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Dear Colleagues,

On behalf of the Korean Society for Stem Cell Research (KSSCR), we are delighted to welcome you
to the 2019 ISSCR/KSSCR International Symposium held on 26-27 September, 2019 in Seoul, Ko-
rea. This is a joint meeting of the KSSCR and the International Society for Stem Cell Research (ISS-
CR), the largest and most authoritative stem cell society in the world.

With no doubts, the 2019 ISSCR/KSSCR International Symposium will be the biggest and the most
successful stem cell symposium in the history of Korean stem cell research which will greatly con-
tribute to the development of KSSCR and stem cell research in Korea in the future.

The 2019 ISSCR/KSSCR International Symposium will consist of excellent scientific programs and
presentations, including a keynote lecture by Professor Shinya Yamanaka from Kyoto University, Ja-
pan, who was awarded a Nobel Prize in 2012 for his groundbreaking discovery of induced pluripotent
stem cells (iPSC). Another keynote lecture will be delivered by Professor Deepak Srivastava from
Gladstone Institutes, USA, who is the president of ISSCR. In addition, there will be seven special
sessions and six concurrent sessions, covering the hottest and most important topics of the stem cell
field, from basic research to clinical applications. We believe that these excellent scientific programs,
presented by dozens of world-renowned stem cell experts, will provide participants with a great fo-
rum to exchange ideas and information in the fields of stem cells and regenerative medicine.

We hope the 2019 ISSCR/KSSCR International Symposium offers you wonderful opportunities to
broaden your view of stem cell research and to create interactive networks with other stem cell scien-
tists. In addition to attending the Symposium, we hope you have the chance to visit some picturesque
places in Seoul and other areas of Korea.

Thank you again for your great interest in the 2019 ISSCR/KSSCR International Symposium.
Sincerely,

Dong-Wook Kim
KSSCR president
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About the ISSCR

Mission Statement
The mission of the International Society for Stem Cell Research (ISSCR) is to promote excellence in stem cell sci-
ence and applications to human health.

History & Philosophy
With roughly 4,000 members from more than 60 countries, the ISSCR is the preeminent global, cross-disciplinary,
science-based organization dedicated to stem cell research and its translation to the clinic.

Formed in 2002, the Society promotes global collaboration among the world’s most talented and committed stem
cell scientists and physicians, and plays a catalyzing role in the development of effective new medical treatments.

The Society brings together researchers, clinicians, academics, and industry representatives engaged in both fun-
damental and applied research, and provides international opportunities to share science and advance the field.
The ISSCR supports the strong scientific and medical consensus that continued research on all types of stem cells
is critical to developing research strategies that will ultimately provide new therapies for patients with debilitating
diseases and injuries.

The ISSCR represents academia and industry on a broad range of issues that affect the well-being of patients and
their families, and strives to educate the public and government regulators on the basic principles of stem cell sci-
ence and the realistic potential for new medical treatments and cures.

The leadership of the ISSCR is acutely aware of the responsibility the Society bears to promote the highest scien-
tific and ethical standards, and is dedicated to integrity in the rigor and quality of the research community’s scien-
tific work, the public policy stands it takes on stem cell related issues, and the organization’s relations with its key
constituents and the public. Only such an abiding commitment to integrity can ensure that as the ISSCR grows, it
will continue to be seen as a fair and trusted advocate by both its internal and external stakeholders.

Contact Us

International Society for Stem Cell Research, 5215 Old Orchard Road, Suite 270, Skokie, Illinois, USA 60077
+1 224-592-5700

www.isscr.org, www.acloserlookatstemcells.ory, www.facebook.com/isscr, www.twitter.com/isscr
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. . Basel, Switzerland Takanori Takebe
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Melbourné Australia New Haven, CT, USA Joanna Wysocka
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Day 1/ Thursday, 26 September, 2019

08:45-09:00 Opening ceremony and welcome remarks: Dong-Wook Kim
Introduction to ISSCR Symposium: Nancy Witty

Keynote Lecture 1 Room A+B+C
09:00-09:45 Introduction: Deepak Srivastava

Recent Progress in iPS Cell Research and Application
Shinya Yamanaka
(Gladstone Institutes, USA and Center for iPS Cell Research & Application, Kyoto University, Japan)

Special Session 1 : Cell Fate Decisions Room A+B+C
09:45-10:45 Chair: Christine Mummery
The Blastocyst and its Stem Cells: Understanding Early Cell Fate Decisions and Modeling Early

Development
Janet Rossant (Hospital for Sick Children, Canada)

SHP2 Mutations Induce Early Cell Fate Determination of Noonan Syndrome-iPSCs to the Glial
Lineage During Neural Development In Vitro
Yong-Mahn Han (Korea Advanced Institute of Science and Technology, Korea)

Special Session 2 : Cellular Reprogramming Room A+B+C
11:05-12:35 Chair: Kevin Eggan

Unleashing the Developmental Potential of iPSCs
Hans Schaler (Max Planck Institute for Molecular Biomedicine, Germany)

Recent Advances in Direct Reprogramming and Gene Targeting as New Therapies for
Neurodegenerative Diseases
Jongpil Kim (Dongguk University, Korea)

Using Chemical Approaches to Generate Desired Functional Cells
Hongkui Deng (Peking University, China)

Luncheon Symposium 1: Molecular Devices Room A
12:35-13:35

Overcoming Challenges of High Content Imaging and Analysis for 3D Cell Culture
Minho Tak (Molecular Devices Korea, Korea)
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Luncheon Symposium 2: JSK Biomed Inc. Room B
12:35-13:35

What's in Your Media Matters: Applications of Cellular Metabolic Profiling in Stem Cell Research
Yoonseok Kam (Cell Analysis Group, Agilent Technologies, Inc., Korea)

Luncheon Symposium 3: Thermo Fisher Scientific Room C
12:35-13:35

Integrated Work Flow Solutions from Discovery to Translational Research
Uma Lakshmipathy (Thermo Fisher Scientific, USA)

Concurrent Session 1 : Organoids and Development Room A
13:35-15:25 Chair: ll-Hoan Oh

The Inflammatory Niche Shapes Lung Regeneration
Joo-Hyeon Lee (University of Cambridge, UK)

In Vitro Vascularization of Human Organoids and Tissue Fragments: Cell Cultures’ Missing Link?
Paul Vulto (Mimetas B.v., The Netherlands)

Single Cell RNA-sequencing Analysis Reveals the Absence of Transient iPSCs During Pluripotency
Factor-Mediated Direct Reprogramming
Janghwan Kim (Korea Research Institute of Bioscience and Biotechnology, Korea)

Comparative Analysis of Diverse Cell States Establishes an Epigenetic Basis for Inferring Regulatory
Genes Governing Cell Identity
Enakshi Sinniah (University of Queensland, Australia)

Direct Induction of the Three Pre-implantation Blastocyst Cell Types from Fibroblast
Mohammad Jaber (The Hebrew University, Israel)

Chemical Derived Hepatic Progenitors, a Silver Lining of Regenerative Medicine of the Liver
Dongho Choi (Hanyang University, Korea)

Concurrent Session 2 : Stem Cells and Tissue Engineering Room B
13:35-15:25 Chair: Peter Zandstra

Biomimetic Hydrogels for Stem Cell and Reprogrammed Cell Therapy
Seung-Woo Cho (Yonsei University, Korea)

Bone Marrow-Derived Epithelial Cells and Hair Follicle Bulge Stem Cells Initiate and Promote Chronic
Inflammation-Associated Cutaneous Neoplasms in Mice
Heuijoon Park (Columbia University, USA)

Printing Human Pancreatic Tissues for the Treatment of Diabetes
Jinah Jang (Postech, Korea)
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Modelling of Retinitis Pigmentosa Caused by a Nonsense Mutation in the RP1 Gene Using Induced
Pluripotent Stem Cells
Sang Yoon Moon (The University of Westerm Australia, Australia)

Generation of Epithelial Organoids from Human Tonsils of Waldeyer’s Ring in a Chemically Defined
Medium
Jongman Yoo (CHA University, Korea)

Vascularized Spheroids/Organoids Using Microfluidics
Noo Li Jeon (Seoul National University, Korea)

Concurrent Session 3 : Stem Cells and Regenerative Medicine in Asia
Room C
13:35-15:25 Co-Chairs: Youngsook Son, Ssang-Goo Cho

Present and Future Perspective of Myocardial Regeneration Therapy
Yoshiki Sawa (President, Japanese Society for Regenerative Medicine, Japan)

Neural Differentiation for Discovery and Therapy
Baoyang Hu (Innovation Academy for Stem Cell and Regeneration, Chinese Academy of Sciences, China)

Modeling Human Hepato-Biliary-Pancreatic Organogenesis from the Foregut-Midgut Boundary
Takanori Takebe
(Tokyo Medical and Dental University, Japan and Cincinnati Children’s Hospital, USA)

National Stem Cell Resource Center (NSCRC) of China, and its Role in Delivering Stem Cell-based
Therapies
Jie Hao (Innovation Academy for Stem Cell and Regeneration, Chinese Academy of Sciences, China)

Differential Regulation of Neural Stem Cell Differentiation by MEK Inhibitors
Hyunjung Kim (Chung-Ang University, Korea)

Deciphering Brain Somatic Mutations in Human Neurological Disorders
Jeong Ho Lee (Korea Advanced Institute of Science and Technology, Korea)

Special Session 3 : Tissue and Cancer Stem Cells Room A+B+C
15:45-17:15 Chair: Paul Frenette
Modelling of Human Neurodegenerative Diseases Using iPSCs and Genetically Modified Non-

Human Primates
Hideyuki Okano (Keio University School of Medicine, Japan)

Pharmacogenomic Landscape of Patient-Derived Cancer Stem Cells Informs Precision Oncology
Therapy
Do Hyun Nam (Sungkyunkwan University School of Medicine, Korea)

Stress-Mediated Hyperactivation of Sympathetic Nerves Drives Melanocyte Stem Cell Depletion
Ya-Chieh Hsu (Harvard University, USA)
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Special Session 4 : Microenvironment and the Stem Cell Niche
Room A+B+C
17:25-18:25 Chair: Amy Wagers

Engineering Stem Cell Niche for Regeneration and Therapy
lI-Hoan Oh (The Catholic University of Korea, Korea)

A Novel Mechanism for Innate Immune Tolerance of Hematopoietic and Leukemic Stem Cells
Paul Frenette (Albert Einstein College of Medicine, USA)

18:30-19:30 Posters | (odd numbers) and Mixer
Exhibition Hall (2F, Convention Center)

19:30-20:30 Posters Il (even numbers) and Mixer
Exhibition Hall (2F, Convention Center)

08:45-09:00 Opening remarks: Dong-Youn Hwang

Special Session 5 : Epigenetics and Aging of Stem Cells Room A+B+C
09:00-10:00 Chair: Ya-Chieh Hsu
Activating Muscle Stem Cell Function through Immediate Early Transcription Factors and Lipid

Mediators
Amy Wagers (Harvard University, USA)

Restoring the Human Germline
Amander Clark (University of California, Los Angeles, USA)

Special Session 6 : New Technologies in Stem Cells Room A+B+C
10:00-11:00 Chair: Hongkui Deng

Haploid Human Embryonic Stem Cells: Derivation and Applications
Nissim Benvenisty (The Hebrew University, Israel)

Patterning Mesoderm and Blood Development from Human Pluripotent Stem Cells
Peter Zandstra (University of British Columbia, Canada)
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Special Session 7 : Disease Modeling and Stem Cells Room A+B+C
11:20-12:50 Chair: Malin Parmar

Villages in a Dish: Scaling the Use of Human Cell Models to Detect Drug Genotype Interactions
Kevin Eggan (Harvard University, USA)

Harnessing the Potential of ES Cells & iPS Cells: New Opportunities for Therapeutics, Disease
Modeling and Genome Editing
Dong-Wook Kim (Yonsei University, Korea)

Cardiovascular Diseases and Drugs: Where Are We with hiPSC Models?
Christine Mummery (Leiden University, The Netherlands)

Luncheon Symposium 4: Kangstem Biotech Room A
12:50-13:50
Development of First-in-Class and Best-in-Class Stem Cell Therapeutics for Immune Related

Diseases
Speaker: Seunghee Lee (Kangstem Biotech, Korea)

Luncheon Symposium 5: Bio-Techne Room B
12:50-13:50

Organoid Technology and Medicine
KyungJin Lee (ORGANOIDSCIENCES, Ltd., Korea)

Luncheon Symposium 6: Ajinomoto Co., Inc. + CHAYON Laboratories, Inc. Room C
12:50-13:50

Use of Biomaterials to Regulate Neural Differentiation from Human iPSCs
Yoichi Kosodo (Korea Brain Research Institute, Korea)

Concurrent Session 4. Genome Editing in Stem Cells Room A
13:50-15:15 Chair: Hans Schoéler

Highly Efficient Genome Editing by CRISPR-Cpfl Using CRISPR RNA with a U-rich 3'-Overhang
Yong-Sam Kim (Korea Research Institute of Bioscience and Biotechnology, Korea)

A Lin28a Loss-of-Function Associated with Early-Onset Parkinson’s Disease
Mi-Yoon Chang (Hanyang University, Korea)

Enhanced Immunocompatibility of iPS Cells by CRISPR-Cas9 Targeted Disruption of HLA Genes
Huaigeng Xu (Center for iPS Cell Research and Application, Japan)

Genome-Wide Screening of Functional Deubiquitinating Enzymes Regulating Stemness-Related
Proteins Using CRISPR/Cas9-Mediated Dubs Knockout Library
Suresh Ramakrishna (Hanyang University, Korea)
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Efficient Detection and Purification of Human PSC-Derived Cell Populations Using RNA Switches
Shin-Il Kim (AceRNA Technologies Co., Japan)

Concurrent Session 5 : Application of Stem Cell Technologies Room B
13:50-15:15 Chair: Janet Rossant
Real-Time Monitoring of Dynamic Cellular Properties of Ex Vivo Expanded or In Vivo Engrafted

Mesenchymal Stem Cells
Dong-Myung Shin (University of Ulsan College of Medicine, Korea)

Human iPSC-Derived Astroglia Delay Disease Progression in YAC128 Huntington’s Disease Mice
Hyun Jung Park (CHA University, Korea)

Promotion of Pancreatic Beta Cell Differentiation by Modulating Organ-Specific Stromal Niche Signals
Tae-Hee Kim (The Hospital for Sick Children/University of Toronto, Canada)

Therapeutic Potential of Prodrug Solid Tumour Therapy by Non-Viral Modified Mesenchymal Stem
Cells in Mice Model and Companion Animal
Yoon Khei Ho (National University of Singapore, Singapore)

Therapy of Ischemic Diseases Using Human Induced Pluripotent Stem Cells
Jae Ho Kim (Pusan National University College of Medicine, Korea)

Concurrent Session 6 : Stem Cell Quality Control for Cell Therapy
Co-organized by GAIT/K-NIH/ISCBI Room C
13:50-15:15 Co-chairs: Jihwan Song and Glyn Stacey

Usefulness of the Korean HLA-homozygous iPSC lines to Multiple Populations
Jihwan Song (CHA University and GAIT, Korea)

The Global Alliance for iPSC Therapies (GAIT): Quality Testing of Clinical Grade Induced Pluripotent
Stem Cells
Stephen Sullivan (The Global Alliances for iPSC Therapies (GAIT), UK)

Latest Accomplishments of National Center for Stem Cell and Regenerative Medicine
Soo Kyung Koo (Korea NIH, Korea)

Suitability of Pluripotent Stem Cell Lines for Clinical Applications
Glyn Stacey (International Stem Cell Banking Initiative, UK)

Integrated iPSC Characterization Optimal for Cell Therapy Manufacturing
Uma Lakshmipathy (Thermo Fisher Scientific, USA)

Cancer-related Mutations in Primed and Naive Human Pluripotent Stem Cells
Nissim Benvenisty (The Hebrew University, Israel)

Autologous iPS Cell Therapy for Macular Degeneration: From Bench-To-Bedside
Kapil Bharti (NIH/National Eye Institute, USA)
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Special Session 8: Stem Cells in Translation Room A+B+C
15:35-17:05 Chair: Hideyuki Okano

Towards a Patient-Specific Treatment for Parkinson’s Disease
Malin Parmar (Lund University, Sweden)

Trafficking of Endogenous Stem Cells and M1/M2 Polarization of Macrophage for Tissue Repair; A
Story of Substance-P
Youngsook Son (Kyung Hee University, Korea)

Stem Cell Ethics and Policy: Converging Paths and New Synergies
Insoo Hyun (Case Western Reserve University, USA)

Keynote Lecture 2 Room A+B+C
17:15-18:00 Introduction: Christine Mummery

Cellular Reprogramming Approaches in Human Genetics and Regenerative Medicine
Deepak Srivastava (Gladstone Institutes, USA)

18:00-18:25 Poster award and closing ceremony: Eekhoon Jho
Closing remarks: Youngsook Son
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Thursday, 26 September, 09:00-09:45, Room A+B+C

Keynote Lecture 1 Introduction: Srivastava, Deepak

( Yamanaka, Shinya

Gladstone Institutes, San Francisco, CA, USA and Center for iPS Cell Research and
Application, Kyoto University, Kyoto, Japan

Professor Shinya Yamanaka is most recognized for his discovery of induced plurip-
otent stem (iPS) cells, which are reprogrammed cells from the differentiated state to
the pluripotent state. He is Director of the Center for iPS Cell Research and Appli-
cation (CiRA), Kyoto University (2008~), and Senior Investigator at the Gladstone
Institutes (2007~). Since his breakthrough finding, he has been the recipient of many
prestigious awards, including the Nobel Prize in Physiology or Medicine (2012).

09:00-09:45
RECENT PROGRESS IN IPS CELL RESEARCH AND APPLICATION
Yamanaka, Shinya

Gladstone Institutes, San Francisco, CA, USA and Center for iPS Cell Research and Application, Kyoto Universi-
ty, Kyoto, Japan

Induced pluripotent stem cells (iPSCs) can proliferate almost indefinitely and differentiate into multiple lineages,
giving them wide medical application. As a result, they are being used for new cell-based therapies, disease models
and drug development around the world. In 2014, the world’s first clinical study using iPSCs began for the treat-
ment of age-related macular degeneration (AMD). iPSCs can be used for regenerative medicine to restore organ
function. To push these efforts, we are proceeding with an iPSC stock project in which clinical-grade iPSC clones
are being established from “super” donors with homologous HLA haplotypes, which are associated with decreased
immune response and therefore less risk of transplant rejection. In 2015, we started distributing an iPSC stock clone
to organizations in Japan, and clinical study using the iPSC stock began for the people with AMD in 2017, and
1-year follow-up study of 5 cases turned out the safety of allogenic transplantation using iPSC stock. Additionally,
clinical trial for Parkinson’s disease started using the iPSC stock-originated neurons in 2018 and the first surgery to
transplant dopaminergic progenitors into the brain was conducted at Kyoto University Hospital. Other applications
of iIPSCs include drug screening, toxicity studies and the elucidation of disease mechanisms using disease-specific
IPSCs from the people with intractable diseases. We reported a new drug screening system using iPSCs derived
from the people with fibrodysplasia ossificans progressiva (FOP), revealing one drug candidate, Rapamycin. Based
on these findings, we have achieved to initiate a clinical trial to treat FOP in 2017. Additionally, Bosutinib, a drug
for leukemia was revealed to be efficacious for the treatment of amyotrophic lateral sclerosis (ALS) using a disease
model established from disease-specific iPSC. We have just recently initiated a new clinical trial for the Bosutinib to
treat ALS at the Kyoto University Hospital and the other centers in 2019. Over the past decade iPSCs research made
a great progress. However, there are still various hurdles to be overcome, iPSC-based science is certainly moving
forward for delivering innovative therapeutic options to the people with intractable diseases.

Keywords: Induced pluripotent stem cells (iPSCs), cell-based therapies, drug development
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Friday, 27 September, 17:15-18:00, Room A+B+C

Keynote Lecture 2 Introduction: Mummery, Christine

( Srivastava, Deepak

Gladstone Institutes, San Francisco, CA, USA and School of Medicine, University of
California, San Francisco, CA, USA

Dr. Srivastava received his B.S. from Rice University, M.D. from University of Texas,
trained in pediatrics at UCSF, and in pediatric cardiology at Harvard Medical School.
Dr. Srivastava’s laboratory discovered genetic bases for cardiac defects and revealed
complex signaling, transcriptional, and translational networks that regulate progen-
itor cells to adopt a cardiac cell fate and subsequently fashion a functioning heart.
He has leveraged this knowledge to understand disease mechanisms using iPS cells
and to reprogram fibroblasts directly into cardiomyocyte-like cells for regenerative
purposes.

Dr. Srivastava is a member of the American Academy of Arts and Sciences and the
National Academy of Medicine.

17:15-18:00

CELLULAR REPROGRAMMING APPROACHES IN HUMAN GENETICS AND REGENERATIVE
MEDICINE

Srivastava, Deepak

Gladstone Institutes, San Francisco, CA, USA and School of Medicine, University of California, San Francisco,
CA, USA

Heart disease is a leading cause of death in adults and children. We have revealed complex signaling, transcrip-
tional and translational networks that guide early differentiation of cardiac progenitors and later morphogenetic
events during cardiogenesis. By leveraging these networks, we have reprogrammed disease-specific human cells
in order to model genetically defined human heart disease in patients carrying mutations in cardiac developmental
genes. These studies revealed mechanisms of haploinsufficiency and more recently the contribution of genetic
variants inherited in an oligogenic fashion in heart disease. Integration of large-scale DNA-sequencing in patients
with CRISPR and single cell technologies are revealing complex inheritance patterns for human disease. We also
utilized a combination of major cardiac developmental regulatory factors to induce direct reprogramming of resi-
dent cardiac fibroblasts into cardiomyocyte-like cells with global gene expression and electrical activity similar to
cardiomyocytes, and now have revealed the epigenetic mechanisms underlying the cell fate switch. Most recently,
we identified an approach to unlock the cell cycle in adult cardiomyocytes by introducing fetal cyclins and cyclin
dependent kinases, and have been able to induce resident, post-mitotic cardiomyocytes to undergo cell division
efficiently enough to regenerate damaged myocardium. Knowledge regarding the early steps of cardiac differenti-
ation in vivo has led to effective strategies to generate necessary cardiac cell types for disease-modeling and regen-
erative approaches, and may lead to new strategies for human heart disease.

Keywords: Cellular reprogramming, heart disease, developmental biology
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Thursday, 26 September, 09:45-10:45

( Special Session 1 : Cell Fate Decisions, Room A+B+C
Chair: Mummery, Christine

THE BLASTOCYST AND ITS STEM CELLS: UNDERSTANDING EARLY
CELL FATE DECISIONS AND MODELING EARLY DEVELOPMENT

Rossant, Janet
Program in Developmental and Stem Cell Biology, Hospital for Sick Children, and
Department of Molecular Genetics, University of Toronto, ON, Canada

SHP2 MUTATIONS INDUCE EARLY CELL FATE DETERMINATION OF
NOONAN SYNDROME-IPSCS TO THE GLIAL LINEAGE DURING NEU-
RAL DEVELOPMENT IN VITRO

Han, Yong-Mahn
Department of Biological Sciences, Korea Advanced Institute of Science and Technology,

Daejeon, Korea

Thursday, 26 September, 11:05-12:35

( Special Session 2 : Cellular Reprogramming, Room A+B+C
Chair: Eggan, Kevin

UNLEASHING THE DEVELOPMENTAL POTENTIAL OF IPSCS

Scholer, Hans R.
Max Planck Institute for Molecular Biomedicine, Miinster, Germany

RECENT ADVANCES IN CELL REPROGRAMMING AND GENE EDITING
AS NEW THERAPEUTICS FOR NEURODEGENERATIVE DISEASES

Kim, Jongpil
Department of Chemistry and Biomedical Engineering, Dongguk University, Seoul, Korea

USING CHEMICAL APPROACHES TO GENERATE DESIRED FUNCTION-
AL CELLS

Deng, Hongkui
Stem Cell Research Center, Peking-Tsinghua Center for Life Sciences, Peking University,

Beijing, China
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Thursday, 26 September, 09:45-10:45, Room A+B+C

Special Session 1 : Cell Fate Decisions Chair: Mummery, Christine

( Rossant, Janet

Program in Developmental and Stem Cell Biology, Hospital for Sick Children, and
Department of Molecular Genetics, University of Toronto, ON, Canada

Janet Rossant, CC, PhD, FRS, FRSC is President and Scientific Director of the Gaird-
ner Foundation, and Senior Scientist and Chief of Research Emeritus at the Hospital
for Sick Children in Toronto. She is an internationally recognized developmental and
stem cell biologist, exploring the origins of stem cells in the early embryo and their
applications to understanding and treating human disease.

09:45-10:15

THE BLASTOCYST AND ITS STEM CELLS: UNDERSTANDING EARLY CELL FATE DECISIONS
AND MODELING EARLY DEVELOPMENT

Rossant, Janet

Program in Developmental and Stem Cell Biology, Hospital for Sick Children, and Department of Molecular
Genetics, University of Toronto, ON, Canada

The blastocyst stage of development marks the final transition from totipotency to lineage restriction in the early
mammalian embryo, with the formation of the pluripotent epiblast and the extraembryonic lineages of trophec-
toderm and primitive endoderm. In the mouse, self-renewing stem cell lines reflecting the lineage specificity of
these three cell types have been generated, namely embryonic stem cells, trophoblast stem cells and XEN cells,
respectively. The key transcription factors and signaling pathways specifying cell fate in the blastocyst and its de-
rived stem cells have been identified. It is often stated that the 2-cell stage is the last truly totipotent stage of devel-
opment, but by undertaking a careful experimental assessment of the dynamic processes of lineage commitment,
combined with in vivo imaging and single cell gene expression analysis, we have shown that loss of totipotency
is a gradual process and not complete until close to the blastocyst stage. The exact lineage equivalence between
the in vitro blastocyst-derived stem cells and the lineage restriction of their in vivo counterparts is still a matter of
discussion and is relevant to their proposed use in generating stem-cell-derived embryo models. Development of
human and mouse blastocysts show similarities and differences that impacts on the potential to develop human
blastocyst stem cell lines for exploring human early developmental events.

Keywords: Blastocyst, lineage development, stem cell lines
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( Han, Yong-Mahn

Department of Biological Sciences, Korea Advanced Institute of Science and
Technology, Daejeon, Korea

Professor Han a professor of Department of Biological Sciences at KAIST. He re-
ceived B.S. and M.S. degrees from Konkuk University, Korea and Ph.D. degree in
molecular biology from KAIST. During his researcher position at KRIBB for 20
years (1986 to 2006), Professor Han worked on diverse research topics in mammalian
development, including transgenic mice, somatic cell nuclear transfer, and epigenetic
reprogramming of preimplantation embryos. Since Professor Han moved to KAIST,
his group has focused on studying differentiation of human pluripotent stem cells and
modeling human diseases via cellular reprogramming.

10:15-10:45

SHP2 MUTATIONS INDUCE EARLY CELL FATE DETERMINATION OF NOONAN SYN-
DROME-IPSCS TO THE GLIAL LINEAGE DURING NEURAL DEVELOPMENT IN VITRO

Han, Yong-Mahn
Department of Biological Sciences, Korea Advanced Institute of Science and Technology, Daejeon, Korea

Noonan syndrome (NS) is a genetic disorder caused by gain-of-function mutations in Src homology 2 do-
main-containing protein tyrosine phosphatase 2 (SHP2). Although approximately 30-50% of NS patients have
the cognitive deficits such as lower intelligence and neuropsychological complications, mechanisms how SHP2
mutations are associated with the neurological dysfunction in NS patients are poorly understood. For modeling
the neurological dysfunction of NS, induced pluripotent stem cells (NS-iPSCs) were generated from dermal fibro-
blasts of three NS-patients, and differentiated into neural cells. NS-embryoid bodies (EBs) derived from NS-iPSCs
showed abnormal morphologies and defective development to neural rosettes (NRs). Inhibition of both BMP and
TGF-B signaling pathways rescued impaired early neuroectodermal development of NS-iPSCs. Recued NS-EBs
normally differentiated into NRs and neural precursor cells (NPCs). NS-neural cells further differentiated from
NS-NPCs exhibited phenotypic abnormalities such as increment of glial cells and shortened neurites of neuronal
cells. Multielectrode assay represented reduced extracellular spontaneous firing in NS-neural cells. SHP2 inhibi-
tion helps partially restore defective phenotypes and dysfunctional electrophysiology of NS-neural cells. Recently,
cerebral organoids developed from NS-iPSCs also represented diverse neurodevelopmental anomalies, including
enhanced gliogenesis, delayed cortical layers development, and decreased electrophysiological activity. Transient
SHP2 inhibition ameliorated their abnormalities in the neurodevelopmental process of NS-cerebral organoids. The
results indicate that SHP2 mutations lead to aberrant gliogenesis in NS-iPSCs during neural development, and the
precocious development of glial cells may contribute to cognitive deficits in NS patients.

Keywords: Noonan syndrome, iPSCs, neural differentiation
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Thursday, 26 September, 11:05-12:35, Room A+B+C

Special Session 2 : Cellular Reprogramming Chair: Eggan, Kevin

( Scholer, Hans R.
Max Planck Institute for Molecular Biomedicine, Munster, Germany

Hans Scholer is a Director of the Max Planck Society, as well as a professor or adjunct
professor at several universities in Germany, the United States, and Korea. Schéler is
a member of the BOD of the International Society for Stem Cell Research and will
serve as the president of the German Stem Cell Network for the 2021-2022 term. His
major research interests are outlined here https://www.mpi-muenster.mpg.de/97787/
schoeler .

11:05-11:35
UNLEASHING THE DEVELOPMENTAL POTENTIAL OF IPSCS

Schéler, Hans R., Velychko Sergiy, Adachi Kenjiro, Hou Yanlin, Kim, Kee-Pyo, MacCarthy, Caitlin M., Wu
Guangming

Max Planck Institute for Molecular Biomedicine, Munster, Germany

A current aim in cell and developmental biology is to program cells at will. The first step towards converting a
given cell type into another one is achieved via a pluripotent stem cell state that resembles that of ES cells. In most
cases, somatic cells are pushed into a pluripotent state by the introduction of exogenous factors, mostly transcrip-
tion factors. Reprogramming of mouse and human somatic cells into pluripotent stem cells designated as induced
pluripotent stem cells (iPSCs) was first described in 2006. Fibroblasts were used as the somatic cell source and
initially required introduction of the virally expressed transcription factor quartet Oct4, Sox2, Klf4, and c-Myc
(OSKM). We previously reported that Oct4 alone is sufficient for directly reprogramming adult mouse and human
fetal neural stem cells into iPSCs, thus highlighting the crucial role played by Oct4 in the process. Surprisingly, we
have now shown that the combination of SKM is sufficient for reprogramming mouse somatic cells into iPSCs.
Actually, SKM even activates the pluripotency network in Oct4-knockout fibroblasts. Retroviral silencing requires
the simultaneous expression of Sox2 and c-Myc, perhaps accounting for the discrepancy with respect to previous
studies that used retroviral vectors to generate iPSCs without Oct4. Reprogramming in the absence of exogenous
Oct4 results in iPSCs that are characterized by more faithful gene expression and greatly improved developmen-
tal potential. Our data suggests that expression of exogenous Oct4 during reprogramming leads to off-target gene
activation, thereby worsening the quality of the generated iPSCs with major implications for further development
and application of iPSC technology.
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SPECIAL SESSION 2

f. Kim, Jongpil )

Department of Chemistry and Biomedical Engineering, Dongguk University, Seoul,
Korea

Jongpil Kim is an Associate Professor of Chemistry & Biomedical Engineering and
Director of Center for Regenerative medicine at Dongguk University, Seoul, Korea.
Before coming to Dongguk University, he completed the Postdoctoral training at Ru-
dolf Jaenisch’s lab at MIT/Whitehead institute. In 2008, Jongpil Kim received a PhD
in Neurobiology from Columbia University. D

.

11:35-12:05

RECENT ADVANCES IN CELL REPROGRAMMING AND GENE EDITING AS NEW THERAPEU-
TICS FOR NEURODEGENERATIVE DISEASES

Kim, Jongpil
Department of Chemistry and Biomedical Engineering, Dongguk University, Seoul, Korea

Recent advances in direct reprogramming have garnered considerable interest for human disease modelling and
cell replacement strategies. We are interested in developing new technologies of cell reprogramming and gene
editing for the treatment of neurodegenerative diseases such as Parkinson & Alzheimer’s diseases. Recently, our
group have developed approaches to control cell fate through nanotechnology for regenerative medicine. This
study provide a proof of principle for in vivo reprogramming as a potentially viable and safe therapeutic strategy
for the treatment of Parkinson disease. Moreover, we have reported the generation of 3D midbrain organoids for
modeling sporadic Parkinson’s disease, and used this system to explore the pathogenic mechanisms resulted from
the LRRK2 mutant in the Parkinson’s disease. Finally, our group is also developing CRISPR/Cas9 nanocomplex
for in vivo gene editing technology for treating neurodegenerative diseases. | will discuss the recent updates on the
in vivo gene targeting using Cas9 nanocomplexes as a novel therapeutic agent for Alzheimer’s disease.

Keywords: cell reprogramming, gene editing, neurodegenerative diseases
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( Deng, Hongkui

Stem Cell Research Center, Peking-Tsinghua Center for Life Sciences, Peking University,
Beijing, China

Hongkui Deng earned his B.Sc. in Cell Biology from Wuhan University and his
Ph.D. in immunology from the University of California, Los Angeles. From 1995
to 1997 he was an Aaron Diamond Postdoctoral Fellow with Dan R. Littman at the
NYU School of Medicine’s Skirball Institute, where he identified major co-receptors
responsible for HIV entry into cells. From 1998 to 2000, Hongkui was the director of
molecular biology at Viacell Inc. working on ex vivo expansion of human hemato-
poietic stem cells. Hongkui Deng was awarded the prestigious Cheung Kong Schol-
arship in 2000 and became a professor at Peking University in 2001. Since 2013, he
has been the director of the Peking University Stem Cell Research Center. Professor
Deng’s research focuses on somatic cell reprogramming and lineage specific differ-
entiation of human pluripotent stem cells. His lab also explores chemical biological
approaches for manipulating cell fate and function. His group was the first to report
a chemical approach to induce pluripotent stem cells. He has been awarded several
awards and honors including the Tan Jiazhen Life Science Award in 2014 and Wu-
Jieping-Paul Janssen Medical & Pharmaceutical Award in 2017. He also serves on
a number of editorial boards including Cell, Cell Stem Cell, Stem Cell Reports, and
Cell Research. Professor Deng was elected to the ISSCR Board of Directors in 2010
and re-appointed for a second term in 2013.

12:05-12:35

USING CHEMICAL APPROACHES TO GENERATE DESIRED FUNCTIONAL CELLS
Deng, Hongkui

Stem Cell Research Center, Peking-Tsinghua Center for Life Sciences, Peking University, Beijing, China

Cell fate manipulation is a fundamental question in biology and shows great potential for application in the de-
velopment of new disease models, drug screening and cell-based therapies. In recent years, we have been devel-
oping chemical approaches completely using small molecules to direct cell-fate conversion; hence permitting the
generation of diverse cell types including extended pluripotent stem cells and functional lineages such as neurons
and hepatocytes. The chemical approach is a non-integrative method to modulate the genome and is versatile as
it provides spatiotemporal orchestrations of molecular targets in a synergistic manner, which is a simple way to
manipulate cell fates and favorable for clinical translations. Very recently, we have employed this approach to fos-
ter functional maturations of differentiated cells, and we have been able to produce a large amount of competent
human hepatocytes in vitro. These cells highly resemble and functionally rival freshly isolated primary human he-
patocytes for a series of in vitro applications including drug-metabolizing activities, toxicity prediction and mod-
elling hepatitis B virus infection. Furthermore, to apply these cells in the treatment of acute liver failure, we have
developed a novel bio artificial liver system, which exhibited high efficacy in preclinical studies using large animal
models.
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Thursday, 26 September, 15:45-17:15

( Special Session 3 : Tissue and Cancer Stem Cells, Room A+B+C
Chair: Frenette, Paul

MODELLING OF HUMAN NEURODEGENERATIVE DISEASES USING IP-
SCS AND GENETICALLY MODIFIED NON-HUMAN PRIMATES

Okano, Hideyuki
Department of Physiology, Keio University School of Medicine, Keio, Japan

PHARMACOGENOMIC LANDSCAPE OF PATIENT-DERIVED CANCER
STEM CELLS INFORMS PRECISION ONCOLOGY THERAPY
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Nam, Do Hyun

Institute for Refractory Cancer Research, Samsung Medical Center, Seoul, Korea; Depart-
ment of Neurosurgery, Samsung Medical Center, Sungkyunkwan University School of Med-
icine, Seoul, Korea: Department of Health Sciences and Technology, Samsung Advanced
Institute for Health Science and Technology, Sungkyunkwan University, Seoul, Korea

STRESS-MEDIATED HYPERACTIVATION OF SYMPATHETIC NERVES
DRIVES MELANOCYTE STEM CELL DEPLETION

Hsu, Ya-Chieh
Department of Stem Cell and Regenerative Biology, Harvard University and Harvard
Stem Cell Institute, Cambridge, MA, USA

HI18C0829

Thursday, 26 September, 17:25-18:25

( Special Session 4 : Microenvironment and the Stem Cell Niche, Room A+B+C
Chair: Wagers, Amy

ENGINEERING STEM CELL NICHE FOR REGENERATION AND THERA-
PY

Oh, ll-Hoan
Catholic High-Performance Cell Therapy Center, The Catholic University of Korea, Seoul,
Korea

A NOVEL MECHANISM FOR INNATE IMMUNE TOLERANCE OF HEMA-
TOPOIETIC AND LEUKEMIC STEM CELLS

Frenette, Paul S.
Ruth L. and David S. Gottesman Institute for Stem Cell and Regenerative Medicine Re-
search, Albert Einstein College of Medicine, New York, NY, USA
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Thursday, 26 September, 15:45-17:15, Room A+B+C

Special Session 3 : Tissue and Cancer Stem Cells Chair: Frenette, Paul

€ okano, Hideyuki
Department of Physiology, Keio University School of Medicine, Keio, Japan

Hideyuki Okano graduated from Keio University School of Medicine in 1983. After
post-doctoral training in Johns Hopkins University School of Medicine, he worked
at Tsukuba University and Osaka University, and was appointed as a full professor of
Physiology in Keio University Medical School in 2001. Since 2007 to date, he has
been a Dean of Keio University Graduate School of Medicine or School of Medicine.
He is well known in the field of regenerative medicine of CNS diseases.

15:45-16:15

MODELLING OF HUMAN NEURODEGENERATIVE DISEASES USING IPSCS AND GENETICAL-
LY MODIFIED NON-HUMAN PRIMATES

Okano, Hideyuki
Department of Physiology, Keio University School of Medicine, Keio, Japan

There is an increasing aged population across the world. Also, we have to notice that ageing is the biggest risk
factor for neurodegenerative diseases including dementia, Parkinson Disease (PD) and ALS. In the major neuro-
degenerative diseases, such as Alzheimer Disease (AD), PD and ALS, abnormal protein assembly is a common
mechanism for triggering neurodegeneration. To investigate the pathogenic mechanisms and develop new inter-
ventions for these diseases, we took advantage of induced pluripotent stem cells (iPSCs) technologies. So far, we
have established iPSCs from the patients of about 40 human neurological/psychiatric disorders and characterized
their pathophysiology. Using iPSC-technology to generate stem and differentiated cells retaining the patients’ full
genetic information, we have established a large number of in vitro cellular models of familial ALS (FALS) and
sporadic ALS (SALS). These SALS models showed phenotypic differences in their pattern of neuronal degen-
eration, types of abnormal protein aggregates, cell death mechanisms, and onset and progression of these phe-
notypes in vitro among cases. We therefore developed a system for case clustering capable of subdividing these
heterogeneous SALS models by their in vitro characteristics. We further evaluated multiple-phenotype rescue of
these sub-classified SALS models using agents selected from non-SOD1 FALS models, and identified ropinirole
(ROPI: known as D2 receptor agonist) as a potential therapeutic candidate. Furthermore, we found that i) ROPI’s
anti-ALS action is mostly D2R-independent, by improving mitochondrial function, and suppressing ROS pro-
duction, ii) ROPI’s anti-ALS action exceeds the effects of pre-existing anti-ALS drugs (Riluzole, Edaravone) in a
dish, iii) ROPI is effective about 70% of SALS patients (16/22) as assayed in our in vitro system and iv) localiza-
tion of ALS related RNA-binding proteins (TDP-43 and FUS) potentially acts as biomarker to predict Responders
vs Non-Responders. Based on these findings on the potential anti-ALS action of ROPI, we started A Phase I/lla,
randomized, double-blind, placebo-controlled study followed by a continuing open label study, to verify the safety
and tolerability of “ROPI” in subjects with ALS (ROPALS trial) from December, 2018. Notably, we will also gen-
erate iPSCs from patients and compare in vitro and in vivo effects of ROPI on ALS phenotypes.

Keywords: ALS, iPSCs, Clinical trial
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( Nam, Do Hyun

Institute for Refractory Cancer Research, Samsung Medical Center, Seoul, Korea;
Department of Neurosurgery, Samsung Medical Center, Sungkyunkwan University
School of Medicine, Seoul, Korea: Department of Health Sciences and Technology,
Samsung Advanced Institute for Health Science and Technology, Sungkyunkwan
University, Seoul, Korea

Professor Nam started his career at Department of Neurosurgery, Seoul National Uni-
versity Hospital and Samsung Biomedical Research Institute. Presently he serves as
the Director of the Institute of Refractory Cancer Research, Samsung Medical Center
and the Chair of Graduate School for Health Sciences & Technology, Sungkyunkwan
University. Prof Nam has extensive experience and expertise in the field of brain
tumor research. His major scientific achievements include the creation of AVATAR
System, which recommends effective therapeutic options for individual patients
based on the tumors’ genomic alterations and drug response profiles.

16:15-16:45

PHARMACOGENOMIC LANDSCAPE OF PATIENT-DERIVED CANCER STEM CELLS INFORMS
PRECISION ONCOLOGY THERAPY

Nam, Do Hyun*?3, Sa, Jason K.*

YInstitute for Refractory Cancer Research, Samsung Medical Center, Seoul, Korea, 2Department of Neurosur-
gery, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea, *Department of
Health Sciences and Technology, Samsung Advanced Institute for Health Science and Technology, Sungkyunkwan
University, Seoul, Korea

Cancer is a complex disease with profound molecular and transcriptional heterogeneity, exhibiting a wide spec-
trum of genomic and epigenomic dysregulations. Intra-tumoral heterogeneity confounds accurate diagnosis and
complicates design of effective treatments within clinical framework. Substantial evidences have suggested an
existence of tumor cellular hierarchy, with cancer stem cells (CSCs) occupying at its apex. CSCs are functionally
defined by their enhanced ability for perpetual self-renewal and govern essential programs that modulate tumor
survivability. Given the recognition of CSC significance, use of primary human cancer models that harbor cellular
hierarchy (cancer stem cells) and recapitulate the genomic and molecular phenotypes of the parental tumors in situ
will greatly enhance clinically relevant studies. A fundamental tenet of precision oncology in cancer proposes that
genomic and molecular characterization of the tumor could inform patient tailored therapy. However, as most sol-
id tumors harbor multiple genetic aberrations, predicting successful treatments based on computational approach
alone remains challenging. An integrated approach consisting of genomic analysis of the patient tumor, in parallel
with direct assessments of drug response on patient tumor derivatives is the next step towards precision oncology.
Toward this goal, we have established a library of 462 patient-derived cancer stem cells across 14 tumor types,
coupled with molecular and transcriptional profiling. Here, we provide comprehensive insights into dynamic phar-
macogenomic associations, including molecular determinants that elicit therapeutic resistance to EGFR inhibitors
and potential repurposing of ibrutinib (currently used in hematological malignancies) for EGFR-specific therapy
in gliomas. Lastly, we present a potential implementation of PDC-derived drug sensitivities for the prediction of
clinical response to targeted therapeutic using retrospective clinical studies. Collectively, our work presents that
evolutionary inference from integrated genomic analysis with chemical screening of the CSCs can inform optimal
targeted therapeutic intervention for cancer patients.

Keywords: Cancer Stem Cell, Precision Oncology, Gene-Drug Response Association
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€ Hsu, Ya-Chieh

Department of Stem Cell and Regenerative Biology, Harvard University and Harvard
Stem Cell Institute, Cambridge, MA, USA

Ya-Chieh Hsu is the Alvin and Esta Star Associate Professor at the Department of
Stem Cell and Regenerative Biology at Harvard University. She is also a principal
faculty member at the Harvard Stem Cell Institute and an associate member of the
Broad Institute. Her lab focuses understanding how stem cell behaviors are shaped by
niche factors and systemic changes using skin as a model.

16:45-17:15

STRESS-MEDIATED HYPERACTIVATION OF SYMPATHETIC NERVES DRIVES MELANOCYTE
STEM CELL DEPLETION

Hsu, Ya-Chieh', Zhang, Bing', Ma, Sai*?'°, Rachmin, Inbal®, He, Megan'*, Baral, Pankaj°, Choi, Sekyu’,
Gongalves, William A.%, Shwartz, Yulia®, Fast, Eva M.*", Su, Yiqun?, Zon, Leonard 1.>"#, Regev, Aviv>*,
Buenrostro, Jason D., Cunha, Thiago M.>*, Chiu, Isaac M.?, Fisher, David E.2

!Department of Stem Cell and Regenerative Biology, Harvard University and Harvard Stem Cell Institute,
Cambridge, MA, USA, ?Broad Institute of MIT and Harvard, Cambridge, MA, USA, *Cutaneous Biology Research
Center, Department of Dermatology, Massachusetts General Hospital, Harvard Medical School, Charlestown,
MA, USA, “Department of Molecular and Cellular Biology, Harvard University, Cambridge, MA, USA, *Depart-
ment of Immunology, Harvard Medical School, Boston, MA, USA, °Institute of Biological Science, Federal
University of Minas Gerais, Belo Horizonte, Brazil, ‘Stem Cell Program and Division of Hematology/Oncolo-
gy, Boston Children’s Hospital and Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA, USA,
®Howard Hughes Medical Institute, Boston Children’s Hospital and Harvard University, Boston, MA, USA,
*Howard Hughes Medical Institute, Chevy Chase, MD, USA, “°Department of Biology and Koch Institute, Massa-
chusetts Institute of Technology, Cambridge, MA, USA, ™Center for Research in Inflammatory Diseases (CRID),
Department of Pharmacology, Ribeirdo Preto Medical School, University of S&o Paulo, Ribeir&o Preto, Brazil

Stress is an out of the norm state caused by emotional or physical insults. While chronic stress is considered harmful,
acute stress is thought to cause transient and reversible changes essential for fight or flight. Stress has been anecdotal-
ly associated with hair greying, but scientific evidence linking the two is scant. Here, using mouse stress models, we
found that acute stress leads to hair greying through rapid depletion of melanocyte stem cells (MeSCs). Combining
adrenalectomy, denervation, chemogenetics, cell ablation, and MeSC-specific adrenergic receptor knockout, we
found that stress-induced MeSC loss is independent of the immune attack or adrenal hormones. Instead, hair greying
results from activation of the sympathetic nervous system that innervates the MeSC niche. Upon stress, sympathetic
nerve activation leads to burst release of the neurotransmitter norepinephrine, which acts directly on MeSCs. Nor-
epinephrine drives quiescent MeSCs to proliferate rapidly, followed by migration and differentiation, leading to their
permanent depletion from the niche. Transient suppression of MeSC proliferation with topical application of cell
cycle inhibitors rescues stress-induced hair greying. Our studies demonstrate that stress-induced neuronal activity can
be an upstream trigger that forces stem cells out of quiescence, and suggest that acute stress stimuli can be more detri-
mental than anticipated by causing rapid and irreversible loss of somatic stem cells.

Keywords: stem cell niche, sympathetic nerve, melanocyte stem cells
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Thursday, 26 September, 17:25-18:25, Room A+B+C

Special Session 4 : Microenvironment and the Stem Cell Niche Chair: Wagers, Amy

¢ on, Il-Hoan

Catholic High-Performance Cell Therapy Center, The Catholic University of Korea,
Seoul, Korea

Dr. 1l-Hoan Oh obtained MD degree from the Catholic University, College of Med-
icine, and Ph.D from Temple University, USA. His initial study was focusing on the
molecular mechanisms controlling self-renewal of hematopoietic stem cells (HSCs).
Recently, he focuses on the microenvironmental regulation of HSCs and leukemia
stem cells. He served as president of KSSCR and currently, as director of Catholic
High-Performance Cell Therapy Center, Catholic University of Korea.

17:25-17:55
ENGINEERING STEM CELL NICHE FOR REGENERATION AND THERAPY
Oh, ll-Hoan*, Jeong, Seon-Young?, Jeon, So-Hee?, Kim, Jin-A?

!Catholic High-Performance Cell Therapy Center, The Catholic University of Korea, Seoul, Korea, The Catholic
University of Korea, Seoul, Korea

Microenvironment in bone marrow plays a pivotal role to regulate normal and leukemic stem cell fates through
cellular interaction with stem cell niche. Therefore, the mechanisms controlling the functional status of microenvi-
ronmental niche could open alternative approaches to control the in-vivo behavior. In this presentation, we would
show the changes in the cellular characteristics of BM niche cells during their functional activation for stimulating
hematopoietic stem cells (HSCs). First, using 3D-spheroid culture model of mesenchymal stromal cells, we ob-
served an increase of niche activity associated with molecular remodeling in MSCs. We show that these molecular
remodeling could promote self-renewing regeneration of HSCs. Secondly, we show that the BM niche is stimu-
lated by myeloablative agents and induce an adaptive remodeling of niche cells acquiring new cellular characteris-
tics. Interestingly, these mesenchymal niche cells generated by remodeling exerted counteractive effects on normal
and leukemic stem cells in a manner that stimulates regeneration of normal HSCs, but suppress leukemia stem
cells. These counteractive anti-leukemic/pro-normal effects led to therapeutic benefit prolonging survival of leuke-
mic mice. Lastly, we show that BM stromal cells play a role to generate new subsets of leukemic cells with stem
cell-like, drug resistant clones in a reversible, stochastic manner. Together, we propose that BM microenvironment
could be an attractive target of therapy for regeneration of normal HSCs and therapy against hematological malig-
nancy.
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SPECIAL SESSION 4

7
. Frenette, Paul S. A

Ruth L. and David S. Gottesman Institute for Stem Cell and Regenerative Medicine
Research, Albert Einstein College of Medicine, New York, NY, USA

Paul Frenette is the founding Director and Chair of the Ruth L. and David S. Gottes-
man Institute for Stem Cell and Regenerative Medicine at Albert Einstein College of
Medicine. His laboratory has uncovered the critical role of the sympathetic nervous
system in the regulation of hematopoietic stem cell (HSC) egress from their niches.
He has elucidated circadian rhythmicity in HSC release from the bone marrow, and

. contributed to identify major cellular constituents forming niches in the bone marrow. )

17:55-18:25

A NOVEL MECHANISM FOR INNATE IMMUNE TOLERANCE OF HEMATOPOIETIC AND LEU-
KEMIC STEM CELLS

Frenette, Paul S.

Ruth L. and David S. Gottesman Institute for Stem Cell and Regenerative Medicine Research, Albert Einstein
College of Medicine, New York, NY, USA

Hematopoietic stem cells (HSCs) home to the bone marrow niche via the regulated expression of chemokines
and adhesion receptors. Upon migrating into the marrow space, HSCs are vetted by perivascular phagocytes that
ensure their self-integrity. Here, | will describe a mechanism by which mononuclear phagocytes serve as quali-
ty-control checkpoint for entry in the bone marrow, and discuss the implications for novel strategies to eliminate
leukemic cells via modulation of innate immune tolerance.

Keywords: Hematopoietic stem cells, innate immunity, leukemic stem cells
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SPECIAL SESSION

Friday, 27 September, 09:00-10:00

. Special Session 5 : Epigenetics and Aging of Stem Cells, Room A+B+C

Chair: Hsu, Ya-Chieh

ACTIVATING MUSCLE STEM CELL FUNCTION THROUGH IMMEDIATE
EARLY TRANSCRIPTION FACTORS AND LIPID MEDIATORS

Wagers, Amy J.
Department of Stem Cell and Regenerative Biology, Harvard University, Cambridge,
MA, USA

RESTORING THE HUMAN GERMLINE

Clark, Amander
Department of Molecular Cell and Developmental Biology, Eli and Edythe Broad Center of
Regenerative Medicine and Stem Cell Research University of California, Los Angeles, CA,

USA

Friday, 27 September, 10:00-11:00

. Special Session 6 : New Technologies in Stem Cells, Room A+B+C
Chair: Deng, Hongkui

HAPLOID HUMAN EMBRYONIC STEM CELLS: DERIVATION AND APPLI-
CATIONS

Benvenisty, Nissim
The Azrieli Center for Stem Cells and Genetic Research, The Hebrew University of Jeru-
salem, Israel

PATTERNING MESODERM AND BLOOD DEVELOPMENT FROM HUMAN
PLURIPOTENT STEM CELLS

Zandstra, Peter
School of Biomedical Engineering, Michael Smith Laboratories, University of British

Columbia, Vancouver, BC, Canada

This program was supported by the Bio & Medical Technology Development Pro-
gram of the National Research Foundation (NRF) funded by the Korean government
(MSIT) (No. 2017M3A9B4042583).

.
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Friday, 27 September, 09:00-10:00, Room A+B+C

Special Session 5 : Epigenetics and Aging of Stem Cells Chair: Hsu, Ya-Chieh

( Wagers, Amy J.

Department of Stem Cell and Regenerative Biology, Harvard University, Cambridge,
MA, USA

Dr. Amy Wagers is the Forst Family Professor and Co-Chair of the Department of
Stem Cell and Regenerative Biology at Harvard University, a Senior Investigator at
the Joslin Diabetes Center and a member of the Paul F. Glenn Center for the Biology
of Aging at Harvard Medical School. Dr. Wagers’ laboratory investigates how chang-
es in stem cell activity impact tissue homeostasis and repair throughout life, and how
stem cells may be harnessed for regenerative medicine using cell transplantation and
gene editing approaches.

09:00-09:30

ACTIVATING MUSCLE STEM CELL FUNCTION THROUGH IMMEDIATE EARLY TRANSCRIP-
TION FACTORS AND LIPID MEDIATORS

Wagers, Amy J.
Department of Stem Cell and Regenerative Biology, Harvard University, Cambridge, MA, USA

Skeletal muscle stem cells, also known as satellite cells, are largely non-proliferative in uninjured adult muscle but
transition at sites of injury into rapidly dividing progenitors that mediate muscle repair. As early events in satellite
cell activation are rate-limiting for recovery from muscle damage and can impact the efficiency of engraftment in
transplantation scenarios, there is substantial interest in discovering their molecular driver(s). Using comparative
transcriptomics and chemical screening approaches, we have uncovered a unique molecular signature associated
with recently activated muscle satellite cells, including new molecular effectors of satellite cell function, and iden-
tified two bioactive lipids that promote myogenic progenitor cell engraftment in transplantation models. Results
from these studies strongly implicate immediate early response genes of the AP-1 family in licensing satellite cells
for optimal regenerative activity and uncover previously unsuspected roles for targets of AP-1 in the proliferation
and expansion of regenerative muscle stem cells. They further suggest new potential therapeutic targets and op-
portunities for treating muscle disease and reversing age-related loss of muscle repair by mobilizing endogenous
muscle stem cells and/or boosting the myogenic contributions of transplanted progenitors.

Keywords: Satellite cells, activation, regeneration
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( Clark, Amander

Department of Molecular Cell and Developmental Biology, Eli and Edythe Broad
Center of Regenerative Medicine and Stem Cell Research University of California,
Los Angeles, CA, USA

Amander Clark PhD is Professor and Chair of the Department of Molecular Cell
and Developmental Biology, University of California, Los Angeles (UCLA). She is
a key member of the UCLA Eli and Edythe Broad Center of Regenerative Medicine
and Stem Cell Research and Co-Director of the UCLA Human Embryonic Stem Cell
Derivation laboratory. As an independent investigator, Dr. Clark’s research is focused
on germline development and epigenetic reprogramming using pluripotent stem cells
as a model.

09:30-10:00
RESTORING THE HUMAN GERMLINE
Clark, Amander

Department of Molecular Cell and Developmental Biology, Eli and Edythe Broad Center of Regenerative Medi-
cine and Stem Cell Research University of California, Los Angeles, CA, USA

At birth the human ovary contains an estimated 1-2 million primordial follicles. This is referred to as the ovarian
reserve. With healthy aging in women, the ovarian reserve decreases due to loss of follicles and in the fifth decade
of life the ovarian reserve depletes resulting in menopause. In the decade prior to menopause, women experience
age related fertility decline, and this is associated with the generation of poor-quality oocytes that if fertilized can
result in miscarriage or adverse health outcomes. Accelerated ovarian aging can also occur when the ovary is in-
jured, for example as a side effect of cancer therapy, notably cisplatin-based chemotherapy. As a result, child hood
cancer survivors are at risk for entering menopause as adolescents or young adults. Therefore, new approaches
to restore the human germline are required to help women with premature fertility decline. In this project, we are
using human pluripotent stem cells to differentiate human germline cells called primordial germ cell like cells
(PGCLC:s) in vitro. PGCLCs are the precursors to oogonia and oocytes that are central to the control of ovarian
aging. Using assay for transposase accessible chromatin followed by Sequencing (ATAC-Seq), single cell RNA-
Seq, Whole genome bisulfite sequencing (WGBS) and Chromatin immunoprecipitation followed by Sequencing
(ChIP-Seq), my group are focused on establishing the cell and molecular principles required for human germline
cell development. In particular, we are focused on the role of the transcription factor AP2 (TFAP2) family, and the
human-specific roles these transcription factors play in establishing the human germline. Collectively, results from
this work will be essential in the future to differentiating high quality gametes from stem cells that could one day
be used to restore fertility and reverse ovarian aging.

Keywords: pluripotent stem cells, germ cells, and epigenetics
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Friday, 27 September, 10:00-11:00, Room A+B+C

Special Session 6 : New Technologies in Stem Cells Chair: Deng, Hongkui

( Benvenisty, Nissim

The Azrieli Center for Stem Cells and Genetic Research, The Hebrew University of
Jerusalem, Israel

Prof. Nissim Benvenisty is the Herbert Cohn Chair in Cancer Research and the Di-
rector of The Azrieli Center for Stem Cells and Genetic Research at the Hebrew
University. He earned his M.D. and Ph.D. degrees from the Hebrew University, and
conducted postdoctoral studies at Harvard University. Prof. Benvenisty’s research
projects focus on stem cell biology, tissue engineering, human genetics, and cancer
research. He published numerous original and review papers on human pluripotent
stem cells, and serves on the editorial board of various stem cell related journals.
He is a member of the steering committee of the International Stem Cell Initiative
(ISCI), the Board of Directors of the International Society of Differentiation (ISD),
and serves as the academic advisor for the International Symposia of the International
Society for Stem Cell Research (ISSCR). Prof. Benvenisty presents the issue of hu-
man embryonic stem cells in many international conferences, and gave testimonies
before the US Senate and the European Union. He was awarded several prizes among
them the Foulkes Prize (London), the Hestrin Prize, the Teva Prize, the Kaye Prize,
the Milken Prize and the ACTO Award.

10:00-10:30

HAPLOID HUMAN EMBRYONIC STEM CELLS: DERIVATION AND APPLICATIONS
Benvenisty, Nissim

The Azrieli Center for Stem Cells and Genetic Research, The Hebrew University of Jerusalem, Israel

We have recently generated haploid human embryonic stem (ES) cells from unfertilized human oocytes. The
haploid human ES cells exhibited typical pluripotent stem cell characteristics, such as self-renewal capacity and a
pluripotency-specific molecular signature. Although haploid human ES cells resembled their diploid counterparts
by several aspects, they also displayed distinct properties including differential regulation of X-chromosome inac-
tivation and genes involved in oxidative phosphorylation, alongside reduction in absolute gene expression levels
and cell size. Interestingly, we found that a haploid human genome is compatible not only with the undifferentiat-
ed pluripotent state, but also with differentiated somatic fates representing all three embryonic germ layers both in
vitro and in vivo. Furthermore, we demonstrated the utility of haploid human ES cells for loss-of-function genetic
screening by analyzing a haploid gene-trap mutant library. To define the essentialome of human pluripotent stem
cells we generated a genome-wide loss-of-function library in haploid human ES cells utilizing the CRISPR/Cas9
technology using about 180,000 guide RNAs, targeting virtually all coding genes. Using this library, we character-
ized the essential genes in human pluripotent stem cells, showed the relative role of each cellular compartment in
promoting or restricting cell growth, and categorized human genetic disorders according to their role in early em-
bryogenesis. Thus, haploid human ES cells hold a great potential for biomedically-relevant functional genomics to
unravel genotype-phenotype interactions in the context of human development and disease.
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( Zandstra, Peter

School of Biomedical Engineering, Michael Smith Laboratories, University of British
Columbia, Vancouver, BC, Canada

Peter Zandstra graduated with a Bachelor of Engineering degree from McGill Uni-
versity in the Department of Chemical Engineering, obtained his Ph.D. degree from
the University of British Columbia in the Department of Chemical Engineering and
Biotechnology and continued his research training as a Post-Doctoral Fellow in the
field of Bioengineering at MIT. In 1999, Dr. Zandstra began his faculty appointment
at the University of Toronto’s Institute of Biomaterial and in 2016 was appointed
University Professor, the university’s highest academic rank. In July 2017, Zandstra
joined the University of British Columbia as the Founding Director the School of
Biomedical Engineering and as the Director of the Michael Smith Laboratories. In
these roles, he aims to build programs with deeper interactions between the Facul-
ties of Applied Science, Science and Medicine, especially as related to innovative
research and training programs. Peter is the Canada Research Chair in Stem Cell Bio-
engineering and is a recipient of a number of awards and fellowships including the
Premiers Research Excellence Award (2002), the E.W.R. Steacie Memorial Fellow-
ship (2006), the John Simon Guggenheim Memorial Foundation Fellowship (2007),
and the University of Toronto’s McLean Award (2009). Dr. Zandstra is a fellow of the
American Institute for Medical and Biological Engineering and the American Asso-
ciation for the Advancement of Science. Peter’s research focuses on understanding
how complex communication networks between stem cells and their progeny influ-
ence self-renewal and differentiation, and how this information can be applied to the
design of novel culture technologies capable of controlling cell fate.

10:30-11:00

PATTERNING MESODERM AND BLOOD DEVELOPMENT FROM HUMAN PLURIPOTENT
STEM CELLS

Zandstra, Peter

School of Biomedical Engineering, Michael Smith Laboratories, University of British Columbia, Vancouver, BC,
Canada

The blood forming system arises de novo during embryogenesis. After dynamic changes during organismal de-
velopment, blood stem cells settle down in the adult in specialized niches where they support the continuous gen-
eration of a diverse population of mature and functional blood cells throughout our lifetime. In this presentation
I will review our efforts to establish an integrated understanding of the effects of cell type heterogeneity, spatial
organization and multi-scale regulatory network engagement on defined and measurable stem cell fate transitions.
Specific examples using new technologies for pluripotent stem cell fate control will be highlighted and new data
on modeling human pluripotent stem cell development into definitive blood cells, including functional T-cells, will
be presented.

Keywords: Blood development, immune-engineering, niche engineering
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SPECIAL SESSION

: Friday, 27 September, 11:20-12:50 A
¢ Special Session 7 : Disease Modeling and Stem Cells, Room A+B+C
Chair: Parmar, Malin

VILLAGES IN A DISH: SCALING THE USE OF HUMAN CELL MODELS TO
DETECT DRUG GENOTYPE INTERACTIONS

Eggan, Kevin
Department of Stem Cell and Regenerative Biology, Harvard University, Cambridge,
MA, USA

HARNESSING THE POTENTIAL OF ES CELLS & IPS CELLS: NEW OPPOR-
TUNITIES FOR THERAPEUTICS, DISEASE MODELING AND GENOME
EDITING

Kim, Dong-Wook
Yonsei University College of Medicine, Seoul, Korea
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CARDIOVASCULAR DISEASES AND DRUGS: WHERE ARE WE WITH
HIPSC MODELS?

Mummery, Christine
Department of Anatomy and Embryology, Leiden University Medical Centre, Leiden,
The Netherlands

This session was supported by a grant (HI18C0096) from the Ministry of Health and Welfare.

Friday, 27 September, 15:35-17:05

¢ Special Session 8 : Stem Cells in Translation, Room A+B+C
Chair: Okano, Hideyuki

TOWARDS A PATIENT-SPECIFIC TREATMENT FOR PARKINSON’S DIS-
EASE

Parmar, Malin
Developmental and Regenerative Neurobiology, Lund University, Lund, Sweden

TRAFFICKING OF ENDOGENOUS STEM CELLS AND M1/M2 POLARIZA-
TION OF MACROPHAGE FOR TISSUE REPAIR; A STORY OF SUBSTANCE-P

Son, Youngsook

Department of Genetic Engineering and Graduate School of Biotechnology, Kyung Hee
University, Seoul, Korea and Center for Kyung Hee Institute of Regenerative Medicine
(KIRM), Kyung Hee University Hospital, Seoul, Korea

STEM CELL ETHICS AND POLICY: CONVERGING PATHS AND NEW SYNERGIES

Hyun, Insoo

Center - for Bioethics and the Department of Global Health and Social Medicine Harvard
Medical School, Boston, MA, USA and Department of Bioethics, Case Western Reserve
University School of Medicine, Cleveland, OH, USA

This research was supported by a grant of the Korea Health Technology R&D Project
through the Korea Health Industry Development Institute (KHIDI), funded by the
Ministry of Health & Welfare, Republic of Korea (grant number : HI13C1479).
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Friday, 27 September, 11:20-12:50, Room A+B+C

Special Session 7 : Disease Modeling and Stem Cells Chair: Parmar, Malin

( Eggan, Kevin

Department of Stem Cell and Regenerative Biology, Harvard University, Cambridge,
MA, USA

Kevin Eggan was a graduate student in Rudolf Jaenisch’s lab in the Department of
Biology at MIT, where he studied fundamental aspects of stem cell biology and re-
programming. In 2003, he became a Harvard Junior Fellow in the Harvard Society of
Fellows. He established his lab in the Department of Molecular and Cellular Biology
at Harvard University where he became an Assistant Professor in 2005. In 2007, he
joined the Department of Stem Cell and Regenerative Biology.

11:20-11:50

VILLAGES IN A DISH: SCALING THE USE OF HUMAN CELL MODELS TO DETECT DRUG
GENOTYPE INTERACTIONS

Eggan, Kevin
Department of Stem Cell and Regenerative Biology, Harvard University, Cambridge, MA, USA

A maturing application of reprogramming and stem cell technologies is their application to understanding how
genetic variation that underlies disease risk impinge the function of affected cell types. However, a major limita-
tion of this approach has been the number of patients and genetic variants that can be reasonably analyzed. | will
describe a new strategy we have developed that allows us to simultaneously measure phenotypes in cell types
derived from as many as 100 individuals in a single tissue culture well. These approaches, we call “Dropulation
Genetics” and “Census sequencing” not only have allowed us to probe how genotype underlies phenotype at pre-
viously impractical scales, they have also provided a remarkable improvement in sensitivity and assay reproduc-
ibility. I will describe practical application of these approaches in psychiatry, neuromuscular disease and suscepti-
bility to infectious agents.
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( Kim, Dong-Wook
Yonsei University College of Medicine, Seoul, Korea

Dr. Dong-Wook Kim is a professor of Department of Physiology, Yonsei University
College of Medicine, Korea and President of Korean Society for Stem Cell Research
(KSSCR). He earned his B.Sc. in 1986 from Korea University, and Ph.D. in biotech-
nology at the University of Tokyo in 1996. Dr. Kim worked in the field of protein
trafficking at Yale University from 1997 to 2001. While working at Harvard Medi-
cal School and Mclean Hospital as a junior faculty member since 2001, he focused
on neural differentiation using ES cells. Dr. Kim joined the Dept. of Physiology at
Yonsei University as a faculty member from 2003. Dr. Kim served as a Director of
Korean Stem Cell Research Center from 2006 to 2012 and made the 10-year Korean
Plan for Stem Cell Research as a Task Force team leader in 2006. Dr. Kim also played
a role in ISSCR’s International Committee (2005-2009), Government Affairs Com-
mittee (2008-2009) and Program Committee (2006-2007, 2018-2019) as a Korean
representative. Dr. Kim served as a special advisory board member for the Korean
FDA in the field of cell-based therapeutics. Dr. Kim’s research areas include disease
modeling and drug discovery using iPSCs, gene correction in patient-derived iPSCs,
neural differentiation of ESCs/iPSCs, and development of cell-based therapeutics on
spinal cord injury and Parkinson’s disease, etc.

11:50-12:20

HARNESSING THE POTENTIAL OF ES CELLS & IPS CELLS: NEW OPPORTUNITIES FOR THER-
APEUTICS, DISEASE MODELING AND GENOME EDITING

Kim, Dong-Wook
Yonsei University College of Medicine, Seoul, Korea

Human pluripotent stem cells (hPSCs) such as embryonic stem cells (ESCs) or induced pluripotent stem cells (iP-
SCs) emerged as promising cell sources for transplantation due to their properties of unlimited self-renewal and
ability to differentiate into all cell types in the body. In addition, hPSCs have potential applications for the devel-
opment of cellular models to study diseases, drug discovery and genome editing. In the first part of my talk, I will
introduce our efforts of using hESCs to develop cell replacement therapeutics to treat two incurable neurological
diseases, spinal cord injury (SCI) and Parkinson’s disease (PD). PSA-NCAM-positive neural cells differentiated
from hESC:s are the cell source for SCI. We previously reported that purified PSA-NCAM-positive neural precur-
sors, unlike neural rosette-derived neural precursors, did not generate any tumors or unwanted tissues after trans-
plantation, and hence were a safe cell source for cell therapy. For cell therapy for PD, we developed an efficient
differentiation protocol that generated a large number of ventral mesencephalic dopamine (vmDA) precursors
for transplantation. We also discovered a novel surface marker to purify and enrich vmDA precursors. Based on
these studies, we are currently preparing clinical trials for SCI and PD. In the second part of my talk, I will focus
on how patient-derived iPSCs or genome editing with WT-iPSCs can be used to generate cellular disease models.
First, we generated hemophilia patient-derived iPSCs and tried to correct hemophilia structural variations such
as chromosomal inversions which were generally more complicated and difficult to correct than small nucleotide
changes. In this study, we established an efficient method to edit the structural variations and applied it to model or
correct large chromosomal rearrangements existing in many hemophilia A patients. Finally, I will briefly explain
our research on X-linked adrenoleukodystrophy (X-ALD). In this study we generated X-ALD patient-iPS cells as
a disease model and used it to develop new drugs and to study mechanism underlying the disease.
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SPECIAL SESSION 7

f. Mummery, Christine A

Department of Anatomy and Embryology, Leiden University Medical Centre, Leiden,
The Netherlands

Christine Mummery is Professor of Developmental Biology at Leiden University
Medical Centre. Her research concerns multidisciplinary approaches to understand-
ing heart and vascular development, the differentiation of pluripotent stem cells into
the cardiac and vascular lineages and using these cells as disease models. She is a
member of the Royal Netherlands Academy of Science, was editor in chief of the
ISSCR journal Stem Cell Reports until 2018 and is is presently vice president of

L ISSCR. D

12:20-12:50
CARDIOVASCULAR DISEASES AND DRUGS: WHERE ARE WE WITH HIPSC MODELS?

