for the success of cell replacement 
therapy. Therefore, the generation of allogeneic, immune-eva-
sive cells might better facilitate large-scale manufacturing and 
maximize patient access to such therapies. To avoid rejection ab-
sent immunosuppression (IS), rhesus macaque (NHP) iPSCs were 
engineered to knock out function of MHC class I and II and over-
express CD47 (HIP iPSCs). HIP iPSCs and wild type iPSCs (wt iP-
SCs) were transplanted into allogeneic, immunocompetent NHPs 
without IS and followed over time (n=4/group). At all time points 
tested up to 10 weeks, peripheral blood mononuclear cells killed 
wt iPSCs via direct cytotoxicity and antibody-mediated cellular cy-
totoxicity. There was a strong IFN-g ELISpot T cell response one 
week after wt iPSC transplantation, accompanied by a surge in 
wt iPSC specific IgM antibodies and, with delayed kinetics, also 
IgG antibodies. Furthermore, wt iPSCs were killed via comple-
ment-dependent and antibody-dependent cellular cytotoxicity. In 
contrast, NHPs that received HIP iPSCs showed no measurable 
immune response against HIP iPSCs at all time points. After 6 
weeks, NHPs initially receiving wt iPSCs were injected with HIP 
iPSCs. Although they maintained their strong immune response 
against wt iPSCs, they did not mount any response against HIP 
iPSCs, indicating that HIP iPSCs evade immune recognition even 
in sensitized recipients. NHPs receiving HIP iPSCs first developed 
a strong cellular and antibody-response against the subsequent-
ly injected wt iPSCs but continued to have no reactivity against 
HIP iPSCs, demonstrating that the HIP iPSCs do not alter the re-
cipients immune system. In vivo bioluminescence imaging up to 
16 weeks revealed rejection of all wt iPSC grafts in both groups 
within 2-3 weeks after transplantation, while all HIP iPSC grafts 
survived the study period. HIP engineered cells hold promise to 
achieve long-term graft survival in patients leading to a new class 
of cell-based medicines.

Keywords: Immune barrier, iPSC, rejection

TOPIC: PANCREAS

2083

LAWSONE PRECONDITIONED MESENCHYMAL 
STEM CELLS EXHIBIT PANCREATIC BETA CELL 
REGENERATION IN RAT MODEL OF TYPE 1 
DIABETES
Masnoon, Javeria - PCMD, University of Karachi, Pakistan
Ishaque, Aisha - PCMD, International Center for Chemical and 
Biological Science, Karachi, Pakistan
Khan, Irfan - PCMD, University of Karachi, Pakistan
Salim, Asmat - PCMD, International Center for Chemical and 
Biological Science, Karachi, Pakistan

Diabetes is one of the major health issues globally. Mesenchymal 
stem cells (MSCs) having remarkable self-renewal and differenti-
ation potential, can regenerate beta cells. MSCs preconditioned 
with bioactive small molecules including naphthoquinones have 
been shown to possess better therapeutic potential under in vivo 
environment. The current study analyzed the effect of lawsone 
(2-hydroxy-1,4-naphthoquinone) preconditioned human umbilical 
cord MSCs (hUMSCs) on the regeneration of pancreatic beta cells 
in the STZ-induced type 1 diabetic rat model. hUMSCs were pre-
conditioned with optimized concentration of lawsone, as assessed 
by MTT assay. Type 1 diabetic rat model was established by in-
jecting 50 mg/kg of streptozotocin intraperitoneally. Normal and 
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lawsone preconditioned MSCs were transplanted via tail vein in 
the diabetic rats. Fasting blood sugar and body weight were mon-
itored regularly for 4 weeks. Beta cell regeneration was evaluated 
by H&E staining and gene expression analysis of the pancreatic 
tissue, while immunohistochemical analysis was performed to as-
sess insulin expression by the regenerated beta cells. Lawsone 
preconditioned MSCs showed better anti-hyperglycemic effect 
compared to the untreated MSCs. Histological analysis showed 
regeneration of pancreatic islets with higher expression of INS1, 
PDX1, MafA and NGN3 genes and reduced expression of inflam-
matory markers. Immunohistochemical analysis showed strong 
insulin expression in the preconditioned MSCs as compared to 
the untreated MSCs. The present study demonstrates that the 
lawsone preconditioned MSCs exhibit pronounced anti-hypergly-
cemic effect in vivo compared to MSCs alone. Lawsone treated 
MSCs not only expressed pancreatic beta cell markers, but also 
decreased inflammation in the STZ-induced diabetic rats.

Funding Source: Higher Education Commission - Pakistan

Keywords: TYPE 1 DIABETES, Lawsone, PANCREATIC BETA 
CELL REGENERATION
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BATCH ACTION POTENTIAL ANALYSER (BAPTA): 
AN OPEN SOURCE TOOL FOR AUTOMATED HIGH 
THROUGHPUT ANALYSIS OF CARDIAC ACTION 
POTENTIALS
Leonov, Vladislav - Center for Cardiac Arrhythmias of Genetic 
Origin and Laboratory of Cardiovascular Genetics, Istituto 
Auxologico Italiano IRCCS, Milan, Italy
Sala, Luca - Center for Cardiac Arrhythmias of Genetic Origin 
and Laboratory of Cardiovascular Genetics, Istituto Auxologico 
Italiano IRCCS, Milan, Italy
Torre, Eleonora - Department of Biotechnology and Biosciences, 
Institut de Génomique Fonctionnelle, University of Milano-
Bicocca, Université de Montpellier, CNRS, INSERM, LabEx Ion 
Channels Science and Therapeutics (ICST), Montpellier, France
Ronchi, Carlotta - Department of Biotechnology and 
Biosciences, University of Milano-Bicocca, Milan, Italy
Schwartz, Peter - Center for Cardiac Arrhythmias of Genetic 
Origin, Laboratory of Cardiovascular Genetics, Istituto 
Auxologico Italiano, Milan, Italy
Rocchetti, Marcella - Department of Biotechnologies and 
Biosciences, University of Milano-Bicocca, Milan, Italy
Zaza, Antonio - Department of Biotechnologies and Biosciences, 
University of Milano-Bicocca, Milan, Italy

The cardiac action potential (AP) is a key species-specific feature 
of cardiomyocytes that occurs in response to coordinated actions 
of ion channels. It represents the first step of the cardiac exci-
tation-contraction coupling and it is crucial for cardiomyocyte (CM) 
physiology. Changes in the cardiac AP may primarily occur as a 
consequence of diseases or as a direct or unwanted response to 
drugs. Our ability to quantify these changes defines the reliabil-
ity of our measurements and its throughput. Cardiac AP param-
eters are often quantified through manual time-consuming data 
analysis protocols or custom-made and proprietary data analysis 
pipelines; to the best of our knowledge, no tools are currently 
available for automated cardiac AP analysis and AP parameter 

quantification. Here we introduce a free and open source soft-
ware tool named Batch Action PoTential Analyser (BAPTA), writ-
ten in the R language, designed to i) overcome the inherent oper-
ator-dependent bias on trace selection affecting reproducibility, 
ii) vastly improve the throughput of the analyses of large datasets 
and iii) analyse both spontaneous and triggered APs from CMs 
of multiple species and origin. We present here four use-cases 
in which BAPTA can be used at high throughput to investigate 
the effects of: 1) metabolic electrophysiological maturation in hu-
man stem-cell-derived CMs; 2) a disease (cardiomyopathy) on rat 
CMs, 3) drugs on mouse pacemaker cells and 4) rate-dependen-
cy of AP duration in guinea pig CMs. BAPTA was effective in the 
analysis of APs from some of the most widely used species and 
platforms in both academia and industry. The reliability of BAP-
TA was assessed on a broad range of experimental conditions 
and on a wide range of AP shapes. Overall, BAPTA consistently 
provides faster, more reproducible and scalable readouts which 
excellently correlate with manual analyses performed by experi-
enced electrophysiologists.

Funding Source: H2020-MSCA-IF-2017 No. 795209 (LS); 
Fondazione CARIPLO, “Biomedical Research Conducted 
by Young Researchers” (Grant No. 2019-1691, LS) Leducq 
Foundation grants 18CVD05 (PJS, LS) and 19CV03 (ET) FAR2019 
(ET, CR, MR, AZ)

Keywords: Electrophysiology, Cardiac Arrhythmias, Drug 
Screening
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A LIVE-CELL IMAGE-BASED MACHINE LEARNING 
STRATEGY FOR REDUCING VARIABILITY IN PSC 
DIFFERENTIATION SYSTEMS
Yang, Xiaochun - College of Future Technology, Peking 
University, Beijing, China
Chen, Daichao - Academy for Advanced Interdisciplinary 
Studies, Peking University, Beijing, China
Sun, Qiushi - School of Computer and Information Technology, 
Beijing Jiaotong University, Beijing, China
Zhao, Yang - College of Future Technology, Peking University, 
Beijing, China

The differentiation of pluripotent stem cells (PSCs) into diverse 
functional cell types provides a promising solution to support 
drug discovery, disease modeling, and regenerative medi-
cine. However, functional cell differentiation is currently limited 
by the substantial line-to-line and batch-to-batch variabilities, 
which severely impede the progress of scientific research and 
the manufacturing of cell products. For instance, PSC-to-cardio-
myocyte (CM) differentiation is vulnerable to inappropriate doses 
of CHIR99021 (CHIR) that are applied in the initial stage of me-
soderm differentiation. Here, by harnessing live-cell bright-field 
imaging and machine learning (ML), we realize real-time cell rec-
ognition in the entire differentiation process, e.g., CMs, cardiac 
progenitor cells (CPCs), PSC clones, and even misdifferentiated 
cells. This enables non-invasive prediction of differentiation effi-
ciency, purification of ML-recognized CMs and CPCs for reducing 
cell contamination, early assessment of the CHIR dose for cor-
recting the misdifferentiation trajectory, and evaluation of initial 
PSC colonies for controlling the start point of differentiation, all of 
which provide a more invulnerable differentiation method with re-
sistance to variability. Moreover, with the established ML models 
as a readout for the chemical screen, we identify a CDK8 inhib-
itor that can further improve the cell resistance to the overdose 
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of CHIR. Together, this study indicates that artificial intelligence 
is able to guide and iteratively optimize PSC differentiation to 
achieve consistently high efficiency across cell lines and batches, 
providing a better understanding and rational modulation of the 
differentiation process for functional cell manufacturing in bio-
medical applications.

Keywords: Pluripotent stem cell-derived cardiomyocyte, 
Variability, Image-based machine learning

TOPIC: GERMLINE AND EARLY EMBRYO
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CELL GROWTH AND MAINTENANCE OF THE 
UNDIFFERENTIATED STATE IN A MICROCARRIER 
CULTURE SYSTEM FOR HUMAN INDUCED 
PLURIPOTENT STEM CELLS USING THE LAMININ 
511E8 FRAGMENT
Ebisu, Fumi - Research and Development, Matrixome, Inc., 
Suita, Japan
Minobe, Kohei - Research and Development, Matrixome, Inc, 
Suita, Japan
Sekiguchi, Kiyotoshi - Osaka University, Suita, Japan
Taniguchi, Yukimasa - Research and Development, Osaka 
University, Suita, Japan

Human pluripotent stem cells (hPSCs) hold a great promise for re-
generative medicine. However, a large number of cells is required 
for a clinical study, where conventional monolayer and 3D sus-
pension culture systems might pose problems in the scale-up and 
maintenance of critical cell functionality. The microcarrier culture 
system permits hPSC growth as monolayer on the microcarrier 
surface with the benefits of a homogeneous suspension culture. 
Nevertheless, this culture system with xeno-free matrix to support 
the strong hPSC adhesion and expansion has not yet been fully 
established. Recombinant laminin (LM) 511E8 fragment (= iMatrix-
TM-511) is a xeno-free truncated form of laminin-511 containing 
the binding site for the integrin α6β1 predominantly expressed 
on hPSCs. The strong interaction of LM511E8 with integrin α6β1 
enables hPSCs to preserve not only an undifferentiated state and 
pluripotency, but also long-term single cell passaging. Previously, 
we introduced a series of workflows in a small-scale microcarrier 
culture system using LM511E8, which is scalable for therapeutic 
application. We presented the acquisition of multiple-layer human 
induced pluripotent stem cell (iPSC) expansion on microcarriers 
after 6 days in culture with the protocol. Moreover, we showed 
the dissociation of cells from microcarriers with 5 mM EDTA/D-
PBS(-). In the current study, we continuously aim to establish the 
microcarrier culture system in the hiPSCs with LM511E8, particu-
larly focusing on cell growth and maintenance of undifferentiat-
ed state. We cultured hiPSCs with 11.2 mg of microcarriers and a 
seeding density of 3.0x105 cells with a working volume of 5 mL 
bioreactor stirring at 40 rpm for up to 6 days. We first quantified 
the number of cells at days 3 to 6 and found a linear correlation 
between cell expansion and culture period. The average growth 
rate at day 6 reached approximately 14-folds. We next investigat-
ed the preservation of undifferentiated state by performing flow 
cytometry and immunostaining analyses. Both analyses revealed 
the expression of an undifferentiation marker, OCT3/4, in almost 
all cells up to day 4, while cells not expressing the marker start-
ed observing at day 5 and longer. In conclusion, hiPSCs cultured 

with our current protocol expanded linearly and could maintain 
undifferentiated state up to day 4.

Keywords: Microcarriers, Recombinant laminin 511E8 fragment, 
Human pluripotent stem cells
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PROSPECTIVE ANALYSIS OF INNER SYDNEY 
GERIATRIC OUTPATIENTS FOR ANAEMIA 
PREVALENCE AND CLONAL HAEMATOPOIESIS 
OF INDETERMINATE POTENTIAL
Tursky, Melinda L. - Haematology, St Vincent’s Hospital 
Sydney, Australia
Molloy, Tim - Haematology, St Vincent’s Hospital Sydney, 
Australia
Artuz, Crisbel - Haematology, St Vincent’s Hospital Sydney, 
Australia
Tran, Fiona - Haematology, War Memorial Hospital, Sydney, 
Australia
Reyes, Patricia - Haematology, St Vincent’s Hospital Sydney, 
Australia
Ma, David - Haematology, St Vincent’s Hospital Sydney, 
Australia

Anaemia affects more than 10% of adults over 60 years of age, 
and incidence increases by 5% per decade. Anaemia is an in-
dependent risk factor for frailty, increased hospitalisations and 
mortality, and decreased quality of life. Unexplained anaemia 
(UA) accounts for approximately one third of anaemia. Additional 
data is needed to compare worldwide data to the general aging 
community in Australia, and to identify factors potentially driv-
ing UA. We undertook the first prospective study in Australia to 
evaluate incidence and causes of incidental anaemia. In addition, 
we utilised high-depth next generation sequencing, identified 
aging-acquired mutations in blood cells, and correlated these 
with anaemia type. Standardised clinical and anaemia-associat-
ed blood test data were collected from consented participants 
referred to geriatric clinics for frailty assessment (St Vincent’s and 
War Memorial Hospitals, Sept 2017 to Oct 2019, HREC approval 
2019/ETH03362). Clonal haematopoiesis of indeterminate poten-
tial (CHIP) mutations were detected by ultra-high depth NGS (limit 
of detection variant allele frequency, VAF = 0.1%) using the Archer 
VariantPlex 75 Myeloid gene panel (Invitae), analysed with Archer 
Analysis 4.01. CHIP is currently defined by VAF ≥ 2%. Of the 216 
participants (mean age 82.5, range 64-100), 40% were male and 
18% (n=38) were anaemic. The main causes were chronic kidney 
disease and iron deficiency. Seventeen patients (8%) were di-
agnosed with UA, which is slightly greater than expected. The 
mean numbers of CHIP mutations at VAF ≥ 2% was 5.8 per partic-
ipant, and correlated positively to age and male gender, similar to 
worldwide published studies. The most prevalent somatic muta-
tions were EZH2 (60%), ATRX (55.6%), and U2AF2 (44.4%), which 
were 1.4–1.7 fold more frequent in UA compared to non-anaemic 
participants. This suggests these mutations may be drivers of the 
disease in some cases, which warrants further investigation.

Keywords: Anaemia, Aging, Next Generation Sequencing
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TOPIC: LIVER

2129

LONG-TERM MAINTENANCE OF SELF-RENEWAL 
AND METABOLIC FUNCTION IN CULTURED 
HUMAN HEPATOCYTES IN VITRO
Bai, Yunfei - College of Future Technology, Peking University, 
Nanjing, China
Lin, Pengyan - R&D Department, Nanjing Xinrui Regenerative 
Medicine Technology Co., Ltd., Nanjing China
Zhao, Yang - R&D Department, Nanjing Xinrui Regenerative 
Medicine Technology Co., Ltd., Beijing, China

In vitro long-term culture of human hepatocytes (HHs) has been 
limited by intrinsic effects of the preservation process that either 
block proliferation or require dedifferentiation and loss of func-
tion to induce proliferation. Here, two small molecule cocktails 
are described that can revitalize hepatocytes from an injured 
state that enable in vitro culture of fresh or cryopreserved HHs 
(CHHs) for up to 100 days. These treatments maintain metabolic 
function and stable expression of hepatocyte-specific secreted 
proteins, metabolic enzymes, and polarized proteins in CHHs, 
without limiting their self-renewal capacity. Long-term cultured 
CHHs could potentially be used for modeling mild (chronic) hep-
atitis, cholestasis, and toxic drug-induced liver injury in vitro. Fur-
ther, the proliferative capacity of these chemically maintained 
CHHs was boosted by the addition of hepatocyte growth factor 
(HGF) in vitro, in a manner similar to hepatic regeneration in vivo. 
Overall, our findings provide a method for HH culture that recapit-
ulates healthy hepatocyte phenotypes in vivo, facilitating liver dis-
ease modeling, drug toxicity evaluation, and production of HHs 
for transplantation in regenerative medicine therapies.

Funding Source: This work is supported by Plastech 
Pharmaceutical Technology Co., Ltd. Nanjing, China.

Keywords: self-renewal, hepatocyte culture, in vitro model
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CHARACTERIZING MORPHOLOGICAL VARIATION 
OF MONOCLONAL AND POLYCLONAL HMSC 
POPULATIONS IN CULTURE OVER TIME
Schmulevich, Daniela - Orthopaedics and Biomedical 
Engineering, Cleveland Clinic Lerner College of Medicine / 
Cleveland Clinic Lerner Research Institute, Cleveland, OH, USA
Furyes, Angelina - Orthopaedics and Biomedical Engineering, 
Cleveland Clinic Lerner Research Institute, Cleveland, OH, USA
Sandhir, Sumera - Orthopaedics and Biomedical Engineering, 
Cleveland Clinic Lerner Research Institute, Cleveland, OH, USA
Simmons, Hannah - Orthopaedics and Biomedical Engineering, 
Cleveland Clinic Lerner Research Institute, Cleveland, OH, USA
Luangphakdy, Viviane - Orthopaedics and Biomedical 
Engineering, Cleveland Clinic Lerner Research Institute, 
Cleveland, OH, USA
Barnard, John - Quantitative Health Sciences, Cleveland Clinic 
Lerner Research Institute, Cleveland, OH, USA
Muschler, George - Orthopaedics and Biomedical Engineering, 
Cleveland Clinic Lerner Research Institute, Cleveland, OH, USA

Culture expanded human mesenchymal stromal cells (hMSCs) 
have been explored for use in cell-based therapies. However, 
the repeatability and stability of hMSC populations varies be-
tween donors and batches. This study explores the variation in 
hMSC populations with respect to biological performance and 
morphology. Bone marrow-derived cells were obtained from 6 
consented patient donors and were cultured in 6-well plates in 
established conditions. Two population types were assessed: 1) 
Polyclonal MSCs isolated using competitive expansion (CE) and 
2) Clonal MSCs derived from progeny of a single founding cell 
(SFC). The Cell X Technologies automated cell imaging and pro-
cessing platform was used to characterize clonal colonies and 
to “pick” clones with defined colony metrics (i.e. “performance 
based selection”). High-resolution whole well phase contrast 
images were captured at passages 3 (P3) and P5 and a fixed 
pattern of 9 distinct regions was defined. Thirteen morphologi-
cal parameters were scored by consensus of 3 reviewers. Mor-
phometric changes between P3 and P5 were assessed using a 
paired Wilcoxon test. Nine CE and 5 SFC populations achieving 
expansion to P5 were assessed. MSC populations varied widely 
in morphology. Individual MSC clones demonstrated significant 
differences and patterns of morphological change between P3 
and P5, reflecting differences in performance and stability. Two 
patterns observed were: a) retention or increase in fibroblastic 
features over time or, b) manifestation of features suggesting cell 
senescence (e.g. “ganglion” cells). Correlation with performance 
data (e.g. differentiation, gene expression, secretome composi-
tion) is in progress. CE and SFC populations exhibit wide varia-
tion in morphological attributes and patterns of change over time. 
While morphometric scoring of observable features has inherent 
face validity, it is time consuming and inherently subjective limit-
ing the value of morphological scoring. However, the same 252 
standardized high-resolution images used for scoring can now be 
subjected to quantitative radiomic analysis using a broad range of 
computational approaches. Radiomic analysis may provide more 
repeatable, reproducible, and unbiased metrics of morphological 
differences between MSC populations and stability as popula-
tions are expanded.

Keywords: hMSC, Morphology, Characterization
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2089

SPECIFIC BIOMOLECULAR TRAJECTORIES OF 
HUMAN REPROGRAMMING BASED ON OOCYTE 
FACTORS
Gonzalez-Munoz, Elena - Cell Biology, Physiology and Genetics, 
Universidad de Málaga, Spain

The reprogramming of human somatic cells to induced pluripo-
tent cells (iPSCs) has become a milestone and a paradigm shift in 
the field of regenerative medicine and human disease modeling 
including drug testing and genome editing. However, the mo-
lecular processes occurring during human reprogramming and 
affecting the pluripotent state acquired remain largely unknown. 
Of interest, different pluripotent states have been described de-
pending on the reprogramming factors used and the oocyte has 
emerged as a valuable source of information for candidate fac-
tors. The present study investigates the molecular changes oc-
curring in human somatic cells during reprogramming with either 
canonical or oocyte-based combinations using synchrotron-radi-
ation Fourier transform infrared (SR FTIR) spectroscopy. The data 
acquired by SR FTIR indicates different representation and con-
formation of biological relevant macromolecules (lipids, nucleic 
acids, carbohydrates and proteins) depending on the reprogram-
ming combination used and at different stages during the repro-
gramming process. Association analysis based on cells spectra 
suggest that pluripotency acquisition trajectories converge at 
late intermediate stages while they diverge at early stages. Our 
results suggest that canonical and oocyte-based reprogramming 
operates through differential mechanisms affecting nucleic acids 
reorganization and day 10 comes out as a candidate hinge point to 
further study the molecular pathways involved in the reprogram-
ming process. This study indicates that SR FTIR approach contrib-
ute unpaired information to distinguish pluripotent states and to 
decipher pluripotency acquisition roadmaps and landmarks that 
will enable advanced biomedical applications of iPSCs.

Funding Source: Ministerio de Ciencia y Tecnologia Gobierno 
de España ALBA CELL SYNCHROTRON

Keywords: Oocyte based reprogramming, FTIR Fourier 
transformed infrared microscopy, iPSCs
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IN VIVO LONGITUDINAL TRACKING OF STEM 
CELL IMPLANTS IN PIG CARTILAGE DEFECTS 
BY MEGAPRO, A CLINICALLY TRANSLATABLE 
NANOPARTICLE
Suryadevara, Vidyani - Radiology, Stanford University, CA, USA
Hajipour, Mohammad Javad - Radiology, Stanford University, 
Stanford, CA, USA
Adams, Lisa - Radiology, Stanford University, Stanford, CA, USA
Aissaoui, Nour - Radiology, Stanford University, Stanford, CA, 
USA
Rashidi, Ali - Radiology, Stanford University, Stanford, CA, USA
Kiru, Louise - Radiology, Stanford University, Stanford, CA, USA
Theruvath, Ashok - Radiology, Stanford University, Stanford, CA, 
USA
Huang, Ching-Hsin - Radiology, Stanford University, Stanford, 
CA, USA
Maruyama, Masahiro - Orthopedic Surgery, Stanford University, 
Stanford, CA, USA
Tsubosaka, Masanori - Orthopedic Surgery, Stanford University, 
Stanford, CA, USA
Lyons, Jennifer - Veterinary Medicine, Stanford University, 
Stanford, CA, USA
Wu, Wei (Emma) - Radiology, Stanford University, Stanford, CA, 
USA
Roudi, Raheleh - Radiology, Stanford University, Stanford, CA, 
USA
Goodman, Stuart - Orthopedic Surgery, Stanford University, 
Stanford, CA, USA
Daldrup-Link, Heike - Radiology, Stanford University, Stanford, 
CA, USA

Stem cell therapies have shown great promise in cartilage regen-
eration. However, current techniques do not allow for the track-
ing the efficacy of treatment over time. The use of nanoparticles 
enables in vivo imaging of stem cells with magnetic resonance 
imaging (MRI). However, ferumoxytol nanoparticles used for stem 
cell tracking with MRI have short-time signals and cause adverse 
effects, limiting their ability to be used for longitudinal efficacy 
tracking. Here, we investigated MegaPro nanoparticles as a new 
MRI contrast agent for in vivo tracking of stem cells in a large ani-
mal model. We labeled stem cells isolated form the bone marrow 
by mechanoporation method, which provides time-efficient stem 
cell labelling. Mesenchymal stromal cells (MSC) were labeled with 
MegaPro or ferumoxytol nanoparticles, implanted in twenty-six 
cartilage defects in ten pig knee joints, and then longitudinally 
imaged by MRI over 12 weeks. MSC showed high cellular uptake 
of MegaPro nanoparticles without affecting cell viability. Histo-
logical analyses demonstrated that MegaPro nanoparticles are 
initially retained in implanted cells and then fully metabolized by 
the cells by 12 weeks of implantation. The T2* relaxation times of 
the MegaPro-labeled MSC were significantly shorter than those 
of the ferumoxytol-labeled cells, control cells and surrounding 
cartilage. Notably, the MegaPro signal persisted up to 4 weeks 
(compared with less than 2 weeks for ferumoxytol). Therefore, 
MegaPro shows great promise as a safe and long-lasting contrast 
agent for the longitudinal tracking of engrafted MSC in cartilage 
defects of arthritic joints. MegaPro labeling enabled visualization 
of MSC in cartilage defects on clinical-translational MRI scans and 
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correlations of the MSC engraftment with cartilage regeneration 
outcomes.

Keywords: Megapro, Nanoparticles, MRI

TOPIC: NEURAL

2091

CHARACTERISTICS OF ELECTRICAL ACTIVITIES 
IN BRAIN ORGANOIDS USING MEA AND HD-
CMOS-MEA
Suzuki, Ikuro - Electronics, Tohoku Institute of Technology, 
Sendai, Japan
Yokoi, Remi - Electronics, Tohoku Institute of Technology, 
Sendai, Japan
Nagafuku, Nami - Electronics, Tohoku Institute of Technology, 
Sendai, Japan
Ishibashi, Yuto - Electronics, Tohoku Institute of Technology, 
Sendai, Japan
Matsuda, Naoki - Electronics, Tohoku Institute of Technology, 
Sendai, Japan

Brain organoids with three-dimensional structure are highly de-
manded for brain disease research and drug evaluation, and ex-
pected as samples approached for in vitro to in vivo extrapolation 
(IVIVE). We investigated electrical activity of healthy and Dravet 
Syndrome(DS) organoids and compared the frequency character-
istics of spontaneous activity using micro-electrode array (MEA) 
and the response to phenytoin which is known as a contraindi-
cated drug. Furthermore, we evaluated the firing patterns using 
a high-density (HD)- complementary metal–oxide semiconduc-
tor (CMOS)-MEA that can measure electrical activity at the sin-
gle-neuron level in order to clarify the generation mechanism 
of the frequency characteristics. In spontaneous activities, the 
signals between 35 to 500Hz was particularly strong in healthy 
organoids. On the other hand, DS had strong signals between 4 
to 50Hz and very low content above 80Hz. In response to phe-
nytoin, the signals between 30 to 500Hz decreased concentra-
tion-dependently in healthy organoids, although the oscillation 
frequency increased at 30uM. Whereas, for DS, the frequency of 
oscillation increased in a concentration-dependent manner, and 
there was no change in signal strength for each frequency com-
ponent. It is suggested that this is the result of reproducing sei-
zure exacerbation by phenytoin in clinical DS. Moreover, by using 
a 236,880-electrodes CMOS-MEA, we succeeded in detecting 
the responses inside organoids at the single-neuron level. The 
frequency characteristics and response to phenytoin suggested 
that the DS organoids might reproduce the characteristics of the 
disease. MEA and HD-CMOS-MEA measurement of brain organ-
oids will be useful for drug safety assessment and drug discovery 
in brain disease patient.

Keywords: Brain Organoid, Electrical activity, MEA

TOPIC: NO TISSUE SPECIFICITY
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INNATE IMMUNE CELL ACTIVATION CAUSES 
LUNG FIBROSIS IN A HUMANIZED MODEL OF 
LONG COVID
De Souza, Cristabelle - Pathology, Stanford University, CA, USA
Cui, Lu - Pathology, Stanford University, Stanford, CA, USA
Fang, Zhuoqing - Pathology, Stanford University, Stanford, CA, 
USA
Lerbs, Tristan - Pathology, Stanford University, Stanford, CA, 
USA
Guan, Yuan - Anesthesiology, Stanford University, Stanford, CA, 
USA
Li, Irene - Biomedical Data Science and Department of 
Radiology, Stanford University, Stanford, CA, USA
Plevritis, Sylvia - Biomedical Data Science and Department of 
Radiology, Stanford University, Stanford, CA, USA
Charu, Vivek - Pathology, Institute of Stem Cell Biology and 
Regenerative Medicine (ISCBRM), Stanford University, Stanford, 
CA, USA
Chen, Shih-Yu - Biomedical Sciences, Institute of Biomedical 
Sciences, Academia Sinica, Taipei, Taiwan
Weissman, Irving - Pathology, Institute of Stem Cell Biology and 
Regenerative Medicine (ISCBRM), Stanford University, Stanford, 
CA, USA
Wernig, Gerlinde - Pathology, Stanford University, Stanford, CA, 
USA

COVID-19 remains a global pandemic of an unprecedented mag-
nitude with millions of people now developing “COVID lung fi-
brosis” Single cell transcriptomics of lungs of patients with long 
COVID revealed a unique immune signature demonstrating the 
upregulation of key proinflammatory and innate immune effector 
genes CD47, IL-6 and JUN. We modeled the transition to lung 
fibrosis after COVID and profiled the immune response with sin-
gle cell mass cytometry in JUN mice. These studies revealed 
that COVID mediated chronic immune activation reminiscent to 
long COVID in humans. It was characterized by increased CD47, 
IL-6 and pJUN expression which correlated with disease severity 
and pathogenic fibroblast populations. When we subsequently 
treated a humanized COVID lung fibrosis model by combined 
blockade of inflammation and fibrosis we not only ameliorated 
fibrosis but restored innate immune equilibrium indicating possi-
ble implications for clinical management of COVID lung fibrosis 
in patients. Significance Statement Post COVID-19 induced pul-
monary fibrosis is the most severe of a number of clinical symp-
toms associated with “long COVID” a condition which is currently 
incompletely understood but affects millions given the ongoing 
COVID-19 pandemic. Using systems biology and mechanistic 
studies in a humanized mouse model of COVID lung fibrosis, we 
identify the essential genetic and immunologic perturbations oc-
curring in patients with long COVID lung fibrosis and reveal prom-
ising therapeutic targets.