Mummery, Christine, Giacomelli, Elisa, Tertoolen, Leon, van Meer, Berend, Sala, Luca, Orlova, Valeria, Bellin,
Milena

Department of Anatomy and Embryology, Leiden University Medical Centre, Leiden, The Netherlands

Derivation of cardiovascular cell types from human pluripotent stem cells derived from patients or introducing
targeted mutations is an area of growing interest as a platform for disease modelling, drug discovery and toxicity.
Our lab has been investigating microtissue solutions in which cardiomyocytes and cardiac vascular and stromal
cells are present. This promotes cardiomyocyte maturation and in combination with new methods for functional
phenotyping, we have been able to quantify the outcomes of drug and disease mutation responses in situ. The use
of isogenic pairs of hiPSC lines with and without mutations has proven very important since variability between
“healthy control” hiPSC lines is often greater than the difference between a diseased cells and its isogenic control.
hiPSC derived cardiomyocytes with mutations in ion channels and other genes can accurately predict changes in
cardiac electrical properties and reveal drug sensitivities also observed in patients.

Keywords: cardiovascular disease, cardiomyocyte maturation, biophysical analysis
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Friday, 27 September, 15:35-17:05, Room A+B+C

Special Session 8 : Stem Cells in Translation Chair: Okano, Hideyuki

( Parmar, Malin
Developmental and Regenerative Neurobiology, Lund University, Lund, Sweden

Malin Parmar is a professor in cellular neuroscience at Lund University in Swe-
den and a New York Stem Cell Foundation — Robertson investigator. Her research
has a strong translational focus. Together with her lab she has shown in a series of
high-profile publications how human fibroblasts can be converted into neurons, how
glial cells can be reprogrammed into neurons in vivo, and how therapeutic dopamine
neurons can be generated from human embryonic stem cells. She is the recipient of
an ERC starting grant and an ERC Consolidator grant. She leads the European effort
STEM-PD, designed to bring stem cell-derived dopamine neurons to clinical trials,
and she is a key partner within European and International networks as well as In-
dustry partners to develop new, cell based therapies for Brain Repair with focus on
Parkinson’s Disease.

15:35-16:05

TOWARDS APATIENT-SPECIFIC TREATMENT FOR PARKINSON’S DISEASE
Parmar, Malin

Developmental and Regenerative Neurobiology, Lund University, Lund, Sweden

The adult brain has a very limited capacity for generation of new neurons. For decades, researchers have therefore
developed strategies for brain repair using exogenous cell sources for cell replacement by transplanting them into
the adult brain. In Parkinson’s disease, clinical trials using fetal cells have demonstrated that effective repair can
indeed be achieved by cell transplantation of developing human fetal dopamine (DA) neurons. Current approaches
using pluripotent stem cells to replace the scarcely available fetal tissue as a source for DA neurons is underway. It
is now also possible to by-pass the pluripotent stage and directly convert somatic cells into induced neurons (iNs)
represent an interesting alternative to induced pluripotent stem cells (iPSCs) for obtaining patient specific neu-
rons for personalized cell therapy. However, when developing autologous therapies where the transplanted cells
are derived from the patients themselves, the issue of increased sensitivity of the transplanted cells to developing
disease-associated pathology in the donor-derived transplanted cells arise. To investigate this, we have developed
new models that allows us to study sensitivity to acquire disease pathology in patient derived cells in vitro, and af-
ter transplantation in vivo.

Keywords: Cell replacement therapy, Parkinson’s Disease, Cellular reprogramming
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( Son, Youngsook

Department of Genetic Engineering and Graduate School of Biotechnology, Kyung
Hee University, Seoul, Korea and Center for Kyung Hee Institute of Regenerative
Medicine (KIRM), Kyung Hee University Hospital, Seoul, Korea

She is a Professor of Department of Genetic Engineering and Director of Kyung
Hee Institute of Regenerative Medicine, Kyung Hee University. She received Ph.D.,
Department of Pharmacology & Cell Biology, UCSF (1989), M.A. (1982), and B.A.
(1980) at Seoul National University. She has served as a president of KSSCR2018
and is a chairman of KSSCR board of directors. Her major research areas are Traf-
ficking of endogenous stem cells, cartilage and skin tissue engineering, and inflam-
mation control for tissue repair

16:05-16:35

TRAFFICKING OF ENDOGENOUS STEM CELLS AND M1/M2 POLARIZATION OF MACRO-
PHAGE FOR TISSUE REPAIR; ASTORY OF SUBSTANCE-P

Son, Youngsook'?, Hong, Hyun Sook'??, Jiang, Mei Hwa', Ahn, Woosung®, Zhang, Mingzi*, Lim, Ji Eun*, Kim,
Sumin?, Chung, Eun Kyung', Lee, Jung Sun*, Kim, Jae Chan®

'Department of Genetic Engineering and Graduate School of Biotechnology, Kyung Hee University, Seoul, Korea,
“Center for Kyung Hee Institute of Regenerative Medicine (KIRM), Kyung Hee University Hospital, Seoul, Korea,
*College of Medicine, Kyung Hee University, Seoul, Korea, “Biosolutions Corporation, Seoul, Korea, *Department
of Ophthalmology, Chung Ang University, Seoul, Korea

Tissue injury may create a specific microenvironment, which brings up the systemic participation of reparative stem
cells in the repair process. Previously, we identified a new role of substance-P (SP) as an injury-inducible messenger
to mobilize bone marrow stromal cells, namely mesenchymal stem cells (BMSC or MSC) from the marrow to the
blood, home to the injured tissue, and be engaged in the tissue repair in the alkali-burn corneal injury model. This
elucidates endogenous healing mechanism recalling BMSC to the wound site. In addition to SP’s BMSC mobiliz-
er function, SP also mobilizes endothelial precursor cells (EPC) from the bone marrow to the peripheral blood and
recruits them to the injured tissue for neovascularization as pericytes and endothelial cells respectively. We explored
SP’s efficacy in a variety of ischemic vascular disease and chronic disease animal models such as spinal cord injury,
acute myocardiac infarction, stroke, diabetes, radiation-induced BM injury and gastrointestinal injury. At the early
stage, SP exerts its anti-inflammatory role through specific trafficking of CD163+/CD206+ subset of monocytes from
the bone marrow to the blood and direct induction of M2 type polarization of monocytes and macrophages, which
in turn suppresses the injury-evoked tissue inflammation and clean up dead cells for tissue repair. This unique role of
SP seems to reduce the inflammation-induced secondary cell death of neighboring cells and creates favorable micro-
environment for the engraftment of incoming stem cells. All of these events comes much earlier, approximately 4-6
hours after the SP injection, than its action on BMSC and EPC mobilization from the bone marrow initiating 2-3 days
after SP injection. Finally, SP-mobilized BMSC and EPC homes to the injured tissue and participates as reparative
stem cells in the tissue repair. Collectively, SP may orchestrate tissue repair by reducing inflammation-provoked tis-
sue damages at early stage and then recruiting endogenous stem cells from bone marrow to the injured tissue for the
tissue repair, which stimulate its development as a potential stem cell stimulating agent to cure a variety of acute and
chronic diseases requiring the reduction of inflammation load and engagement of endogenous reparative stem cells.

Funding Source: This work was supported by Projects from Ministry of Science, ICT and Future Planning (NRF-
2016M3A9B4917320) and Translational medicine project from Ministry of Health and Welfare (HI13C1479,

HI18C1492).
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SPECIAL SESSION 8

r. Hyun, Insoo A

Center for Bioethics and the Department of Global Health and Social Medicine
Harvard Medical School, Boston, MA, USA and Department of Bioethics, Case
Western Reserve University School of Medicine, Cleveland, OH, USA

Insoo Hyun is Professor of Bioethics at Case Western Reserve University School
of Medicine and Senior Lecturer at Harvard Medical School. Dr. Hyun has been
involved for many years with the ISSCR, for which he has helped draft all of the ISS-
CR’s guidelines and has served as the Chair of the Ethics Committee. He is a regular
contributor to Nature, Science, Cell Stem Cell, among many other journals. D

.

16:35-17:05
STEM CELL ETHICS AND POLICY: CONVERGING PATHS AND NEW SYNERGIES
Hyun, Insoo

Center for Bioethics and the Department of Global Health and Social Medicine Harvard Medical School, Boston,
MA, USA and Department of Bioethics, Case Western Reserve University School of Medicine, Cleveland, OH, USA

Like the field of human stem cell research itself, stem cell ethics and policy issues have been rapidly evolving
alongside astonishing developments in cell reprogramming, organoid research, and embryo culture and modeling.
We have now entered an era where bioengineering and stem cell science are starting to converge in evermore ex-
citing combinations. This talk explores the ways in which a renewed focus on ethics and policy considerations can
further reinforce these growing scientific synergies. To this end, the development of a collaborative approach to
“bioengineering ethics” can help pave the way for the next chapter of stem cell research.

Keywords: Ethics, science policy, bioengineering
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. Concurrent Session 1 : Organoids and Development, Room A
Chair: Oh, ll-Hoan

THE INFLAMMATORY NICHE SHAPES LUNG REGENERATION

Lee, Joo-hyeon

Wellcome Trust - MRC Cambridge Stem Cell Institute, University of Cambridge, UK,
Department of Physiology, Development and Neurobiology, University of Cambridge,
UK

IN VITRO VASCULARIZATION OF HUMAN ORGANOIDS AND TISSUE
FRAGMENTS: CELL CULTURES’ MISSING LINK?

Vulto, Paul
Research and Development, Mimetas B.v., Leiden, the Netherlands

SINGLE CELL RNA-SEQUENCING ANALYSIS REVEALS THE ABSENCE
OF TRANSIENT IPSCS DURING PLURIPOTENCY FACTOR-MEDIATED
DIRECT REPROGRAMMING
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Kim, Janghwan
Stem Cell Convergence Research Center, Korea Research Institute of Bioscience and
Biotechnology, Korea

COMPARATIVE ANALYSIS OF DIVERSE CELL STATES ESTABLISHES AN
EPIGENETIC BASIS FOR INFERRING REGULATORY GENES GOVERN-
ING CELL IDENTITY

Sinniah, Enakshi
Institute for Molecular Bioscience, The University of Queensland, Brisbane, Australia

DIRECT INDUCTION OF THE THREE PRE-IMPLANTATION BLASTOCYST
CELLTYPES FROM FIBROBLAST

Jaber, Mohammad
Department of Developmental Biology, Hebrew University, Jerusalem, Israel

CHEMICAL DERIVED HEPATIC PROGENITORS, A SILVER LINING OF
REGENERATIVE MEDICINE OF THE LIVER

Choi, Dongho
Department of Surgery, College of Medicine, Hanyang University, Seoul, Korea
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f. Lee, Joo-Hyeon A

Wellcome Trust - MRC Cambridge Stem Cell Institute, University of Cambridge, UK,
Department of Physiology, Development and Neurobiology, University of Cambridge,
UK

Dr Joo-Hyeon Lee undertook her postdoctoral training at Carla Kim’s laboratory in
Children’s Hospital Boston, Harvard Medical School. She established her own labo-
ratory at Cambridge Stem Cell Institute in 2016 and focuses on understanding cellu-
lar behavior and regulatory networks of stem and niche cells. Joo-Hyeon is currently
Faculty member at the Department of Physiology, Development, and Neuroscience,
University of Cambridge and was awarded with the Sir Henry Dale Fellowship and
ERC starting grant. y

.

13:35-14:00
THE INFLAMMATORY NICHE SHAPES LUNG REGENERATION
Lee, Joo-hyeon™?, Choi, Jinwook®, Park, Jong-eun?

"Wellcome Trust - MRC Cambridge Stem Cell Institute, University of Cambridge, UK, 2Wellcome Sanger Institute,
Cambridge, UK, ®Department of Physiology, Development and Neurobiology, University of Cambridge, UK

Numerous epithelial stem/progenitor cells have been identified and shown to play a role in lung homeostasis and
regeneration. In the alveoli, the site of gas exchange, alveolar type II cells (AT2) serve as stem cells that slowly
produce alveolar cells throughout the life time but dramatically expand to regenerate a large proportion of the alve-
olar cells after lung injury. However, it is not yet known how these cells are rapidly expand and properly generate
differentiated AT1 cells. Despite the vulnerability of epithelial cells to inflammatory environment upon damage,
the primary response of stem cells to an inflammation is poorly understood. We have used a combination of genet-
ic lineage tracing, single cell RNA-seq and 3D organoid co-culture approaches to define the dynamic inflammato-
ry niche that enhances AT2 proliferation and differentiation into AT1 cells during alveolar injury repair. We discov-
ered a detailed trajectory of AT2 differentiation during lung regeneration and the underlying mechanisms to direct
these paths. Our study demonstrates that the inflammatory niche regulates both the activity and fate behaviour of
AT?2 cells enabling effective repair after lung injury.

Keywords: Lung stem cells, Regeneration, Inflammation
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14:00-14:15

IN VITRO VASCULARIZATION OF HUMAN ORGANOIDS AND TISSUE FRAGMENTS: CELL
CULTURES’ MISSING LINK?

Vulto, Paul®, Kurek, Dorotal, Previdi, Sara!, Trietsch, Sebastiaan®, Nicolas, Arnaud!, Hendriks, Delilah?, Hu,
Delilah?, Clevers, Hans?, Zhang, Luc!

'Research and Development, Mimetas B.v., Leiden, Netherlands, 2Research and Development, Hubrecht Institute,
Utrecht, Netherlands

Vasculature is a crucial ingredient of human organs and tissues. In addition to being a vehicle for blood circulation,
exchange of angiocrine factors contribute to tissue function and homeostasis. Although the importance of perfu-
sion systems in cell culture is now widely recognized in the cell culture community, true vascularization of tissues
has been lacking thus far. Here, we introduce a microfluidic platform that is capable of vascularization of tissues
such as organoids, spheroids, and tissue fragments. The platform comprises 64 independent microfluidic chips ar-
ranged in a microtiter plate format. Each chip comprises an extracellular matrix gel that is patterned by means of a
surface tension technique called PhaseGuiding. Two blood vessels are grown on each lateral side of the free-stand-
ing ECM gel, by seeding cells against the matrix and subsequently applying perfusion flow of growth medium.
The blood vessels are optionally induced to form microvessels by application of a gradient of angiogenic factors.
The resulting microvascular bed is used as a scaffold for subsequent vascularization. Tissues are grafted onto the
vascular bed by placing it on top of the ECM gel, containing the vascular bed. We show vascularisation of liver
3d structures as liver spheroids and liver organoids. The microvessels are connecting to the tissue as witnessed by
an increase in CD3L1 positive cells in relation to culture time. Upon anastomosis, microvessels widen and become
leaktight as assessed by perfusion with FITC labeled dextran. Scanning electron micrographs revealed basement
membrane formation between vessels and the hepatocyte organoid, and microvesicle transport is observed through
the endothelial cell membrane. The take rate of tissues on top of an extracellular matrix dramatically increased in
the presence of a microvascular bed. In addition, immunohistochemical staining of the core of dense spheroids in
presence is improved. The method provides an in vitro alternative to current xenograft techniques and may fill up
a crucial gap in current day cell culture.

14:15-14:30

SINGLE CELL RNA-SEQUENCING ANALYSIS REVEALS THE ABSENCE OF TRANSIENT IPSCS
DURING PLURIPOTENCY FACTOR-MEDIATED DIRECT REPROGRAMMING

Kim, Janghwan', Im, Ilkyun', Kim, Beomseok? Choi, Younha?, Ha, Jeongmin', Son, Mi-young', Ding, Sheng?,
Kim, Jong Kyoung®

'Stem Cell Convergence Research Center, Korea Research Institute of Bioscience and Biotechnology, Daejeon,
Korea, “Department of New Biology, Daegu Gyeongbuk Institute of Science and Technology (DGIST), Daegu,
Korea, *The J. David Gladstone Institute, San Francisco, CA, USA

Forced expression of four transcription factor Oct4, Sox2, Myc, and Klif4 (OSKM) is capable of inducing direct
reprogramming into three germ layer cell types under the cell type-specific conditions as well as induced pluripo-
tent stem cells (iPSCs) from somatic cells. In 2015, two groups reported that direct reprogramming using OSKM
involves transient iPSCs by using lineage-tracing technique. However, recent studies raised the possibility that
transient iPSCs was emerged in specific polycistronic expression system. In this study, we analyzed OSKM-me-
diated direct reprogramming using single cell RNA sequencing to investigate whether the transient iPSCs are
formed during this process when we utilize monocistronic expression system. Trajectory analysis toward iPSCs
and induced neural stem cells (iNSCs) revealed that two reprogramming processes completely bifurcated after day
5. Although we observed the activation of endogenous Oct4 in the major population toward iINSCs, the Oct4-ex-
pressing cells did not co-express other mandatory pluripotency markers including Nanog. In further analysis on the
trajectory of iNSC reprogramming, we found three distinct reprogramming paths: two Oct4-positive paths and one

INTERNATIONAL

Q)
=]
=
s
=1
=
=
®
=
=
»
®
@»
@
2.
=]
=]
P




-
=]
=]

k7
»n
v

w

ra
=]
5]
L]
-
=
9
=
Q

@)

Oct4-negative path. These three reprogramming paths diverged by the different expression status of the exogenous
OSKM. The higher and longer maintenance of OSKM expression induced the stronger activation of endogenous
Oct4. In conclusion, our single-cell resolution analysis of the pluripotency factor-mediated direct reprogramming
shows the absence of iPSC-like cells and the presence of novel reprogramming trajectories to INSCs.

Funding Source: This work was supported by Samsung Research Funding Center of Samsung Electronic under
Project Number SRFC-MA1601-06.

14:30-14:45

COMPARATIVE ANALYSIS OF DIVERSE CELL STATES ESTABLISHES AN EPIGENETIC BASIS
FOR INFERRING REGULATORY GENES GOVERNING CELL IDENTITY

Sinniah, Enakshi', Shim, Woo Jun? XU, Jun?, Vitrinel Burcu®, Alexanian, Michael®, Andreoletti, Gaia®, Shen,
Sophie!, Balderson, Brad?, Peng, Guangdun®, Jing, Naihe’, Sun, Yuliangzi*, Chhabra, Yash®, Wang, Yuliang®,
Tam, Patrick P L'°, Smith, Aaron®, Piper, Michael™, Christiaen, Lionel’, Nguyen, Quan', Boden, Mikael?, Palpant,
Nathan J*

YInstitute for Molecular Bioscience, The University of Queensland, Brisbane, Australia, 2School of Chemistry and
Molecular Biosciences, The University of Queensland, Brisbane, Australia, *Center for Developmental Genetics,
New York University, NY, USA, “The Gladstone Institute, University of California, San Francisco, CA, USA, *Insti-
tute for Computational Health Sciences, University of California, San Francisco, CA, USA, ¢Cas Key Laboratory
of Regenerative Biology, University of Chinese Academy of Sciences, Guangzhou, China, ‘State Key Laboratory
of Cell Biology, University of Chinese Academy of Sciences, Shanghai, China, 8Institute of Health and Biomed-
ical Innovation, Queensland University of Technology, Brisbane, Australia, *Department of Computer Science,
University of Washington, Seattle, WA, USA, °Children’s Medical Research Institute, The University of Sydney,
Westmead, Australia, *School of Biomedical Sciences, The University of Queensland, Brisbane, Australia

Understanding genetic control of cell diversification is essential for establishing mechanisms controlling biological
complexity. We analyzed 111 NIH epigenome roadmap data sets to identify distinguishing features of genome reg-
ulation associated with cell-type specification. We show that the a priori deposition of H3K27me3, which we call
a gene’s repressive tendency (RT), provides a genome-wide enrichment for genes governing fundamental mech-
anisms underlying biological complexity in cell differentiation, organ morphogenesis and drivers of disease. We
tested the ability to infer regulatory genes controlling theoretically any somatic cell by interfacing genome-wide
RT values with cell-specific genome-wide sequencing data. Using more than 1 million genome-wide data sets
from diverse omics platforms including bulk and single cell RNA-seq, CAGE-seq, ChlP-seq and quantitative
proteomics, we identify cell-type specific regulatory mechanisms underlying diverse cell-states, organ systems
and disease pathologies. Since regulatory control of cell identity is highly evolutionarily conserved across species,
we demonstrate that this computational logic enriches for cell- type specific regulatory genes from species across
the animal kingdom including chordates and arthropods. Lastly, we use this computational inference approach for
novel gene discovery. Analysis of single cell RNA-seq data from in vitro human iPSC cardiac differentiation pre-
dicted SIX3 as a novel transcription factor controlling derivation of definitive endoderm, which we confirmed by
S1X3 genetic loss of function using CRISPRi hPSCs. Moreover, analysis of transcriptional data from heart devel-
opment of the invertebrate chordate Ciona robusta, predicted RNF220 to underlie tunicate heart field formation.
This was confirmed with CRISPR knockout in vivo showing that RNF220 loss of function results in pharyngeal
muscle morphogenesis defects. This study demonstrates that the conservation of epigenetic regulatory logic pro-
vides an effective strategy for utilizing large, diverse genome-wide data to establish quantitative basic principles of
cell-states to infer cell-type specific mechanisms that underpin the complexity of biological systems.

Funding Source: E.S acknowledges funding by Children’s Hospital Foundation Queensland (Award Reference
Number: 50268). B.V. acknowledges funding by American Heart Association grant #18PRE33990254. The Ciona
work was supported by NIH/NHLBI award RO1 HL108643 to L.C. M.A. was supported by the Swiss National
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Science Foundation (project P2LAP3_178056). N.P is supported by the National Health and Medical Research
Council of Australia (Grant APP1143163) and the Australian Research Council (Grant SR1101002).

14:45-15:00

DIRECT INDUCTION OF THE THREE PRE-IMPLANTATION BLASTOCYST CELL TYPES FROM
FIBROBLAST

Jaber, Mohammad, Benchetrit, Hana, Zayat, Valery, Buganim'Yosef
Department of Developmental Biology, Hebrew University, Jerusalem, Israel

Following fertilization, totipotent cells undergo asymmetric cell divisions, resulting in three distinct cell types in
the late pre-implantation blastocyst: epiblast (Epi), primitive endoderm (PrE), and trophectoderm (TE). Here, we
aim to understand whether these three cell types can be induced from fibroblasts by one combination of transcrip-
tion factors. By utilizing a sophisticated fluorescent knockin reporter system, we identified a combination of five
transcription factors, Gata3, Eomes, Tfap2c, Myc, and Esrrb, that can reprogram fibroblasts into induced pluripo-
tent stem cells (iPSCs), induced trophoblast stem cells (iTSCs), and induced extraembryonic endoderm stem cells
(iXENSs) , concomitantly. In-depth transcriptomic, chromatin, and epigenetic analyses provide insights into the
molecular mechanisms that underlie the reprogramming process toward the three cell types. Mechanistically, we
show that the interplay between Esrrb and Eomes during the reprogramming process determines cell fate, where
high levels of Esrrb induce a XEN-like state that drives pluripotency and high levels of Eomes drive trophectoder-
mal fate.
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( Choi, Dongho
Department of Surgery, College of Medicine, Hanyang University, Seoul, Korea

Dr. Dongho Choi was born in 1969 in South Korea. In terms of educational career, he
graduated from Hanyang University in 1993 and became M.D. he also obtained his
Ph. D. degrees at the Hanyang University in 2003. His research interest is hepatobili-
ary surgery, tissue engineering, liver transplantation and stem cell research. Dr. Choi
is a member of Korean Surgical Society and many other scientific societies. He has
published over 100 original research papers.

15:00-15:25

CHEMICAL DERIVED HEPATIC PROGENITORS, A SILVER LINING OF REGENERATIVE MEDI-
CINE OF THE LIVER

Choi, Dongho
Department of Surgery, College of Medicine, Hanyang University, Seoul, Korea

The liver is the biggest organ in the body with complex architecture, wide range of functions and unique regener-
ative capacity. Growing incidence of liver diseases worldwide demands increased number of liver transplantation
and leads to ongoing shortage of donor livers, resulting in morbidity and mortality. As an alternative to meet the
huge demand, various approaches are being pursued including, in vitro and in vivo devices, hepatic cell transplan-
tation and bioprinting of the organ itself. Adult hepatocytes are the most preferred cell sources for it, but they have
limitations regarding their scanty availability, difficult isolation, poor in-vitro propagation and rapid functional de-
terioration. Thus, there have been efforts to overcome the drawback, regarding adequate extracellular matrix and
co-culture of extra-parenchymal cells of liver and finding alternative cell sources. Hepatocytes have been success-
fully generated from iPSC, ESC and even direct differentiation. They are considered to be an attractive tool for
treating end-stage liver diseases hampered by a shortage of donor organs for transplantation and the difficulties in
cryopreservation and long term culture of mature hepatocytes in the near future. Recently, We developed chemical
derived hepatic progenitors and it is regarded as new emerging cutting edge technology to overcome various hur-
dles for regenerative medicine of the liver. This presentation will provide summary of issues and challenges of 3 D
hepatic structure and current status and personal experience of author for this field.

Keywords: regenerative medicine, chemical derived hepatic progenitors (CdHs), liver
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¢ Concurrent Session 2 : Stem Cells and Tissue Engineering, Room B
Chair: Zandstra, Peter

BIOMIMETIC HYDROGELS FOR STEM CELL AND REPROGRAMMED
CELL THERAPY

Cho, Seung-woo
Department of Biotechnology, Yonsei University, Seoul, Korea

BONE MARROW-DERIVED EPITHELIAL CELLS AND HAIR FOLLICLE
BULGE STEM CELLS INITIATE AND PROMOTE CHRONIC INFLAMMA-
TION-ASSOCIATED CUTANEOUS NEOPLASMS IN MICE

Park, Heuijoon
Department of Pathology and Cell Biology, Columbia University, New York, NY, USA

7 UOISS3G JUILINDOUO))

PRINTING HUMAN PANCREATIC TISSUES FOR THE TREATMENT OF DI-
ABETES

Jang, Jinah
Creative IT Engineering, Postech, Pohang, Korea

MODELLING OF RETINITIS PIGMENTOSA CAUSED BY A NONSENSE
MUTATION IN THE RP1 GENE USING INDUCED PLURIPOTENT STEM
CELLS

Moon, Sangyoon

Centre for Ophthalmology and Visual Sciences, The University of Western Australia,
Perth, Australia

GENERATION OF EPITHELIAL ORGANOIDS FROM HUMAN TONSILS OF
WALDEYER’S RING INACHEMICALLY DEFINED MEDIUM

Yoo, Jongman
School of Medicine, CHA University, Seongnam, Korea

VASCULARIZED SPHEROIDS/ORGANOIDS USING MICROFLUIDICS
Jeon, Noo Li

School of Mechanical and Aerospace Engineering, Seoul National University, Seoul,
Korea
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( Cho, Seung-woo
Department of Biotechnology, Yonsei University, Seoul, Korea

Seung-Woo Cho is a Professor at the Department of Biotechnology at Yonsei Univer-
sity, Korea. He obtained his B.S, M.S, and Ph.D. degrees in Chemical Engineering
from Seoul National University in 1999, 2001, and 2006, respectively. He received
his postdoctoral training at the Department of Chemical Engineering at the Massa-
chusetts Institute of Technology. He later joined Yonsei University as a faculty mem-
ber in 2010 and was awarded the 9th Asan Award for Young Medical Scientists in
2016. His research interests include stem cell engineering, reprogramming, and tissue
engineering with functional biomaterials and biomedical devices. He has published
140 peer-reviewed papers and 32 pending/filed patents.

13:35-14:00

BIOMIMETIC HYDROGELS FOR STEM CELL AND REPROGRAMMED CELL THERAPY
Cho, Seung-woo

Department of Biotechnology, Yonsei University, Seoul, Korea

Stem cell engineering and reprogramming have been applied for the generation of tissue-specific cell types for cell
therapy and tissue engineering. However, low efficiency in stem cell differentiation and direct reprogramming pro-
cess still remains a major challenge. Thus, three-dimensional (3D) microenvironments to provide tissue-specific
biochemical cues and native tissue-mimicking structures have received a great attention to facilitate differentiation
and reprogramming for lineage specification. In my presentation, biomimetic hydrogel platforms are demonstrated
to improve regenerative efficacy of stem cells and reprogrammed cells. The engineered hydrogels reconstituting
tissue-specific 3D microenvironments were applied for increasing the efficiency of non-viral direct reprogram-
ming of fibroblasts to induced neuronal, hepatic, and muscle cells. The induced cells generated by our biomimetic
hydrogels displayed mature phenotypes and functions, and significantly improved in vivo therapeutic efficacy
for treating degenerative diseases and repairing tissue injuries. Cell patterning in 3D hydrogels was employed to
reconstitute native tissue-like structures, thereby enhancing stem cell-mediated regeneration for ischemic diseases.
The biomimetic hydrogels reported herein would be able to provide highly effective biomedical platforms for im-
proving stem cell engineering and reprogramming technology.

Funding Source: This work was supported by a grant (2017R1A2B3005994) from the National Research Foun-
dation of Korea (NRF) funded by the Ministry of Science and ICT (MSIT), Korea.
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14:00-14:15

BONE MARROW-DERIVED EPITHELIAL CELLS AND HAIR FOLLICLE BULGE STEM CELLS
INITIATE AND PROMOTE CHRONIC INFLAMMATION-ASSOCIATED CUTANEOUS NEO-
PLASMS IN MICE

Park, Heuijoon', Lad, Sonali®, Boland, Kelsey?, Johnson, Kelly?, Nyssa, Readio®, Jin, Guangchun?, Asfaha,
Samuel?, Patterson Kelly?, Singh, Ashok?, Yang, Xiangdong®, Londono, Douglas®, Singh, Anupama®, Trempus,
Carol®, Gordon, Derek*, Wang, Timothy?, Morris, Rebecca®

'Department of Pathology and Cell Biology, Columbia University, New York, NY, USA, “Division of Digestive
and Liver Diseases, Department of Medicine and Irving Cancer Center, Columbia University, New York, NY,
USA, 3Stem Cells and Cancer, The Hormel Institute, University of Minnesota, Austin, MN, USA, *Department of
Genetics, Rutgers University, NJ, USA, *Matrix Biology Group, Immunity, Inflammation, and Disease Laboratory,
National Institute of Environmental Health Sciences, Research Triangle Park, NC, USA

Bone marrow-derived epithelial cells (BMDECS) are recruited to sites of injury and contribute to wound healing;
however, their clinical significance has not been determined in chronic inflammation-associated cutaneous ma-
lignancies such as tumors and ulcers. Here, we used gender-mismatched allogeneic bone marrow transplantation
(BMT) in the context of the classical multistage murine cutaneous carcinogenesis model to probe the recruitment
of BMDECs in skin tumors initiated with the carcinogen, dimethylbenz[a]anthracene (DMBA), and promoted
with the phorbol ester, 12-O-tetradecanolyphorbol-13-acetate (TPA). We observed that the number of cytoker-
atin-immunoreactive bone marrow-derived cells (BMDCs) is increased in the hyperplastic epidermis after long
term treatment with TPA. Furthermore, we detected clusters of BMDCs in 38% (17/45) of papilloma samples,
where they occupied 25% or more of the epithelial areas. In addition, clusters of BMDCs were identified in 35%
of the epithelial lesional areas in 53% (26/49) of the dysplastic ulcer samples. The BMDCs clustered in the cuta-
neous epithelium, where they became immunoreactive to keratin 14 (K14), proliferated (BRDU+ and Ki67+) and
stratified, thereby contributing to the lesions comparably with the progeny of hair follicle stem cells in engrafted
Krtl1-15Cre;R26R mice. Moreover, a subset of K14+ plastic-adherent bone marrow cells (BMCs) was detected
by immunostaining and Q-PCR after coculture with filter-separated epidermal keratinocytes (KCs) and treatment
of bone morphogenetic protein 5. Further ex vivo invasion assays demonstrated that BMCs migrated towards the
alarmin protein, High Mobility Group Box 1, and KCs. Finally, naive female mice receiving BMTs from carcino-
gen-exposed donors developed benign and malignant lesions after TPA promotion alone. We conclude that a sig-
nificant number of BMDECs contribute to a subset of cutaneous papillomas and dysplastic ulcers, demonstrating a
systemic contribution to these lesions. Furthermore, carcinogen-exposed BMCs can initiate benign and malignant
lesions upon tumor promotion. Ultimately, these findings demonstrated systemic support of cellular sources for
local skin cancer development and suggest new novel targets for treatment of non-melanoma skin cancers as well
as other solid cancers.

Funding Source: NIH R01 CA097957, NIH R01 CA097957-APRC, NIH R01 AR052713, and NIH R21
CA124942.

14:15-14:30
PRINTING HUMAN PANCREATIC TISSUES FOR THE TREATMENT OF DIABETES
Jang, Jinah', Kim, Jaewook*, Hwang, Donggyu?, Kim, Myungji?, Shim, Inkyoung?®, Kim, Songcheol®

'Creative IT Engineering, Postech, Pohang, Korea, *School of Interdisciplinary Bioscience and Bioengineering,
Postech, Pohang, Korea, *Asan Institute for Life Science, Asan Medical Center, Seoul, Korea, “Mechanical Engi-
neering, Postech, Pohang, Korea

Type 1 diabetes mellitus (T1DM) is a form of diabetes that inhibits or halts insulin production in the pancreas.
Although various therapeutic options are widely applied in clinical settings, not all patients are treatable with such
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methods due to the unstable TIDM or hypoglycemia unawareness. Islet transplantation using a tissue engineer-
ing-based approach may mark a significant advance in this field, but finding ways to increase the function of islets
in 3D constructs is a major challenge. In this study, we suggest pancreatic tissue-derived extracellular matrix as a
potential candidate to recapitulate the native microenvironment in transplantable 3D pancreatic tissues. Notably,
insulin secretion and the maturation of insulin-producing cells derived from human pluripotent stem cells were
highly up-regulated when cultured in pdECM bioink. In addition, co-culture with human umbilical vein-derived
endothelial cells decreased the central necrosis of islets in 3D culture conditions. Through the convergence of 3D
cell printing technology, we validated the possibility of fabricating 3D constructs of a therapeutically applicable
size that can be used for transplants with a potentially allogeneic source of islets, such as patient-induced pluripo-
tent stem cell-derived insulin-producing cells.

Funding Source: This research was supported by the Bio & Medical Technology Development Program of
the National Research Foundation (2017M3A9C6032067) and, under the “ICT Consilience Creative Program”
(IITP-R0346-16-1007).

14:30-14:45

MODELLING OF RETINITIS PIGMENTOSA CAUSED BY A NONSENSE MUTATION IN THE RP1
GENE USING INDUCED PLURIPOTENT STEM CELLS

Moon, Sangyoon', Zhang, Xiao*, Zhang, Dan?, Chen, Shang-chih?, Mellough, Carla?, Thompson, Jennifer?,
Mclaren, Terri®, Tina, Lamey?, De roach, John®, Chen, Fred*, Mclenachan, Samuel?

!Centre for Ophthalmology and Visual Sciences, The University of Western Australia, Perth, Australia, “Lions Eye
Institute, Western Australia, Australia, *Australian Inherited Retinal Disease Registry and DNA Bank, Sir Charles
Gairdner Hospital, Western Australia, Australia, “Department of Ophthalmology, Royal Perth Hospital, Western
Australia, Australia

Nonsense mutations in the last exon of the RP1 gene cause autosomal dominant retinitis pigmentosa through a
presumed dominant- negative mechanism. It has not been possible to confirm this mechanism due to the lack of
human retinal tissue early in the disease process. Cellular reprogramming and gene editing techniques that enable
human fibroblast cells to be converted into many different kinds of tissue has provided access to patient-specific
retinal cells for analysis. In this study we first examined post-mortem retinal tissue from an 85year old female
donor with a nonsense mutation in the RP1 gene (NM_006269. 1: ¢.2098G>T, p.E700X). To provide a model
for investigating the molecular consequences of this mutation, we reprogrammed dermal fibroblasts from this
donor into induced pluripotent stem cells (iPSC). RP1-iPSCs were characterised by immunostaining and gRT-
PCR. RP1-iPSC were differentiated into retinal organoids for 60 days and RP1 expression analysed by gRT-PCR
and western blot. CRISPR/Cas9 gene editing was used to insert a HiBiT sequence tag into the N-terminus of the
RP1 gene. Histological examination of post-mortem retinal tissue revealed severe degeneration in all regions of
the retina, with a loss of retinal nuclear layers, photoreceptor outer segments and retinal pigmented epithelial cells.
Patient-derived iPSCs were positive for pluripotency markers and could be differentiated into embryoid bodies ex-
pressing markers of ectoderm, mesoderm and endoderm, confirming their pluripotent potential. RP1-iPSC-derived
retinal organoids contained photoreceptor progenitors which expressed RP1, indicating that the HiBIT sequence
was successfully inserted into the RP1 gene at high efficiency. In this study, patient fibroblasts were successfully
reprogrammed into iPSC lines containing the RP1 nonsense mutation. RP1-iPSCs could be differentiated into ret-
inal tissues to investigate RP1 pathophysiology. Such HiBiT-tagged RP1-iPSCs can be used to screen novel drugs
aimed at reducing mutant RP1 protein expression.

Funding Source: This project was funded by the National Health and Medical Research Council of Australia
(grants 1142962 and 1116360), the Ophthalmic Research Institute of Australia and generous donations from the
Hogg family.
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14:45-15:00

GENERATION OF EPITHELIAL ORGANOIDS FROM HUMAN TONSILS OF WALDEYER’S RING
IN ACHEMICALLY DEFINED MEDIUM

Yoo, Jongman, Kim, Han Kyung, Kim, Hyeryeon, Lim, Young Chang
School of Medicine, CHA University, Seongnam, Korea

Tonsils, a collection of the mucosa associated lymphoid tissues, are the gateway of respiratory and digestive tract
as the first line of defense against ingested or inhaled pathogens such as bacteria and viruses. Tonsils are vulner-
able to bacterial and viral infections, which can lead to tonsillitis, tonsil hypertrophy and oropharyngeal cancer.
There is no suitable in vitro model to recapitulate human tonsils, and experimental animal model for tonsils is not
available, making it difficult to study the tonsil and its pathophysiology. Tractable methods to identify and interro-
gate pathways involved in tonsil related disorders, especially in vitro setting, are urgently needed. We developed
defined culture protocols of palatine and nasopharyngeal tonsil (adenoid)-derived epithelial organoids that pre-
serve essential features of the tonsil epithelium, such as its cellular composition and microscopic structures. Tonsil
organoids can be rapidly generated from resected biopsies, expanded over several months, and exhibit histologic
characteristics of stratified squamous epithelium. Moreover, a substantial proportion of EpCAM-positive cells and
subsequent culturing efficiently generate tonsil organoids containing tonsil epithelium-like structures expressing
markers of all-lineage cells in an organized, continuous arrangement and pathogenic responses for that resembles
the tonsil in vivo. Furthermore, lentiviral transduction of human papillomavirus 16-encoded E6/E7 induced pre-
cancerous changes such as aberrant differentiation and hyperplastic proliferation. Also, supernatant post-LPS chal-
lenge increases neutrophil chemotactic activity and to elucidate the role of CXCL8-CXCR1/CXCR2 pathways in
this process. In conclusion, we developed an organoid technology established from human tonsils, and it can offer
the valuable complements to analyze human specific tonsil disorders using tissues from HPV infected or cancer
patients and to test potential therapeutic compounds.

Funding Source: This work was supported by a grant of the Korea Health Technology R&D Project through the
Korea Health Industry Development Institute, funded by the Ministry of Health & Welfare, Korea (HI116C1559,
HI116C1634, HI17C2094, HI18C2458) and by the Basic Science Research Program through the Nation-
al Research Foundation of Korea funded by the Ministry of Science, ICT & future Planning, Korea (NRF-
2018R1D1A102050030).
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( Jeon, Noo Li

School of Mechanical and Aerospace Engineering, Seoul National University, Seoul,
Korea

Noo Li Jeon is a Professor of School of Mechanical and Aerospace Engineering at
Seoul National University (SNU). He studied Materials Science and Engineering
at Northwestern University (B.S.) and University of Illinois Urbana-Champagne
(Ph.D.). He worked on soft lithography applications in Prof G.M. Whitesides’ labora-
tory at Harvard University and at Prof M. Toner’s group at Harvard Medical School.
He was an Assistant and Associate Professor at UC Irvine from 2001-2009 in the
Department of Biomedical Engineering. In 2009, he moved to Seoul National Uni-
versity to join School of Mechanical Engineering at Seoul National University. He
is developing high-throughput organ-on-a-chip systems with emphasis on blood and
lymphatic vessel networks and vascularized organoids and spheroids.

15:00-15:25

VASCULARIZED SPHEROIDS/ORGANOIDS USING MICROFLUIDICS

Jeon, Noo Li

School of Mechanical and Aerospace Engineering, Seoul National University, Seoul, Korea

The field of microfluidics-based three-dimensional (3D) cell culture systems is rapidly progressing from academic
proof-of-concept studies to valid solutions to real-world problems. Polydimethylsiloxane (PDMS)-based microflu-
idics platforms have been widely adopted for organ-on-a-chip systems. However, due to the inherent material lim-
itations that make it difficult to scale-up production, PDMS has not been widely used in standardized commercial
applications for preclinical screening testing. In this presentation, injection-molded tumor spheroid chip made of
polystyrene (PS) in a standardized 96-well plate format with a user-friendly design. Spontaneous liquid patterning
is achievable with high repeatability. To demonstrate the feasibility of the device, we fabricated array of vascu-
larized organdies and spheroids and developed a 3D tumor angiogenesis model for drug screening. We describe
a reproducible, in vitro approach to grow perfusable 3D microvascular networks and vascularized organoids and
spheroids on microfluidic chip. This model is easy- and ready-to-use and suitable for mass-production, with the
ability to deliver robust and reproducible results.

Keywords: vascularized organoids, microfluidics, blood vessel networks
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Thursday, 26 September, 13:35-15:25

. Concurrent Session 3 : Stem Cells and Regenerative Medicine in Asia, Room C

Co-Chairs: Son, Youngsook, Cho, Ssang-Goo

PRESENT AND FUTURE PERSPECTIVE OF MYOCARDIAL REGENERA-
TION THERAPY

Sawa, Yoshiki
Department of Cardiovascular Surgery, Osaka University Graduate School of Medicine,
Osaka, Japan

NEURAL DIFFERENTIATION FOR DISCOVERY AND THERAPY

Hu, Baoyang
Innovation Academy for Stem Cell and Regeneration, Chinese Academy of Sciences,
Beijing, China

MODELING HUMAN HEPATO-BILIARY-PANCREATIC ORGANOGENESIS
FROM THE FOREGUT-MIDGUT BOUNDARY

Takebe, Takanori
Tokyo Medical and Dental University, Tokyo, Japan and Cincinnati Children’s Hospital,
Cincinnati, OH, USA

NATIONAL STEM CELL RESOURCE CENTER (NSCRC) OF CHINA, AND
ITSROLE IN DELIVERING STEM CELL-BASED THERAPIES

Hao, Jie
National Stem Cell Resource Center (NSCRC) of China, and Institute of Zoology,
Chinese Academy of Sciences, Beijing, China

DIFFERENTIAL REGULATION OF NEURAL STEM CELL DIFFERENTIA-
TION BY MEK INHIBITORS

Kim, Hyun-jung
College of Pharmacy, Chung-Ang University, Seoul, Korea

DECIPHERING BRAIN SOMATIC MUTATIONS IN HUMAN NEUROLOGI-
CAL DISORDERS

Lee, Jeongho
Graduate School of Medical Science and Engineering, Korea Advanced Institute of
Science and Technology (KAIST), Daejeon, Korea

This program was supported by the Bio & Medical Technology Development Pro-
gram of the National Research Foundation (NRF) funded by the Korean government
(MSIT) (No. 2017M3A9B4042580).
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( Sawa, Yoshiki

Department of Cardiovascular Surgery, Osaka University Graduate School of
Medicine, Osaka, Japan

Professor at Department of Cardiovascular Surgery, Osaka University Graduate School
of Medicine. Research activities include heart transplantation, artificial organs, gene
and regenerative therapies. Dedication to the research led to receive numerous awards
and honors, such as Japan Biomaterial Association Award, Scientific Technology Award
sponsored by Minister of Education, Culture, Sports, Science and Technology, Minister
of Health, Labor and Welfare award. He is also the President of Japanese Society of
Regenerative Medicine and the Director of Japanese Surgical Society. Earned a medical
degree from Osaka University Medical School in 1980 and joined the First Department
of Surgery, Osaka University School of Medicine. In 1989, earned Humboldt scholar-
ship to pursue further education in both the departments of cardiovascular physiology
and cardiac surgery at the Max-Planck Institute in Germany. After returning to Japan,
became Chief surgeon at the Department of Cardiovascular Surgery in 2004, Professor
and Chief at the Department of Cardiovascular Surgery, the Director at Medical Center
for Translational Research at Osaka University Hospital in 2006. He was appointed to
the Dean at Osaka University Graduate School of Medicine from 2015 — March 2017.

13:35-14:00

PRESENT AND FUTURE PERSPECTIVE OF MYOCARDIAL REGENERATION THERAPY
Sawa, Yoshiki

Department of Cardiovascular Surgery, Osaka University Graduate School of Medicine, Osaka, Japan

Heart failure is a life-threatening disorder worldwide, and the current end-stage therapies for severe heart failure
are replacement therapies such as ventricular-assist devices and heart transplantation. Although these therapies
have been reported to be useful, there are many issues in terms of the durability, complications, limited donors, ad-
verse effect of continuous administration of immunosuppressive agents, and high costs involved. Recently, regen-
erative therapy based on genetic, cellular, or tissue engineering techniques has gained attention as a new therapy to
overcome the challenges encountered in transplantation medicine. We focused on skeletal myoblasts as the source
of progenitor cells for autologous cell transplantation and the cell-sheet technique for site-specific implantation.
In vitro studies have reported that myoblast sheets secrete cytoprotective and angiogenic cytokines such as he-
patocyte growth factor (HGF). Additionally, in vivo studies using large and small animal models of heart failure,
we have shown that myoblast sheets could improve diastolic and systolic performance and enhance angiogenesis
and antifibrosis as well as the expression of several cytokines including HGF and vascular endothelial growth
factor (VEGF) in the tissues at the transplanted site. Based on the results of these studies, we performed clinical
trials using autologous myoblast sheets in ischemic cardiomyopathy (ICM) and dilated cardiomyopathy patients.
Some patients showed left ventricular reverse remodeling and improved symptoms and exercise tolerance. Re-
cently, multiple medical institutions including our institution successfully conducted an exploratory, uncontrolled,
open-label phase 11 study in subjects with ICM to validate the efficacy and safety of autologous myoblast sheets.
Thus, we could get the evidence that autologous skeletal muscle sheet might occur reverse remodeling in the re-
sponder of severe heart failure patients.
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€ Hu, Baoyang

Innovation Academy for Stem Cell and Regeneration, Chinese Academy of Sciences,
Beijing, China

Baoyang Hu is a Principal Investigator at the Institute of Zoology, Chinese academy
of Sciences (IOZ/CAS), known for his work in stem cell based neural regeneration
and transplantation. He is the executive director of the Innovation Academy for Stem
Cell and Regeneration of CAS, the deputy director of State Key Laboratory of Stem
Cell and Reproductive Biology, and the executive dean of Medical School at the Uni-
versity of the CAS (UCAS). He has a Ph.D. from Fudan University (2004) and got his
postdoctoral training in UW-Madison (2005 - 2010). He joined the IOZ/CAS in 2011.
Dr. Hu’s research interests focus on human brain development, neural differentiation
and neural degenerative diseases. He pioneered the neural differentiation of subtype
specific neurons from hESCs and discovered the variable neural differentiation po-
tency of human iPSCs (PNAS, 2010). Using hESC and neural differentiation as tool,
his team discovered that SIRT6 represses H19 for proper development in primates,
and knockout of SIRT6 cause development retardation of monkeys (Nature, 2018).
He and his colleagues initiated the first clinical trial of treating Parkinson’s disease
using hESC-differentiated DA neuronal progenitors.

He has published more than 40 papers in prestigious journals such as Nature, Science,
and Cell Stem Cells, and was granted 2 US patents. He is actively involved in nation-
al scientific planning and co-leads a steering committee of the National Major R&D
Program on stem cell and translational research. He also serves as director of CSSCR
and the Chinese Society of Cell Biology.

14:00-14:25

NEURAL DIFFERENTIATION FOR DISCOVERY AND THERAPY

Hu, Baoyang

Innovation Academy for Stem Cell and Regeneration, Chinese Academy of Sciences, Beijing, China

Neural differentiation of human pluripotent stem cells (hPSCs) together with novel technologies such as genome
editing and brain organoids promise novel opportunities for mechanistic discovery and novel therapy for yet in-
curable neurological diseases. Here, we demonstrate three breakthroughs we have made based on such concepts,
which represent disease modeling, drug discovery and replacement therapy, respectively. Using CRISPR/Cas9 and
SMASh technology, we engineered hPSCs so that we can precisely control the dosage of endogenous proteins.
This allows us temporally manipulating the FOXG1 dosage during neural differentiation, and successfully mod-
eled FOXGL1 syndrome and dissected its pathological alterations. Using hESC derived cerebral organoids, we also
identify potent antiviral RNAI in neural stem cells. We demonstrated that enoxacin, a broad-spectrum antibiotic
that is known as an RNAI enhancer, exerts potent antiviral activity against diverse ZIKV strains in hNPCs. Strik-
ingly, enoxacin treatment completely prevents ZIKV infection and circumvents the ZIKV-induced microcephalic
phenotypes in brain organoids that recapitulate human fetal brain development. To support clinical and industrial
translation of stem cell research, we established a stem cell resource bank that deposits clinical-grade hESC lines
following good manufacturing practice (GMP). This stem cell bank is certified by 1ISO9001:2015 and accredited
by 1SO20387. We have initiated several stem cell therapies based on this bank and the deposited resources. As a
proof of concept demonstration, we systematically evaluate the safety and efficacy of hESC-derived DA neurons,
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including transplanted clinical-grade hESC-derived DA neurons into brains of MPTP induced monkey models of
Parkinson’s disease. The transplanted cells survive, migrate and differentiate into mature DA neurons that express
TH. Monkeys received transplantation exhibit significant locomotive improvement for up to 2 years post trans-
plantation. These results support the ongoing China’s first embryonic stem cell-based Phase I/l1a clinical study on
PD.

Keywords: Neural differentiation, brain organoids, Parkinson’s disease
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14:25-14:40

MODELING HUMAN HEPATO-BILIARY-PANCREATIC ORGANOGENESIS FROM THE FORE-
GUT-MIDGUT BOUNDARY

Takebe, Takanori

Center for Stem Cell and Organoid Medicine (CuSTOM), Division of Gastroenterology, Hepatology and Nutri-
tion, Division of Developmental Biology, Cincinnati Children’s Hospital Medical Center, OH, USA; Department
of Pediatrics, University of Cincinnati College of Medicine, OH, USA; and Institute of Research, Tokyo Medical
and Dental University (TMDU), Tokyo, Japan

Organogenesis is a complex and inter-connected process, orchestrated by multiple boundary tissue interactions.
However, it is currently unclear how individual, neighboring components coordinate to establish an integral
multi-organ structure. The hepato-biliary-pancreatic (HBP) anlage, which is demarcated by HHEX (Hematopoi-
etically-expressed homeobox protein) and PDX1 (Pancreatic and duodenal homeobox 1) expression is first spec-
ified at the boundary between the foregut-midgut. Here, we leverage a three-dimensional differentiation approach
using human pluripotent stem cells (PSC) to specify gut spheroids with distinct regional identities comprised of
both endoderm and mesoderm. We show that antero-posterior interactions recapitulate the foregut (marked by
SOX2, SRY-Box 2) and the midgut (marked by CDX2, Caudal type homeobox 2) boundary in vitro, modeling
the inter-coordinated specification and invagination of the human hepato-biliary-pancreatic system. The boundary
interactions between anterior and posterior gut spheroids enables autonomous emergence of HBP organ domains
specified at the foregut-midgut boundary organoids in the absence of extrinsic factor supply. Whereas trans-
plant-derived tissues were dominated by midgut derivatives, long-term culture develop into a segregated HBP
anlage, followed by the recapitulation of early morphogenetic events including the invagination and branching of
three different and inter-connected organ structures. Together, we demonstrate that the experimental multi-organ
integrated model can be established by the juxta-positioning of foregut, midgut tissues, and potentially serves as
a tractable, manipulatable and easily-accessible model for the study of complicated endoderm organogenesis and
disease in human.

Keywords: Stem cells, iPSC, ESC, Organoid, Liver Bud, Human, Drug development, Transplantation

14:40-14:55

NATIONAL STEM CELL RESOURCE CENTER (NSCRC) OF CHINA, AND ITS ROLE IN DELIV-
ERING STEM CELL-BASED THERAPIES

Hao, Jie

National Stem Cell Resource Center (NSCRC) of China, and Institute of Zoology, Chinese Academy of Sciences,
Beijing, China

National Stem Cell Resource Center (NSCRC), formerly known as Beijing Stem Sell Bank, is the first Chinese
clinical-grade human embryonic stem cell (hESC) bank as well as the first national stem cell bank , NSCRC
successfully derived the first clinical-grade hESC line under current Good Manufacturing Practices (cGMP)
conditions and the cell quality was fully reviewed by the National Institute for Food and Drug Control (NIFDC)
according to the Chinese regulations. After 12 years of development, there are nearly 2000 cell lines with different
differentiation potential and over 500 clinical-grade stem cell lines that have been generated and banked. NSCRC
also received onsite assessment and passed the verification during the biobanking accreditation using 1ISO 2038
standard by China National Accreditation Service (CNAS) firstly in the world. NSCRC has developed a unique
culture system which can maintain hESCs’ pluripotent state under a completely xeno-free condition. Several clini-
cal-grade hESCs derived functional cells, such as neural progenitors, cardiomyocytes, hepatocytes, retinal pigment
epithelium (RPE) cells and multipotent mesenchymal stromal cells have been achieved with following quality re-
views by NIFDC, and their pre-clinical biosafety and efficacy were further investigated. NSCRC launched first-in-
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human (FIH) clinical studies using clinical-grade derived dopamine neuron progenitors and RPE cells for the treat-
ment of Parkinson’s disease (PD) (NCT03119636) and age-related macular degeneration (AMD) (NCT03046407)
respectively, which firstly adopted cellular HLA matching strategies into the cell transplantation. Up to 2019,
NSCRC has launched 8 clinical studies using hESCs derived functional cells, which account for around 15% of
the country’s stem cells based clinical studies in China.

14:55-15:10

DIFFERENTIAL REGULATION OF NEURAL STEM CELL DIFFERENTIATION BY MEK INHIBI-
TORS

Kim, Hyun-jung?, Lee, Ha-rim*, Kim, Youngmin*, San, Thinthin', Lee, Jeewoo?

College of Pharmacy, Chung-Ang University, Seoul, Korea, College of Pharmacy, Seoul National University,
Seoul, Korea

Neural stem cells (NSCs) proliferate and differentiate into neurons and glia depending on the culture environment.
However, the underlying mechanisms determining the fate of NSCs are not fully understood. Growth factors fa-
cilitate NSC proliferation through MAPK/ERK kinase (MEK) and MAPK activation, and NSCs differentiate into
neurons, astrocytes, or oligodendrocytes when mitogens are withdrawn from the culture media. Here, we aimed
to identify the effects and roles of MEK signaling on the determination of NSC fate. In our study, we suggest that
MEK inhibitors have distinct functions in determining NSC fate. Inhibition of MEK2 is important for induction
of neurogenesis in NSCs. U0126 and SL327 increase neurogenesis through MEK2 inhibition, whereas PD98059
induced astrocytogenesis in NSCs, which is mediated by the chemical structure, particularly the 3-methoxy group
rather than its renowned MEKZ1 inhibition.

Keywords: MEK inhibitors; MEK1; MEK2; neural stem cells; neurogenesis; astrocytogenesis

15:10-15:25
DECIPHERING BRAIN SOMATIC MUTATIONS IN HUMAN NEUROLOGICAL DISORDERS
Lee, Jeongho

Graduate School of Medical Science and Engineering, Korea Advanced Institute of Science and Technology
(KAIST), Daejeon, Korea

Mutations occur during cell division in all somatic lineages due to the unavoidable DNA replication errors. Be-
cause neural stem cells continue to undergo cell division throughout human life, somatic mutations in human brain
can arise during development and accumulate with the aging process. Although somatic diversity is an evident
feature of the brain, the extent of somatic mutations affecting the neuronal structure and function and their contri-
bution to neurological disorders remain largely unexplored. Recently, we have provided the molecular genetic evi-
dence that brain somatic mutations indeed lead to the structural and functional abnormalities of the brain observed
in neurodevelopmental disorders, brain tumors, and neurodegenerative disorders. In this symposium, | will present
our recent findings regarding brain somatic mutations as potential molecular lesions underlying various human
brain disorders, thereby providing a new insight into the molecular pathogenesis and therapeutics for the related
disorders.

Keywords: Brain, Somatic Mutations, Neural Stem Cells
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CONCURRENT SESSION 4

Friday, 27 September, 13:50-15:15

. Concurrent Session 4: Genome Editing in Stem Cells, Room A
Chair: Scholer, Hans

HIGHLY EFFICIENT GENOME EDITING BY CRISPR-CPF1 USING CRISPR
RNAWITHA U-RICH 3’-OVERHANG

Kim, Yong-sam
Korea Research Institute of Bioscience and Biotechnology, Daejeon, Korea

A LIN28A LOSS-OF-FUNCTION ASSOCIATED WITH EARLY-ONSET PAR-
KINSON’S DISEASE

Chang, Mi-yoon
Biomedical Science, Hanyang University, Seoul, Korea

¥ UOISSIG JUILINOUO))

ENHANCED IMMUNOCOMPATIBILITY OF IPS CELLS BY CRISPR-CAS9
TARGETED DISRUPTION OF HLA GENES

Xu, Huaigeng
Department of Clinical Application, Centre for IPS Cell Research and Application
(CiRA), Kyoto University, Kyoto, Japan

GENOME-WIDE SCREENING OF FUNCTIONAL DEUBIQUITINATING EN-
ZYMES REGULATING STEMNESS-RELATED PROTEINS USING CRISPR/
CASO9-MEDIATED DUBS KNOCKOUT LIBRARY

Ramakrishna, Suresh
Department of Biomedical Science, Hanyang University, Seoul, Korea

EFFICIENT DETECTION AND PURIFICATION OF HUMAN PSC-DERIVED
CELL POPULATIONS USING RNA SWITCHES

Kim, Shin-11
Research and Development, AceRNA Technologies Co., Ltd, Kyoto, Japan

This program was supported by a faculty research grant of Yonsei University College
of Medicine (6-2018-0200).
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¢ Kim, Yong-sam
Korea Research Institute of Bioscience and Biotechnology, Daejeon, Korea

Dr. Yong-Sam Kim is a principal investigator working for the Korea Research Insti-
tute of Bioscience and Biotechnology (KRIBB). He is also the director of Genome
Editing Research Center in KRIBB. He holds BA, MS, PhD degrees from the Seoul
National University majoring in Agricultural Chemistry. He earned a PhD degree with
a thesis on an auxin binding protein. He was a research associate for Fred Hutchinson
Cancer Research Center in 2011. Currently, his main research interests include the
development of a novel genome editing technology and improvement of CRISPR
technologies. His major achievement is the development of a highly efficient CRIS-
PR-Cpf1 system through the engineering of CRISPR RNA. The engineered CRIS-
PR-Cpf1 shows genome editing efficiency that surpasses that of CRISPR-Cas9 sys-
tem. The highly efficient Cpfl system is expected to harness genome editing-based
gene therapy. Before working in the genome editing field, he was previously dedi-
cated to the development of cancer biomarkers, focused on aberrant glycosylation
occurring in tumor cells. Accordingly, in addition to refining genome editing tools,
he is also seeking to apply genome editing tools to facilitate the development of can-
cer-specific biomarkers by genome-engineering model animals. He is a professor of
the University of Science and Technology in Korea.

13:50-14:15

HIGHLY EFFICIENT GENOME EDITING BY CRISPR-CPF1 USING CRISPR RNAWITH A U-RICH
3’-OVERHANG

Kim, Yong-sam*?, Moon, Su Bin*?, Mi Leg, Jeong*?
'Genome Editing Research Center, KRIBB, Dagjeon, Korea, ’KRIBB School of Bioscience, UST, Dagjeon, Korea

Genome editing has been harnessed through the development of the clustered regularly interspaced short palin-
dromic repeats (CRISPR) system, and the CRISPR/ CRISPR from Prevotella and Francisella 1 (Cpfl) system
has emerged as a promising alternative to CRISPR/ CRISPR-associated protein 9 (Cas9) for use under in various
circumstances. Despite the inherent multiple advantages of Cpfl over Cas9, the adoption of Cpfl has been unsat-
isfactory because of target-dependent insufficient indel efficiencies, compared with that of CRISPR/Cas9. Here,
we report the use of an engineered CRISPR RNA (crRNA) for highly efficient genome editing by Cpf1, which in-
cludes a 20-base target-complementary sequence and a uridinylates-rich 3’-overhang. For the chemically synthe-
sized crRNA, the 3’-proximal addition of 8-mers of uridinylates (U8) showed the highest indel efficiency. How-
ever, where the crRNA is transcriptionally produced, crRNA with a 20-base target-complementary sequence plus
a U4AU4 3’-overhang was the optimal configuration for maximum Cpf1 activity. U-rich crRNA also maximized
the utility of the AsCpfl PAM variants and multiplexing genome editing using mMRNA as the source of multiple
crRNAs. Furthermore, U-rich crRNA enabled a highly safe and specific genome editing using Cpfl in human
cells. This engineered U-rich crRNA contributes to the development of a more powerful genome-editing toolbox.

Keywords: Genome editing, CRISPR-Cpf1, CRISPR RNA
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14:15-14:30

A LIN28A LOSS-OF-FUNCTION ASSOCIATED WITH EARLY-ONSET PARKINSON’S DISEASE
Chang, Mi-yoon, Lee, Sang-hun

Biomedical Science, Hanyang University, Seoul, Korea

The etiology of Parkinson’s disease (PD), a common movement disorder characterized by degeneration of mid-
brain-type dopamine (mDA) neurons in the substantia nigra (SN), is partially understood. Developmental aspects
are recently emphasized as an etiology of PD. Lin28 is a heterochronic RNA-binding protein, identified to have
roles in the developing brain. In this study, we found an early PD pathologic finding, associated with mDA neu-
ron vulnerability in the SN, and PD-related behavioral deficits in Lin28 conditional knockout (cKO) mice. At the
same time, we detected a loss-of-function variant of LIN28A (arginine to glycine at aa 192, R192G) from two
young age-onset PD patients, and assessed the contribution of this variant to the patients’ disease using an isogenic
human embryonic stem cell (hRESC)/ human induced pluripotent stem cell (hiPSC)-based disease model. Severe
developmental defects and PD-related pathologic phenotypes were present in mDA neurons differentiated from
the hESCs and the patient-derived hiPSCs carrying this variant, but these phenotypes were substantially rescued
by correction of the variant. We further show that behavioral recovery of rats with PD after cell transplantation re-
quires correction of the LIN28A variant in the donor patient (pt)-hiPSCs. Our data implicate LIN28A in PD patho-
genesis and suggest future personalized medicine targeting this variant in patients.

Funding Source: Medical Research Center (2017R1A5A2015395), 2017M3A9B4062401, NRF-
2017R1A2B2002220 and NRF-2016R1A2B4016342, funded by the National Research Foundation of Korea
(NRF) of the Ministry of Science and ICT, Korea.

14:30-14:45

ENHANCED IMMUNOCOMPATIBILITY OF IPS CELLS BY CRISPR-CAS9 TARGETED DISRUP-
TION OF HLA GENES

Xu, Huaigeng, Wang, Bo, Ono, Miyuki, Kagita, Akihiro, Fujii, Kaho, Sasakawa, Noriko, Ueda, Tatsuki, Gee,
Peter, Okita, Keisuke, Yoshida, Yoshinori, Kaneko, Shin, Hotta, Akitsu

Department of Clinical Application, Centre for iPS Cell Research and Application (CiRA), Kyoto University,
Kyoto, Japan

Induced pluripotent stem cells (iPSCs) have strong potential in regenerative medicine applications, however, im-
mune rejection especially caused by HLA-mismatching is one of the major concerns. B2M gene knockout and
HLA-homozygous iPSC stocks can potentially address this issue, but the former approach may induce NK cell
activity and fail to present antigens in the event of pathogen infection or oncogenesis, and latter approach is chal-
lenging to recruit rare donors. To overcome these issues, here, we show two genome-editing strategies for making
immune compatible donor iPSCs. First, we generated HLA pseudo-homozygous iPSCs by allele- specific knock-
out of HLA heterozygous iPSCs. Second, we generated HLA-C-retained iPSCs by disrupting both HLA-A and -B
alleles and one of HLA-C allele in order to suppress the NK cell response while maintaining antigen presentation.
Importantly, HLA-C-retained iPSCs, which retain endogenous single allele of HLA-C and non-canonical HLA-E,
-F, -G, could evade from T cells response and suppress NK cells more than HLA-E only expressing cells. We also
confirmed HLA-Class Il null HLA-C-retained cells could evade total allo-response from bulk PBMCs including
CD8+ T cells CD4+ T cells and NK cells. Finally we estimated that 12 lines of Class Il null HLA-C-retained iP-
SCs are immunologically compatible with over 90% of the world-wide population, greatly facilitating iPSC-based
regenerative medicine applications.

Funding Source: Japan Agency for Medical Research and Development (AMED) grants for the Core Center for
iPS cell Research. Research Center Network for Realization of Regenerative Medicine. Japan Society for the Pro-
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motion of Science (JSPS) KAKENHI.

14:45-15:00

GENOME-WIDE SCREENING OF FUNCTIONAL DEUBIQUITINATING ENZYMES REGULAT-
ING STEMNESS-RELATED PROTEINS USING CRISPR/CAS9-MEDIATED DUBS KNOCKOUT
LIBRARY

Ramakrishna, Suresh, Das, Soumyadip, Chandrasekaran, Arun Pandian, Karapurkar, Janardhan, Kim, Kye-seong
Department of Biomedical Science, Hanyang University, Seoul, Korea

Post-translational modification of proteins by ubiquitin has emerged as a key regulator of protein stability includ-
ing various signal transduction cascades. Recently, extensive progress has been made in the characterization of
ubiquitin proteases that remove ubiquitin from the substrates called deubiquitinating enzymes (DUBS). Although
the activity of DUBSs has been implicated in several important pathways including cell growth and differentiation,
development, oncogenesis, neuronal disease and transcriptional regulation, their function and regulation remains
insufficiently understood. The “loss-of-function” studies based on knockout in diploid mammalian cells can pro-
vide an excellent model to elucidate the DUB function. Here, we applied targeted genome editing technology
based on CRISPR/Cas9 (clustered regularly interspaced short palindromic repeats/CRISPR-associated) to identify
DUBs regulating diverse cellular functions. We constructed two sets of sgRNAs and CRISPR/Cas9 targeting each
DUBs in human genome and performed genome-wide screening of functional DUBS regulating stemness-related
proteins. Our DUBs knock out kit was used to identifying DUBSs for protein of our interest based on protein sta-
bility by Western blotting. Using our method, we have identified several potential DUB genes regulating self-re-
newal of human embryonic stem cell and differentiation. e envision that our DUBs knockout library system will
facilitate to identify several functional DUBs for any target protein of our interest from wide range of biomedical
research in a high-throughput setting.

Funding Source: National Research Foundation of Korea

15:00-15:15

EFFICIENT DETECTION AND PURIFICATION OF HUMAN PSC-DERIVED CELL POPULATIONS
USING RNA SWITCHES

Kim, Shin-II
Research and Development, AceRNA Technologies Co., Ltd, Kyoto, Japan

Despite significant progress in improving an efficiency on a differentiation of various cell lineages derived from
human pluripotent stem cells (PSCs), a purification of target cells or an elimination of unwanted cell population
are highly required. Based on an endogenous microRNA (miRNA) activity in living cells, we developed an effi-
cient method for purifying cells. We designed synthetic messenger RNAs (mMRNAS) encoding a reporter tagged
with sequences targeted by cell-type specific miRNAs. These RNA switches control their translation levels by
sensing MiRNA activities. For example, miR-208a-switch efficiently purified cardiomyocytes differentiated from
human PSCs, and a switch encoding a proapoptotic protein Bim enriched for cardiomyocytes without cell sorting.
This approach is widely applicable, as several miRNA-responsive switches precisely and efficiently isolated spe-
cific cell types including endothelial cells, hepatocytes and insulin-producing cells. Thus, RNA switches could be
useful to purify desired cell types for future therapeutic applications.
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CONCURRENT SESSION 5

Friday, 27 September, 13:50-15:15

. Concurrent Session 5: Application of Stem Cell Technologies, Room B

Chair: Rossant, Janet

REAL-TIME MONITORING OF DYNAMIC CELLULAR PROPERTIES OF EX
VIVO EXPANDED OR IN VIVO ENGRAFTED MESENCHYMAL STEM CELLS

Shin, Dong-Myung
Department of Biomedical Sciences, Asan Medical Center, University of Ulsan College
of Medicine, Seoul, Korea

HUMAN IPSC-DERIVED ASTROGLIA DELAY DISEASE PROGRESSION IN
YAC128 HUNTINGTON’S DISEASE MICE

Park, Hyun Jung
Department of Biomedical Science, CHA University, Gyeonggi-do, Korea

G UOISSIG JUILINIUO))

PROMOTION OF PANCREATIC BETA CELL DIFFERENTIATION BY MOD-
ULATING ORGAN-SPECIFIC STROMAL NICHE SIGNALS

Kim, Tae-hee
Developmental and Stem Cell Biology, The Hospital for Sick Children/University of To-
ronto, ON, Canada

THERAPEUTIC POTENTIAL OF PRODRUG SOLID TUMOUR THERA-
PY BY NON VIRAL MODIFIED MESENCHYMAL STEM CELLS IN MICE
MODEL AND COMPANION ANIMAL

Ho, Yoon Khei
Biochemistry, National University of Singapore, Singapore

THERAPY OF ISCHEMIC DISEASES USING HUMAN INDUCED PLURIPO-
TENT STEM CELLS

Kim, Jae Ho

Department of Physiology, Pusan National University College of Medicine,
Yangsan, Korea

This program was supported by the Bio & Medical Technology Development Pro-
gram of the National Research Foundation (NRF) funded by the Korean government
(MSIT) (No. 2017M3A9B4042581).
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( Shin, Dong-Myung

Department of Biomedical Sciences, Asan Medical Center, University of Ulsan
College of Medicine, Seoul, Korea

Dong-Myung Shin, male, molecular biologist, got PhD degree in Seoul National
University College of Medicine, Korea and got postdoctoral training at University
of Louisville, USA (20082011) and then came back Korea as assistant-professor in
current institute. He has published more than 80 papers including Leukemia, Ther-
anostics, Cell Reports, and Stem Cell Reports. As his main research focus, he has
investigated the molecular signature of pluripotency and redox homeostasis in plu-
ripotent and adult stem cells.

13:50-14:15

REAL-TIME MONITORING OF DYNAMIC CELLULAR PROPERTIES OF EX VIVO EXPANDED
OR IN VIVO ENGRAFTED MESENCHYMAL STEM CELLS

Shin, Dong-Myung?, Lim, Jisun®, Yu, Hwan Yeul'?, Heo, Jinbeom*, Jeong, Eui Man®, Choi, Kihang*, Kim, In-
Gyu?®, Choo, Myung-Soo?

'Department of Biomedical Sciences, “Department of Urology, Asan Medical Center, University of Ulsan College
of Medicine, Seoul, Korea, *Department of Biochemistry and Molecular Biology, Seoul National University
College of Medicine, Seoul, Korea, “Department of Chemistry, Korea University, Seoul, Korea

Transplantation of stem cells, such as mesenchymal stem cells (MSCs), is a promising strategy for treating several
types of intractable disorders. Mechanistically, it could not only replace damaged cells by direct contribution, but
also establish an anti-inflammatory or immunomodulatory microenvironment. However, the cellular mechanisms
underlying molecular and biological properties of stem cells during ex vivo expansion and also after transplan-
tation in pathological environments remain largely elusive. We recently developed the cyanoacrylamide-based
coumarin derivatives (Fluorescent real-time thiol tracer; FreSHtracer)** reversibly react with glutathione for
monitoring of glutathione levels in living stem cells. These probes revealed that glutathione levels are heteroge-
neous among subcellular organelles and among individual cells and show dynamic changes and heterogeneity in
repopulating stem cells depending on oxidative-stress or culture conditions. Importantly, a subpopulation of stem
cells with high-glutathione levels exhibited increased self-renewal and migration activities in vitro and showed
improved therapeutic efficiency in treating asthma. Furthermore, employing a novel combination of longitudinal
intravital confocal fluorescence imaging and microcystoscopy in living animals, we investigated the distributions
and properties of transplanted multipotent MSCs derived from human embryonic stem cells at single-cell resolu-
tion in real-time by performing confocal imaging of bladder tissues in a rat model of IC/BPS for up to 6 months
post-transplantation. These novel real-time monitoring strategies demonstrate the novel molecular insight for
maintaining stem cell functions and also enhance understanding of the in vivo behaviors of the engrafted stem
cells, which is crucial to determine the efficacy and safety of stem cell-based therapies. This strategy may facilitate
the translation of various stem cell-based approaches into clinical practice.