Funding Source: Boehringer-Ingelheim, Stinehart-Reed 
Foundation, Scleroderma Research Foundation, Ludwig Institute 
at Stanford University

Keywords: Long COVID pulmonary fibrosis, innate immunity, 
immune checkpoint therapy
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ESTABLISHMENT OF 3D-IPS CELLS USING 
CLOSED CULTURE SYSTEM
Kitano, Yuko - Research and Development Center, CiRA 
Foundation, Kyoto, Japan
Tsukahara, Masayoshi - Research and Development Center, 
CiRA Foundation, Sakyo-ku, Japan
Inagaki, Azusa - Research and Development Center, CiRA 
Foundation, Sakyo-ku, Japan

Human induced pluripotent stem cells (hiPSCs) have great po-
tential as source cells for cell therapy. We are investigating the 
use of a closed-type device for the establishment of hiPSCs in a 
low-cost and convenient operation. Until now, hiPSCs have gen-
erally been established under 2D (attached) conditions, but we 
have succeeded in establishing hiPSCs from whole blood under 
3D (suspension) conditions. In addition, the closed device that we 
have focused was Thermo Fisher Scientific’s Gibco™ CTS™ Rotea™ 
System, which is used for cell processing automation, but our 
process development allowed it to not only separate white blood 
cells from whole blood but also infect them with Sendai Virus 
vector carrying Yamanaka factors in the single-use flow path and 
establish hiPSCs from heterogeneous reprogramming after har-
vesting the processed cells. These results are expected to enable 
automation of cell production using hiPSCs in a closed culture 
system, and to realize low-cost cellular medicine. In this presenta-
tion, the characteristics of 3D-iPS cells and the 3D culture process 
including induction of cardiac differentiation will be discussed.

Keywords: 3D-iPS cells, Gibco™ CTS™ Rotea™ System, 
automation of cell production using hiPSCs

2094

PHDS-SEQ: A LARGE-SCALE PHENOTYPIC 
SCREENING METHOD FOR DRUG DISCOVERY 
THROUGH PARALLEL MULTI-READOUT 
QUANTIFICATION
Li, Jun - School of Laboratory Medicine and Life Science, 
Wenzhou Medical University, Wenzhou, China
Zhao, Yang - Institute of Molecular Medicine, College of Future 
Technology, Peking University, Beijing, China

High-throughput phenotypic screening is a cornerstone of drug 
development and the main technical approach for stem cell re-
search. However, simultaneous detection of activated core fac-
tors responsible for cell fate determination and accurate assess-
ment of directional cell transition are difficult using conventional 
screening methods that focus on changes in only a few biomark-
ers. The PHDs-seq (Probe Hybridization based Drug screening 
by sequencing) platform was developed to evaluate compound 
function based on their transcriptional effects in a wide range of 
signature biomarkers. In this proof-of-concept demonstration, 
several sets of markers related to cell fate determination were pro-
filed in adipocyte reprogramming from dermal fibroblasts. After 
validating the accuracy, sensitivity, and reproducibility of PHDs-
seq data in molecular and cellular assays, a panel of 128 signal-
ing-related compounds was screened for the ability to induce the 
reprogramming of keloid fibroblasts (KF) into adipocytes. Notably, 
the potent ATP-competitive VEGFR/PDGFR inhibitor compound, 
ABT869, was found to promote the transition from fibroblasts to 
adipocytes. This study highlights the power and accuracy of the 
PHDs-seq platform for high-throughput drug screening in stem 

cell research and supports its use in basic explorations of the mo-
lecular mechanisms underlying disease development.

Funding Source: the National Key Research and Development 
Program of China (2019YFA0110000, 2018YFA0800504), the 
National Natural Science Foundation of China (31922020), and 
funding provided by Plastech Pharmaceutical Technology Co., 
LTD.

Keywords: high-throughput screening, PHDs-seq, ABT869

TRACK:  TISSUE STEM CELLS AND 
REGENERATION (TSC)

TOPIC: CARDIAC

2095

CARDIAC ADIPOSE TISSUE-DERIVED STEM 
CELLS FROM PATIENTS UNDERGOING 
CORONARY ARTERY BYPASS GRAFTING 
AMELIORATE CARDIAC FUNCTION AFTER 
ISCHEMIA-REPERFUSION INJURY IN MICE.
Uchida, Hiroaki - Thoracic and Cardiovascular Surgery, Osaka 
Medical and Pharmaceutical University, Takatsuki, Japan
Kanki, Sachiko - Thoracic and Cardiovascular Surgery, Osaka 
Medical and Pharmaceutical University, Takatsuki, Japan
Jin, Denan - Innovative Medicine, Osaka Medical and 
Pharmaceutical University, Takatsuki, Japan
Takai, Shinji - Innovative Medicine, Osaka Medical and 
Pharmaceutical University, Takatsuki, Japan
Katsumata, Takahiro - Thoracic and Cardiovascular Surgery, 
Osaka Medical and Pharmaceutical University, Takatsuki, 
Japan

Pluripotent stem cells in adipose tissue have attracted attention 
as a source of stem cells because of their easy accessibility. In 
patients undergoing coronary artery bypass surgery, it is com-
mon to remove fatty tissue around the aortic root. we investi-
gate whether adipose tissue-derived stem cells collected from 
peri-cardiac (PA) fat tissue have better properties than those from 
subcutaneous (SC) fat. Following informed consent from cardiac 
surgery candidates, a small amount of fat tissue was harvested 
from PA and SC fat tissue beneath the skin incision at the coro-
nary artery bypass grafting (6 males and 1 female; mean age 70.9 
years). Adipose tissue-derived stem cells (AdSCs) were cultured 
for 3 passages to study in vitro cell properties, including the cell 
surface markers and gene expressions of tissue factors. To fur-
ther investigate patients’ PA- and SC-AdSCs of beneficial effects 
on ischemic myocardium, the ischemia-reperfusion injury (IR) was 
induced in nude mice, and AdSCs were injected into tail veins 3 
days after IR; PA-and SC-AdSCs from a male patient of 70’s with 
angina pectoris with plasma BNP level 166 pg/mL, and PA- and 
SC- AdSCs from another patient with same sex and similar age 
with old infarction with plasma BNP level 80 pg/mL. Four weeks 
after IR, echocardiography and LV-catheter measurements were 
recorded. PA fat (0.88±0.37 g) and SC fat (0.79±0.16 g) were col-
lected. The cell density was significantly higher in SC fat, while 
AdSCs were more abundant in PA fat. Proliferative capacity was 
on average 1.3 times higher for PA- than SC-AdSCs. Anti-cytotox-
ic resistance was significantly higher in PA-AdSCs (p< 0.01), and 
migration capacity assessment showed no significant differenc-
es. Cell surface markers of both PA- and SC-AdSCs were posi-
tive for CD44, CD29, CD90, and CD105, and negative for CD45; 
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) however, CD34 was varied in patients and tissues. In vivo studies 

showed that PA-AdSCs were more effective than SC-AdSCs in 
preserving LVEF and FS and preventing LVDd and Ds dilatation in 
the heart after IR. PA adipose tissue that can be easily harvested 
during cardiac surgery contains more stem cells than SC tissue. 
PA-AdSC has superior proliferative capacity and anti-cytotoxicity 
than SC-AdSC. PA-AdSC injection might attenuate cardiac dys-
function induced by ischemia.

Keywords: Adipose stem cell, Cardiac surgery, stem cell 
transplantation

TOPIC: EPITHELIAL INCLUDES SKIN GUT LUNG
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TREATMENT OF SALIVARY GLAND 
ORGANOTYPIC TISSUE CULTURE SLICES WITH 
MESENCHYMAL STEM CELL CONDITIONED 
MEDIA AMELIORATES RADIATION INJURY
Upadhyay, Akshaya - Faculty of Dental Medicine and Oral 
Health Sciences, McGill University, Montreal, QC, Canada
Tsamchoe, Migmar - Anatomy and Cell Biology, Research 
Institute McGill University Health Center, Montreal, QC, Canada
Peng, Junzheng - Rodent Phenotyping - Cardiovascular, Centre 
hospitalier de l’Université de Montréal, QC, Canada
Gigliotti, Jordan - Faculty of Dental Medicine and Oral Health 
Sciences, McGill University Health Center, Montreal General 
Hospital, Montreal, QC, Canada
Anthony, Zeitouni - Faculty of Dental Medicine and Oral Health 
Sciences, McGill University Health Center, Montreal, QC, 
Canada
Abo Sharkh, Haider - Faculty of Dental Medicine and Oral 
Health Sciences, McGill University Health Center, Montreal 
General Hospital, Montreal, QC, Canada
El-Hakim, Michel - Faculty of Dental Medicine and Oral Health 
Sciences, McGill University Health Center, Montreal General 
Hospital, Montreal, QC, Canada
Wu, Jianping - Director, Laboratory of Immunology and 
Cardiovascular Research, Centre hospitalier de l’Université de 
Montréal, QC, Canada
Tran, Simon - Faculty of Dental Medicine and Oral Health 
Sciences, McGill University, Montreal, QC, Canada

Background: Dry mouth, a consequence of radiation therapy, 
decreases the quality of life of cancer patients undergoing treat-
ment. A decrease in the quality and quantity of saliva increases 
the chances of oral and systemic infections; causes difficulty in 
chewing and swallowing, leading to malnutrition. This morbidity 
lasts for the remainder of the patient’s life. Due to patient discon-
tent with the available therapies, stem cells are being explored 
to reduce this side effect. Previously, Mesenchymal stem cell-de-
rived proteins were shown to reduce radiation damage in salivary 
glands in-vivo. Aim: To identify the mechanism of action of mes-
enchymal stem cell conditioned media (MSC-CM) in in-vitro and 
organotypic slice cultures. Methods: MSC-CM was obtained from 
minor salivary gland-derived MSCs after 24 hours of serum-free 
media culture. Primary salivary cells were cultured after enzymat-
ic digestion of human salivary gland biopsies. 100–150-micron 
thick slices were sectioned separately for organotypic tissue cul-
ture. The cells and tissue slices were radiated and treated after 
an appropriate culture period. The following variables were in-
vestigated: DNA damage marker expression to assess recovery 
from radiation-induced damage, superoxide dismutase enzyme 

activity to measure oxidative stress, and viability to determine 
the action of the MSC-CM on cell survival. Additionally, salivary 
gland-specific protein expression was assessed using immuno-
fluorescence. Outcome: An increase in salivary gland cell viability 
and proliferation was observed after treatment of the radiated 
cells with the conditioned media (P ≤ 0.05). DNA damage (Gam-
ma H2AX) and apoptotic genes (p53), which were increased after 
radiation, were decreased significantly after treatment (P ≤ 0.05, 
and P ≤ 0.01, respectively). SOX2 gene expression was higher 
in the treated tissues (P ≤ 0.05). Moreover, the expression of 
AQP5(a crucial water channel protein) was maintained and local-
ized towards the apical side of the saliva-secreting (acinar) cells. 
Conclusion:  MSC-CM can reduce radiation-induced damage 
in salivary gland models in-vitro. Further studies to confirm the 
mechanism and the active proteins in MSC-CM can accelerate its 
translation as a treatment into the clinics, where oral dryness after 
radiation therapy remains a challenge.

Funding Source: Canadian Institutes of Health Research

Keywords: Mesenchymal stem cells, radiation injury, salivary 
glands
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REGENERATIVE POTENTIAL OF 
PRECONDITIONED HUMAN MESENCHYMAL 
STEM CELLS IN FULL THICKNESS ACID BURN 
WOUNDS
Jameel, Fatima - PCMD, ICCBS, University of Karachi, Pakistan
Irfan, Fatima - Stem Cell Lab, PCMD, ICCBS, University of 
Karachi, Pakistan
Khan, Irfan - Stem Cell Lab, PCMD, ICCBS, University of Karachi, 
Pakistan
Salim, Asmat - Stem Cell Lab, PCMD, ICCBS, University of 
Karachi, Pakistan
Khalil, Enam - Pharmacy, University of Jordon, Amman, Jordan

Regeneration, a synchronized response to tissue injury, involves 
the interactions between multiple cell types, damaged vascular 
components, and extracellular matrix of the injured skin. In full 
thickness burn wounds, complete regeneration is not possible, 
and healing leaves hypertrophic scars. The direct transplantation 
of stem cells has promising effect in scar-free wound regener-
ation. However, the survival of stem cells at the wound bed is 
critical. Preconditioning of stem cells with the cytoprotective com-
pounds can improve efficiency of stem cells for effective regener-
ation. This study aims to evaluate the effect of human mesenchy-
mal stem cells (hMSCs) after preconditioning with alpha-terpineol 
(10µM) in efficient healing of full thickness acid burn wounds. hM-
SCs were isolated from the human umbilical cord tissue and char-
acterized. Scratch assay was performed to analyze in vitro cell mi-
gration. Full thickness acid burn wound was induced in Wistar rats 
using sulphuric acid. Normal and preconditioned hMSCs were 
transplanted after 48 h of burn wound induction. Wound healing 
pattern was examined till day 40 and tissues were harvested at 
early (day 10) and late (day 40) phases of wound healing. Harvest-
ed tissues were evaluated by histological grading, gene and pro-
tein expression analysis, and immunohistochemical analysis. In 
scratch assay, preconditioned hMSCs showed enhanced wound 
closure compared to the control. In vivo results showed signifi-
cantly improved healing potential in the preconditioned hMSCs 
group than that of normal MSCs and burn control. Similarly, his-
tological analysis revealed intact collagen with regenerated skin 
layers and appendages, while enhanced angiogenesis in the late 
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phase of healing was also confirmed by immunohistochemistry 
and Western blotting. Gene expression of treated burn wounds 
showed significant reduction in the inflammatory and oxidative 
cytokines, and upregulation of pro/angiogenic and remodeling 
cytokines. It is concluded that preconditioning of hMSCs with 
alpha-terpineol enhances wound healing via reducing inflamma-
tion, and oxidative stress, and enhancing neovascularization with 
complete remodeling. Based on these results, an improved cell 
based therapeutic strategy can be designed for full thickness skin 
burn wounds in future.

Keywords: Full thickness acid burn wound, Human 
Mesenchymal Stem Cells, Alpha-terpineol
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HYPOXIC HUCMSC-DERIVED EXOSOMES 
MIR-542-3P PROMOTE CUTANEOUS WOUND 
HEALING BY ACTIVATION OF LATS1/YAP 
PATHWAY
Zhao, Guifang - Department of Pathology, Jilin Medical 
University, Jilin, China
Qi, Ling - Institute of Gastroenterology, The Sixth Affiliated 
Hospital of Guangzhou Medical University, Qingyuan, China
Ba, Deyan - Institute of Gastroenterology, The Sixth Affiliated 
Hospital of Guangzhou Medical University, Qingyuan City, China

Chronic skin wound healing is an intractable, urgent clinical need. 
It can cause persistent inflammation and delayed healing due to 
hypoxia. The hypoxic microenvironment makes it difficult for the 
exogenous cells, such as stem cells, to live there and for therapy. 
Our previous study demonstrated that the Exosomes of human 
umbilical cord mesenchymal stem cells (hucMSC-Exo) can pro-
mote diabetic mouse skin wound healing. We also found that it 
significantly enhanced the survival and proliferation of hucMSC 
after culture in hypoxia environments compared to the normal ox-
ygen. In this study, we aimed to investigate if hypoxic hucMSC-Exo 
(Hyp-Exo) participates in hypoxia adaptability and accelerates di-
abetic wound healing. We use a gelatin microbeads system to 
culture the hucMSCs under 21% and 1% oxygen to expansion cells 
in a short time. We demonstrate that hypoxia enhances the para-
crine function of hucMSCs secret exosomes and increases Ha-
CaT cell proliferation, and migration, and inhibits cell apoptosis. In 
a mouse full-thickness skin injury model, Hyp-Exo can accelerate 
wound healing better than normoxia hucMSC-Exo (Nor-Exo). The 
miRNA sequencing showed that there are 77 miRNAs were up-
regulated and 49 miRNAs downregulated in Hyp-Exo compared 
to Nor-Exo. According to Gene Ontology (GO) and Kyoto Encyclo-
pedia of Genes and Gnomes (KEGG), miRNA may be involved in 
regulating cell metabolism, and differentiation through the Hippo 
signaling pathway. microRNA-542-3p (miR-542-3p) transcription 
is increased by Hyp-Exo and gene screening predicted that large 
tumor suppressor kinase 1 (LATS1) may be the target gene of miR-
542-3p. It is demonstrated by a double luciferase assay. After be-
ing packaged into hypoxic exosomes and transported to HaCaT 
cells, miR-542-3p targets and suppresses the expression LATS1 
while the expression of YAP and downstream target genes CTGF 
and CYR61 was increased. Overexpression of miR-542-3p in Ha-
CaT cells can alleviate LPS-induced HaCaT cell inflammation and 
enhances cell proliferation and migration while knockdown miR-
542-3p has the opposite results. Our findings reveal communica-
tion between hucMSCs and HaCaT cells via exosomal miR-542-
3p/LATS1/YAP signaling in the hypoxic microenvironment and 

present hypoxic exosomes as a promising therapeutic strategy to 
enhance skin wound healing.

Keywords: Hypoxia, Exosomes, miR-542-3p, LAST1, YAP, skin 
wound healing
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OPTIMIZING LIMBAL STEM CELL 
DIFFERENTIATION THROUGH MANIPULATION 
OF MICROENVIRONMENT
Mahmood, Nasif - Textile Engineering, Chemistry and Science, 
North Carolina State University, Raleigh, NC, USA
Jahan, Ummay Mowshome - Textile Engineering, Chemistry and 
Science, North Carolina State University, Raleigh, NC, USA
Levitan, Garyn - Textile Engineering, Chemistry and Science, 
North Carolina State University, Raleigh, NC, USA
Gilger, Brian - Clinical Sciences, North Carolina State University, 
Raleigh, NC, USA
Gluck, Jessica - Textile Engineering, Chemistry and Science, 
North Carolina State University, Raleigh, NC, USA

Limbal stem cells (LSCs) are the adult stem cells (i.e., unipotent) 
of the corneal epithelium residing in an area known as limbus, 
which borders the circumference of the cornea. The LSCs are 
responsible for maintaining homeostasis of the corneal epitheli-
um by differentiating and migrating to corneal epithelium. Limbal 
stem cell deficiency (LSCD) is a debilitating ocular surface disor-
der occurring due to the loss or dysfunction of LSCs. However, 
treatment of LSCD is exacerbated by a limited supply of healthy 
LSCs, especially in the case of bilateral LCSD. LSCs derived from 
induced pluripotent stem cells (iPSCs) have the advantage of be-
ing an unlimited and non-immunogenic source. We aim to devel-
op a xeno-free and chemically defined protocol for differentiating 
iPSCs to LSCs. Through inhibition of Wnt signaling and TGFβ with 
activating FGF signaling for 4 days we were able to direct the 
differentiation toward corneal epithelium using different synthetic 
matrices. During day 10 of the differentiation protocol, putative 
makers (p63α) of LSCs were expressed. After day 25, makers as-
sociated with maturation (CK 12) were expressed. We further aim 
to optimize the differentiation protocol by recapitulating the 3D 
microenvironment synthetically as a graft for treatment of LSCD. 
This will lead to the development of a simpler and well-defined 
protocol to develop clinically relevant iPSC-LSC compared to ex-
isting established protocols.

Funding Source: Wilson College of Textiles, North Carolina 
State University

Keywords: Cornea, Differentiation, limbal stem cell deficiency
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MESENCHYMAL STEM CELLS REGENERATE SKIN 
TISSUE IN COLD INDUCED RAT BURN WOUNDS
Salim, Asmat - Stem Cell Laboratory, Panjwani Center for 
Molecular Medicine and Drug Research, Karachi, Pakistan
Jameel, Fatima - Stem Cell Research Lab, Panjwani Center for 
Molecular Medicine and Drug Research, Karachi, Pakistan
Khan, Irfan - Stem Cell Research Lab, Panjwani Center for 
Molecular Medicine and Drug Research, Karachi, Pakistan
Qazi, Rida-e-Maria - Stem Cell Research Lab, Panjwani Center 
for Molecular Medicine and Drug Research, Karachi, Pakistan
Zaidi, Midhat - Stem Cell Research Lab, Panjwani Center for 
Molecular Medicine and Drug Research, Karachi, Pakistan
Khalil, Enam - Department of Pharmaceutics and 
Pharmaceutical Technology, University of Jordon, Oman, 
Jordan

Burn wounds remain one of the most common injuries worldwide. 
Wound healing phases and associated mediators are crucial for 
skin regeneration. Mesenchymal stem cells (MSCs) secrete vari-
ous paracrine factors which aid in wound healing via acceleration 
of cell migration, angiogenesis, tissue granulation, and modu-
lation of inflammation at the wound site. This study aims to in-
vestigate the therapeutic effect of human umbilical cord MSCs 
(hUMSCs) in the skin tissue regeneration following a cold induced 
rat burn wound model. hUMSCs were isolated, and characterized 
by immunocytochemistry and flow cytometry. An in vivo cold 
burn wound model was developed and hUMSCs were locally 
transplanted. Macroscopic analysis of wound closure was done 
at days 1, 3, 7 and 14 corresponding to wound healing phases. 
Gene expression, histological and immunohistochemical analy-
ses were performed to evaluate wound repair and regeneration. 
Wound area was remarkably reduced in the burn wound model 
transplanted with hUMSCs well before the end of the experimen-
tal period (day 14). Histological analysis showed intact collagen 
with regenerated epidermis, dermis and hair follicles, while im-
munohistochemistry displayed enhanced angiogenesis in the 
last phase of healing in the transplanted group. Temporal gene 
expression analysis showed significant downregulation of inflam-
matory cytokines and upregulation of pro/angiogenic and remod-
eling cytokines at particular time points. It is concluded from this 
study that hUMSCs accelerate wound closure with enhanced 
neovascularization and reduced inflammation, leading to effec-
tive skin tissue regeneration.

Funding Source: Higher Education Commission, Pakistan

Keywords: Skin Regeneration, Dermal, Repair

2101

LINEAGE PLASTICITY OF AIRWAY SECRETORY 
CELLS IS REGULATED BY THE TISSUE 
MICROENVIRONMENT
Lingamallu, Sai Manoz - Centre for Inflammation and Tissue 
Homeostasis (CITH), Institute for Stem Cell Science and 
Regenerative Medicine, Bangalore, India
Deshpande, Aditya - Centre for Inflammation and Tissue 
Homeostasis (CITH), Institute for Stem Cell Science and 
Regenerative Medicine, Bangalore, India
Joy, Neenu - Centre for Inflammation and Tissue Homeostasis 
(CITH), Institute for Stem Cell Science and Regenerative 
Medicine, Bangalore, India
Ganeshan, Kirthana - Immunology Discovery, Genentech, San 
Francisco, CA, USA
Luke, Naveen - National Centre for Biological Sciences, 
Bangalore, India
Radhakrishnan, Sabarinathan - National Centre for Biological 
Sciences, Bangalore, India
Ladher, Rajesh Kumar - National Centre for Biological Sciences, 
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Secretory Club cells (CCs) of the lower airways are highly plastic 
multifunctional cells that metabolise xenobiotics, regulate inflam-
mation and generate other cell types during homeostasis and 
post-injury repair. Understanding the signals and mechanisms 
regulating the fate of CCs is of vital importance due to their versa-
tility. Notch signalling has been shown to specify CC fate during 
development but how the fate of CCs is regulated in the adult 
lung remains ambiguous. Using pharmacological and genet-
ic approaches to perturb canonical Notch signalling in CCs, we 
probed the dependence of CC fate on Notch in adult mice lungs. 
Our findings show that the Notch pathway actively controls the 
fate of all CCs throughout the airways. Interestingly, different CCs 
respond differently to Notch inhibition. While bulk CCs transdif-
ferentiate into multiciliated cells, variant-CCs (v-CCs), a subpop-
ulation corralling Neuroepithelial Bodies and at Bronchioalveolar 
Duct Junctions do not. v-CCs resist transdifferentiation and tran-
sition into lineage ambiguous states instead. Ablation of the li-
gand-expressing ciliated cells also led to v-CCs adopting similar 
lineage trajectories. Lineage analysis of v-CCs post-acute Notch 
inhibition shows that these cells revert to a CC fate and gener-
ate v-CCs in these microenvironments. They also generate CCs 
and ciliated cells further away in the long term. The v-CC-derived 
progeny that moves away from the tissue microenvironment do 
not retain the characteristics of the parent v-CCs and transdif-
ferentiate into ciliated cells upon subsequent Notch inhibition. 
We hypothesise that the differential behaviour of v-CCs results 
from interactions/signals with the extracellular matrix and/or oth-
er cell types in these tissue microenvironments. Taken together, 
our findings show that CC fate is actively controlled by canonical 
Notch signalling and that the tissue microenvironment regulates 
the lineage plasticity of CCs. Finally, we propose that v-CCs con-
stitute a progenitor pool that in conditions of severe perturbation 
to CCs and ciliated cells, generates and replaces both cell types 
and restores the balance in the long term.

Keywords: Club cells, variant-Club cells, Ciliated cells, Lung, 
Neuroepithelial Bodies, Bronchioalveolar Duct Junctions, Tissue 
microenvironment, Notch, Active control of cell fate, Plasticity
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SINGLE-CELL ANALYSIS REVEALS DISTINCT 
TRANSCRIPTOME SIGNATURE OF HSPCS UNDER 
CHEMOTHERAPY STRESS IN B-ALL
Zhang, Yingchi - State Key Laboratory of Experimental 
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China
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of Medical Sciences and Peking Union Medical College, Tianjin, 
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of Medical Sciences and Peking Union Medical College, Tianjin, 
China
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Diseases, Haihe Laboratory of Cell Ecosystem, Institute of 
Hematology and Blood Diseases Hospital, Chinese Academy 
of Medical Sciences and Peking Union Medical College, Tianjin, 
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Zou, Yao - State Key Laboratory of Experimental Hematology, 
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Blood Diseases Hospital, Chinese Academy of Medical 
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Zhu, Xiaofan - State Key Laboratory of Experimental 
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Hematology and Blood Diseases Hospital, Chinese Academy 
of Medical Sciences and Peking Union Medical College, Tianjin, 
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Cheng, Tao - State Key Laboratory of Experimental Hematology, 
National Clinical Research Center for Blood Diseases, Haihe 
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Blood Diseases Hospital, Chinese Academy of Medical 
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Sciences and Peking Union Medical College, Tianjin, China

The hematopoietic system is a highly organized system in which 
self-renewing hematopoietic stem cells (HSCs) divide and differ-
entiate into all blood cell types. During leukemia progression, he-
matopoietic populations undergo stress while competing in the 
BM environment against the highly proliferating leukemic clones. 
Despite the major advances made in our understanding of the 
molecular mechanisms governing the phenotypes and function 
of normal HSPCs and leukemic cells, little is known about the in 
vivo dynamics of HSPCs in response to chemotherapy and during 
recovery in leukemic patients. This information barrier is mainly 
due to the lack of a proper disease model that fully resembles the 
leukemic niche in vivo and a lack of advanced technology that 
can accurately decipher the molecular features of heterogeneous 
and rare HSPC populations in leukemic patients. In this study, we 
applied scRNA-seq to investigate the transcriptomic signature of 
normal HSPCs in B-cell acute lymphoblastic leukemia (B-ALL). This 
condition is an ideal model, as the recurring genetically driven al-
terations originate from B cell progenitors, while normal HSCs are 
unaffected by these intrinsic genetic alterations. We obtained BM 
samples from a group of healthy donors and B-ALL patients with 
good and poor recovery profiles at matched diagnosis, treatment, 
and recovery timepoints. More than 156,000 high-quality tran-
scriptomes of human HSPCs from B-ALL patients were acquired 
for scRNA-seq analysis. Our data revealed that, although all 22 
identified cell types could be found in all sequenced samples, the 
transcriptomic features of HSPCs differed between B-ALL patient 
and healthy donor samples. HSCs in newly diagnostic patients 
had activated interferon and immune response pathways and in-
creased cell differentiation potential. Additionally, chemotherapy 
treatment reversed the increased proportion of HSCs observed 
at diagnosis, causing them to be less differentiated and have 
inactive interferon and immune response pathways. We also re-
vealed the poor and good recovery-related-phenotypic and mo-
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) lecular signatures of HSCs in B-ALL. These findings suggest that 

therapies targeting interferon signaling might help improve the 
treatment effects in B-ALL patients who are unresponsive to che-
motherapy.

Funding Source: This work was supported by CAMS Initiative for 
Innovative Medicine (2022-I2M-1-022, 2022-I2M-JB-015, 2021-
I2M-1-040), NSFC (81870131, 81890992, 82100198), National Key 
Research and Development Program of China (2021YFA1101603, 
2019YFA0110903).

Keywords: Hematopoietic stem and progenitor cells, B-cell 
acute lymphoblastic leukemia, Single-cell transcriptomic profiling
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RNA BINDING PROTEIN HNRNPF REGULATES 
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Medical College, Tianjin, China
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Hospital, Chinese Academy of Medical Science and Peking 
Union Medical College, Tianjin, China
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RNA binding proteins are key regulators of transcripts throughout 
their life cycle, and thus they may play pivotal roles in regulating 
the function of hematopoietic stem and progenitor cells (HSPCs). 
Here we identified an RNA binding protein, hnRNPF, which is high-
ly expressed in HSPCs compared to differentiated hematopoietic 
cells. Conditional knockout (cKO) of hnRNPF in adult hemato-
poietic cells promoted the proliferation of HSPCs in vivo. Bone 
marrow transplantation assay revealed that deletion of hnRNPF 
compromised the reconstitution capacity of hematopoietic stem 
cells (HSCs) in primary and secondary recipient mice. RNA-seq 
analysis showed that very few genes were changed in HSCs after 
hnRNPF depletion, implying that the hnRNPF is not important for 
the regulation of HSCs at transcription level. Moreover, hnRNPF 
depletion led to the abnormal splicing of Cdk2 and Cdk4, result-
ing in increased level of short isoform of CDK2. The abnormal 
splicing of cell cycle genes maybe the cause for HSC exiting the 
resting state after hnRNPF depletion. HNRNPF protein was more 
localized in the cytoplasm in HSPCs, which suggests that HNRN-
PF has other functions besides regulating splicing. Cytoplasmic 
protein interaction analysis showed that hnRNPF could directly 
bind to translation elongation factors EEF2 and EEF1A1, but not 

affect their expression. We isolated the ribosomes of HSPCs and 
found that HNRNPF affected EEF2 and EEF1A1 loading to the ribo-
some, leading to a decrease in translation efficiency of HSPCs. In 
addition, we found the translation of key cell cycle and lysosome 
genes was decreased via Ribo-seq. Taken together, our current 
study demonstrates that hnRNPF regulates the quiescence and 
function of HSCs at post-transcription level.

Keywords: RNA binding protein, Haemopoietic stem cell, 
Quiescence
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GENERATION OF EPO-OVEREXPRESSING KIDNEY 
ORGANOIDS BY DNA VECTORS
Du, Zhaoyu - Internal Medicine, Erasmus University Medical 
Center, Rotterdam, Netherlands
Bas-Cristobal Menendez, Amanda - Department of Internal 
Medicine, Erasmus University Medical Center, Rotterdam, 
Netherlands
Urban, Manuela - DNA Vectors Lab, German Cancer Research 
Center (DKFZ), Heidelberg, Germany
van den Bosch, Thierry - Department of Pathology, Erasmus 
University Medical Center, Rotterdam, Netherlands
Clahsen-van Groningen, Marian - Department of Pathology, 
Erasmus University Medical Center, Rotterdam, Netherlands
Gribnau, Joost - Department of Developmental Biology and iPS 
Core Facility, Erasmus University Medical Center, Rotterdam, 
Netherlands
Reinders, Marlies - Department of Internal Medicine, Erasmus 
University Medical Center, Rotterdam, Netherlands
Baan, Carla - Department of Internal Medicine, Erasmus 
University Medical Center, Rotterdam, Netherlands
Harbottle, Richard - DNA Vectors Lab, German Cancer Research 
Center (DKFZ), Heidelberg, Germany
Hoogduijn, Martin - Department of Internal Medicine, Erasmus 
University Medical Center, Rotterdam, Netherlands

The kidney plays an important endocrine role, including the se-
cretion of erythropoietin (EPO) under hypoxia. EPO production is 
impaired in kidney disease patients, leading to anemia. Kidney 
organoids derived from human induced pluripotent stem cells 
(iPSC) are a model to study restoration of EPO production. We 
aimed to generate stable EPO-overexpressing (EPO-oe) kidney 
organoids using DNA vectors to study the effects of EPO on 
kidney development and examine the physiological effects of 
EPO-oe organoids. A scaffold/matrix attachment region (S/MAR) 
DNA vector was used to genetically modify iPSC for EPO over-
expression. The EPO-oe organoids were characterized using 
markers including PODXL for podocytes, Villin-1 for proximal tu-
bular cells and E-cadherin for distal tubular cells. To study wheth-
er EPO-oe organoids had physiological effects, EPO-oe kidney 
organoids were subcutaneously implanted in immuno-deficient 
mice for one month. In control organoids, EPO was undetectable 
at transcript and protein levels. After 24 hours in hypoxia, EPO 
was detected at 0.43 (interquartile range [IQR] 0.34-0.59) mIU/
ml in the supernatant. This low level of EPO was inadequate for 
functional studies. EPO-oe kidney organoids produced constitu-
tive high levels of EPO mRNA expression throughout their differ-
entiation. EPO levels in the supernatant were 968 mIU/ day per 
EPO-oe organoid (IQR 908-1318). Immunohistochemistry staining 
showed that EPO-oe kidney organoids formed similar kidney 
structures compared to control organoids and the expression 
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of the markers PODXL, Villin-1 and E-cadherin was not changed. 
One-month after implantation, EPOoe organoids expressed EPO 
at mRNA level. Hematocrit levels were significantly increased in 
mice that received EPO-oe organoids (0.48, IQR 0.44-0.55) com-
pared with mice that received control organoids (0.40, IQR 0.40-
0.41) (p=0.0092, n=9). In conclusion, S/MAR DNA vectors can be 
used to generate robust and stable transgene expression in iPSC 
throughout their differentiation into kidney organoids. EPO-oe 
human kidney organoids showed high levels of sustained and 
functional EPO release in vitro and in vivo. The implantation of 
functional EPO-secreting organoids envisions the application of 
gene-edited kidney organoids for regenerative therapy.