Keywords : Real-time monitoring, Glutathione, Intravital imaging

** \We have been collaborating with Cell2in Inc, a bio-venture company (Seoul, Korea) for research projects relat-
ed to FreSHtracer based technologies.
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14:15-14:30

HUMAN IPSC-DERIVED ASTROGLIA DELAY DISEASE PROGRESSION IN YAC128 HUNTING-
TON’S DISEASE MICE

Park, Hyun Jung?, Choi, Jiwoo', Kim, Jiyeon', Jeon, Juhyun', Windrem, Martha S?, Kim, Hyunsook®, Goldman,
Steven A?, Song, Jihwan*

'Department of Biomedical Science, CHA University, Gyeonggi-do, Korea, ?Center for Translational Neuromed-
icine, University of Rochester Medical Center, Rochester, NY, USA, *Department of Neurology, CHA Bundang
Medical Center, Gyeonggi-do, Korea

Huntington’s disease (HD) is a devastating autosomal-dominant neurodegenerative disease, in which medium
spiny neurons present in the striatum is selectively degenerated by the neurotoxicity from the extended CAG
repeat sequences in the N-terminus of huntingtin gene. Dysfunctional astrocytes have been implicated in the de-
velopment of various pathological symptoms of HD. The purpose of this study is to investigate the potential of as-
trocyte differentiation and the neuroprotective effects of human HLA-homozygous iPSC-derived neural precursor
cells (iPSC-NPCs) following transplantation into the YAC128 transgenic mouse model of HD. We detected hu-
man nuclei (hNu)-positive transplanted cells at 5 months post transplantation, in which the striatal density, and the
expression of myelin basic protein (MBP) of the corpus callosum (CC) was recovered significantly. Transplanted
animals exhibited a significant improvement in motor functions (i.e., rotarod and grip strength tests) and cognitive
functions (i.e., simple swim and novel object recognition tests). We observed that most transplanted cells gave rise
to astrocytes, providing various neuroprotective roles for the recovery of YAC128 transgenic mice. First of all,
transplanted cells were differentiated either into hGFAP (a human-specific astrocyte marker)-positive astrocytes or
they contributed to the change of astrocyte morphology. Using immunohistochemistry and western blot analyses,
we observed the increase of EAAT?2, a marker for glutamate transporter, as well as Kir4.1, a marker for potassium
channel, in the hGFAP-positive cells. These results strongly suggest that the transplanted cells can increase the
glutamate reuptake and the expression of potassium channel in the hGFAP-positive cells, thereby reducing the
glutamate toxicity in the host brain. We also found that the transplanted hGFAP-positive cells can give rise to the
anti-inflammatory effects by astrocytes of physiological condition. Taken together, these results strongly suggest
that the transplanted iPSC-NPCs can lead to astrocyte-mediated neuroprotection, followed by functional recovery
in the preclinical mouse model of HD.

Funding Source: This work was supported by grants awarded to Jihwan Song (NRF-2017M3A9B4061407), and
to Hyun Jung Park (NRF-2018R1C1B6008671) from the National Research Foundation of Korea.

14:30-14:45

PROMOTION OF PANCREATIC BETA CELL DIFFERENTIATION BY MODULATING OR-
GAN-SPECIFIC STROMAL NICHE SIGNALS

Kim, Tae-hee', Yung, Theodora?, Poon, Frankie*, Liang, Minggao? Coquenlorge, Sabrina’, Yin, Wen-chi?,
Wilson, Michael?, Hui, Chi-chung®, Nostro, Cristina®

'Developmental and Stem Cell Biology, The Hospital for Sick Children/University of Toronto, ON, Canada,
“Molecular Genetics, University of Toronto, ON, Canada, *McEwen Stem Cell Institute, University Health
Network, Toronto, ON, Canada, “Physiology, University of Toronto, ON, Canada

The protocol established for the differentiation of human embryonic stem cells (hESCs) into insulin producing
beta cells offers a promising new cell-based therapy for diabetes. However, the efficient differentiation into func-
tionally mature beta cells has proven difficult. To define organ-specific niche signals required for beta cell differen-
tiation, we isolated mouse pancreatic and gut stromal cells at E13.5, and analyzed their gene expression, revealing
the pancreas-specific downregulation of mesenchymal Hh signaling. To investigate the mechanisms of this regula-
tion, we analyzed mice deleted for Hh negative regulators, Sufu and/or Spop. These mutant mice exhibited severe
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defects in pancreatic growth and beta cell neogenesis. To confirm that these phenotypes are caused by abnormal
Hh signaling, we analyzed Hh downstream transcription factors and targets, and found that GLI2 becomes highly
expressed and stabilized in the mutant mice. To determine the significance of this GLI2 overexpression and stabi-
lization, we conditionally deleted Gli2 in Sufu knockout mice and found significant rescue of pancreatic defects,
demonstrating its regulation of Hh signaling in pancreatic development and beta cell differentiation. Interestingly,
the mesenchyme of Sufu and Spop knockout mice expressed gut stroma-enriched markers such as alpha-SMA
and SM22, indicating a shift of pancreas mesenchymal identity into that of the gut. Recent studies have shown that
gut stromal cells express Wnit ligands to promote gut stem cell renewal, and our analysis of GLI2 binding sites ge-
nome-wide has revealed its direct transcriptional activation of Wnt ligands in the gut stroma. Indeed, we found that
the expression of Wnt ligands is abnormally increased in the Sufu and Spop knockout pancreatic mesenchyme.
Therefore, we hypothesized that GLI2-mediated abnormal activation of Wnt niche signals prevents pancreatic
beta cell differentiation. Notably, Wnt inhibitors such as WIKI4 significantly increased the number of C-PEP+/
NKX6.1+ beta-like cells in hESC differentiation, whereas its agonist, CHIR99021, impaired the expression of
pancreatic progenitors and endocrine lineage markers. Our work reveals the requirement for pancreas-specific reg-
ulation of stromal niche signals in beta cell differentiation.

Funding Source: SickKids Foundation, Canadian Institutes of Health Research (CIHR), Natural Science Re-
search Council of Canada (NSERC) Discovery.

14:45-15:00

THERAPEUTIC POTENTIAL OF PRODRUG SOLID TUMOUR THERAPY BY NON VIRAL MODI-
FIED MESENCHYMAL STEM CELLS IN MICE MODEL AND COMPANION ANIMAL

Ho, Yoon Khei, Tu, Xue En, Woo, Jun Yung, Too, Heng-phon
Biochemistry, National University of Singapore, Singapore

Mesenchymal stem cells (MSCs) have emerged as promising vehicles for Gene-directed enzyme prodrug therapy
(GDEPT). The inherent tumour-trophic migratory properties of MSCs enable these vehicles to deliver effective,
targeted therapies to tumours and metastatic diseases. A critical step in modifying MSCs is the delivery of genes
with high efficiency and low cytotoxicity. Due to the poor efficiency of transfection approaches, viral methods are
used extensively to transduce MSCs in preclinical and clinical studies.WWe demonstrate, for the first time, the effi-
cient transfection (>80%) of human adipose tissue derived MSCs (AT-MSCs) using an off-the shelf and cost-ef-
fective cationic polymer, polyethylenimine, in the presence of fusogenic lipids and histone deacetylase 6 inhibitor
(HDACSGI). Notably, the cellular phenotypes of MSCs remained unchanged after modification. AT-MSCs modi-
fied with a fused transgene, yeast cytosine deaminase::uracil phosphoribosyltransferase (CDy::UPRT), exhibited
strong cytotoxic effects towards glioma, breast and gastric cancer cells in vitro. The efficiency of eliminating gas-
tric MKN1 and MKN28 cell lines were effective even when using 7 days post-transfected AT-MSCs, indicative of
the sustained expression and function of the therapeutic gene. We demonstrate anti cancer efficacy of CD::UPRT _
MSCs by direct injection into glioma led to regression of the subcutaneous tumours upon intraperitoneal treatment
with the prodrug in the mice model. Similar observation was found in canine patients with sarcoma and indolent
lymphoma. The therapeutic effects of canine CD::UPRT_MSCs appeared approximately one weeks post 5-FC
administration. In conclusion, this method offers an efficient modification process for MSC-based prodrug therapy
as an alternative to the use of viral vectors. The therapeutic cells can potentially secure patient quality of life with
the same or more therapeutic effects and fewer side effects than other recommended chemotherapies.

Funding Source: SMART innovation grant (ING-000665 BIO), 2019.
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15:00-15:15

THERAPY OF ISCHEMIC DISEASES USING HUMAN INDUCED PLURIPOTENT STEM CELLS
Kim, Jae Ho

Department of Physiology, Pusan National University College of Medicine, Yangsan, Korea

Peripheral artery disease is a condition in which tissue necrosis occurs as blood flow decreases due to arterial oc-
clusion, resulting in limb amputation in severe cases. Both endothelial cells (ECs) and vascular smooth muscle
cells (SMCs) are needed for regeneration of peripheral artery in ischemic tissues. However, it is difficult to iso-
late and cultivate primary endothelial cells and smooth muscle cells from patients for therapeutic angiogenesis.
Induced pluripotent stem cells (iPSC) are regarded as useful stem cells due to their pluripotent differentiation po-
tential. In this study, we explored the therapeutic efficacy of human iPSC-derived ECs (iPSC-ECs) and iPSC-de-
rived SMCs (iPSC-SMCs) on peripheral artery disease in a murine ischemic hindlimb model. After induction of
mesodermal differentiation of iPSC, CD34-positive vascular progenitor cells were isolated by magnetic-activated
cell sorting. Cultivation of the CD34-positive cells in endothelial culture medium induced expression of endothe-
lial markers, including CD31, VE-cadherin, and vVWF, and endothelial characteristics, such as endothelial tube
forming ability, eNOS expression, and Ac-LDL uptake. Moreover, the CD34-positive cells could be differentiated
to not only ECs but also SMCs. Cultivation of the CD34-positive cells in SMC medium induced expression of
SMC marker. Conditioned media of iPSC-SMCs were stimulated the migration, proliferation and tube formation
of iPSC-ECs in vitro. In a murine hindlimb ischemia model, co-transplantation of iPSC-ECs with iPSC-SMCs
accelerated blood perfusion and increased limb salvage rate in the ischemic limbs, compared to the ischemic
limbs injected with either iPSC-ECs or iPSC-SMCs alone. Moreover, co-transplantation of iPSC-ECs with iP-
SC-SMCs further stimulated angiogenesis and that transplanted iPSC-ECs and iPSC-SMCs contributed formation
of ILB4-positive capillaries and a-SMA-positive arteries/arterioles. These results suggest that combined treatment
of iPSC-ECs and iPSC-SMCs differentiated from iPSC is useful for therapy of peripheral artery diseases.

Funding Source: This research was supported by the MRC program (NRF-2015R1A5A2009656) and the Na-

tional Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology (NRF-
2015M3A9C6030280; NRF-2017M3A9B4051542).
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Friday, 27 September, 13:50-15:15

( Concurrent Session 6: Stem Cell Quality Control for Cell Therapy, Room C
Co-organized by GAIT/K-NIH/ISCBI
Co-chairs: Song, Jihwan and Stacey, Glyn

USEFULNESS OF THE KOREAN HLA-HOMOZYGOUS IPSC LINES TO
MULTIPLE POPULATIONS

Song, Jihwan
Department of Biomedical Science, CHA University, Gyeonggi-do, Korea and
The Korea Chapter, Global Alliance for iPSC Therapies (GAIT), Gyeonggi-do, Korea

THE GLOBAL ALLIANCE FOR IPSC THERAPIES (GAIT): QUALITY TEST-
ING OF CLINICAL-GRADE INDUCED PLURIPOTENT STEM CELLS

Sullivan, Stephen
Global Alliance for iPSC Therapies (GAIT), Edinburgh, UK and Hanyang University,
Seoul, Korea

LATEST ACCOMPLISHMENTS OF NATIONAL CENTER FOR STEM CELL
AND REGENERATIVE MEDICINE

Koo, Sookyung
Korea National Institute of Health, Osong, Korea
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SUITABILITY OF PLURIPOTENT STEM CELL LINES FOR CLINICAL AP-
PLICATIONS

Stacey, Glyn
International Stem Cell Banking Initiative, Cambridge, UK and SSCBio Ltd, Royston,
UK

INTEGRATED IPSC CHARACTERIZATION OPTIMAL FOR CELL THERA-
PY MANUFACTURING

Lakshmipathy, Uma
Thermo Fisher Scientific, Carlsbad, CA, USA

CANCER-RELATED MUTATIONS IN PRIMED AND NAIVE HUMAN PLU-
RIPOTENT STEM CELLS

Benvenisty, Nissim _ o
The Azrieli Center for Stem Cells and Genetic Research, The Hebrew University, Jeru-
salem, Israel

AUTOLOGOUS IPS CELL THERAPY FOR MACULAR DEGENERATION:
FROM BENCH-TO-BEDSIDE

Bharti, Kapil
National Eye Institute, National Institutes of Health, Bethesda, MD, USA

This session was supported by the Korea Health Industry Development Institute
(KHIDI), funded by the Ministry of Health and Welfare (HI15C3042), as well as the
Korea National Institute of Health (K-NIH), Republic of Korea.



13:50-13:55

USEFULNESS OF THE KOREAN HLA-HOMOZYGOUS IPSC LINES TO MULTIPLE POPULA-
TIONS

Song, Jihwan

Department of Biomedical Science, CHA University, Gyeonggi-do, Korea and The Korea Chapter, Global Alli-
ance for iPSC Therapies (GAIT), Gyeonggi-do, Korea

In order to establish a haplobank of iPSCs, we have recently generated 10 most frequent HLA-homozygous iPSC
lines from the repurposed cord blood samples in Korea, which can potentially match 41.07% of the Korean pop-
ulation. Comparative analysis of HLA population data shows that they are also of use in other Asian populations,
such as Japan, with some limited utility in ethnically diverse populations, such as the UK. Therefore, the genera-
tion of the 10 most frequent Korean HLA-homozygous iPSC lines serves as a useful pointer for the development
of optimal methods for iPSC generation and quality control and indicates the benefits and limitations of collabora-
tive HLA driven selection of donors for future stocking of worldwide iPSC haplobanks.

Funding Source: This work was supported by a grant from the Korea Health Industry Development Institute
(KHIDI), funded by the Ministry of Health and Welfare (HI115C3042), Korea.

13:55-14:05

THE GLOBAL ALLIANCE FOR IPSC THERAPIES (GAIT): QUALITY TESTING OF CLINI-
CAL-GRADE INDUCED PLURIPOTENT STEM CELLS

Sullivan, Stephen
Glabal Alliance for iPSC Therapies (GAIT), Edinburgh, UK and Hanyang University, Seoul, Korea

Development of many stem cell derived therapeutic products has been unnecessarily delayed due to inconsistent
terminology use between professional siloes, and also from a lack of consistency in the understanding of, and test-
ing for, Critical Quality Attributes of starting materials. This lack of alignment makes stem cell products less likely
to be financially viable, slows the adoption of key technological improvements, and may well lead to a divergence
in regulatory requirements across different jurisdictions. The Global Alliance for induced Pluripotent Stem Cell
Therapies (GAIT) is an international non-profit organization focused on building of a global haplobank network
for clinical-grade induced Pluripotent Stem Cell (iPSC) lines so that these are an appropriate starting material for
subsequent development of new allogeneic or ‘off-the-shelf’ therapeutics. GAIT activity is currently funded by
four Founder Organizations: the Centre for Commercialization of Regenerative Medicine, the New York Stem
Cell Foundation, the Cell and Gene Therapy Catapult, and the Korean HLA-matched iPSC Banking Initiative. In
this talk, we shall review how GAIT is building consistency and reliability of Quality Testing of clinical-grade iP-
SCs across its network through execution of a Quality Round.

14:05-14:15

LATEST ACCOMPLISHMENTS OF NATIONAL CENTER FOR STEM CELL AND REGENERATIVE
MEDICINE

Koo, Sookyung
Korea National Institute of Health, Osong, Korea

National Center for Stem Cell and Regenerative Medicine (NCSR) is a national infrastructure for stem cell and
regenerative medicine research. Its purpose is to facilitate stem cell and regenerative medicine research in Korea
by providing high-quality stem cells to the researchers and GMP manufacturing services for those preparing early
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phase clinical trial of cell therapy. We have been running National Stem Cell Bank since October 2012, and now
we are distributing four human embryonic stem cell (ESC) lines and 15 human induced pluripotent stem cell
(iPSC) lines for research purposes, which includes 4 HLA haplotype-homozygous hiPSC lines, 4 fluorescent iPSC
lines, and 2 iPSC lines originated from genetic disease patients. We are planning to start distributing one GMP-
grade HLA haplotype-homozygous hiPSC line this year. We have launched our GMP manufacturing services in
2018. Once we receive requests for the service application, we will review them thoroughly and do our best to
support the GMP manufacturing. So far, we have manufactured three items and they are currently undergoing
KFDA evaluation process.

14:15-14:30

SUITABILITY OF PLURIPOTENT STEM CELL LINES FOR CLINICAL APPLICATIONS
Stacey, Glyn

International Stem Cell Banking Initiative, Cambridge, UK and SSCBio Ltd, Royston, UK

Human pluripotent stem cells offer unique possibilities for human therapies and hold great promise for the treat-
ment diseases where there is unmet clinical need. Such therapies require complex manufacturing processes involv-
ing careful characterisation and control to deliver safe, effective and reliable therapies. Therefore, early develop-
ment of stable cell lines with characteristic markers, pluripotent potential and absence of microbial contamination,
are fundamental features which must be assured if the cells are to be suitable to generate a range of cell types for
therapy. It is also important to address intellectual property issues relating to the use of the cell line to avoid risk
to the economic delivery of final products. Regarding safety; traceability of candidate cell banks and the materials
used to make them is key. This will permit robust, risk assessment for adventitious agents and assure compliance
with requirements of GMP manufacture. Furthermore, it will be important to carry out genetic characterisation and
assessment of the tumorigenic potential of cell lines. Suitable donor selection procedures will also be necessary
to reduce risk of disease and to demonstrate that suitable informed consent has been obtained. Panels of cell lines
covering a range of HLA haplotypes could provide for reduced severity of immune response against transplants in
patients. However, the evaluation of other cell features relating to chronic as well as acute rejection mechanisms
ay need to be addressed. In addition, any change in the source cell lines or any other aspect of the manufacturing
which could impact on the final product, will require investigation to assure comparability of the new process in
terms of the quality and safety of the final product. This presentation will also review the international consensus
on these issues established by the International Stem Cell Banking Initiative (ISCBI, www.iscbi.org) which brings
together stem cell banks from more than 20 countries. It will also consider the various avenues adopted for stan-
dardisation in this area and in the development of new international guidance on the manufacture of pluripotent
stem cell derived therapies.

14:30-14:45

INTEGRATED IPSC CHARACTERIZATION OPTIMAL FOR CELL THERAPY MANUFACTURING
Lakshmipathy, Uma

Thermo Fisher Scientific, Carlsbad, CA, USA

Rapid progress in the translational and clinical applications of induced pluripotent stem cells (iPSC) necessitates
the need for robust and consistent workflows that utilize high quality reagents that are xeno-free. When common-
ly used animal-origin components are replaced with xeno-free alternatives, performance often suffers, thereby
necessitating thorough qualification of reagents and manufacturing processes. Methods that enhance consistency
will minimize extra effort and costs associated with generation of clones that fail to expand, or do not meet quality
standards for downstream use. Previously, we reported CTS CytoTune 2.1, the first off-the-shelf reprogramming
kit specifically designed for clinical and translational research, with xeno-free workflows optimized to minimize
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the effect of donor to donor variability. Here, we report a complete and comprehensive panel of assays for char-
acterization of iPSCs. iPSC clones derived under xeno-free conditions with cell therapy qualified reagents were
confirmed to be foot-print free, authenticated to be derived from the corresponding donor cells, and assessed for
quality and safety profile. Clones qualified to be pluripotent via PluriTest and possess trilineage differentiation po-
tential with TagMan hPSC ScoreCard were thoroughly investigated for genomic stability. All of the clones tested
showed a normal karyotype with traditional G-banding and KaryoStat arrays. Further assessment of oncogenic
hotspot mutations that are known to occur at a higher frequency in ESC and iPSC, including TP53, indicated the
absence of oncogenic structural variants in all of the clones tested. The combination of qualified reagents and de-
fined xenofree workflows, in combination with comprehensive and predictive characterization assays aids in easy
transition of early investigation work towards translational and clinical research.

14:45-15:00

CANCER-RELATED MUTATIONS IN PRIMED AND NAIVE HUMAN PLURIPOTENT STEM
CELLS

Benvenisty, Nissim
The Azrieli Center for Stem Cells and Genetic Research, The Hebrew University, Jerusalem, Israel

Human pluripotent stem cells (hPSCs) are known to harbor chromosomal aberrations that might affect their tum-
origenic potential. More recently, point mutations in the gene coding for the p53 tumor suppressor (TP53) have
been found in hPSCs. These mutations gradually take over the culture, suggesting they provide a growth advan-
tage in vitro. However, it remains unclear whether other cancer-related genes acquire recurrent mutations during
hPSC propagation. Here we established a strategy to identify such mutations by comparing of genomic data from
early and late passage hPSCs. Analysis of over 170 samples (from 46 studies) of the two most commonly used
hPSC lines revealed mutations in over 20 verified cancer-related genes other than TP53. Similar mutations were
found in an analysis of over 400 induced pluripotent stem cell samples (from 24 studies). Importantly, naive hP-
SCs were found to harbor four-times more cancer-related mutations on average than their primed counterparts.
These mutated genes corresponded to the mechanisms of action of the chemical inhibitors inducing a naive state,
suggesting that selective pressures imposed by them resulted in an increased cancer-associated mutational burden.
Together, our results suggest that prolonged culturing and pluripotent cell state transition enhance hPSC cancer-re-
lated mutagenesis. These mutations should be taken into consideration in future applications, especially in clinical
contexts.

15:00-15:15

AUTOLOGOUS IPS CELL THERAPY FOR MACULAR DEGENERATION: FROM BENCH-TO-
BEDSIDE

Bharti, Kapil
National Eye Institute, National Institutes of Health, Bethesda, MD, USA

Induced pluripotent stem (iPS) cells are a promising source of personalized therapy. These cells can provide im-
mune-compatible autologous replacement tissue for the treatment of potentially all degenerative diseases. We
are preparing a phase | clinical trial using iPS cell derived ocular tissue to treat age-related macular degeneration
(AMD), one of the leading blinding diseases in the US. AMD is caused by the progressive degeneration of retinal
pigment epithelium (RPE), a monolayer tissue that maintains vision by maintaining photoreceptor function and
survival. Combining developmental biology with tissue engineering we have developed clinical-grade iPS cell
derived RPE-patch on a biodegradable scaffold. This patch performs key RPE functions like phagocytosis of pho-
toreceptor outer segments, ability to transport water from apical to basal side, and the ability to secrete cytokines in
a polarized fashion. We confirmed the safety and efficacy of this replacement patch in animal models as part of a
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Phase | Investigational New Drug (IND)-application. Approval of this IND application will lead to transplantation
of autologous iPS cell derived RPE-patch in patients with the advanced stage of AMD. Success of NEI autologous
cell therapy project will help leverage other iPS cell-based trials making personalized cell therapy a common med-
ical practice.
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: Thursday, 26 September, 12:35-13:35 A

. Luncheon Symposium 1, Room A

Molecular Devices, Seoul, Korea

OVERCOME CHALLENGES OF HIGH-CONTENT IMAGING AND ANALY-
SIS FOR 3D CELL CULTURE

Tak, Minho

. Luncheon Symposium 2, Room B

JSK Biomed Inc.

WHAT’S IN YOUR MEDIA MATTERS: APPLICATIONS OF CELLULAR
METABOLIC PROFILING IN STEM CELL RESEARCH

Kam, Yoonseok

€ Luncheon Symposium 3, Room C

Thermo Fisher Scientific
INTEGRATED WORK FLOW SOLUTIONS FROM DISCOVERY TO TRANS-
LATIONAL RESEARCH

Lakshmipathy, Uma
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Lee, Seunghee

€ Luncheon Symposium 5, Room B

Bio-Techne
ORGANOID TECHNOLOGY AND MEDICINE

Lee, Kyungjin

€ Luncheon Symposium 6, Room C

Ajinomoto Co., Inc., Daegu, Korea
USE OF BIOMATERIALS TO REGULATE NEURAL DIFFERENTIATION
FROM HUMAN IPSCS

Kosodo, Yoichi
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Thursday, 26 September, 12:35-13:35

Room A, Molecular Devices

12:35-13:35

OVERCOME CHALLENGES OF HIGH-CONTENT IMAGING AND ANALYSIS FOR 3D CELL CUL-
TURE

Tak, Minho
Application Scientist Manager, Molecular Devices Korea, Seoul, Korea

Development of more complex, biologically relevant, and predictive cell-based assays for compound screening is
a primary challenge in drug discovery. The integration of three-dimensional (3D) assay models is becoming more
widespread to drive translational biology. Specifically, 3D cultures offer the advantage of closely recapitulating as-
pects of human tissues including the architecture, cell organization, cell-cell and cell-matrix interactions, and more
physiologically-relevant diffusion characteristics. The ImageXpress® Micro Confocal system and the 3D Analysis
Tools in MetaXpress® software meet these challenges and enable high-throughput screening of 3D cell models
within a single interface, reducing the time to discovery. This session will introduce the 3D cell culture imaging
and analysis advantage and includes a few 3D cell model applications as well as tips and techniques for optimizing
your 3D assay workflow.

Room B, JSK Biomed Inc.

12:35-13:35

WHAT’S IN YOUR MEDIA MATTERS: APPLICATIONS OF CELLULAR METABOLIC PROFILING
IN STEM CELL RESEARCH

Kam, Yoonseok
Cell Analysis Group, Agilent Technologies, Inc., Korea

Cellular metabolism is emerging as a critical factor in stem cell research with recent reports suggesting that both
metabolic status and cell culture conditions can significantly alter the differentiation trajectory of stem cells. In vi-
tro metabolic profiling provides information to identify key metabolic changes associated with stem cell differen-
tiation. Agilent Seahorse XF technology enables real-time measurement of glycolytic and mitochondrial function
along the cell differentiation axis. By changing the metabolic environment in the design of differentiation exper-
iments, metabolic profiling can be incorporated to probe cell function, and more importantly, to guide improved
differentiation outcomes. Here, introduced are the application models of Seahorse XF technology in metabolic
phenotyping through stem cell differentiation process. The metabolic poise of a differentiated somatic cell is typ-
ically highly aerobic — high mitochondrial function and low glycolytic function. In contrast, undifferentiated or
de-differentiated cells are highly glycolytic while maintaining relatively low mitochondrial function. The dynamic
metabolic changes between those two different statuses can be assessed by using XF technology. This workshop
covers different application examples including an assay design for sequential metabolic profiling during iPSC
differentiation toward functional neurons. This design can be applied to better understand the interrelationship be-
tween metabolic poise and differentiation, thus enabling the development of improved differentiation protocols.
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Room C, Thermo Fisher Scientific

12:35-13:35

INTEGRATED WORK FLOW SOLUTIONS FROM DISCOVERY TO TRANSLATIONAL RE-
SEARCH

Lakshmipathy, Uma
Thermo Fisher Scientific, Carlsbad, CA, USA

Induced pluripotent stem cell (iPSC) research is rapidly moving towards translational and clinical applications.
These applications require robust and consistent workflows that utilize high quality reagents that are xeno-free.
When commonly used animal-origin components are replaced with xeno-free alternatives, performance often suf-
fers, thereby necessitating thorough qualification of reagents and the process. Robust and reproducible methods
minimize or eliminate the extra time and costs associated with clones that fail to expand, or do not meet quality
standards for downstream use. Key considerations here are, first, the use of higher grade reagents specifically
designed and qualified for clinical and translation research. Second, these systems will then need to be success-
fully integrated into existing workflows. In some cases, further optimization may be required to ensure consistent
generation of high quality iPSCs despite donor to donor variability associated with the starting material. Finally,
the resulting iPSC master cell banks need to be thoroughly characterized to establish their quality and safety. For
CAR-T research, building integrated CAR-T workflow is important. End-to-end solution for the generation and
characterization of CAR-T as so key factor of research. And using prequalified product, comprehensive and scal-
able characterization and traceability documentation also substantial.

Friday, 27 September, 12:50-13:50

Room A, Kangstem Biotech

12:50-13:50

DEVELOPMENT OF FIRST-IN-CLASS AND BEST-IN-CLASS STEM CELL THERAPEUTICS FOR
IMMUNE RELATED DISEASES

Lee, Seunghee
Stem Cell and Regenerative Bioengineering Institute, Kangstem Biotech Co., Ltd., Korea

Mesenchymal stem cells have been developed as stem cell therapeutics for various target diseases because of their
several advantages in terms of immunomodulatory ability, safety and low immunogenicity. Among the various tis-
sue derived mesenchymal stem cells, umbilical cord blood-derived mesenchymal stem cell which is developed as
stem cell therapeutics, Furestem®, in Kangstem Biotech Co., Ltd. have been found to have excellent proliferative
and differentiating ability, and especially immunomodulatory ability. Furestem® exhibits therapeutic efficacy by
controlling the underlying cause of disease incidence through multi-pathways. Additionally, since the cells com-
municate with disease environment, the immunomodulatory factors which have a key role in efficacy are different
according to the target diseases. Based on these characteristics, we established mass production technology and
are developing stem cell therapeutics which target various immune related disease. In this presentation, we are go-
ing to introduce the platform technology and mechanisms of action of Furestem® in atopic dermatitis, rheumatoid
arthritis, Crohn’s disease and osteoarthritis. Additionally, phase 1&Ila clinical trial results of atopic dermatitis and
rheumatoid arthritis and long-term observational investigation results of atopic dermatitis would be also presented.
Finally, we are going to briefly introduce the current state of basic research on direct conversion technology and
gene editing technology to develop incurable disease treatments or cell therapeutics/artificial organs for universal
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applications, and their potential and future development plan would be discussed.

Room B, Bio-Techne

12:50-13:50

ORGANOID TECHNOLOGY AND MEDICINE
Lee, Kyungjin

ORGANOIDSCIENCES, Ltd., Seoul, Korea

Organoids are three-dimensional in-vitro-grown cell clusters with near-native microanatomy that arise from
self-organizing stem cells. Organoid based models has been highlighted for last few years as breakthrough plat-
forms for studying pathophysiology, screening drug efficacy, and predicting drug toxicity. Furthermore, the
organoids are capable of regenerative therapeutics that can restore the damaged organ functions when injected
into animal models such as inflammatory bowel diseases. However, there are many limitations to the application
of organoids. A high cost for organoid expansion, low viability after cryopreservation, inefficient expansion by
spontaneous differentiation and using animal origin Matrigel as an extracellular matrix are major obstacles in the
clinical and industrial applications. This presentation will discuss the current limitations for clinical and industrial
application of organoids, and introduce our challenges.

Keywords: Organoid, Regeneration, Disease model, Cell therapy, Screening

Room C, Ajinomoto Co., Inc.

12:50-13:50

USE OF BIOMATERIALS TO REGULATE NEURAL DIFFERENTIATION FROM HUMAN IPSCS
Kosodo, Yoichi

Korea Brain Research Institute, Daegu, Korea

Use of biomaterials, defined as materials selected or designed to interact with biological systems, for reprogram-
ming, maintenance, and differentiation of stem cells is often superior to the traditional protocols in terms of safe-
ty, efficiency, and scalability. Particularly, generation of specific cell-types not by genetic modifications, but by
extrinsic physical factors of biomaterials would become efficacious tools for regenerative therapies in the next
generation. In this seminar, | will introduce use of functional culture substrates as novel biomaterial for human iPS
cells (hiPSCs) research. The seminar includes the introduction of our recent achievement, that is, a culture sub-
strate that reproduces the stiffness of brain tissue using tilapia collagen for in vitro reconstitution assays. By adding
crosslinkers, we obtained gels that are similar in stiffness to living brain tissue. Compared to existing protocols,
our material is superior to avoid the risk of neural toxicity and zoonotic diseases. We further examined the capabil-
ity of the gels serving as a substrate for stem cell culture and the effect of stiffness on neural lineage differentiation
using hiPSCs. Taken together, chemically crosslinked tilapia collagen gel is expected to be useful in reconstitution
assays to explore the role of stiffness in neural functions, as well as for future therapeutic strategies such as trans-
plantation.
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Mechanisms of Pluripo-
tency and Differentiation

CORRELATION BETWEEN DNA METHYL-
ATION AND CYP450 GENE EXPRESSION IN
HUMAN PLURIPOTENT STEM CELL-DE-
RIVED HEPATOCYTES

Kang, Eun-hye?, Jo, Seongyea®, Kim, Ji-woo?,
Kim, Hyemin', Park, Han-jin!, Kang, Eun-hye? Jo,
Seongyea®

!Department of Predictive Toxicology, Korea Insti-
tute of Toxicology, Daejeon, Korea, “Department of
Human and Environmental Toxicology, University of
Science and Technology, Daejeon, Korea, 3College
of Life Science and Biotechnology, Korea University,
Daejeon, Korea

Human pluripotent stem cell-derived hepatocytes (hP-
SC-Heps) offer a possible solution to the shortage of
cell sources in drug discovery and hepatotoxicity test-
ing. Drug metabolism is a biotransformation process,
where xenaobiotics such as foreign drugs or chemicals
are converted into more water-soluble compounds to
facilitate their excretion from the body. Cytochrome
P450 (CYP) is the key enzyme involved in phase |
process of drug metabolism. Although hPSC-Heps as
a hepatotoxicity evaluation model have been widely
applied, little is known about the regulatory mecha-
nism of CYP gene expression. Here, we showed the
expression of nine major CYP genes in each of two
types of human embryonic stem cell-derived hepato-
cytes (hESC-Heps), human induced pluripotent stem
cell-derived hepatocyte (hiPSC-Heps), and hPHs.
Transcript levels of nine CYP genes in hESC-Heps
and hiPSC-Heps were significantly lower than those
of hPHs. We hypothesized that low expression of CYP
genes in hPSC-Heps would be closely related with
epigenetic modification. DNA methylation is a major
epigenetic mechanism to regulate gene expression. In
order to elucidate the mechanism of limited expression
of CYP genes in hPSC-Heps, we analyzed the meth-
ylation status of CpG sites at the regulatory region
to which transcription factors bind. The methylation
patterns at regulatory region of hPSC-Heps were hy-
permethylated compared to hPHs and consistent with
the gene expression patterns. Therefore, our finding
suggests that lower expression of CYP genes in hP-
SC-Heps would be correlated with DNA hypermeth-

ylation in transcriptional regulatory regions.

STUDYING THE MOLECULAR REGULA-
TION OF HEMATOPOIETIC STEM AND PRO-
GENITOR CELLS EMERGENCE DURING EM-
BRYOGENESIS

Serina Secanechia, Yasmin Natalia®, Bergiers,
Isabelle’, Le, Stephanie’, Descostes, Nicolas', Arnold,
Christian?, Ganter, Kerstin', Lopez Anguita, Natalia®,
Andrews, Tallulah®, Rogon, Matt*, Zaugg, Judith?,
Lancrin, Christophe*

'Epigenetics and Neurobiology Unit, European
Molecular Biology Laboratory (EMBL)-Rome,
Monterotondo, Italy, *Structural and Computational
Biology, European Molecular Biology Laboratory
(EMBL)-Heidelberg, Heidelberg, Germany, *Genome
Regulation, Max Planck Institute for Molecular
Genetics, Berlin, Germany, ‘EMBL Centre for Biomo-
lecular Network Analysis, European Molecular Biolo-
gy Laboratory (EMBL)-Heidelberg, Germany, *Cellu-
lar Genetics, Wellcome Sanger Institute, Hinxton, UK

Hematopoietic Stem-Progenitor Cells (HSPCs) first
appear in the vertebrate embryo at mid-gestation, in a
region named aorta-gonad- mesonephros. They orig-
inate from an endothelial precursor, the Hemogenic
Endothelium (HE), through the process of Endothelial
to Hematopoietic Transition (EHT). During this pro-
cess, HE cells progressively transition into HSPCs via
an intermediate stage called preHSPCs, characterized
by the co-expression of endothelial and hematopoietic
genes. Seven transcription factors are particularly im-
portant for the regulation of the EHT, namely Gata2,
Runx1, Tall, Lmo2, Flil, Erg, and Lyl1, and they have
been proposed to form a complex termed “Heptad
complex” that acts as a master regulator of the tran-
scriptional program that drives preHSPC formation.
Recently, the existence of a dual axis between these
factors has been revealed, whereby Flil and Erg are
involved in maintaining the endothelial phenotype and
Gata2 and Runx1 promote the acquisition of a hema-
topoietic identity, while a clear role could not be iden-
tified for Lyl1, Tall and Lmo2. To investigate whether
these genes are also important for the generation of
preHSPCs, we exploited the ability of the Heptad
factors to induce the transdifferentiation of Vascular
Smooth Muscle (VSM) cells into preHSPCs upon
overexpression. We removed Lyl1, Tall and Lmo2
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from the overexpression construct, and observed a re-
duction in the reprogramming efficiency of VSM cells.
The cells that reprogrammed had turned on the expres-
sion of the endogenous Tall and Lmo2 genes, while
the cells that did not reprogram had failed to do so.
When we overexpressed Lyl1, Tall and Lmo2 alone in
VSM cells, we observed no changes at the phenotypic
level, but we identified over 8000 differentially open
regions of chromatin compared to the untreated cells,
and 452 differentially expressed genes, indicating that
Lyl1, Tall and Lmo2 were able to induce molecular
rearrangements even in the absence of the other Hep-
tad proteins. Many of the downregulated genes were
related the homeostasis of muscle cells, while many of
the overexpressed ones have documented roles in he-
matopoiesis. Taken together, our results indicate that at
least Tall and Lmo2 are important for the generation
of preHSPCs, and they act at the transcriptional level
to prime cells towards the hematopoietic fate.

NATIONAL STEM CELL BANK OF KOREA:
PROGRESS IN HUMAN PLURIPOTENT STEM
CELL BANKING ACTIVITY

Ha, Hye-yeong, Yoo, Daehoon, Im, Young Sam, Park,
Hyeyeon, Han, Hyo-won, Lee, Youngsun, Kim, Bo-
young, Jo, Hye-yeong, Koo, Soo Kyung

Division of Intractable Diseases, National Institute of
Health, Cheongju, Korea

Human pluripotent stem cell (hPSC) including human
embryonic stem cells (hESCs) and induced pluripotent
stem cells (hiPSCs) provide an unlimited cell source
for basic and clinical research. Despite the rapid tech-
nical development this fields, there are increasing
demand for quality-controlled and well-characterized
hPSCs lines for assuring scientific reproducibility.
Established in 2012, National Stem Cell Bank of Ko-
rea (NSCB) facilitates the use and sharing of quality
controlled stem cell lines to support scientific research.
NSCB has been making an effort to expand and qual-
ify hPSCs stocks for consistently providing quality
assured hPSCs. The expansion of hPSCs is performed
in accordance with strict quality control in NSCB. The
bank is working on practicing methods for optimizing
hPSC cultivation and improving quality assurance
measures based on the efficiency and stability of hP-
SCs. Today, NSCB collected diversified hPSC lines
from different type of source cells, diseases, derivation

methods, culture conditions, and genetic modifica-
tions. The bank creates distribution stocks of hPSC
lines on which it assess pluripotency and differentia-
tion potential using cellular and molecular analyses.
Currently, there are 19 hPSCs (4 hESCs and 15 hiP-
SCs) available.

PROFILING TRANSLATIONAL LANDSCAPES
DURING NEURAL DIFFERENTIATION OF
HUMAN PLURIPOTENT STEM CELLS

Kim, Yeji*, Schwarz, Juliane?, Leidel, Sebastian®

'Department of Chemistry and Biochemistry, Universi-
ty of Bern, Switzerland, “Max Planck Research Group
for RNA Biology, Max Planck Institute for Molecular
Biomedicine, Muenster, Germany

Differentiation of human pluripotent stem cells (hP-
SCs) into the different lineages is regulated by a
complex coordination of transcription and translation.
While key aspects of the developmental processes are
regulated by transcription factors, translation is in-
creasingly recognized as an important regulatory pro-
cess during differentiation, particularly in fine-tuning
gene expression. To decipher the mechanisms under-
lying global transcriptional and translational changes
during neuronal differentiation, we differentiated hu-
man embryonic stem cells (hESC) and human induced
pluripotent stem cells (hiPSC) into neuron-like cells
(NLC). We measured genome-wide transcription and
translation in stem cells, neural precursor cells (NPC),
and NLC using RNAseq and ribosome profiling. We
found that approximately 8000 genes were differen-
tially expressed during differentiation. Interestingly,
1000 genes were mainly controlled at the translational
level without significant transcriptional changes. As
expected, neural genes were increased both at tran-
scriptional and translational levels, while proliferation
and development-related genes were reduced. While
most translationally controlled genes only showed
mild effects, we found a small number of genes impli-
cated in metabolic and epigenetic processes and mito-
chondrial genes to be differentially regulated by trans-
lation. Particularly, we found that mitochondrial genes
were translationally downregulated during early stages
of differentiation but rebounded at later stages of dif-
ferentiation. This implies that translational regulation
participates in controlling metabolic reprogramming
during differentiation. Taken together, our findings
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contribute to our understanding extensive translational
control during human neural differentiation.

THE SPECTROSCOPIC SIGNATURE OF HU-
MAN PLURIPOTENT STEM CELL-DERIVED
HEPATOCYTES STUDIED USING SYNCHRO-
TON FTIR

U-pratya, Yaowalak®, Thumanu, Kanjana?, Janan,
Montira®, Kheolamai, Pakpoom*, Laowtammathron,
Chuti®, Issaragrisil, Surapol*

'Division of Hematology, Department of Medicine,
Faculty of Medicine Siriraj Hosipital, Mahidol
University, Nakhon Pathom, Thailand, 2Synchro-
tron Light Research Institute, Nakhon Ratchasima,
Thailand, Siriraj Center of Excellence for Stem Cell
Research, Faculty of Medicine Siriraj Hospital, Mahi-
dol University, Bangkok, Thailand, “Division of Cell
Biology, Faculty of Medicine, Thammasat University,
Pathumthani, Thailand

Human pluripotent stem cells (hPSCs), such as human
embryonic stem cells (hESCs) and human induced
pluripotent stem cells (hiPSCs), hold great promise for
regenerative medicine due to their unique properties
of self-renewal and multilineage differentiation. Al-
though various methods have been used to induce the
hepatic differentiation of hPSCs, those hPSC-derived
hepatocyte-like cells generally lack important meta-
bolic functions of mature hepatocytes and therefore
unsuitable for most research and clinical applications.
To improve the efficiency of hepatic differentiation,
fast and extensive characterization of hPSC-derived
hepatocytes obtained from various culture systems.
The present study demonstrated that the FTIR mi-
crospectroscopic analysis was superior than other con-
ventional assays, such as morphological examination
and detection of hepatic gene and protein expression,
for characterizing hPSC-derived hepatocyte-like
cells. This technique can also be used to identify and
distinguish various stages of hepatic differentiation
of hPSCs which other conventional assays failed to
accomplish. We therefore believe that the FTIR mi-
crospectroscopy can effectively be used to compare
the efficiency of various hepatic induction protocols
and lead to the establishment of a better procedure for
generating hPSC-derived hepatocytes in the future.

2-(TRIMETHYLAMMONIUM)ETHYL
(R)-3-METHOXY-3-OX0-2-STEARAMIDO-
PROPYL PHOSPHATE ENHANCES THROM-
BOPOIETIN-INDUCED MEGAKARYOCYTIC
DIFFERENTIATION AND PLATELETOGENE-
SIS

Kim, Jusong?, Jim, Gaunghai?, Lee, Jisu? Lee,
Kyeong?, Bae, Yun Soo?, Kim, Jaesang*

!Life Science, Ewha Womans University, Seoul, Korea,
2College of Pharmacy, Dongguk University, Goyang,
Korea

We have previously reported the effects of 2-(trime-
thylammonium)ethyl (R)-3-methoxy-3-o0xo-2-steara-
midopropyl phosphate [(R)-TEMOSPho], a synthetic
phospholipid, on megakaryocytic differentiation of
myeloid leukemia cells. Here, we demonstrate that
(R)-TEMOSPho enhances megakaryopoiesis and
plateletogenesis from primary hematopoietic stem
cells (HSCs) induced by thrombopoietin (TPO). Spe-
cifically, we demonstrate at sub-saturation levels of
TPO, the addition of (R)-TEMOSPho enhances dif-
ferentiation and maturation of megakaryocytes (MKSs)
from murine HSCs derived from fetal liver. Fur-
thermore, we show that production of platelets with
(R)-TEMOSPho in combination with TPO is also
more efficient than TPO alone and that platelets gen-
erated in vitro with these two agents are as functional
as those from TPO alone. TPO can thus be partly re-
placed by or supplemented with (R)-TEMOSPho, and
this in turn implies that (R)-TEMOSPho can be useful
in efficient platelet production in vitro and potentially
be a valuable option in designing cell-based therapy.

Funding Source: This work was supported by Stem
Cell Grant (NRF- 2017M3A9B3061850), Aging
Project Grant (NRF-2017M3A9D8062955) and Inno-
vative Medicine Research Center for Tumor Remis-
sion (NRF 2018R1A5A2023127) from the National
Research Foundation of Korea funded by the Ministry
of Science and ICT, Korea. This study was also sup-
ported by the Ewha Womans University scholarship
of 2018.
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NRF2 REGULATES HUMAN EMBRYONIC
STEM CELL SELF-RENEWAL THROUGH DI-
RECT REGULATION OF GLYCOLYSIS

Seo, Hyang Hee, Han, Hyo-won, Kim, Jung-hyun

Division of Intractable Diseases, Korea National Insti-
tute of Health, Cheongju, Korea

Glycolysis is a key regulator of human embryonic
stem cells (hESC) self-renewal, but how glycolysis is
regulated is poorly understood. Nuclear factor E2-re-
lated factor 2 (Nrf2) is a basic leucine zipper transcrip-
tion factor that regulates primarily cellular defense
mechanisms. Recently, the role of Nrf2 in hESC has
been reported, but its role in hESC metabolism has
not been previously investigated. In the present study,
we generated keapl, which lead to the proteolysis
of Nrf2, knock-out cell by using a CRISPR-Cas9
system and demonstrated that NRF2 maintain the
pluripotency of hESC. Besides, keapl knock-out cells
showed a high rate of ATP flux through glycolysis
and increased expression of OCT4, NANOG and
SOX2 under bFGF withdrawn culture condition, and
it was disrupted when glycolysis inhibitor, 2-DG, was
added. In addition, we screened genes which directly
regulated by NRF2, and the result revealed that NRF2
directly regulates glycolysis-related genes, ENO1, AL-
DH3A2 and DLD. In conclusion, these data suggest
that hESCs maintain pluripotency through glycolysis
which regulated by NRF2 in hESC.

Funding Source: 2017-NC61001-00, 2017-NG61004-
00.

TREATMENT WITH SIRT1 INHIBITORS EN-
HANCES HEMATOPOIETIC DIFFERENTIA-
TION OF MOUSE EMBRYONIC STEM CELLS

Park, Jeong A, Park, Sangkyu?, Jeon, Jae-hyung®,
Lee, Younghee!

!Department of Biochemistry, College of Natural
Sciences, Biotechnology Research Institute, Chungbuk
National University, Cheongju, Korea, *Biotechnology
Research Institute, Chungbuk National University,
Cheongju, Korea

Embryonic stem cells have pluripotent ability to
differentiate into multiple tissue lineages. SIRT1

is a class Il histone deacetylase which modulates
chromatin remodeling, gene silencing, cell survival,
metabolism, and development. SIRT1 is expressed
at high levels in mouse embryonic day 4.5 embryos.
Although its expression is down-regulated during the
subsequent embryogenesis, a high level of expression
remains detectable at embryonic day 18.5. SIRT1 is
important in embryonic development and contributes
to embryonic and adult stages of hematopoietic and
endothelial differentiation. Recently, small molecules
have emerged as essential tools for understanding and
regulating stem cells and manipulating stem cell fate.
Nicotinamide, a form of vitamin B3 serving as a pre-
cursor of nicotinamide adenine dinucleotide (NAD),
is a well-established potent inhibitor of SIRT1. Split-
omicin is derived from B-naphthol and is an inhibitor
of SIRT1 and SIRT2. In this study, we examined the
effects of SIRT1 inhibitors on the hematopoietic dif-
ferentiation of mouse embryonic stem cells. Treatment
with the SIRT1 inhibitors, nicotinamide and splitomi-
cin, during the hematopoietic differentiation of mouse
embryonic stem cells enhanced the production of
hematopoietic progenitors and slightly up-regulated
erythroid and myeloid specific gene expression such
as GATA1, BH1, Pu.1, and B-major. Furthermore,
treatment with splitomicin increased the percentage
of erythroid and myeloid lineage cells. Application of
the SIRT1 inhibitor splitomicin during mouse embry-
onic stem cells differentiation to hematopoietic cells
enhanced the yield of specific hematopoietic lineage
cells. This result suggests that SIRT1 is involved in the
regulation of hematopoietic differentiation of specific
lineages and that the modulation of the SIRT1 activity
can be a strategy to enhance the efficiency of hemato-
poietic differentiation.

Funding Source: This research was supported
by grants from the National Research Foundation
(2017M3A9B4065302, 2018R1A2B6002504) funded
by the Ministry of Science and ICT in the Korea.
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FUNCTIONAL IN VIVO AND IN VITRO EF-
FECT OF CHROMOSOME 20 GENETIC AB-
NORMALITIES ON HPSC DIFFERENTIATION

Jo, Hye-yeong, Lee, Youngsun, Han, Hyeong-jun,
Kim, Jung-hyun, Koo, Soo Kyung, Park, Mi-hyun

Department of Intractable Diseases, Korea National
Institute of Health, CheongJu, Korea

Human pluripotent stem cells (hPSCs) are promis-
ing in therapeutic applications based on their infinite
capacity to self-renew and pluripotency. To realize
regenerative medicine or cell therapy using hPSCs,
understanding the functional consequences of carrying
common and subtle variances is necessary to support
benefit or risk assessment into hPSCs characteristics.
Here, we aimed to assess functional in vivo and in
vitro effect of frequently detected chromosome 20 ge-
netic aberrations during early stage of differentiation
of hPSCs. Experiments were conducted on genetically
identical iPSC sublines with and without the CNV
gain, hFSIPS1 and hFSIPS3 lines, respectively, as
follows : Single-cell RNA sequencing (SCRNA-seq)
for embryonic bodies (EBs) from the two lines ; bulk
RNA sequencing (RNA-seq) and histological exam-
ination for teratomas. The sScCRNA-seq showed alter-
ation of differentiated cell distribution due to the CNV
abnormalities, suggesting that hPSCs harboring the
20g11.21 CNV duplication undergo distinct lineage
specification or cell fate decision, compared with nor-
mal hPSCs. Moreover, although Teratoscore evaluated
similar differentiation potential between two of lines,
comprehensive RNA-seq examination of teratomas
explained that several lineage-specific marker genes of
hPSCs with the CNV are differentially expressed, con-
sistent with the histological results that the ecto/meso/
endodermal ratio showed was changed due to the
CNV. Taken together, our results suggest that the CNV
amplification contributes to cell fate specification, af-
fecting the potential to differentiate into the three germ
layers. We expect that our results provide not only
genomic evidence of the differentiation mechanism,
but also new insights for optimization of the differen-
tiation system to support development of cell therapies
and other future applications.

A SIMPLE DIFFERENTIATION METHOD TO
ANALYZE DIFFERENTIATION PROPENSITY

Yoo, Dae Hoon, Im, Young Sam, Kim, Yong-ou

Intractable Diseases, Korea National Institute of
Health, Cheongju, Korea

Assessment of pluripotency is a basic requirement for
qualification of human pluripotent stem cells (hPSCs).
Here we report a simple differentiation method using
fetal bovine serum (FBS) and RNA-seq to estimate
differentiation propensity of hPSCs. PluriTest using
RNA-seq shows that differentiation progresses after
5% FBS treatment. Expression patterns of three germ
layer markers reveal that cells cultured in a chemi-
cally defined medium (E8) with recombinant matrix
proteins have a propensity to differentiate into ecto-
derm lineage, while cells cultured in Knockout Serum
Replacement-containing medium (KSR) with mouse
feeder cells into mesoderm and endoderm lineages.

YAP IS DISPENSABLE FOR STEMNESS
MAINTENANCE BUT REQUIRED FOR PROP-
ER EMBRYOID BODY FORMATION OF HU-
MAN IPSCS

Lorthongpanich, Chanchao?, Jiamvoraphong,
Nittaya', Laowtammathron, Chuti*, Chingsuwanrotef,
Pimjai*, U-pratya, Yaowalak?, Issaragrisil, Surapol*

'Department of Medicine, Siriraj Center of Excellence
for Stem Cell Research (SiSCR), Faculty of Medicine
Siriraj Hospital, Mahidol University, Bangkok, Thai-
land, 2Department of Medicine, Division of Hematol-
ogy, Faculty of Medicine Siriraj Hospital, Mahidol
University, Bangkok, Thailand

The Yes-associated protein (YAP) is a transcription co-
activator in the Hippo signaling pathway. It has been
shown to regulate the expression of the pluripotent
genes, OCT4 and SOX2, which in turns facilitates the
self-renewal property of stem cells. It has been sug-
gested that YAP is localized in the nucleus of mouse
ES cells (mESCs), and that it plays an important role
in the maintenance of mESC pluripotency and self-re-
newal capacity. However, recent studies claimed that
YAP, although localized in the nucleus, is dispensable
for self-renewal of MESCs since the knocked-out YAP
mESCs still maintained undifferentiated state even
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under differentiation promoting culture system. Sim-
ilar to the lack of clarity and understanding of YAP in
mouse model, the role of YAP in human iPSCs is also
inconclusive. In this study, we aimed to investigate the
effect of YAP on the biological properties of human
IPSCs. Gain and loss-of-function experiments were
performed on the isogenic iPSCs to reduce the varia-
tion in genetic background that might adversely affect
the experimental outcomes. We found that expression
level of YAP did not alter the expression of pluripo-
tency markers and the genetic stability of the cells.
However, ectopic expression of YAP affects EB for-
mation and the survival of the aggregated cells, while
depletion of YAP did not show significant different of
EB morphology when compared to control. Role of
YAP in in vivo teratoma formation was also studied.
Smaller teratomas were observed in the YAP overex-
pressing cells, however, lineage differentiation was not
affected since the representative cell types from three
embryonic germ layers were found as similar to YAP-
depleted and control cell lines. Taken together, our
results showed that overexpression of YAP obstructs
EB formation in vitro, but it is dispensable for in vivo
teratoma formation and lineage differentiation of hu-
man iPSCs.

Funding Source: This study was supported by a grant
from the Faculty of Medicine Siriraj Hospital, Mahi-
dol University; a grant from the Thailand Research
Fund to CL (grant no. RSA-6080089) and to SI (grant
no. RTA 488-0007); and, a Commission on Higher
Education Grant to Sl (grant no. CHE-RES-RG-49).

GENERATION OF HUMAN HAEMATOPOIET-
IC STEM CELLS FROM INDUCED PLURIPO-
TENT STEM CELLS

Laowtammathron, Chutit, Srisook, Pimonwan,
Chingsuwanrote, Pimjai*, Lorthongpanich, Chanchao®,
U-pratya, Yaowalak!, Kheolamai, Pakpoom?,
Issaragrisil, Surapol*

'Department of Medicine, Siriraj Center of Excellence
for Stem Cell Research (SISCR), Faculty of Medicine
Siriraj Hospital, Mahidol University, Bangkok, Thai-
land, 2Department of Cell Biology, Faculty of Medi-
cine, Thammasat University, Pathum Thani, Thailand

Induced pluripotent stem cells (iPSCs) represent a
promising new approach in the field of regenerative

medicine. iPSCs have the ability to generate hema-
topoietic stem cells (HSCs) in the laboratory, which
enables their use as an autologous treatment for he-
matological disorders without limitations in terms of
cell numbers. In this study, we examined the size of
embryoid body (EB) and the role of small molecules
in mesodermal formation and definitive HSCs differ-
entiation from iPSCs. We found that size of EB effect
on differentiation potential of iPSCs to HSCs. Small
EB (2,000 cells/EB) can give rise to HSC that positive
for CD34 CD43/CD45 more than those of the big EB
(5,000 cell/EB). It has been reported that stage-specif-
ic activation of the Wnt signaling pathway affect the
generation of definitive hematopoietic progenitors.
To determine whether activation of Wnt could also
affect mesodermal formation and definitive HSCs
differentiation from iPSCs, the iPSCs were induced
for differentiation via EB formation method with and
without supplementation of Wnt agonist (CHIR) at
specific time point. We found that differentiation of
IPSCs without supplementation with CHIR resulted
in break out EBs on day 2 of differentiation. In con-
trast, addition of CHIR at the same time point during
differentiation resulted in an increase in size of EBs
when compared with the control. Moreover, the prom-
inently upregulated T brachyury was elevated 10-fold
in the treated group compared to control. These results
suggest that supplementation of CHIR at specific
time point could promote the differentiation towards
mesodermal lineage. We also found that the expres-
sion of CD34+CD43+ cells in floating and adherent
cells were enriched on day 13 of differentiation. CFU
assay revealed the multilineage differentiation capac-
ity of CD34+CD43+ derived from both floating and
adherent cells as the can differentiate to all blood cell
lineages. The result of RT-gPCR of erythroid colonies
(BFU-E and CFU-E) from both floating and adherent
cells showed expression of embryonic, fetal, and adult
globin (beta-globin). Altogether, our results suggest
that the CD34+CD43+ cells derived from both float-
ing and adherent cell populations are definitive hema-
topoietic cells.

Funding Source: This study was supported by a grant
from the Faculty of Medicine Siriraj Hospital, Mahi-
dol University; a grant from the Thailand Research
Fund to CLO (RSA-6080089) and to SI (RTA488-
0007); and, the Commission on Higher Education
(CHE-RES-RG-49) to SI.
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OGT REGULATES MEGAKARYOCYTE MAT-
URATION AND PLATELET PRODUCTION

Luanpitpong, Sudjit', Poohadsuan, Jirarat,
Klaihmon, Phatchanat®, U-pratya, Yaowalak?,
Issaragrisil, Surapol*

'Siriraj Center of Excellence for Stem Cell Research,
Faculty of Medicine Siriraj Hospital, Mahidol Univer-
sity, Bangkok, Thailand, 2Department of Medicine,
Faculty of Medicine Siriraj Hospital, Mahidol Univer-
sity, Bangkok, Thailand

Metabolic state of hematopoietic stem cells (HSCs)
is an important regulator of self-renewal and differen-
tiation. Hexosamine biosynthetic pathway (HBP) is
a nutrient-sensing metabolic pathway that produces
UDP-GIcNAC, a critical substrate for protein O- Glc-
NAcylation. In the present study, we found that cel-
lular O-GIcNAcylation was gradually reduced during
the course of megakaryocyte differentiation from hu-
man cord blood CD34+ stem/progenitor cells. O-Glc-
NAc cycling is controlled by two enzymes; the O-Glc-
NAc transferase (OGT) and O-GIcNAcas (OGA) that
catalyzes and removes O-GIcNAc, respectively. Inhi-
bition of OGT and subsequent global O-GIcNAcyla-
tion increased the number of CD41+ and CD42+ cells
as well as platelet-like particles (PLPs) after 10 days of
differentiation in culture without affecting its viability.
Consistently, we observed a substantial higher portion
of megakaryocytes with multinucleated morphology
upon OGT inhibition. The regulatory roles of OGT in
platelet formation was further validated in megakaryo-
blastic cell (MEG-01 and MEG-01s) model, where a
remarkable increase of CD41+ and CD42+ PLPs were
detected. Together, our findings provide novel evi-
dence on the role of OGT and HBP in megakaryocyte
differentiation and platelet production, which could be
important in understanding of normal megakaryopoie-
sis and related disorders.

Funding Source: Thailand Research Fund (RSA6280103,
to S. Luanpitpong)

ROLE OF LYSOPHOSPHATIDIC ACID RECEP-
TOR 1 ON THE INFLAMMATORY RESPONSE
INDUCED BY LIPOPOLYSACCHARIDE
FROM PORPHYROMONAS GINGIVALIS IN
HUMAN PERIODONTAL LIGAMENT STEM
CELLS

Kim, Dong Hee!, Seo, Eun Jin?, Tigyi, Gabor J, Lee,
Byung Ju*, Jang, Il Ho?

!Department of Biological Sciences, University of
Ulsan, Korea, “Department of Oral Biochemistry,
School of Dentistry, Pusan National University,
Pusan, Korea, *Department of Physiology, University
of Tennessee, Memphis, TN, US

Lysophosphatidic acid (LPA) is a lipid messenger
mediated by G protein-coupled receptors (LPAR1-
6). LPA is involved in the pathogenesis of chronic
inflammatory and autoimmune diseases and controls
the stemness in embryonic stem cells, adult stem cells
and cancer stem cells. Recent progress has shown the
intimate relationship between periodontitis and vari-
ous diseases in the human body. However, the precise
role of LPA in developing periodontitis has not been
studied. We investigate the role of LPARs during the
development of periodontitis in the inflammatory con-
dition. When human periodontal ligament stem cells
(PDLSC) were treated with lipopolysaccharide from
Porphyromonas Gingivalis (LPS-PG), the viability
of PDLSC was not affected up to 10 ug/ml LPS-PG
treatment. In comparison, treatment of PLDSC with
E. coli LPS did not decrease the viability up to 10 ug/
ml. When LPAR expression was evaluated in com-
parison with human dental pulp stem cells (DPSC),
LPARL1 expression was significantly higher in PDLSC
whereas the expression of LPARL, 2, 3, 6 was higher
in DPSC. In serum-free culture, the increasing dose
of LPS-PG gradually decreased PDLSC viability in
24-120 hr. Incubation of LPS-PG with PDLSC mean-
ingfully increase the expression of LPARL, and TLRA4.
When PDLSC was treated with LPAR1 antagonist, in
serum-free culture, the individual treatment of LPAR1
antagonist did not affect the cellular viability. Levels
of pro-inflammatory cytokines including TNF-a and
IL-1B decreased meaningfully after LPAR1 antagonist
treatment. These results suggest that LPAR1 can be a
noble target to resolve inflammatory condition in peri-
odontal disease.
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TROPHOBLASTIC SPHEROID DERIVED
FROM HUMAN EMBRYONIC STEM CELLS
RESEMBLES HUMAN TROPHECTODERM
DURING EARLY IMPLANTATION PERIOD

Lee, Yin Lau, Yue, Chaomin, Chen, Andy Chun
Hang, Fong, Sze Wan, Lee, Kai Chuen, Lee, Kai Fai,
Yeung, William Shu Biu

Obstetrics and Gynaecology, The University of Hong
Kong, Hong Kong

Study of the mechanisms of human implantation in
vivo is unethical and provision of high-quality human
embryos for in vitro research is limited. Our team
has established a human embryonic stem cell (hES-
C)-derived trophaoblastic spheroid (BAP-EB) for the
study of early embryo implantation and trophoblast
development. Here, we used RNA sequencing method
to delineate the changes in transcriptome of BAP-EB
during differentiation. Pathways like Hippo signaling
involved in trophectoderm/trophoblast specification
were induced during BAP-EB differentiation. Hippo
signaling pathway inhibitor significantly reduced the
attachment rate and outgrowth of BAP-EB. We ob-
tained the differential gene lists between epiblast and
trophectoderm (TE) of human preimplantation em-
bryos from two published datasets, and found that the
undifferentiated hESC, BAP-EB at Oh and 24h clus-
tered with the epiblast samples while BAP- EB at 48h,
72h and 96h were clustered with the TE samples from
the two studies. Further gene set enrichment analysis
(GSEA) showed that attachment-competent BAP-EB
highly resembled human polar trophectoderm prior to
implantation. By using a coculture model with BAP-
EB and primary endometrial epithelial cell (EEC)
isolated from patients, it was found that significantly
higher numbers of BAP-EB at72h derived from two
different hESC lines attached onto receptive EEC
isolated from patients in their natural (LH+7) or stim-
ulated (hCG+7) cycles when compared to those ob-
tained from pre-receptive EEC at day 2 (LH/hCG+2).
Together, this study reports the TE-like signature of
hESC derived BAP-EB and supports its use as human
blastocyst surrogate for studying early embryo im-
plantation process and trophoblast development.

Funding Source: This work was partly supported by
General Research Fund (grant numbers: 17111414)
and Health and Medical Research Fund (grant num-
bers: HMRF 04151546) from the Research Grants

Council of Hong Kong.

A SIMPLE AND STABLE MAINTENANCE
CULTURE METHOD FOR HUMAN PLURIP-
OTENT STEM CELLS USING STEMFIT BA-
SIC04 MEDIUM

Wagatsuma, Hirotaka, Ito, Kenichiro, Yoshida,
Tomomi, Eviryanti, Agung, Chang, Jessica, Konishi,
Atsushi

Research Institute for Bioscience Products and Fine
Chemicals, Ajinomoto Co. Inc., Kawasaki, Japan

Human pluripotent stem cells (hPSCs), including
embryonic and induced pluripotent stem cells, are
expected to be one of the cell sources for regenerative
medicine. Aside from expansion efficiency and quality
of the cells, simplification of operation and robustness
should also be considered for the production of cells
for clinical applications. StemFit Basic04 is the culture
medium for maintenance and expansion of hPSCs
with single-cell passaging and weekend-free feeding,
which is made of chemically-defined and animal
origin-free (CD-AOF) materials. Here, we present a
simplified culture method using Basic04, especially
focusing on the process of extracellular matrix coating
and cell detachment during cell passage. Recently, it
was reported that direct supplementation of matrices
into media enabled hPSC culture without vessel pre-
coating. In this study, we applied this method to hPSC
culture using StemFit BasicO4 and optimized the
whole process including procedure and reagents for
cell detachment. We found that this simplified method
allows efficient expansion of hPSCs with sufficient
quality without vessel pre-coating and utilization of
cell scrapers during passage. Application of this cul-
ture system would contribute to a time-efficient op-
eration for stable and robust production of hPSCs for
clinical application.
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IDENTIFICATION OF NEW LONG NON-
CODING RNA THAT REGULATES GROUND-
STATE PLURIPOTENCY

Bourillot, Pierre-Yves, Giudice, Vincent, Perold,
Florence, Doerflinger, Nathalie, Savatier, Pierre

SBRI U1208, INSERM, Bron, France

Long noncoding RNAs (IncRNAs) have been iden-
tified as key regulators of pluripotency. The analysis
of the LIF/STAT3 target genes expressed in mouse
embryonic stem cells (MESCs) led us to identify a
new INcCRNA with the cardinal characteristics of a
pluripotency regulator, which is expressed specifically
in the epiblast of the E4.5 mouse embryo. In mESCs
cultured in 2i (GSK3gi + ERKI)/LIF, this IncRNA
is expressed at a high level in all cells; whereas, in
the LIF/Serum regimen, its expression is mosaic. Its
promoter contains binding sites for both STAT3 and
the naive state-specific transcription factor TFCP2L1.
Bioinformatics analysis of the INCRNA sequence has
revealed the following two functional domains: one
codes for an unknown pre-micro (mi)RNA and the
other contains four potential binding sites for this
mIiRNA. The expression of miRNA was detected in
the mESCs. Transfection of a miRNA mimic induced
mESC differentiation. One thousand copies of this
new miRNA were found in the mouse genome, most
of which were localized in Alu sequences. We hypoth-
esized that the InCRNA serves as a sponge to titrate
the miRNA through the four binding sites. Using a re-
porter system containing this sponge domain inserted
into the 3'UTR of the luciferase gene, we showed that
the miRNA bound this domain. Preliminary results
indicate that both knockdown of IncRNA expression
and deletion of the sponge domain are detrimental to
mESC self-renewal. These findings strongly suggest
that the function of the InCRNA is to titrate the miR-
NA, which, in turn, inhibits differentiation. WWe named
this new IncRNA “Asgard.”

/ 4

STEMNESS/DIFFERENTIATION CONVER-
SION REQUIRES COOPERATIVE CROSS-
TALK BETWEEN VPS26A AND THE NOX/
ROS/ERK CASCADE IN EMBRYONIC STEM
CELLS

Choi, Seon-a', Kim, Young-hyun?, Park, Young-ho?,
Yoon, Seung-bin?, Kim, Ji-su?, Song, Bong-seok’, Lee,
Jong-hee?, Sim, Bo-woong', Huh, Jae-won?, Kim,
Sun-uk?

!Futuristic Animal Resource and Research Center,
Korea Research Institute of Bioscience and Biotech-
nology, Cheongju, Korea, ?National Primate Research
Center, Korea Research Institute of Bioscience and
Biotechnology, Cheongju, Korea

Despite numerous studies on the molecular switches
governing the conversion of stemness to differentia-
tion in embryonic stem cells (ESCs), little is known
about the involvement of the retromer complex. Under
neural differentiation conditions, VVps26a deficiency
(Vps26a-/-) or knockdown suppressed the loss of
stemness and subsequent neurogenesis from ESCs or
embryonic carcinoma cells, respectively, as evidenced
by the long-lasting expression of stemness markers
and the slow appearance of neuronal differentiation
markers. Interestingly, relatively low reactive oxygen
species (ROS) levels were generated during differ-
entiation of VVps26a-/- ESCs, and treatment with an
antioxidant or inhibitor of NADPH oxidase (Nox), a
family of ROS-generating enzymes, led to restoration
of stemness in wild-type cells to the level of Vp-
s26a-/- cells during neurogenesis. Importantly, a novel
interaction between Vps26a and Nox4 linked to the
activation of ERK1/2 depended highly on ROS levels
during neurogenesis, which were strongly suppressed
in differentiating VVps26a-/- ESCs. Moreover, inhibi-
tion of phosphorylated ERK1/2 (pERK1/2) resulted in
decreased ROS and Nox4 levels, indicating the mutu-
al dependency between pERK1/2 and Nox4-derived
ROS during neurogenesis. These results suggest that
Vps26a regulates stemness by actively cooperating
with the Nox4/ROS/ERK cascade during neurogen-
esis. Our findings have important implications for
understanding the regulation of stemness via crosstalk
between the retromer molecule and redox signaling,
and may contribute to the development of ESC-based
therapeutic strategies for the mass production of target
cells.
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Funding Source: This study was supported by
grants from the KRIBB Research Initiative Program
(KGM4251824) and the Bio & Medical Technology
Development Program through the National Research
Foundation of Korea (NRF) funded by the Ministry
of Education, Science and Technology (MEST) (No.
2012M3A9B6055362), Korea.

DISEASE MODELING AND RECAPITULA-
TION OF DIABETIC ARTHROPATHY WITH IN
VITRO CHONDROGENESIS PLATFORM US-
ING INDUCED PLURIPOTENT STEM CELL

Nam, Yoojun, Rim, Yeri Alice, Yi, Kyung-hwan, Lee,
Jaewon, Ko, Seung-hyun, Ju, Jihyeon

Catholic iPSCs Center, Catholic iPSCs Center, Seoul,
Korea

Diabetes usually complicates with various organs
and bodily systems. Musculoskeletal system is one
of frequently affected organs. Diabetes patients often
suffer from arthralgia and joint stiffness. However,
pathophysiology of diabetic arthropathy is not well
known. In this study, we investigated diabetic arthrop-
athy using disease modeling platform via induced
pluripotent stem cell (iPSC). We postulated that high
glucose media during chondrogenesis from iPSC may
recapitulate the hyperglycemic condition to cartilage
of diabetic patients. Human iPSCs were generated
from cord blood mononuclear cells (CBMCs) using
the Sendai virus. The characterization of human iPSCs
was performed by various assays. Embryonic bodies
(EBs) were obtained using human iPSCs, and out-
growth cells were induced by plating the EBs onto a
gelatin-coated plate. Expanded outgrowth cells were
detached and dissociated for chondrogenic differentia-
tion. Outgrowth cells were differentiated into chondro-
genic lineage with pellet culture. Chondrogenic pellets
derived from outgrowth cells were incubated under
normal glucose (5 mM) or high glucose (12.5 mM)
concentration. Chondrogenic pellets were maintained
for 21 days. The quality of chondrogenic pellets was
evaluated using various staining and genetic analysis
of cartilage-specific markers. High glucose condition
increased cell metabolism. Hyperglycemia facilitated
chondrogenesis in early phase of cartilage generation.
High glucose condition expressed higher levels of car-
tilage markers, aggrecan, collagen type Il and sex-de-
termining region Y-box 9, compared with normal

glucose condition. However, chronic hyperglycemia
reduced the expression of chondrogenic markers and
increased the expression of matrix metalloproteinase
2, cartilage degrading enzyme, at later stage. The ex-
pression of glucose transporter 1 and pyruvate kinase
muscle isoenzyme 2 was higher with high glucose
than normal glucose-treated chondrogenic pellets in
both early and late phase of cartilage differentiation.
In the late phase of differentiation, high glucose condi-
tion significantly decreased the expression of hexoki-
nase 2. Diabetic arthropathy is difficult to investigate
due to chronic evolution and shortage of adequate
disease samples. Disease modelling using iPSC can
be potential study substitute for classic methods. With
this strategy, we became to know acute hyperglycemia
facilitate chondrogenesis but chronic hyperglycemia
reduces chondrogenesis. Recapitulating hyperglyce-
mia-induced defective chondrogenesis in vitro may
give scientists opportunity to develop point-of-care
medication, based on mechanism.

GP130-DEPENDENT SELF-RENEWAL OF HU-
MAN PLURIPOTENT STEM CELLS

Santamaria, Claire, Rognard, Cloe, Doerflinger,
Nathalie, Bourillot, Pierre-Yves, Savatier, Pierre

Stem Cells, Stem Cell and Brain Research Institute,
Bron, France

Pluripotency exists in two main states—naive and
primed. Conventional human pluripotent stem cells
(PSCs) self-renew in the primed state. We previously
reported a strategy to reprogram human PSCs into
the naive state of pluripotency (Chen et al., Nat Com-
mun, 6:7095, 2015). Naive-to-primed conversion is
based on the synergistic action of tamoxifen-activated
STAT3-ER, LIF, and 2i (MEKi and GSKa3i) inhib-
itors. The resulting cells, called TL2i, exhibit JAK
dependency, clonogenic self-renewal in the absence of
FGF2, and reconfiguration of transcriptome and epig-
enome. In the present study, we sought to identify the
key factor(s) downstream of the LIF receptor that act
synergistically with STAT3-ER to reprogram human
PSCs into the naive state. To this end, we generated
human PSCs that express both the STAT3-ER and
G-CSFR:GP130 chimeric receptors, composed of the
extracellular domain of the G-CSF receptor and the
cytoplasmic domain of the GP130 signal transduc-
er. The human PSCs that expressed both wild-type
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G- CSFR:GP130 chimeric receptor and STAT3-ER
acquired clonogenic self-renewal under the combined
action of LIF + tamoxifen or of G-CSF + tamoxifen.
In contrast, treatment with either factor resulted in dif-
ferentiation. To identify the key factor(s) downstream
of the G-CSFR:GP130 chimeric receptor that are
essential to clonogenic self-renewal, we generated hu-
man PSCs that expressed five mutant receptors. Three
of these harbor point mutations that prevent the re-
cruitment of transcription factor STAT3, phosphatase
SHP2, or both. The other two harbor small deletions
that prevent the recruitment of the Src-related Kinases
HCK and YES. Human PSCs that express both the
STAT3-ER and each of the five G-CSF:GP130 mu-
tant receptors were generated, and their ability to self-
renew in FGF2-free culture media supplemented with
both G-CSF and tamoxifen was then assessed. Hu-
man PSCs expressing the STAT3-binding-deficient,
SHP2-binding-deficient, and HCK-binding-deficient
receptors responded to G-CSF stimulation by exhib-
iting clonogenic self-renewal in the absence of FGF2.
In contrast, human PSCs that express the YES-bind-
ing-deficient receptor lost their self-renewal ability.
These results suggest that YES is a factor that acts
synergistically with STAT3 to sustain the pluripotency
of FGF2- deprived human PSCs.

ROLE OF EMBRYONIC STEM CELL SPECIF-
IC HECATS IN CELL PROLIFERATION

Noh, Seung Ryul, Kim, Ji In, Kim, Min Woong, Shin,
Jeong A, Kim, Dong Chul, Lee, Myung Ae

Biomedical Sciences, Ajou University, Suwon, Korea

Human embryonic stem cells (hESC) have been
regarded as promising resources with the potential
for therapeutic use. Resent studies have discovered
various transcription factors underlying stemness of
hESCs. However, no membrane receptors related with
stemness are known so far. In our previous study, we
identified a novel GPCR protein HECATS in hNSC
and HEK?293 cells, it dramatically increased cell pro-
liferation as well as S phase population. Nonanoic
acid, a ligand for HECATS, increased cell proliferation
in HECATS dependent manner. In addition, HECAT5
enhanced cell expansion in soft agar assay. Next, to
investigate the interaction with M3R, a modulator of
HECATS family proteins, we performed cell prolifera-
tion assay in the presence of M3R antagonist and ago-

nist. Cell proliferation are increased or decreased with
increasing concentration of agonist and antagonist,
respectively. Collectively, our data demonstrated that
hESC-specific factor HECAT5 modulate stemness
properties in human cells through crosstalk with M3R.

Funding Source: This work was supported by the
National Research Foundation of Korea, a grant fund-
ed by the Korean Government [2015M3A9C028956]

NEURAL CREST STEM CELLS DERIVATION
FROM HUMAN PLURIPOTENT STEM CELLS

Kim, Seong-hyun, Noh, Hye-bin, Kim, Hyun-moon,
Hwang, Dong-youn

Biomedical Science, CHA Univetrity, Sungnam, Korea

Neural crest stem cells (NCSCs) are multipotent stem
cells which can become neurons and glial cells of pe-
ripheral nervous system (PNS). Furthermore, NCSCs
can be differentiated into melanocytes and mesoder-
mal cells. During early embryonic development, spec-
ification of NCSCs are tightly regulated in a temporal
and spatial manner by various cues, such as WNT,
BMP, and FGF. In this study, we established a nov-
el method that could efficiently differentiate hPSCs
into NCSCs using the signaling regulators that were
known to function in embryonic development. The re-
sulting NCSCs retained multipotency and were able to
become peripheral neural cells as well as mesodermal
cells. In summary, our differentiation method provides
an efficient way to produce NCSCs from hPSCs and
hence will expedite clinical applications of NCSCs to
treat many incurable PNS diseases

Funding Source: This study was supported by a grant
(2018M3A9H2021653) from Ministry of Science and
ICT, and HI18C0096 and HI16C1559 from Ministry
of Health and Welfare
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COMPARATIVE GENE EXPRESSION PRO-
FILING OF HUMAN MESENCHYMAL STEM
CELLS FROM UMBILICAL CORD BLOOD
AND INDUCED PLURIPOTENT STEM CELLS

Jeong, Ji Eun?, Seol, Binna?, Song, Cho-lok*, Song,
Cho-lok?, Cho, Yee Sook®, Cho, Yee Sook?

!Stem Cell Research Laboratory, Korea Research
Institute of Bioscience and Biotechnology, Daejeon,
Korea, “Bioscience, Korea Research Institute of
Bioscience and Biotechnology, University of Science
and Technology, Daejeon, Korea

Human mesenchymal stem cells (MSCs) derived
from induced pluripotent stem cells (iPSCs) (iMSCs)
provide an alternative means of large scale allogenic
MSC:s for clinical cellular therapy. Studies have shown
that iMSCs have typical MSC properties, including
cell surface marker expression, differentiation capaci-
ty, and transcriptome profile. However, the gold stan-
dard for identifying and distinguishing the molecular
identity of iMSCs has not been established. Here, we
analyzed RNA-Seq data for whole transcriptome pro-
filing and differential splicing of UCB-derived MSC
(UCB-MSC), and fibroblast-derived iMSCs (FB-iM-
SCs). We identified 4,586 significant genes with fold
change [FC]>2 by DEG analysis. Based on gene ontol-
ogy (GO) classification and KEGG pathway analysis,
we found that the expression levels of genes asso-
ciated aging, angiogenesis, and extracellular matrix
were higher in UCB-MSCs than FB-iMSCs, while the
levels of RNA splicing gene expression were higher in
FB-iMSCs than UCB-MSCs. Functional enrichment
analysis also showed that genes related with extracel-
lular matrix, development process, and genes encod-
ing cell communication, developmental biology, axon
guidance, cell junction were more highly expressed in
FB-iMSCs than in UCB-MSCs. In addition, we iden-
tified that a subset of genes, mainly collagens, extra-
cellular matrix, cytokines, and cytoskeleton-associated
proteins, predominantly expressed the skipped exon
types of alternative splicing (BF > 20) in comparative
analysis of two MSCs. Our results would be a valu-
able in clarifying the molecular level of characteristic
information about iMSCs for their use in therapeutic
applications.

Funding Source: This work was supported by
grants from Ministry of Food and Drug Safety
(18172MFDS182) and National Research Foundation

of Korea (NRF) (2017R1A2B2012190) in 2019.

GENERATION OF ISTHMIC ORGANIZ-
ER-LIKE CELLS FROM HUMAN EMBRYON-
IC STEM CELLS

Choi, Sang-hwi*, Lee, Junwon?, Kim, Dae-sung?,
Kim, Dong-wook!

'Medical Science, Yonsei University, Seoul, Korea,
2Ophthalmology, Yonsei University, Seoul, Korea,
*Brain Korea 21 Plus Project for Biotechnology,
Korea University, Seoul, Korea

The isthmic organizer (IsO), the secondary organizer
which was located at the midbrain-hindbrain border
(MHB) of the developing neural tube, influences the
induction, proliferation, and differentiation of neural
cells between the midbrain and hindbrain by secreting
Whntl and fibroblast growth factor (FGF) 8. In the
present study, we attempted to induce the produc-
tion of isthmic organizer (IsO)-like cells capable of
secreting FGF8 and WNT1 from human embryonic
stem cells (ESCs). The precise modulation of canon-
ical Wnt signaling was achieved in the presence of
the small molecule CHIR99021 (0.6 uM) during the
neural induction of human ESCs, resulting in the dif-
ferentiation of these cells into IsO-like cells having a
midbrain-hindbrain border (MHB) fate in a manner
that recapitulated their developmental course in vivo.
Resultant cells showed upregulated expression lev-
els of FGF8 and WNTL1. The addition of exogenous
FGF8 further increased WNT1 expression by 2.6
fold. Gene ontology following microarray analysis
confirmed that IsO-like cells enriched the expression
of MHB-related genes by 40 fold compared to control
cells. Lysates and conditioned media of I1sO-like cells
contained functional FGF8 and WNT1 proteins that
could induce MHB-related genes in differentiating
ESCs. The method for generating functional 1sO-like
cells described in this study could be used to study
human central nervous system development and con-
genital malformations of the midbrain and hindbrain.

Funding Source: Bio & Medical Technology Devel-
opment Program of the National Research Foundation
(NRF), the Basic Science Research Program of NRF,
the Korea Health Technology R&D Project through
KHIDI, and Korea Univesity Grant.
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DEFINED CONDITIONS FOR DIFFERENTIA-
TION OF FUNCTIONAL RETINAL GANGLI-
ON CELLS FROM HUMAN PLURIPOTENT
STEM CELLS

Choi, Sang-hwi', Lee, Junwon?, Kim, Young-beom?,
Kim, Yang In®, Byeon, Suk Ho? Kim, Dae-sung*,
Kim, Dong-wook!

'Brain Korea 21 Plus Project for Medical Science,
Yonsei University, Seoul, Korea, “Ophthalmology,
Yonsei University, Seoul, Korea, *Physiology, Korea
University, Seoul, Korea, “Brain Korea 21 Plus Proj-
ect for Biotechnology, Korea University, Seoul, Korea

Retinal ganglion cell (RGC) is a type of cell in the eye
linking the retina and brain, and affected by several
pathological conditions including glaucoma and mi-
tochondrial optic neuropathies. In the present study,
we attempted to optimize a method for generating
RGCs from hPSCs by dissecting the process of RGC
differentiation and the role of each signal pathway
involved in retinal development. Fine modulation of
signaling pathways involved in the eye field speci-
fication including BMP, TGFf, Wnt, insulin growth
factor-1, and fibroblast growth factor signaling, along
with mechanical isolation of neural rosette cell cluster,
significantly enriched cryopreservable RX and PAX6
double-positive eye field progenitors from hPSCs in
12 days. Following Notch signal inhibition facilitated
differentiation into MATH5-positive RGC progen-
itors at 90% of efficiency in 19 days, which further
differentiated to BRN3B and ISLET1 double-positive
RGCs at 43% of efficiency in 40 days. RGCs differ-
entiated by our method were functional as exemplified
by the ability to generate action potentials, expression
of microfilament component on neuronal process, and
axonal transportation of mitochondria. Therefore, our
results offer a solid basis for RGC differentiation from
hPSCs, and may provide an in vitro disease model and
a cell source of transplantation for diseases related to
RGCs.

Funding Source: Bio & Medical Technology Devel-
opment Program of the National Research Foundation
(NRF), Basic Science Research Program of the NRF
from the Ministry of Science and ICT, Korea Health
Technology R&D Project and Korea University
Grants.

WNT SIGNAL ACTIVATION INDUCES MID-
BRAIN SPECIFICATION THROUGH DIRECT
BINDING OF THE BETA-CATENIN/TCF4
COMPLEX TO THE EN1 PROMOTER IN HU-
MAN PLURIPOTENT STEM CELLS

Lee, Jae Souk?®, Kim, Ji Young', Jung, Sung Jun?,
You, Young Rang?®, Kim, Dae-sung?®, Kim, Dong-
wook®

'Department of Physiology, Yonsei University College
of Medicine, Brain Korea 21 Plus Program for Medi-
cal Science, Seoul, Korea, “Department of Physiolo-
gy, Hanyang University College of Medicine, Seoul,
Korea, *Department of Biotechnology, Korea Univer-
sity College of Life Science and Biotechnology, Brain
Korea 21 Plus Program for Biotechnology, Seoul,
Korea

The canonical Wnt signal pathway plays a pivotal role
in anteroposterior patterning and midbrain specifica-
tion during early neurogenesis. Activating Wnt signal
has been a strategy for differentiating human plurip-
otent stem cells (PSCs) into midbrain dopaminergic
(DA) neurons; however, the underlying molecular
mechanism(s) of how the Wnt signal drives posterior
fate remained unclear. In this study, we found that
activating the canonical Wnt signal significantly up-
regulated the expression of EN1, a midbrain- specific
marker, in a fibroblast growth factor signal-dependent
manner in human PSC-derived neural precursor cells
(NPCs). The EN1 promoter region contains a puta-
tive TCF4-binding site that directly interacts with the
-catenin/TCF complex upon Wnt signal activation.
Once differentiated, NPCs treated with a Wnt signal
agonist gave rise to functional midbrain neurons in-
cluding glutamatergic, GABAergic, and DA neurons.
Our results provide a potential molecular mechanism
that underlies midbrain specification of human PSC
derived NPCs by Wnt activation, as well as a differen-
tiation paradigm for generating human midbrain neu-
rons that may serve as a cellular platform for studying
the ontogenesis of midbrain neurons and neurological
diseases relevant to the midbrain.

Funding Source: supported by the Bio & Medical
Technology Development Program of the National
Research Foundation (NRF) (2017M3A9B4042580),
the Basic Science Research Program of the NRF
(2015R1D1A1A01056649) from the Ministry of Sci-
ence and ICT.
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CHARACTERIZATION AND GENE EXPRES-
SION PATTERNS OF HUMAN MARROW
MESENCHYMAL STEM CELLS RELATED TO
CHONDROGENIC DIFFERENTIATION

Nitilapura, Narendra®!, Rao, Shama', Shetty,
Siddharth?, Shetty, Veena®, Shetty, Shantharam?,
Mohana Kumar, Basavarajappa’

Nitte University Centre for Stem Cell Research and
Regenerative Medicine (nucsrem), Nitte Deemed
To Be University, Mangaluru, India, 2Department
of Orthopaedics, Nitte Deemed To Be University,
Mangaluru, India

Bone marrow mesenchymal stem/stromal cells
(BMSCs) have high self-renewal and tri-lineage
differentiation capacity. Particularly, the ability to
form chondrocytes attracts these cells as a promising
therapeutic option for cartilage regeneration. To real-
ize the potential chondrogenesis of BMSCs, in vitro
characterization and the data on the time-dependent
variations of marker genes implicated in the initiation
and regulation of specific lineage is essential. Hence,
the present study was aimed to evaluate the biological
properties, tri- lineage potential and gene expression
of human BMSCs during chondrogenic differentia-
tion. BMSCs were isolated from bone marrow (n=3)
from patients undergoing knee arthroscopy procedure
for ligament injury with cartilage damage after due
consent. BMSCs were isolated by density gradient
separation and expanded till passage 5. Cellular prop-
erties, including morphology, viability, proliferation
and population doubling time (PDT), colony forming
unit assay, alkaline phosphatase activity (ALP), sur-
face marker expression, and multilineage potential
towards osteocytes, adipocytes and chondrocytes
were analyzed. Genes primarily involved in the early,
intermediate and late phases of chondrogenesis, such
as Aggrecan, Collagen II al, BMP-6, TGF-B1, Col-
lagen I al, FGFR-3, MMP-1, AnxA6, CNTNI1 and
MATN1 were analyzed by reverse transcriptase-poly-
merase chain reaction (RT-PCR) and quantitative PCR
(gPCR). BMSCs exhibited spindle-shape morphology
and the viability was above 95% at all passages. They
were highly proliferative with colony forming ability
and stained positive for alkaline phosphatase (ALP)
activity. The cells were positive for CD29, CD90 and
CD73 and negative for CD34 and CD45 markers.
All BMSCs were successfully differentiated towards
osteocytes, adipocytes and chondrocytes upon spe-

cific induction as confirmed by respective staining
methods. Time-dependent and differential expression
of selected genes by gPCR showed the key molecular
events that regulate the chondrogenesis. In conclusion,
BMSCs were proliferative with expression of pheno-
typic markers and multilineage potential. Importantly,
based on the potency features and expression of chon-
drogenic lineage committed genes, BMSCs could be
an ideal source for cartilage regeneration.

Funding Source: This work was supported from
Nitte - Deemed to be University intramural research
grant (Grant No. NUFR3/2016/01-14).

TFEB IS ESSENTIAL FOR THE MAINTE-
NANCE OF PLURIPOTENCY OF MOUSE EM-
BRYONIC STEM CELLS

Tan, Anderson, Jho, Eek-hoon, Gurunanjaiah,
Renuka Prasad

Department of Life Science, University of Seoul,
Korea

Transcription factor EB (TFEB), a well-known master
regulator of autophagy and lysosomal biogenesis, is a
member of the micropthalmia family of transcription
factors (MIT family). Over years, TFEB has gained
a lot of attention owing to its diverse role in physi-
ological processes, intracellular pathogenic factors
clearance pathway and developmental processes such
as dendritic maturation, osteoclast and endoderm dif-
ferentiation. However, the role of TFEB in pluripotent
embryonic stem cells (ESC) is yet to be elucidated.
Here, we propose a novel mechanisms on how TFEB
governs pluripotency of mouse ESC by regulating
pluripotency transcriptional network (PTN). We ob-
served high levels of endogenous TFEB mRNA and
protein in undifferentiated mESC. Knockdown of
TFEB by using CRISPR/Cas9 system reduced the lev-
els of core stem cell markers (Sox2, Oct4 and Nanog)
and impaired the compact colony morphology of
mESC. Lentivirus-mediated overexpression of TFEB
at D6 —LIF and D7 EB increased the levels of Nanog
and Sox2 but not Oct4. In addition, Nanog-luciferase
reporter assay suggested that Nanog may be TFEB
target gene as luciferase activity increased upon TFEB
overexpression and reduced upon TFEB knockdown.
Interestingly, co-immunoprecipitation experiments
showed that endogenous TFEB binds to Nanog and
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Sox2 in mESC. Surprisingly, TFEB promoter contains
Sox2, Oct4 and Nanog putative binding sites. Knock-
down of these stem cell markers greatly reduced en-
dogenous TFEB mRNA and protein levels in mESC.
ChIP-gPCR data showed high enrichment of Sox2,
Oct4 and Nanog in TFEB promoter-putative binding
sites. Undifferentiated mESC also displayed low basal
lysosomal activity as shown by Lysotracker-Red stain-
ing suggesting that TFEB may regulates pluripotency
independent of autophagy and lysosomal biogenesis.
Taken together, our results define a newly recognized
role of TFEB in the maintenance of pluripotency of
mMESC by incorporating and regulating PTN.

Funding Source: This research was supported by
the National Research Foundation of Korea (NRF-
2017M3A9B4062421) to E. Jho.

REGULATION OF FOCAL ADHESION AS-
SEMBLY IN MESODERMAL PRECURSOR
CELLS THROUGH NANOSCALE PILLAR
SURFACE

Seo, Ha-rim?, Joo, Hyung Joon?, Kim, Dae Hwan®
Cui, Long-hui®, Choi, Seung-cheol?, Lee, Kyu Back?,
Lim, Do-sun?

Division of Drug Evaluation, New Drug Develop-
ment Center, Osong Medical Innovation Foundation,
Chungbuk, Korea, ?Department of Cardiology, Korea
University, Seoul, Korea, *School of Biomedical Engi-
neering, Korea University, Seoul, Korea

Nanoscale pillar surface plays a pivotal role in the
response to various cells. Nonetheless, little is known
about how nanoscale pillar surface stimuli alter the
response mesoderm precursor cells. Herein, we ad-
opted nanoscale pillar surface with decreasing diam-
eter ranges [280-360 nm (GP 280/360); 200-280 nm
(GP 200/280); and 120-200 nm (GP 120/200)], and
explored their cellular effect on multipotent mouse
fetal liver kinase 1-positive mesoderm precursor cells
(FIk1+MPCs) and human endothelial colony form-
ing cells (hECFCs). We observed the 200-280 nm-
sized (GP 200/280) nanoscale pillar surface dramat-
ically increased cardiomyocyte differentiation from
FIk1+MPCs. The nanoscale pillar surface-induced
cardiomyocytes had sarcomeres with mature cardiac
specific gene expression. Moreover, the 120-200 nm-
sized (GP 120/200) nanoscale pillar surface caused

the cell perimeter and area of hECFCs to decrease
and their filopodial protrusion to increase. Both cells
were observed on the nanoscale pillar surface with the
increasing of Vinculin expression and assembling of
focal adhesion. We determined Vinculin-mediated cy-
toskeleton reorganization during this process. There-
fore, the nanoscale pillar surface to regulate cytoskele-
ton-relative downstream signaling to increase cellular
response from Flk1+ MPCs and hECFCs.

Funding Source: This research was supported
by a Basic Science Research Program through
the National Research Foundation of Korea
(NRF-2014R1A2A2A03007861 and NRF-
2015R1D1A1A01060397 awarded to K.B.L., and
NRF-2016R1D1A1B03930758 awarded to D.-S.L.)
funded by the Ministry of Education.

( Reprogramming and Trans-
differentiation

STEP-BY-STEP PROTOCOL FOR GENER-
ATION OF HUMAN INDUCED PLURIPO-
TENT STEM CELLS (IPSCS) USING HEPATIC
NON-PARENCHYMAL CELLS (NPCS)

Kirchner, Varvara®, Twaroski, Kirk®, Wysoglad,
Kelli*, Algoo, Jenna’, Lecluyse, Edward®, Soldatow,
Valerie®, Song, Gi-won®, Tak, Eunyoung?, Chen,
Weili*, Lee, Sung-gyu®, Pruett, Timothy*, Tolar, Jakub?

'Department of Surgery, Division of Transplantation,
University of Minnesota, Minneapolis, MN, USA,
?Asan-Minnesota Institute for Innovating Transplan-
tation, Asan Medical Center, University of Ulsan
College of Medicine, Seoul, Korea, *Department of
Pediatrics, Division of Blood and Marrow Transplan-
tation, University of Minnesota, Minneapolis, MN,
USA, “Stem Cell Institute, University of Minnesota,
Minneapolis, MN, USA, *Department of Liver Trans-
plantation and Hepatobiliary Surgery, Asan Medical
Center, University of Ulsan College of Medicine,
Seoul, Korea, °Lifesciences, Institute of Regenerative
Medicine, Research Triangle Park, NC, USA

Human iPSCs are a potentially unlimited source to
generate human hepatocyte-like cells (h-iHLCs) for
treatment of patients with end- stage liver disease.
To understand the impact of donor-specific factors
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on generating h-iHLCs, a model for the direct com-
parison of h- iHLCs and primary human hepatocytes
(PHHSs) from the same donor is needed. This study
proposes a protocol for the generation of human iPSCs
using primary hepatic NPCs with subsequent differ-
entiation of these iPSCs into h-iIHLCs and ultimately
comparison of the metabolic profiles of iHLCs and
PHHs from the same human donor. The current pro-
tocol describes step-by-step culture, characterization,
and the reprogramming method of primary human
NPCs by transient overexpression of four Yamanaka
factors utilizing Sendai virus. NPCs were expanded
in culture following isolation from a human liver. The
optimal passage for the initiation of reprogramming
was identified by co-infecting NPCs with green flu-
orescent protein-labeled Sendai virus. Human NPCs
from passage 3 were successfully reprogrammed by
transient overexpression of OCT4, SOX2, C-MYC,
and KLF4. RNAseq analysis and immunofluores-
cence staining were used to characterize Sendai-infect-
ed NPCs, which were found to overexpress a-SMA.
NPC- derived iPSCs were characterized by morphol-
ogy, silencing of exogenous reprogramming factors
(C-Myc, KLF4, SeV, KOS) after passage 18, stability
of karyotype, confirmation of pluripotency by directed
differentiation into the three germ layers, and RNAseq
analysis. The generated iPSCs will be differentiated
into h-iHLCs by using an established differentiation
protocol, and the maturation will be confirmed by
HNF-40. and albumin expression on immunofluores-
cence staining. The current protocol proposes to use a
human liver specimen as a single source for the isola-
tion of PHHs and NPCs to generate h-iHLCs, which
provides a unique opportunity for a direct comparative
study of PHHs and h-iHCLs from the same human
donor.

Funding Source: Asan Minnesota Institute for Inno-
vating Transplantation (AMIT) The research was sup-
ported by research funds from the National Research
Foundation of Korea (NRF-2015K1A4A3046807).

GENERATION OF INTEGRATION-FREE IN-
DUCED NEURONS USING GRAPHENE OX-
IDE-POLYETHYLENIMINE

Kim, Siyoung, Kim, Jongpil

Biomedical Engineering, Dongguk University, Seoul,
Korea

The direct conversion of somatic cells into induced
neurons (iNs), without inducing pluripotency, has
great therapeutic potential for central nervous system
diseases. Reprogramming of somatic cells to iNs
requires the introduction of several factors to drive
cell fate conversion. Common direct reprogramming
strategies to deliver these factors into somatic cells use
viruses. However, novel gene delivery systems that
do not integrate transgenes into the genome should
be developed to generate iNs for safe human clinical
applications. In this study, we investigated whether
graphene oxide-polyethylenimine (GO-PEI) com-
plexes are an efficient and safe system for mRNA
delivery for direct reprogramming into iNs. The GO-
PEI complexes created in this study exhibited a low
cytotoxicity, high delivery-efficiency, and non-integra-
tion features for direct conversion into iNs. Moreover,
in vivo transduction of reprogramming factors with
GO-PEI complexes into the brain was sufficient to
facilitate conversion into iNs which alleviated symp-
toms in mouse models of Parkinson’s disease. Thus,
these studies demonstrate that the GO-PEI delivery
system could be used to obtain safe iNs, and provide
a promising for direct reprogramming-based therapies
of neurodegenerative diseases.

Funding Source: This work was supported by the
National Research Foundation of Korea funded by
the Ministry of Education, Science, and Technology.
(NRF-2017M3A9C6029306).
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GENERATION OF HUMAN INDUCED PLU-
RIPOTENT STEM CELLS FROM PERIPHERAL
BLOOD MONONUCLEAR CELLS OF EACH
SENIOR-LOKEN SYNDROM PATIENT AND
LEBER CONGENITAL AMAUROSIS PATIENT

Park, Hyeyeon!, Han, Jinu? Lee, Youngsun®, Kwak,
Sungwook?, Koo, Soo Kyung*

'Division of Intractable Diseases, Korea National
Institute of Health, Cheongju, Korea, Department
of Ophthalmology, Institute of Vision Research,
Gangnam Severance Hospital, Yonsei University
College of Medicine, Seoul, Korea

Senior-Loken syndrome (SLS) and Leber congenital
amaurosis (LCA) are hereditary eye diseases leading
to blindness. Both diseases primarily affects the retina,
including an increased sensitivity to light (photopho-
bia), involuntary movements of the eyes (nystagmus),
and extreme farsightedness (hyperopia). WWe generat-
ed the human induced pluripotent stem cell (hiPSC)
lines, designated DKHOO05i-A and DKHO090i-A, from
peripheral blood mononuclear cells of each patient
with SLS or LCA respectively using a Sendai virus
reprogramming method. We confirmed that both of
hiPSC lines harbor the same mutation as the patient
and show a normal karyotype. All factors to induce
reprogramming were silenced. Both hiPSC lines also
have pluripotency and the capacity for differentiation
into the three germ layers. These generated hiPSC
lines with a WDR19 R1178E mutation (DKH005i-A)
and NMNAT1 R237C mutation (DKHO090i-A) could
facilitate investigations of the pathogenic mechanism
underlying SLS and LCA, and should serve as the
valuable tools to screen new drugs for improving the
symptoms of SLS and LCA patients’. These cell lines
are registered and available at the National Stem Cell
Bank, Korea National Institute of Health.

A NEED TO ENHANCE SILENCING EFFI-
CIENCY OF EPISOMAL VECTORS FOR RE-
PROGAMMING IN XENO-FREE CULTIRE
CONDITION

Im, Young Sam, Yoo, Dae Hoon, Kim, Yong-ou

Division of Intractable Diseases, Korea National Insti-
tute of Health, Cheongju, Korea

Various methods have been developed to reprogram
somatic cells to pluripotent stem cells. Among them
episomal vector system has been suggested as a re-
programming tool for clinical application of human
induced pluripotent stem cells (hPSCs). After repro-
gramming the somatic cells the episomal vectors are
supposed to disappear by methylation of the com-
ponent gene for their replication. Our study shows
that the silencing efficiency is very low in xeno-free
condition compared to non-xeno-free condition us-
ing mouse feeder cells. There is a need to enhance
silencing efficiency of episomal vectors to reprogram
somatic cells in xeno-free condition for clinical appli-
cation.

INDUCTION OF PRIMORDIAL GERM CELL-
LIKE CELLS BY ECTOPIC EXPRESSION OF
MVH IN MOUSE EMBRYONIC STEM CELLS

Lee, Yi Chan, Tang, Pin-chi

Department of Animal Science, National Chung Hsing
University, Taichung, Taiwan

Embryonic stem cells (MESCs) has two important
character, one is self-renew and another is mESCs can
differentiate to different kind of cell, including germ
cell. Germ cell can differentiate to sperm or oocyte
and carry the genetic material from generation to gen-
eration. Primordial germ cells (PGCs) is the precursor
cell of germ cell and has a specific marker, Mvh. Be-
cause of the knowledge progress about cell signaling,
can use the culture condition to induce mESCs to form
PGCs-like cell (PGCLCs) now. For these experiment,
we want to ectopic express Mvh in mESCs to inves-
tigate whether Mvh can induce to form PGCLCs rap-
idly First, we use the green fluorescent protein (GFP)
transgene mouse from our lab to establish a mESCs-
GFP cell line. And use immunocytochemistry (ICC),
gPCR and Karyotyping to identify its pluripotency
and correct rate about number of chromosome. Then,
we use embryoid body (EB) and (teratoma) to collect
in vitro and in vivo results to assay mESCs-GFP dif-
ferentiation ability. Mvh coding DNA sequence (CDS)
is collect from male mouse testis and build the Mvh
overexpression vector, pDsRed-C1-Mvh. In the 3T3
results, we find expression of Mvh let 3T3 to form the
colony like situation. After optimize the culture con-
dition, use U bottom suspend culture system can keep
Mvh and germ cell related gene expression. Then, we
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will ectopic express Mvh in mESC-GFP. In vitro to
assay rapidly PGCLCs formation. And in vivo will
use blastocyst injection to produce chimera mouse. To
evaluate Mvh-mESCs-GFP ability of differentiate to
germ cell and Mvh-mESCs-GFP distribution in differ-
ent germ layer.

Funding Source: This study was supported in part
by the iIEGG and Animal Biotechnology Center from
Feature Areas Research Center Program within the
framework of the Higher Education Sprout Project by
the Ministry of Education in Taiwan.

DNA METHYLATION OF THE IMPRINTED
GENES IN HUMAN EMBRYONIC AND IN-
DUCED PLURIPOTENT STEM CELLS USING
NEXT GENERATION SEQUENCING PLAT-
FORM

Kim, Bo-young, Koo, Soo Kyung, Park, Mi-hyun

Division of Intractable Diseases, Korea National Insti-
tute of Health, Cheongju, Korea

Genomic imprinting is an epigenetic process result-
ing in parent-of-origin specific expression. Imprinted
genes play key roles in regulating growth and devel-
opment. Thus the aberrant expression of imprinted
genes disrupts development, and is associated with ge-
netic diseases, some cancers and several neurological
disorders. Alteration of imprinted gene may contribute
to tumorigenesis or alter the differentiation potential
of stem cells, would hinder the clinical application. To
study the epigenetic status of imprinting in human plu-
ripotent stem cells, we performed DNA methylation
sequencing and RNA sequencing of known imprinted
genes in human embryonic stem cells (hESCs) and
human induced pluripotent stem cells (hiPSCs) from
Korea National Stem Cell Bank. We compared DNA
methylation level and gene expression of hESC and
hiPSC lines derived from the human somatic cell. Our
results show that nearly all hESC and hiPSC lines pos-
sessed a similar methylation patterns of the imprinted
gene and no difference in gene expression, despite
differences in genetic background. SNRPN, MEST,
PEG10, NDN, and KCNQL1 contained CpG methyl-
ation regions that were highly stable and maintained
a level of 0.4 to 0.6 methylation. Analysis of genomic
imprinting in pluripotent stem cell is a necessary safety
step in regenerative medicine. The study of imprinted

genes provide a useful indication of epigenetic stabili-

ty.

DERIVATION OF MESENCHYMAL STEM
CELLS FROM GENERATION OF HUMAN IN-
DUCED PLURIPOTENT STEM CELLS USING
EPISOMAL VECTOR

Son, Ji-yoon*, Chung, Myung-jin*, Ullah, H M Arif,
Lee, Jae-young®, Yun, Hyun Ho', Park, Sunyoung?,
Jeong, Kyu-shik®, Lee, Sunray?, Park, Hyun-sook?

“\eterinary Medicine, Kyungpook National University,
Daegu, Korea, “Cefobio, Cell Engineering for Origin,
Seoul, Korea

Human induced pluripotent stem cells (hiPSCs), re-
placed with human embryonic stem cells(hESCs)
due to ethical issue, could be an appropriate source
for application of regenerative medicine. However,
general culture conditions that depend on the use of
feeder and/or xenogeneic medium components show
difficulties of use in clinical application. Here, we
tried to generate hiPSCs from human fibroblasts using
transfection of non-integration/non-virus episomal
vectors which carry pCE-hOCT3/4, pCE-hSK, pCE-
hUL, pCE- mp53DD and pCXB-EBNAL on the re-
combinant laminin-511 E8 fragments-coated dish with
completely xeno-free medium, StemFit® Basic02.
Even though these hiPSCs could be the ideal cells
for clinical medicine, they still have the risk of tumor
formation since they are pluripotent. Mesenchymal
stem cells (MSCs), which can be differentiated into
mesodermal derivatives, have a significant advantage
of transplantation-favorable characteristic due to their
immunomodulatory effect. MSCs can be separated
from various tissues and organs such as bone marrow,
liver, muscle and/or fat, however, isolating MSCs is
invasive and expensive. MSCs differentiated from
hiPSCs represent the valuable substitute for regenera-
tive medicine, therefore, differentiation of hiPSCs into
MSC- like cells were attempted by serial passaging
strategy using the specified medium. The expressions
of mesenchymal markers such as CD166+, CD105+,
CD90+, and CD73+ confirmed that hiPSCs have dif-
ferentiated into MSC-like cells. Hence, hiPSC-derived
MSCs showed the characteristic of native MSCs, and,
we assume that MSCs differentiated from hiPSCs
using non-integration/non-virus vector on feeder-free/
xeno-free condition may provide safer application of

INTERNATIONAL

a]
©
@
-
o
-
S
@
-
=
o
(o}
-
@




»n
-
9
<
Sl
b=
3
<
S
U
1
»
=]
=¥

stem cell therapy.

A NOVEL NANO-TRANSFECTION REAGENT
FOR THE HIGHLY EFFICIENT, NON-VIRAL
CELL CONVERSION

Park, Se-Jin, Min, Dal-hee

Department of Chemistry, Seoul National University,
Seoul, Korea

Concept of the cell conversion arose from the overall
effort to generate mass products of cells for therapeu-
tics from the conventional somatic cells which can
be obtained relatively easily. Various combinations of
factors including genes, macromolecules, and small
molecules are involved to control the intracellular en-
vironment in the desired manner, which makes such
technology difficult to achieve. It has been one of the
most challenging issues to develop an intracellular
delivery platform to ensure safe and stable delivery
of the functional factors involved in cell conversion.
Tremendous techniques on transfection have been
gone on the trial to artificially take control of the cell
fate, including methods incorporating viral vectors
and non-viral vectors. Viral vectors have been widely
applied to various cell conversion strategies with rela-
tively high efficiency. One of the biggest drawbacks of
the viral vector-based method, however, comes from
the original traits of the viral genome, which possess-
es the potential danger of random genetic integration
resulting in a fatal mutation. Meanwhile, non-viral cell
conversion strategies have been developed with the in-
volvement of various micro/nano-sized particles con-
sisting of biocompatible natural or polymers or even
inorganic materials. Yet, several drawbacks including
cytotoxicity and low efficiency of intracellular deliv-
ery to induce cell conversion have long been under
debate. Here, we introduce a modified nanodot-based
intracellular delivery reagent for the highly-efficient
intracellular delivery of plasmid DNA. The nanodot
system successfully supported the incorporation of
the reporter gene-encoding plasmid DNA (pGFP),
resulting in the enhancement of the gene expression
efficiency in the target somatic cell. In recent studies,
we are investigating whether the nano- transfection
system would mediate the full process of the direct
cell reprogramming of human somatic cells into neu-
ronal cells.

Funding Source: This work was supported finan-
cially by International S&T Cooperation Program
(2014K1B1A1073716) and the Research Center
Program (IBS-R008-D1) of IBS (Institute for Basic
Science) through the National Research Foundation of
Korea (NRF).

DIFFERENTIATION OF EQUINE INDUCED
PLURIPOTENT STEM CELLS INTO MESEN-
CHYMAL LINEAGE FOR THERAPEUTIC USE

Chung, Myung-jin, Park, Sunyoung®*, Ullah, H M
Arift, Son, Ji-yoon', Lee, Jae-young', Yun, Hyun Ho',
Jeong, Kyu-shik®, Lee, Sunray?, Park, Hyun-sook?

“\eterinary Medicine, Kyungpook National University,
Daegu, Korea, “Cefobio, Cell Engineering for Origin,
Seoul, Korea

In the previous study, we established an equine in-
duced pluripotent stem cell line (E-iPSCs) using a
lentiviral encoding Oct4, Sox2, KIf4, and c-Myc
from equine adipose-derived stem cells (E-ASCs).
In the current study, differentiation of the established
E-iPSCs into mesnchymal stem cells (MSCs) was
attempted by serial passaging using MSC-induction
media. The expression of CD44 and CD29, which
are MSC surface markers, and the absence of Nanog
and Oct4, which are pluripotency markers, confirmed
that E-IPSCs have differentiated into MSC like cells.
The results indicated that the E-iPSC derived MSCs
possessed the characteristics of MSCs, including the
ability to differentiate into chondrogenic, osteogenic,
or myogenic lineages. Subsequently, for therapeutic
use, the reduction of immune rejection was required
following allogeneic MSC transplantation. The expo-
sure of E-IPSC-MSCs to transforming growth factor
beta 2 (TGF-B2) in the culture down-regulated the
expression level of major histocompatibility complex
class I (MHC class 1) proteins that can cause immune
rejection in several animals when incompatible with
the MHC antigen of the recipient. We reported 16
cases of E-IPSC-MSC transplantations which mostly
resulted in positive effects, such as reduced lameness
and fracture line into injured horses. The results pre-
sented in this study indicate that E-iPSC-MSCs dis-
play the characteristics of MSCs and can be safely and
practically used as a stem cell source for the treatment
of musculoskeletal injuries in horses.
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Funding Source: The research was supported by
following grants: the Na Bio-industry Technology
Development Program, Korea Institute of Planning
and Evaluation for Technology in Food, Agriculture,
Forestry and Fisheries (312062-5)

PINK1 OVEREXPRESSION ENHANCES CEL-
LULAR REPROGRAMING

Han, Myung-kwan, Lim, Hyung-jin, Lee, Eun-hye,
Song, Hwa-ryung

Microbiology, Chonbuk National University Medical
School, Jeonju, Korea

Induced pluripotent stem cells (iPSCS) are very simi-
lar to embryonic stem cells (ESCs) in term of self-re-
newal feature and differentiation potential. Pluripotent
stem cells including ESCs and iPSCs have immature
structure of mitochondria and lower number of mi-
tochondria compared to somatic cells. In addition,
ESCs and iPSCs depend on cytoplasmic glycolysis
more than mitochondrial oxidative phosphorylation
for generation of ATP. However, cell reprogramming
efficiency is low to use iPSCs to clinical purpose
(0.01~0.02%) and has a problem about overexpression
of oncogenes. To solve these problems, the detailed
studies of molecular mechanism for cellular repro-
gramming is required. Here, we show that mitophagy
modulation regulates cellular reprogramming. Park2
knockdown inhibits cellular reprogramming and
PINK1 overexpression enhances cellular reprogram-
ming. These data indicates that mitophagy is an essen-
tial step for cellular reprogramming.

Funding Source: This research was supported by
a grant from the National Research Foundation
(2017M3A9B4065302) funded by the Ministry of
Science, ICT and Future Planning in the Korea.

CHARACTERIZATION AND QUALITY AS-
SESMENT OF NEURAL STEM CELL GENER-
ATED BY DIRECT REPROGRAMMING

Kang, Soyeong, Seo, Nari, Kim, Min-jung, Kim, Ho,
Baek, Jounghee, Park, Ki Dae, Eom, Joon Ho, Ahn,
Chiyoung

Advanced Therapy Product Research Division,
National Institute of Food and Drug Safety Evalua-
tion, Cheongju, Korea

Direct reprogramming(direct conversion) is the use
of differentiated cells to differentiate into other spe-
cific cells bypassing unstable intermediate pluripotent
state. Research is actively underway to develop cell
therapeutics using direct reprogramming technologies
because it reduces the risk of tumorigenecity. In this
study, a direct reprogramming technology was intro-
duced to induce neural stem cells using human fibro-
blast. Oct4, Sox2, Klf4, c-Myc was introduced using
sendai viral vectors and induced neural stem cells by
adjusting environmental factors such as media and
growth factors. To identify the characteristics of in-
duced neural stem cells, we analyzed cell morphology,
gene expression analysis through RT-PCR, and related
marker expression through immunocytochemistry.
And we confirmed genetic stability through karyotyp-
ing analysis. We will analyze differentiation ability of
NSC to neuron, astrocyte, oligodendrocyte. Based on
this study, we will provide basic data and consider-
ations on the quality assessment of cell therapy prod-
ucts based on the direct reprogramming technology.

Funding Source: MFDS(Ministry Of Food And Drug
Safety)

SIMPLE AND DIRECT DIFFERENTIATION
PROTOCOL OF HUMAN EMBRYONIC STEM
CELLS INTO MESENCHYMAL STEM CELLS

Jung, Soo-kyung?, Lee, Jeoung Eun?, Lee, Min Jit,
Kim, Ji-na', Lee, So Jeong', Shim, Sung Han, Lee,
Dong Ryul?

'Center for ESC and Regenerative Medicine, CHA
Advanced Research Institute, Sungnam, Korea,
2Department of Biomedical Science, CHA Stem Cell
Institute, Sungnam, Korea
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Mesenchymal stem cells (MSCs) have great potential
to generate a wide range of cell types including bone,
cartilage, lipid cells, and smooth muscle cells. More-
over, due to their potential for therapeutic applications,
MSCs have been explored as a promising option for
the treatment of chronic diseases and many injuries.
However, MSCs harvested from donors of different
ages show different biological characteristics. For
those reasons, there are many reports to produce the
embryonic stem cell-derived MSCs (ES-MSCs) with
multi-differentiation potential and immunomodulation
functions in vitro and in vivo as shown by the adult
MSCs. However, the most of producing methods
previously reported are laborious, time-consuming,
costly, and heterogeneous populations. To overcome
these hurdles, standard protocols and validation cri-
teria for high quality ES-MSCs need to be created.
In this study, we developed improved direct differ-
entiation protocol to generate ES-MSCs (ES-Direct-
MSCs) having high-purity and genetic stability within
a short period of time. Human ESCs (CHA-hES 15,
CHA-hES 52 and CHA-hES 54) were cultured in
feeder free condition with mTeSRTM1 and CELL-
startTM. For differentiation, hESCs were treated with
1 uM SB431542, TGF-B inhibitors, in DMEM/F12
contained with 20% KSR for 3 d. Then, the cells were
additionally treated with 10 uM RS-1, Rad51 activa-
tor, and 10 uM Y27632, rho-associated protein kinase
(ROCK) inhibitor, simultaneously. After 24 hour, the
cells were transferred into new culture dishes with
collagenase and cultured in MSC maintenance media.
We have got homogenous cell population by serial
sub-passaging using trypsin-EDTA, and checked MSC
characteristics of our ES-Direct-MSCs around 5 pas-
sages. CHA15-EB-MSCs, differentiated by embryoid
body (EB) mediated-methods, and hMSCs (Lonza,
PT2501; adult MSCs) were used as controls. The ES-
Direct-MSCs express typical MSCs surface markers
and undergo adipogenesis, osteogenesis, and chondro-
genesis similar to CHA15-EB-MSCs and hMSCs. In
additions, our ES-Direct MSCs have shown signifi-
cantly higher proliferation capacity, and differentiation
abilities than hMSCs. Therefore, our direct differenti-
ation protocol can save time and cost to produce ES-
MSCs which are proposed as an alternative source of
MSC for regenerative medicine.

Funding Source: This research was supported by grants
(N0.2017M3A9C6061284, 2017M3A9C8029318 and
2017M3A9F8072235) from the Bio & Medical Tech-
nology Development Program of the National Research

Foundation (NRF) funded by the Korean government
(MSIP).

EFFICIENT DIRECT LINEAGE REPROGRAM-
MING OF FIBROBLASTS INTO INDUCED
CARDIOMYOCYTES USING NANOTOPO-
GRAPHICAL CUES

Kim, Junyeop, Kim Jongpil

Laboratory of Stem Cells & Cell Reprogramming,
Department of Chemistry, Dongguk University, Seoul,
Korea

Induced cardiomyocytes (iCMs) generated via direct
lineage reprogramming offer a novel therapeutic target
for the study and treatment of cardiac diseases. How-
ever, the efficiency of iICM 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 iICMs 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 reprogram-
ming by the substrate nanotopography was derived
from changes in the activation of focal adhesion ki-
nase and specific histone modifications. Taken togeth-
er, these results suggest that nanotopographic cues can
serve as an efficient stimulant for direct lineage repro-
gramming into iCMs.

Funding Source: This work was supported by the
National Research Foundation of Korea funded by
the Ministry of Education, Science, and Technology.
(NRF-2017M3A9C6029306)
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IN VIVO REPROGRAMMING FACTOR OCT4
EXRESSION AMELIORATES DYSMYELIN-
ATION IN AN ANIMAL MODEL OF HUN-
TINGTON’S DISEASE

Nam, Bae-geun?, Cho, Eunju?, Seo, Jung Hwa?,
Yu, Ji Hea?, Shin, Yoon-kyum?, Wi, Soohyun?,
Baek, Ahreum?, Song, Suk-young*, Pyo, Soonil?, Jo,
Seongmoon?, Cho, Sung-rag?

'Graduate Program of Nano Science and Technology,
Yonsei University College of Medicine, Seoul, Korea,
“Department and Research Institute of Rehabilita-
tion Medicineyonsei University College of Medicine,
Yonsei University College of Medicine, Seoul, Korea,
$Department and Rehabilitation Medicine, Yonsei
University Wonju College of Medicine, Yonsei Univer-
sity College of Medicine, Wonju, Korea

Huntington’s disease (HD) is caused by genetic mu-
tation which specific sequence repeat produce mutant
Huntingtin proteins. As incurable neurodegenerative
disease, Previous studies were primarily focusing on
regenerating GABAergic neurons in the striatum, but
recent studies showed that white matter atrophy is
caused by early symptom of HD. In order to overcome
this symptom, we used OCT4 that one of reprogram-
ming factors to induce regeneration of oligodendro-
cyte precursor cells (OPCs). Each group of R6/2 mice
was injected with PBS, AAV9-Null, or AAV9-OCT4
on both sides of the lateral ventricles. According to
the results of the behavioral tests such as rotarod, grip
strength and open-field tests, AAV9-OCT4 group
display significant improvement compared to control
other groups—PBS and AAV9-Null. Levels of RNA
expression in AAV9-OCT4 group were significantly
increased in Platelet Derived Growth Factor Receptor
Alpha (PDGFRa), Wnt Family Member 3 (WNT3),
Myelin Regulatory Factor (MYRF) and Glia cell-de-
rived neurotrophic factor (GDNF). In addition, Nestin,
NG2, and Olig2 expression were higher in AAV9-
OCT4 than control groups. Contrastively, NeuN
did not show any significant difference between
groups. Moreover, in Immunohistochemistry, both
Nestin+BrdU+ and NG2+BrdU+ cells were increased
in the AAV9-OCT4 group compared to the control
groups in the SVZ. Furthermore, protein expression
of MBP is significantly increased in AAV9-OCT4 in
the cortex. In addition, Electron Microscope (EM) and
Magnetic Resonance Imaging (MRI) results show that
recovery of demyelination in corpus callosm in AAV9-

OCT4 group compared to other groups. We also con-
firmed survival rates of GABAergic neurons in stri-
atum. GABAergic marker (DARPP32) increased in
AAV-Oct4 group. In conclusion, our data suggest that
in vivo overexpression of OCT4 treatment in SVZ had
neuroprotective effects from the OPCs with its secret-
ed factors such as PDGFRa, WNT3, MYRF, GDNF.
The findings of this study suggest that improving the
function of immature oligodendrocytes by OCT4
should at least be beneficial in HD. Thus, OCT4 could
be the important therapeutic factor for HD.

Funding Source: We are supported by grants from
and the Korea Health Technology R&D Project
through the KHIDI (HI16C1012) and the National
Research Foundation (NRF-2018M3A9G1082609)

ENHANCED DELIVERY OF CELL PENE-
TRATING PEPTIDE FUSED PROTEINS TO
MAMMALIAN CELLS

Lee, Jinsaem', Kang, Jin Sun®, Kim, Sang-mi?, Park,
Chang-hwan?

'Graduate School of Biomedical Science and Engi-
neering, Hanyang University, Seoul, Korea, ‘Hanyang
Biomedical Research Institute, Hanyang University,
Seoul, Korea, *Department of Microbiology, College
of Medicine, Hanyang University, Seoul, Korea

Recent progress in cellular reprogramming technology
and lineage-specific cell differentiation has provided
great opportunities for translational research. Because
virus-based gene delivery is not a practical repro-
gramming protocol, protein-based reprogramming
has been receiving attention as a safe way to generate
reprogrammed cells. However, the poor efficiency of
the cellular uptake of reprogramming proteins is still
a major obstacle. Here, we reported key factors which
improve the cellular uptake of these proteins. Purified
red fluorescent proteins fused with 9xLysine (dsRED-
9K) as a cell penetrating peptide were efficiently de-
livered into the diverse primary cells. Protein delivery
was improved by the addition of amodiaquine. Fur-
thermore, purified dSRED-9K was able to penetrate
all cell lineages derived from mouse embryonic stem
cells efficiently. Our data may provide important in-
sights into the design of protein-based reprogramming
or differentiation protocols. This research was support-
ed by a grant from NRF: 2016R1D1A1B03931915.
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Funding Source: This research was supported by a
grant from NRF: 2016R1D1A1B03931915.

NANOGROOVED SUBSTRATE PROMOTES
DIRECT LINEAGE REPROGRAMMING OF
FIBROBLASTS TO FUNCTIONAL INDUCED
DOPAMINERGIC NEURONS

Chang, Yujung*, Kim, Jongpil®

!Department of Biomedical Engineering, Dongguk
University, Seoul, Korea, ?Department of Chemistry,
Dongguk University, Seoul, Korea

The generation of dopaminergic (DA) neurons via
direct lineage reprogramming can potentially provide
a novel therapeutic platform for the study and treat-
ment of Parkinson’s disease. Here, we showed that
nanoscale biophysical stimulation can promote the
direct lineage reprogramming of somatic fibroblasts
to induced DA (iDA) neurons. Fibroblasts that were
cultured on flat, microgrooved, and nanogrooved sub-
strates responded differently to the patterned substrates
in terms of cell alignment. Subsequently, the DA
marker expressions, acquisition of mature DA neuro-
nal phenotypes, and the conversion efficiency were
enhanced mostly on the nanogrooved substrate. These
results may be attributed to specific histone modifi-
cations and transcriptional changes associated with
mesenchymal-to epithelial transition. Taken together,
these results suggest that the nanopatterned substrate
can serve as an efficient stimulant for direct lineage
reprogramming to iDA neurons, and its effectiveness
confirms that substrate nanotopography plays a critical
role in the cell fate changes during direct lineage re-
programming.

Funding Source: This work was supported by a grant
of the by the National Research Foundation of Korea
grant funded by Korean Health Technology R&D
Project, Ministry of Health and Welfare, HI16C1176.

STEMNESS RESTORATION CAPACITY OF
INDUCED HEPATOCYTE LIKE CELLS DE-
RIVED FROM EAR FIBROBLAST OF GENET-
IC MODIFIED PIG

Lee, Ran, Ullah, Imran, Kim, Youngim, Wi, Hayeon,
Oh, Keon, Lee, Seunghoon, Park, Eungwoo, Ock, Sun A

Animal Biotechnology, National Institue of Animal
Science, Jeonju, Korea

Stem cell has been known to possess self-renewal and
differentiation, and long term self-renewal correlates
with bypassing senescence or prolonging lifespan
involved with the regulation of telomere length and
high levels of DNA repair enzymes. We analyzed cell
life span factors (absolute telomere length / TERT)
and proliferation factors (TP53 / c-Myc) using real
time PCR to confirm whether the stem cell capability
was restored or not in induced hepatocyte like cell
(iHeps) generated from fibroblast (passage 5) of al-
pha-1, 3-Galactosytransferase knock out pig. iHeps
were generated using two types of episomal vectors;
vector with codon optimization (hHnflo/ hHnf4a/
hFoxa3) and without optimization. iHeps and fibro-
blast (as control) were cultured until passage 21 for 2
years and 6 months, respectively. We observed posi-
tive correlation between telomere length and TERT in
iHeps, while they decreased with increasing passage
in fibroblast but increased in iHeps regardless of cell
type. TP53 was shown to temporary increase in iHeps
with or without codon optimization at passage 10 and
15, respectively; moreover, iHep with codon optimiza-
tion was restored same TP53 expression at passage 21
as fibroblast but iHep without codon optimization did
not. There was no difference in c-MYC expression in
fibroblasts with increasing passage number, but iHeps
maintained higher expression level, regardless of iHep
types. From the above results, we revealed that iHeps
generated from fibroblast with lost stem cell ability
could restore stemness.
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DERIVATION OF INTEGRATION-FREE POR-
CINE INDUCED PLURIPOTENT STEM CELLS

Setthawong, Piyathip?, Phakdeedindan, Praopilas?,
Techakumphu, Mongkol*, Tharasanit, Theerawat*

'Department of Obstetrics, Gynaecology and Repro-
duction, Chulalongkorn University, Bangkok, Thai-
land, 2Department of Animal Husbandry, Chulalong-
korn University, Bangkok, Thailand

Pig is considered as animal models because of its or-
gan anatomy, physiology and metabolism are similar
to humans. The main obstacle in fully reprogrammed
porcine iPSCs is insufficient silencing of exogenous
genes from integrating into the host genome. The
non-integration methods are a better method to pro-
duce iPSCs for therapeutic application, but its effi-
ciency of reprogramming is low (0.01%) compared
to integration vectors. According to episomal plasmid
vectors, this method is easy to manipulate and allow
a high efficiency compared to the other non-integrat-
ing methods. In this study, Sertoli cells were used
as a somatic-cell source. We aimed to generate and
characterize the porcine iPSCs by non-integration ep-
isomal plasmid method. The neonatal pig testes were
digested by the two-step enzymatic method in order
to isolate the Sertoli cells. We used program EH138 of
Nucleofector 4DX Device (Lonza, Germany). Sertoli
cells were transfected with plasmid DNA (OCT3/4-
shp53, SOX2, KLF4, L-MYC and LIN28). Primary
Sertoli cells demonstrated polygonal-shaped morphol-
ogy. The primary colonies were appeared 5 days after
nucleofection. Seven days after transfection, we ob-
served 0.229% of primary colonies formation. Sixteen
primary colonies were cultured. Porcine iPS-like colo-
nies represented positive to alkaline phosphatase stain-
ing and OCT4 expression. At passage 8, four selected
cell lines could form embryoid bodies via the hanging
drop method. From RT-PCR result, iPS-like cell lines
were expressed in pluripotent genes (OCT4, SOX2,
KLF4, c-MYC and NANOG) and three germ layers
genes. Moreover, the tumor was formed after injection
of porcine iPSCs into immunodeficiency mice for two
months. Generation of iPSCs via non-integration re-
programming methods is safer than integration meth-
ods in part of clinical applications. The major advan-
tages of non-integrating methods are decreasing host
genome insertion-mutagenesis and residual exogenous
genes expression. In this study, we firstly reported
the generation of porcine iPSCs from Sertoli cells via

non-integrating reprogramming method.

Funding Source: This study was financially support-
ed by the TRF (RSA6180053), STAR 59-007-31-005,
MSCA Rise (EU H2020 Drynet), GA 734434, RGJ
Ph.D. Program (No. PHD/0143/2556) and the 90 th
anniversary of Chulalongkorn university fund.

DEVELOPMENT OF INSULIN PRODUCING
CELLS EXPRESSING PDX1-GFP FOR CELL
TRACKING AND DIFFERENTIATION STUD-
IES USING HUMAN IPSC

Kim, Min Jung', You, Young-hye!, Yoon, Kun-ho?,
Koo, Soo Kyung?', Kim, Ji-won*

'Endocrinology, The Catholic University of Korea,
Seoul, Korea, “National Center for Stem Cell and
Regenerative Medicine, Korea National Institute of
Health, Osong, Korea

Differentiation has been tried into various cells for
treatment of disease since induced pluripotent stem
cells have developed. We purposed to generate human
insulin producing cells (IPC) that is enable to track as
well as to effective for clinical trial. We using human
IPSC. Human iPSC were generated by sendai virus
system and were derived by bone marrow. Differenti-
ation protocol of IPC was composed of 5 stage, defin-
itive endoderm, primitive gut tube, posterior foregut,
pancreatic progenitor (PP) and insulin producing cells.
We used modified pancreatic progenitor kit for differ-
entiation into insulin producing cells. At final stage,
pancreatic progenitor cells were cultured in CMRL
medium with hGF, nicotinamide, exendin-4, SANT]1,
T3 and AlK5i. Differentiated cells were aggregated and
were cultured in microwell plate during all differentia-
tion steps. Human iPSC were generated EGFP tagging
on c-terminal of PDX-1 by CRISPR/Cas9 system
(PDX1-GFP). Suspended single cells were uniformly
aggregated in microwells. And these cells were ver-
ified cell viability, pancreatic -cell specific markers
and function of IPC. As a result, cell viability was no
difference in differentiation stage, and differentiated
cells expressed pancreatic -cell specific markers,
Ngn3, Nkx6.1, Pdx-1 and insulin in IPC stage. We
confirmed not only GFP positive cells were showed
in PP stage but also, PDX1-GFP cells were co-stained
with insulin and C-peptide in IPC. And also, we con-
firmed that insulin secretion of generated PDX1-GFP
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IPC was significantly increased. We demonstrated that
insulin-producing cell can be generated from human
IPSCs enhanced PDX1-GFP. These results suggest
that successful IPC were differentiated in 3D culture
without matrigels. Therefore, this study showed that
differentiated PDX-GFP IPC enable to application for
cell tracking and the study of differentiation of IPC in
clinical trial.

NEURAL PRECURSOR CELLS/DOPAMINE
NEURON DIRECT CONVERSION USING HY-
BRID NANOFIBER SCAFFOLDS

Ko, Seung Hwan?, Lim, Mi-sun!, Kim, Sang-mi?,
Kim, Keesung®, Park, Chang-hwan*

'Research and Development Center, Jeil Pharma-
ceutical Company, Yongin, Korea, *Graduate School
of Biomedical Science and Engineering, Hanyang
University, Seoul, Korea, *Hanyang Biomedical
Research Institute, Hanyang University, Seoul, Korea,
*Department of Microbiology, College of Medicine,
Hanyang University, Seoul, Korea, *Research Institute
of Advanced Materials, Seoul National University,
Seoul, Korea

The concept of cellular reprogramming was developed
to generate induced neural precursor cells (iNPCs)/do-
paminergic (iDA) neurons using diverse approaches.
Here, we investigated the effects of various nanoscale
scaffolds (fiber, dot, and line) on iINPC/iDA differen-
tiation by direct reprogramming. The generation and
maturation of iDA neurons (microtubule-associated
protein 2-positive and tyrosine hydroxylase-positive)
and iINPCs (NESTIN-positive and SOX2-positive) in-
creased on fiber and dot scaffolds as compared to that
of the flat (control) scaffold. This study demonstrates
that nanotopographical environments are suitable for
direct differentiation methods and may improve the
differentiation efficiency.

Funding Source: This research was supported by a
grant from NRF: 2016R1D1A1B03931915 and KHI-
DI: HI16C1013.

HOMOGENEOUS GENERATION OF IDA
NEURONS WITH HIGH SIMILARITY TO
BONA FIDE DA NEURONS USING A DRUG
INDUCIBLE SYSTEM

Shin, Jaein*, Kim, Jongpil?®

'Biomedical Engineering, Dongguk University, Seoul,
Korea, 2Chemistry, Dongguk University, Seoul, Korea

Recent work generating induced dopaminergic (iDA)
neurons using direct lineage reprogramming potential-
ly provides a novel platform for the study and treat-
ment Parkinson’s disease (PD). However, one of the
most important issues for iDA-based applications is
the degree to which iDA neurons resemble the molec-
ular and functional properties of their endogenous DA
neuron counterparts. Here we report that the homoge-
neity of the reprogramming gene expression system
is critical for the generation of iDA neuron cultures
that are highly similar to endogenous DA neurons. \We
employed an inducible system that carries iDA-in-
ducing factors as defined transgenes for direct lineage
reprogramming to iDA neurons. This system circum-
vents the need for viral transduction, enabling a more
efficient and reproducible reprogramming process for
the generation of genetically homogenous iDA neu-
rons. We showed that this inducible system generates
IDA neurons with high similarity to their bona fide
In vivo counterparts in comparison to direct infection
methods. Thus, our results suggest that homogenous
expression of exogenous genes in direct lineage repro-
gramming is critical for the generation of high quality
iDA neuron cultures, making such culture systems a
valuable resource for iDA-based drug screening and,
ultimately, potential therapeutic intervention in PD.

Funding Source: This work was supported by the
National Research Foundation of Korea funded by
the Ministry of Education, Science, and Technology.
(NRF-2017M3A9C6029306).
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ELECTROMAGNETIC FIELDS MEDIATE EF-
FICIENT CELL REPROGRAMMING INTO A
PLURIPOTENT STATE

Choi, Hwan', Kim, Jongpil®

Biomedical Engineering, Dongguk University, Seoul,
Korea, 2Chemistry, Dongguk University, Seoul, Korea

Life on earth is constantly exposed to natural electro-
magnetic fields (EMF) and it is generally accepted that
EMF may exert a variety of effects on biological sys-
tems. Particularly, extremely low frequency electro-
magnetic fields (EL-EMFs) affect biological processes
such as cell development and differentiation, however,
the fundamental mechanisms by which EMF influ-
ences these processes remain unclear. Here we show
that that EMF exposure induces epigenetic changes
that promote efficient somatic cell reprogramming to
pluripotency. These epigenetic changes resulted from
EMF-induced activation of the histone lysine meth-
yltransferase MII2. Remarkably, an EMF-free system
that eliminates earth’s naturally occurring magnetic
field abrogates these epigenetic changes, resulting in
a failure to undergo reprogramming. Therefore, our
results reveal that EMF directly regulates dynamic
epigenetic changes through MII2, providing efficient
tool for epigenetic reprogramming including the ac-
quisition of pluripotency.

Funding Source: This work was supported by the
National Research Foundation of Korea funded by
the Ministry of Education, Science, and Technology
(NRF-2017M3A9C6029306).

IMPROVEMENT OF THREE-DIMENSIONAL
DIRECT CARDIAC REPROGRAMMING BY
ELECTRICAL STIMULATION USING MICRO-
PILLAR ARRAY

Min, Sungjin, Lee, Hyo-jung?, Jin, Yoonhee!, Kim,
Yu Heun', Kim, Suran', Park, Sewon', Lee, Saem?,
Choi?, Heon-jin, Cho, Seung-woo*

!Department of Biotechnology, Yonsei University,
Seoul, Korea, ?Department of Materials Science and
Engineering, Yonsei University, Seoul, Korea

In recent years, direct reprogramming technology
has attracted great interest for treating cardiac disease

which is life-threatening. Direct reprogramming,
which can convert somatic cells into other lineage
cells without the use of stem cells, is relatively sim-
ple and time saving. However, there is still a need to
improve reprogramming efficiency and maturity of
reprogrammed cells. Herein, we chemically induced
cardiac reprogramming from mouse fibroblasts in
microwells to generate 3D cardiac spheroids. Induced
3D cardiac spheroids showed highly increased cardiac
gene expressions as compared to 2D reprogrammed
cardiomyocytes. In addition, we newly introduced
a micropillar array to provide electrical stimulation
directly into the interior of the spheroids undergoing
reprogramming. We confirmed that the electrical stim-
ulation provided by the micropillar device improved
differentiation and maturation of the cardiac spher-
oids. Electrically stimulated cardiac spheroids showed
autonomous beating, which was facilitated by iso-
proterenol. We developed a novel platform to directly
provide electrical stimulation to 3D cellular structures.
Our devices would be useful to produce functional tis-
sue-like structures for a variety of applications such as
drug screening and disease modeling.

Funding Source: This research was supported by
a grant (19172mfds168) from Ministry of Food and
Drug Safety in 2019.

SIMPLIFIED SELECTION OF COLONY MOR-
PHOLOGY FOR IMPROVING SUCCESS
RATES OF ESTABLISHMENT AND MAINTE-
NANCE IN PORCINE-INDUCED PLURIPO-
TENT STEM CELLS

Setthawong, Piyathip?®, Phakdeedindan. Praopilas?,
Techakumphu, Mongkol*, Tharasanit, Theerawat *

'Department of Obstetrics, Gynaecology and Repro-
duction, Chulalongkorn University, Bangkok, Thai-
land, *Department of Animal Husbandry, Chulalong-
korn University, Bangkok, Thailand

Reprogramming efficiency of porcine fibroblasts
into induced pluripotent stem cells (iPSCs) is un-
fortunately poor (~ 0.1%). During reprogramming
process, mixed populations of primary colonies be-
come the major obstacle in iPSCs establishment. This
barrier can be simply overcome by prescreening of
primary iPSC colonies prior to further expansion.
We examined the pluripotent characteristics between
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colony morphologies at colony pick-up. The fibro-
blast cells were isolated from the tails of piglets and
transfected with retroviral vectors expressing OCT4,
SOX2, KLF4 and c-MYC. The iPS-like colonies
were divided into compact colonies (n=10) and loose
colonies (n=10) morphology at colony pick-up. The
compact colonies contained with tightly packed cells
with a distinct border between the colony and feeder
cells, while colonies with irregular shape and border
were classified as loose colony morphology. A total
of 1,697 iPS-like colonies (2.34%) were observed.
Although the two types of iPSC colonies, expressed
alkaline phosphatase and OCT4 immunostaining and
had normal karyotype, higher proportion of compact
iIPSC phenotype (5 of 10, 50%) could be maintained
in an undifferentiated state for more than 50 passages
compared to loose morphology (3 of 10, 30%). All
iPS cell lines were expressed pluripotent genes and
could form in vitro embryoid bodies. However, only
compact iPSC colonies differentiated into embryonic
structures of three germ-layers. In this study, we found
that the cell lines from compact morphology can be
maintained for longer time when compared with loose
morphology. Higher rate of differentiation of loose
iPS colony may also indicate that this type of colony
may have different pluripotency signals or incomplete
reprogramming compared with compact colony. In
conclusion, selection of colony morphology at colony
pick up is a simple procedure for prescreening of in
vitro pluripotency of porcine iPS cell lines and thereby
improving success rate of iPSC generation.

Funding Source: This study was financially support-
ed by the TRF (RSA6180053), STAR 59-007-31-005,
MSCA Rise (EU H2020 Drynet), GA 734434, RGJ
Ph.D. Program (No. PHD/0143/2556) and the 90 th
anniversary of Chulalongkorn university fund.

RECONSTRUCTION OF DEVELOPMENTAL
LANDSCAPES AND TRAJECTORIES FROM
INTEGRATIVE ANALYSIS OF LARGE-SCALE
SINGLE-CELL DATA

Shu, Jian', Tabaka, Marcin', Schiebinger, Geoffrey",
Cleary, Brian!, Subramanian, Vidya®, Solomon,
Aryeh!, Berube, Peter', Lee, Lia', Gould, Joshua’,
Flannery, Ruth?, Drotar, Jesse?, Rosenau, Nick?,
Markoulaki, Stella?, Hochedlinger, Konrad®, Regev,
Aviv!, Jaenisch, Rudolf?, Lander, Eric!