Keywords: Kidney organoids, DNA vector, EPO
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KINASE B INHIBITION PROMOTES KIDNEY 
REPAIR THROUGH HNF1B-MEDIATED RENAL 
TUBULAR EPITHELIAL CELL REVITALIZATION
Lichao, Mao - Institute of Molecular Medicine, Peking University, 
Beijing

Renal tubular epithelial cells (RTECs) can lose fatty acid metab-
olism and transport functions while acquiring pro-fibrosis and 
pro-inflammatory phenotypes in acute kidney injury (AKI), which 
results in maladaptive repair and AKI transition to chronic kidney 
disease (CKD). Here, using high-throughput chemical screening 
based on morphological and transcriptional profiles, we identified 
a kinase inhibitor, Compound EC, which can reverse these inju-
ry-associated phenotypes, re-establish a pre-injury transcriptional 
profile, and restore fatty acid metabolism and transport functions 
in injured RTECs. Mechanistically, Compound EC inhibits kinase 
B, which binds the RTEC identity determinant, HNF1B, reducing 
HNF1B protein level. Kinase B inhibition by Compound EC or 
knockdown restores HNF1B expression, leading to RTEC revital-
ization. In ischemic AKI mice, Compound EC increases survival 
rate, improves renal function, and alleviates kidney damage, ul-
timately attenuating AKI to CKD transition. Summarily, this study 
establishes an RTEC revitalization strategy and suggests a chem-
ical-based regenerative medicine approach targeting kinase B/
HNF1B for kidney repair through RTEC regeneration.

Keywords: Renal Tubular Epithelial Cells, Chemical-induced 
Revitalization, HNF1B
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LACTATE PROMOTES MORE EFFICIENT 
HEPATOCYTE DIFFERENTIATION OF INDUCED 
PLURIPOTENT STEM CELLS IN COMAPRISON TO 
SODIUM LACTATE AND CALCIUM LACTATE
Tomizawa, Minoru - Department of Gastroenterology, National 
Hospital Organization Shimoshizu Hospital, Yotsukaido City, 
Japan
Shigeta, Midori - Pediatrics, National Hospital Organization 
Shimoshizu Hospital, Yoitsukaido, Japan
Shinozaki, Fuminobu - Radiology, National Hospital 
Organization Shimoshizu Hospital, Yotsukaido, Japan
Tanno, Hirokazu - Neurosurgery, National Hospital Organization 
Shimoshizu Hospital, Yotsukaido, Japan

Glucose is an essential nutrient that maintains cellular energy 
homeostasis. Only hepatocytes can metabolize galactose to glu-
cose through gluconeogenesis. These cells when co-cultured 
with induced pluripotent stem (iPS) cells in a medium containing 
only galactose and not glucose (hepatocyte selection medium, 
HSM), become isolated and enriched. Furthermore, when calci-
um lactate is added to HSM, iPS cells survive for seven days, and 
their hepatocyte differentiation property is enhanced. In order 
to delineate which of the three forms of lactate, namely lactate, 
sodium lactate, and calcium lactate, would be best suitable for 
hepatocyte differentiation, they were added to HSM (1mM), and 
cultured for four days. The media were changed for maintaining 
the undifferentiated state, and cultured for seven days. Follow-
ing RNA isolation, cDNA was synthesized and subjected to re-
al-time PCR to quantify the expression of alpha-feto protein, albu-
min, SOX17, and NANOG. Higher scores were allocated to each 
form of lactate based on higher levels of expression of alpha-feto 
protein, albumin, SOX17 and lower levels of NANOG expression. 
Scores of alpha-feto protein and albumin were added for each 
form of lactate and was found to be highest for lactate followed 
by sodium lactate and calcium lactate. Therefore, it could be sug-
gested that lactate was most suitable for hepatocyte differentia-
tion of iPS cells. Future studies should involve culturing iPS cells 
in spheroids under HSM containing lactate for more efficient he-
patocyte differentiation.

Keywords: hepatocyte, glucose, lactate
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A COMPARISON OF PHENOTYPIC AND 
FUNCTIONAL PROPERTIES OF PRECONDITIONED 
MESENCHYMAL STEM CELLS
Kalinin, Alexander - Faculty of Fundamental Medicine, Moscow 
State University, Moscow, Russia
Zubkova, Ekaterina - Institute of Experimental Cardiology, 
National Medical Research Center of Cardiology, Moscow, 
Russia
Menshikov, Mikhail - Institute of Experimental Cardiology, 
National Medical Research Center of Cardiology, Moscow, 
Russia
Parfyonova, Elena - Institute of Experimental Cardiology, 
National Medical Research Center of Cardiology, Moscow, 
Russia

Cell therapy in regenerative medicine is largely determined by 
the use of mesenchymal stem cells (MSCs), known to affect re-
generative processes due to the presence of a wide range of 
membrane receptors and secreted factors. Despite the fact that 
MSCs are distinguished by the ease of isolation and pro-regener-
ative properties, the high heterogeneity of these cells is a major 
obstacle to their effective use in clinical practice. In the present 
study, we attempted to modulate the phenotypic properties of 
MSCs and their regulatory activity using a controlled inflammatory 
and anti-inflammatory microenvironment. We divided MSCs into 
groups that were treated separately with proinflammatory factors, 
- lipopolysaccharide (LPS), tumor necrosis factor alpha (TNF-α), 
interleukin-17 (IL-17), and conditionally anti-inflammatory factors, 
polyriboinosinic:polyribocytidylic acid (p(I:C)) and interleukin 4 
(IL-4). MSCs treated with proinflammatory agents demonstrated 
increased expression levels of IL1, IL6, IL8 and intercellular adhe-
sion molecule 1 (ICAM1). TNF-α treatment of MSCs upregulated 
the expression of plasminogen activator inhibitor 2 (PAI2), tran-
scription factor STAT1 and superoxide dismutase-2 (SOD2). Sig-
nificant difference in the regulation of secretion between LPS and 
p(I:C) treated MSCs were noted for IP10, GM-CSF, RANTES, TNF-α, 
IL8, MCP3, GRO1 and PDGF-AB/BB. The results of mitochondrial 
activity assessment by seahorse-assay showed that MSCs tend-
ed to increase spare respiratory capacity in the presence of p(I:C) 
and IL4, while tended to decrease it when treated with pro-in-
flammatory agents. Treatment of MSCs with inflammatory factors 
results in enhanced autophagy as assessed by increased light 
chain protein 3 (LC3II/I) forms ratio and upregulated sequesto-
some 1 (SQSTM1) expression as well as by dansylcadaverine im-
aging. After inflammatory exposure MSCs also demonstrated an 
increased ability to stimulate angiogenesis. This data indicates 
that proinflammatory stimulation of adipose-derived MSCs medi-
ates the modulation of their therapeutic properties, which is ac-
companied by the acquisition of a new phenotype by these cells, 
as evidenced by the specific expression profile and the alteration 
of autophagy processes in preconditioned MSCs.

Funding Source: This work was supported by Russian Science 
Foundation. Grants Nr. 19-15-00384 (cell isolation, cytokine 
analysis), and Nr. 23-25-00546 (seahorse assay, autophagy 
evaluation).

Keywords: mesenchymal stem cells, autophagy, inflammation
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THE INFLUENCE OF BIOMIMETIC CONDITIONS 
ON NEUROGENIC AND NEUROPROTECTIVE 
PROPERTIES OF DEDIFFERENTIATED FAT CELLS 
(DFAT CELLS)
Radoszkiewicz, Klaudia - Translational Platform for 
Regenerative Medicine, Mossakowski Medical Research 
Institute PAS, Warsaw, Poland
Rybkowska, Paulina - Translational Platform for Regenerative 
Medicine, Mossakowski Medical Research Institute of Polish 
Academy of Sciences, Warsaw, Poland
Szymańska, Magdalena - Translational Platform for 
Regenerative Medicine, Mossakowski Medical Research 
Institute of Polish Academy of Sciences, Warsaw, Poland
Sarnowska, Anna - Translational Platform for Regenerative 
Medicine, Mossakowski Medical Research Institute of Polish 
Academy of Sciences, Warsaw, Poland

In the era of a constantly growing number of reports on mesen-
chymal stem/stromal cell (MSC) therapeutic properties and their 
use in the treatment of neurological diseases, the optimization 
of their derivation and long-term culture methods seems to be 
crucial. The solution is seen in the use of dedifferentiated fat 
cells (DFAT cells), which are characterized by a greater homo-
geneity. Moreover, these cells seem to possess a higher expres-
sion of transcriptional factors necessary to maintain pluripotency 
(STRFs), greater ability to differentiate in vitro into three embry-
onic germ layers, and higher proliferative potential in comparison 
to adipose stem/stromal cells (ADSCs). However, the neurogenic 
and neuroprotective potential of DFAT cells is still insufficiently 
understood, thus, it became the subject of our research. To rec-
reate the brain’s physiological (biomimetic) conditions, the cells 
were cultured at 5% oxygen concentration. The neural differenti-
ation capacity of DFAT cells was assessed in the presence of the 
N21 supplement (containing factors found in the natural environ-
ment of the neural cell niche) or the presence of cerebrospinal 
fluid (CSF) and under various spatial conditions (microprinting). 
The neuroprotective properties of DFAT cells were assessed by 
performing the co-culture with ischemically damaged organotyp-
ic hippocampal slices.

Funding Source: Medical Research Agency grant no. 2020/
ABM/01/00014

Keywords: DFAT cells, cell niche, cerebrospinal fluid
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CHANGES IN EXPRESSION OF NEURAL, 
ANGIOGENIC, AND STRF GENES IN DIRECT AND 
INDIRECT CO-CULTURE OF MESENCHYMAL 
STEM/STROMAL CELLS AND ENDOTHELIAL 
CELLS
Bzinkowska, Aleksandra - Translational Platform for 
Regenerative Medicine, Mossakowski Medical Research 
Institute PAS, Warsaw, Poland
Sarnowska, Anna - Translational Platform for Regenerative 
Medicine, Mossakowski Medical Research Institute of Polish 
Academy of Sciences, Warsaw, Poland

The interactions between neural, endothelial, and supportive/
stromal cells have an impact on the fate of stem cells in the 
neural niche. Both, direct cell-cell contact and indirect paracrine 
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signals regulate niche homeostasis. The supportive cells may 
play a crucial role in neuro- and vasculoprotection, the integrity 
of the neurovascular unit, and the quiescent state of stem/pro-
genitor cells. Mesenchymal stem/stromal cells (MSCs) have the 
capacity to interact and support angiogenesis and regeneration. 
Additionally, MSCs derived from Wharton’s jelly spontaneously 
express neural genes, neural markers and secrete neurotroph-
ic factors. Hence MSCs are proposed as a therapeutic approach 
to promote neuroregeneration. Understanding the interactions 
between the different components of a cell niche may help in 
its proper maintenance. Moreover, the 3D culture environment 
is important to normal cell physiology and biomimetic conditions. 
Cell-to-cell adhesion and cytoskeletal arrangement are critical 
factors that drive the formation of 3D cellular spheroids. The aim 
of the present study was to analyze the changes in neural, angio-
genic, and stemness-related transcriptional factors (SRTF) genes 
expression in two types of interaction models of supportive cells 
(WJ-MSCs- MSCs derived from Wharton’s jelly) and endothelial 
cells (HUVEC). In this research, we used quantitative real-time 
PCR (qPCR) as a method for quantitative analysis of targeted 
gene expression. We compared three groups of genes into 2D 
trans-well and 3D spheroid co-cultures. In our study, we observed 
spontaneous formulation of spheres (WJ-MSC) and co-spheres 
(WJMSC-HUVEC) on the non-adhesive surface. During the forma-
tion of the co-spheres, HUVECs were located inside the structure. 
Monoculture of HUVECs did not show the ability to self-organize 
into spheres. These cells formed irregular aggregates. In genes 
expression analysis, we observed higher neural and SRTF genes 
express levels in spatial model of culture (3D) than in 2D culture, 
while the increased expression of angiogenic genes was insig-
nificant. The effect was observed in both mono- and co-cultures. 
Concluding, spatial method of culture increase neural and SRTF 
gene expression.

Funding Source: This research was funded by the National 
Science Centre grant number 2018/31/B/NZ4/03172.

Keywords: WJMSC-HUVEC co-spheres, mesenchymal stem/
stromal cells, WJMSC-HUVEC co-culture
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OVEREXPRESSION OF FIBROBLAST GROWTH 
FACTOR RECEPTOR 2 IN BONE MARROW 
STEM CELLS ENHANCES OSTEOGENESIS 
AND PROMOTES CRITICAL CRANIAL DEFECT 
REGENERATION
Zhou, Yiwen - Medical Department, Nanjing University, Nanjing, 
China

Reconstruction of cranial bone defects is one of the most chal-
lenging problems in reconstructive surgery. Availability of bone 
is often limited, thus critical-size bone defect often need substi-
tutes to reconstruct. Fibroblast growth factor receptor 2 (Fgfr2) 
is an important regulator of bone construction. However, its role 
in osteogenesis of bone marrow stem cells (BMSCs) at different 
stages remains unclear. This article clarifies the function of Fgfr2 
in BMSCs and explores the role of Fgfr2-overexpressed BMSCs 
combining photocured GelMA in the repair of cranial bone de-
fects. Lenti-virus was used to overexpress Fgfr2 in BMSCs. Cell 
counting kit 8, transwell and flow cytometry were conducted to in-
vestigate the proliferation, migration and stemness. After 0,3,7,10 
,21days of osteogenic induction, the changes of osteogenic abili-
ty were detected by real-time quantitative PCR, westernblot, alka-
line phosphatase and alizarin red staining. To investigate the via-

bility of BMSCs after mixed with photocured GelMA, calcein and 
propyl iodide staining was performed. Finally, critical cranial bone 
defect model was established and micro-computerized tomog-
raphy, masson staining, immunohistochemistry were constructed 
to explore the promoting effect of Fgfr2-overexpressed BMSCs 
with photocured GelMA. In none-osteogenic environment, over-
expression of Fgfr2 in BMSCs significantly promoted proliferation 
and migration, and increased the percentage of CD200&CD105 
double-positive cells. Under an osteogenic induction, Fgfr2 
overexpression enhanced the osteogenic ability of BMSCs, with 
higher expression of Runx2, Alp, and Col1a1. BMSCs mixed with 
photocured GelMA showed favourable viability. Compared with 
normal BMSCs, Fgfr2-overexpressed BMSCs could better pro-
mote the repair of critical cranial defects, accompanied by more 
new bone formation. Fgfr2 promotes proliferation and migration 
of BMSCs and maintains cell stemness during the non-osteogen-
ic state and promotes osteogenesis and mineralization after os-
teogenic induction. BMSCs with Fgfr2 overexpression combined 
with photocured GelMA is a good choice for the treatment of crit-
ical cranial bone defects.