'Broad Institute of MIT and Harvard, Broad Insti-
tute of MIT and Harvard, Cambridge, MA, USA,
2Whitehead Institute, Cambridge, MA, USA, *Harvard
University, Cambridge, MA, USA,

Understanding the molecular programs that guide
cell fate transition during development is a major
goal of modern biology. Here, we developed novel
experimental and computational methods for studying
developmental time course single-cell data to infer
ancestor- descendant fates and model the regulatory
programs that underlie them. We demonstrated the
power of these methods by applying them to around
1,000,000 scRNA-seq, scATAC-seq, and spatial
transcriptomic profiles collected during 1) reprogram-
ming of fibroblasts to pluripotency by the Yamanaka
factors; 2) by different reprogramming cocktails; 3)
reprogramming of fibroblasts to totipotency by a new
cocktail; 4) mouse embryonic development from the
pluripotent state to terminally differentiated state fo-
cusing on extraembryonic lineage development. We
constructed high-resolution maps of mouse embryonic
development and different reprogramming strategies
that uncovers universal mechanisms of successful
reprogramming; discovers new cell fates; predicts
the origin and fate of any cell class; suggests cell-
cell interactions, and implicates regulatory models in
particular trajectories in development and reprogram-
ming. Our approach provides the first large-scale,
high resolution roadmaps of normal mouse embryonic
development and reprogramming to pluripotency and
totipotency using various reprogramming cocktails.
It also provides a general framework for studying cell
fate conversions in natural and induced settings.
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GENERATION AND CHARACTERIZATION
OF INDUCED NEURAL STEM CELL AND
OLIGODENDROCYTE PROGENITOR CELLS

You, Seungkwon, Kang, Phil Jun, Yun, Wonjin

College of Life Sciences and Biotechnology, Korea
University, Seoul, Korea

The generation of human neural stem cells (NSCs)
and oligodendrocyte progenitor cells (OPCs) may be
therapeutically valuable for human neurological dis-
eases such as spinal cord injury and multiple sclerosis.
However, it has been challenging to isolate NSCs and
OPCs from human central nerve tissues, thus leading
to induction of these cells by various methods in vitro.
Here, we report, the direct reprogramming of human
somatic cells into induced NSCs (iNSCs) and OPCs
(IOPCs) using a combination of transcription factors
and a small molecule cocktail. The iINSCs expressed
neural progenitor markers including SOX1, SOX2,
NESTIN, PAX6 and PLZF, while no pluripotency
marker such as OCT4 and NANOG was observed.
The INSCs showed differentiation potential to astro-
cytes, oligodendrocytes, and functional neurons in vi-
tro/in vivo. The iOPCs retain the ability to differentiate
into MBP-positive mature oligodendrocytes, and en-
grafted iOPCs remyelinated the brains of adult shiverer
mice and experimental autoimmune encephalomyeli-
tis mice with MOG-induced 14 weeks after transplan-
tation. Each transcriptome of iINSCs and iOPCs were
similar to those of NSCs and OPCs analyzed by RNA-
seq. Furthermore, ChlP-seq analysis revealed that
putative OCT4-binding regions were detected in the
promoters of CNS development-related genes. In con-
clusion, our study may contribute to the development
of therapeutic approaches for neurological disorders.

Funding Source: This work was supported by a grant
of the Korea Health Technology R&D Project through
the Korea Health Industry Development Institute
(KHIDI), funded by the Ministry of Health & Welfare,
Korea (grant number : HI18C2166), the Bio & Medi-
cal Technology Development Program of the National
Research Foundation (NRF) funded by the Ministry of
Science and ICT (NRF-2015M3A9B4071074).

Tissue Stem Cells and
the Niche

CONTRIBUTION OF INDIVIDUAL SATEL-
LITE CELLS TO MUSCLE REGENERATION
ASSESSED USING A CONFETTI MOUSE
MODEL

Tucker-kellogg, Lisa!, Heemskerk, Johannes®,
Jagannathan, N. Suhas®, Nguyen, Binh', Sacadevan,
Keshmarathy?, Matsudaira, Paul?, So, Peter®

!Cancer and Stem Cell Biology, Duke-NUS Medi-
cal School, Singapore, Singapore, “Department of
Biological Sciences, National University of Singapore,
Singapore, *Department of Biological Engineering,
Massachusetts Institute of Technology, Cambridge,
MA, USA

Insufficient regeneration is implicated in muscle pa-
thologies, but much remains unknown about the con-
tribution of individual satellite cells (SC). Recent work
found that individual SCs contribute to regeneration of
more than one muscle fiber, after severe full-muscle
damage. We investigated whether SCs also contribute
to more than one fiber after a moderate injury. We in-
duced a gradient of injury severity, using a single car-
diotoxin injection in the tibialis anterior. Lineage trac-
ing using confetti fluorescence showed that adjacent
regenerated fibers often expressed the same colors. A
novel method of stochastic modeling, applied to the
lineage tracing data, revealed that the observed color
patches could not be explained statistically if SCs were
only contributing myonuclei to a single fiber. Instead
we conclude that satellite cells must have contributed
myonuclei to multiple adjacent fibers. Interestingly,
these results were similar across the severities of inju-
ry, suggesting that severe destruction is not required
for fiber-crossing.

Funding Source: We gratefully acknowledge fund-
ing to LTK from the Singapore Ministry of Health’s
National Medical Research Council under the Open
Fund Individual Research Grant scheme (OFIRG15n-
ov062), and funding to HH, BPN, LTK, PTS, PTM
from the National Research Foundation (NRF), Prime
Minister’s Office, Singapore, under its CREATE pro-
gramme, Singapore-MIT Alliance for Research and
Technology (SMART) Critical Analytics for Manu-
facturing Personalised-medicine (CAMP) IRG.
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A NOVEL BETA-CATENIN-INDEPENDENT
ROLE OF WNT SIGNALING IN MUSCLE
STEM CELLS

Nguyen, Hao Thi Thu?, Han, Xiang Hua?, Lee,
Hyoshin?, Kim, Yeeun!, Tak, Hyunji', Yoon, Jeong
Kyo*

'Department of Integrated Biomedical Science, Soon-
chunhyang University, Cheonan, Korea, *Center for
Molecular Medicine, Maine Medical Center Research
Institute, Scarborough, ME, USA

WNT/B-catenin signaling has been implicated to play
a critical role in skeletal muscle stem cells during mus-
cle regeneration. Surprisingly, muscle stem cell-spe-
cific B-catenin (Ctnnbl) gene knockout or gain-of-
function in mice does not result in a significant defect
in muscle regeneration, raising an uncertainty about
the actual role of WNT/B-catenin signaling in muscle
stem cells. To address this uncertainty, we determine
the role of the Lrp5 and Lrp6 receptor genes encod-
ing two highly homologous WNT receptors essential
for WNT/B-catenin signaling in muscle stem cells by
using muscle stem cell-specific Lrp5 and Lrp6 gene
knockout mice. Unlike in the Ctnnbl1 gene knockout
mice, the ablation of both the Lrp5 and Lrp6 genes
significantly impairs muscle regeneration, suggesting
the key role of LRP5 and LRP6 receptors in muscle
stem cells. In primary muscle stem cells, activation
of WNT/B-catenin signaling inhibits proliferation but
promotes the onset of myogenic differentiation in a
Lrp5 and Lrp6-dependent manner. Furthermore, we
found the convincing evidence that WNT signal is
transmitted via the mTOR-S6K signaling pathway
and CyclinD3 plays a key role in regulating the onset
of myogenic differentiation. Our study uncovers a
novel signaling mechanism by which WNT signaling
activation through the LRP5 and LRP6 regulates the
function of muscle stem cells independent from the
[-catenin function.

Funding Source: This study was supported by
a Global Research Development Program grant
(2016K1A4A3914725) and a research grant
(2016R1A2B4012956) from the National Research
Foundation of Korea to JK Yoon.

FUNCTIONAL ROLE OF WNT SIGNALING
REGULATOR, R-SPONDINZ2, IN THE HOMEO-
STASIS OF ADULT LUNG EPITHELIAL STEM
AND PROGENITOR CELLS

Raslan, Ahmed A2, Oh, Youn Jeong*, Yoon, Jeong
Kyo?

Soonchunhyang Institute of Med-Bio Science (SIMS),
Soonchunhyang University, Cheonan, Korea, 2Inte-
grated Biomedical Science, Soonchunhyang Universi-
ty, Cheonan, Korea

The lung has a remarkable ability to regenerate the
damaged tissue caused by acute injury whereas it
shows a low cellular turnover rate during homeostasis
in the adult. Many lung diseases, especially chronic
ones, are associated with a reduced or disrupted regen-
eration potential of the lung. Therefore, understanding
the underlying mechanisms of the regenerative ca-
pacity of the lung offers potential in identifying novel
therapeutic targets for these diseases. R-spondin2
(RSPO2) is a co-activator of WNT/B-catenin signal-
ing and plays an important role in lung development.
Mice lacking the Rspo2 gene exhibited lung hypopla-
sia and defects in the lung branching. However, the
role of Rspo2 in lung homeostasis and regeneration
process in the adult remains unknown. As a first step
toward uncovering Rspo2 function, we examined
Rspo2 expression in normal and regenerating lung
tissues in adult mice. Robust Rspo2 expression was
detected in different epithelial cells of lung airways as-
sessed by RNA in situ hybridization and immunohis-
tochemistry. Interestingly, Rspo2 expression decreases
during the first week after naphthalene-induced injury
and restored by 14 days after injury. To determine
the role of RSPO2 on lung epithelial stem/progenitor
cells, we treated recombinant RSPO2 protein on the
EpCAM+ve epithelial stem/progenitor cell-derived
lung organoids. We found that RSPO2 protein has a
positive effect on both the colony-forming efficiency
and colony size. Furthermore, mice lacking the Rspo2
gene showed defects in airways epithelial cell regener-
ation at 14-days after naphthalene-induced injury. Our
results strongly suggest that RSPO2 may play a key
role in the homeostasis and regeneration of adult lung
epithelial stem/progenitor cells.

Funding Source: This work was supported by the
National Research Foundation of Korea (NRF) grant
(2016K1A4A3914725) funded by the Ministry of Sci-
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ence and ICT of Korean government.

SATELLITE CELL FUSION IS NOT RE-
QUIRED FOR MUSCLE HYPERTROPHY IN-
DUCED BY MYOSTATIN INHIBITION

Suh, Joonho!, Kim, Na-kyung*, Lee, Yun-sil*

Molecular Genetics, School of Dentistry, Seoul
National University, Seoul, Korea

An increase in muscle mass is accompanied by a
robust increase in the level of protein synthesis. How-
ever, whether this elevated muscle proteins during
muscle hypertrophy results mainly from increased
protein synthesis from existing myonuclei or addition
of new nuclei by satellite cell fusion remains contro-
versial. Here, we investigated whether myonuclear
addition through satellite cell fusion is required for
muscle hypertrophy induced by inhibition of myo-
statin (MSTN), a well-known negative regulator of
muscle growth. More specifically, we examined the
relationship between the number of myonuclei, satel-
lite cells, and myofiber diameter in extensor digitorum
longus (EDL) muscles of wt, Mstn null, and F66 mice
overexpressing follistatin (FST), which strongly inhib-
its MSTN, its homolog GDF11, and activin A. EDL
muscle weights were only mildly increased in both
Mstn-/- and F66 mice compared to wt mice at 3 weeks
of age, but were increased by 2-fold in Mstn-/- mice
and close to 3-fold in F66 mice at both 10 weeks and
20 weeks of age, suggesting that significant hypertro-
phic change occurs after 3 weeks of age in these mice.
It is noteworthy that increased muscle mass observed
in Mstn-/- mice results from both hyperplasia and
hypertrophy, while that observed in F66 mice results
mostly from hypertrophy. As expected, fiber diameter
was notably increased in Mstn-/- and F66 EDLSs at
10 weeks of age (wt: 52 um; Mstn-/-: 67 um; F66: 87
um) and at 20 weeks of age (wt: 64 um; Mstn-/-: 79
um; F66: 109 um). However, there were no significant
differences in the number of myonuclei per unit length
of myofibers between all groups at both 10 weeks and
20 weeks of age (67-73 nuclei/ mm fiber length) when
observed after staining nuclei with DAPI and satellite
cells with Pax7 antibody. Likewise, there were no
significant differences in the number of Pax7-positive
satellite cells between all groups at both 10 weeks and
20 weeks of age (4-6 satellite cells/ fiber), indicating
that muscle hypertrophy induced by MSTN blockade

mainly results not from satellite cell fusion, but from
myonuclear protein synthesis. Our findings not only
elucidate the cellular mechanisms of muscle hypertro-
phy, but also suggest that inhibition of MSTN signal-
ing pathway can be an effective therapeutic strategy
to increase muscle mass even in patients with satellite
cell dysfunction.

THE HYPOXIC MICROENVIRONMENT
MAINTAIN DENTAL EPITHELIAL STEM
CELLS VIARHO- YAP/TAZ SIGNAL

Otsu, Keishi!, Ikezaki, Shojiro®, Ohshima, Hayato?,
Harada, Hidemitsu®

!Department of Anatomy, Iwate Medical University,
Iwate, Japan, Department of Tissue Regeneration and
Reconstruction, Niigata University Graduate School
of Medical and Dental Sciences, Niigata, Japan

The microenvironmental oxygen level is closely asso-
ciated with the cell fate decision of various tissue stem
cells. However, the role of oxygen level on epithelial
stem cells, and the molecular regulatory mechanism
are largely unknown. In this study, we investigated the
impact of oxygen level on the cell fate decision from
slow-cycling dental epithelial stem cells (DESCs) to
actively-proliferating transit-amplifying (TA) cells
using continuously growing mouse incisors. First, we
histologically found that blood vessels are localized
out of touch with the labial cervical loop epithelium
(DESC:s) in incisor tooth germs. The number of mito-
chondria in DESCs was fewer and the size was small-
er, compared with that in TA cells. The expression of
pyruvate dehydrogenase (PDH) in DESCs were also
lower than that of TA cells. The results suggested that
DESCs were maintained in hypoxic environment.
Next, when mouse incisors were cultured under hy-
poxic condition, the number of Ki67 positive cells
decreased. Additionally, hypoxic condition induced
activation of Rho signal in the area of DESCs. Con-
versely, inhibition of Rho signal using ROCK inhibitor
promoted cell proliferation and translocation of Yap/
Taz into nucleus concomitantly with loss of cortical
actomyosin. Furthermore, knock down of cytoskeletal
protein, Merlin, also induced cell proliferation and
nuclear translocation of YAP / TAZ. Together, these
results suggested that hypoxic condition maintained
DESCs via RhoA-cytoskeleton-YAP / TAZ signal.
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Funding Source: This project was supported by JSPS
and NRF under the Japan-Korea Basic Scientific Co-
operation Program.

CHARACTERIZATION OF THE SUBVEN-
TRICULAR-THALAMO-CORTICAL CIRCUIT
IN THE NIEMANN-PICK TYPE C MOUSE
BRAIN, AND NEW INSIGHTS REGARDING
TREATMENT

Jin, Hee Kyung?, Bae, Jae-sung', Park, Min Hee'

!Department of Physiology, School of Medicine,
Kyungpook National University, Daegu, Korea,
?Department of Laboratory Animal Medicine, College
of \eterinary Medicine, Kyungpook National Univer-
sity, Daegu, Korea

Gliosis in Niemann-Pick type C (NP-C) disease is
characterized by marked changes in microglia and as-
trocytes. However, the gliosis onset and progression in
NP-C has not been systematically studied, nor has the
mechanism underlying this finding. Here we found
early gliosis in subventricular zone (SVZ) of NP-C
mice. Neural progenitor damage by Npcl mutation
suppressed vascular endothelial growth factor (VEGF)
expression and further induced microglia activation
followed by astrogliosis. Interestingly, excessive astro-
gliosis in the SVZ induced neural progenitor retention/
migration into thalamus via astrocyte-derived VEGF,
resulting in acceleration of thalamic and cortical glio-
sis through thalamo-cortical pathways. Transplantation
of VEGF-overexpressing neural stem cells into the
SVZ improved whole-brain pathology of NP-C mice.
Overall, our data provide new pathological perspective
on NP-C neural pathology, revealing abnormalities in
subventricular-thalamo-cortical circuit of NP-C mouse
brain, and highlighting the importance of the SVZ
microenvironment as a therapeutic target for NP-C
disease.

Funding Source: This work was supported by
the National Research Foundation of Korea(NRF)
grant funded by the Korea government (MSIP)
(2017M3A9B4030782 & 2017R1A4A1015652).

NEURONAL REGENERATION ELEVATED BY
VASCULAR FACTORS IN MEMORY AND SO-
CIABILITY DEFICIENCY MODEL RATS

Jeong, Seungyeon!, Kim, Areum?, Kwon, Yunhee
Kim?

'Department of Nanopharmaceutical Science, Kyung
Hee University, Seoul, Korea, *Department of Nano-
pharmaceutical Science, Kyung Hee University, Seoul,
Korea, *Department of Nanopharmaceutical Science,
Kyung Hee University, Seoul, Korea

Microenvironment of hippocampal subgranular zone
contains specialized cells such as vascular pericytes
and micro-vascular endothelium in addition to brain
cells including neural precursor cells (NPCs) and as-
trocytes. We found NPCs are located at the branching
sites of micro-vessels directly contacting to vascular
cells. We investigated the factors released from brain
vascular cells by RNA sequencing method and protein
array. We found that many neurogenic factors were
released from brain ECs and pericytes that mediate the
interaction between NPCs and niche cells. We investi-
gated whether these factors promotes neuronal regen-
eration in memory and sociability-deficient model rats.
We used human mesenchymal stem cells (hMSCs)
as a vector to deliver the factors using recombinant
AAV2 into injury sites. As a result, memory and social
behaviors and neuronal cell damages were recovered
compared to saline injected memory-deficient group.
These results proposes that neurogenic factors released
from brain ECs and pericytes mediate the interaction
between NPCs and niche cells and the neurogenesis is
largely influenced by these factors in the NPC niche of
the adult hippocampus.

Funding Source: This research was supported by a
grant (2017M3A9B3061952, 2019R1A2C1006630)
funded by the Ministry of Education, Science and
Technology, Korea.
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INVESTIGATION OF DENTAL PULP STEM
CELLS WITH 3D IMAGING OF TOOTH AF-
TER TISSUE CLEARING

Kim, Younghwan', Lee, Jeong Sang?, Seo, Eun Jin',
Park, Jae Kyung?', Jeong, Tae-sung?, Jang, Il Ho*

'Oral Biochemistry, Pusan National University, Yang-
san, Korea, *Pediatric Dentistry, Pusan National
University Hospital, Yangsan, Korea

To achieve a comprehensive understanding of tis-
sue-resident dental stem cells and regeneration mecha-
nism, we develop 3D imaging protocol for tooth using
tissue clearing and light sheet microscopy. Mouse mo-
lars were partially decalcified in 10% EDTA (pH8.0)
for 2 weeks with or without formic acid, followed by
CUBIC or bone CLARITY tissue clearing protocol
using X-CLARITY. Cleared molars were subjected to
the primary antibody staining for 10 days and the sec-
ondary antibody staining for 10 days. After antibody
staining, molars were stained with the hoechst 33342
for overnight and finally immersed in the refractive
index matching solution (RIMS). Samples were im-
aged with ZEISS Lightsheet Z.1 microscope and 3D
images were rendered using Arivis software. Addition
of formic acid produced opaque area along dental
pulp and tissue clearing with CUBIC protocol was not
efficient, thus either protocol was not adopted. After
10% EDTA and bone CLARITY process, molars were
divided half with razor and subjected to staining with
antibodies of BMI1 or SOX2 among stem cell mark-
ers and B-actin for counterstaining. Followed by the
corresponding secondary antibody staining and RIMS
immersion, molars were imaged with light sheet mi-
croscope. The result showed the presence of dentin
layer and adequate staining of beta-actin in dental pulp
area, which suggests the successful penetration of
antibody and light sources for imaging. Interestingly,
both BMI1 and SOX2 staining were localized to root
area with increasing signal to root apex and decreasing
signal toward pulp chamber. These results suggest the
higher stem cell activity at root canal in dental pulp
in comparison with crown chamber. We established
3D imaging protocol for tooth using bone CLARITY
tissue clearing and lightsheet microscope, which pro-
vides a platform for the analysis of cellular and molec-
ular mechanism of dentin and pulp regeneration.

Funding Source: This work was supported by
the National Research Foundation of Korea(N-

RF) grant funded by the Korea government (NRF-
2018R1D1A1A02048916).

EFFECTS OF ALPHA-LIPOIC ACID(ALA)
AND GLUTATHIONE(GSH) ON HUMAN TUR-
BINATE-DERIVED MESENCHYMAL STEM
CELLS(TMSC): THEIR ROLE OF ANTI-OXI-
DATIVE EFFECTS

Lee, Joohyung!, Lee, Dong-chang®, Oh, Jungmin?,
Huang, Se-whan', Choi, Ho-sung', Lee, Do-hee’,
Kim, Sung-won*

!Otorhinolaryngology-Head and Neck Surgery,
Catholic University of Korea, Seoul, Korea, *Clini-
cal Research Institute, Daejeon St. Mary's Hospital,
Daejeon, Korea

Rapid and effective proliferation of mesenchymal
stem cells is critical for their clinical application. It
has been reported that reactive oxygen species(ROS)
prevent the proliferation of various mesenchymal
stem cells. But the effects of ROS to hTMSCs are not
still known. The objective of this study is to evaluate
the effect of the oxidative stress on hTMSCs and to
evaluate the anti-oxidative effect of glutathione(GSH)
and alpha-lipoic acid(ALA) on the proliferation of
hTMSC. -MTT assays to evaluate cell viability ac-
tivity of H202 on hTMSCs -MTT assays to evaluate
cell viability activity of GSH and/or ALA in presence
of H202 on hTMSCs -Flow cytometry for effect of
GSH and ALA on hTMSC -Fluorescent staining for
effect of GSH and ALA on hTMSC -Fluorescent
staining of CD90, CD105 positive cells for effect of
GSH and ALA on hTMSC - Chondrogenic differenti-
ation. - hTMSCs-H202 cell viability activity In OpM-
500uM H202, cell viability activity of hTMSCs de-
creased as increasing concentrations of H202. - GSH/
ALA-hTMSC cell viability activity To GSH 5mM,
cell viability activity increased, but over GSH 5mM
it decreased. To ALA 250uM cell viability activity
increased but over ALA 250uM it decreased. - GSH/
ALA-hTMSC cell viability activity in the treatment of
H202 H202 suppressed cell viability and GSH and
ALA reversed and combination of GSH and ALA re-
vealed weak synergic effects. -Flow cytometry results
with and without CD90/CD105 in treatment of ALA
and/or GSH were corresponding to results of MTTs.
-Fluorescent staining results in the treatment of ALA
and/or GSH were corresponding to results of MTTs.
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Glutathione and alpha-lipoic acid facilitate the prolif-
eration of hnTMSCs and have some synergic effects.

Funding Source: Grant of the E.N.T. Fund of the
Catholic University of Korea -The Catholic University
of Korea Daejeon St. Mary’s Hospital, Clinical re-
search institute Grant funded by The Catholic Univer-
sity of Korea Daejeon St. Mary’s Hospital.

THE WHITENING EFFECT OF EXTRACEL-
LULAR VESICLES FROM ORBICULARIS OC-
ULI MUSCLE-DERIVED STEM CELLS

Lim, Kyung Min*, Dayem, Ahmed Abdal*, Gil,
Minchan', Lee, Soo Bin', Biswas, Polash Kumar?,
Shin, Hyun Jin?, Cho, Ssang-goo*

'Stem Cell and Regenerative Biotechnology, Konkuk
University, Seoul, Korea, ?Ophthalmology, Konkuk
University School of Medicine, Seoul, Korea

Skeletal muscle-derived stem cells possess potent
therapeutic activities in the treatment of muscle-related
disorders. In this study, we isolated and characterized
stem cells from discarded tissues, namely orbicularis
oculi muscle (ORM) that obtained from patients sub-
jected to ocular surgery. We verified the stemness
properties of the ORM-derived stem cells (ORM-SCs)
through evaluation cell morphology, proliferation, the
expression level of the surface markers, stemness-as-
sociated markers, tri-lineage differentiation capac-
ities, and colony-forming capacity. Isolated ORM-
SCs showed spindle-like morphology and positive
expression of CD105, CD 90, and CD73, but they
were negative in expression of CD45 and CD34. The
ORM-SCs showed the capacity to osteogenic, adipo-
genic, and chondrogenic differentiation. Next, we pre-
pared the natural extracellular vesicles (EVs) from the
ORM-SCs and found that the ORM-SC-derived EVs
(ORM-SC-EVs) have an apparent inhibitory effect on
the melanin synthesis in B16F10 cells by blocking the
tyrosinase activity, although ORM-SC-EVs treatment
did not dramatically change the expression level of
melanogenesis-related genes, such as, microphthal-
mia-associated transcription factors (MITF), tyros-
inase(TYR), tyrosinase-related proteinl(TYRP-1),
and TYRP-2. Taken together, this study revealed the
stem cell property of ORM-SCs and the suppressive
effect of ORM-SC-EVs on melanogenesis, suggesting
that ORM-SCs and ORM-SC-EVs can be used for a

promising candidate not only in the stem cell therapy,
but also in regulation of the melanogenesis and skin
whitening, and further application in cosmetics.

INTRAVITAL LONG-TERM IMAGING OF DY-
NAMIC CELLULAR BEHAVIOR OF TRANS-
PLANTED HEMATOPOIETIC STEM CELLS IN
CRANIAL BONE MARROW

Ahn, Soyeon*, Koh, Bongihn?, Kim, Injune®, Kim,
Pilhan®

'Graduate School of Nanoscience and Technology,
Korea Advanced Institute of Science and Technol-
ogy, Daejeon, Korea, *Ki for The Biocentury, Kaist
(korea Advanced Institute of Science and Technology),
Daejeon, Korea, *Graduate School of Medical Science
and Engineering, Korea Advanced Institute of Science
and Technology, Daejeon, Korea

Bone marrow (BM) is soft and flexible tissue inside
the bone, which houses hematopoietic stem cells with
multi-potent differentiation capability. BM is the most
important organ in maintaining homeostasis of circu-
latory and immune system. Bone marrow transplan-
tation (BMT) is actively performed to treat patients
with various hematologic disorders. However, despite
significant medical applications, the underlying cel-
lular dynamics in spatiotemporal distribution and
engraftment of transplanted BM cells including hema-
topoietic stem and progenitor cells have not been fully
identified yet. In this study, we utilized a custom-built
intravital microscopy system with cranial BM window
and stereotaxic mount for a repetitive longitudinal
imaging and long-term time-lapse imaging of same
BM area up to 7 days after BMT. Using various fluo-
rescence expressing transgenic mice including H2B-
GFP/B-actin-DsRed, CX3CR1-GFP/B-actin-DsRed
and CSF1R-GFP mice as BMT donor or recipient,
we successfully visualized various spatiotemporal
cellular dynamics such as proliferation, migration, and
differentiation into myeloid or lymphoid lineages and
cell-cell interaction between transplanted BM cells
and host macrophages in vivo. With a longitudinal
wide-area intravital imaging during early engraftment,
we identified 4 distinctive behaviors of BM cell group:
Cell cluster formation from single cell; Formation of
a large cell cluster from small clusters; Cluster dis-
persion into scattered cells; Scattered cell group not
forming cluster. Long-term time-lapse in vivo imaging
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for 20 hours was performed to analyze detailed cellu-
lar behaviors of 4 cell groups in regard to proliferation
rate, migration velocity, gathering efficiency for clus-
ter forming. Of note, active cellular interactions be-
tween BM resident host macrophages and transplanted
BM cells are observed during early engraftment. In
addition, we successfully monitored myeloid lineage
clusters in a longitudinal manner, which revealed most
of them maintained myeloid lineage during early en-
graftment. We believe in vivo imaging of transplanted
BM cells in early BMT stage can be further extended
to investigate unknown cellular mechanisms involved
in pathological complications of BMT.

Funding Source: Basic Research Program (NRF-
2017R1E1A1A01074190).

NEURONAL DIFFERENTIATION OF HUMAN
STEM CELLS FROM APICAL PAPILLA IN-
DUCED BY EMBRYONIC CHICK AUDITORY
BRAINSTEM SLICES CONDITIONED MEDI-
UM

Songsaad, Anupong', Saiprayoung, Kritayaporn?,
Srikawnawan, Wittawas', Gonmanee, Thanasup®,
Phruksaniyom, Chareerut®, Lumbikananda,
Supanat’, Intarapat, Sitipon', Ruangsawadi, Nisarat®,
Thonabulsombat, Charoensri*

'Anatomy, Faculty of Science, Mahidol University,
Bangkok, Thailand, ?Biological Sciences, Mahidol
University International College, Nakhon Pathom,
Thailand, *Pharmacology, Faculty of Dentistry, Mahi-
dol University, Bangkok, Thailand

Sensorineural hearing loss is caused by the degen-
eration of the cochlear hair cells and spiral ganglion
neurons (SGNs). The mammalian cochlear lacks the
capacity to regenerate these cells. Currently, there are
no biological therapies to rescue the dying sensorineu-
ral cells or regenerate these cells. Previous studies also
showed the possibility of various types of stem cells
to differentiate into auditory neurons. Recent studies
reported the potential of the dental stem cells by using
exogenous neurotrophins for neuronal differentiation
into the spiral ganglion-like neurons. Therefore, dental
stem cells are the best candidate for the restoration
of hearing deficiencies through cell-based therapy. In
the present study aim to investigate neuronal differ-
entiation of the human dental stem cells from apical

papilla (hRSCAPs) by using conditioned medium from
chick auditory brainstem slices (ABS-CM). Previous
studies demonstrated that brain slice conditioned me-
dium contains BDNF and GDNF that induce survival
and differentiation into neurons of the boundary cap
cell. The hSCAPs were isolated and characterized
as the Mesenchymal stem cells (MSCs) through cell
surface molecule analysis (CD73+, CD90+, CD105+,
CD146+, CD34-), colony forming unit (CFU) and
osteogenic, adipogenic differentiation. The embryonic
chick auditory brainstem slices at embryonic day 12
(E12) were dissected and collected the conditioned
medium. The experiment was performed the ABS-
CM treatment for 1 and 2 weeks with 1:1 ratio of
ABS-CM/aMEM 1% Penicillin/Streptomycin com-
pared with control medium (eMEM 1% Penicillin/
Streptomycin). The immunocytochemistry staining
with the neurofilament-low type (NF-L) and DAPI
(nuclei staining) showed the neuronal differentiation
rate was highly detected in the ABS-CM at 2 weeks
when compared to control group and 1 week treat-
ment. Therefore, the preliminary results indicated that
the ABS-CM could induce the neuronal differentiation
of the hSCAPs.

Funding Source: This study was supported by grants
from Science Achievement Scholarship of Thailand
(SAST), Central Instrument Facility of Faculty of Sci-
ence, Mahidol University.

AN OPTIMIZED METHOD FOR MANUAL
HUMAN ADIPOSE-DERIVED STEM CELLS
ISOLATION

L6pez-Bayghen, Esther', Hernandez-Melchor,
Dinorah?®

‘Department of Toxicology, Cinvestav-IPN, Mexico
City, Mexico, 2DCTS, Cinvestav-IPN, Mexico City,
Mexico, *Regenera, Mexico City, Mexico

Adipose-derived stem cells (ADSC) are a potential
source of autologous mesenchymal stem cells in the
growing field of regenerative medicine as they can
be reliably obtained in large quantities by lipoaspira-
tion under local anesthesia, with minimal discomfort.
Here we describe an optimized method for manual
ADSC isolation based on the mechanic and enzy-
matic digestion. Human adipose tissue was obtained
by suction-assisted lipectomy and processed within
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the next three hours. The lipoaspirate was extensive-
ly washed with PBS to remove contaminant oil and
hematopoietic cells. The sample was disaggregated
with a scalpel in a 200mm Petri dish to eliminate any
larger fragments and then minced with scissors in a
50 ml conical tube until it acquires a homogenous
appearance. The tissue was incubated with 0.01%
collagenase solution at 37°C for 30 minutes. The up-
per layer was discarded and control media (CM, high
glucose DMEM supplemented with 10% FBS), was
added to the lower liquid phase to neutralize the en-
zyme activity. The mixture was centrifuged at 12009
for 10 minutes at room temperature (RT) to separate
and discard the floating mature adipocytes from the
pelleted stromal vascular fraction (SVF). The SVF
pellet was resuspended in PBS, and red blood cells ly-
sis was performed for 10 minutes at RT with 160 mM
NHA4CI. After centrifugation, the SVF was resuspend-
ed in 5 ml of CM and filtered through a 100 um nylon
mesh filter to remove any remaining tissue fragments.
Hemocytometer counting with trypan blue staining
was performed to assess cellular density and viability,
resulting in cell yield of 1.17E+06 + 6.51E+05 viable
cells per cubic centimeter of lipoaspirate (n=12). Cells
were plated in tissue treated T-75 flasks and incubated
in the humified atmosphere at 37 °C and 5% CO2 un-
til 90% confluence was reached. Isolated ADSC were
CD73(+), CD90(+), CD45(-), and CD34(-). Cellular
plasticity was validated through in vitro chondrogenic
differentiation, a high-density micromass pellet was
observed after 12 days of micromass culture in the
presence of lineage-specific induction factors. Fur-
thermore, gene expression of the chondrogenic genes
SOX9, COL1A1 and ACAN was evaluated at days 6,
12, and 18.

Funding Source: Conacyt.

BIOINSPIRED RGD-ENGINEERED BACTE-
RIOPHAGE NANOFIBERS PROVIDE A VAS-
CULAR NICHE WITH ANTIOXIDANT FUNC-
TION

Yoo, So Young

BIO-IT Foundry Technology Institute, Pusan National
University, Busan, Korea

Instructive biomaterials provide a vascular niche and
protect oxidative stress in injured tissue. Herein, we

demonstrated that Arg-Gly- Asp (RGD)-engineered
bacteriophage nanofibers provide a vascular and
anti-oxidant niche, thereby having cytoprotective
functions against cellular oxidative stress. These bio-
inspired RGD-engineered bacteriophage nanofibers
can serve as a novel therpeutic platform for ischemic
diseases.

Funding Source: This research was supported by a
grant of the Korea Health Technology R&D Project
through the Korea Health Industry Development In-
stitute (KHIDI), funded by the Ministry of Health &
Welfare, Korea (H16C1067).

ANGIO-PHAGEL: PHAGE BASED ANGIO-
GENIC ENTRACELLULAR MATRIX NICHE
ENGINEERING

Yoo, So Young

BIO-IT Foundry Technology Institute, Pusan National
University, Busan, Korea

Although stem cell niche plays a vital role in stem
cell differentiation towards different lineages, an arti-
ficial stem cell niche achieved so far is not successful
to fulfill the complex microenvironment of the stem
cell. Here, we demonstrated engineered hybrid phage
matrices that possess cell adhesive and angiogenic
peptides with a suitable scaffold by formulating poly-
acrylamide hydrogel incorporating phage in different
stiffness to guide adult stem cells (ASC) and could
achieve higher stiffness favoring osteogenesis and
lower stiffness favoring adipogenesis. In this study, we
present a specific phage based angiogenic matrices by
modulating physical and biochemical cues in differ-
entiation of ASC, providing convenient artificial stem
cell niche.

Funding Source: This research was supported by a
grant of the Korea Health Technology R&D Project
through the Korea Health Industry Development In-
stitute (KHIDI), funded by the Ministry of Health &
Welfare, Korea (H16C1067).
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MOLECULAR, SPATIAL, AND FUNCTIONAL
SINGLE-CELL PROFILING OF THE MOUSE
PLACENTA

Shu, Jian', Berube, Peter!, Lee, Lial, Jaenisch,
Rudolf?, Lander, Erict

Broad Institute of MIT and Harvard, Cambridge, MA,
USA, *Whitehead Institute, Cambridge, MA, USA

The placenta is an organ that is crucial for successful
pregnancy and health of the developing fetus. How-
ever, the cellular architecture of placenta is poorly
understood. Here, we developed experimental and
computational methods to reconstruct the molecular
identity, cis-regulatory networks, spatial organization,
and function of distinct cell types at single-cell reso-
lution. We integrated single-cell RNA- sequencing,
single-cell ATAC-sequencing and single-cell spatial
transcriptomics to create a molecularly annotated and
spatially resolved single-cell atlas of the placenta. This
serves as a foundation for further studies of placental
development.

A NOVEL IMMUNOMODULATORY MECH-
ANISM DEPENDENT ON ACETYLCHOLINE
SECRETED BY HUMAN BONE MARROW-DE-
RIVED MESENCHYMAL STEM CELLS

Cho, Yun-kyoung?, Jung, Young Su?, Nam, Jee Hoon?,
Kim, Min Kyoung?, Lee, Chan Ju?, Choi, Byeol?, Kim,
Si-na?, Chung, Eunkyung?, Song, Sun U. *

!Integrated Biomedical Sciences, Inha University
School of Medicine, Incheon, Korea, ?Research Insti-
tute, Scmlifesciences Co. Ltd, Incheon, Korea

Mesenchymal stem cells (MSCs) are used to treat
autoimmune or inflammatory diseases. Our aim was
to determine the immunomodulatory mechanisms
elicited by MSCs during inflammation. We cocultured
MSCs with peripheral blood mononuclear cells for
a mixed lymphocyte reaction or stimulated them by
phytohemagglutinin. Morphological changes of MSCs
and secretion of acetylcholine (ACh) from MSCs
were measured. The effects of an ACh antagonist and
ACh agonist on lymphocyte proliferation and proin-
flammatory-cytokine production were determined.
The inflammatory milieu created by immune-cell acti-
vation caused MSCs to adopt a neuronlike phenotype

and induced them to release ACh. Additionally, nico-
tinic acetylcholine receptors (NAChRS) were upregu-
lated in activated peripheral blood mononuclear cells.
We observed that ACh bound to nAChR on activated
immune cells and led to the inhibition of lymphocyte
proliferation and of proinflammatory-cytokine pro-
duction. MSC-mediated immunosuppression through
ACh activity was reversed by an ACh antagonist
called alpha-bungarotoxin, and lymphocyte prolifer-
ation was inhibited by an ACh agonist, ACh chloride.
Our findings point to a novel immunomodulatory
mechanism in which ACh secreted by MSCs under
inflammatory conditions might modulate immune
cells. This study may provide a novel method for the
treatment of autoimmune diseases by means of MSCs.

Stem Cell Metabolism and
Homeostasis

ROLE OF SIRT2 TO MAINTAIN MUSCLE
STEM CELL POPULATION AND SUSTAIN
METABOLIC HOMEOSTASIS

Park, Sunyoung?, Ullah, H.m. Arif!, Chung, Myung-
jin', Son, Ji-yoon*, Yun, Hyun Ho', Lee, Jae-yeong®,
Lee, Sunray?, Park, Hyun-sook?, Jeong, Kyu-shik*

!Department of Pathology, College of Veterinary
Medicine, Kyungpook National University, Daegu,
Korea, “Cefobio, Cell Engineering for Origin, Seoul,
Korea

Sirtuins which contain seven species are known as
NAD-+-dependent protein deacetylases and their func-
tions are related to numerous biological functions.
Sirtuin2 (SIRT2), one of these sirtuins which is found
in cytoplasm and nucleus, is associated with the reg-
ulation of numerous aged-related biological functions
such as cellular metabolism and cell cycle. Also,
SIRT2 is known to be a critical factor to sustain stem-
ness of pluripotent cells. In pathological conditions in
aging-related sarcopenia, the amount of lean muscle is
decreased with the increased level of intramuscular ad-
ipose tissue. Skeletal muscle and liver functions with
close relationship in metabolic regulation and aging is
one of the important factor to dysregulate homeostasis
of both organs. Damaged skeletal muscle regenerate
new muscle from muscle stem cells, satellite cells, and
to maintain the population of satellite cells is critical
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for appropriate muscle regeneration. In this study we
investigate the role of SIRT2 in the regulation of mus-
cle stem cell and homeostasis of liver and muscle by
analyzing SIRT2 knockout (SIRT2 KO) mice. Aged
SIRT2 KO mice showed enhanced fat deposit in liver
and reduced intermuscular adipocyte and intramyo-
cellular lipid accumulation compared to WT mice. In
addition aged SIRT2 KO muscle showed lower Pax7
expression suggesting reduced level of satellite cells.
In conclusion, SIRT2 plays a role in the aging process
via regulating homeostasis of liver and muscle and the
population of satellite cell. Also, lower level of adipo-
cyte accumulation of in SIRT2 KO muscle suggests
abrogated metabolic process and reduced fibro adipo-
genic precursor cells in muscle.

Funding Source: National Research Founda-
tion of Korea (NRF) grant funded by the Korean
government (Ministry of Science and ICT, NRF-
2017R1E1A1A01072781).

A NEW METHOD FOR EVALUATING STEM
CELL QUALITY BY MEASURING CELLULAR
REDOX CAPACITY WITH FRESHTRACER,
A FLUORESCENCE PROBE FOR GLUTATHI-
ONE

Shin, Ji-woong*, Jeong, Eui Man*, Kwon, Mee-ag',
Kang, Hyewon?, Kim, Hye-mi?, Kim, Yonghwan?,
Kang, Heun-soo?, Kim, In-gyu*

'Department of Biochemistry and Molecular Biology,
Seoul National University College of Medicine, Seoul,
Korea, “Cell2in, Inc., Seoul, Korea

Stem cells are located in the hypoxic niche and de-
pendent on glycolysis, suggesting that redox homeo-
stasis plays a critical role in the regulation of their
fate: self-renewal, differentiation, and proliferation.
Glutathione (GSH) is the most abundant antioxidant in
cells, and thus intracellular GSH level has been used
to assess the redox capacity. However, measurement
of GSH level to estimate redox capacity in live cells is
hindered due to the lack of proper imaging probe. Pre-
viously, we have developed FreSHtracerTM, which
is a reversible and ratiometric fluorescence probe for
GSH and showed that cellular GSH levels are dy-
namically changed in response to oxidative stress. In
this study, we established the method for measuring
GSH regeneration capacity (GRC) by monitoring the
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changes of GSH level in a single cell after exposure to
H202 using confocal microscopy. Moreover, we also
measured GSH mean level (GM) and GSH level het-
erogeneity (GH) in cell populations using flow cytom-
etry. Using these three parameters, we could estimate
and compare redox capacity between cell populations.
This simple, rapid and quantitative method could be
used not only to elucidate the mechanism of GSH ho-
meostasis in stem cells but also to find more effective
antioxidant agents.

Funding Source: This work was funded by the
National Research Foundation of Korea through
the Basic Science Research Program (NRF-
2017M3A9B4061890); the Korea Healthcare Tech-
nology R&D Project, Ministry of Health and Welfare,
Korea (HI118C2396); and the Brain Korea 21 PLUS
program of the Korean Ministry of Education, Science
and Technology.

THE SIGNIFICANCE OF MITF IN FAR-INFRA-
RED-PRECONDITIONED RAT BONE MAR-
ROW-DERIVED STEM CELLS FOR CELL
SURVIVAL

Jeong, Yunmi, Kim, Weon

Neurodevelopmental Biology, Kyunghee University,
Seoul, Korea

Bone marrow-derived stem cells (BMSCs) have been
broadly investigated for treatment of ischemic heart
diseases. However, there are many uncertainties that
are prevailing against bench-to-bedside research re-
lated to BMSC-based therapy: like the optimal rout
of cell transplantation, appropriate dosage, duration,
safety, and efficacy of applications. Herein, we fo-
cus on a strategy for improving the low survival rate
of BMSC after transplantation. To achieve this, we
extend our previous study about the effects of pre-
conditioning with far-infrared irradiation (FIR) on
survival of BMSCs under condition of metabolic
stress, such as oxidative stress, low temperature, and
ischemic hypoxia condition. BMSCs were isolated
and harvested from femur bone marrow of 6-week-
old male Sprague-Dawley rat. To determine the effects
of a FIR generator with an energy flux of 0.13 mwW/
cm2 on viability of rat BMSCs following metabolic
stress, survival of BMSCs was measured by crystal
violet staining and PI staining. FIR preconditioning
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was observed to significantly increase BMSC survival
against H202, low temperature, and ischemic hypoxia
condition. Of note, gRT-PCR and Western blot analy-
sis demonstrated that FIR induced microphthalmia-as-
sociated transcription factor (MITF), BCL2, HIF-1q,
MTOR and CD63 at MRNA and protein levels. It is
well known that the mTOR or MITF is a master reg-
ulator of various important cellular responses, includ-
ing protein synthesis, cellular growth, proliferation,
autophagy, lysosomal function, and cell metabolism.
In agreement with these observations, MITF-depleted
BMSCs or rapamycin-treated BMSCs is decreased
proliferation and survival of preconditioned BMSC
by FIR- associated with up-regulation of MITF and
mTOR. Overall, our results demonstrated for the first
time that preconditioning with FIR can open new in-
sights to help therapeutic efficacy of BMSCs, and the
expression of MITF and mTOR-mediated cellular re-
sponse is a key to understanding its role in survival or
death of BMSCs after transplantation.

Funding Source: 2016R1A6A3A11933448.

TREATMENT OF THE TELAGLENASTAT (CB-
839) LED TO THE ENHANCED PROLIFERA-
TION AND THE STEMNESS PROPERTIES OF
HUMAN PLURIPOTENT STEM CELLS

Choi, Sang Baek, Ahmed, Abdal Dayem, Kang,
Geun-ho, Lee, Soo Bin, Kim, Kyeongseok, Polash,
Kumar Biswas, Cho, Ssang-goo

Animal Biotechnology, Konkuk University, Seoul,
Korea

Pluripotent stem cells (PSCs) and cancer cells share
similar proliferative and metabolic activities and also
show quite different proliferation and metabolism
properties dependent on the various environmental
factors. In PSCs and cancer cells, glycolysis was re-
ported to work as main metabolic pathway, in which
the pyruvate is converted to lactate that recycles the
nicotinamide adenine dinucleotide (NAD+) required
for the rapid continuation of glycolysis. Moreover, in
case of cancer cells, one of the major nutrients that
promote the growth of many cancers was studied to be
an amino acid, glutamine which is the most abundant
amino acid in plasma. In our study, we checked the
impact of the glutaminase 1 (GLS1) inhibitors, tela-
glenastat (CB-839), bis-2-(5-phenylacetamido-1,2,4-

thiadiazol-2-yl) ethyl sulfide (BPTES), and 6-diazo-
5-oxo-L-norleucine (DON) on the proliferation of
various cancer cell lines, patient- derived cancer
stem-like cells (CSLCs), and several stem cells, in-
cluding Wharton’s Jelly-derived MSCs (WJ-MSCs),
adipose-derived MSCs (AD-MSCs), human embry-
onic stem cells (hESCs), and human induced PSCs
(hiPSCs). Our data showed that CB-839, BPTES and
DON significantly suppressed the proliferation of
breast cancer cell line, MDA-MB231. Moreover, CB-
839 treatment markedly inhibited the proliferation of
breast cancer cell line MCF-7, CSLCs, and neuro-
blastoma, SH-SY5Y cell. CB-exposed MSCs did not
show a significant alteration in cell proliferation or
migration properties. Interestingly, treatment of CB-
839, but not BPTES and DON resulted in apparent
promotion of the proliferation of hESCs and hiPSCs
and the CB-839-treated hiPSCs showed upregulation
of the stemness markers and increase in alkaline phos-
phatase (ALP) and high number of the colony forming
units. We also found that treatment of CB-839, but not
BPTES and DON led to enhanced phosphorylation
of extracellular signal-regulated kinase (ERK) and
AKT. CB-839 treatment resulted in downregulation of
the expression level of activating transcription factor
4 (ATF4), which was reported to induce apoptosis,
cell-cycle arrest, and senescence. Taken together, we
could find that CB-839 can be used for enhancing
the proliferation and stemness properties of PSCs by
GLS1-independent mechanism via modulating the ki-
nase and ATF4 pathways.

INCREASED SREBP1 EXPRESSION BY PLA-
CENTA-DERIVED MESENCHYMAL STEM
CELLS ATTENUATE ADIPOGENESIS IN A
RAT MODEL OF BILE DUCT LIGATION

Jun, Ji Hye', Kim, Jae Yeon!, Park, Soo Young',
Kweon, Min Young!, Bage, Si Hyun?, Kim, Gi Jin

!Bio Medical Science, CHA University, Seongnamsi,
Korea, 2Internal Medicine, Catholic University Medi-
cal College, Seoul, Korea

The liver modulates central lipid metabolism includ-
ing phospholipid transport, fatty acid synthesis and
oxidation. Impaired bile secretion, caused by liver
damage, disrupts hepatic lipid metabolism. Placen-
ta-derived mesenchymal stem cells (PD-MSCs) have
their distinctive features such as ease of accessibility,
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abundant cell numbers, multi-potency and strong im-
muno-suppressive properties. We reported that PD-
MSCs rehabilitate hepatic lipid metabolism and mito-
chondrial function in a rat model of bile duct ligation
(BDL). However, the mechanism by PD-MSCs in
hepatic failure has not been elucidated. Therefore, our
objectives of this study were to analyze the expression
of key factors related to lipid metabolism and fatty
acid oxidation through PD-MSCs transplantation in
BDL rat model. Lipid accumulation through Oil Red
O staining in rat liver tissues of BDL was alleviated
in transplanted PD-MSCs (Tx) group compared with
non-transplanted (NTx) group (p<0.05). The serum
levels of triglycerides, total cholesterol, and LDL were
decreased in Tx group versus NTx group, whereas
HDL level significantly was increased in Tx group
(p<0.05). While the expression of genes related to
adipogenesis was drastically declined, the key factors
of lipid metabolism and mitochondrial B-oxidation
significantly increased in Tx group than NTx group
(p<0.05). In vitro model treated oleic acid (OA) and
palmitic acid (PA) in rat hepatocytes, the area of lipid
droplets in cytoplasm and the expression of genes
related to adipogenesis were significantly decreased
in co-cultured PD-MSCs group compared to control
(p<0.05). However, the mitochondrial f-oxidation was
increased in PD-MSCs co-cultured group than control.
These findings suggest that PD-MSCs attenuate lipid
accumulation and enhance lipid metabolism as well as
fatty acid oxidation in hepatic failure rat model.

Funding Source: This research was supported by a
grant of the Korea Health Technology R&D Project
through the Korea Health Industry Development In-
stitute (KHIDI), funded by the Ministry of Health &
Welfare, Korea (HI17C1050020017).
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MATERNAL EXPOSURE TO ATMOSPHERI-
CALLY RELEVANT PARTICULATE MATTER
DURING PREGNANCY INDUCES PROGRES-
SIVE SENESCENCE OF HSCS UNDER PREF-
ERENTIAL IMPAIRMENT OF THE BONE
MARROW MICROENVIRONMENT

Kook, Sung-ho, Bhattarai, Govinda, Lee, Jae Bong,
Kim, Min-hye, Ham, Suhan, So, Han-sol, Oh,
Sangmin, Sim, Hyun-jaung, Jo, Gwanggon, Kim,
Young-eun, Lee, Jeong-chae, Song, Mijung

Department of Bioactive Materials Science, Chonbuk
National University, Jeonju, Korea

The embryo, which has various fetal hematopoietic
sites for primitive hematopoietic stem cells (HSCs),
is susceptible to tiny amounts of external stress. \We
investigated how maternal exposure to atmospheri-
cally relevant particulate matter with a diameter less
than 2.5 um (PM2.5) affects HSCs during pregnancy.
When pregnant mice inhale PM2.5, it induces oxida-
tive stress and inflammation in the lungs of their fetus-
es. Maternal PM2.5-exposed offspring at 6 months ex-
hibited HSC senescence-associated phenotypes via the
ROS- p38 MAPK pathway including impairment of
the bone marrow (BM) microenvironment and other
age-related phenotypes. Furthermore, PM2.5-exposed
offspring at 1 year of age were more likely to develop
a myeloproliferative disease. The impairments caused
by PM2.5 only occurred via maternal exposure, but
not by adolescent exposure. This study demonstrates
that maternal exposure to PM2.5 during pregnancy
is much more harmful than exposure during adoles-
cence, due to modulation of the BM microenviron-
ment- associated HSCs.

SIRT1 ENHANCES THE SURVIVAL OF HU-
MAN EMBRYONIC STEM CELLS BY PRO-
MOTING DNA REPAIR

Jang, Jiho, Cho, Hyun-ju*, Hur, Yong Jun', Hwang,
Dong-youn?, Kim, Dong-wook!

'Department of Physiology, Yonsei University College
of Medicine, Seoul, Korea, 2Department of Biomedical
Science, CHA University, Kyeonggido, Korea

Human embryonic stem cells (hESCs) hold great
promise for the treatment of many currently incurable
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diseases through cell replacement therapy. Sirtuinl
(Sirt1), an NAD+-dependent class 111 histone deacety-
lase, is abundantly expressed in hESCs and has been
reported to play a role in regulating early differenti-
ation and telomere elongation. We found that block-
ing the function of Sirtl in hESCs induced massive
cell death, thus leading us to hypothesize that Sirtl
is required for hESC survival. Either blocking the
function or decreasing the level of Sirtl dramatically
promoted cell death in hESCs, but not in differentiated
cells such as fibroblasts. Sirtl inhibition-mediated cell
death was preceded by increased DNA damage. Our
detailed mechanistic study showed that the increased
DNA damage caused by Sirtl down-regulation was at
least partially due to decreased levels of DNA repair
enzymes such as MSH2, MSH6, and Apex1. Further-
more, we observed p53 activation followed by the
overexpression of PUMA and BAX, two pro-apop-
totic p53 target genes, after Sirtl inhibition. Owing
to these events, apoptotic cell death was induced in
hESCs in the absence of Sirtl, thus suggesting that
Sirtl acts as a guardian of pluripotent stem cells. To-
gether, our results demonstrated that Sirtl is required
to maintain a high level of the DNA repair proteins
MSH2, MSH6, and Apex1 and to prevent massive
hESC death. This study provides valuable insights
into the mechanism of Sirtl-mediated hESC survival
and should contribute to the development of safe and
effective cell replacement therapies.

Tissue Engineering and
Organoids

IONIZED COLLAGEN HYDROGELS USED
FOR LONG-TERM 3D SPHEROID CULTURE
OF FUNCTIONAL INSULIN-PRODUCING
CELLS FROM HUMAN INDUCED PLURIPO-
TENT STEM CELLS

Shim, In Kyong', Lee, Yu Na', Yi, Hye-jin*, Kim,
Song Cheol?

!Biomedical Engineering Research Center, Asan
Medical Center, Seoul, Korea, 2Department of Surgery,
Asan Medical Center, Seoul, Korea

Pancreatic islet transplantation is a fundamental treat-
ment for insulin dependent diabetes. However the
donor shortage is a big huddle to became a standard

teatment. Insulin producing cells (IPCs) differentiated
from stem cells or adult cells is actively developing
as a new islet source but the physiological function of
IPC is still not enough to control diabetics in vivo. In
this study, to improve the differentiation function of
IPC, we fabricate 3-dimension (3-D) IPC spheroids
using concave microwell. The 3D structure was en-
hanced the differentiation efficiency through cell-cell
interaction and to have a similar shape to the actual
pancreatic islets. Also, we cultured 3D IPCs in ionized
collagen hydrogel for long-term culture of functional
IPCs. The iPSCs were expanded in vitro and differ-
entiated to IPC throughout the differentiation process
using small molecules. To improve the differentiation
efficiency and cell viability, we fabricated 3-D IPC
spheroids using concave microwell, which was pos-
sible to mass- produce spheroids of the desired size.
The next day, IPC construced 3-D spheroid. For long-
term culture we collected IPC spheroid from mold and
cultured in various conditions, including suspension
culture, collagen hydrogel culture, and laminin matrix
hydrogel culture. lonized collagen was prepared using
the esterification technique of atellocollagen. Lami-
nin matrix was used Cultrex Reduced Growth Factor
Basement Membrane Matrix (BME Type2). We char-
acterized physical function of hydrogels by Proteom-
ics analysis and structure. In IPC spheroids in collagen
hydrogel was detected more than 500 times insulin
secretion than 2-D culture condition. All 3-D culture
groups except 2-D culture group showed glucose stim-
ulated insulin secretion. Beta cell related transcription
factors and endocrine hormone gene expression was
increased in 3-D culture groups. Interestingly, exocrine
hormone and duct cells related genes was decreased in
collagen hydrogel comparing to BME hydrogel. Al-
though, laminin-based matrix is the most commonly
used material for 3-D hydrogel culture, clinical appli-
cation was difficult and main material, laminin, pro-
moted duct differentiation. IPC spheroids in collagen
hydrogel enhanced differentiation efficacy of IPCs in
vitro.
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TISSUE ENGINEERING AND ORGAN FUNC-
TION REGENERATION BY 3D SPHEROID
CULTURE OF MESENCHYMAL STEM CELLS

Hwang, Ji-young?, Jun, Yesl?, Park, Yoon Shin®, Kim,
Tae-hee*, Kim, Gi Jin®, Jo, Inho®, Lee, Sang-hoon?

'Research Center for Carbon Convergence Materials,
Korea Institute of Carbon Convergence Technology,
Jeonju, Korea, Department of Biomedical Engineer-
ing, Korea University, Seoul, Korea, *School of Life
Science, Chungbuk National University, Cheongju,
Korea, “Department of Obstetrics and Gynecology,
Soonchunhyang University, Bucheon, Korea, *Depart-
ment of Clinical Pathology, CHA University, Bundang,
Korea, *Department of Molecular Medicine, Ewha
Womans University, Seoul, Korea

For cell physiology and behavior, cells in 3D spheroid
culture system may better mimic conditions of our
body than two-dimensional cultures. Though ongo-
ing research is attempting to the applications of stem
cells to the clinical trials in severe intractable diseases,
further understanding on their efficacy and optimal
condition for therapeutic effect are required. In the
terms of tissue engineering, we used a combination of
cells, materials engineering, and suitable biochemical
and physicochemical factors to improve or replace
biological functions of tissues or organs. Here, we
developed 3D spheroid culture system of various cells
on the hemispherical concave microwell chips home-
made of polydimethylsiloxane for tissue regeneration
and regenerative medicine. First, we reported that
tonsil-derived mesenchymal stem cells are success-
fully differentiated into the target cells, releasing para-
thyroid hormone and demonstrating the therapeutic
role in hypoparathyroidism. Second, we present ther-
apeutic effect of placenta-derived mesenchymal stem
cells on a rat model with ovary dysfunction, restoring
ovary function through increased estrogen production
as well as folliculogenesis by spheroid forms of stem
cells. These findings suggest new insights into further
understanding of stem cell-based therapeutic mecha-
nisms for tissue and organ function regeneration and
would demonstrate new avenues to develop more effi-
cient therapies using biomaterials and new 3D organ-
oid culture system.

Funding Source: This research was supported by
Basic Science Research Program through the Na-
tional Research Foundation of Korea (NRF) funded
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by the Ministry of Education (NRF-2018R1D-
1A1B07048222).

BIOMIMETIC HETEROGENEOUS TISSUE
MODELS FABRICATED BY THREE-DIMEN-
SIONAL BIOPRINTING TECHNOLOGY

Ahn, Geunseon!, Kang, Donggu’, Kim, Changhwan',
Jung, Seok Yunt, Jung, Taek Hee?, Son, Yeo-jin', Kim,
Mi-jeong!, Jang, Ilho’, Yun, Won-soo?, Shim, Jin-
hyung?, Jin, Songwan?

'R&D, T&R Biofab, Sungnam, Korea, “Mechanical
Engineering, Korea Polytechnic University, Siheung,
Korea

Human tissues are extremely heterogeneous and
comprised of different cells. In particular, the hepatic
lobule in the human liver tissue is a building block of
the liver parenchyma, consisting of a portal triad, he-
patocytes arranged in the liver cord within a sinusoid
network, and a central vein. The cross-sectional diam-
eter of a hepatic lobule is approximately 1 mm, while
the diameter of the sinusoid is approximately several
tens of micrometers, and the size of the whole liver is
several tens of centimeters. Therefore, a printing tech-
nique for the liver tissue should be able to reproduce
structures at a wide size range from the micrometer to
centimeter scale. Current precision bioprinting meth-
ods such as inkjet-based printing and laser-assisted
printing have a high resolution; however, their appli-
cability to the fabrication of large organs is limited.
By contrast, while extrusion-based printing can help
fabricate human-scale tissues, its resolution is not suf-
ficiently high to reproduce microscale structures such
as the sinusoid. In this study, we developed a pre-set
extrusion bioprinting method that allows for the in-si-
tu fabrication of heterogeneous artificial tissue-like
structures. Various structures such as the spinal cord,
hepatic lobule, capillary, blood vessels, and even an
*‘S’-shaped object were fabricated heterogeneously to
confirm the feasibility of pre-set extrusion bioprinting.
Moreover, a tetramerous structure was fabricated by
both pre-set extrusion and conventional bioprinting
to compare cell viability with the two techniques.
Further, endothelial cells (ECs) and HepG2 cells
were heterogeneously co-printed by pre-set extrusion
bioprinting, and the cell viability, proliferation, and
enzyme activity of CYP3A4 in both groups (homoge-
neous or heterogeneous cell printing) were evaluated
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in parallel.

ARTIFICIAL CORNEA FOR ULTRA-THIN DE-
SCEMET’S STRIPPING ENDOTHELIAL KER-
ATOPLASTY USING STEM CELLS

Park, Kyungmee, Park, Soyoung, An, Jeonghee

\eterinary Medicine, Chungbuk National University,
Chengju, Korea

Loss of corneal endothelium sometimes lead to in-
curable eye diseases including corneal edema, vision
impairment, inflammation and pain. Although cor-
neal transplantation is the ultimate treatment for the
diseases, many patients are on the waiting lists due to
the shortage of donor cornea. Moreover, Descemet’s
(DM) stripping endothelial keratoplaty have advan-
tage of low risk of graft rejection than penetrating ker-
atoplasty. Here, we produced bioengineered ultra-thin
DM strips and endothelial layers using porcine cornea
and human induced pluripotent stem cell-derived cor-
neal endothelial-like cells (iPS-CEC). For producing
ultra-thin DM strips from porcine cornea, decellular-
ization of porcine cornea were done for 5 hours using
0.1% SDS and then manually separate DM strips. Fi-
nally, the strips were decellularized additional 5 hours,
washed and sterilized. The thickness of the ultra-thin
DM strips were less than 100pum. Next, we seeded
5x103 iPS-CEC/mm2 on the DM and the recellular-
ized cornea were cultured. The xenogenic antigens of
porcine cornea including alactose-alpha-1,3-galac-
tose, swine leukocyte antigen and porcine endogenous
retrovirus were disappeared but cornea derived extra-
cellular matrices such as collagen I and IV were main-
tained. The reseeded cells were distributed over DM.
Moreover, gene and specific marker expression were
confirmed using RT-PCR and immuno-staining. Al-
though future clinical studies are needed, engineered
DM and endothelial tissues using stem cells will be
useful tools for the treatment of incurable corneal dis-
eases.

Funding Source: Supported by the Global Re-
search and Development Center (GRDC) Program
through the National Research Foundation of Korea
(NRF) funded by the Ministry of Education, Sci-
ence and Technology 2017K1A4A3014959 and
NRF-2018R1D1A1B07050014.

INDUCED OSTEOGENESIS IN PLANTS DE-
CELLULARIZED SCAFFOLDS

Jung, Hyerin', Lee, Jennifer?, Park, Narae', Ju, Ji
Hyeon*

!Catholic iPSC Research Center, The Catholic Univer-
sity of Korea, Seoul, Korea, 2Divison of Rheumatology,
Seoul St. Mary’s Hospital, The Catholic University of
Korea, Seoul, Korea

Ectopic calcification occurs frequently in human body,
yet it is not well defined about tropism and major de-
termining factors. A three- dimensional (3D) culture
system is essential to generate bone-like structures in
vitro that accurately represent the in vivo microenvi-
ronment of a calcification. Nature’s plants have 3D
cellulose structure, plausible alternative scaffold for
osteoblast culture and differentiation. In this study, we
aimed to generate bone-like tissue using human in-
duced pluripotent stem cell (hiPSCs) in nature’s plant
scaffold. We cultured and differentiated hiPSCs into
osteoblasts inside of a decellularized various fruits
scaffold. Mineralization was evaluated by osteogenic
differentiation marker. Apple scaffold containing reg-
ular pores with diameter of 300pum was most calcifi-
cation-friendly. This bone-like tissue was implantable
in a calvarial defect rat model and helped to form
mineralized tissue. We could generate mineralized
bone tissue in simple nature’s apple scaffold without
sophisticated technique. Regularity and specific size
of scaffold pore may affect bone formation and miner-
alization.

Funding Source: This study was supported by a grant
of the Korea Health Technology R&D Project through
the Korea Health Industry Development Institute
(KHIDI), funded by the Ministry of Health & Welfare,
Korea (grant number: HO16C0001), and a grant from
the Basic Science Research Program through the Na-
tional Research Foundation of Korea (NRF) funded
by the Ministry of Science, ICT, & Future Planning
(grant number: 2017R1C1B2002804).
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MODELING OF GLIOBLASTOMA USING
BRAIN ORGANOID

Kim, Hyun-mun, Lee, Sang Hyeok, Hwang, Dong-
youn

Biomedical Science, CHA University, Sungnam, Korea

Glioblastoma multiforme (GBM) is the most dev-
astating cancer that represent 15% of brain tumors.
With standard treatment, median survival for adults is
approximately 12 to 15 months and less than 3% of
patients are known to survive more than five years.
Standard treatments for GBM include surgery, che-
motherapy and radiotherapy. Although temozolomide
(TM2Z) is often used as part of chemotherapy, most
patients eventually die within a short period of time.
Currently there has not been much research done by
a proper GBM model to imitate the human microen-
vironment. To address this problem, we have estab-
lished a 3D brain organoid system as an in vitro model
of GBM. Our GBM maodel is expected to provide a
unique opportunity to study mechanistic details of
etiopathophysiology of GBM and to screen and vali-
date efficacy of drugs to treat patients suffering from
GBM.

Funding Source: This study was supported by
2018M3A9H2021653 from Ministry of Science and
ICT, and HI18C0096, HI16C1559 from Ministry of
Health and Welfare.

CHARACTERIZATION OF NEURO-ORGAN-
OID DERIVED FROM PIG EMBRYONIC
STEM CELL LINE

Hwang, Seon-ung®, Eun, Kiyoung?, Kim, Mirae',
Lee, Gabsang®, Kim, Hyunggee?, Hyun, Sang-hwan*

College of \eterinary Medicine, Chungbuk National
University, Cheongju, Korea, “Department of Biotech-
nology, School of Life Sciences, Korea University,
Seoul, Korea, ®Institute for Cell Engineering, Johns
Hopkins University School of Medicine, Baltimore,
MD, USA

Although the human brain is an ideal model for study-
ing human neuropathology, it is difficult to culture in
in vitro that genetically engineer healthy or diseased
brain tissue. Therefore, it is an inadequate model for
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studying molecular mechanisms responsible for neu-
rological diseases. In this study, we established two
porcine embryonic stem cell(pES) lines. These pES
lines contained brain tumor-inducing genes and were
confirmed by PCR. These pES lines were used to in-
duce neural differentiation to produce the in vitro brain
tumor model. pES were cultured using the SFEBq(se-
rum-free floating culture of embryoid-body(EB)-like
aggregates with quick reaggregation) method. The
SFEBq culture method recreates the process of in situ
generation by using the phenomenon (self-organiza-
tion) that the cell group makes a spontaneous orderly
structure. Neural organoids were formed through
neural induction, neural patterning and neural ex-
pansion stages. They were cultured in vitro for up to
61 days. The expression of Dopaminergic Neuronal
Marker(TH) and Mature Neuronal Marker(MAP2)
was confirmed at the 61st day by PCR. Expression of
MAP2 was also confirmed in neural cells. On day 61,
the organoid was cryosectioned and immunostained.
As a result, expression of Mature Neuronal Marker(-
MAP2), Neural Stem Cell marker (PAX6), Neural
Progenitor Markers (5100, SOX2) and Early Neuronal
Markers (Nestin) was confirmed. In conclusion, we
have formed neuronal organoids derived from porcine
embryonic stem cells in in vitro. This protocol can be
used as a tool to develop in vitro models for drug de-
velopment, patient-specific chemotherapy, and human
CNS disease studies.

Funding Source: This work was supported, in part,
by a grant from the “National Research Foundation(N-
RF) of Korea Grant funded by the Korean Govern-
ment (NRF-2017R1A2B4002546)“ and “The Global
Research and Development Center (GRDC) Program
through the NRF funded by the Ministry of Education,
Science and Technology (2017K1A4A3014959)”,
Korea.

IN VITRO 3D LIVER MODEL UTILIZING HU-
MAN IPSC INDUCED HEPATOCYTES FOR
DRUG TESTING

Tsang, Hoi Ying, Lo, Hau Yi Paulisally, Lee, Ka Ho
Kenneth

The School of Biomedical Sciences, The Chinese
University of Hong Kong, Hong Kong

Chronic liver diseases including liver cirrhosis have
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been one of the highest leading causes of death in
Hong Kong and in other developed countries for these
decades, yet no cures have been found as the current
drug discovery process relies on cells growing on petri
dishes, which is lack of representativeness to their in
vivo counterparts. Cells growing in monolayer lack
the cell-interactions and cell-ECM interactions, which
contributes to the high failure rate of preclinical and
clinical studies. Our study aims at creating a novel
vascularized 3D liver model using human induced plu-
ripotent stem cells (iPSCs) induced hepatocytes and
other non-parenchymal and stromal cell types, includ-
ing hepatic stellate cells, mesenchymal stem cells and
endothelial cells. Parenchymal and non-parenchymal
cell types are firstly co-cultured in an organoid man-
ner, after the induction of vascularization, organoids
are then further fabricated into a large and functional
“liver tissue” with the help of a novel biocompatible
bioink. Liver models utilizing iPSC-derived cells al-
low drug screening which demonstrates patient-spec-
ificity, as well as future clinical applications, such as
organ transplantation for chronic liver disease patients,
with minimal level of immune response.

Funding Source: GRF grant CUHK 469313.

CHARACTERIZATION AND ISOLATION OF
BOVINE LGR5+ INTESTINE STEM CELLS
TOWARD THREE-DIMENSIONAL (3D) OR-
GANOID

Lee, Bo Ram, Yang, Hyeon, Rallabandi, Harikrishna
Reddy, Lee, Hwi Cheul, Ock, Sun A, Byun, Sung June

Animal Biotechnology, National Institute of Animal
Science, Wanju, Korea

Three-Dimensional (3D) organoid culture holds great
promise for regenerative medicine as well as disease
modeling based host-pathogen interactions and drug
toxicity in livestock. However, very limited studies are
available on characterization and isolation of bovine
intestine stem cells compared to rodents or human.
Recently, significant efforts have been made to es-
tablish an in vitro validation system for 3D organoid
culture of bovine intestine stem cells for replacement
of animal experiments and practical applications,
including stem cell transplantation and nutrition phys-
iology. In this study, Lgr5+ intestine stem cells from
different bovine intestine in adult were characterized

with several specific markers in vivo, and sequentially
isolated. Furthermore, Lgr5+ intestine stem cells were
cultivated and the expression of specific markers and
functionality was maintained during several passages
of culture. Collectively, these results first time demon-
strate the efficient isolation and characterization of
bovine Lgr5+ intestine stem cells and 3D organoid
culture. Finally, culturing derived bovine Lgr5+ intes-
tine stem cells in 3D has opened up new possibility for
the exploration of nutrition physiology, toxicity and
the system development of fatal disease modeling ap-
proaches in agriculture.

Funding Source: This work was conducted with the
support of National Institute of Animal Science (Proj-
ect No. PJ0142222019), Rural Development Adminis-
tration, Korea.

GENERATION OF INSULIN-PRODUCING
CELLS FROM MOUSE SMALL INTESTINE
ORGANOIDS

You, Young-hye, Kim, Min Jung, Yoon, Kun-ho,
Kim, Ji-won

Endocrinology, The Catholic University of Korea,
Seoul, Korea

Organoids, a multi-cellular and organ-like structure
cultured in vitro, can be used in a variety of fields such
as disease modeling, drug discovery, or cell therapy
development. Small intestinal organoids have become
an important tool to study crypt homeostasis, cell fate
dynamics and tissue biomechanics. The purpose of this
study was to establish the organoid culture conditions
in mouse small intestinal crypts and to generate of in-
sulin-producing cells from intestinal organoids. Crypts
were isolated from jejunum of C57BL/6 mouse. Two
hundred crypts were cultured in organoid medium
with either epidermal growth factor/Noggin/R-spon-
dinl (ENR). For generation of insulin-producing cells
from intestinal organoids, we used adenoviruses vector
carrying a construct Ngn3/Pdx1/MafA/mCherry (Ad-
NPM). The intestinal organoids were transplanted un-
der the kidney capsule of normoglycaemic C57BL/6
mice. Long-term culture conditions were established
using the organoid culture technique in the small in-
testine of mouse. We observed the mRNA expression
of intestinal markers in the small intestinal organoids
using RT-PCR. And we identified the protein expres-
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sion of Lgr5 (intestinal crypt stem cell marker) and
chromogranin A (enteroendocrine cells marker) in
the small intestinal organoids by immunofluorescent
staining. In vivo study, we confirmed that insulin ex-
pression cells were observed in the transplanted graft
over two and four weeks. Our results thus demonstrate
that the intestine is an accessible and abundant source
of insulin-producing cells.

MODELLING G2019S-LRRK2 SPORADIC
PARKINSON’S DISEASE IN 3D MIDBRAIN
ORGANOIDS

Kim, Hongwon', Kim, Jongpil?

'Medical Biotechnology, Dongguk University, Seoul,
Korea, 2Chemistry, Dongguk University, Seoul, Korea

Recent advances in generating 3 dimensional (3D) or-
ganoid systems from stem cells offer new possibilities
for disease modeling and drug screening because or-
ganoids can recapitulate aspects of in vivo architecture
and physiology. In this study, we generate isogenic
3D midbrain organoids with or without a Parkinson’s
disease-associated LRRK2 G2019S mutation to study
the pathogenic mechanisms associated with LRRK2
mutation. We demonstrate that these organoids can
recapitulate the 3D pathological hallmarks observed in
patients with LRRK2-associated sporadic Parkinson’s
disease. Importantly, analysis of the protein-protein
interaction network in mutant organoids revealed that
TXNIP, a thiol-oxidoreductase, is functionally im-
portant in the development of LRRK?2-associated Par-
kinson’s disease in a 3D environment. These results
provide proof-of-principle for the utility of 3D organ-
oid-based modeling of sporadic Parkinson’s disease in
advancing therapeutic discovery.

Funding Source: This work was supported by the
National Research Foundation of Korea funded by
the Ministry of Education, Science, and Technology
(2017M3A9C6029306).
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ENHANCED DIFFERENTIATION AND MY-
ELINATION OF HUMAN INDUCED PLU-
RIPOTENT STEM CELL-DERIVED OLI-
GODENDROCYTES ON ALIGNED BRAIN
EXTRACELLULAR MATRIX

Cho, Ann-na, Jin, Yoonhee, Kim, Jung Hoon, Kim,
Su Kyeom, Jeong, Eunseon, Kim, Yu heun, Kim,
Sooyeon, Cho Seung-woo

Biotechnology, Yonsei University, Seoul, Korea

Myelination by oligodendrocytes (OL) is a key devel-
opmental milestone in terms of the functions of the
central nervous system (CNS). Thus, demyelination
caused by defects in OL consider as a hallmark of
several CNS-related disorders. Although a poten-
tial therapeutic strategy involves treatment with the
myelin-forming cells, there is no readily available
source of these cells. OL can be differentiated from
pluripotent stem cells, however there is a lack of ef-
ficient culture systems that generate functional OL.
In this study, we demonstrate biomimetic approaches
to promote OL differentiation from human induced
pluripotent stem cells (iPSCs) and to enhance the mat-
uration and myelination capabilities of iPSC-derived
OL (iPSC-OL.). Our results indicated functionalization
of culture substrates using brain extracellular matrix
(BEM) derived from decellularized human brain
tissue enhanced the differentiation of iPSCs into my-
elin-expressing OL. We also observed that co-culture
of iPSC-OL with induced neuronal (iN) cells on BEM
substrates, which closely mimics the in vivo brain
microenvironment for myelinated neurons, not only
enhanced myelination of iPSC-OL, but also improved
electrophysiological function of iN cells. BEM-func-
tionalized aligned electrospun nanofibrous scaffolds
further promoted the maturation of iPSC-OL, en-
hanced the production of myelin sheath-like structures
by the iPSC-OL, and enhanced the neurogenesis of iN
cells. Thus, the biomimetic strategy presented here can
generate functional OL from stem cells and facilitate
myelination by providing brain-specific biochemical,
biophysical, and structural signals. To conclude, our
system comprising stem cells and brain tissue from
human sources could help in the establishment of hu-
man demyelination disease models and the develop-
ment of regenerative cell therapy for myelin disorders.

Funding Source: This research was supported by the
grants (2015M3A9B4071076 and 2018M3A9H1021382)
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from the National Research Foundation of Korea (NRF)
funded by the Korean government.

DEVELOPMENT OF MATURE FOREBRAIN
ORGANOIDS BY SPATIALLY AND TEMPO-
RALLY CONTROLLING NEURODEVELOP-
MENTAL PATTERNING CUES

Choi, Seoyoung, Kim, Eunjee, Kim, Seungeun, Kim,
Yubin, Shin, Kunyoo

Department of Life Sciences, Pohang University of
Science and Technology (POSTECH), Pohang, Korea

The biggest challenge to study human brain is the lack
of experimental systems that can precisely represent
the complexity of human brain. Recently, with the ad-
vance of stem cell technologies, the efforts have been
made to develop in vitro three-dimensional organ- like
tissues called organoids, providing reliable tools to
study human brain and neurological disorders. Current
technology of developing brain organoids, however,
is limited in that it fails to provide essential patterning
cues and adequate signals to induce the proliferation
of neural progenitors, which are two crucial factors for
the development of normal brain. As a result, currently
available brain organoids only recapitulate the early
stage of human brain development, lacking laminar
organization of mature cortical layers. Here, we gener-
ate human forebrain organoids that represent the ma-
ture six-layered cortical structure with increased size
of each layer by spatially and temporally controlling
three crucial patterning molecules, Hedgehog, Wnt,
and Reelin. The pathway activities of Hedgehog and
Whnt signaling are initially suppressed to induce the
early lineage specification of forebrains. To expand
the neural progenitor population at the later stage, the
activities of the same pathways are pharmacological-
ly increased, leading to the heightened proliferation
of neural progenitors and the development of thicker
cortical layers. Correct organization of developing
cortex such as accurate positioning of neuronal layers
is finally achieved by reconstituting brain organoids
with tetracycline-inducible, Reelin expressing mes-
enchymal stem cells, which allow to spatially and
temporally control its expression during the later stage
of forebrain organoid development. Furthermore, we
demonstrate the applicability of our platform to model
the various neurodevelopmental disorders, such as
schizophrenia, whose understanding of pathogenesis

requires organoid system that is capable of represent-
ing mature characteristics of human brains including
thick cortical layers and connectivity. Taken together,
our work shows the effective strategies to develop ma-
ture human forebrain organoids, and will provide the
strong foundation to understand various neurological
disorders for the development of better therapeutic op-
tions.

SINGLE CELL TRANSCRIPTOMIC ANALY-
SIS OF HUMAN CEREBRAL ORGANOIDS
REVEALS SKEWED NEURAL DIFFERENTIA-
TION IN DOWN SYNDROME

Hoeber, Jan, Klar, Joakim, Schuster, Jens, Sobol,
Maria, Anneren, Goran, Dahl, Niklas

Department of Immunology, Genetics and Pathology,
Group Medical Genetics and Genomics, Uppsala
University/Science for Life Laboratory, Uppsala,
Sweden

Down syndrome, caused by trisomy for chromosome
21 (T21), is the most common specific cause of intel-
lectual disability with an incidence of approximately
1/750 births world-wide. Impaired cognition is the ma-
jor disabling feature in Down syndrome and this is as-
sociated with gross regional and cellular brain abnor-
malities. The limited access to brain specimens have
made neural derivatives from induced pluripotent stem
cells with T21 an attractive in vitro model of Down
syndrome. Stem cell-derived brain organoids recapitu-
late key stages of prenatal human cortex development,
thus they make an in-depth analysis of the fetal Down
Syndrome cortex possible. Single cell transcriptome
analysis from T21 neural cultures and T21 organoids
revealed an abnormal distribution of cell types. Radial
glia populations appeared vastly under-represented
in T21, in contrast vascular-leptomeningeal cells
(VLMC), a meningeal cell type that forms protective
membranes around the infiltrating vasculature of the
brain, appeared vastly over-represented. The formation
of VLMC:s in organoids with and without T21 appears
to be continuous and with a differentiation trajectory
distinct from that of neuronal cells. We hypothesize
that carrying an extra chromosome 21 induces a shift
away from neural differentiation of cerebral organoids
resulting in the generation of a higher proportion of
vascular and leptomeningeal cells at the expense of
radial glia. This could explain the reduced number and
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density of cortical neurons found in the DS etiology.

Funding Source: This work was supported by the
Swedish Research Council (VR) and Science for Life
Laboratory (SciLifeLab).

THREE-DIMENSIONAL RECONSTITUTION
OF MINIATURE BLADDERS THAT STRUC-
TURALLY AND FUNCTIONALLY RECAPITU-
LATE IN VIVO TISSUE REGENERATION AND
CANCER

Kim, Eunjee, Kim, Sungeun, Kim, Yubin, Choi,
Seoyoung, Shin, Kunyoo

Life Sciences, Postech, Pohang, Korea

Current organoid models are limited by their failure to
account for factors, such as mature organ architecture
and tissue microenvironment. Here, we reconstitute
tissue stem cell-based, multilayered miniature blad-
ders that structurally and functionally mimic mature
mammalian urinary bladders. These mini-bladders
recapitulate the in vivo tissue dynamics of the regen-
erative response to bacterial infection; heightened
activity of signalling feedback between the urothelium
and stroma and the associated increase in cell prolifer-
ation cause the regenerative portions of urothelium to
arise from single cells through oligoclonal expansion.
Further, using three-dimensional bioprinting technol-
ogy, we developed multilayered tumor organoids with
stroma that recapitulate the in vivo pathophysiology of
patient-derived invasive urothelial carcinoma, includ-
ing tumor—stroma interaction, slower drug response,
immune cell infiltration and muscle invasion. Thus,
our study provides a conceptual framework for the re-
constitution of multilayered, functional organoids de-
rived from tissue stem cells or tumor cells that mimic
the biology of native tissues.
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HIGH-THROUGHPUT MICROFLUIDIC PLAT-
FORM FOR STUDYING VASCULARIZATION
OF IPSC-DERIVED KIDNEY ORGANOIDS

Zhang, Luc?, Previdi, Sara®, Kurek, Dorota’, Koning,
Marije?, Van Den Berg, Cathelijne?, Wiersma, Loes?,
Rabelink, Ton®

'Research and Development, Mimetas B.V., Leiden,
Netherlands, ?Department of Internal Medicine
- Nephrology, Leiden University Medical Center,
Leiden, Netherlands, *Einthoven Laboratory of Vascu-
lar and Regenerative Medicine, Leiden University
Medical Center, Leiden, Netherlands

Kidney organoids derived from human induced plu-
ripotent stem cells (iPSCs) represent a powerful in
vitro model for studying kidney development, disease
mechanisms and drug testing. Despite the great level
of structural complexity reached in vitro, these kidney
organoids are immature possibly due to the lack of a
functional vascular system. Transplantation of kidney
organoids under the kidney capsule of a mouse can
significantly improve their maturation. However, al-
ternative approaches are valuable for studying these
processes in vitro. Microfluidic techniques show great
potential in bridging the gap between 2D in vitro cul-
tures and animal models. Here, we present the use of
a high-throughput in vitro “‘grafting’ platform which
allows co-culture of vessels with kidney organoids.
One unit of the Mimetas Organoplate® Graft is made
of two microfluidic channels in which endothelial
cells can be patterned against ECM. Presence of a
tissue chamber allows endothelial cell co-culture with
3D tissues. When kidney organoids are used, exten-
sive vascular remodeling occurred with formation of
a complex 3D network of angiogenic sprouts growing
towards the tissue. Moreover, vessel stabilization can
be monitored overtime by real time imaging and per-
fusion with 150 kDa Dextran. The established kidney
organoid-on-a-chip system provides a promising plat-
form for drug testing and disease modeling.
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Stem Cells in Cancer and
Aging

TRANSPLANTATION OF WHARTON JELLY
MESENCHYMAL STEM CELLS (WJ MSC)
AND NEURAL PROGENITOR CELLS (NPC)
IN ALZHEIMER’S DISEASE (AD)

Hwang, Jung Won, Li, Ling, Na, Duk.I
Neurology, Samsung Medical Centre, Seoul, Korea

Since there is no cure or effective treatment for Alz-
heimer’s disease (AD), stem cell transplantation
therapy may be able to replace the damaged neurons
during the course of the disease. Previous studies have
shown that Wharton jelly mesenchymal stem cells
(WJ- MSCs) release factors and anti-inflammatory
cytokines following transplantation, making them
less vulnerable to rejection by host. However, the
evidence for WJ- MSCs acquiring the phenotypes of
neuro-ectodermic cells has yet to be elucidated. Neu-
ral progenitor cells (NPCs) can give rise to central
nervous system (CNS)‘s cell types such as neurons,
astrocytes and oligodendrocytes. In the present study,
WJ-MSCs (1x105) are injected into the lateral ventri-
cles of AD mouse model mice and then 7 days later
NPCs (1x105) are transplanted into the hippocampus.
4 weeks after transplantation, animal group which
received both WJ MSCs and NPCs displayed higher
number of alternations in Y-maze test than those which
with WJ MSC or NPC transplants only. We conclude
that a combinatory transplant of WJ MSCs and NPCs
has therapeutic effects in AD model.

ADIPOSE TISSUE-DERIVED MESENCHY-
MAL STEM CELLS INHIBIT THE GROWTH
OF HEPATOCELLULAR CARCINOMA CELLS
THROUGH IFN-BETA-MEDIATED JAK/STAT1
PATHWAY IN VITRO

Eom, Young Woo!, Lee, Jong In?, Kim, Sung Hoon?

'Cell Therapy and Tissue Engineering Center, Yonsei
University Wonju College of Medicine, Wonju,
Korea, “Department of Hematology-oncology, Yonsei
University Wonju College of Medicine, Wonju, Korea,
3Department of General Surgery, Yonsei University
Wonju College of Medicine, Wonju, Korea

Adipose tissue-derived mesenchymal stem cells
(ASCs) are emerging as promising anti-agents to
inhibit tumor growth. However, it was not investigat-
ed that ASCs inhibit hepatocellular carcinoma cells
through IFN-beta and TRAIL in vitro. In order to test
the hypothesis, Huh7 human hepatocellular carcinoma
cells were indirectly co-cultured with ASCs for 2 days.
After indirect co-culture with ASCs, the Huh7 cells
were examined for cell viability using MTT assay or
trypan blue assay. Huh7 cells also were individually
treated with concentrated media (CM) obtained from
supernatant of cultured ASCs for 2 days with or with-
out neutralizing antibody to IFN-beta or TRAIL. In
order to investigate unveiled mechanism by IFN-be-
ta or TRAIL, cell lysates were examined for PARP,
PCNA, p53, p21, STAT1 and pSTAT1 via Western
blot. Additionally, cell cycle was analyzed through
flow cytometry in order to observe cell cycle arrest.
Results of experiments showed that cell viability by
MTT assay of Huh7 cells indirectly co-cultured with
ASCs was decreased, but not apoptosis, cell viabili-
ty compared to control group. Western blot analysis
showed increased pSTAT1 in cell lysates of Huh7
co- cultured with ASCs as compared with untreated
group. This results promoted us to make a hypothesis
that IFN-beta secreted by ASC suppress cell viability
through activation of STAT1 pathway in Huh7 cells.
In order to test the hypothesis, firstly Huh7 cells were
individually treated with concentrated media (CM)
obtained from supernatant of cultured ASCs for 2 days
with or without neutralizing antibody to IFN-beta and/
or TRAIL. It was observed that cell viability of the
Huh? cells treated with ASC-CM alone was decreased
as compared with control group. Huh7 cells co-treated
with ASC-CM and neutralizing antibody to IFN-beta,
but not TRAIL, showed increased cell viability com-
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pared to Huh7 cells treated with ASC-CM alone. To
further investigate IFN-beta-mediated mechanism, it
was hypothesized that IFN-B decreases cell viability
via pSTAT1-mediated p53/p21. Huh7 cells were treat-
ed with ASC-CM with or without JAK1/2 inhibitors,
and it was found that ASC-CM treated Huh7 cells
given JAK1/2 inhibitors showed increased cell viabil-
ity with reduced p53/p21 compared with Huh7 cells
given ASC-CM alone.

Funding Source: This work was supported by the
Small Grant for Exploratory Research (SGER) Pro-
gram (grant numbers NRF-2017R1D1A1A02019212)
through the National Research Foundation of Korea,
funded by the Korean government (Ministry of Edu-
cation).

ELUCIDATING THE DEVELOPMETAL DE-
FECT IN WERNER SYNDROME USING HU-
MAN EMBRYOINC STEM CELLS

Tian, Yuyao, Chan, Wai-yee, Cheung, Wai-yee

School of Biomedical Sciences, The Chinese Universi-
ty of Hong Kong, Hong Kong

Werner Syndrome (WS) is an autosomal recessive
genetic disorder characterized by premature aging.
This disease is caused by mutations in the WRN gene.
The first sign of WS is short stature. Individuals with
WS have an abnormally slow growth rate, and growth
stops at puberty. As a result, affected individuals have
short stature. However, the mechanism is still not
clear. To find out the cause of short stature in WS,
we reprogrammed the WS patients fibroblasts and
the isogenic normal control into mesenchymal stem
cells and compared the transcriptome by RNA-Seq.
Among the top 10 candidates, SHOX (short stature
homeobox) was noted. SHOX plays an important role
in chondrogenesis. SHOX deficiency is a frequent
cause of short stature. So, what is the role of SHOX
in WS pathogenesis? To answer this question, we
induced hESCs towards chondrocytes. We analyzed
the WRN and SHOX expression during chondrogen-
esis and noticed that the expression of both genes in-
creased gradually, indicating a high correlation during
chondrogenesis. Then, we induced the chondrocytes
by the same protocol in WRN knockout (WRN-/-) or
SHOX knockdown cells. We noticed that WRN loss
led to the decrease of SHOX during chondrogenesis.
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However, SHOX knockdown has no effect on WRN,
suggesting that WRN may regulate SHOX as an up-
stream target. To further assess the role of WRN and
SHOX during chondrogenesis, we immunostained
the cells for specific chondrogenic markes, SOX9 and
COL2A1. Again, we noticed that WRN knockout or
SHOX knockdown suppressed SOX9 and COL2A1
expression. We conclude that the loss of WRN and
SHOX blocked the chondrocyte differentiation. We
next asked how WRN regulated SHOX. It is reported
that the WRN helicase is able to recognize G-quadru-
plex (G4) motif and thus altering gene transcription.
So we did immunostaining to detect the prevalence of
G4 in vitro. Interestingly, we found that the signals of
G4 staining in WRN-/- cells was much stronger than
WRN+/+ cells, indicating that WRN is able to unwind
some of the G4. Then, binding of WRN to G4-con-
taining SHOX promoter was confirmed by ChlIP,
whereas luciferase assays suggested that WRN could
unwind SHOX G4 complex and promoted its expres-
sion. In summary, we found that the downregulation
of SHOX in WS inhibited chondrogenesis at the early
developmental stage, which may account for the short
stature.

Funding Source: This work was supported by Hong
Kong Research Grant Council Project # 1412618.

A MOLECULAR SUBTYPE OF CANCER
ORIGINATING FROM ADULT STEM CELLS
DURING REGENERATION IS DRIVEN BY
DUX TRANSCRIPTION FACTORS

Zhong, Jiasheng, Preussner, Jens, Kim, Johnny

Department of Cardiac Development and Remod-
elling, Max Plank Institute for Heart and Lung
Research, Bad Nauheim, Germany

Rhabdomyosarcoma (RMS) is a rare and aggressive
childhood cancer and the most common soft-tissue
sarcoma in children and adolescents. Rhabdomyo-
sarcomas are generally thought of as skeletal muscle
tumors, in large part because they typically arise in
or near muscle beds and show features of myogenic
differentiation. However, as for many cancer types, a
long standing open question is what the cellular origin
of RMS is and what the driven genes. The hypothesis
has been fueled that muscle progenitors or muscle
stem cells could be a cellular origin of RMS. The
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idea has been put forward that a somatic mutation in
a physiologically healthy stem cell would give rise
to a tumor propagating cell that essentially would be
the source of a respective tumor. Nevertheless, purifi-
cation of tumor stem cell also helps to identify novel
driven genes. Employing lineage tracing and skeletal
muscle regeneration as a paradigm, here we show
that regeneration-based loss of muscle stem cell qui-
escence is necessary to elicit spontaneous acquisition
of oncogenic copy number amplifications in p53 defi-
cient stem cells resulting in 100% penetrance of rhab-
domyosarcoma formation. Through genomic analyses
of purified, lineage-traced tumor cells we discovered
discrete oncogenomic amplifications driving tumor-
igenesis including, but not limited to, the homeobox
transcription factor Duxbl. We show that Dux tran-
scription factors driving embryonic/zygotic gene sig-
natures define a molecular subtype of a broad range of
human cancers. We found that Duxbl initiates tumori-
genesis by enforcing a mesenchymal-to-epithelial like
transition and demonstrate that targeted inactivation
of Duxbl specifically in Duxbl expressing tumor cells
abolishes tumor expansion. These findings suggest
that a subtype of RMS is driven by Dux transcription
factors.

Funding Source: This work was supported by the
Max Planck Society, the DFG (Excellence Cluster
Cardio-Pulmonary System [ECCPS]), the DFG Col-
laborative Research Centers SFB1213 (TP A02 and
B02) and SFB TR81 (TP02), the LOEWE Center
for Cell and Gene Therapy, the Foundation Leducq
(3CVvDO01), and the German Center for Cardiovascular
Research and the European Research Area Network
on Cardiovascular Diseases project CLARIFY. M.G.
is supported by a grant from the Herz Foundation “In-
fectophysics.”

TOWARDS A MECHANISTIC UNDERSTAND-
ING OF THE TUMOR SUPPRESSOR FUNC-
TION OF WISKOTT-ALDRICH SYNDROME
PROTEIN

Zhou, Xuan, Yuan, Baolei, Ramos Mandujano,
Gerardo, Corts Medina, Lorena Viridiana, Suzuki,
Keiichiro, Xu, Jinna, Bi, Chongwei, Izpisua Belmonte,
Juan Carlos, Li, Mo

Biological and Environmental Science and Engineer-
ing Division, King Abdullah University of Science and
Technology, Jeddah, Saudi Arabia

Wiskott-Aldrich syndrome (WAS) is a rare pediatric
disorder caused by mutations in the WAS gene. The
biological features of this disease include thrombocy-
topenia, eczema, complex immunodeficiency, and ma-
lignancy. WAS protein (WASP), encoded by the WAS
gene, is a classical actin nucleation-promoting factor.
Yet, the well-known functions of WASP fail to fully
explain the high rate (13%-~ 22%) of cancer in children
with WAS. Recently, WASP was identified as a tumor
suppressor by Chiarle’s group; however, the mech-
anism of its tumor suppressor function is not clear.
Mounting evidence has already demonstrated that the
ribosomal DNA (rDNA) gene inside the nucleolus is
critical for genome stability, chromatin structure, and
cancer pathogenesis. In addition, the perinucleolar
heterochromatin shows structural alterations in cancer
cells. Here, we use induced pluripotent stem cells (iP-
SCs) from patients with WAS (WAS-iPSC), isogenic
gene-corrected cells (c(WAS-IPSC), WASP knock out
IPSCs, and B lymphaoblastoid cell lines to study the
mechanisms of WAS pathogenesis. Our results show
that WASP interacts physically with partners inside
the nucleolus and binds to the rDNA. Mutation cells
undergo 5S rDNA copy number amplification and
45S rDNA array loss. WASP deficiency results in a
higher proliferation rate, and abnormal perinucleolar
heterochromatin. Taken together, our results show that
WASP is important for genome stability, revealing its
tumor suppressor mechanisms in blood cells.
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STEM CELL SECRETORY PROTEIN MFG-E8
PROMOTES PROLIFERATION AND MIGRA-
TION OF HUMAN HEPATOMA CELLS

Kim, llsoo?, Ko, Duck Sung', Kim, Hyojin', Chi,
Kyun You!, Kim, Gyeongmin®, Han, Jiyou?, Kim,
Jong-hoon!

!Department of Biotechnology, Korea University,
Seoul, Korea, 2Department of Biological Sciences,
Hyupsung University, Hwasung, Korea

Milk fat globule-EGF factor 8 (MFG-EB8) is a glyco-
protein, which is secreted from various cell types, in-
cluding mesenchymal stem cells, and mediates a wide
spectrum of biological processes such as phagocytic
clearance of apoptotic cells. MFG-E8 has also been
known to be associated with different types of cancer.
Although therapeutic effects of MFG-ES8 in liver fi-
brosis has been recently revealed, roles of MFG-E8 in
liver cancer invasion and progression remain largely
unknown. The aim of this study was to elucidate the
biological role of MFG-ES8 in human hepatocellu-
lar carcinoma cells. To this end, three kinds of well-
known human hepatocellular carcinoma (HCC)
lines (HepG2, Hep3B, and Huh7) were investigated
through gain-of-function and loss-of-function studies
for MFG-ES8 in vitro. Overexpression of MFG-E8 by
lentiviral transfection induced EMT processes and
increased the proliferation of HCCs, as determined
by RT-PCR, Western blot, and MTT analyses. The
enhanced proliferative capacity was abolished by the
treatment with anti-MFG-E8 neutralizing antibodies.
Wound healing assay showed that the migration ability
of HCCs was also significantly promoted by MFG-ES8
overexpression. In consistent with data obtained from
overexpression study, knock-down of MFG-E8 gene
by RNA interference profoundly reduced both migra-
tion and proliferation of HCCs in vitro, compared with
control groups. The reduction in both migration and
proliferation was rescued by the treatment with recom-
binant MFG-ES8 protein in HCCs knocked down for
MFG-ES8 in vitro. These results suggest that MFG-E8
plays a critical role in liver cancer progression and
may provide opportunities for the further studies of
liver cancer treatment.

Funding Source: This research was supported by the
Bio & Medical Technology Development Program of
the National Research Foundation (NRF) funded by the
Ministry of Science & ICT (No. 2017M3A9B4042581
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and No. 2018M3A9H1019504), School of Life Science
and Biotechnology for BK21 Plus for Jong-Hoon Kim.

EFFECT OF ASTAXANTHIN ON ENHANCED
CELL PROLIFERATION AND PROTECTIVE
RESPONSE AGAINST OXIDATIVE DAMAGE
IN UMBILICAL CORD DERIVED MESEN-
CHYMAL STEM CELLS VIA FOX03/ SIRT1
AXIS

Ponnikorn, Saranyoo, Thitvirachawat, Sasipim,
Kong, Sirapath Peter, Vejwikul, Chonlada

Medicine, Chulabhorn International College of Medi-
cine/Thammasat University, Pathum Thani, Thailand

A lipid-soluble xanthophyll carotenoid, astaxanthin
(ASX) is a highly potent antioxidant compared with
many vitamins and other polyphenol compounds. As
a promising nutraceutical resource that is synthesized
by many marine organisms, ASX has been studied on
various cellular activities including anti-inflammation
and anti-cancer. It has been reported that ASX could
improve the proliferation of neural stem cells as well
as promote neural stem cell differentiation. However,
influence of ASX on human mesenchymal stem cell
has not been investigated. The purpose of this recent
study is to clarify the effect of ASX on umbilical cord
derived mesenchymal stem cells (UC-MSCs) and to
examine the underlying mechanism of ASX against
H202 induced oxidative damage. By using real time
cell analysis (RTCA) under the electrical impedance
monitoring to quantify cell division, treatment of UC-
MSCs with ASX exhibited a significant increase in
cell proliferation index while H202 inhibited MSCs
growth during the period 24h to 48h. Interestingly,
ASX greatly improved the viability of UC-MSCs in-
duced oxidative damage by H202 exposure. Further-
more, ASX treatment also led to marked activation of
FOXO3 and induced co-localization of FOXO3 and
SIRT1 protein under immunofluorescence assay. This
indicated that ASX exerted an anti-oxidative activity
under FOXO3/SIRT1 in mesenchymal stem cells.

Funding Source: Chulabhorn International College
of Medicine Research Grant.
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ANABILITY OF PROGRAMIN 2 TO REVERSE
SENESCENCE OF HUMAN BONE MARROW
DERIVED MESENCHYMAL STEM CELLS

Laane, Grete, Lo, Paulisally Hau Yi, Lee, Kenneth
KaHo

Biomedical Sciences, Development and Regenerative
Biology, Chinese University of Hong Kong, Hong
Kong

Human mesenchymal stem cells (MSCs) are multi-
potent connective tissue cells that are one of the most
attractive stem cell source for tissue engineering and
cell therapy. MSCs possess a potential to self-renew
and differentiate into various types of cells such as
osteocytes, adipocytes, chondrocytes and neurons.
Compared to the pluripotent stem cells these cells are
also easier to harvest and free from ethical complica-
tions. MSCs have also good immunosuppressive ca-
pacity and they do not form teratomas in vivo. MSCs
proliferate well in vitro but old patients’ MSCs enter
senescence a lot faster compared to the young patients’
MSCs. This limits their use in tissue engineering and
therapy since old patients are usually in higher de-
mand of treatments. Therefore, it is crucial to enhance
the proliferation capacity of these cells. In this project
we tested an ability of the small molecule Programin
2 to reverse the senescence of bone marrow derived
mesenchymal stem cells (BM-MSCs). Level of var-
ious proliferation markers such as phosphorylated
histone H3 (PH3) and senescence associated beta-ga-
lactosidase staining were observed. In addition, an ex-
pression of proliferation associated genes such as Ki67
and SIRT1 and the level of senescence associated
genes such as p21 and p16 were investigated after the
Programin 2 treatment. Also the morphological chang-
es were detected after the treatment. The results of this
project have showed evidences that small molecule
Programin 2 has potential to re-activate the prolifera-
tion in senescent BM-MSCs.

COMMOM AND DISEASE-SPECIFIC ALTER-
ATION OF BONE MARROW MESENCHYMAL
STORMAL CELLS IN MYELODYSPLASTIC
SYNDROME AND MULTIPLE MYELOMA

Choi, Hayoung!, Kim, Yonggoo?, Kim, Jiyeon®,
Kwon, Ahlm?, Kang, Dain*, Kim, Jung Min?, Kim,
Yoo-jin, Min, Chang-ki*, Kim, Myungshin*

!Catholic Genetic Laboratory Center, Seoul St. Mary’s
Hospital, College of Medicine, The Catholic Univer-
sity of Korea, Seoul, Korea, “Department of Labo-
ratory Medicine, College of Medicine, The Catholic
University of Korea, Seoul, Korea, *Genoplan Korea,
Inc, Seoul, Korea, “Department of Hematology, Leuke-
mia Research Institute, Seoul St. Mary’s Hematology
Hospital, College of Medicine, The Catholic Universi-
ty, Seoul, Korea

The objective of this study was to explore characteris-
tics of bone marrow mesenchymal stromal cells (BM-
MSCs) derived from patients with myelodysplastic
syndrome (MDS) and multiple myeloma (MM). BM-
MSC:s failed in colony formation in 35.0% of patients
and half of isolated BM-MSCs stopped to proliferate
before passage 6. Gene expression profiles by microar-
ray analysis demonstrated that premature senescence
occurred via common molecular mechanisms includ-
ing activation of ERK1 and ERK2 cascade. Patient’s
BM-MSCs also showed impaired hemotopoietic sup-
port, decreased osteogenesis, and increased angiogen-
esis. Disease-specific alterations including tendency of
neurogenesis in MDS-MSCs, decreased adipogenesis,
and tendency of cardiogenesis in MM-MSCs were
identified. These results were validated through in vi-
tro differentiation and ex-vivo coculture experiments.
We firstly demonstrated that BM microenvironment
was altered variously in each patient. Specifically, the
value of CDKN2A expression in BM-MSCs mea-
sured by reverse transcription quantitative PCR was
correlated with the degree of impaired proliferation
activity. Further immunohistochemistry on BM biop-
sy showed that CDKNZ2A was intensely accumulated
in perivascular cells of BM that showed failure in
colony formation. These results collectively indicate
that MDS-MSCs and MM-MSCs have common
and different alterations at various degrees. Hence, it
IS necessary to evaluate their alteration status using
representative markers such as CDKN2A expression.

Funding Source: Supported by grant (18172MFDS182)
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from Ministry of Food and Drug Safety in 2016 and
grant (HI15C3076) of the Korea Health Technolo-
gy R&D Project through the KHIDI funded from of
Health & Welfare, Korea.

HYPOXIC HUMAN UMBILICAL CORD-DE-
RIVED MESENCHYMAL STEM CELLS EX-
ERT ENHANCED ANTI-CANCER EFFECTS
ON HUMAN CERVICAL CANCER CELLS

Han, Kyu-hyun, Kim, Ae-kyeong, Jeong, Gun-jae,
Jeon, Hye Ran, Kim, Dong-ik

Vascular Surgery, Sungkyunkwan University, Seoul,
Korea

The aim of this study was to investigate whether hy-
poxic human umbilical cord-derived mesenchymal
stem cells (hUC-MSCs) showed anti-cancer effects
on human cervical cancer cells (HeLa cells) compared
with normoxic hUC-MSCs. CM from hypoxic hUC-
MSCs (H-CM) strongly suppressed cell viability and
induced apoptosis of HeLa cells compared with con-
ditioned medium (CM) from normoxic hUC-MSCs
(N-CM). Furthermore, H-CM increased caspase-3/7
activity, decreased mitochondrial membrane poten-
tial (MMP), and induced cell cycle arrest including
increased GO/G1 phase, decreased S phase and de-
creased G2/M phase in HelLa cells. However, cell
viability, apoptosis, and MMP of human dermal fibro-
blast (hDFs) were not significantly changed between
treatment of N-CM and H-CM, whereas caspase-3/7
activity was decreased by H-CM. According to protein
antibody array, activin A, Beta IG-H3, TIMP-2, RET,
and IGFBP-3 were upregulated in H-CM compared
with N-CM. In Gene Ontology (GO) analysis on in-
tracellular signaling of HeLa with H-CM compared
with N-CM, upregulated intracellular proteins in HeLa
with H-CM represented apoptosis and cell cycle arrest
terms of biological processes, whereas upregulated
intracellular proteins in hDFs with H-CM represented
negative regulation of apoptosis. In Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathways,
upregulated intracellular proteins in HelLa cells with
H-CM compared with N-CM represented cell cycle
as a term with highest —log10 p value, whereas upreg-
ulated intracellular proteins in hDFs cells with H-CM
represented PI3K-Akt signaling pathway as a term
with highest —log10 p value. The most common pro-
tein in biological process of GO and KEGG pathways
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of upregulated proteins in HelLa cells with H-CM was
p53 (Acetyl-Lys386). In conclusion, H-CM with up-
regulation of activin A, Beta 1G-H3, TIMP-2, RET,
and IGFBP-3 showed enhanced anti-cancer effects on
HeLa cells but did not influenced on cell survival of
hDFs, and induced intracellular pathway related with
apoptosis in HeLa cells whereas cell survival in hDFs.

Funding Source: Bio & Medical Technology Devel-
opment Program of the National Research Founda-
tion (NRF) funded by the Ministry of Science & ICT
(NRF-2018M3A9E2023255).

Disease Modeling and Drug
Screening

BISPHENOL-AAFFECTS TO ELECTROPHYS-
IOLOGY IN HUMAN INDUCED PLURIPO-
TENT STEM CELL-DERIVED CARDIOMYO-
CYTES

Hyun, Sung-ae, Lee, Chang Yeon, Chon, Sun-hwa,
Seo, Joung-wook

Phamacology and Drug Abuse Research Group,
Korea Institute of Toxicology, Daejeon, Korea

Bisphenol-A (BPA) is an endocrine disrupting chem-
ical which is used on a wide range in industry. This
compound has been used in the manufacture of poly-
carbonate plastics and epoxy resins. Although BPA is
widely used in industry, it is reported taht exposure to
BPA is effect on brain, behavior of animal, prostate
and breast cancer, miscarriage, birth defects, diabetes
and obesity in animal study. Thus, BPA safety issues
was concerned. Epidemiological studies have shown
positive correlations between endocrine disrupting
chemical exposure and coronary artery disease, hy-
pertension, atherosclerosis, and myocardial infarction.
Recently, human induced pluripotent stem cell-de-
rived cardiomyocytes (hiPSC-CMs)-based assay
Is increasingly used as a new model of cardiac risk
assessment. Thus, we investigates the effects of BPA
on cardiac risk by electrophysiological method using
hiPSC-CMs. Initially, we study the effect of BPA on
cytotoxicity was no effect on any concentrations up
to 100 uM. Next, we investigate whether BPA af-
fects cardiac field potential with electrophysiological
parameters including field potential duration (FPD),
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sodium spike amplitude (SSA), and beat per minute
(BPM) in Multi-electrode array (MEA). This result
from treatment of BPA with chronic showed that FPD,
sodium spike amplitude and BPM were decreased
in a concentration dependent manner whereas acute
treatment of BPA was decreased only sodium spike
amplitude. In conclusion, BPA exerted not only long-
term effects but also short-term effects on cardiac field
potential of hiPSC-CMs. Therefore, we suggested that
BPA affects cardiac risk such as arrhythmia.

Funding Source: This study was supported by grants
funded by the Ministry of Food and Drug Safety
(19182MFDS406) and a grant from the Korea Insti-
tute of Toxicology (KK-1908-03).

DIFFERENTIAL EXPRESSION OF MITO-
CHONDRIAL MATRIX AND OXIDATIVE
STRESS IN TROPHOBLAST DIFFERENTI-
ATION OF PATIENT-SPECIFIC INDUCED
PLURIPOTENT STEM CELLS FROM PRE-
ECLAMPTIC PREGNANCY

Yu, Jihea', Kim, Young-han?, Cho, Sung-rae*

'Department and Research Institute of Rehabilitation
Medicine, Severance Hospital, Yonsei Universtiy
Medical College, Seoul, Korea, 2Division of Maternal
Fetal Medicine, Yonsei Universtiy Medical College,
Seoul, Korea

Preeclampsia is thought to begin in inadequate tro-
phoblast invasion and deficient remodeling of uterine
spiral arteries. A substantial reduction in placental
perfusion provokes an ischemic placental microenvi-
ronment due to oscillations in oxygen delivery to the
placenta and fetus, which results in oxidative stress.
Our aim was to induce trophoblast differentiation from
iPS cells and investigate candidate genes associated
with possible mechanism of preeclampsia.

We generated patient-specific induced pluripotent
stem (iPS) cells from human amniotic epithelial
(HAE) cells of women with normal pregnancy and
preeclampsia. In order to induce trophoblast, we per-
formed feeder free method, iPS cells were directly
transferred on Matrigel-coated dishes, and cultured
with BMP4. Patient-specific trophoblast from iPS
cells were isolated and total mMRNA from each cells
were prepared. We performed transcriptome analysis
to investigate the candidate genes associated with the

possible pathophysiology of preeclampsia. Functional
annotation clustering was analyzed to be significantly
up or down regulated from the trophaoblasts of patients
with preeclampsia using Database for Annotation,
Visualization and Integrated Discovery (DAVID) soft-
ware. These analyses were checked with enrichment
score of >1.7 for the data set analyzed. These iPS cells
were similar to human embryonic stem (ES) cells in
morphology, expressed alkaline phosphatase and ex-
pression of the ES markers. Expression of trophoblast
marker (KRT7) and morphology like trophoblast were
confirmed. Functional annotation clustering showed
down regulated clustering genes that included those
involved in oxidation-reduction process (biological
processes), oxidoreductase activity (molecular func-
tion) and mitochondrial matrix (cellular component).
Oxidation reduction process and oxidoreductase activ-
ity-related genes, such as DHRS2, FAR2P1, PNPO,
PDPR and TXNRD2, were down-regulated. Mito-
chondrial matrix related gene, such as NME4, also
was down-regulated. Especially, we confirmed NME4
gene was down-regulated in induced trophoblasts
of preeclampsia and upregulated apoptototic related
genes. A mitochondrial defect triggers the impairment
of differentiation and invasion of the trophoblast that
leads to this disorder. Thus, we suggest that these
mitochondrial matrix related gene, such as NME4,
down-regulated expression may play a role in a patho-
genic mediator of oxidative stress in preeclampsia.

Funding Source: This study was supported by a
grant of the Korea Healthcare technology R&D Proj-
ect, Ministry for Health & Welfare Affairs, Korea
(H116C1012) and the National Research Foundation
(NRF-2019R1I11A1A01057970).
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EVALUATION SYSTEM ON QUANTIFICA-
TION OF HUMAN STEM CELLS ENGRAFTED
INTO TARGET TISSUES OF ANIMAL MOD-
ELS BASED ON REAL TIME-PCR ANALYSIS

Jung, Jieun*, Shin, Yeon Ho', Kang, Jun Mo*, Koo,
Jun Bon', Lee, Hyun-jung?, Lee, Wonwoo!, Han, In
Bo?, Kim, Gi Jin®

'Center for Non-clinical Development, CHA Advanced
Research Institute, Seongnam, Korea, *Department
of Neurosurgery, CHA Bundang Medical Center,
CHA University, Seongnam, Korea, *Department of
Biomedical Science, CHA University, Seongnam,
Korea

Stem cell-based cell therapy is a promising tool for
the treatment of various degenerative diseases, such as
liver cirrhosis, neurological diseases. Their therapeu-
tic effects are correlated to mobilization of stem cells
engrafted into target tissues of animal models with
diseases. Also, in vivo tracing of migrated, dispersed,
and survived cells are needed to define the safety of
clinical applications. Biodistribution studies were per-
formed meaningfully in a safety study, with in vivo
imaging analysis, histological analysis and real-time
quantitative PCR analysis. Real-time PCR is consid-
ered as a gold standard for cell biodistribution assay.
However, evaluation technology for detecting stem
cells engrafted into target tissues or whole body still
in needs to be developed. Therefore, the objectives of
the present study are to design a set of highly sensitive
specific primers and probes for real-time PCR meth-
ods that distinguish human and rodent cells, compare
their expression patterns for human Alu sequences and
GAPDH, and evaluate their sensitivity and specific-
ity for quantification of human stem cells engrafted
into target tissues of animal diseases model after stem
cells transplantation. We designed primers for human
specific Alu sequences and GAPDH and performed
real-time PCR with genomic DNA from each whole
organ rather than random spots for more accurate de-
tecting of human cells, after administering into NOD/
SCID mice via local or intravenous systemic injection.
The biodistribution of human cells could be traced in
the mouse organs and blood for at least 1 week in our
system. Based on our data, the cells were clearly found
at injected target organ and could not be found in any
other organs. Our findings indicate that our primers
and probe sets are applicable to quantitatively detect
the tiny amounts of human cells xeno-transplanted in
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rodents. Therefore, our company-designed real-time
PCR assays provide an established tool for assessing
the safety and efficacy of cell therapies on preclinical
examination.

Funding Source: This work was supported by the Na-
tional Research Foundation of Korea (NRF) grant fund-
ed by the Korea government (2019R1F1A1057124).

ALZHEIMER-LIKE PATHOLOGY IN TRISO-
MY 21 CEREBRAL ORGANOIDS REVEALS
BACE2 AS A GENE-DOSE-SENSITIVE
AD-SUPPRESSOR IN HUMAN BRAIN

Murray, Aoife', Alic, Ivan!, Goh, Pollyanna?,
Portelius, Erik®, Gkanatsiou, Eleni®, Gough, Gillian®,
Koschut, David', O’brien, Niamh?, Dunn, Ray®,
Wallon, David®, Rovelet-lecrux, Anne’, Rostagno,
Agueda®, Ghiso, Jorge®, Krsnik, Jeljka®, Mitrecic,
Dinko®, Blennow, Kaj?, Strydom, Andre, Hardy,
Andre*, Zetterberg, Henrik®, Nizetic, Dean*

!Lee Kong Chian School of Medicine, Nanyang
Technological Univeristy, Singapore, Singapore,
The Blizard Institute, Queen Mary University of
London, London, UK, ®Department of Psychiatry and
Neurochemistry, Institute of Neuroscience and Phys-
iology, The Sahlgrenska Academy at The University
of Gothenburg, Gothernburg, Sweden, ‘Dementia
Research Institute and Reta Lila Weston Institute,
Institute of Neurology, University College London,
UK, °Institute of Medical Biology, Agency for Science,
Technology and Research (a*star), Singapore, Singa-
pore, ®Normandie University, Unirouen, Inserm
U1245 and Rouen University Hospital, Department
of Neurology and Cnr-maj, Normandy, France,
’Normandie University, Unirouen, Inserm U1245 and
Rouen University Hospital, Agency Department of
Genetics and Cnr-maj, Normandy, France, ®Depart-
ment of Pathology and Department of Psychiatry, New
York University School of Medicine, New York, NY,
USA, °Croatian Institute for Brain Research, School
of Medicine, University of Zagreb, Zagreb, Croatia,
Department of Forensic and Neurodevelopmental
Sciences, Institute of Psychiatry, Psychology and
Neuroscience, King’s College London, UK

A rare triplication of the APP gene alone (DupAPP)
imposes a 100% risk of Alzheimer’s dementia (AD)
by age 60, but triplication of APP as part of triso-
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my 21 (T21, or Down syndrome (DS), >6 million
people worldwide) causes dementia in only 70% of
patients by age 60, suggesting the presence of un-
known AD-suppressing genes on chromosome-21.
We aimed to utilise the cellular models of T21 to
identify genes and mechanisms that can modulate
AD pathogenesis. Cerebral organoids were grown
in vitro from isogenic T21 and normal induced-plu-
ripotent-stem-cells (iPSCs), as well as a DupAPP
patient. Trisomy of chromosome-21 gene BACE2
was corrected to disomy by CRISPR/Cas9 editing.
Organoids were analysed histologically and profiled
for B-amyloid secretion by immunoprecipitation-mass
spectrometry (IP-MS). Tissue-quantity-independent
peptide ratios were compared between organoid con-
ditioned media (CM) and cerebrospinal fluid (CSF)
from DS and age-matched euploid individuals. We
found that T21, but not DupAPP, organoids secrete
increased proportions of putative BACE2-0-secre-
tase (AP1-19) and BACE2-AB-degrading protease
(ABDP or AB-clearance) products (AB1-20 and AB1-
34) compared to isogenic normal controls. Increased
ratios of BACE2-related to BACE2-unrelated an-
ti-amyloidogenic cleavages were reproduced in CSF
of people with DS, mirroring organoid secretions. e
showed that BACE2 ABDP-cleavage at Leu34-Met35
is cross-inhibited by a clinically-trialled BACE1-in-
hibitor and detect its products intra-neuronally, and in
large extra-cellular aggregates in AD-brain. Finally,
CRISPR/SpCas9-HF1-reduction of BACE2 (3 to 2
copies) in T21-iPSC significantly decreased ABDP/
amyloidogenic ratio and triggered early and accel-
erated AD-like pathology in T21 organoids. The pa-
thology consisted of insoluble amyloid plaque-like
deposits, fibrillar aggregates, pathologically altered
Tau, and premature neuronal loss. Our combined data
demonstrate the role of BACE2 as a genetic-dose-de-
pendent AD-suppressor in human brain, and organoid
technology as a potential assay for screening for other
protective genes and disease-preventive drugs.

Funding Source: The Wellcome Trust “LonDownS
Consortium” Strategic Funding Award (098330/2/12/
Z) (UK), the Singapore National Medical Research
Council (NMRC/CIRG/1438/ 2015), Singapore
Ministry of Education Academic Research Fund Tier
2 grant (2015-T2-1-023) and AM was awarded a
William Harvey Academy Fellowship, co-funded by
the People Programme (Marie Curie Actions) of the
European Union’s Seventh Framework Programme
(FP7/2007-2013) under REA grant agreement n°

608765.

AN IPS-BASED APPROACH TO STUDY THE
TRANSCRIPTIONAL AND EPIGENETIC CON-
SEQUENCES OF X-CHROMOSOME ANEU-
PLOIDIES

Adamo, Antonio, Alowaysi, Maryam, Fiacco,
Elisabetta, Astro, Veronica, Pennucci, Roberta

Bese, Kaust, Thuwal, Saudi Arabia

Klinefelter Syndrome (KS) is a multisystemic disor-
der associated with a plethora of phenotypic features
including cardiac abnormalities, osteoporosis, infer-
tility, gynecomastia, psychiatric disorders, diabetes
and increased cancer risk. KS is the most common
aneuploidy in humans (prevalence of 1:500-1:1000
born males) and is characterized by one or more su-
pernumerary X-chromosomes (47-XXY, 48-XXXY
and 49-XXXXY karyotypes). In female cells, the
second X chromosome is physiologically repressed
through a mechanism called X-chromosome inacti-
vation (XCI), a process that equalizes X-linked gene
dosage between the two sexes. However, few genes
called “escape genes”, elude XCI mechanism and are
actively transcribed from both chromosomes. While in
female cells the expression of the escape genes from
both X chromosomes is associated to a healthy pheno-
type, in males affected by KS the over-dosage of the
escape genes is considered the molecular landscape
of the phenotypic features of the disease. Using a
mMRNA-based and integration-free reprogramming ap-
proach, we generated a large cohort of induced plurip-
otent stem cells (iPSCs) from seven KS patients’ and
two healthy donors’ fibroblasts. Notably, the healthy
controls are direct relatives of one of the KS patients,
thus mitigating the transcriptional variability associ-
ated with different genetic backgrounds. Our findings
indicate that the transcriptomic dysregulation associat-
ed to supernumerary X chromosomes in KS patients is
already detectable at the pluripotent stage. Our iPSCs
cohort overcomes the scarcity of adequate KS human
models and provides an unprecedented cellular plat-
form to study the transcriptional and developmental
consequences of the escape gene overdosage, the ex-
pression of the genes located at the pseudoautosomal
regions (PAR) and the parental origin of the supernu-
merary X-chromosome.
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MOLECULAR SIGNATURES OF BIPOLAR
DISORDER: A STUDY USING PATIENT-DE-
RIVED INDUCED PLURIPOTENT STEM
CELL CULTURES

Chung, Sooyoung!, Kim, Soo Hyeon!, Cha, Hyo
Kyeong?, Lim, Hye Young?, Son, Gi Hoon?

'Department of Brain and Cognitive Sciences, Scran-
ton College, Ewha Womans University, Seoul, Korea,
*Department of Biomedical Sciences, College of Medi-
cine, Korea University, Seoul, Korea

Bipolar disorder (BPD) is a chronic psychiatric con-
dition characterized by alternating episodes of depres-
sion and mania. The heritability of BPD is estimated at
70-85%, and genetic susceptibility loci are emerging
despite each with small effects. Dysfunctions in neu-
rotransmitter systems, several intracellular signaling
and circadian rhythm, have been proposed to be asso-
ciate with the onset and symptoms of BPD. To gain
insights into molecular and cellular signatures of BPD
neurons, we established induced pluripotent stem cell
(iPSC) lines from BPD patients and produced cerebral
cortical neuron-like cultures from them. We then com-
pared genome-wide RNA expression profiles in cul-
tured neurons derived from patients and control indi-
viduals. Subsequent gene enrichment analysis (GEA)
on differentially expressed genes (DEGS) between
groups revealed that gene transcripts involved in orga-
nization of cytoskeleton, neural development, move-
ment disorders and neurodegeneration. In addition,
we identified a set of DEGs responsive to valproate
(VPA), which are widely used as a mood stabilizer. It
should be noted that key genes constituting circadian
molecular clock exhibited differential expression in
neurons originated from BPD patients in well accor-
dance with their expression patterns in postmortem
human prefrontal cortex. Taken together, the present
studies suggests that patient-derived neuronal cultures
may provide valuable model tools to understand the
etiology of BPD and thereby to develop new diagnos-
tic and therapeultic strategies.
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IN VITRO CELLULAR MODELING OF THE
INDUCED NEURAL STEM CELLS CONVERT-
ED FROM DISEASE FIBROBLASTS

Hyun, Donghun, Choi, Kyung-a, Nam-kung, Yong,
Jung, Hyesun, Kim, Minjae, Son, Jiyeon, Hong,
Sunghoi

Department of Integrated Biomedical and Life Science
College of Health Science, Korea University, Seoul,
Korea

Huntington’s disease (HD) is an autosomal dominant
neurodegenerative disorder. The motor dysfunction
is primarily involved in loss of y-aminobutyric acid
(GABA) medium spiny neurons (MSN) in the basal
ganglia, which is caused by the abnormal expansion
of cytosine-adenine-guanine (CAG) repeats in the ge-
nome that lead to mutant Huntingtin proteins. In this
study, we generated the induced neural stem cells (iN-
SCs) from patient fibroblasts, containing the expanded
CAG repeats, of Huntington’s disease, which called
as HD iNSCs. The CAG repeats within the genome of
INSCs were corrected by CRISPR/Cas9 system. The
INSCs were differentiated into the mature GABAergic
neurons with high efficiency of 84% by using our in
vitro differentiation protocol. They expressed neuronal
markers such as MAP2 and TUJ1 and the GABAergic
neuron markers such as GAD65/67 and GABA. Inter-
estingly, the HD iNSCs highly increased the apoptosis
genes such as BCL-2, caspase3, p53 and annexinV
compared to the gene corrected iINSCs during the ear-
ly in vitro differentiation process. Taken together, these
results suggest that the HD iNSCs may be used as a
cellular model for pathogenesis and drug screening of
Huntington’s disease, and the gene corrected iINSCs
could be used for the treatments of Huntington’s dis-
ease by cell-based therapy in the future.

Funding Source: This work was supported by the
Ministry of Science and ICT (2019M3E5D5065399)
of the government of Korea.
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IMPAIRED OSTEOGENESIS OF COSTELLO
SYNDROME IPSCS-DERIVED MESENCHY-
MAL STEM CELLS

Choi, Jong Bin', Han, Yong-mahn', Lee, Beom Heg?,
Yoo, Han-wook?

'Biological Sciences, KAIST, Development and Differ-
entiation Lab, Daejeon, Korea, *Asan Medical Center,
Seoul, Korea

Costello syndrome (CS) is caused by HRAS muta-
tions in RAS/MAPK signaling pathway. Approxi-
mately 90% of CS patients have bone abnormalities
such as craniofacial malformation, kyphoscoliosis,
osteoporosis, and short stature. However, molecular
mechanisms about how HRAS mutation accounts for
aberrant bone development are poorly understood.
IPSCs derived from fibroblasts of a CS patient (CS-iP-
SCs) normally differentiated into mesenchymal stem
cells (MSCs) that expressed MSC-positive markers
such as CD73+, CD90+, and CD105+. Intriguingly,
CS-MSCs exhibited decreased alkaline phosphatase
(ALP) activity and mineralization during osteogenic
differentiation. Hyperactive HRAS was observed in
CS-MSCs and CS-osteoblasts, and resulted in elevated
p-ERK activity. Treatment with a farnesyl transferase
inhibitor led to increments of ALP activity and min-
eralization in CS-osteoblasts. The results demonstrate
that hyperactive HRAS cause impaired osteogenesis
in CS-MSCs.

PATIENT SPECIFIC IPSC DERIVED DOPA-
MINERGIC NEURONS; PHYSIOLOGICAL
ANALYSIS

Bang, Yunsu, Park, Zewon, Choi, Juhyun, Lee, Jong
Gu, Yi, Jung-Yeon, Kim, Kisoon, Oh, Woo Yong,
Chung, Jehyuk

Clinical Research Division, National Institute of Food
and Drug Safety Evaluation, Cheongju, Korea

Parkinson’s disease (PD) is the second most common
neurodegenerative disease, a slow-progressing, that
results from the degeneration of neuro-melanin(N-
M)-containing dopamine neurons(DA) in the substan-
tia nigra par compacta. There are many PD disease
models, but there are limited in vitro models that make
it difficult to imitate PD.

Here, we observed the clinical potential of iPSCs
derived from PD patients to dopaminergic neurons.
The first data showed differentiation of Dopaminergic
neurons from patient specific iPSCs. Differentiation
markers were confirmed at each differentiation steps.
Also, we detected dose dependent dopamine releasing
result using high sensitive ELISA. Dopamine secre-
tion increased with 100uM of L-DOPA, but there
was no significant change at higher concentration of
L-DOPA. The electrophysiological data by Patch-
clamp technique in normal human derived cells is
comparable and important result. Action-potential was
detected at -57mV. The frequency decreased at 10
uM of L-Dopa but two action potentials appeared si-
multaneously, 30 uM L-Dopa increased the frequency
compared to the action potential of the control in the
current clamp mode. In the voltage clamp mode, the
frequency of dopaminergic neurons was increased and
the amplitude of L-Dopa increased at 30uM. How-
ever, the 60uM L-dopa increased the frequency com-
pare to 10uM L-dopa but decreased level than 30uM
L-dopa. Further experimentation is required but we
expect these pattern to be derived from patient cells.
The following steps will be the clue whether these
dopaminergic neurons derived from patient-specific
IPSCs could become in-vitro models. As we showed,
IPSC derived dopaminergic neurons showed recovery
from L-dopa therapy, so patient-specific iPSC could
be a potential of useful tool for modeling Parkinson’s
disease.

Funding Source: This research was supported by a
grant (17181MFDS432) from Ministry of Food and
Drug Safety in 2018.

HYPERACTIVE NOTCH SIGNALING IN ME-
LAS NEURAL CELLS INHIBIT NEURONAL
DIFFERENTIATION

Ng, Winanto, Ng, Shi Yan

Neurotherapeutics Laboratory, Institute of Molecular
and Cell Biology/ A*star, Singapore, Singapore

Mitochondrial encephalomyopathy, lactic acidosis,
and stroke like episodes (MELAS) syndrome is a dis-
order caused by mutation in mitochondria DNA. One
of the most common genetic mutations of MELAS is
the m.A3243G mutation that occurs in MT-TL1 gene
encoding tRNALeu(UUR). It is postulated that this
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mutation affects mitochondrial protein synthesis and
ultimately oxidative phosphorylation. Unsurprisingly,
organ systems that utilize mitochondrial respiration
as their main source of energy production are most
affected. These include the central nervous system
and skeletal muscles. MELAS patients usually suffer
from symptoms common to motor neurons diseases
(MNDs) such as muscular weakness, difficulties in
speech and swallowing. While the neuromuscular unit
appears to be affected in MELAS, research on motor
neuron pathology has not been extensively covered.
Here we show that spinal organoids derived from ME-
LAS patients show severe neurogenesis defect that is
attributed to hyperactive Notch signaling, which pre-
vented neurogenesis. In addition, we also found that
inhibition of mitochondrial Complex | recapitulated
the MELAS phenotype and led to increased Notch
signaling. Lastly, we report that treatment with a gam-
ma-secretase inhibitor could reverse the neurogenesis
defects in MELAS organoids.

DECIPHERING THE CONTRIBUTIONS OF
PERIPHERAL SENSORY NEURONS AND SPI-
NAL INTERNEURONS TO MOTOR NEURON
DEATH INALS

Kamath, Sandhya, Ng, Shi Yan

Neurotherapeutics, Institute of Molecular and Cell Biolo-
gy/ A*Star, Singapore, Singapore

The incidence of motor neuron disorders (MNDs)
has been progressively increasing in recent years.
Amongst the most commonly occurring MNDs, amy-
otrophic lateral sclerosis (ALS) is regarded as the most
debilitating as it leads to the loss of both upper and
lower motor neurons, resulting in severe motor disabil-
ities and eventual fatality. While the dysfunction and
death of motor neurons in ALS is well-documented,
the specific neuronal populations and their indepen-
dent contributions to this phenotype remain unclear.
In this study, we look at the individual contributions
of peripheral sensory neurons, dorsal interneurons and
ventral interneurons to motor neuron death in ALS.
Using both co-culture as well as organoid models, we
will attempt to identify neuronal populations which
might accelerate the onset of ALS more by analyzing
neuronal morphology, numbers, calcium signals, defi-
cits in circuitry and synapse formation. By classifying
the contributions of each of the neuronal populations,
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we hope to gain a more holistic understanding of dis-
ease progression in ALS and also identify neuronal
subtypes for advanced therapeutic targeting.

DIFFERENTIATION AND CHARACTERI-
ZATION OF OLIGODENDROCYTES FROM
X-LINKED ADRENOLEUKODYSTROPHY PA-
TIENTS

Yeon, Gyu-bum, Park, Won-ung, Jeon, Byeong-min,
Kim, Dae-sung

Department of Biotechnology, Korea University,
Seoul, Korea

X-linked Adrenoleukodystrophy (X-ALD) is an in-
herited peroxisomal metabolic neurodegenerative
disorder caused by mutations in a gene encoding the
ATP-binding cassette transporter (ABCD1), also
known as adrenoleukodystrophy protein (ALDP).
One of the most representative pathological features
in X-ALD is an inflammatory demyelination in the
cerebral cortex. Oligodendrocytes are glial cells that
provide a metabolic support and myelination to neu-
ronal axons, therefore the loss of oligodendrocytes
leads to various neurological symptoms such as motor
impairment and mental retardation in X-ALD. Even
though mouse genetic models have provided insights
into pathological mechanisms, they neither faithfully
recapitulate the symptoms seen in human patients,
nor provide a promising in vitro model for studying
the loss of oligodendrocytes. To establish a cellular
model for X-ALD, we generated iPSC lines and oli-
godendrocytes from healthy subject and individuals
with X-ALD. Overexpression of transcription factor
SOX10 in iPSC-derived oligodendrocyte precursor
cells produced >10% O4+ oligodendrocytes in less
than 2 weeks, and magnetic-beads mediated cell sort-
ing enriched O4+ cells by ~80% among total cells.
We found that there was no obvious defect in differen-
tiation potential toward oligodendrocytes in X-ALD
patient-derived iPSCs. In addition, oligodendrocytes
derived from X-ALD patients showed high levels of
very-long chain fatty acid compared to the ones de-
rived from healthy subject, which is consistent with
the previous reports. We performed RNA-seq analysis
with the differentiated O4+ oligodendrocytes, and are
currently investigating disease-specific phenotypes
and potential molecular target(s) specific for the death
of oligodendrocytes derived from X-ALD patients.
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Funding Source: This research was supported by the
Bio & Medical Technology Development Program of
the National Research Foundation funded by the Min-
istry of Science, ICT (2015M3A9B4071076).

ASTROCYTES DERIVED FROM X-LINKED
ADRENOLEUKODYSTROPHY PATIENTS EX-
HIBIT MOLECULAR SIGNATURES OF NEU-
ROINFLAMMATION

Yeon, Gyu-bum, Park, Won-ung, Jeon, Byeong-min,
Kim, Byeong-min

Department of Biotechnology, Korea University,
Seoul, Korea

Astrocytes have long been thought to play supportive
roles for cells in the central nervous system. Recent re-
searches, however, begin to provide evidence that as-
trocytes are active players in regulation of metabolism
and immune response in CNS, and that dysfunction of
astrocytes is highly associated with several neurologi-
cal diseases involving neuroinflammation, such as Par-
kinson’s disease, and Alzheimer’s disease. In the pres-
ent study, we hypothesized that astrocytes could also
play a key role in X-linked leukodystrophy (X-ALD),
a rare neuro-metabolic disease, of which pathophysi-
ology is largely unknown, and that they might contrib-
ute initiation and/or propagation of neuroinflammation
in this disease. To test this hypothesis, we established
a method for differentiation of astrocytes on a specific
substrate through a forced expression of the transcrip-
tion factor nuclear factor I B (NFIB) in hPSC-derived
neural precursors. Our differentiation method gener-
ated more than 80% GFAP+/S100B+ astrocytes from
IPSCs derived from healthy subjects and individuals
with X-ALD in 2 weeks. More importantly, X-ALD
patient-derived astrocytes exhibited molecular sig-
natures of neuroinflammation including one that has
not been associated with pathophysiology of X-ALD.
Since our culture system does not involve microglia, a
cell type in charge of initiation of immune response in
CNS, this result provides a clue that astrocytes may be
the one that initiates neuroinflammation in the context
of X-ALD.

Funding Source: This research was supported by the
Bio & Medical Technology Development Program
of the National Research Foundation funded by the

Ministry of Science, ICT (2015M3A9B4071076 &
2017M3A9F8032402).

SCREENING THERAPEUTIC TARGETS FOR
RECOVERING ABERRANT OSTEOGENESIS
IN CFC SYNDROME-IPSCS

Kim, Bumsoo', Choi, Jung-yun', Hong, Beom-jin’,
Lee, Beom-hee?, Yoo, Han-wook?, Kim, Mi Young?,
Han, Yong-mahn*

'Biological Sciences, KAIST, Daejeon, Korea, 2Pediat-
rics, Asan Medical Center Childrens Hospital, Univer-
sity of Ulsan College of Medicine, Seoul, Korea

Cardiofaciocutaneous (CFC) syndrome is a rare ge-
netic disorder with consistently active ERK signaling,
which is mainly caused by the germline mutations
in BRAF gene. Among various symptoms, skeletal
defects such as short stature, bone growth delay, and
low bone mineral density can be easily observed in the
majority of CFC patients. We previously established
CFC-induced pluripotent stem cells (CFC-iPSCs)
from CFC patient dermal fibroblasts and reported
that the osteogenic differentiation potency of these
cell lines are impaired. CFC-mesenchymal stem cells
(CFC-MSCs) differentiated from CFC-iPSCs repre-
sented aberrant alkaline phosphatase (ALP) activity
and mineralization during osteogenic differentiation
in vitro. In addition, activated SMAD?2 signaling and
downregulated SMAD1 signaling in CFC-MSCs
was responsible for this phenotype. Based on these
results, we screened potential therapeutic targets to
rescue defective osteogenic differentiation of CFC-
MSCs using para-Nitrophenylphosphate (oNPP) assay
on MSCs-plated 384- wells. Among 2261 clinical
compounds (provided by Korea Chemical Bank), 10
chemicals that alleviated ALP activity of CFC-MSCs
were selected. These chemicals also revealed phar-
macological effects on the recovery of defective os-
teogenesis in CFC-MSCs in larger scale. Our findings
provide novel insights on the pathological mechanism
and therapeutic targets in CFC syndrome.
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RECAPITULATION OF METHOTREXATE
HEPATOTOXICITY WITH INDUCED PLU-
RIPOTENT STEM CELL-DERIVED HEPATO-
CYTES FROM PATIENTS WITH RHEUMA-
TOID ARTHRITIS

Kim, Juryun, Ju, Ji Hyeon

Catholic iPSC Research Center, Catholic University,
Seoul, Korea

Methotrexate (MTX) is widely used for the treatment
of rheumatoid arthritis (RA). The drug is cost-effec-
tive, but sometimes causes hepatotoxicity, requiring
a physician’s attention. In this study, we simulated
hepatotoxicity by treating hepatocytes derived from
RA patient—derived induced pluripotent stem cells
(RA-IPSCs) with MTX. RA-IPSCs and healthy con-
trol iPSCs (HC-iPSCs) were established successfully.
RA-IPSCs were differentiated into hepatocytes in
two-dimensional (2D) monolayers and three-dimen-
sional (3D) hepatocyte spheroid cultures; this process
required growth factors such as BMP4, bFGF, HGF,
and OSM. Immunofluorescence staining and flow cy-
tometry were performed to confirm that the mature he-
patocytes expressed cytokeratin 18, anti-alpha-1 anti-
trypsin, and albumin. MTX toxicity was evaluated via
monitoring of cell viability, alanine aminotransferase,
and mitochondrial status after MTX treatment in 2D
and 3D cultures. RA-IPSCs generated from three RA
patients suffering from MTX-induced hepatotoxicity
differentiated into the endoderm lineage, hepatoblasts,
and hepatocytes. In 2D culture, RA-iPSC-derived he-
patocytes were more sensitive to MTX than healthy
controls. A 3D culture system using hepatocyte spher-
oids also successfully recapitulated MTX-induced
hepatotoxicity. The 3D culture system had several ad-
vantages, including longer culture periods under more
complex conditions. A patient-derived iPSC platform
could recapitulate MTX toxicity. Simulation of drug
toxicity in vitro may help clinicians choose safer drugs
or less toxic doses.

Funding Source: This research was supported by a
grant of the Korea Health Technology R&D Project
through the Korea Health Industry Development In-
stitute (KHIDI), funded by the Ministry of Health &
Welfare, Korea (H18C1178, HI15C1062).
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TRANSCRIPTOMIC CHANGES DURING
INDUCED PLURIPOTENT STEM CELL-DE-
RIVED NEURAL CREST CELL DIFFERENTI-
ATION HIGHLIGHT GENES INVOLVED IN
ENDOCARDIAL CUSHION AND OUTFLOW
TRACT DEVELOPMENT

Jang, Min Young, Pereira, Alexandre, Mckean,
David, Gorham, Joshua, Delaughter, Daniel, Sharma,
Arun, Ward, Tarsha, Agarwal, Radhika, Seidman,
Christine, Seidman, J.G.

Genetics, Harvard Medical School, Boston, MA, USA

Neural crest cells (NCCs) play a critical role in nor-
mal cardiac development, and defects in NCCs likely
cause congenital heart disease (CHD). NCCs are mul-
tipotent migratory stem cells that give rise to diverse
tissues, including cardiac structures such as the smooth
muscles of the great arteries and semilunar valves.
Induced pluripotent stem cells (iPSC) can be differ-
entiated into NCCs, demonstrated by expression of
NCC markers NGFR and HNKZ1. To better define iP-
SC-NCCs and to better understand the progression of
IPSCs to NCCs, we have compared the transcriptomes
of iPSC and iPSC-NCCs. PGP1 iPSCs were differen-
tiated to NCCs and RNA was collected at 0, 5, 10, and
15 days of differentiation. RNAseq analysis showed
that by day 15, 6483 genes were upregulated in NCC
vs IPSCs, 6406 downregulated, and 6715 unchanged
(FDR 5%). Enrichment analysis for the top 500 up-
regulated genes showed 4 cardiac-related gene ontol-
ogy (GO) terms in the top 10, including ‘endocardial
cushion morphogenesis’ (fold enrichment 11.85, p =
0.012). Notably, of 45 genes under GO term ‘endo-
cardial cushion development’, 38 (84%) differentially
expressed in NCCs by day 15 (FDR 5%). Next, we
compared this RNAseq data with that of iPSC-derived
cardiomyocyte (CM) differentiation in a set of 253
genes previously implicated in CHD. Of these, 143
genes were differentially expressed in both iPSC-CMs
and iIPSC-NCCs. However, 27 genes (10.6%) includ-
ing MYH6, PITX2, and TBX5 were uniquely upregu-
lated in iPSC-CMs, while 65 genes (25.7%) including
CHD4 and NOTCHL1 were uniquely upregulated in
IPSC-NCCs. In conclusion, transcriptomic changes
during iPSC-NCC differentiation include upregulation
of genes involved in cardiac development, particularly
endocardial cushions and the outflow tract. Important-
ly, a subset of genes implicated in CHD are altered
during iPSC-NCC differentiation but not in iPSC-CM
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differentiation. Thus, iPSC-NCCs offer a new model
with which to investigate the pathogenesis and mecha-
nisms of CHD.

AUTOIMMUNE DISEASE MODELING IN
VITRO WITH COMBINATION OF IPSC-DE-
RIVED CARDIOMYOCYTES AND DISEASE
ACTIVE SERUM

Park, Narae, Ju, Jihyeon

Catholic iPSC Research Center, Catholic University,
Seoul, Korea

Systemic lupus erythematosus (SLE) is a chronic auto-
immune disease that usually affects young women, in-
cluding women of childbearing age. SLE complicates
many organs such as skin, joints, muscles, kidneys,
lungs and heart. The most common cause of death in
SLE patients is cardiovascular complication. Rarity
of disease and complexity of cardiovascular system
prevents from investigating SLE cardiovascular com-
plications thoroughly. Application of patient-derived
induced pluripotent stem cells (iPSCs) becomes a new
strategy for drug screening and pathophysiologic stud-
ies of various diseases. We intended to generate and
study in vitro cardiomyocytes from iPSCs in SLE pa-
tients. 5 Patients-derived iPSCs were generated from
primary cells of SLE patients. SLE patient-specific
iPSCs were differentiated into cardiomyocytes using
a small molecule-based monolayer and 3D differen-
tiation protocol. Differentiated cardiomyocytes were
treated with serum of active SLE patients. Cardiomy-
ocytes dysfunction was revealed by electrophysiolog-
ical study and proliferation/apoptosis assay. Serum of
higher SLE disease activity suppressed cardiomyocyte
function more vigorously. We propose a combination
of disease specific cardiomyocyte with disease serum
can be better “disease in a dish” platform.