Keywords: fibroblast growth factor receptor 2, mesenchymal 
stem cells, bone regeneration
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NESTIN-GFP+ PROGENITORS OF THE BONE 
MARROW ARE RETAINED IN ECTOPIC FOCI 
OF HEMATOPOIESIS FORMED IN RECIPIENTS 
IMMUNIZED AGAINST GFP
Karpenko, Dmitriy - Lab of Epigenetic Regulation of 
Hematopoiesis, National Medical Research Center for 
Hematology, Moscow, Russian Federation, Moscow, Russia
Kapranov, Nikolay - Laboratory of Immunophenotyping, National 
Medical Research Center for Hematology, Moscow, Russian 
Federation, Moscow, Russia
Bogdanov, Alexey - Laboratory of Genetically Encoded 
Molecular Tools, Shemyakin-Ovchinnikov Institute of Bioorganic 
Chemistry, Moscow, Russia
Lazutkin, Alexander - Laboratory of Cellular Neurobiology 
of Learning, Institute of Higher Nervous Activity and 
Neurophysiology of RAS, Moscow, Russia
Bigildeev, Aleksei - Laboratory of Epigenetic Regulation 
of Hematopoiesis, National Medical Research Center for 
Hematology, Moscow, Russian Federation, Moscow, Russia

Immune privileges (IPs) were demonstrated for stem cells of dif-
ferent tissues origins, such as hair follicle stem cells, muscle stem 
cells, hematopoietic stem cells, and mesenchymal stem cells 
(MSCs). In the latter case, we showed IPs by means of Nestin-GFP 
mouse strain, in which several types of stem cells are marked 
with GFP expression including MSCs. GFP is a well-established 
immunogeneic protein, which makes this strain a convenient tool 
for assessing IPs of different stem and progenitor cells. We im-
planted bone marrow (BM) of Nestin-GFP under the renal capsule 
of isogenic C57Black/6J mice lacking transgene. The ectopic 
foci of hematopoiesis were formed containing alive GFP+ cells 
6 weeks after implantation procedure. The long-standing pres-
ence of GFP+ cells allowed us to conclude about their IPs in vivo. 
Demonstration of IPs for Nestin-GFP expressing cells in BM in 
addition to literature data contributes to idea that IPs are a com-
mon property of stem cells from different origins and even cancer 
stem cells. We have noted that such immune privileged stem cells 
may also be associated with nestin expression in adult mammals. 
However, the power of MSCs privileges was an open question. 
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) In this study we conducted a similar experiment, but immunized 

the recipients before the implantation of the BM. The foci were 
obtained, and GFP+ cells were registered in them. We connect-
ed the success of our approach with three key aspects: a) we 
concentrated our attention on small compartment of stem cells 
rather than considering all mesenchymal stromal cells to be im-
mune privileged; b) the immunogenic marker was presented only 
on a small subpopulation of transplanted cells, while most cells 
were immunologically equivalent; c) minimally disturbed BM frag-
ments were used for transplantation. Our new results strengthen 
previous data showing that the observed GFP+ progenitors in-
cluding MSCs are immune privileged against full-fledged and ac-
tivated immune system. Summarizing we contribute to a concept 
that full-fledged IPs are a property of quiescent stem cells. That 
fundamental conception provides a new perspective not only for 
understanding stem cells regulation in health, but for oncogenes 
as well.

Funding Source: The research was supported by Russian 
Science Foundation (project No. 22-25-00459, https://rscf.ru/
project/22-25-00459/).

Keywords: nestin-GFP, immune privileges, ectopic foci of 
hematopoiesis
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THE NOVEL 3D TISSUE-LIKE HUMAN 
ENDOMETRIUM MODEL IN VITRO
Kuneev, Ivan - Intracellular Signaling Laboratory, Institute of 
Cytology RAS, Saint-Petersburg, Russia
Ivanova, Julia - Intracellular Signaling Laboratory, Institute of 
Cytology, RAS, Saint-Petersburg, Russia
Zemelko, Victoria - Intracellular Signaling Laboratory, Institute of 
Cytology, RAS, Saint-Petersburg, Russia
Domnina, Alisa - Intracellular Signaling Laboratory, Institute of 
Cytology, RAS, Saint-Petersburg, Russia

The challenges of restoring and to cure women’s reproductive 
health issues draw a lot of attention of the world scientific so-
ciety. One of the most important factors in the pathogenesis of 
female reproductive disorders is an endometrial dysfunction. 
Three-dimensional (3D) endometrial mesenchymal stromal/stem 
cells (eMSC) culture systems are promising tools to study the 
endometrial function in vitro. The 3D cultivation of the eMSCs is 
possible in the form of simple systems such as cell sheets and 
spheroids, as well as of more complex scaffold-based systems. 
These tissue-like structural eMSC platforms provide the good 
models to study the endometrium intercellular interactions along-
side with the microenvironment similar to those observed in vivo. 
In this study, we developed a hybrid 3D cultivation system to cre-
ate a functional 3D model of the human endometrium. For this 
purpose, the human eMSCs (obtained from the desquamated 
endometrium from menstrual blood) and HUVECs were co-cul-
tivated in spheroids and incorporated into an apple-derived de-
cellularized porous scaffold coated with type I collagen. Then the 
derived epithelial endometrial cells were seeded on top of the 
scaffold. One of the advantages of this 3D hybrid model is that 
it includes all main cellular components as well as the extracel-
lular matrix of the human endometrium. The other advantage is 
the possibility to achieve the cell density inside of the scaffold 
comparable to the native tissue, while the cells retained their 
proliferation activity and viability during a long-term cultivation. 
The functionality of this model was confirmed by the ability of the 
eMSCs within the 3D culture system to respond to hormonal stim-

ulation by differentiation into endometrial tissue-specific decidual 
cells. Moreover, our preliminary data shows that the developed 
model can be considered as physiologically relevant to mimic the 
human menstrual cycle. To summarize, this 3D tissue engineering 
construct is valued as a tool for both fundamental study of normal 
and pathological conditions of the endometrium as well as for 
translational medicine approaches to cure reproductive diseases.

Funding Source: Russian Science Foundation grant #22-74-
10126

Keywords: Endometrium, Mesenchymal Stromal Cells, 3D Cell 
Culture
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CONDITIONED MEDIUM OF MESENCHYMAL 
STROMAL/STEM CELLS CULTURED ON 
DECELLULARIZED MATRIX IMPROVES SCRATCH 
WOUND HEALING IN VITRO
Ushakov, Roman - Department of Intracellular Signaling and 
Trafficking, Institute of Cytology RAS, St. Petersburg, Russia
Zemelko, Victoria - Department of Intracellular Signaling and 
Trafficking, Institute of Cytology RAS, Saint Petersburg, Russia
Burova, Elena - Department of Intracellular Signaling and 
Trafficking, Institute of Cytology RAS, Saint Petersburg, Russia

The mesenchymal stromal/stem cells (MSCs) are considered to be 
promising therapeutic tools for various clinical applications due to 
the secretion of paracrine factors promoting tissue regeneration. 
There are several preconditioning methods such as hypoxic cul-
ture conditions or pharmacological treatment were developed to 
improve MSCs secretory activity. The number of studies demon-
strate that the decellularized extracellular matrix (dECM), the com-
plex meshwork of proteins, have a comprehensive impact on cell 
functions, mimics the natural cellular environment and provides 
a more physiologically relevant substrate compared to routinely 
used culture plastic. However, the issue of whether dECM mod-
ulates MSCs secretome remains unknown. Using the publicly 
available transcriptomic dataset (Ragelle et al., 2017), we found 
that cultivation of the MSCs on the dECM leads to a significant 
upregulation of several genes coding secretome constituents, 
such as MMP-1, HGF, PGF and chemokines of CXCL family. We 
hypothesized that the MSCs cultivation on the dECM can mod-
ulate MSCs secretome. In order to test the hypothesis, we culti-
vated human MSCs of various origin (derived from endometrium, 
fetal bone marrow, Wharton’s jelly and dental pulp) on the dECMs 
produced by previously cultured MSCs. Strong upregulation of 
IL8, CXCL5 and CXCL6 chemokines in MSCs cultured on dECM 
was validated by means of RT-qPCR. We found that conditioned 
media from the MSCs cultured on dECM significantly improved 
3T3 fibroblasts scratch wound healing compared to conditioned 
media from the MSCs cultured on plastic. It suggests that the cul-
tivation of the MSCs of the different origin on the dECM may lead 
to enrichment of the conditioned medium in some biologically 
active components that correlates with chemokine upregulation. 
These results allow us to suggest that MSCs cultivation on dECM 
may be considered as a novel preconditioning approach. It could 
be suggested that integrin receptors transmitting signals from 
extracellular matrix may be responsible for upregulation of the 
above-mentioned pro-inflammatory and angiogenic chemokines. 
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It could be a tentative explanation of how integrins contribute to 
inflammation and angiogenesis.

Funding Source: The work was supported by the Russian 
Science Foundation Grant #22-74-10126 and by the Institute of 
Cytology Internal Grant (2023)

Keywords: extracellular matrix, MSCs preconditioning, 
secretome
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MESENCHYMAL STROMAL CELLS AFFECT CD8 
NAIVE TO MEMORY SUBSET POLARIZATION 
BY DOWN-MODULATING IL12Rβ1 AND IL2Rα 
SIGNALING PATHWAYS
Papait, Andrea - Department of Life Sciences and Public Health, 
Università Cattolica del Sacro Cuore, Roma, Italy
Vertua, Elsa - Centro di Ricerche E. Menni, Fondazione 
Poliambulanza Istituto Ospedaliero, Brescia, Italy
Bonassi, Patrizia - Centro di Ricerche E. Menni, Fondazione 
Poliambulanza Istituto Ospedaliero, Brescia, Italy
Cargnoni, Anna - Centro di Ricerche E. Menni, Fondazione 
Poliambulanza Istituto Ospedaliero, Brescia, Italy
Magatti, Marta - Centro di Ricerche E. Menni, Fondazione 
Poliambulanza Istituto Ospedaliero, Brescia, Italy
Stefani, Francesca - Centro di Ricerche E. Menni, Fondazione 
Poliambulanza Istituto Ospedaliero, Brescia, Italy
Romoli, Jacopo - Department of Life Sciences and Public health, 
Università Cattolica del Sacro Cuore, Roma, Italy
Silini, Antonietta - Centro di Ricerche E. Menni, Fondazione 
Poliambulanza Istituto Ospedaliero, Brescia, Italy
Parolini, Ornella - Department of Life Sciences and Public health, 
Università Cattolica del Sacro Cuore, Roma, Italy

Mesenchymal stromal cells (MSCs) have been investigated for 
their potential therapeutic applications in a variety of diseases in 
which a dysregulated immune response plays a central role in 
pathogenesis or progression. MSCs have been shown to contrib-
ute to therapeutic effects due to their immunomodulatory activity 
on various subsets of the immune system belonging to both innate 
and adaptive immunity. Notably, for adaptive immunity, MSCs can 
reduce the activation and cytotoxic activity of CD8 T lymphocytes 
and the polarization of CD4 T lymphocytes toward inflammatory 
subsets and instead favor polarization toward the immunoregula-
tory Treg subset. Although MSCs have been widely reported to 
impact T cell proliferation and polarization, there are no studies 
that report how MSCs affect T-cell commitment toward memory 
subsets. Here, we report for the first time that MSCs isolated from 
the amniotic membrane of human term placenta (hAMSC) mod-
ulate naïve CD8 cell activation and differentiation by downregu-
lating mTOR pathway activation and modulating the expression 
of Tbet and Eomes, two of the major transcription factors whose 
balance is involved in polarizing naïve CD8 cells toward memory 
precursor effector cells (MPEC). This effect is due to the ability 
of hAMSC to reduce the phosphorylation of STAT4 and STAT5, 
two transcriptional factors downstream the IL -12Rβ1, IL -2Rα re-
ceptors. Our results contribute to the understanding of one of the 
possible mechanisms of action of MSCs, and may provide new 
interpretations on the effects of MSCs when used for the treat-
ment of diseases in which the memory response plays a central 
role, such as autoimmune diseases and graft versus host disease.

Funding Source: This work was supported by Ministero della 
Salute (Ricerca Corrente), MIUR, 5x1000, PRIN 2017 (MIUR, grant 

no. 2017RSAFK7), and C.E.P.R. (2020-2022). Fondi di Ateneo-
Linea D1 2019,2020, 2021(OP), 2022 (AP).

Keywords: Mesenchymal stromal cells, CD8 T lymphocyte 
immunology, T Memory subset polarization
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MESENCHYMAL STEM/STROMAL CELLS-
DERIVED EXOSOMES CONTAIN HIGHER 
LEVELS OF IMMUNOMODULATORY AND 
NEUROPROTECTIVE FACTORS THAN THE 
SOLUBLE SECRETOME OF MSCS
Sypecka, Monika - Translational Platform for Regenerative 
Medicine, Mossakowski Medical Research Center, Warsaw, 
Poland
Sarnowska, Anna - Translational Platform for Regenerative 
Medicine, Mossakowski Medical Research Institute of Polish 
Academy of Sciences, Warsaw, Poland

Mesenchymal stem/stromal cells (MSCs) have regenerative prop-
erties - through secretion of different immunomodulatory and 
neuroprotective factors they can modulate the process of inflam-
mation and regeneration in situ. These factors are either released 
directly into the environment (described as ‘soluble secretome’) 
or are firstly encapsulated within exosomes. Exosomes are small 
structures, spherical in shape and surrounded by two-layer lipid 
film. They are the smallest of all extracellular vesicles (EV) and 
play a key role in cell to cell communication. Exosomes originate 
from endosomal compartments, known as multi-vesicular bodies 
(MVBs) and are involved in intercellular communication via the 
transfer of numerous membrane receptors, proteins, lipids, RNA 
and miRNA between cells. As exosomes contain many different 
factors, they can have a great therapeutic potential as MSCs 
themselves. There are several potential advantages of exosomes 
when compared to MSCs alone, which are: 1) inability to self-rep-
licate suggesting no risk of uncontrolled growth; 2) limited po-
tential to trigger the immune system and 3) easier transport and 
storage, which makes cellular-free treatment more promising 
when compared to standard MSC-based therapies. In order to 
investigate the secretory profile of adipose-derived mesenchy-
mal stem/stromal cells (ASCs) a Luminex Assay was performed. 
Secretory profile analysis revealed that most of the investigat-
ed factors were encapsulated inside the exosomes, rather than 
secreted directly into the microenvironment. The ASCs-derived 
exosomes contained higher levels of BDNF, FGF, beta-NGF, 
EGF, LIF than the soluble secretome of ASCs. Although, when it 
comes to VEGF, higher levels of this factor were detected to be 
the part of soluble secretome rather than encapsulated within the 
exosomes. The obtained results provide important knowledge 
regarding the secretory profile of ASCs – it seems that therapeu-
tic properties of ASCs rely mostly on the released exosomes as 
they contain a vast majority of the secreted factors and therefore 
should be considered for therapy rather than ASCs themselves.

Funding Source: This research was funded by 2020/
ABM/01/00014-00 grant.