EFFECTS OF ARGINYL-DIOSGENIN ANA-
LOG ON THE MOUSE HIPPOCAMPAL NEU-
ROGENESIS IN LPS-INDUCED NEUROIN-
FLAMMATION

Seong, Kyung Joo, Seol, Ye Won, Kim, Yoon Jung,
Park, Sam Young, Jung, Ji Yeon, Kim, Won Jae

Oral Physiology, School of Dentistry, Dental Science
Research Institute, Medical Research Center for
Biomineralization Disorders, Chonnam National
University, Gwangju, Korea

Microglia-mediated neuroinflammatory responses
are well known to inhibit neurogenesis in the dentate
gyrus (DG) of the adult hippocampus, and growing
evidence indicates that therapeutic intervention to sup-
press microglial activation could be an effective strat-
egy for restoring the impaired neurogenesis and mem-
ory performance. In the present study, we investigated
the effects of water- soluble arginyl-diosgenin analog
(Arg-DG) on the adult hippocampal neurogenesis us-
ing a central LPS-induced inflammatory mice model,
along with the fundamental mechanisms in vivo and
in vitro using LPS-stimulated microglial BV2 cells.
Arg-DG (0.6 mg/kg) attenuates LPS-impaired neuro-
genesis by ameliorating the proliferation and differ-
entiation of neural stem cells (NSCs), and prolonging
their survival. The impaired neurogenesis in the hippo-
campal DG triggered the cognitive function, and that
treatment of Arg-DG led to the recovery of cognitive
decline. Arg-DG also suppressed the production of
LPS-induced pro-inflammatory cytokines in hippo-
campal DG by blocking microglial activation. In in
vitro study, Arg-DG inhibited the production of nitric
oxide (NO), nitric oxide synthase (iNOS), cyclooxy-
genase-2 (COX-2) expression, and prostaglandin D2
production (PGD2), as well as the pro-inflammatory
cytokines, such as interleukin (IL)-6, IL-1p, and tumor
necrosis factor alpha (TNF-a)). The anti-inflammatory
effect of Arg-DG was regulated by NF-«xB and MAPK
JNK signaling both in vivo, and in LPS-stimulated
microglial BV2 cells. Taken together, these results
suggest that Arg-DG might have the potential to treat
various neurodegenerative disorders resulting from
microglia-mediated neuroinflammation.

Funding Source: This work was supported by the
National Research Foundation of Korea (NRF) grant
funded by the Korea government (MSIP) (2018R1D-
1A3B07051424, 2018R1A6A3A11040439, 2018R1D-
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EQUIVALENT THERAPEUTIC EFFICACY
OF THE FROZEN HUMAN CLONAL MES-
ENCHYMAL STEM CELLS WITH ITS FRESH
TYPE IN RAT MODEL OF SEVERE ACUTE
PANCREATITIS

Cho, Yun-kyoung*, Hwang, Myeonghwan', Han,
Sang Woo', Hin, Donghee’, Cho, Yeon-jin', Jang, Ji
Hye', Kim, Si-na', Moon, Jeong Hyun', Lee, Goeun*,
Chung, Eunkyung?, Song, Sun U.?

'Research Institute, Scm Lifescience, Incheon, Korea,
“Translational Research Center, Inha University
School of Medicine, Incheon, Korea

Mesenchymal stem cells are a promising treatment
for acute pancreatitis (AP). However, the long culture
time requirement for mesenchymal stem cell prolifer-
ation limited the use in patients with severe AP, who
need intensive care promptly after abdominal pain
onset. We compared the therapeutic efficacy of the
frozen human clonal mesenchymal stem cell (hcMSC)
with its fresh type in severe AP model. Severe AP was
induced in Sprague-Dawley rats by intra-pancreatic
duct injection of 3% sodium taurocholate solution.
The frozen and fresh hcMSCs were administered to
rats (each n=15, 2x10"6 cells/head) through the tail
vein after 4 hours from the induction. The normal and
vehicle groups (each n=15) were administered a vehi-
cle instead. Serum amylase and lipase level were mea-
sured at 2, 4, 12, 24, 48, 72 hours after the induction.
Serum cytokine level and pancreatic myeloperoxidase
were measured at 72 hours after the induction. His-
tology scoring of the pancreas was also performed at
72 hours after the induction. All of the hcMSC groups
(the frozen and fresh types) lowered serum amylase
and lipase at all time points, respectively from 12
hours and from 24 hours, compared with the vehicle
group. The cytokine level measurement revealed low-
ered IL-6, TNF-alpha, and IFN-gamma and increased
IL-10 in all of the hcMSC groups. Both hcMSC
groups also showed lowered myeloperoxidase level
and improved histological score in all of the parame-
ters (edema, acinar necrosis, hemorrhage, fat necrosis,
and inflammatory infiltration). The infusion of frozen
hcMSCs, as well as its fresh type, lowered pro-inflam-
matory cytokines and serum enzyme levels related to
the severity of AP and lead to the fast recovery of the
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pancreatic tissue. The equivalent therapeutic efficacy
of the frozen hcMSC can proceed to the development
of cell therapy for severe AP in humans.

MSX2 MEDIATE ABNORMAL OSTEOGEN-
ESIS AND IS INFLUENCED BY PHYSICAL,
INFLAMMATORY STIMULATION IN ANKY-
LOSING SPONDYLITIS

Choi, Jinhyeok, Ju, Jihyeon
CiRC, The Catholic of University, Seoul, Korea

Ankylosing spondylitis (AS) is an autoimmune dis-
ease that primarily affects the axial skeleton, sacroiliac
joints and enthesis. Patients with AS develop osteo-
genesis in the tendon or enthesis but osteoporosis in
the bone body. Well-known genetic causes include
HLA-B27 gene or ERAP1 mutation. Recent studies
have shown that MSX2 is highly expressed in AS
patients. MSX2 is known to promote bone formation
in osteoblasts, but to suppress bone formation in fibro-
blast or myoblast. Based on this, MSX2 is expected
to play a role in regulating osteogenesis and osteopo-
rosis. To identify the feature of the disease, PBMCs
from healthy and AS patients were isolated and in-
duced into iPSC, and the difference was compared by
osteoblast differentiation using the iPSCs. As a result
of the experiment, there was no difference between
the phenotypes of each group. However, BMP2 and
RUNX2 expressions were increased in osteoblasts
differentiated by AS iPSC, and OCN and OPN, which
are osteoblast markers, were also increased to a higher
level. Interestingly, MSX2 gene was greatly increased.
Through various studies, MSX2 has been known to
play a role in promoting or inhibiting osteogenesis
depending on the different type of cells and the exter-
nal environment. Therefore, MSX2 was thought to be
deeply related to AS and the experiment was conduct-
ed. Treatment with TNFa to induce an inflammatory
environment resulted in less osteogenic differentiation
and reduced the expression of MSX2. In order to in-
vestigate the effect of mechanical stress on osteoblasts,
compressive, stretching, and shear stress stimulation
were performed as well. BMP2, MSX2 and RUNX2
were found to have increased expression levels when
shaking stress was given. But, MSX2 and osteogenic
markers were found to have decreased expression
levels when compressive and stretching stress. To sup-
port the above results, MSX2 knockdown experiment
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was conducted. When the expression level of MSX2
was decreased, it was confirmed that other osteoblast
markers were decreased. Thus, inhibition of bone mor-
phogenesis by inflammation and physical stress may
be evidence of association with MSX2. Through this
research, it was confirmed that MSX2 upregulation in
AS patients has abnormal osteogenic potential and is
stimulated by physical stress.

IPSC-BASED MODELING OF EARLY OSTEO-
ARTHRITIS PATIENT

Rim, Yeri Alice, Nam, Yoojun, Ju, Ji Hyeon

Catholic iPSC Research Center, Catholic University
of Korea, Seoul, Korea

Osteoarthritis (OA) is the most common type of ar-
thritis. It already affects millions of people worldwide,
and tends to increase as our population age as well.
Other than aging, it is also thought to increase along
with the increase in obesity seen at all ages. While it
is usually known to be related with aging or obesity,
we were able to observe a unique pattern of OA in one
patient. The patient already showed OA symptoms in
her late 20’s and the cartilage tissue in her finger joint
were all worn out in her late 30’s. However, these
symptoms were not observed in the cartilage tissue of
the sibling. In this study, we generated induced plurip-
otent stem cells using peripheral blood mononuclear
cells of the two sisters. The generated iPSCs were then
differentiated into chondrogenic pellets. Chondrogenic
pellets were characterized and vacuole-like morphol-
ogies were observed in the early OA patient-derived
pellets. The chondrocytes isolated from the pellets
were analyzed by microarray and we screened a possi-
ble target that can be responsible for these symptoms.
This study shows another case of disease modeling
using iPSCs, and suggests a possible factor that can be
considered as a target for early OA.

CHARACTERIZATION OF ORTHOTOPIC
GLIOBLASTMAL MODEL FOR THE GENE-
AND CELL THERAPY

Han, Jihun?, Chang, Dayoung?, Lee, Youngjoon?,
Suh-kim, Haeyoung?, Kim, Sungsoo?

'Biomedical Sciences, Ajou University Graduate
School of Medicine, Suwon, Gyeonggi-do, Korea,
2Anatomy, Ajou University School of Medicine, Suwon,
Korea

Intrinsic heterogeneous and infiltrative nature of
glioblastoma cells to the adjacent normal brain pa-
renchyma are the main obstacles to the treatment of
glioblastoma multiforme (GBM). The infiltrative na-
ture of GBM increases following various treatments,
which often leads to tumor recurrence. U87 cell line,
a commonly used as a GBM cell line till recently, has
appeared inappropriate for GBM model. Thus, we es-
tablished an orthotopic GBM model using another cell
line, LN229. Here, we discuss the infiltrative nature of
LN229 in the mouse brain and their interaction with
adjacent brain microenvironment. We also show that
the LN229-driven brain tumor model is appropriate
for the study of mesenchymal stem cell-mediated gene
therapy using deliver a bacterial suicide gene, cytosine
deaminase (CD).

Funding Source: This work is supported by a grant
(18172MFDS182-5 from Ministry of Food and Drug
Safety to HSK and KSS).

THYROID HORMONES AND THEIR DERIVA-
TIVES PROMOTE DOPAMINE NEURON DIF-
FERENTIATION

Lee, Eun Hye, Kim, Sang-mi, Park, Chang-hwan

Biomedical Science and Engineering, Hanyang
University, Seoul, Korea

Parkinson’s disease (PD) is a neurodegenerative dis-
ease characterized by progressive movement disorders
caused by the selective loss of dopamine (DA) neu-
rons in the substantia nigra. Despite the identification
of the causal mechanisms underlying the pathogenesis
of PD, effective treatments remain elusive. In this
study, we observed that a low level of fetal bovine
serum (FBS) effectively induced DA neurons in rat
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neural precursor cells (NPCs) by enhancing nucle-
ar receptor related 1 protein (NURR1) expression.
Among the different components of FBS, the thyroid
hormones triiodothyronine (T3) and thyroxine (T4)
were identified as key factors for the induction of DA
neurons. Since an overdose of thyroid hormones can
cause hyperthyroidism, we synthesized several thyroid
hormone derivatives that can partially activate thyroid
hormone receptors but completely induce the differ-
entiation of DA neurons from NPCs. Two derivatives
(#3 and #9) showed positive effects in the induction
and maturation of DA neurons without showing sig-
nificant affinity to the thyroid hormone receptor. They
also effectively protected and restored DA neurons
from neurotoxic insults. Taken together, these obser-
vations demonstrate that thyroid hormone derivatives
can strongly induce DA neuron differentiation while
avoiding excessive thyroid stimulation and might
therefore be useful candidates for PD treatment.

Funding Source: This research was supported by a
grant from NRF: 2018R1A6A3A11048463 and KHI-
DI: HI16C1013.

THE PROTECTIVE EFFECT OF SUBSTANCE-P
ON BAPN-INDUCED AORTIC DISSECTION

Piao, Jiyuan, Hong, Hyun Sook, Son, Youngsook
Kyung Hee University, Seoul, Korea

This study is aimed to explore the protective effects of
Substance-P (SP) on development of aortic dissection
(AD). To create an aortic dissection preclinical model,
BAPN was administered to SD rats orally for 4 weeks
and SP was injected intravenously, concurrently with
BAPN treatment, twice a week for 4 weeks. BAPN
treatment caused the dilation of aorta with infiltration
of monocyte and elevation of pro-inflammatory cyto-
kine within 1 week-post treatment. However, SP treat-
ment inhibited dilation of aorta and mitigated highly
activated inflammatory responses due to monocyte
infiltration and pro-inflammatory cytokines-enriched
environment, which eventually prevented dissec-
tion of aorta. Intriguingly, SP injection also blocked
the BAPN-induced-VCAM-1 expression to protect
endothelium and this function might contribute to
the decline in infiltration of monocytes and immune
suppression from the early stage of AD. Collectively,
this study supports that SP blocks AD development
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by modulating endothelial dysfunction and immune
response, simultaneously.

Funding Source: This study was supported by Basic
Science Research Program through the National Re-
search Foundation of Korea funded by the Ministry of
Education (NRF-2018R1D1A1B07041048).

EVALUATING THE EFFECT OF MONOMERIC
AMYLOID B ON HEALTH OF FOREBRAIN
NEURONS DERIVED FROM HUMAN PLU-
RIPOTENT STEM CELLS

Kwak, Eunbi (Clara), Nicolazzo, Joseph, Haynes,
John, Pouton, Colin

Drug Delivery, Disposition and Dynamics, Monash
University Institute of Pharmaceutical Sciences,
Parkville, Australia

There is an increase in effort and interest from many
laboratories around the world for developing an appro-
priate disease models for neurodegenerative diseases
including Alzheimer’s disease (AD). Despite such
awareness, most of the in vitro AD models do not re-
semble the AD patient brain environment, and this is
partly due to poor understanding of amyloid beta (Af)
peptide and pathophysiological changes of affected
neurons. To address this critical issue, we treated hu-
man embryonic stem cells (hESCs)-derived neurons
with monomeric A (1-42) at pathophysiologically
more relevant concentrations for longer period com-
pared to other conventional AD studies. Since the most
common aetiology observed from post-mortem brains
of AD patients is loss of synapses, synaptic health of
monomeric AP (1-42) treated neurons were examined
in this study. To generate forebrain neurons from plu-
ripotent stem cells (PSCs) we used a combination of
small molecules for the first 9 days of differentiation.
The small molecules include inhibitors of SMAD sig-
nalling (LDN193189 and SB431542; LSB) and a Wnt
signalling pathway inhibitor (XAV939) to derive cen-
tral nervous system lineages, followed by other small
molecules (PD0325901, SU5402 and DAPT; PSD) to
derive forebrain neurons. The immunocytochemistry
using different neuronal and synapse markers con-
firmed that the neurons produced by the current pro-
tocol are forebrain glutamatergic neurons. The AP (1-
42) monomer treatment of these neurons initiated on
day 20 of differentiation for 15 days and the monomer
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concentrations ranged from 0 uM to 5 puM. Immuno-
cytochemistry demonstrated that there is a reduction
in both thickness and length of axons under treatment
with AP (1-42) monomers. This illustrates that low
concentrations of AP (1-42) monomers damages axons
hence synapses over time. Currently, changes in neu-
rotransmitter glutamate levels and inflammatory cyto-
kines in culture media collected during the treatment
are under investigation. Overall, these results suggest
that the combination of current differentiation protocol
and extended AP (1-42) treatment successfully pro-
duces a more disease relevant model for AD. Future
studies will involve further quantitative analyses of the
impacts of monomeric A (1-42) on synaptic health of
hESC-derived forebrain neurons.

CARDIOPROTECTION WITH NOVEL SPIDER
VENOM PEPTIDE

Redd, Meredith A%, Scheuer, Sarah E., Saez, Natalie
J.1, Chiu, Han S.%, Chen, Xiaoli', Reichelt, Melissa
E.%, Peart, Jason N.%, See Hoe, Louise E.2, Suen,
Jacky Y.2, Alzubaidi, Mubarak®, Thomas, Wallace G.*,
Fraser, John F.2, Macdonald, John F2, King, Glenn F.,
Palpant, Nathan J.!

Institute for Molecular Bioscience, University of
Queensland, St. Lucia, Australia, *Critical Care
Research Group, The Prince Charles Hospital,
University of Queensland, Brisbane, Australia, *Victor
Chang Cardiac Research Institute, St. Vincent’s Hospi-
tal, Sydney, Australia, “School of Biomedical Science,
University of Queensland, Brisbane, Australia,
*School of Medical Science, Griffith University, Gold
Coast, Australia

Cardiovascular medicine would profoundly benefit
from novel therapeutics that improve the ischemic
tolerance of cardiac tissue. During ischemia, altered
metabolism leads to tissue acidification which exac-
erbates tissue injury. We identified acid sensing ion
channel 1a, ASICl1a, as a proton-gated ion channel that
initiates cell death pathways during acidosis. To assess
a functional role for ASIC1a in cardiac ischemia, we
used ASIC1a genetic knockout hearts exposed to glob-
al ischemia/reperfusion (I/R) injury in mouse ex Vivo
Langendorff perfusions. ASICla KO hearts showed
significantly improved functional recovery post I/R
with increased left ventricular developed pressure and
decreased end diastolic pressure compared to controls.

Using human pluripotent stem cell (hPSC) derived
cardiomyocytes, we have shown that ASIC1a translo-
cates to the sarcolemma during severe acidosis. Based
on this, we tested a therapeutic strategy for cardiac
ischemia using a double-knot peptide, Hila, a potent
and specific inhibitor of ASIC1a derived from the
venom of the funnel web spider, Hadronyche infensa.
Treatment with Hila in hPSC-CMs does not acutely
alter cardiac electro- mechanical coupling but signifi-
cantly improves survival during severe acidosis and
ischemia in vitro. Using a monomer of Hila, PcTx1,
derived from Psalmopoeus cambridgei tarantula spi-
der venom, we validated the cardioprotective effect of
ASICla inhibition that was lost with an inactive vari-
ant of PcTx1 (R27A/NV32A). Additionally, hPSC-CM
treatment with ASIC1a agonist, MiTx1, causes cell
death in the absence of severe acidosis. We used global
I/R injury to test efficacy in whole organs and showed
that Hila and PcTx1 do not alter baseline contractility,
but significantly improve recovery post I/R compared
to vehicle controls and inactive PcTx1 treated hearts.
To determine a role for Hila in a clinical model of
heart transplant, we used an isolated working rat heart
model of donor heart preservation. Hila supplemen-
tation in clinical heart preservation solution, Celsior,
significantly improved heart function following pro-
longed ischemia. These data reveal ASIC1a as a novel
mediator of injury during cardiac ischemia and iden-
tify ASIC1a inhibition through the spider-venom pep-
tides Hila and PcTx1 as a therapeutic cardioprotective
strategy.

Withdrawn

MODELING OF FRONTOTEMPORAL DE-
MENTIA USING IPSC TECHNOLOGY

Koh, Wonyoung?, Kim, Hee Jin? Li, Hee Jin, Kim,
Minchul', Heo, Hyohoon*, Na, Hyohoon?, Song,
Jihwan'

!Biomedical Science, CHA University, Seongnam,
Korea, Neuroscience Center, Samsung Medical
Center, Seoul, Korea

Frontotemporal dementia (FTD) is caused by the
progressive degeneration of the temporal and frontal
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lobes of the brain. FTD is pathologically character-
ized by abnormal expression of tau, TDP-43 (TAR
DNA-binding protein 43) and FUS (Fused in Sarco-
ma) proteins. However, its pathological mechanisms
are largely unknown. In this study, we have generated
and characterized induced pluripotent stem cell (iPSC)
lines from one normal control and three sporadic
bvFTD (behavioral variant FTD) patients. Firstly, we
examined the expression of stemness markers using
immunocytochemistry and real-time PCR. Second-
ly, we differentiated each iPSC line into post-mitotic
neurons, which were positive for typical neuronal
markers, such as Tujl and MAP2. At the same time,
we also differentiated two patient derived-iPSC lines
carrying MAPT or PGRN mutations that are known
as FTD-related mutation, in order to compare them
with sporadic patient-derived iPSC lines. As a result,
we observed that the expression of p-Tau and TDP-43
C-terminal fragments were increased in both of neu-
rons carrying mutation and some of bvFTD patient-de-
rived iPSC lines. Also, FUS proteins were decreased
in all of FTD patient iPSC-derived neurons, compared
with control iPSC-derived neurons. We also found
that the expression of cleaved caspase-3, a general cell
death marker, was surprisingly increased only in the
sporadic patient iPSC-derived neurons with treatment
of staurosporine, a cell death-inducing agent. Further-
more, we observed that cell death-related proteins,
such as Bax and Cytochrome C were also increased in
some of bvFTD patient iPSC-derived neurons. Taken
together, this study demonstrates that the typical phe-
notypes of sporadic bvFTD can be recapitulated by
iIPSC technology, which will be useful for studying
FTD pathogenesis, as well as drug screening.

Funding Source: This work was supported by a grant
from the Korea Health Industry Development Insti-
tute (KHIDI), founded by the Ministry of Health and
Welfare (H114C2746020016 and HI18C0335) Korea,
the National Research Foundation of Korea (NRF-
2018M3C7A1056894). We thank Dr Mahito Nakan-
ishi for providing Sendai virus, and Ajinomoto for
providing StemFit® media for iPSC generation.
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MITOCHONDRIAL DYSFUNCTION AND IM-
PAIRED AUTOPHAGY IN ALZHEIMER’S DIS-
EASE PATIENT IPSC-DERIVED NEURONS

Li, Ling!, Roh, Jee Hoon?, Kim, Hee Jin®, Kim,
Minchul*, Koh, Wonyoung*, Heo, Hyohoon!, Chang,
Jong Wook*, Nakanishi, Mahito®, Yoon, Taeyoung®,
Na, Duk L.2, Song, Jihwan*

!Biomedical Science, CHA University, Seongnam,
Korea, Neurology, Asan Medical Center, University
of Ulsan College of Medicine, Seoul, Korea, *Neuro-
science Center, Samsung Medical Center, Seoul,
Korea, “Neurology, Sungkyunkwan University School
of Medicine, Seoul, Korea, *Research Center for Stem
Cell Engineering, National Institute of Advanced
Industrial Science and Technology, Tsukuba, Japan,
®Dong-a Socio R&D Center, Dong-a St, Yongin, Korea

Alzheimer’s disease (AD) is a neurodegenerative dis-
ease which is characterized by the formation of amy-
loid-beta (AB) plaques and neurofibrillary tangles. In
this study, we generated an induced pluripotent stem
cell (iPSC) line from familial AD patient carrying
presenilin-1 (PS1)-S170F mutation, and then differ-
entiated them into cortical neurons. Extracellular and
intracellular of A levels were dramatically increased
in the neurons, compare with the control group. Fur-
thermore, the AD iPSC-derived neurons exhibited
high expression levels of phosphorylated tau, especial-
ly in AT8 (Ser202/Thr205), which was also detected in
the soma and neurites by immunocytochemistry. We
next investigated the mitochondrial dynamics in AD
IPSC-derived neurons, which exhibited abnormal pat-
terns of mitochondria velocity using Mito-tracker. \We
also found that the levels of Mfn1 (membrane proteins
mitofusin 1) was reduced and Drpl (Dynamin related
protein 1) was increased in AD iPSC-derived neurons.
We also observed that LC3b and ubiquitin is highly
increased in AD iPSC-derived neurons, indicating that
the autophagy system is also defective. Taken togeth-
er, we have characterized the pathological features of
AD patients carrying mutations for PS1-S170F using
IPSC technology for the first time, which will serve
as useful resources for studying AD pathogenesis and
drug screening in the future.

Funding Source: This work was supported by a grant
from the Korea Health Industry Development Insti-
tute (KHIDI), founded by the Ministry of Health and
Welfare (H114C2746020016 and HI18C0335) Korea,
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the National Research Foundation of Korea (NRF-
2018M3C7A1056894). We thank Dr Mahito Nakan-
ishi for providing Sendai virus, and Ajinomoto for
providing StemFit® media for iPSC generation.

THE FIRST GENERATION OF IPSC LINE
FROM A KOREAN ALZHEIMER’S DISEASE
PATIENT CARRYING APP-V715M MUTATION
EXHIBITS A DISTINCT MITOCHONDRIAL
DYSFUNCTION

Li, Ling!, Roh, Jee Hoon?, Kim, Hee Jin®, Kim,
Minchul*, Koh, Wonyoung*, Heo, Hyohoon!, Chang,
Jong Wook*, Nakanishi, Mahito®, Yoon, Taeyoung®,
Na, Duk L.2, Song, Jihwan*

!Biomedical Science, CHA University, Seongnam,
Korea, ?Neurology, Asan Medical Center, University
of Ulsan College of Medicine, Seoul, Korea, *Neuro-
science Center, Samsung Medical Center, Seoul,
Korea, “Neurology, Sungkyunkwan University School
of Medicine, Seoul, Korea, °Research Center for Stem
Cell Engineering, National Institute of Advanced
Industrial Science and Technology, Tsukuba, Japan,
®Dong-a Socio R&D Center, Dong-a St, Yongin, Korea

Alzheimer’s Disease (AD) is a progressive neurode-
generative disease, which is pathologically defined by
the accumulation of amyloid plaques and hyper-phos-
phorylated tau aggregates in the brain. Mitochondrial
dysfunction is also a prominent feature in AD, and the
extracellular AR and phosphorylated tau result in the
impaired mitochondrial dynamics. In this study, we
generated an induced pluripotent stem cell (iPSC) line
from an AD patient with amyloid precursor protein
(APP) mutation (Val715Met; APP-VV715M) for the
first time. We demonstrated that both extracellular and
intracellular levels of A were dramatically increased
in the APP-VV715M iPSC- derived neurons. Further-
more, the APP-V715M iPSC-derived neurons exhibit-
ed high expression levels of phosphorylated tau (AT8),
which was also detected in the soma and neurites by
immunocytochemistry. We next investigated mito-
chondrial dynamics in the iPSC- derived neurons us-
ing Mito-tracker, which showed a significant decrease
of anterograde and retrograde velocity in the APP-
V715M iPSC-derived neurons. We also found that as
the AP and tau pathology accumulates, fusion-related
protein Mfnl was decreased, whereas fission-related
protein DRP1 was increased in the APP-V715M iP-

SC-derived neurons, compared with the control group.
We also demonstrated that APP-V715M iPSC-derived
neurons showed significant increase in Cytochrome
C and Caspase3-dependent cell death, and also in-
vestigated that APP-VV715M mutation iPSC-derived
neurons are sensitive to oxidative stress-dependent cell
death. Taken together, we established the first iPSC
line derived from an AD patient carrying APP-V715M
mutation and showed that this iPSC-derived neurons
exhibited typical AD pathological features including
a distinct mitochondrial dysfunction, which will serve
as useful resources for studying AD pathogenesis and
drug screening in the future.

Funding Source: This work was supported by a grant
from the Korea Health Industry Development Insti-
tute (KHIDI), founded by the Ministry of Health and
Welfare (H114C2746020016 and HI18C0335) Korea,
the National Research Foundation of Korea (NRF-
2018M3C7A1056894). We thank Dr Mahito Nakan-
ishi for providing Sendai virus, and Ajinomoto for
providing StemFit® media for iPSC generation.

POSTSYNAPTIC DENSITY PROTEIN DLG2
HAS A NOVEL ROLE IN CORTICAL NEU-
RONAL DEVELOPMENT RELEVANT TO
SCHIZOPHRENIAAETIOLOGY

Shin, Eunju Jenny?, Sanders, Bret', Steward, Tom?,
Whitcomb, Daniel?, Pocklington, Andrew?

Neuroscience and Mental Health Research Institute,
Cardiff University, Cardiff, UK, ?Bristol Medical
School, The University of Bristol, UK, *Mrc Centre
for Neuropsychiatric Genetics and Genomics, Cardiff
University, Cardiff, UK

Discs large homologue 2 (DLG2) is a membrane as-
sociated guanylate kinase protein with an established
role as a scaffold in the postsynaptic density (PSD)
where it regulates receptor clustering and signal trans-
duction, contributing to higher cognition. Recurrent
de novo deletions of DLG2 have been identified in
schizophrenic individuals. Although DLG2 mRNA ex-
pression has been reported in human embryonic brain
and human embryonic stem cell (hESC)-derived neu-
ral precursors (NPCs), its functional role during neural
development has yet to be studied. Studying cortical
differentiation of hESCs we uncovered a novel role for
DLG2 in neuronal cell-fate determination, migration
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and maturation. Although a similar amount of postmi-
totic neurons were generated in DLG2 knockout (KO)
and wildtype cultures, neurons lacking DLG2 showed
simplified neuronal morphology and altered cortical
layer identity including the expression of TBR1 and
CTIP2. RNA-seq analysis revealed many protein-cod-
ing genes to be differentially expressed in DLG2 KO
cells across developmental stages, peaking during
early neurogenesis, long before PSD formation. Gene
set enrichment analyses of differentially expressed
genes indicated significant dysregulation of NPC pro-
liferation, adhesion, neuronal migration and neuronal
electrical properties, all of which were confirmed by
experimental assays. Analysis of human genetic data
revealed that neurodevelopmental gene expression
programmes dysregulated in DLG2 KO lines were
highly enriched for genetic variants conferring risk of
schizophrenia. Specifically, genes downregulated in
DLG2 KO cells during the transition from NPCs to
immature neurons were highly enriched for schizo-
phrenia common variant association. Further analysis
revealed this enrichment to be greatest amongst genes
underlying active neuronal properties (e.g. action po-
tential generation and voltage-gated sodium channel
activity). This study unwveils a novel role for DLG2 in
cortical development, shedding light on neurodevelop-
mental processes contributing to schizophrenia patho-

physiology.

Funding Source: Wellcome Trust, The Waterloo
Foundation.
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GENERATION OF AN IMMORTALISED
ERYTHROID CELL LINE FROM HAEMATO-
POIETIC STEM CELLS FROM AHAEMOGLO-
BIN E/BETA-THALASSEMIA PATIENT

Trakarnsanga, Kongtana?, Tipgomut, Chartsiam®,
Wattanapanich, Methichit?, Metheetrairut, Chanatip’,
Khuhapinant, Archrob?, Poldee, Saiphon?, Kurita,
Ryo*, Nakamura, Yukio®, Srisawat, Chatchawan,
Frayne, Jan®

!Department of Biochemistry, Faculty of Medicine
Siriraj Hospital, Mahidol University, Bangkok, Thai-
land, 2Siriraj Center for Regenerative Medicine,
Research Department, Faculty of Medicine Siriraj
Hospital, Mahidol University, Bangkok, Thailand,
*Division of Hematology, Department of Medicine,
Faculty of Medicine Siriraj Hospital, Mahidol Univer-
sity, Bangkok, Thailand, *Department of Research and
Development, Central Blood Institute, Blood Service
Headquarters, Japanese Red Cross Society, Tokyo,
Japan, °Cell Engineering Division, Riken Bioresource
Research Center, Ibaraki, Japan, ®School of Biochem-
istry, University of Bristol, UK

Beta thalassemia is a common genetic disorder with
high prevalence in areas where malaria is (or was)
highly endemic. It is caused by mutations in and
around the B-globin gene, resulting in reduced or ab-
sent B-globin synthesis, a component of haemoglobin
in red blood cells (RBC) required for oxygen delivery
in the body. A particular subtype of B-thalassemia,
HbE/B-thalassemia has extremely high frequency in
many countries in Asia including Thailand, the HbE
mutation resulting in both reduced B-globin levels
and a structural change. In all cases of B-thalassemia
aberrant expression of -globin results in impaired
RBC production, along with instability and hemolysis
of those RBCs in circulation. At present, treatment for
most thalassemia patients is limited to blood transfu-
sion therapy to maintain RBC levels, with resultant
consequences such as iron overload and immune re-
sponse to blood products from frequent transfusion.
There are presently no drugs available, with human
model cellular systems for this disease required both
for further delineating underlying molecular mecha-
nisms, and as screening platforms for the effect and
efficacy of potential new drugs and reagents, facilitat-
ing development of new therapeutic strategies. In this
study, we have generated an immortalised erythroid
cell line from stem cells collected from the blood of
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a patient with haemoglobin E/B-thalassemia. The cell
line has unlimited self-renewal property with their
ability to re-establish after freezing confirmed. The
cells have now been proliferating continuously for
over 100 days, with a mean doubling time of 17 hours.
The morphology of the cells is similar to that of pro-
erythroblasts and basophilic erythroblasts. Important-
ly, on transfer to our 2-stage erythroid culture system
the cells differentiate efficiently along the erythroid
pathway, becoming orthochromatic erythroblasts and
reticulocytes. The differentiated cells express 29.2%
HbF, 9% HbA and 61.8% HbE which was comparable
to 24.4% HbF, 5.9% HbA and 69.7% HbE in patient’s
red blood cells. Further characterisation of the line is
presently on going. This is the first B-thalassemia cell
line, or model cellular system for - thalassemia, creat-
ed and provides a valuable resource for both research-
ers in the field and pharmaceutical companies for drug
development programmes.

Funding Source: This study was supported by a
grant from the Thailand Research Fund (grant no.
MRG6180261).

GENE-EDITED PLURIPOTENT STEM CELLS
TO MODEL NEUROPATHY AND INTELLEC-
TUAL DISABILITY

Woldegebriel, Rosa’, White, Matthew?, Ylikallio,
Emil*, Bassett, Andrew?, Sreedharan, Jemeen?,
Tyynismaa, Henna'

!Stem Cells and Metabolism Research Program,
University of Helsinki, Finland, 2Maurice Wohl Clin-
ical Neuroscience Institute, King’s College London,
UK, *Wellcome Trust Sanger Institute, Wellcome Trust
Genome Campus, Hinxton, UK

Induced pluripotent stem cells (iPSCs) and genome
editing have enabled disease modeling in vitro of
otherwise inaccessible human neurons. We are us-
ing these methods to generate isogenic knock-in
mutants in wild-type iPSCs using CRISPR/Cas9
ribonucleoprotein complexes. We have introduced
several disease-associated mutations on MCM3AP
(minichromosome maintenance complex component
3 associated protein, encoding GANP), which we re-
cently identified to underlie early-onset sensorimotor
neuropathy and intellectual disability. GANP is a scaf-
fold protein in the TRanscription-EXport-2 (TREX-

2) complex that interacts with the nuclear pore. It has
been suggested to play a role in exporting selective
mature mMRNAs from the nucleus or in regulating
export of stress-related transcripts. GANP has an mR-
NA-binding Sac3 (suppressor of actin) domain, where
homozygous patient mutations cluster. Compound
heterozygous mutations outside of the Sac3 domain
lead to a partial loss of GANP protein in patient fi-
broblasts. Earlier onset and a more severe disease
course are typically associated with the compound
heterozygous mutations, whereas a more benign dis-
ease course is associated with the homozygous Sac3
mutations. By generating mutations within the Sac3,
as well as near the C-terminus of GANP in iPSCs, we
will investigate neuronal phenotypes caused by the
different mutations. We will differentiate and pheno-
type sensory and motor neurons from knock-in iPSCs
to dissect the effect of GANP mutations on axonal
MRNA transport contributing to axon degeneration.
Furthermore, we will investigate the role of TDP-43 in
the pathogenesis. We previously identified Drosoph-
ila GANP (Xmas-2) in a genetic screen to eliminate
the toxicity of TDP-43 overexpression in fly motor
neurons, and in SH- SY5Y cells GANP knockdown
rescues TDP-43 toxicity. We are now utilizing geneti-
cally engineered iPSCs differentiated into sensory and
motor neurons to further investigate the role of GANP
in health and neuronal disease, and the link between
GANP and TDP-43.

Funding Source: Instrumentarium Science Founda-
tion, Doctoral Programme Brain & Mind, Lastentau-
tien tutkimussaatio.

ESTABLISHMENT OF IPS CELL LINES FROM
THE MARMOSETS WITH MECP2 HETERO-
ZYGOUS MUTATION

Sato, Tsukika®, Yoshimatsu, Sho?, Imaizumi, Kent,
Shiozawa, Seiji*, Kishi, Noriyuki?, Okano, Hideyuki*

!Department of Physiology, Keio University School
of Medicine, Tokyo, Japan, ?Riken Center for Brain
Science, Riken, Saitama, Japan

Rett syndrome is a neurodevelopmental disease pre-
senting almost exclusively in girls. Mutations of the
methyl-CpG-binding protein 2 (MECP2) gene located
on the X chromosome are known to cause this disease.
Although some genetically modified murine models
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were reported, differences in the brain structure and
functions between humans and mice have been major
obstacles for clarifying the pathological mechanism
of Rett syndrome. To overcome these issues, we pre-
viously generated a heterozygous MECP2 mutant
common marmoset (Callithrix jacchus) using the zinc
finger nuclease technology, and this marmoset ex-
hibits a microcephaly-like phenotype (Kishi et al., in
preparation). In this study, to further characterize the
pathophysiology of this marmoset, we attempted to
establish an in vitro model for Rett syndrome by gen-
erating transgene-free iPS cells using episomal vectors
encoding reprogramming factors, from somatic fibro-
blasts of this marmoset. We initially attempted to use a
conventional method for establishing human iPS cells,
but marmoset iPS cells could not be derived. Next, we
attempted to convert the fibroblasts into intermediate
cells by using a novel set of small molecules supple-
mented in an induction medium, and succeeded in
establishing iPS cells from the intermediate cells. The
obtained iPS cells showed an endogenous expression
of PSC markers, an in vitro differentiation potential
into all three germ layers, and transgene excisions.
Interestingly, we discovered that the intermediate cells
had neural stem cell-like characteristics. Furthermore,
we assessed whether the status of X chromosome in-
activation is sustained in the iPS cells. We performed
MECP?2 transcript analyses to confirm the X chromo-
some inactivation status. As a result, we succeeded in
establishing iPS cells which expressed each of the wild
type MECP2 or the mutant MECP2, but there was a
biased tendency towards the wild type one. This result
indicated that iPS cells maintained the X chromosome
inactivation status and the mutant MECP2 may have
an adverse effect on deriving iPS cells. In summary,
we succeeded in generating transgene-free iPS cells
by the novel reprogramming method from marmosets
for the first time.
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LYSOSOMAL DYSFUNCTION ACCELER-
ATES PATHOLOGIC PROGRESSION IN THE
SPORADIC ALZHEIMER’S DISEASE PA-
TIENT-DERIVED IPSC LINES

Kim, Minchul®, Li, Ling*, Kim, Hee Jin? Koh,
Wonyoung', Heo, Hyohoon*, Nakanishi, Mahito®, Na,
Duk Lyul?, Song, Jihwan!

!Biomedical Science, CHA University, Seongnam,
Korea, Neurology, Samsung Medical Center, Seoul,
Korea, ®Research Center for Stem Cell Engineering,
National Institute of Advanced Industrial Science and
Technology, Tsukuba, Ibaraki, Japan

Alzheimer’s disease (AD) is the most common de-
mentia which is characterized by the extracellular
amyloid-beta (AP) plaques and neurofibrillary tan-
gles (NFT). Recently, many recent studies have been
focused on the sporadic AD cases, since no drugs
targeting pathological pathway of current hypothe-
ses based on the familial AD have been successful in
clinical trials as yet. AD brains exhibit dysfunctions
in autophagy-lysosomal pathway and endo-lysosomal
network, resulting in abnormal lysosomal enzymatic
activity and accumulation of autophagosomes and
autolysosomes in the dystrophic neurites. In this study,
we have classified sporadic AD patients into rapid
decliner (RD) and slow decliner (SD) groups, based
on their scores in the Mini-Mental State Examination
(MMSE). Next, we generated and characterized in-
duced pluripotent stem cell (iPSC) lines from a total
of 14 sporadic AD cases, including 2 RD controls, 5
RD patients, 2 SD controls, and 5 SD patients. We
then differentiated them into cortical neurons and
characterized their phenotypes using cortical layer
makers, such as CTIP2 and TBR1. Cortical neurons
derived from both SD and RD showed a dramatical-
ly increased pattern of extracellular secretion of A
levels, as well as phosphorylated tau, especially at the
sites of AT180 (Thr231) and S396 (Ser396). Interest-
ingly, the level of secreted AP was significantly higher
in RD than in SD. Moreover, we observed several tau
species with low molecular weights less than 65kDa
and increased phosphorylated tau species (S396)
with high molecular weight in RD, suggesting that
both SD and RD produce tau fragments of low mo-
lecular weights which may cause tau oligomerization
by its hyperphosphorylation. Since the background
information regarding the genetics of corresponding
patients have been validated by sequencing analy-
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sis, we targeted the possibility that the breakdown of
protein clearance system can be caused by abnormal
protein productions. Therefore, we have analyzed the
autophagy-lysosomal pathway and endo-lysosom-
al pathway using western blot and co- localization
analysis by immunochemistry assay in order to prove
our hypothesis. Taken together, our results strongly
suggest that defective lysosome may play a cru-
cial role in the disease progression of sporadic AD.

Funding Source: This work was supported by a grant
from the Korea Health Industry Development Insti-
tute (KHIDI), funded by the Ministry of Health and
Welfare (H114C2746020016 and HI18C0335) Korea,
the National Research Foundation of Korea (NRF-
2018M3C7A1056894). We thank Dr Mahito Nakan-
ishi for providing Sendai virus, and Ajinomoto for
providing StemFit® media for iPSC generation.

Genome Editing and Stem
Cell Technologies

IMPROVING HDR/NHEJ RATIOS FOR PRE-
CISE GENOME EDITING IN HUMAN IPS
CELLS

Maurissen, Thomas, Woltjen, Knut

Department of Life Science Frontiers, Center for IPS
Cell Research and Application (CiRA), Kyoto, Japan

Precise gene editing aims at correcting or recreating
pathogenic mutations, to study underlying disease
mechanisms and advance drug discovery. The CRIS-
PR-Cas9 system is a powerful tool that catalyzes
DNA double-strand breaks (DSBs) at target genomic
loci defined by programmable Cas9-associated gRNA
sequences. DSBs are resolved by endogenous DNA
damage repair pathways resulting in imprecise in-
sertion/deletion (indel) mutations through mutagenic
end-joining (MutEJ), including non-homologous
end-joining (NHEJ), or in precise editing through
template-mediated homology-directed repair (HDR).
In human induced pluripotent stem cells (hiPSCs),
the frequency of HDR-mediated repair outcomes is
typically low (<1%) and MutEJ outcomes predomi-
nate, obstructing precise genome editing. We estab-
lished a fluorescent DNA repair assay based on GFP
to BFP conversion in hiPSCs that are heterozygously

or homozygously targeted with a GFP reporter to the
AAVSL1 locus. Targeting GFP with CRISPR-Cas9
either results in 1) no modification and retained GFP
fluorescence, 2) GFP knock-out through MutEJ and
loss of GFP fluorescence, or 3) GFP to BFP conver-
sion through HDR when co-transfecting a BFP donor
template, resulting in BFP fluorescence. The latter
HDR repair outcomes are desired for precise genome
editing. This fluorescent DNA repair assay allows
visualization and quantification of HDR and MutEJ
repair outcomes with single-cell resolution in FACS-
based analysis. Using this assay, we identified condi-
tions favoring precise monoallelic and biallelic repair
outcomes when modulating cell cycle and DNA repair
pathway components. Finally, we apply these find-
ings to recreate heterozygous compound mutations in
endogenous genes, for example involved in cardiac
channelopathies and cardiac sudden death.

NEW CRISPR INTERFERENCE SYSTEM REG-
ULATES HLA PRESENTATION ON HUMAN
CELLS

Lee, Suji*, Reinhardt, Anika', Braam, Mitchell J.s.2,
Matsumoto, Tomoko', Nakamura, Michiko®, Kim,
Shin-il*, Kieffer, Timothy J.2, Woltjen, Knut*

'Department of Life Science Frontiers, Center for
IPS Cell Research and Application, Kyoto University,
Japan, *Department of Cellular and Physiological
Sciences, University of British Columbia, Vancouver,
CA, Canada

CRISPR interference (CRISPRI), which employs
a deactivated version of Cas9 (dCas9), is known to
efficiently knock-down gene expression by blocking
transcription. Moreover, it was shown that a tetracy-
cline-inducible (Tet-ON) system enabled CRISPRi
to be both reversible and tunable. Beyond Tet-ON
CRISPRI, we developed a new reversed system us-
ing Tet-OFF to control dCas9-KRAB expression. \We
observed that Tet-OFF CRISPRi could silence beta-2
microglobulin (B2M), the common subunit of human
leukocyte antigen class | (HLA cl), in a dox-dependent
and reversible manner. Additionally, we performed a
titration of doxycycline to confirm the lowest concen-
tration sufficient to repress CRISPRI, corresponding to
a recovery of B2M target gene expression. We expect
that this minimum concentration of doxycycline could
facilitate in vivo applications by reducing doxycycline
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dosage requirements. Next, we established a new iPSC
line with one copy of the B2M sgRNA in the AAVS1
locus, a known genetic “safe harbour.” This stable
cell line showed similar behaviour to B2M knock-
down cell lines previously established using sgRNA
expression from multi-copy piggyBac transposons. In
hematopoietic progenitor cells, B2M knockdown was
similarly achieved in the absence of doxycycline. But,
doxycycline treatment could not recover HLA class |
presentation, despite the lack of dCas9-KRAB. These
data indicate epigenetic modification introduced at the
pluripotent state cannot be removed in differentiated
cells. This suggests an altered ability to remove repres-
sive epigenetic marks in pluripotent versus differenti-
ated cells and shed fresh light on CRISPRI reversibili-
ty using dCas9-KRAB.

Funding Source: This work was supported by a grant
from the National Institute Of Diabetes And Digestive
And Kidney Diseases of the National Institutes of
Health (RO1DK120392), US, and from the Grants-in-
Aid for Scientific Research C (General), Japan.

A SIMPLE ROBUST EXVIVO MICROFLUIDIC
PLATFORM FO STEM CELL ENGINEERING

Schubert, Rajib, Zeng, Rajib

Research and Development, Laguna Biotech,
Redwood City, CA, USA

As CRISPR/Cas9 systems, and stem cell technologies
have matured, so too have the possibilities for their
combined use. However efficient delivery of CRISPR
systems ex vivo and in vivo remains challenging and
serves as a barrier to the progress of these two power-
ful technologies. Here we present a simple, robust ex
Vivo microfluidic platform to overcome these limita-
tions by delivery large CRISPR payloads in a variety
of stem cells of up to 90% efficiency with high cell
viability. Our method can be scaled up from the lab for
industrial purposes thereby making it of great utility.
Finally, although we currently do not show data for the
invivo editing of stem cells we believe are platform
can be tailored for in vivo applications with modifica-
tions.

Funding Source: Laguna ventures fund.
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A FLUORESCENT CHEMICAL PROBE CDY?9
SELECTIVELY STAINS AND ENABLES THE
ISOLATION OF LIVE NAIVE MOUSE EM-
BRYONIC STEM CELLS

Cha, Hyuk-jin®, Kim, Keun-tae!, Cho, Seung-ju?,
Kim, Jong-soo®, Kwon, Ok-seon®, Go, Young-hyun?,
Chang, Young-tae*

!Life Sciences, Sogang University, Seoul, Korea, *Divi-
sion of Drug Evaluation, Osong Medical Innovation
Foundation, Cheongju, Korea, *Department of Medi-
cine, Konkuk University, Seoul, Korea, “Department
of Chemistry, Pohang University of Science and Tech-
nology (Postech), Korea, *School of Pharmacy, Seoul
National University, Korea

Human and mouse embryonic stem cells (ESCs) dif-
fer in terms of their pluripotency status, i.e., naive vs.
primed. This affects various biological properties and
leads to several technical hurdles for future clinical
applications, such as difficulties in chimera formation,
single-cell passaging, and gene editing. In terms of
generating functional human tissues and organs via
mammalian interspecies chimerism, a fluorescent
chemical probe that specifically labels naive ESCs
would help to isolate these cells and monitor their
conversion. This study demonstrates that the fluores-
cent chemical probe compound of designation yellow
9 (CDy?9) selectively stains naive, but not primed,
mouse ESCs (MESCs). CDy9 entered cells via
Slc13a5, a highly expressed membrane transporter in
naive mESCs. Fluorescence-based cell sorting based
on CDy?9 staining successfully separated naive mESCs
from primed mESCs. Mice generated using CDy9+
cells isolated during the conversion of mouse epiblast
stem cells into naive mESCs exhibited coat color
chimerism. Furthermore, CDy9 specifically stained
cells in the inner cell mass of mouse embryos. These
findings suggest that CDy9 is a useful tool to isolate
functional naive mESCs.

Funding Source: This work was supported by
a grant from the Korea Health Technology R&D
Project through the Korea Health Industry Devel-
opment Institute (KHIDI), funded by the Ministry
of Health and Welfare (grant number: HI14C3365),
and by a grant from the National Research Foun-
dation of Korea (NRF) (2017M3A9B3061843 and
2017R1A2A2A05000766).
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IN VIVO TRACKING OF 14C THYMIDINE
LABELED MESENCHYMAL STEM CELLS
USING ULTRA-SENSITIVE ACCELERATOR
MASS SPECTROMETRY

Lee, Seul-gi*, Oh, Min-seok®, Lee, Gwan-ho?, Chung,
Hyung-min*, Yu, Byung-yong?

'Department of Stem Cell Biology, Konkuk University,
School of Medicine, Seoul, Korea, 2Advanced Analysis
Center, Korea Institute of Science and Technology,
Seoul, Korea

Mesenchymal stem cells (MSCs) offer high potential
in regenerative medicine and are used as therapeutic
cell sources in clinical trials. However, even with a
therapeutic efficacy, there is an inconsistent effect
when injected into the in vivo model, and there is still
a limit to the trace associated with the survival amount
of injected cells and the location of cells depending
on the migration in body. In order to improve the
therapeutic effect of MSCs in vivo, a bio-distribution
screening of implanted cells using a stable and long-
term tracking method is required. Herein, we labeled
adipose derived-mesenchymal stem cells (AD-MSCs)
using carbon radioisotope labeling thymidine (14C
Thymidine), which is able to incorporated into new
DNA during cell replication. After the labeling with
different concentrations of 14C Thymidine, the radio-
active emission and biological characteristics of AD-
MSCs were measured. As a result, AD-MSCs labeled
with 5 nCi possessed high radioactivity and there was
no change in the proliferation compared to the control
group, but higher concentrations (10 nCi, 25 nCi) af-
fected the cell proliferation rate. The biological char-
acteristics (i.e. morphology, MSCs specific markers,
tri-lineage differentiation into osteoblasts, adipocytes,
and chondroblasts) showed no significant changes
after labeling. In addition, 14C-labled AD-MSCs were
injected into tail vein of nude mice and the organs
were collected at hours 4, 12, 24, 48, and 168 after in-
jection to investigate survival rate and cell distribution
of MSCs in vivo. The 14C-labled AD-MSCs distrib-
uted in each organ were analyzed not only by liquid
scintillator counter, which is a conventional analyzer,
but also by using Ultra-Sensitive Accelerator Mass
Spectrometry (AMS) which can detect less than 10
cells through low radioactivity measurement. Overall,
14C Thymidine and AMS-based technique allows
bio-distribution tracking of small amounts of cells in
Vivo, suggesting that it may be usefully used to reduce

the error of results in stem cell therapy and to improve
mechanism research of MSCs.

Funding Source: This work was supported by the
National Research Foundation of Korea (NRF)
grants from the Ministry of Science, ICT (No.
2015-M3A9C7030091).

MODULATING HUMAN EMBRYONIC STEM
CELLS FATE BY THE DIFFERENTIAL EX-
PRESSION LEVEL OF MIR-5739

Kim, C-yoon, Lee, Ji-heon, Chung, Hyung-min

Colleage of Medicine, Konkuk University, Seoul,
Korea

The microRNA is composed of small nucleotides and
acts as a transcription factor that inhibits the expres-
sion of target genes by binding 3 “untranslated regions.
We have constructed a human embryonic stem cells
derived knockout cell line to analyze the function and
properties of the novel microRNA miR-5739, which
has been shown to play an important role in mesoderm
lineage development. In particular, this study showed
that miR-5739 knockout significantly inhibited the dif-
ferentiation of endothelial cells and cardiomyocytes,
suggesting that miR-5739 gene plays an important
regulatory role in muscle and vessel formation during
embryonic development.

ESTABLISHMENT AND VALIDATION OF
EGFP KNOCK-IN HIPSCS TO MONITOR DIF-
FERENTIATION INTO NEURAL PROGENI-
TOR CELLS AND BETA CELLS USING THE
CRISPR/CAS9 SYSTEM

Lee, Youngsun, Choi, Hye Young, Kwon, Ara, Park,
Hyeyeon, Park, Mihyun, Kim, Yong-ou, Kwak,
Sungwook, Koo, Soo Kyung

Division of Intractable Diseases, National Research
Institute of Health, Cheongju, Korea

Nestin and SOX1 are specific markers known to be
expressed in neural progenitor cells, and PDX1 plays
a crucial role in pancreatic development and B-cell
maturation. In this study, we introduced an EGFP
reporter into the C-terminus of the gene of interest
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(NES, SOX1, and PDX1) via homology-directed
repair (HDR) using the CRISPR/Cas9 nuclease and
established three reporter cell lines (Nestin-EGFP,
SOX1-EGFP, and PDX1-EGFP). Successfully edited
cell lines were validated by PCR and sequencing anal-
ysis to ensure that the EGFP protein and downstream
endogenous genes were within the frame. They had
a normal karyotype and a typical human pluripo-
tent stem cell-like morphology. They also expressed
several pluripotency markers and exhibited differen-
tiation potential into three germ layers. Further, we
confirmed the co-localization of the target proteins
(Nestin, SOX1, and PDX1) and EGFP by directed dif-
ferentiation. Taken together, Nestin-EGFP hiPSCs and
SOX1-EGFP hiPSCs will provide a useful model for
neural differentiation and PDX1-EGFP hiPSCs can
be a powerful tool for studies involving pancreatic de-
velopment and B-cell differentiation. These cell lines
are available and registered at the National Stem Cell
Bank, Korea National Institute of Health.

Funding Source: This work supported by an intramu-
ral research grant from the Korea National Institute of
Health.

GENERATION OF THE ENDOSOMAL TOLL-
LIKE RECEPTORS KNOCKOUT HUMAN IN-
DUCED PLURIPOTENT STEM CELL LINES
USING CRISPR/CAS9 GENOME EDITING
SYSTEM

Han, Hyeong-jun, Kim, Jung-hyun, Han, Hyo-won,
Seo, Hyang-hee

Center for Biomedical Science Division of Intracta-
ble Diseases, National Research Institute of Health /
National Center for Stem Cell and Regenerative Medi-
cine, Cheongju, Korea

Till date, thirteen mammalian TLR members (TLR1-
13) have been identified, ten in human and thirteen in
mice. The human TLRs are further divided into two
subgroups: six surface bound (TLR 1, 2, 4, 5, 6 and
10) and four within the intracellular endosomal com-
partment (TLR 3, 7, 8, and 9) of TLR-expressing cells.
TLR3 recognizes double-stranded RNA (dsRNA),
TLR?7 and TLR8 recognize single-stranded RNA (ssR-
NA) and TLR9 recognizes DNA. Activation of nucle-
ic acid-sensing TLRs triggers downstream signaling
and activation of transcription factors such as NF-kB
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and IRFs, enhancing pro-inflammatory and anti-viral
responses, respectively. Furthermore, the endosomal
Toll-like receptors have been implicated in the patho-
genesis of autoimmune diseases. Here, we generated
TLR3, TLR7, TLR8, and TLR9 knockout human
induced pluripotent cell lines (iPSCs) using the CRIS-
PR/Cas9 genome editing method. The TLRs knock-
out iPSCs showed pluripotent characteristics such as
teratoma formation, EB differentiation, pluripotent
markers expressions. Further, we differentiated TLR7,
TLR8 knockout iPSCs into human macrophage- like
cells and confirmed depleted TLR protein expression.
These lines are valuable laboratory resources to offer
insight into the roles of endosomal TLRs in inflamma-
tion and related diseases.

Funding Source: This study was supported by the
KCDC (2017-NC61001-00, 2017-NG61004-00).

NEURONAL ACTIVATION CAN MODULATE
ENHANCER ACTIVITY THROUGH DE NOVO
DNAMETHYLATION

Kameda, Tomonori*, Imamura, Takuya', Takizawa,
Takumi?, Miura, Fumihito®, Ito, Takashi', Nakashima,
Kinichit

'Medical Sciences, Kyushu University, Fukuoka,
Japan, ?Medicine, Gunma University, Gunma, Japan

Stem cells alter their epigenome upon differentiation,
acquiring new and stable gene expression pattern.
Interestingly, contrary to the notion that terminally
differentiated cells exhibit low epigenetic dynamics,
recent studies have shown that neuronal activation
can induce local DNA demethylation changes without
cell fate switching. Here we show that neuronal activ-
ity-dependent DNA methylation can even induce de
novo DNA methylation in sequence-specific manners.
In order to examine the degree to which DNA meth-
ylation changes upon neuronal stimulation, we con-
ducted DNA methylome analysis using post-bisulfite
adapter-tagging method for primary cultured neurons
pre-treated with bicuculline/4-aminopyridine that in-
duces hyperactivation. We identified 826 and 1,075
genomic loci where methylation and demethylation
respectively occurred. Using publicly available ChiP-
seq data for H3K4mel, we observed accumulation
of H3K4mel at the differentially methylated regions,
suggesting that not only DNA demethylation but also
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DNA methylation occur at a set of enhancer regions
to regulate downstream gene expressions. We tried to
confirm the enhancer activity of selected differential-
ly methylated regions using a reporter assay system
with a CpG-free luciferase. As expected, the test DNA
fragment enhanced the reporter activity and DNA
methylation at the differentially methylated regions
impaired its enhancer activity. Moreover, supply of a
DNMT inhibitor, RG108, or simultaneous knockdown
of Dnmt1 and Dnmt3a, reversed the DNA methylation
status from hyper-methylated to hypo-methylated in
sequence-specific manners. Our results strongly sug-
gest that a set of enhancer regions can be targeted by
neuronal activity-dependent rapid de novo DNA meth-
ylation through machinery including DNMT1 and
DNMT3a. Exploring the mechanisms of this de novo
DNA methylation as well as demethylation in termi-
nally differentiated neurons would have a considerable
impact on manipulating stem cell epigenetic control.

UNIVERSAL CORRECTION OF BLOOD CO-
AGULATION FACTOR VIII IN PATIENT-DE-
RIVED INDUCED PLURIPOTENT STEM
CELLS USING CRISPR/CAS9

Sung, Jin Jea, Park, Chul-yong, Cho, Sung-rae?,
Cho, Myung Soo?®, Kim, Dong-wook®

'Department of Physiology, Yonsei Medical School of
Medicine, Seoul, Korea, 2Department and Research
Institute of Rehabilitation Medicine, Yonsei Medical
School of Medicine, Seoul, Korea, 3S. Biomedics Co.,
Ltd, Seoul, Korea

Hemophilia A (HA) is caused by genetic mutations in
the blood coagulation factor VIII (FVIII). Genome ed-
iting approaches can be used to target the mutated site
itself in patient-derived induced pluripotent stem cells
(iPSCs). However, these approaches can be hampered
by difficulty preparing thousands of editing platforms
for each corresponding variant found in HA patients.
Here, we report a universal approach to correcting var-
ious mutations in HA patient iPSCs by the targeted in-
sertion of the FVIII gene into the human H11 site via
CRISPR/Cas9. We derived corrected clones from two
types of patient iPSCs with frequencies of up to 64%
and 66%, respectively, without detectable unwanted
off-target mutations. Moreover, we demonstrated that
endothelial cells differentiated from the corrected iP-
SCs successfully secreted functional protein in vitro

and functionally rescued the disease phenotype in
vivo. This strategy may provide a universal therapeu-
tic method for correcting all genetic variants found in
HA patients.

RESTORATION OF OSTEOGENESIS BY CRIS-
PR/CAS9 GENOME EDITING OF THE MU-
TATED COL1A1 GENE IN OSTEOGENESIS
IMPERFECTA

Jung, Hyerin, Park, Narae, Ju, Ji Hyeon

Catholic iPSC Research Center, The Catholic Univer-
sity of Korea, Seoul, Korea

Osteogenesis imperfecta (Ol) is a genetic disease char-
acterized by bone fragility and repeated fractures. The
bone fragility associated with Ol is caused by a defect
in collagen formation due to mutation of COL1A1 or
COL1AZ2. Current strategies for treating Ol are not
curative. In this study, we generated induced plurip-
otent stem cell (iPSCs) from Ol patients harboring a
mutation in the COL1AL gene. OlI-iPSCs exhibited
abnormal collagen triple-helix structure and defective
mineralization during osteogenesis in vitro. Gene-cor-
rected OI-iPSCs exhibited recovery from the “un-
twisted” to “twisted” collagen triple-helix structure. In
addition, gene correction restored osteogenic potential.

Funding Source: This work was supported by a grant
from the Korea Healthcare Technology R&D Proj-
ect, Ministry for Health, Welfare and Family Affairs,
Korea (H16C2177, H18C1178). Sunyoung Christina
Kang helped us with English grammars.

GENERATION AND VALIDATION OF
GENE-SPECIFIC KNOCK-IN REPORTER
LINES OF HUMAN IPS CELLS

An, Yuri', Hayashi, Yohei', Nakade, Koji?

'IPS Cell Advanced Characterization and Devel-
opment Team, Riken Bioresource Research Center,
Tsukuba-shi, Ibaraki, Japan, 2Gene Engineering Divi-
sion, Riken Bioresource Research Center, Tsukuba-shi,
Ibaraki, Japan

Directed differentiation of human iPS cells toward
various cell types has been important as regenerative
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medicine, disease modeling, drug development as
well as basic biology. cell type-specific reporter iPS
cell lines must provide better technological platforms
in establishing directed differentiation methods and
maintaining and purifying relatively homogenous cell
population from human iPS cells. We are attempting
to generate knock-in human iPS cell lines for various
types of lineage-specific genes. Here we introduce
the knock-in lines with a self-renewal marker, OCT4,
an early neural marker, PAX6, and early endodermal
markers, MIXL1, and SOX17. In order to generate
knock-in reporter cell lines CRISPR-Cas9 technolo-
gy with homologous donor arms is used to generate
homologous recombination. Fluorescent proteins are
expressed with each gene as separated by 2A-peptide
inserted before the stop codon of each gene. Drug re-
sistant genes for selecting knock-in iPS cells are also
usually inserted with constitutive active promoters.
After drug selection, single cell colony-derived human
iPS clones have been isolated. We evaluate these iPSC
clones by flow cytometric analysis and genotyping.
We believe that our gene-specific knock-in reporter
lines of human iPS cells will be widely used in re-
search community.

STRUCTURE-ACTIVITY RELATIONSHIP
ANALYSIS OF YM155 FOR INDUCING SE-
LECTIVE CELL DEATH OF HUMAN PLURIP-
OTENT STEM CELLS

Go, Young-hyun?, Lim, Chang-jin? Jeong, Ho-
chang?, Kwon, Ok-seon®, Lee, Mi-ok®, Cha, Hyuk-jin*,
Kim, Seok-ho?

'Department of Nature Science, Sogang Universi-
ty, Seoul, Korea, 2Department of Pharmacy, CHA
University, Pochen, Korea, ®Research Institute of
Pharmaceutical Sciences, Seoul National University,
Seoul, Korea, *College of Pharmacy, Seoul National
University, Seoul, Korea, *Stem Cell Convergence
Research Center, Korea Research Institute of Biosci-
ence and Biotechnology, Daejeon, Korea

Despite great potential for regenerative medicine, the
high tumorigenic potential of human pluripotent stem
cells (hPSCs) to form undesirable teratoma is an im-
portant technical hurdle preventing safe cell therapy.
Various small molecules that induce the complete
elimination of undifferentiated hPSCs, referred to as
‘stem-toxics’, have been developed to facilitate tu-
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mor-free cell therapy, including the Survivin inhibitor
YM155. In the present work, based on the chemical
structure of YM155, total 26 analogs were synthe-
sized and tested for stem-toxic activity toward human
embryonic stem cells (hESCs) and induced PSCs
(iPSCs). We found that a hydrogen bond acceptor in
the pyrazine ring of YM155 derivatives is critical for
stem-toxic activity, which is completely lost in hESCs
lacking SLC35F2 encoding a solute carrier protein.
These results suggest that hydrogen bonding interac-
tions between the nitrogens of the pyrazine ring and
the SLC35F2 protein are critical for entry of YM155
into hPSCs, and hence stem-toxic activity .

Funding Source: This research was funded by
the National Research Foundation of Korea (NRF-
2017M3A9B3061843: H-JC and NRF-2017R
1D1A1B03034612: S-HK), Seoul National University
(370C- 20180086: H-JC), and the KRIBB Research
Initiative Program (M-OL).

FUNCTIONAL EXPRESSION OF NEURONAL
DIFFERENTIATION-SPECIFIC SURFACE AN-
TIGEN

Shon, Jina', Kim, Sang Chul*, Chu, Yujeong®, Kim,
Sang-mi?, Park, Chang-hwan®

'Graduate School of Biomedical Science and Engi-
neering, Hanyang University, Seoul, Korea, Hanyang
Biomedical Research Institute, Hanyang University,
Seoul, Korea, *Department of Microbiology, Hanyang
University, Seoul, Korea

Cell therapeutic agents for treating degenerative brain
diseases using neural stem cells are actively being de-
veloped. However, few systems have been developed
to monitor in real time whether the transplanted neu-
ral stem cells are actually differentiated into neurons.
Therefore, it is necessary to develop a technology
capable of specifically monitoring neuronal differen-
tiation in vivo. In this study, we established a system
that expresses cell membrane-targeting red fluorescent
protein under control of the Synapsin promoter in
order to specifically monitor differentiation from neu-
ral stem cells into neurons. In order to overcome the
weak expression level of the tissue-specific promoter
system, the partial 5 UTR sequence of Creb was add-
ed for efficient expression of the cell surface-specific
antigen. This system was able to track functional neu-
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ronal differentiation of neural stem cells transplanted
in vivo, which will help improve stem cell therapies.
This research was supported by a grant from KHIDI:
HI116C1013.

Funding Source: This research was supported by a
grant from KHIDI: HI16C1013.

Withdrawn

CRISPR/CAS9 NUCLEASE-MEDIATED GENE
KNOCK-IN IN BOVINE-INDUCED PLURIPO-
TENT CELLS

Park, Hanseul", Kim, Jongpil?

'Biomedical Engineering, Dongguk University, Seoul,
Korea, 2Chemistry, Dongguk University, Seoul, Korea

Efficient and precise genetic engineering in livestock
such as cattle holds great promise in agriculture and
biomedicine. However, techniques that generate plu-
ripotent stem cells, as well as reliable tools for gene
targeting in livestock, are still inefficient, and thus not
routinely used. Here, we report highly efficient gene
targeting in the bovine genome using bovine plurip-
otent cells and clustered regularly interspaced short
palindromic repeat (CRISPR)/Cas9 nuclease. First, we
generate induced pluripotent stem cells (iPSCs) from
bovine somatic fibroblasts by the ectopic expression
of yamanaka factors and GSK3b and MEK inhibitor
(2i) treatment. We observed that these bovine iPSCs
are highly similar to nai“ve pluripotent stem cells with
regard to gene expression and developmental poten-
tial in teratomas. Moreover, CRISPR/Cas9 nuclease,
which was specific for the bovine NANOG locus,
showed highly efficient editing of the bovine genome
in bovine iPSCs and embryos. To conclude, CRISPR/
Cas9 nuclease-mediated homologous recombination
targeting in bovine pluripotent cells is an efficient gene
editing method that can be used to generate transgenic
livestock in the future.

Funding Source: This work was supported by the
Korea Health Technology R&D Project, Ministry of
Health & Welfare (HI16C1176).

RESTORATION OF FVIII EXPRESSION BY
TARGETED GENE INSERTION IN THE FVIII
LOCUS IN HEMOPHILIA A PATIENT-DE-
RIVED IPSCS

Sung, Jin Jea', Park, Chul-yong*, Leem, Joong Woo*,
Cho, Myung Soo?, Kim, Dong-wook®

'Department of Physiology, Yonsei Medical School of
Medicine, Seoul, Korea, 2S. Biomedics Co., Ltd, Seoul,
Korea

Target-specific genome editing, using engineered
nucleases zinc finger nuclease (ZFN), transcription
activator-like effector nuclease (TALEN), and type
Il clustered regularly interspaced short palindrom-
ic repeats (CRISPR)/CRISPRassociated protein 9
(Cas9), is considered a promising approach to correct
disease-causing mutations in various human diseas-
es. In particular, hemophilia A can be considered an
ideal target for gene modification via engineered nu-
cleases because it is @ monogenic disease caused by
a mutation in coagulation factor VIII (FVIII), and a
mild restoration of FVIII levels in plasma can prevent
disease symptoms in patients with severe hemophilia
A. In this study, we describe a universal genome cor-
rection strategy to restore FVIII expression in induced
pluripotent stem cells (iPSCs) derived from a patient
with hemophilia A by the human elongation factor 1
alpha (EFlo)-mediated normal FVIII gene expression
in the FVIII locus of the patient. We used the CRIS-
PR/Cas9-mediated homology-directed repair (HDR)
system to insert the B-domain deleted from the FVIII
gene with the human EFla promoter. After gene
targeting, the FVIII gene was correctly inserted into
IPSC lines at a high frequency (81.81%), and these
cell lines retained pluripotency after knock-in and neo-
mycin resistance cassette removal. More importantly,
we confirmed that endothelial cells from the gene-cor-
rected iPSCs could generate functionally active FVIII
protein from the inserted FVIII gene. This is the first
demonstration that the FVI1I locus is a suitable site for
integration of the normal FVI1II gene and can restore
FVIII expression by the EF1a promoter in endothelial
cells differentiated from the hemophilia A patient-de-
rived genecorrected iPSCs.
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SPT4 GENE-EDITED STEM CELL THERAPY
IN HUNTINGTON’S DISEASE: TRANSPLAN-
TATION OF SPT4 KO HD PATIENT IPSC-DE-
RIVED NPCS RESCUES NEURONAL DYS-
FUNCTION IN THE YAC128 MODEL OF HD

Park, Hyun Jung’, Lee, Jea Young?, Choi, Ji Woo?,
Lee, Bo Mi?, Jeon, Juhyun', Kim, Hyun Sook?, Kim,
Seokjoong?, Song, Jihwan!