Keywords: adipose-derived mesenchymal stem/stromal cells, 
extracellular vesicles, exosomes
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PRIMING WITH NEUROTROPHIC FACTORS 
ENHANCES THE NEURO-REGENERATIVE 
PROPERTIES OF MESENCHYMAL STROMAL 
CELLS DERIVED SECRETOME
Teli, Prajakta - Symbiosis Center Stem Cells Research, 
Symbiosis International (Deemed University), Pune, India
Kale, Vaijayanti - Symbiosis Center for Stem Cell Research, 
Symbiosis International (Deemed University), Pune, India
Vaidya, Anuradha - Symbiosis Center for Stem Cell Research, 
Symbiosis International (Deemed University), Pune, India

Neurodegenerative diseases (ND) are characterized by the pro-
gressive and irreversible loss of neurons. The lack of in vitro mod-
el systems that mimic the in vivo situations of chronic insults is a 
major hurdle for developing effective drugs against ND. There-
fore, the primary aim of this study was to establish a physiolog-
ically relevant in vitro ND model system by inducing oxidative 
stress (OS) and endoplasmic reticulum stress (ERS) in such a way 
that the cells remain viable but lose their structural and function-
al characteristics. Using Neuro-2a cells, we have shown that in-
duction of OS and ERS significantly affects the neurite outgrowth 
parameters (NOPs) and also reduces the expression of neuronal 
markers such as βIII tubulin and Map2 in them. Although induc-
tion of OS led to a decreased expression of autophagy markers 
- Lc3a, Lc3b, Becn1, and Atg7 - at an mRNA and protein level, the 
ERS model did not depict so. Nevertheless, ERS induction ele-
vated the expression of inflammatory markers NF-κB and Cox2 
and stress kinases p38-MAPK, SAPK, and JNK in them. The role 
of mesenchymal stromal cells (MSCs) derived secretome in neu-
ronal regeneration is well documented. Using OS and ERS model 
systems, we have shown that as compared to the unprimed MSC 
secretome, priming of MSCs with neurotrophic factors boosts the 
regenerative potential of their secretome. Here we further show 
that the salutary effects of the primed MSC secretome are exert-
ed by their soluble factors (SF) and extracellular vesicles (EVs). 
Both these fractions of the MSC secretome exhibit a significant 
improvement in NOPs and in the expression of neuronal markers 
as compared to their unprimed counterparts. Interestingly, here 
the effect of primed EVs (pEVs) was superior as compared to the 
primed SF (pSF). In addition, pSF and pEVs significantly restored 
the autophagy markers in the OS model. Furthermore, both the 
primed fractions also alleviated the expression of the inflammato-
ry markers and stress kinases in the ERS model system. Overall, 
our findings suggest that priming with neurotrophic factors en-
hances the neuro-regenerative potential of both the fractions (SF 
and EVs) of the MSC secretome against stress-induced neuro-
degeneration, thereby providing hope for developing competent 
cell-free therapies against ND.

Funding Source: Symbiosis Centre for Research & Innovation, 
Symbiosis International (Deemed University), Pune, India, 
provided Junior Research Fellowship (JRF) and financial support 
under Major Research Project: SIU/SCRI/MJRP/19-20/1516-C.

Keywords: Extracellular vesicles, Priming, Neuro-regeneration
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REGENERATIVE POTENTIAL OF INTRANASALLY 
DELIVERED NEURAL STEM CELLS (LMNSC008) 
IN THE MODELS OF CONTROLLED CORTICAL 
IMPACT INJURY IN MALE AND FEMALE RATS
Gutova, Margarita - Stem Cell Biology and Regenerative 
Medicine, City of Hope National Cancer Center and Beckman 
Research Institute, Duarte, CA, USA
Adhikarla, Vikram - Mathematical Oncology, City of Hope, 
Duarte, CA, USA
Amirbekyan, Mari - Stem Cell Biology and Regenerative 
Medicine, City of Hope, Duarte, CA, USA
Cheng, Jeffrey - Physical Medicine and Rehabilitation, University 
Of Pittsburgh, PA, USA
Bondi, Corina - Physical Medicine and Rehabilitation, University 
Of Pittsburgh, PA, USA
Rockne, Russel - Mathematical Oncology, City of Hope, Duarte, 
CA, USA
Kline, Anthony - Physical Medicine and Rehabilitation, University 
Of Pittsburgh, PA, USA

Effective stem cell-based therapies for traumatic brain injury (TBI) 
depend on efficient delivery to the affected areas. Immortalized 
L-myc expressing human neural stem cells (hNSCs; LM-NSC008) 
display an inherent tropism to sites of damage after intranasal (IN) 
administration, and thus can potentially be exploited for cell re-
placement and regeneration strategies. The effectiveness of hN-
SC-mediated therapies requires successful engraftment, which 
in turn depends in part on the number of hNSCs reaching the 
target site. We hypothesize that IN hNSCs will migrate toward in-
jury sites in an organized manner and contribute to cell replace-
ment, regeneration, as well as neuroprotection via secretion of 
neurotrophins and induction of host neurogenesis. Defining the 
processes underlying migration of hNSCs to injury sites thus be-
comes critical to achieving optimally effective therapies. Here we 
demonstrate visualization of the distribution of LM-NSC008 cells 
in optically cleared tissue after multiple IN injections beginning 
7 days post-TBI in an immunocompetent rat model of controlled 
cortical impact [CCI] injury. eGFP-expressing LM-NSC008 cells 
were administered in six IN injections of 1x106 cells in 24ml2% 
HSA in PBS every other day. Daily cyclosporin A (10 mg/kg; s.c.) 
injections started on day 5 post-TBI prevented immune rejection 
of the hNSCs. 5-8 weeks after TBI, and 4-7 weeks after initiating 
administration of LM-NSC008 cells, rat brains were harvested, 
and 1mm-thick coronal sections of fixed brain were cleared with 
CLARITY, immunostained, and imaged at TBI and contralateral 
sites. LM-NSC008 cells were quantified across 7 sections ob-
tained from male and female rat brains. We observed NSC migra-
tion along white matter tracts towards TBI sites and hippocampal 
areas, contributing to the recovery via downregulation of GFAP 
after TBI. We also demonstrated modulation of cytokines and 
chemokines at the TBI site as compared in CCI+ Veh and CCI + 
NSC groups via ELISA and change in gene expression by Nanos-
tring assays. Our work serves as proof-of-concept for the use of 
cell-mediated therapies for the treatment of TBI and provides a 
strong rationale for using LM-NSC008 cells and IN delivery for 
translation to patients post TBI.

Funding Source: NINDS

Keywords: NEURAL STEM CELLS LMNSC008, TRAUMATIC 
BRAIN INJURY, CONTROLLED CORTICAL IMPACT INJURY
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ANTITUMORIGENIC EFFECT OF THE HUMAN 
AMNIOTIC MEMBRANE EXTRACT ON 
NEUROBLASTOMA CELL LINE
El-Badri, Nagwa - Biomedical Science, Zewail City of Science 
and Technology, October City, Egypt
Abou-Shanab, Ahmed - Biomedical Sciences Program, Zewail 
City of Science and Technology, Giza, Egypt
Shouman, Shaimaa - Biomedical Sciences Program, Zewail City 
for Science and Technology, Giza, Egypt
Salah, Radwa - Biomedical Sciences Program, Zewail City for 
Science and Technology, Giza, Egypt

Neuroblastoma (NB) is a common sympathoadrenal solid malig-
nant tumor in newborns. Current chemotherapeutic approaches 
provide moderate outcome and substantial side effects. Adjuvant 
therapy promises to enhance treatment efficacy, alleviate the 
side effects, and improve the therapeutic outcome. The human 
amniotic membrane (hAM) is a transparent embryonic envelope 
surrounding the fetus and includes mesenchymal stromal cells, 
epithelial cells, and extracellular matrix proteins. The hAM was 
found to offer potent natural antimicrobial, anticancer and antian-
giogenic properties. Herein, we investigate the antitumorigenic 
activity of hAM extract on SH-SY5Y neuroblastoma cell line. The 
freshly collected hAM was homogenized and stained with Cal-
cein AM to confirm the viability of the stem cells within the mem-
brane. Treatment of SH-SY5Y neuroblastoma cell line with 1 mg/
ml hAM extract (hAME) for 4 days showed a significant cytotoxic 
effect compared to the untreated group. Treated cells showed 
a significant upregulation in apoptotic markers Bcl-2, Caspase-3, 
and P53, and downregulation of anti-apoptosis regulator Bax 
along with a significant increase in Annexin V positive population, 
showing priming of the apoptosis pathway. Flow cytometry anal-
ysis showed G2/M phase cell cycle arrest, and RT-qPCR showed 
upregulation in cyclin-dependent kinase inhibitor (p21) and 
downregulation of cyclin-dependent kinase 4 (CDK-4) genotypic 
expression. Treated cells also showed downregulation of prolif-
eration-inducing proteins and inhibitors of cell fate commitment 
differentiation proteins (ID) -1, -2, -3, -4, along with upregulation 
in TOB1 anti-proliferation marker, and a concomitant decrease in 
the protein expression of proliferation markers cMYC, HDAC1 and 
telomerase. Epithelial to mesenchymal transition markers Snail 
and Slug were repressed in the treated group as measured by 
Western blot. These data provide evidence to the antitumor activ-
ity of hAME and suggest its useful utility as a biomimetic possible 
adjuvant therapy for NB.

Funding Source: This work is partially funded by: Jesor grant, 
Academy of Science and Technology (ASRT), grant no. 5275 
and FLUG grant, Science and Technology Development Fund 
(STDF), grant no. 46721

Keywords: Neuroblastoma, Tumorigenesis, Amniotic membrane
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GABA RECEPTOR-MEDIATED PURKINJE 
NEURON DIFFERENIATION IN JDP2-DEPLETED 
CEREBELLAR GRANULE PROGENITOR CELLS
Ku, Chia-Chen - Graduate Institute of Medicine, Kaohsiung 
Medical University, Kaohsiung, Taiwan (Republic of China)
Lin, Chang-Shen - Graduate Institute of Medicine, Kaohsiung 
Medical University, Kaohsiung, Taiwan
Pan, Jia-Bin - Graduate Institute of Medicine, Kaohsiung Medical 
University, Kaohsiung, Taiwan
Wu, Deng-Chyang - Division of Gastroenterology, Department 
of Internal Medicine, Kaohsiung Medical University Hospital, 
Kaohsiung, Taiwan
Wuputra, Kenly - Graduate Institute of Medicine, Kaohsiung 
Medical University, Kaohsiung, Taiwan
Yokoyama, Kazushige - Graduate Institute of Medicine, 
Kaohsiung Medical University, Kaohsiung, Taiwan

The Jun dimerization protein 2 (Jdp2) gene is active in mouse 
cerebellar granule cells and plays a crucial role in the formation of 
the cerebellum lobes through programmed cell death. However, 
the role of Jdp2 in cellular differentiation and pluripotency in the 
cerebellum and the effect of the antioxidation reagents remain 
unknown. Thus, studies of the molecular mechanism underlying 
the effects of Jdp2 and N-acetyl-L-cysteine (NAC) in terms of the 
redox control are crucial for the understanding of the differenti-
ation of granule cell progenitors (GCPs) into neurons and of the 
neural circuits of redox control during development. In vitro, treat-
ment with NAC decreased the oxidative stress levels (i.e., reactive 
oxygen species [ROS] production and aryl hydrocarbon receptor 
levels) and increased the nuclear factor-erythroid-2-related factor 
2 (Nrf2) levels and antioxidative response (ARE) activities. These 
activities were more significant in Jdp2-depleted mouse GCPs. 
NAC addition induced the early differentiation of GCPs to neu-
rons, including Purkinje cells, through the enhanced expression 
of the GABA receptor a6 and calcium uptake. An inhibitor of the 
GABA receptor a6 reduced calcium uptake and the differentia-
tion of GCPs to Purkinje cells. The depletion of Jdp2 promoted 
neuronal differentiation more significantly. NAC induced the early 
commitment of the differentiation of GCPs to neurons, especial-
ly to Purkinje cells, through the GABA receptor axis, and Jdp2 
depletion enhanced this differentiation program of GCPs. The 
antioxidative effect of NAC was the main driving force of this de-
cision for neural differentiation in vitro. This implies that antiox-
idative drugs may be an effective target for rescuing the oxida-
tive-stress-induced GCP damages in the cerebellum.

Keywords: Calcium uptake, GABAR, Granule cell progenitor, 
Jun dimerization protein 2, N-acetyl-L-cysteine, Neural 
differentiation, Purkinje cells
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CUSTOM MICROFLUIDIC DEVICE FOR 
ASSESSMENT OF DORSOVENTRAL PATTERNING 
OF HUMAN IPSC-DERIVED OTOCYST BY KEY 
MODULATORS SONIC HEDGEHOG (SHH) AND 
WNT3A: IMPLICATIONS FOR REGENERATING 
VESTIBULAR NEURONS
Matsuoka, Akihiro Joseph - Otolaryngology, University of 
California, San Diego, CA, USA
Norton, Benjamin - Department of Otolaryngology, Northwestern 
University, Chicago, IL, USA
Quirk, Analia - Department of Otolaryngology-Head and Neck 
Surgery, University of California, San Diego, CA, USA

Vestibular dysfunction (VD) affects a significant portion of the US 
population. Unfortunately, current rehabilitation therapies are 
ineffective, with many patients experiencing lifelong debilitating 
symptoms. Potential treatments for VD include vestibular implants 
(VI), which have shown promise in clinical studies. However, the 
unique anatomical challenge presented by the location of vestibu-
lar cell bodies inside the internal auditory canal necessitates the in 
vitro regeneration of vestibular neurons (VN) to bridge the spatial 
gap. In recent decades, research on regenerating SGNs has been 
the primary focus, with little attention paid to VN regeneration. We 
developed a step-wise in vitro protocol to address this gap and 
generate VN phenotypes from human induced pluripotent stem 
cells (hiPSCs). Our protocol was designed to preferentially select 
for VNs rather than SGNs by shortening the otic neural differenti-
ation period. To assess the impact of sonic hedgehog (SHH) and 
wingless-type MMTV integration site family member 3A (Wnt3a) 
on dorsoventral patterning in hiPSCs otocyst development, we 
used a two-by-two factorial design. We then characterized and 
validated hiPSC-derived 3D otic spheroids for vestibular neuron 
lineages using immunocytochemistry (ICC) and real-time RT-qP-
CR. We also found that 3D otic spheroids had similar percentages 
of PAX8(+)/β-III tubulin (+) cells when cultured in either a nano-
fibrillar cellulose hydrogel (GrowDex-T) or a peptide amphiphile 
hydrogel. In addition, we compared the efficacy of a slow-release 
human brain-derived neurotrophic factor (BDNF) system called 
the Polyhedrin Delivery System (PODS) to traditional recombinant 
hBDNF in promoting cell growth and differentiation. Our findings 
indicated that the PODS system supported longer neurites and 
more neurite-bearing cells. Based on PCR data, the high Wnt3a/
low SHH culture condition promoted dorsal otocyst gene expres-
sion from Day 18-25 and early VN gene expression after Day 20. 
In summary, these cells can potentially improve VI outcomes and 
identify genetic signatures of non-functional vestibular neurons 
in VD patients. This may contribute to developing more effective 
treatments for this debilitating condition.

Keywords: Vestibular neuron, Regeneration, human induced 
pluripotent stem cells

2121

BRIDGING THE ELECTRODE-NEURON GAP: 
FINITE ELEMENT MODELING OF IN VITRO 
NEUROTROPHIN GRADIENTS TO OPTIMIZE 
NEUROELECTRONIC INTERFACES IN THE INNER 
EAR
Matsuoka, Akihiro Joseph - Otolaryngology, University of 
California, San Diego, CA, USA
Nella, Kevin - Department of Mechanical Engineering, 
Northwestern University, Evanston, IL, USA
Noton, Benjamin - Department of Otolaryngology, Northwestern 
University, Chicago, IL, USA

Although cochlear implant (CI) technology has allowed for the 
partial restoration of hearing over the last few decades, persistent 
challenges (e.g., poor performance in noisy environments and 
limited ability to decode intonation and music) remain. The “elec-
trode–neuron gap” is inherent to these challenges and poses the 
most significant obstacle to advancing past the current plateau in 
CI performance. We propose the development of a “neuro-regen-
erative nexus”—a biological interface that doubly preserves na-
tive spi- ral ganglion neurons (SGNs) while precisely directing the 
growth of neurites arising from transplanted human pluripotent 
stem cell (hPSC)-derived otic neuronal progenitors (ONPs) toward 
the native SGN population. We hypothesized that the Polyhedrin 
Delivery System (PODS-recombinant human brain- derived neu-
rotrophic factor [rhBDNF]) could stably provide the adequate 
BDNF concentration gradient to hPSC-derived late-stage ONPs to 
facilitate otic neuronal differentiation and directional neurite out-
growth. To test this hypothesis, a finite element model (FEM) was 
constructed to simulate BDNF concentration profiles generated 
by PODS-rhBDNF based on initial concentration and culture de-
vice geometry. For bi- ological validation of the FEM, cell culture 
experiments assessing survival, differentiation, neurite growth 
direction, and synaptic connections were conducted using a 
multi-chamber microfluidic device. We were able to successful-
ly generate the optimal BDNF concentration gradient to enable 
survival, neuronal differentiation toward SGNs, directed neurite 
extension of hPSC-derived SGNs, and synaptogenesis between 
two hPSC-derived SGN populations. This proof-of-concept study 
provides a step toward the next generation of CI technology.

Funding Source: The Office of the Assistant Secretary of 
Defense of Health Af- fairs through the Hearing Restoration 
Research Program (Award #: RH170013:WU81XWUH-18-0712). 
Imaging

Keywords: Auditory neurons, Regeneration, Neurotrophins
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TOPIC: NO TISSUE SPECIFICITY

2122

KINETIC STEM CELL (KSC) COUNTING: A FIRST 
METHOD FOR ROUTINE QUANTIFICATION OF 
THE SPECIFIC FRACTION OR DOSAGE OF TISSUE 
STEM CELLS
Sherley, James L. - Executive Team, Asymmetrex®, LLC, Boston, 
MA, USA
Daley, Michael - Institute for Applied Life Sciences, University of 
Massachusetts, Amherst, MA, USA
Dutton, Renly - Executive Team, Asymmetrex®, LLC, Boston, MA, 
USA

One of the most challenging research problems in the nearly 
six-decade history of stem cell science and stem cell medicine 
has been developing a method to quantify the specific fraction 
or dosage of tissue stem cells (TSCs). This counting problem was 
present from the beginning with hematopoietic stem cells (HSCs) 
and has continued with other important TSCs like mesenchymal 
stem cells (MSCs). The only previous method with the capabil-
ity of estimating the specific TSC fraction of samples, the SCID 
mouse repopulation cell (SRC) assay, works only for HSCs; and it 
has proven impractical for routine use in both research and clin-
ical practice. To address this longstanding problem, we recent-
ly developed a method, called kinetic stem cell (KSC) counting, 
that provides the ability to conveniently and routinely quantify the 
specific fraction of any TSC type in complex research, bioman-
ufacturing, and clinical tissue cell preparations. KSC counting is 
a computational simulation method that defines the TSC-specif-
ic fraction (SCF) of tissue cell samples based on their cell prolif-
eration kinetics. KSC counting has been validated for accuracy 
and specificity by several orthogonal tests, including comparison 
to HSC-specific fraction determinations by the SRC assay. We 
will describe the underlying stem cell kinetics principles of KSC 
counting and show how it can be used to specifically and accu-
rately quantify diverse TSCs and monitor changes in their SCF 
in response to different culture factors and culture conditions. 
Future general implementation of KSC counting will improve the 
quality of stem cell research and stem cell medicine, accelerat-
ing progress in the development of more effective treatments for 
patients.

Funding Source: SBIR Phase I grant #1R43HL154900-01 from 
the National Heart, Lung, And Blood Institute (NIH-NHLBI) 
Technical Project grant #2019-02T-T0227 from Advanced 
Regenerative Manufacturing Institute (ARMI)|BiofabUSA.

Keywords: tissue stem cell, stem cell fraction, stem cell dosage

2123

PROPERTIES OF A NOVEL BIOMATERIAL 
SCAFFOLD IN REGULATING STEM CELL 
PROLIFERATION AND SELF-RENEWAL
Bavykina, Viktoriia - Department of Biochemistry and 
Functional Genomics, University of Sherbrooke, QC, Canada
Lauzon, Marc-Antoine - Department of Chemical and 
Biotechnology Engineering, University of Sherbrooke, QC, 
Canada
Laurent, Benoit - Department of Biochemistry and Functional 
Genomics, University of Sherbrooke, QC, Canada

Our peripheral nervous system has the capacity for injured neu-
rons to regenerate axons and rebuild functional connections. 
This unique potential relies on Schwann cells (SC) that support 
axon regeneration. Current treatment methods are insufficient 
to ensure a full functional nerve recovery. Toward this issue, 
nerve guide conduits (NGC) are used to guide regenerating ax-
ons. Stem cells also play a critical role in tissue repair through-
out life. They can undergo self-renewal and give rise to several 
specialized cell types to repair the tissue surrounding their niche. 
In the bioengineering field, stem cells are being considered the 
primary research target as they can be incorporated into the 
generation of new NGC. Pre-seeding of a biomaterial scaffold 
with patient-derived induced pluripotent stem cells (iPSC) can 
promote neuronal regeneration through their differentiation into 
non-neuronal support cells i.e., growth-permissive SC. Here we 
reported the development of a novel and tunable NGC featur-
ing interconnected microchannels with a composition analogous 
to the extracellular matrix. We assessed the matrix and physical 
properties of this biomaterial scaffold to regulate iPSC prolifera-
tion and self-renewal by conducting a transcriptomic analysis of 
iPSC growing on a biomaterial scaffold and in a 3D environment. 
We evaluated the impact of biomaterial scaffolds on iPSC surviv-
al, self-differentiation, and proliferation. Our finding gives insights 
into the biological mechanisms by which stem cells sense and 
interact with their surrounding mechanical environment and high-
lights how physical stimulation play important role in regulating 
stem cell behavior. Our results will help develop more effective 
regenerative medicine approaches for peripheral nerve injuries.

Keywords: induced pluripotent stem cells, nerve guide conduits, 
transcriptomics

2124

THERAPEUTIC ROLES OF HUMAN CORNEAL 
STROMAL STEM CELL-DERIVED EXTRACELLULAR 
VESICLES IN A SCAR-FREE CORNEAL WOUND 
HEALING
Santra, Mithun - Ophthalmology, University of Pittsburgh, PA, 
USA
Geary, Moira - Ophthalmology, University of Pittsburgh, PA, USA
Yam, Gary - Ophthalmology, University of Pittsburgh, PA, USA

Corneal blindness due to scarring/opacities is a leading cause of 
visual impairment. The standard of care is donor corneal trans-
plantation, but the global shortage of donor tissue limits the out-
come. Different reports have shown that direct application of 
corneal stromal stem cells (CSSCs) to corneal wounds in animal 
models suppressed opacities and recovered clear corneas. The 
underlying mechanism associated to this anti-scarring effect is 
not fully elucidated. Our recent work has revealed the production 
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) of regenerative cytokine, transforming growth factor β3 (TGFβ3), 

by human CSSCs. This study investigated the CSSC-derived 
extracellular vesicles (EVs) and examined various cell stress ef-
fects on TGFb3 expression. Primary human CSSCs isolated from 
donor corneas were cultured under different conditions: (1) with 
M1 mouse macrophages (RAW264.7), (2) serum deprivation, (3) 
H2O2-mediated oxidative stress, (4) transient heat shock, and 
(5) metabolic stress with tunicamycin-induced unfolded protein 
response. The cellular and EV expression of TGFb3 and other 
regenerative cytokines (HGF, SDF1) were examined by qPCR. 
We detected full-length TGF²3 mRNA in CSSC-derived EVs. The 
inflammatory stress induced TGF²3 upregulation in CSSCs and 
their EV fractions, whereas there was no change in HGF and SDF1 
expression. More importantly, the stimulated CSSCs produced 
EVs with increased TGF²3 transcripts. To validate the therapeu-
tic effect, human CSSCs with or without TGF²3 knockdown and 
CSSC-derived secretome were applied to a mouse model of an-
terior corneal stromal injury caused by mechanical ablation. At 
day 1 and 3 post-injury and cell treatment, TGF²3 was significant-
ly upregulated in mouse corneal samples. At day 14, the treated 
corneas remained clear and had significantly reduced expression 
of fibrosis markers (fibronectin, hyaluronan synthase 2, SPARC, 
tenascin C, collagen 3, and ±-smooth muscle actin) when com-
pared with untreated wound controls. CSSCs with siRNA-medi-
ated TGFβ3 knockdown lost these therapeutic effects. In conclu-
sion, we identified the paracrine action of CSSCs on corneal scar 
prevention through EV-mediated delivery of TGFβ3 mRNA. High 
TGFb3 expression could redirect the tissue fibrosis during corne-
al wound healing to a scar-reducing regeneration.

Funding Source: Hillman Foundation Grant

Keywords: Corneal opacities; Corneal stromal stem cells, 
TGFβ3; Extracellular vesicles, Corneal regeneration

2126

INVESTIGATION OF THE EFFSCTS OF 
CRANIAL BONE-DERIVED MESENCHYMAL 
STEM CELL TRANSPLANTATION IN A BRAIN 
INJURY RAT MODEL USING LONGITUDINAL 
ELECTROPHYSIOLOGICAL EVALUATION
Maeda, Yuyo - Department of Neurosurgery, Graduate School 
of Biomedical and Health Sciences, Hiroshima University, 
Hiroshima, Japan
Mitsuhara, Takafumi - Neurosurgery, Hiroshima University, 
Hiroshima, Japan
Takeda, Masaaki - Department of Neurosurgery, Hiroshima 
University, Hiroshima, Japan
Shimizu, Kiyoharu - Neurosurgery, Hiroshima University, 
Hiroshima, Japan
Hosogai, Masahiro - Neurosurgery, Hiroshima University, 
Hiroshima, Japan
Kuwabara, Masashi - Neurosurgery, Hiroshima University, 
Hiroshima, Japan
Horie, Nobutaka - Neurosurgery, Hiroshima University, 
Hiroshima, Japan

Hiroshima University has independently established cranial 
bone-derived mesenchymal stem cells (cMSCs) and compared 
their neurotrophic effects such as neurotrophic factor expression 
and effects of transplantation with those of other MSCs in a cen-
tral nervous system injury model. In this study, we investigated the 
effects of cMSCs in a brain injury rat model using our previously 
established longitudinal electrophysiological evaluation method. 

Adult female Sprague-Dawley rats were used to construct a brain 
injury model. The study included rats that were transplanted with 
cMSCs from the tail vein on the first day after injury (n=8) and a 
control group (rats with brain injury but without cMSCs transplan-
tation) (n=7). The Basso Beattie Bresnahan (BBB) scale scores and 
inclined plate test measurements were recorded for motor func-
tion evaluation. Transcranial electrically stimulated motor-evoked 
potentials were recorded in the rats’ forelimbs for electrophys-
iological evaluation, and the amplitude recovery rate was mea-
sured. Histopathological evaluation of rat brains was performed 
4 weeks after the injury. Compared with the control group, the 
transplanted cMSCs group showed significant recovery of motor 
function in the inclined plate test the day following transplantation 
and in the BBB score 5 days post-transplantation. With regard to 
electrophysiological evaluation, we observed significant recov-
ery of amplitude 14 days post-transplantation. Histopathological 
evaluation confirmed cerebral contusions in both groups. We es-
tablished the effects of cMSCs transplantation on motor function 
and electrophysiological activity in a rat model of brain injury. We 
intend to perform further research to investigate the mechanism 
underlying electrophysiological recovery associated with cMSCs 
transplantation.

Keywords: brain injury, mesenchymal stem cells, motor-evoked 
potential

2127

CANCER STEM CELLS AS THERAPEUTIC TARGET 
FOR COLORECTAL CANCER
Alhulais, Reem - School of Pharmacy and Medical Science, 
Griffith University, Gold Coast, Australia
Ralph, Stephen - Pharmacy and Medical Science, Griffith 
University, Gold Coast, Australia

There has been an arousing interest in cancer stem cells (CSCs) 
ever since it was discovered few decades ago. CSCs are well-
known by not only their ability to undergo self-renewal and differ-
entiate into more mature cancer cells but also by their tumour-ini-
tiating ability from relatively very small number of cells. Only little 
investigation into the exact role of isolated populations of (CSCs) 
has been undertaken and the prevalence of CSCs in malignan-
cies is still a matter of some debate and controversy. Here, we 
aim to identify specific CSC markers and isolate CSC sub-popula-
tions from colon cancer in order to force them from dormancy into 
active division, which will potentially make them more susceptible 
to chemotherapy. Expression levels of several colorectal CSCs 
markers including CD271, SSEA1, EPCAM, Cript-1, or ABCG2 were 
validated under both hypoxic and normoxic conditions in SW480 
and CSC480, colorectal cancer cell lines, using Flow cytometry 
and immunofluorescence. The relationship between hypoxia and 
cellular expression of Brn2, which is a transcription factor that 
could be a CSC marker, was explored via flow cytometry an im-
munofluorescence. Furthermore, correlation between CSC mark-
ers expression in primary and metastasis tissues in human col-
orectal cancer was examined by immunofluorescence. Results: 
ABCG2 and Cripto-1 were expressed in low levels on cell-sub-
populations compared to CD271, EPCAM or SSEA1. Interestingly, 
all the markers expression levels were increased in a subpopu-
lation by 72 hours under hypoxia compared to normoxia condi-
tions. However, comparison over the time course of hypoxia; EP-
CAM, Cripto-1, or ABCG2 expression were decreased at 48 hours 
and then increased again at 72 hours. The SW480 Brn2-EGFP 
cell line showed a significant decreased in Brn2 positive cells be-
tween the normoxia and hypoxia samples at 24, 48, or 72 hours. 
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We found that all markers were highly expressed in metastasis 
compared to primary sections in human tissues. ABCG2 and Crip-
to-1 are potentially suitable markers for studying colon CSCs. Fur-
thermore, CSC markers were found to be more highly expressed 
in the metastatic colorectal cancer samples compared primary 
sections.

Keywords: Cancer stem cells, Colorectal cancer, Markers

TOPIC: MESENCHYMAL STROMAL CELLS, ADIPOSE, 
AND CONNECTIVE TISSUE

2130

ESTABLISHMENT OF ADIPOSE-DERIVED 
MESENCHYMAL STEM CELL THERAPY FOR 
NOVEL MODALITY TOWARDS OCULAR SURFACE 
INTRACTABLE DISEASES
Inagaki, Emi - Department of Ophthalmology, Keio University, 
Tokyo, Japan
Rusch, Robert - Department of Ophthalmology, Keio University, 
Tokyo, Japan
Nonaka, Hidenori - Department of Regenerative Medicine, 
Rohto Pharmaceuticals, Tokyo, Japan
Tamai, Rie - Department of Regenerative Medicine, Rohto 
Pharmaceuticals, Tokyo, Japan
Ogawa, Yoko - Department of Ophthalmology, Keio University, 
Tokyo, Japan
Negishi, Kazuno - Department of Ophthalmology, Keio 
University, Tokyo, Japan
Shimmura, Shigeto - Department of Ophthalmology, Keio 
University, Tokyo, Japan

Human adipose-derived mesenchymal stem cells (ADSCs) have 
immunomodulatory and anti-inflammatory functions and are ex-
pected to be a new modality to treat immune disorders resistant 
to existing therapies. We will evaluate the efficacy and safety of 
ADSCs in ophthalmology using a chronic graft-versus-host dis-
ease (cGVHD) model. A mouse cGVHD model was created, and a 
single subconjunctival dose of 2×10^5 ADSCs was administered. 
Three weeks after ADSC transplantation, corneal epithelial dam-
age and corneal opacity scores were quantified. The ADSC trans-
plant group showed significant improvement in epithelial damage 
and suppression of corneal opacity compared to the negative 
control group. (p< 0.05) To evaluate the pharmacokinetics, the lu-
ciferase gene was introduced by the lentiviral vector, and the lumi-
nescence signal was detected by in vivo luminescence imaging. 
Human-derived DNA in the samples was detected by real-time 
PCR of human-specific Alu sequences. The results showed that 
ADSCs were distributed in the eye and ocular tissues after ad-
ministration but disappeared within seven days. In an ocular local 
irritation test conducted on domestic rabbits, no obvious irritation 
was observed after administering 1×10^7 ADSCs. Subconjunctival 
administration of ADSC has shown efficacy against ocular surface 
disorders of cGVHD. The results of pharmacokinetic and topical 
irritation studies indicate that it is safe and can be expected as a 
new modality for new ocular surface diseases.

Funding Source: KAKENHI (Japan Society for Promotion of the 
Science) to EI, Rhoto

Keywords: mesenchymal stem cell, ocular surface, inflammation
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