'Biomedicine, CHA University, Seongnam, Korea,
*Neurology, CHA University, Seongnam, Korea,
*Therapeutics, Toolgen, Seoul, Korea

Induced pluripotent stem cell technology has provided
the possibility that patient-specific iPSCs can be gen-
erated and utilized for autologous cell therapy without
the concern of immune rejection. However, when
IPSCs are developed from patients carrying a genetic
mutation(s), the resulting iPSCs will still carry such
mutation(s). Spt4 is a translation elongation factor in-
volved in the expansion of CAG repeats. In this study,
we first knock-outed the Spt4 gene in the Q57 HD-iP-
SC-derived neural precursor cells using CRISPR/Cas9
technology, which showed 80~90% indel efficiency.
We next transplanted this Spt4-knockout Q57 HD iP-
SC-NPC, together with unedited Q57 HD iPSC-NPC
and media, into the striatum of 6 month-old YAC128
transgenic mouse model of HD. Human-specific nu-
clei (hNu) antibody staining indicated that transplanted
cells were detected in all groups at 12week post- trans-
plantation. Interestingly, transplanted unedited cells
showed the expression of mutant huntingtin protein.
However, EM48-positive cells were not detected in
the transplanted Spt4-knockout cells, suggesting that
the gene editing of Spt4 resulted in the removal of mu-
tant huntingtin proteins in Q57 HD iPSC-NPCs. We
also observed the same result in the differentiated cells
after transplantation. Transplantation of unedited cells
exhibited abnormal functions. Especially, astrocytes
differentiated from the unedited cells following trans-
plantation showed decreased level of glutamate trans-
porter. We also observed that Spt4 knockout group
showed behavioral improvements. From two months
after transplantation, Spt4 knockout group showed im-
provement of motor functions, judged by rotarod and
grip strength tests. Improvement of emotional func-
tions, judged by elevated plus maze test, was observed
from three months after transplantation. These results
strongly suggest that ex vivo editing of Spt4 gene can
remove EM48 expression and improve behavioral
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deficits in YAC128 HD mice, providing a new possi-
bility of silencing the mutation of huntingtin gene, in
order to develop autologous cell therapy using HD pa-
tient’s own iIPSC. Given the nature of Spt4 gene, this
approach can be generally applied to any types of HD
IPSC lines.

Funding Source: This work was supported by a grant
awarded to Jihwan Song from the National Research
Foundation of Korea (NRF-2017M3A9B4061407).

IMPROPER CONTROL OF IMPRINTING ON
MEST/PEG1 PROMOTER IN THE PATIENTS
OF ALZHEIMER’S DISEASE

Gurunanjaiah, Renuka Prasad, Jho, Eek-hoon,
Jung, Hwajin, Song, Yonghee, Moon, Sungho

Department of Life Science, University of Seoul,
Korea

Alzheimer’s disease (AD) is a progressive, neurode-
generative disorder leading to dementia and behav-
ioral changes. Extracellular deposition of the amyloid
plaques (A) and intracellular deposition of neuro-
fibrillary tangles in neurons are the major pathogenic-
ities of AD; nonetheless, the drugs targeting the above
therapeutic targets developed by big pharmaceutical
companies are not effective. Therefore, searching for
conceptually alternative, novel targets for the treat-
ment of AD is a matter of urgency. Previously, we
have shown that Mest/Pegl inhibits Whnt signaling by
the regulation of LRP6 glycosylation. The expression
of Mest/Peg1 is regulated by genomic imprinting, only
the paternal allele is active for transcription. Interest-
ingly, we found hypermethylation on the promoter of
Mest/Pegl, which led to the reduction of Mest/Pegl
MRNA level and the activation of Wnt signaling, in
the blood and brain tissues of AD patients. Consistent-
ly, the activation of Wnt signaling using BIO and LiCl
caused neurodegeneration in cortical and hippocampal
neurons. Mest/Pegl knockout using CRIPSR/Cas9 in
mouse embryonic stem cells and P19 embryonic car-
cinoma cells resulted in neuronal differentiation arrest.
The depletion of Mest/Pegl in primary hippocampal
neurons via lentivirus expressing shMest/Pegl caused
neurodegeneration. Overall, our data suggest that
improper control of imprinting on Mest/Pegl during
aging may cause or facilitate the progression of AD
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Funding Source: This research was supported by
the National Research Foundation of Korea (NRF-
2017M3A9B4062421) to E. Jho.

“OFF-THE-SHELF” HUMAN PLURIPOTENT
STEM CELLS FOR IMMUNE-COMPATIBLE
CELL THERAPY

Lee, Kun-gu*, Hwang, Dong-youn*, Lee, Kang-in®,
Kim, Soo-jeong?, Yang, Heung-mo?®, Kim, Sung-joo?,
Kim, Jin-s00?

'Department of Biomedical Science, CHA University,
Sungnam, Korea, “Center for Genome Engineering,
Institute for Basic Science, Daejeon, Korea, *Depart-
ment of Surgery, Samsung Medical Center, Seoul,
Korea

Human pluripotent stem cells (hPSC) provide unique
opportunities for cell therapeutic approaches to treat a
variety of incurable diseases. One of the major hurdles
to overcome before application of hPSC-derived cells
for allogeneic cell therapy is immune-incompatibility
issue. Human Leukocyte Antigens (HLAS), especial-
ly HLA-A, B, and DRB1, existing on the surface of
cells play a central role in allogeneic rejection via the
activation of T cells. Therefore, establishment of “off-
the shelf” hPSC lines that are HLA-compatible with
a large number of people is of great benefit. In this
study, we designed an easy and efficient method to
generate homozygote-like hPSC lines and provided
some results about whether these lines could be used
for immune-compatible cell therapy or not. This tech-
nique would open a new door to efficient generation
of “off-the-shelf” hPSC bank that allows most people
to receive immune-compatible cell therapy in the near
future.

Funding Source: This study was supported by
2018M3A9H2021653 from Ministry of Science and
ICT.

SCARLESS ENRICHED SELECTION OF GE-
NOME EDITED HUMAN PLURIPOTENT
STEM CELLS USING INDUCED DRUG RE-
SISTANCE

Kim, Keun-Tae!, Park, Ju-Chan?, Lee, Haeseung?®,
Jang, Hyeon-Ki*, Kwon, Ok-Seon?, Jin, Yan®, Kim,
Wankyu®, Lee, Jeongmi®, Bae, Sang-Su®, Cha, Hyuk-
Jin?

!Department of Life Sciences, Sogang University,
Seoul, Korea, *College of Pharmacy, Seoul National
University, Seoul, Korea, ®Division of Molecular and
Life Sciences, Ewha Womans University, Seoul, Korea,
*Research Institute for Convergence of Basic Sciences,
Hanyang Univeristy, Seoul, Korea, °School of Phar-
macy, Sungkyunkwan University, Suwon, Korea

An efficient gene editing technique for use in human
pluripotent stem cells (hPSCs) would have great poten-
tial value in regenerative medicine, as well as in drug
discovery based on isogenic human disease models.
However, the extremely low efficiency of gene editing
in hPSCs is a major technical hurdle that remains to be
resolved. Previously, we demonstrated that YM155,
a survivin inhibitor developed as an anti-cancer drug,
induces highly selective cell death in undifferentiated
hPSCs. In this study, we demonstrated that the high
cytotoxicity of YM155 in hPSCs, which is mediated
by selective cellular uptake of the drug, is due to high
expression of SLC35F2 in these cells. Consistent with
this, knockout of SLC35F2 with CRISPR-Cas9 or
depletion with siRNAs made hPSCs highly resistant
to YM155. Simultaneous gene editing of a gene of in-
terest and transient knockdown of SLC35F2 following
YM155 treatment enabled genome-edited hPSCs to
survive because YM155 resistance was temporarily
induced, thereby achieving enriched selection of ge-
nome-edited clonal populations. This precise and effi-
cient genome editing approach took as little as 3 weeks
without cell sorting or introduction of additional genes.
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Stem Cell Applications and
Regenerative Medicine

HUMAN NASAL TURBINATE-DERIVED
STEM CELLS ATTENUATE RHEUMATOID
INFLAMMATION IN MICE

Lee, Jaeseon’, Hong, Seung-min?, Jang, Se Gwang?,
Park, Sun Hwa?, Lim, Jung Yeon? Kim, Sung Won?,
Kwok, Seung-ki*

'Rheumatism Research Center, The Catholic Universi-
ty of Korea, Seoul, Korea, 2Postech-Catholic Biomed-
ical Engineering Institute, The Catholic University of
Korea, Seoul, Korea, *Department of Otolaryngology
Head and Neck Surgery, The Catholic University,
Seoul, Korea, “Division of Rheumatology, The Catho-
lic University, Seoul, Korea

Multipotent mesenchymal stem cells (MSCs) are
widely being studied as a cell-based treatment for
inflammatory disorders. The therapeutic effects, how-
ever, are sometimes inconsistent and unpredictable.
In this study, we investigated the therapeutic effect of
human nasal turbinate-derived stem cells (hnNTSCs)
in collagen-induced arthritis (CIA), the prototype
animal model of rheumatoid arthritis (RA). We also
compare the therapeutic effects of hNTSCs with
those of other sources of MSCs including bone mar-
row (BM)-derived MSCs or adipose (AD)-derived
MSC. hNTSCs can be easily isolated from turbinate
tissue discarded during turbinate surgery and possess
multipotent capacity and exhibit immunoregulatory
properties. Human turbinate-, bone marrow (BM)- or
adipose (Ad)-derived mesenchymal stem cells (1 x
106 cells/100pul/mouse) were intravenously injected
three times between 5th and 6th weeks after 1st immu-
nization. Human CD4+CD25-T cells are co-cultured
with each kinds of MSC and the degree of T cell pro-
liferation was determined using Cell trace violet dye.
Human NTSCs attenuated the clinical and histologic
features of inflammatory arthritis in CIA mice like
BM-MSCs and Ad-MSCs. hNTSC:s treated CIA mice
showed decreased levels of serum anti-Cll IgG2a.
The alleviation of arthritis was accompanied by the in-
crease of regulatory T cells. In addition, ANTSC sup-
pressed human T cell proliferation through increase of
indoleamine-2,3 dioxygenase. Our findings suggest
that hANTSCs ameliorated inflammatory arthritis in
mice. They could be a useful cell source for cell-based
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treatment for RA.

Funding Source: This research was supported by the
Bio & Medical Technology Development Program
of the National Research Foundation (NRF)& fund-
ed by the Korean government (MSIT) (No. NRF-
2019M3E5D5064110).

TRANSPLANTATION OF HUMAN INDUCED
PLURIPOTENT STEM CELL-DERIVED CAR-
DIOMYOCYTES IMPROVES MYOCARDIAL
FUNCTION IN INFARCTED RAT HEARTS

Guan, Xumin', Xia, Yunlong*, Wang, Jiaxian?

'Department of Cardiology, First Affiliated Hospital of
Dalian Medical University, Dalian, Liaoning, China,
?Help Stem Cell Innovations Co., Ltd. Nanjing, Jiang-
su, China

The objective of this study was to evaluate the ability
of human iPSC-CMs transplantation to improve myo-
cardial function in the rat myocardial infarction (Ml)
model. Eight-week old male Sprague-Dawley rats
were randomized to receive intramyocardial injection
of 5% albumin solution with or without 1x107 human
IPSC-CMs at 10 days after left anterior descending
coronary artery (LAD) ligation. Cyclosporine A and
methylprednisolone were used to prevent graft rejec-
tion before iPSC-CMs injection until the rats were
Killed. Cardiac function was evaluated by echocardi-
ography. The survival of grafted cardiomyocytes was
confirmed by labeling with the fluorescent cell tracer
Whrant™ CM-Dil, tagging with enhanced green flu-
orescent protein (eGFP) expression and polymerase
chain reaction (PCR) for human mitochondria DNA.
Sirius red stain was used to evaluate the fibrosis ratio.
Hematoxylin-eosin (HE)-staining was used to ob-
serve the formation of teratoma. During 4 weeks after
IPSC-CMs intramyocardial injection, the rats under-
going iPSC-CMs transplantation had a low mortality
compared with control group. Functionally, animals
injected with 5% albumin solution demonstrated sig-
nificant left ventricular (LV) functional deterioration,
whereas grafting of iPSC-CMs attenuated this remod-
eling process. Post-Ml, ejection fraction deteriorated
by 10.11% (from 46.36% to 41.67%), fractional short-
ening deteriorated by 9.23% (from 24.37% to 22.12%)
in control group. While ejection fraction improving by
18.86% (from 44.09% to 52.41%), fractional shorten-
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ing improving by 23.69% (from 23.08% to 28.54%)
in iIPSC- CMs transplantation group. A number of
labeling, tracking and molecular biological techniques
indicated the grafted cardiomyocytes survived in the
rat heart after one month of iPSC-CMs therapy. Sirius
red stain indicated that fibrosis decreased in the cell
therapy group, but there was no statistical significance.
Transplantation of human iPSC-CMs improves myo-
cardial function in infarcted rat hearts and grafted car-
diomyocytes survived in the rat heart after one month
of transplantation, which highlight the potential of
iIPSC-CM s for myocardial cell therapy strategies.

TARGETING SOX9 EXPRESSION IN HUMAN
NEURAL STEM CELLS IS A THERAPEUTIC
STRATEGY FOR SPINAL CORD INJURY

Cheung, Martin®, Liu, Jessica Aijia?, Tam, Kin Wai*,
Hui, Man-ning*, Wu, Ming-hoi, Sham, Daisy Kwok-
yan*, Chan, Ying-sing*

School of Biomedical Sciences, The University of
Hong Kong, Hong Kong, *Department of Anaesthesi-
ology, The University of Hong Kong, Hong Kong

Neural stem cells (NSCs) exist in both embryonic
and adult neural tissues and are characterized by their
self-renewal capacity and multipotency that contrib-
ute to the formation of neurons, oligodendrocytes and
astrocytes in the vertebrate central nervous system
(CNS). The tremendous therapeutic potential of NSCs
to treat CNS diseases and injuries has provoked in-
tensive study in the regulation of their formation and
differentiation into specific neural lineage. Previous
studies showed that SOX9 is crucial for the forma-
tion and maintenance of NSCs as well as inhibition
of neuronal differentiation in both mouse and chick
CNS. Whether SOX9 plays similar roles in human
NSCs (hNSCs) remains unknown. Here, we demon-
strate that high SOX9 expression is associated with
acquisition of hNSC fate. Targeting SOX9 expression
by shRNA does not affect hNSCs formation, but pro-
motes precocious differentiation into motor neurons
compared to scramble control. Gene expression profil-
ing studies in SOX9 knockdown (SOX9 KD) hNSCs
reveal upregulated expression of sonic hedgehog and
its downstream effectors that are known to promote
spinal neuron formation. Most importantly, transplan-
tation of SOX9 KD hNSCs into the injured rodent
spinal cord results in robust differentiation into motor

neurons without forming glial scar at the lesion site
and also improved locomotion capabilities. Altogether,
our findings reveal a distinct, but conserved, role of
SOX9 in NSCs formation and the onset of neuronal
differentiation between human and other vertebrate
species, respectively. Targeting SOX9 expression in
hNSCs could be a viable therapeutic strategy for spi-
nal cord injury.

Funding Source: This work was supported by grants
from the Research Grants Council and University
Grants Council of Hong Kong (GRF_17110715) and
GRF_17123016).

HIGH EXPRESSION OF SSEA4 IN HUMAN
ADIPOSE STEM CELLS HAS POTENTIAL
FOR INDUCING TO DEFINITE ENDODERM

Lim, Taejoo, Park, Seung Park, Kim, Jinsook, Kim,
Jiyoung

R&D, Orgenesis Korea, Suwon, Korea

Human adipose stem cells (hASCs) have the advantag-
es of easiness to collect large amounts of the cells that
maintain the characteristics of stem cells regardless of
age. In vitro, hASCs are possible to proliferate, and
differentiate to chondrocyte, adipocyte, osteocyte with
differentiation condition. We have isolated hASCs
from adipose tissues of various donors with surgical
operations in Inha University Hospital [INHAUH
2015-09-004]. Then, hASCs were maintained in an
a-MEM supplemented with Human platelet lysate
(HPL). Growth potential of hASC was measured, and
surface antigen expression of hASCs was analyzed for
surface marker of mesenchymal stem cells (MSCs)
(CD105, CD90, and CD73), Hematopoietic stem cell/
leukocyte (CD34 and CD45), MHC class (HLA- ABC
and HLA-DR), and embryonic stem cell (SSEA4) by
flow cytometry at passage 5. The stemness of cells
were evaluated by colony-forming unit (CFU) assay
at passage 5. Multi-lineage-differentiation ability was
also investigated in differentiation condition and with
staining for each lineage. As a result, their surface anti-
gen expression was positive CD105, CD73, CD90 and
negative CD34, CD45, HLA-DR. Although there was
variation depending on donors, they were similar with
the cells in culture media supplemented with FBS in
terms of CFU, and multi-lineage-differentiation ability.
We investigated experiments that induced definite en-
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doderm in SSEA4 gene expression groups with more
than 60% and less than 60%. Induction of definite en-
doderm cells was examined for gene expression level
of FOXAZ2, CER1, CXCR4, and SOX17, endodermal
markers by RT-PCR. Compared with more than 60
percent of the SSEA4 gene expression groups, they
were expressed significantly higher definite endoder-
mal markers level than the lower group. In conclusion,
this study shows that SSEA4 gene has potential to in-
duce definite endoderm in hASC.

Funding Source: KORIL R&D Foundation.

COMPARISON OF HUMAN PLATELET LY-
SATE WITH FETAL BOVINE SERUM FOR
PROLIFERATION POTENTIAL OF LIVER-DE-
RIVED CELLS

Lee, Taehun', Kim, Hyomin', Lee, Kwonhee!, Kim,
Jiyoung?

'R&D, Orgenesis Korea Inc, Suwon, Korea, *R&D,
Cure Therapeutics Inc, Suwon, Korea

Fetal bovine serum (FBS) is one of serum supple-
ments that have been commonly used in cultivation
of mammalian cells. However, requirement for alter-
native of the supplement has been recently emerging
because of safety issues such as viral contamination
as well as its toxic impact on mesenchymal stem cells
(MSCs) when infused in human. Moreover, needs for
large amounts of cells when applied to cell therapy
requires FBS replacement to grow the MSCs as much
as possible as well as to be able to escape from the
safety issues in culture medium. Human platelet lysate
(HPL) was originated from human serum and is well-
known for replaceable supplement of FBS in culture
medium for its advantages in growth potential and
safety. We compared HPL with FBS as supplements
in growth medium and investigated the characteris-
tics of liver-derived cells, such as gene and protein
expression, surface antigen expression, osteogenic
potential, growth potential. As the result, cells in HPL-
based medium showed an outstanding proliferative
capacity than those in FBS-based medium in terms
of doubling time and cumulative population doubling
level (CPDL). Average doubling time from passage
2 to 10 for liver-derived cells in FBS-based medium
and HPL-based medium was 83.7 + 1.3 and 36.2 +
1.6 hrs, and average CDPL at passage 10 was 27.9 +
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0.6 and 15.5 £ 1.3, respectively. They both expressed
hepatocyte specific maker, aloumin and an endoder-
mal maker, SOX17. Liver-derived cells in HPL-based
medium were positive for CD73, CD90, and CD105,
as the typical MSCs Markers, and negative for CD34
and CD45, heamatopoetic stem cells markers. More-
over, liver-derived cells cultured in HPL-based medi-
um showed the similar osteogenic potential compared
with cells in FBS-based medium Based on these re-
sults, HPL is a superior xeno-free media supplement
and an alternative to FBS in large-scale culture of liv-
er-derived cells for cell therapy.

Funding Source: KORIL.

EXPANSION OF HUMAN LIVER-DERIVED
CELLS IN BIONOC CARRIERS

Park, Se-ung*, Hwang, Euiyoung®, Kim, Jiyoung?

!Laboratory, Orgenesis Korea, Suwon, Korea,
“Curetherapeutics, Suwon, Korea

Human mesenchymal stem cells (hnMSCs) are consid-
ered as a primary candidate in cell therapy because of
their proliferation capacity, multi-differentiation poten-
tial, and secretion of growth factors an cytokines. For
clinical application, large quantities of therapeutically
competent cells are required that cannot be generat-
ed in conventional cell culture in plastic dishes. Two
dimensional culture has also many limitations, such
as the disturbance of interactions between the cellular
and extracellular environments, changes in cell mor-
phology, polarity, and method of division. Unlike the
more 2D monolayer culture, BioNOC carriers provide
to cells with 3D matrix as in vivo microenvironment
which may influence cell function, morphology and
gene expression. In this study, we investigated the
massive expansion of liver-derived cells including
the procedures to monitor the proliferation, metabolic
status and phenotype of cells during cultivation in Cel-
Cradle system. In the results, we could obtain maxi-
mum of 4.2x10"8cells with one CelCradle and expect-
ed to achieve enough cell numbers required for cell
therapy with 5 CelCradles. Liver-derived cells showed
osteogenic differentiation potency and they were pos-
itive for the antigens of MSC markers (CD44, CD73,
and CD90) In conclusion, our results suggest CelCra-
dle is suitable for cGMP compliant culture conditions
enabling the clinical grade production of liver-derived
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cells.

Funding Source: KORIL R&D Foundation.

ESTABLISHMENT OF FUNCTIONAL MAC-
ROPHAGE DIFFERENTIATION FROM HU-
MAN INDUCED PLURIPOTENT STEM CELLS

Jo, Seongyea?, Kang, Eunhye!, Kang, Eunhye?, Kim,
Jiwoo?, Kim, Jiwoo?!, Park, Hanjin'

Predictive Toxicology, Korea Institute of Toxicolo-
gy, Daejeon, Korea, ?College of Life Sciences and
Biotechnology, Korea University, Seoul, Korea,
*Human and Environmental Toxicology, University of
Science and Technology, Daejeon, Korea

Monocytic lineage cells, such as monocytes, mac-
rophages and dendritic cells (DCs), are central to
immune responses and play key regulator in various
pathological conditions. Erythro-myeloid progenitors
(EMPs) can give rise to yolk sac-derived primitive
macrophages, then embryonic macrophages were
completed cellular differentiation and specialization
within the final resident tissues. Aside from providing
the first line of defense against invading pathogens,
tissue-resident macrophages have a fundamental role
in maintaining tissue integrity and homeostasis. For
this reason, development of tissue-resident macro-
phage cells from human induced pluripotent stem cells
(hiPSCs) is of particular interest because it provides an
unlimited cell source in various research fields. Here,
we demonstrated efficient generation of functional
macrophages from hiPSCs. Hemangioblast-like he-
matopoietic cells were induced by sequential addition
of BMP4 and the combination of bFGF, VEGF and
SCF. To induced macrophage, we generated CD45+
hematopoietic cells and CD14+ monocytes with de-
fined cytokines. These cells were cultured with FBS
and M-CSF for differentiation into macrophages.
hiPSC-derived macrophages (mPs) were identified by
the cell surface marker expression at each step. Also,
these cells were polarized into distinct inflammatory
(M1) or anti-inflammatory (M2) subtypes with expo-
sure to LPS or IL-4. These subtypes showed specific
gene and cell surface protein expression, respectively.
hiPSC-mPs demonstrated phagocytic capability, as
determined by the uptake of beads. We asked whether
hiPSC-mPs could become liver-resident macrophages.
Therefore, hiPSC-mPs co-cultured with hiPSC-de-

rived hepatocyte-like cells (hiPSC-HLCs) and then
induced inflammatory response. High-magnification
imaging showed a direct physical interaction between
hiPSC-HLCs and mPs. hiPSC-mPs secreted TNF-a,
which is kupffer cell-specific inflammatory cytokine
by LPS stimulation. Also, expression of CD163 sur-
face marker that associated with hepatic inflammation.
In conclusion, we generated functional hiPSC-mP and
these cells have potential to give rise tissue-resident
macrophages that can be used for pathophysiological
and toxicological studies.

LONGITUDINAL INTRAVITAL IMAGING OF
TRANSPLANTED MESENCHYMAL STEM
CELLS ELUCIDATES THEIR FUNCTIONAL
INTEGRATION AND THERAPEUTIC POTEN-
CY IN AN ANIMAL MODEL OF INTERSTI-
TIALCYSTITIS

Ryu, Chae Min, Yu, Hwan Yeul, Lim, Jisun, Heo,
Jinbeom, Lee, Seungun, Ju, Hyein, Song, Sujin, Yun,
Hongduck, Lee, Seung Yong, Shin, Dong Myung

Biomedical Sciences, University of Ulsan College of
Medicine, Seoul, Korea

Mesenchymal stem cell (MSC) therapy may be a
novel approach to improve interstitial cystitis/bladder
pain syndrome (IC/BPS), an intractable disease char-
acterized by severe pelvic pain and urinary frequency.
Unfortunately, the properties of transplanted stem
cells have not been directly analyzed in vivo, which
hampers elucidation of the therapeutic mechanisms of
these cells and optimization of transplantation proto-
cols. Here, we monitored the behaviors of multipotent
stem cells (M-MSCs) derived from human embryonic
stem cells (hESCs) in real time using a novel combi-
nation of in vivo confocal endoscopic and microscopic
imaging and demonstrated their improved therapeu-
tic potency in a chronic IC/BPS animal model. Ten-
week-old female Sprague-Dawley rats were instilled
with 10 mg of protamine sulfate followed by 750 ug
of lipopolysaccharide weekly for 5 weeks. The sham
group was instilled with phosphate-buffered saline
(PBS). Thereafter, the indicated dose (0.1, 0.25, 0.5,
and 1x106 cells) of M-MSCs or PBS was injected
once into the outer layer of the bladder. The distribu-
tion, perivascular integration, and therapeutic effects
of M-MSCs were monitored by in vivo endoscopic
and confocal microscopic imaging, awake cystome-
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try, and histological and gene expression analyses. A
novel combination of longitudinal intravital confocal
fluorescence imaging and microcystoscopy in living
animals, together with immunofluorescence analysis
of bladder tissues, demonstrated that transplanted
M-MSCs engrafted following differentiation into mul-
tiple cell types and gradually integrated into a perivas-
cular-like structure until 30 days after transplantation.
The beneficial effects of transplanted M-MSCs on
bladder voiding function and the pathological charac-
teristics of the bladder were efficient and long-lasting
due to the stable engraftment of these cells.

Funding Source: This research was supported by a
grant from the Korean Health Technology R&D Proj-
ect, Ministry of Health & Welfare, Korea (grant no.
HI14C3365 and HI18C2391), by the Basic Science
Research Program through the National Research
Foundation of Korea (NRF-2018R1A2B2001392
and NRF-2017M3A9B4061890), by a NRF MRC
grant funded by the Korean government (MSIP)
(2018R1A5A2020732), by the Ministry of Trade, In-
dustry & Energy (MOTIE, Korea) under the Industrial
Technology Innovation Program (10080726), and by
grants (2017-098) from the ASAN Medical Center,
Seoul, Korea.

COMPARISON OF BONE MARROW-DE-
RIVED MESENCHYMAL STEM CELLS (BM-
SCS) ISOLATED FROM NORMAL AND CIR-
RHOTIC PATIENTS

Eom, Young Woo?, Lee, Jong In? Kim, Moon
Young?, Baik, Soon Koo?

'Cell Therapy and Tissue Engineering Center, Yonsei
University Wonju College of Medicine, Wonju, Korea,
?Department of Internal Medicine, Yonsei University
Wonju College of Medicine, Wonju, Korea

Mesenchymal stem cells (MSCs) have been actively
studied for use as regenerative medicine for various
intractable diseases including cirrhosis. In particular,
autologous or allogenic MSCs isolated from bone
marrow (BM) and umbilical cord have been applied
in clinical trials. Nevertheless, none of the autologous
MSC:s of the cirrhotic patient and normal MSCs have
been shown to be effective in the treatment of cirrho-
sis. The aim of this study is to identify the BM-derived
MSCs (BMSCs) suitable for the treatment of cirrhosis
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by comparing the characteristics of the BMSCs isolat-
ed from the BM of liver cirrhosis patient and normal
BM. Mesenchymal stem cells from liver cirrhosis
patients (BpMSCs) were obtained from Pharmicell.
Normal MSCs (BcMSCs) were isolated and cultured
from normal BM mononuclear cells in Lonza. Poten-
tials of proliferation and differentiation, cell surface
antigen expression, immunosuppressive activity and
mitochondrial activity of BMSCs were compared
and analyzed. In the early passage, the population
doubling time of BpMSCs was 68 hours, 10 hours
shorter than that of BcMSCs, when the BMSCs were
cultured until 150 hours of population doubling time.
But the number of cells finally obtained was higher in
BcMSCs. Adipocyte differentiation was slightly better
in BcMSCs and cell surface antigen expression (MFI)
of CD90 and CD105 was higher in BcMSCs. The in-
hibition of active IL-1beta secretion in macrophages
was also higher and the activity of mitochondria was
slightly higher in BcMSCs. The proliferative capacity
of BMSC:s in the early stage of subculture was high in
BpMSCs, but the differentiation potential, cell surface
antigen expression, immunosuppressive activity and
mitochondrial activity were higher in BcMSCs. How-
ever, there was no statistical significance. Therefore,
a larger number of BMSCs need to be compared and
analyzed, and there is a need to analyze the therapeutic
effect in an animal model of liver cirrhosis. Therefore,
it is necessary to comparatively analyze a larger num-
ber of BMSCs, and it is necessary to directly analyze
the therapeutic effect in an animal model of liver cir-
rhosis.

Funding Source: This work was supported by the
Korea Health Technology R&D Project through the
Korea Health Industry Development Institute, funded
by the Ministry of Health & Welfare, Korea (grant
number HI17C1365) and the Small Grant for Ex-
ploratory Research (SGER) Program (grant numbers
NRF-2017R1D1A1A02019212) through the National
Research Foundation of Korea, funded by the Korean
government (Ministry of Education).
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STEM CELL THERAPY FOR THE TREAT-
MENT OF SEVERE TISSUE DAMAGE AFTER
RADIATION EXPOSURE

Chapel, Alain

Institute of Radioprotection and Nuclear Safety
(IRSN), PSE-SANTE, SERAMED, Fontenay-aux-Ros-
es, France

The late adverse effects of pelvic radiotherapy concern
5 to 10% of them, which could be life threatening.
However, a clear medical consensus concerning the
clinical management of such healthy tissue sequelae
does not exist. Our group has demonstrated in preclin-
ical animal models that systemic MSC injection is a
promise approach for the medical management of gas-
trointestinal disorder after irradiation. We have shown
that MSC migrate to damaged tissues and restore gut
functions after irradiation. The clinical status of four
first patients suffering from severe pelvic side effects
resulting from an over-dosage was improved fol-
lowing MSC injection in a compassional situation. A
quantity of 2x106 - 6x106 MSC /kg were infused in-
travenously to the patients. Pain, hemorrhage, frequen-
cy of diarrheas and fistulisation as well as the lympho-
cyte subsets in peripheral blood were evaluated before
MSC therapy and during the follow-up. Two patients
revealed a substantiated clinical response for pain and
hemorrhage after MSC therapy. In one patient pain
reappeared after 6 months and again substantially
responded on a second MSC infusion. A beginning
fistulisation process could be stopped in one patient
resulting in a stable remission for more than 3 years of
follow-up. The frequency of painful diarrhea dimin-
ished from an average of 6/d to 3/d after the first and
2/d after the 2nd MSC injection in one patient. In all
patients, prostate cancer remained in stable complete
remission. A modulation of the lymphocyte subsets to-
wards a regulatory pattern and diminution of activated
T cells accompanies the clinical response in refrac-
tory irradiation-induced colitis. No toxicity occurred.
MSC therapy was safe and effective on pain, diarrhea,
haemorrhage, inflammation, fibrosis and limited fis-
tulisation. For patients with refractory chronic inflam-
matory and fistulising bowel diseases, systemic MSC
injections represent a safe option for salvage therapy.
A clinical phase Il trial will start in 2019.

Funding Source: InCa, IRSN.

DOPAMINE TRANSPORTER NEUROIMAG-
ING ACCURATELY ASSESSES THE MAT-
URATION OF DOPAMINE NEURONS IN A
PRECLINICAL MODEL OF PARKINSON’S
DISEASE

Zeng, Li*, Goggi, Julian L? Qiu, Lifeng®, Liao, Mei
Chih®, Tan, Eng-king', Luthra, Sajinder*, Shingleton,
William?, Oh, Steve Kw?, Robins, Edward G?

'Research Department, National Neuroscience Insti-
tute, Singapore, Singapore, “Singapore Bioimaging
Consortium, A*star, Singapore, Singapore, *Biopro-
cessing Technology Institute, A*star, Singapore, Singa-
pore, “GE Healthcare Life Sciences, London, UK

Significant developments in stem cell therapy for
Parkinson’s disease (PD) have already been achieved,
however, methods for reliable assessment of dopamine
neuron maturation in vivo are lacking. Establishing the
efficacy of new cellular therapies using non-invasive
methodologies will be critical for future regulatory
approval and application. To examine the utility of
neuroimaging to characterise the in vivo maturation,
innervation and functional dopamine release of trans-
planted human embryonic stem cell-derived midbrain
dopaminergic neurons (hESC-mDAS) in a preclinical
model of PD. Female NIH RNu rats received a unilat-
eral stereotaxic injection of 6-OHDA in to the left me-
dial forebrain bundle to create the PD lesion. hESC-
mDA cell and sham transplantations were carried out
1 month post-lesion, with treated animals receiving
approximately 4 x 105 cells per transplantation. Be-
havioural analysis, [18F]FBCTT and [18F]Fallypride
microPET/CT was conducted at 1, 3 and 6 months
post-transplantation and compared with histological
characterisation at 6 months. PET imaging revealed
transplant survival and maturation into functional do-
paminergic neurons. [18F]FBCTT-PET/CT dopamine
transporter (DAT) imaging demonstrated pre-synaptic
restoration and [18F]Fallypride-PET/CT indicated
functional dopamine release, while amphetaminein-
duced rotation showed significant behavioural recov-
ery. Moreover, histology revealed that the grafted cells
matured differently in vivo producing high-TH and
low-TH expressing cohorts, and only [18F]FBCTT
uptake was well correlated with TH differentiation.
This study provides further evidence for the value of
in vivo functional imaging for the assessment of cell
therapies and highlights the utility of DAT imaging for
the determination of early post-transplant cell matura-
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tion and differentiation of hESC-mDASs.

DIFFERENTIATION OF HUMAN LIVER-DE-
RIVED STEM CELLS INTO HEPATIC LIN-
EAGE FOR THERAPEUTIC LIVER RECON-
STITUTION

Lee, Jooyoung®, Choi, Jiwan?, Kang, Seo On?, Kim,
Jiye!, Kirchner, Varvara A.%, Song, Gi-won?®, Kang,
Eunju?, Tak, Eunyoung!

!Department of Convergence Medicine, Asan-Min-
nesota Institute for Innovating Transplantation, Asan
Medical Center, University of Ulsan College of Medi-
cine, Seoul, Korea, ?Stem Cell Center, Asan Medical
Center, University of Ulsan College of Medicine,
Seoul, Korea, *Division of Liver Transplantation
and Hepatobiliary Surgery, Department of Surgery,
University of Ulsan College of Medicine, Seoul,
Korea, “Division of Transplantation, Department of
Surgery, Asan-Minnesota Institute for Innovating
Transplantation, University of Minnesota, Minneapo-
lis, Minnesota, USA

In patients with end-stage liver disease, liver transplan-
tation is the only available curative approach. But due
to organ shortages and long latencies, stem cell thera-
py is being proposed as a promising tool to extend the
latency. We here present modified two-step differenti-
ation methods for adult stem cells into the hepatic lin-
eage, especially using resourceful human liver-derived
stem cells (hLD-SC) which present mesenchymal
stem cell markers (CD90 and CD105). Fadusil and
5-azacytidine were supplemented with Nicotinamide,
FGF, and HGF to initiate two-step hepatocyte differ-
entiation. The protocol produced a robust differentia-
tion of stem cells into hepatic fate in hLD-SC by days
7 through 21. Especially, cells with 7-day differentia-
tion showed most advanced mitochondrial functions.
During in vivo cell transplantation, hLD-SC migrated
into the liver within 2 hours. All stem cells and cells
on differentiation settled in the liver over 2 weeks and
acted as functional cells in TAA-induced liver injury
mice. Those results cumulatively support that our two-
step differentiation protocol on hLD-SC is a promising
source for cell therapy with unique regenerative poten-
tial in liver reconstruction for patients with severe liver
diseases.

Funding Source: This work was supported by
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Asan-Minnesota Institute for Innovating Trans-
plantation (AMIT), Global Research Development
Center (GRDC) Program through the National
Research Foundation of Korea (NRF) funded by
the Ministry of Science and ICT (MSIT) (NRF-
2015K1A4A3046807).

REPAIRING THE CELL TRANSPLANT PAR-
ADIGM FOR PARKINSON’S DISEASE: SCI-
ENCE AND ETHICS

Robert, Jasont, Coleman, Devon?

'Lincoln Center for Applied Ethics, Arizona State
University, Phoenix, AZ, USA, ?School of Life Scienc-
es, Arizona State University, Tempe, AZ, USA

Parkinson’ Disease (PD) has proven to be both very
difficult to address through cell transplantation and
yet still beckons as putatively low-hanging fruit in the
cell transplantation world. Fetal ventral mesencephalic
(FVM) cell transplants were successful in reducing
symptoms in a small number of cases, but only in the
hands of a small number of clinician-scientists whose
results have been difficult to replicate. Possible ex-
planations include variation in the quality (for clinical
purposes) of the fetal tissues used, variation in mode,
site, and mechanism of delivery, and the number of
cells / size of sample delivered; additionally, there
were concerns about the methods for measuring suc-
cess, questions about the mode of action, and issues
associated with inclusion and exclusion criteria for
participants. Concerns on many of these fronts needed
to be alleviated in order to proceed with the cell trans-
plant paradigm for treating PD. FVM cell transplant
research dwindled, but the cell transplant paradigm
was rescued nearly twenty years ago when there was
much excitement about the prospect of cultivating
hPSCs for transplantation. Using cells derived from
hPSC research would address the first of the possible
explanations of the demise of FVM transplants: the
clinical quality of the cells to be transplanted. No lon-
ger would surgeons be transplanting gross fetal tissue
that might vary from fetus to fetus (as from surgery to
surgery); instead, hPSC scientists imagined creating
clinical grade cells for transplantation. \Were everyone
to use the same calls, or well-characterized variants
thereof, rapid clinical progress might be achieved on
the path to cell-based treatments for PD. And yet an-
other two decades have passed without a successful
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cell-transplant treatment for PD. One possible expla-
nation is that research has been hampered by ethical
restrictions on deriving and studying hPSCs from hu-
man embryos. A more probable explanation is that the
almost-exclusive (and reductionistic) focus on the cel-
lular material to be transplanted has led to the neglect
of all of the other issues originally identified in FVM
research. As we move into a new round of attempts in
the cell-transplantation paradigm, it is imperative that
we step back and systematically explore more system-
ic issues to make sure we do not repeat past mistakes.

RADIOGRAPHIC AND HISTOPATHOLOG-
IC ANALYSIS OF BONE REGENERATION
BY EARLY OSTEOGENIC INDUCED ADI-
POSE-DERIVED STEM CELLS IN IMPROVE
METHOD ON BIODEGRADABLE SCAFFOLD

Kang, Kyung-ku?, Park, Se-il%, Lee, Sunray?, Park,
Hyun-sook?, Chung, Myung-jin', Park, Sun-young®,
Park, Soon-seok?, Shin, Hong-in*, Jeong, Kyu-shik*

'College of \eterinary Medicine, Kyungpook National
University, Daegu, Korea, “Cardiovascular Product
Evaluation Center, Yonsei University, Seoul, Korea,
*Cell Engineering for Origin Research Center, Cefo-
bio, Seoul, Korea, “College of Dentistry, Kyungpook
National University, Daegu, Korea

Bone fracture and defect are life-threatening injuries
because of the slow nature of healing. The objective
of this study was to investigated the regeneration ca-
pacity of adipose-derived mesenchymal stem cells
(ADMSCs) in improve method on biodegradable
scaffold in canine femoral segmental defeat model
by X-ray, microCT and histopathology. This analysis
provided information on the correct positioning of the
scaffold and on the quantification of bone regenera-
tion by measuring bone mineral density (BMD). We
induced canine femoral segment defect model and ap-
ply canine ADMSCs (cCADMSCs)cultured in CEFO-
gro™ cADMSC on scaffolds in defect lesion. During
12 weeks, animals were taken X-ray at interval of 4
weeks. After 12 weeks, animal were sacrificed and fe-
mur were collected. Isolated femurs were evaluated by
microCT and undecalcified histopathologic analysis
to quantify the bone regeneration such as increasing
BMD and changing cellular morphology. During the
periods, Body weight and serum biochemistry showed
that canine ADMSCs cultured in CEFOgro™ cADM-

SCs did not cause toxicity in canine bone defect mod-
el. The radiological and histological finding confirmed
that canine ADMSC:s cultured in CEFOgro™ cADM-
SCs were biocompatible and does not induced any
inflammatory reaction. In addition, areas in the defect
sites in the CADMSCs treatment group was almost
recovered as normal tissue. In conclusion, the results
of the present study demonstrate that transplantation
of canine ADMSCs cultured in CEFOgro™ cADM-
SC show improve new bone formation efficiency in
canine segmental bone defects. Further research is
necessary to investigate application of CEFOgro™
cADMSC cultured ADMSCs in various disease mod-
els.

INVESTIGATING THE EFFICACY OF MES-
ENCHYMAL STEM CELLS ADMINISTERED
INTO A MOUSE MODEL OF VASCULAR
COGNITIVE IMPAIRMENT

Lee, Na Kyung?, Kim, Hunnyun?, Yang, Jehoon®, Na,
Duk L.

'College of Medicine, Sungkyunkwan University,
Seoul, Korea, “Animal Research and Molecular Imag-
ing Center, Samsung Medical Center, Seoul, Korea,
’Laboratory Animal Research Center, Samsung
Biomedical Research Institute, Seoul, Korea

Like Alzheimer’s disease (AD), effective options to
treat vascular cognitive impairment (\VCI) are limited.
Recently, mesenchymal stem cells have emerged as
a potential candidate to treat a wide range of diseases
including AD. Very few studies have looked into the
effects of MSCs as a treatment option for VVCI. Thus,
the objective of this study was to examine the thera-
peutic effects of MSCs in a mouse chronic hypoperfu-
sion mouse model. By referring to a recently reported
method, a microcoil and ameroid constrictor were
used to gradually constrict the left and right common
carotid arteries of C57BL6/J mice. Ten-eleven days
after inducing VCI, human mesenchymal stem cells or
MEMaolx media (control) were transplanted bilater-
ally into the lateral ventricles of the mice. Behavioral
performance was assessed prior to stem cell transplan-
tation and before sacrificing the mice. MR images
were acquired weekly up to the sacrifice time point.
Mice were sacrificed 10-11 days after stem cells were
injected. Mixed pathologies were observed from the
mice. Some mice showed hippocampal neuronal loss
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or subcortical infarcts and others showed both. Com-
pared to the MEM group, the MSC group showed no
significant difference in motor and memory function.
Furthermore, a striking difference in both microglia
(Iba-1) and hippocampal neuronal density (NeuN)
were not noted when comparing the MSC group to the
MEM group. Further study is warranted. The optimal
time point to administer stem cells and reproducibility
of the mouse models must be accounted for to closely
examine the therapeutic application of MSCs for the
treatment of VCI.

Funding Source: This study was supported by the
Basic Science Research Program through the Nation-
al Research Foundation of Korea (NRF) funded by
the Ministry of Education, Korea (NRF-2017R1D-
1A1B03033979).

FEEDER-FREE, CHEMICALLY DEFINED
SYSTEM FOR LONG TERM HUMAN PLURIP-
OTENT STEM CELL CULTURE

Kim, Hyung Joon*, Lim, Jung Jin*, Rhie, Byung-ho',
Antao, Byung-ho, Lee, Man Ryul?, Hong, Seok-ho?,
Choi, Myeong Jun*, Kim, Kye-seong*

!Biomedical Science and Engineering, Hanyang
University, Seoul, Korea, 2Soonchunhyang Institute
of Medi-bioscience, Soon Chun Hyang University,
Cheonan, Korea, *Department of Internal Medicine,
School of Medicine, Kangwon National University,
Chuncheon, Korea, *1st Research Center, Axceso
Biopharma Co., Ltd, Gyeonggi-do, Korea

Human embryonic stem cells (hESCs) and human
induced pluripotent stem cells (hiPSCs) have con-
ventionally been cultured using chemically undefined
media on feeder dependent culture systems that re-
strict their applications in regenerative medicine. De-
velopment of feeder-free hPSCs culture systems has
been an important focus of hPSCs research that abide
by GMP guidelines for applications in regenerative
medicine. Recently, researchers have established nu-
merous culture systems using defined combinations of
xeno-free matrices and media that support the growth
and differentiation of hPSCs. Here we describe a de-
tailed and updated hPSCs feeder-free culture method
using rhVitronetin and TeSR-E8 medium that includes
a supplement of bioactive lysophospholipid that pro-
mote the properties of hPSCs like proliferation and
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maintaining stemness. Enhanced synthetic sphingo-
lipid, cP1P (O-cyclic Phytosphingosine-1-phosphate),
has a potential role in increment of proliferation while
decreasing apoptosis and/or modulates the self-renew-
al potential of the hPSCs during long-term culture.

Funding Source: This research was supported by the
Bio and Medical Technology Development Program
(2017M3A9B3061830) of the National Research
Foundation (NRF).

ENHANCEMENT OF HOMING PHENOM-
ENON IN SUPERPARAMAGNETIC IRON
OXIDE NANOPARTICLE LABELED MESEN-
CHYMAL STEM CELL USING MAGNETIC
ATTRACTION

Ahn, Yeji!, Choi, Jin Sil!, Yoon, Wan Su?, Key,
Jaehong?, Young Joon Seo*

'Otorhinolaryngology, Yonsei University, Wonju,
Korea, *Biomedical Engineering, Yonsei University
Wonju, Korea

Optimal delivery of the stem cell to the desired organ
or the target area is essential for improving the benefits
of stem cell based therapies. However, the manipu-
lation of the stem cell migration to the target site still
remains as a trial matter. In this study we have applied
the superparamagnetic iron oxide nanoparticle with
the mesenchymal stem cell to determine the manip-
ulation of stem cell migration with the use of magnet
attached within the target area. Our results showed the
at MSC have remained in the area near the magnet.
Thus, magnetic manipulation of the polymeric iron
oxide nanoparticle labeled mesenchymal stem cell can
be used as an option for the efficient and optimal de-
livery of the stem cell to the target site.
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TESTING THE NEUROTROPHIC SUPPORT
OF MESENCHYMAL STEM CELLS IN A
MOUSE MODEL OF ALS

Park, Eunjee?, Coultes, Kelly? Abrahao,
Agressandro?, Aricha, Revital®, Kern, Ralph?,
Zinman, Lorne?, Robertson, Janice*, Aubert, Isabelle?,
Schuurmans, Carol*

'Biochemistry, University of Toronto, ON, Canada,
Sunnybrook Research Institute, Toronto, ON, Cana-
da, *Brainstorm Cell Therapeutics Ltd, Petah Tikvah,
Israel, “Department of Laboratory Medicine and
Pathobiology, University of Toronto, ON, Canada

Amyotrophic lateral sclerosis (ALS) is a terminal neu-
rodegenerative disease that results in a loss of motor
neurons in the brain and spinal cord, leading to a dete-
rioration of motor function and ultimately culminating
in death. Currently there are no effective therapies for
ALS. Our goal is to develop novel therapeutic strat-
egies that prevent the degeneration of upper motor
neurons (UMNSs) in the motor cortex of the brain.
Our brain-centric approach is based on the postulated
dying forward model, which suggests that UMN pa-
thology precedes lower motor neuron (LMN) loss in
the brainstem and spinal cord. Our hypothesis is that
targeting ALS disease pathology in UMNs will delay
or even prevent the progression of ALS to LMNSs. For
this purpose, we use hNSOD1G93A transgenic mice, an
ALS model. We have delivered a proprietary popula-
tion of mesenchymal stem cells (MSC-NTFs) that se-
crete neurotropic factors (NurOwn®; Brainstorm Cell
Therapeutics) into hASOD1G93A pre-symptomatic
mice at week 12, targeting two brain sites into the mo-
tor cortex and striatum. Therapeutic efficacy was then
monitored using a suite of motor behavioural assays
and histology. Preliminary data suggests that the de-
livery of MSC-NTFs in the striatum of hRSOD1G93A
transgenic mice may delay disease onset, whereas de-
livery into the motor cortex was not efficacious in this
experiment. Future studies are now directed at testing
whether we have injected the optimal cell number, at
further testing the striatum as a novel target for ther-
apeutic delivery, and at characterizing the phenotype
of MSC-NTFs post-transplant. Ultimately our goal is
to evaluate the therapeutic potential of MSC-NTFs di-
rectly delivered within specific brain regions in ALS.

Funding Source: This work was supported by funds
from the Dixon Family Chair to CS and by Philan-

thropic support. This work also supported by funds
from Lorne Zinman for ALS project.
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ALLOGENEIC UMBILICAL CORD BLOOD
THERAPY COMBINED WITH ERYTHRO-
POIETIN FOR CHILDREN WITH CEREBRAL
PALSY: A DOUBLE BLIND, 2X2 FACTORIAL,
RANDOMIZED PLACEBO-CONTROLLED
TRIAL

Kim, Minyoung!, Min, Kyunghoon', Suh, Mi Ri%,
Cho, Kye Hee?, Kim, Jongmoon?, Park, Junhyun®,
Kang, Myung Sec?, Jang, Su Jin*, Lee, Jooheg*, Kim,
Sang Heum®, Rhie, Seonkyeong®

'Rehabilitation, CHA Bundang Medical Center,
CHA University, Seongnam, Korea, “Rehabilitation,
CHA Bundang Medical Center, CHA University,
Gumi, Korea, *Laboratory Medicine, CHA Bundang
Medical Center, CHA University, Seongnam, Korea,
*Nuclear Medicine, CHA Bundang Medical Center,
CHA University, Seongnam, Korea, *Radiology, CHA
Bundang Medical Center, CHA University, Seongham,
Korea, °Pediatrics, CHA Bundang Medical Center,
CHA University, Seongnam, Korea

Children with cerebral palsy (CP) treated by alloge-
neic umbilical cord blood (UCB) with erythropoietin
(EPO) showed therapeutic efficacy in our previous
report, yet it lacked identification of synergistic ef-
fect of UCB and EPO combination therapy by not
including UCB alone treated group. This randomized
placebo-controlled trial aimed to identify individual
and synergistic efficacies of UCB and EPO in children
with CP. Children with diagnosis of CP whose age
were between 10 months and 6 years were randomly
assigned into four groups: A) UCB + EPO, B) UCB
+ placebo EPO (pEPO), C) placebo UCB (pUCB)
+ EPO, and D) pUCB + pEPO. A single infusion of
allogenic UCB or pUCB was delivered intravenously
and 500 1U/kg of EPO or pEPO were injected sub-
cutaneously for 6 times twice per week. Gross motor
function measure (GMFM), gross motor performance
measure (GMPM), Bayley scales of infant develop-
ment-11 (BSID-I1) were assessed at baseline, 1, 3, 6
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and 12 months post-intervention. Also brain images
including diffusion tensor tractography and electro-
encephalography were followed up at 12 months
post-intervention. All adverse events were monitored
during 12 months. Total 124 children with CP were
screened and 92 children were enrolled, and finally 88
completed the study (n=22, 24, 20, and 20 for group
A, B, C, and D, respectively). There were no signifi-
cant differences in baseline characteristics among four
groups. Group A showed meaningful improvement in
GMPM score at 1 and 12 months post-therapy com-
pared to group D (p=0.016). In group A, subjects who
received more HLA-matched UCB and more number
of cell presented better outcomes in GMFM scores
(p<0.05). Diffusion tensor image showed biggest in-
crement of fractional anisotropy value at right anterior
thalamocortical radiation in group A compared to the
other 3 groups (p<0.05). Also, brain waves showed
more mature pattern in the intervention groups after 12
months, whereas it did not in group. During a year, 10
serious adverse events were reported without differ-
ence of distribution among the groups and the events
were all resolved. Also other adverse events were not
different among the groups. These results suggest that
the allogeneic UCB and EPO combination therapy is
effective for neurological recovery in children with CP
without side effects.

Funding Source: This research was supported by a
grant of the Korea Health Technology R&D Project
through the Korea Health Industry Development In-
stitute (KHIDI), funded by the Ministry of Health &
Welfare, Korea (grant number: HI13C1204).

BIOACTIVE LYSOPHOSPHOLIPID CP1P EN-
HANCES DIFFERENTIATION OF HUMAN
PLURIPOTENT STEM CELLS INTO CARDIO-
MYOCYTES

Jang, Ji Hye, Kim, Hyung Joon, Kim, Min Seong,
Antao, Ainsley Mike, Kim, Kye Seong

Department of Biomedical Science, Hanyang Univer-
sity, Seoul, Korea

Pluripotent Stem Cells (PSCs) possess the prop-
erties of self-renewal and pluripotency, the ability
to differentiate to cells from the three germ layers.
Therefore, hPSCs have been suggested as potential
therapeutic targets for numerous diseases. Using a
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modified protocol for differentiation of hPSCs into
cardiomyocytes, we examined whether bioactive lipid
cP1P could enhance cardiomyocyte differentiation
by checking its effect at various stages which were
validated confirmed by qRT-PCR, western blotting
and immunofluorescence. We focused on the SMAD
pathway to study its effects in cardiac differentiation
and we examined the potential roles of SMAD in the
upregulation of cardiac related genes by cP1P which
were confirmed by western blotting. WWe showed that
treatment of cP1P during differentiation resulted in the
upregulation of cardiac related genes. These findings
demonstrate that although the mechanism responsible
for cardiac development has not been completely elu-
cidated, cP1P appears to augment the differentiation of
hPSCs into cardiomyocytes. Moreover, cP1P has also
been shown to regulate SMAD signaling and expedite
the up-regulation of cardiac related genes.

Funding Source: Acknowledgement: This research
was supported by the Bio and Medical Technology
Development Program (2017M3A9B3061830) of the
National Research Foundation (NRF).

POTENTIAL APPLICATION OF HUMAN NEU-
RAL CREST-DERIVED NASAL TURBINATE
STEM CELLS IN MODELS OF ALZHEIMER’S
DISEASE AS A CLINICALLY APPLICABLE
THERAPY

Lim, Jung Yeon*, Park, Soon A?, Park, Sang In?, Jeun,
Sin-so0?, Kim, Sung Won*

'Department of Otolaryngology-head and Neck
Surgery, Seoul St. Marys Hospital, The Catholic
University of Korea, Seoul, Korea, 2Department of
Neurosurgery, Seoul St. Marys Hospital, The Catholic
University of Korea, Seoul, Korea

Stem cell transplantation is a promising therapeutic
strategy for the treatment of many neurological dis-
orders; however, the efficacy and safety of stem cell
therapy depend on the cell type used in therapeutic and
translational applications. Human neural crest-derived
nasal turbinate stem cells ("NNTSCs) are an excellent
alternative source of adult stem cells for clinical use
because they can be obtained easily by minimally
invasive collection procedures and expanded rapidly
ex vivo for transplantation. Moreover, hNTSCs show
neurogenic properties in culture, which appear to be
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clinically promising candidates for stem cell therapy
in neurodegenerative disease. In the present study,
we investigated its potential for treatment of Alzhei-
mer’s disease (AD) in comparison with human bone
marrow-derived mesenchymal stem cells (hBMSCs),
which is the most commonly used cell type for treat-
ment of neurological disorders. Here, co-culture of
hNTSCs with human neural stem cells (hNSCs) in the
presence of amyloid-beta 42 (Abeta42) showed much
greater cell viability compared with hNSCs treated
with only Abeta42, similar result was also seen for
hBMSCs. Likewise, in a mouse model of AD, trans-
plantation of hNTSCs markedly reduces the levels of
Abetad2 and plaque formation, microglial activation in
the brain of 5XFAD transgenic AD mouse model, con-
comitant with increased survival of hippocampal and
cortex neurons when compared with transplantation
of hBMSCs. Moreover, transplantation of hNTSCs
led to greater increase of Abeta-degradading enzyme
neprilysin (NEP) expression and autophagy signals
than hBMSCs. Notably, transplantation of hNTSCs
greatly improved cognitive impairments, which could
be explained by increase of TIMP2 expression, which
are necessary for spatial memory in young mice. The
clinical relevance of these results is underlined by the
potential of treatment for patients with AD transplant-
ed with hNTSCs.

Funding Source: This research was supported by the
Basic Science Research Program through the National
Research Foundation of Korea (NRF) grant funded by
the Ministry of Education (2017R1D1A1B03034868)
and by Ministry of Food and Drug Safety of Korea
(18172MFDS185).

SCRAPER-FREE DETACHMENT METHOD
USING EDTA WITHOUT TRYPSIN FOR HU-
MAN INDUCED PLURIPOTENT STEM CELLS
CULTURED ON LAMININ-511E8

Ebisu, Fumi?, Yamamoto, Ayano?, Taniguchi,
Yukimasa', Onishi, Eriko', Abe, Junko', Sekiguchi,
Kiyotoshit

Institute for Protein Research, Osaka University,
Suita-shi, Japan, 2Matrixome, Inc, Suita-shi, Osaka,
Japan

Recombinant E8 fragment of laminin-511 (LM511ES8)
is used in the culturing of human pluripotent stem cells

(hPSCs) because it sustains long-term pluripotency,
an undifferentiated state, and single cell passaging.
LM511ES8 is a truncated form of laminin-511, and its
ability to offer these features comes from its binding
activity with integrin a6p1, an isoform predominant-
ly expressed on hPSCs. However, because of their
strong interaction with each other, scraping following
trypsinization is recommended to harvest the cultured
cells. Nevertheless, cell scraping causes mechanical
damage to the cells, reducing cell viability. In addition,
cell scraping cannot be used when cells are cultured on
multi-layer flasks or in automated cell culture systems.
In this study we aim to develop a scraper-free cell de-
tachment method for human induced pluripotent stem
cells (hiPSCs) cultured on LM511E8. By referring
to protocols available to date, we examined whether
incubation of hiPSCs with 5 mM EDTA/PBS(-) at
37°C for 15 min enabled the detachment of cells with
high efficiency. The inclusion of trypsin to EDTA/
PBS(-) was also tested to see if there were any addi-
tional gain to cell detachment efficiency. We found
that more than 95% of hiPSCs were detached without
compromising cell viability when they were incubated
with 5 mM EDTA/PBS(-) alone. Surprisingly, the ad-
dition of trypsin remarkably decreased the detachment
efficiency. This decrease was rescued when enough
trypsin inhibitor was added to neutralize the enzyme.
Quantification of the protease activity confirmed that
the lowered detachment rate was dependent on the
trypsin activity, suggesting an ill-defined mechanism
operating in hiPSCs to render them less susceptible for
cell detachment by depletion of divalent cations.

THE EFFICACY OF THE INDUCED NEURAL
STEM CELL TRANSPLANTATION ON MO-
TOR FUNCTION RECOVERY IN HUNTING-
TON’S DISEASE MODEL ANIMALS TREAT-
ED WITH QUINOLINIC ACIDS

Namkung, Yong, Choi, Kyung-a, Hyun, Donghun,
Jung, Hyesun, Kim, Minjae, Son, Jiyeon, Hong,
Sunghoi

Department of Integrated Biomedical and Life Science
College of Health Science, Korea University, Seoul,
Korea

Huntington’s disease is an inherited neurodegenerative
disease characterized by chorea, depression and de-
mentia caused by progressive nerve cell degeneration.
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Since there is no therapeutic agents for this disease, the
cell-based therapies that replace lost neurons can be a
new therapeutic approach. In this study, we observed
the therapeutic effects of induced neural stem cells
(iINSCs), which were directly converted from human
somatic cells, in Huntington’s disease model animal
rats. INSCs expressed the NSC markers, Sox1, Sox2,
and Nestin, and differentiated into neuronal and glial
cells in vitro that expressed neuronal and glial mark-
ers such as Tujl, MAP2 and GFAP. For Huntington’s
disease model animals, SD rats were injected with
200nmol/ul Quinolinic acids, one of the neurotoxins,
as injecting into right striatum of brain. A week after
the lesion was induced, the INSCs were transplanted
into striatum of rat brain. The degree of recovery was
then measured every two weeks through the rotarod,
balance beam, and apomorphine-induced tests. In
the experimental group transplanted with the iINSCs,
the rats were stayed in the rota-rod for a longer time,
and passed the Balance beam faster, and significantly
decreased the number of rotations in apomorphin-in-
duced test compared to the control group injected
with PBS. The efficacy was appeared two weeks after
transplantation, and it was sustained up to 12 weeks.
In our immunostaining assays of rat brain slices, the
transplanted iINSCs were differentiated into GAB-
Aergic neurons and astrocytes, which were positive
against Tuj1l, MAP2, GADG65/67 and GFAP antibod-
ies. These results show that transplantation of iINSCs
improved the motor functions in Huntington disease
model animal rats, suggesting that the iNSCs could
be used as a therapeutic cell source for the treatments
of Huntingtons’s disease and other neurodegenerative
diseases such as Parkinson’s disease, Alzheimer’s dis-
ease and Amyotrophic lateral sclerosis in the future.

Funding Source: This work was supported by the
Ministry of Science and ICT (2019M3E5D5065399)
of the government of Korea.

ENDOCYTIC TRAFFICKING OF POLYMER-
IC CLUSTERED SPIO NANOPARTICLES IN
MESENCHYMAL STEM CELLS

Park, Dongjun, Lee, Su Hoon, Seo, Young Joon

Department of Otorhinolaryngology, Yonsei Universi-
ty Wonju College of Medicine, Gangwon-do, Korea

Study of regarding cellular uptake of nanoparticles to
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the stem cells is important for future biomedical ap-
plications. In most studies, nanoparticle-labeled stem
cells could enable an effective pharmacotherapy area
to delivery tiny space. To address these issues, we
used mesenchymal stem cells as carriers for nanopar-
ticles. In this study, we investigated the interaction of
iron oxide nanoparticles with mesenchymal stem cells,
their uptake mechanism, and their subcellular localiza-
tion. The study of internalization routes is surely need-
ed to know, because they regulate advantage cellular
molecules in stem cells. The use of metal-containing
nanoparticles also raise concerns regarding their distri-
bution and toxicity, because they are quickly removed
from the blood by the reticuloendothelial system and
remain in organs such as the liver and spleen for ex-
tended periods of time. Under our experimental condi-
tions, nanoparticles were readily internalized into cells
and the presence of nanoparticles at specific concen-
trations and for specific time periods did not affect cell
viability or differentiation. \We determined the potential
internalization mechanism of nanoparticles into cells
using two types of endocytosis inhibitors: Pistop2 and
Dynasore. Furthermore, we investigated the traffick-
ing of nanoparticles through the endocytic pathway at
different time points, using antibodies against cellular
organelles, and observed that the final destination was
the lysosome. These results indicate that nanoparticles
are internalized without significant harmful effects to
the stem cells, and that stem cells can be used as carri-
ers for nano-therapy applications.

Funding Source: Development of business for bon-
econduction headset using Korean head standard data
(7% 20001819) Video Microscope system for
microcirculation imaging (A+H<: R0005797).

THE EFFECTS OF HOLOTHURIA SCABRA
EXTRACTS ON NEURONAL DIFFERENTI-
ATION OF HUMAN PLACENTA-DERIVED
MESENCHYMAL STEM CELLS

Manochantr, Sirikul!, Saengsuwan, Jutarat?,
Tantrawatpan, Chairat!, Kornthong, Napamanee?

!Division of Cell Biology, Faculty of Medicine,
Thammasat University, Klong Neung, Klong Laung,
Pathumthani, Thailand, 2Chulabhorn International
College of Medicine, Thammasat University, Klong
Neung, Klong Laung, Pathumthani, Thailand
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Neuronal differentiation potential of human stem cells
can be valuable for treatment of neurodegenerative
diseases. Holothuria scabra, a sea cucumber, has the
ability to regenerate its own body after injury. Pre-
liminary study revealed that epidermal growth factor
and nerve growth factor were expressed in body wall
and visceral organ of H. scabra. This study focused on
the effects of H. scabra extracts on the proliferation
and neuronal differentiation of human mesenchymal
stem cells (PL-MSCs). H. scabra crude extracts were
prepared from the body wall (BW), viscera (VI), and
radial nerve cord (RN) using 0.1M PBS. MSCs were
isolated from placenta (PL-MSCs) and cultured in
DMEM supplemented with 10%FBS. The expression
of MSC markers was studied using flow cytometry.
The proliferation of PL-MSCs after treated with dif-
ferent doses of H. scabra extracts were examined. The
neuronal differentiation potential was also determined
by immunofluorescence and quantitative real time-
PCR. The results demonstrated that spindle-shaped
PL-MSCs were positive for MSC markers (CD73,
CD90, and CD105), and negative for hematopoietic
markers (CD34 and CD45). These MSCs could differ-
entiated into osteoblasts and adipocytes. The prolifer-
ation of PL-MSCs could enhance after treatment with
0.1 and 1 pg/ml of H. scabra extracts. After neuronal
induction, PL-MSCs could differentiate into neuro-
nal-like cells as characterized by cell morphology and
the presence of neuronal markers including MAP-2,
nestin and B-tubulin III. In addition, quantitative real
time-PCR revealed that PL-MSCs treated with H.
scabra extracts had a higher neuronal gene expression
compared with control. The data obtained might pro-
vide a new insight of using H. scabra extracts to treat
neurodegenerative diseases in the future.

Funding Source: This study was supported by Center
of Excellence in Stem Cell Research and Faculty of
Medicine, Thammasat University, Thailand.

CORD BLOOD MONONUCLEAR CELLS UP-
REGULATE ANGIOGENIC GROWTH FAC-
TORS VIA IL-8-MEDIATED PATHWAY IN A
MOUSE MODEL OF NEONATAL HYPOX-
IC-ISCHEMIC BRAIN INJURY

Kim, Minyoung®, Cho, Kye Hee? Choi, Jee In®, Kim,
Hyun Jin®, Jung, Joo Eun*, Kim, Dong-wook®

'Rehabilitation, CHA Bundang Medical Center,
CHA University, Seongnam, Korea, “Rehabilitation
Medicine, CHA Gumi Medical Center, Gumi, Korea,
*Rehabilitation and Regeneration Research Center,
CHA University, Seongnam, Korea, “Department of
Neurology, University of Texas Health Science Center
at Houston, Houston, TX, USA, *Physiology, Yonsei
University College of Medicine, Seoul, Korea

In our previous clinical trial of cerebral palsy, the
level of plasma interleukin-8 (IL-8) was observed to
increase significantly in correlation with motor func-
tion improvement after human umbilical cord blood
mononuclear cell (hUCB) administration. This study
aimed to determine whether hUCB promotes angio-
genesis, a known IL-8-mediated cellular process, as
the potential mechanism of action in a mouse model
of hypoxic-ischemic brain injury (HI) mimicking ce-
rebral palsy. Postnatal day 7 mice were exposed to HlI
and then received an intraperitoneal hUCB injection
at post-HI day 7. In HI mice brain, hUCB administra-
tion upregulated the mRNA level of the mouse IL-8
homologue Cxcl2 and increased the expression of
its receptor CXCR2. Sequentially, the downstream
p-p38/p-MAPKAPK?2 signaling axis and NF«kB acti-
vation, and the protein levels of VEGF, PDGF, bFGF,
and vessel marker CD31 which were downregulated
by HI, were restored by hUCB administration in vivo.
Mouse brain endothelial b.End3 cells transfected with
SIRNA for CXCR2 knockdown showed downregula-
tion of angiogenic upregulation by I1L-8 administration
in IL-8 downstream molecules. Additionally, p38 inhi-
bition downregulated previously increased angiogenic
signaling molecules both in vivo and in vitro. Immu-
nohistochemistry analysis of HI mice treated with
hUCB or IL-8 revealed increased expression of VEGF
and CD3L1 in striatum. In conclusion, as a response
from the host, hUCB administration in mice promot-
ed Cxcl2 upregulation which led to activation of the
IL-8-mediated p-p38 signaling pathway. Upregulation
of its downstream pathway and angiogenic growth
factors via NFkB could be inferred to be the potential
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action mechanism of hUCB.

Funding Source: This research was supported by a
grant (No. HI16C1559) of the Korea Health Technol-
ogy R&D Project through the Korea Health Industry
Development Institute (KHIDI) funded by the Minis-
try of Health & Welfare, Korea.

ALLOGENIC UMBILLICAL CORD BLOOD
THERAPY COMBINED WITH ERYTHRO-
POIETIN IN CHILDREN WITH CEREBRAL
PALSY: A RANDOMIZED PLACEBO CON-
TROLLED TRIAL

Kim, Minyoung!, Min, Kyunghoon, Suh, Mi Ri%,
Cho, Kye Hee?, Lee, Sun Hee!

'Rehabilitation, CHA Bundang Medical Center, CHA
University, Seongnam, Korea, Rehabilitation, CHA
Gumi Medical Center, Gumi, Korea

Recently, stem cell therapy has been highlighted as a
new treatment option for cerebral palsy (CP). In our
previous study, children with CP treated by alloge-
neic UCB with erythropoietin (EPO) showed higher
improvements in motor and cognitive aspects, yet it
lacked to identify individual and synergistic effica-
cies of UCB and EPO. This factorial designed study
aimed to identify individual and synergistic efficacies
of UCB and EPO in children with CP. Children with
1) a diagnosis of CP, 2) age between 10 months and 6
years, 3) appropriate UCB units, 4) written informed
consents from parents were included as study candi-
dates. Participants were randomly assigned into four
groups: A) UCB + EPO, B) UCB + placebo EPO
(pEPO), C) placebo UCB (pUCB) + EPO), and D)
pUCB + pEPO groups. Allogeneic UCB units were
selected including at least 3 x 107/kg total nucleated
cells, matched for at least 4 of 6 human leukocyte anti-
gen (HLA) types A, B, and DRBL1. Asingle infusion of
UCB or pUCB was delivered intravenously and 500
IU/kg of EPO or pEPO were injected subcutaneously
for 6 times every 3 days. Group A and B received oral
cyclosporine. Primary outcomes such as gross motor
function measure (GMFM), gross motor performance
measure (GMPM), Bayley scales of infant develop-
ment Il (BSID-11) were assessed at baseline, 1, 3, 6
and 12 months post intervention. Baseline and post-in-
tervention MRI and PET/CT were also acquired. All
adverse events were monitored during 12 months.
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Eighty-eight children with CP were included as final
subjects in this study (n=22, 24, 20, and 20 for Group
A, B, C, and D, respectively). There were no signifi-
cant differences of baseline characteristics among four
groups. Group A showed meaningful improvement in
the ratio of GMPM change at 12 months post-therapy
compared to group D (p=0.021). Most of the parame-
ters in four groups showed improvements in primary
outcomes, although the changes were not significant.
More HLA-matched UCB presented better enhance-
ment in change of GMFM at 1 month (p=0.036) and
3 months (p=0.050) post-intervention. Ten serious
adverse events were reported, although these cases
were all resolved and the distribution of events did not
differ among four groups. These results suggest that
UCB therapy is safe and effective treatment for chil-
dren with CP, and its combination with EPO can bring
more synergistic effects.

Funding Source: This research was supported by a
grant of the Korea Health Technology R&D Project
through the Korea Health Industry Development In-
stitute (KHIDI), funded by the Ministry of Health &
Welfare, Korea (grant number: HI13C1204).

COMBINING HUMAN UMBILICAL CORD
BLOOD CELLS WITH ERYTHROPOIETIN
ENHANCES ANGIOGENESIS/NEUROGENE-
SIS AND BEHAVIORAL RECOVERY AFTER
STROKE

Kim, Minyoung®*, Hwang, Sunyoung? Choi, Jee In?

'Rehabilitation, CHA Bundang Medical Center, CHA
University, Seongnam, Korea, “Rehabilitation and
Regeneration Research Center, CHA University,
Seongnam, Korea

Disruption of blood flow in the brain induces stroke,
the leading cause of death and disability worldwide.
However, so far the therapeutic options are limited.
Thus, the therapeutic efficacy of cell-based approaches
has been investigated to develop a potential strategy to
overcome stroke-induced disability. Human umbilical
cord blood cells (hUCBCs) and erythropoietin (EPO)
both have angiogenic and neurogenic properties in the
injured brain, and their combined administration may
exert synergistic effects during neurological recovery
following stroke. We investigated the therapeutic po-
tential of hUCBC and EPO combination treatment by
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comparing its efficacy to those of hUCBC and EPO
alone. Adult male Sprague-Dawley rats underwent
transient middle cerebral artery occlusion (MCAO).
Experimental groups were as follows: saline (injected
once with saline 7 d after MCAO); hUCBC (1.2x107
total nucleated cells, injected once via the tail vein 7
d after MCAO); EPO (500 1U/kg, injected intraper-
itoneally for five days from 7 d after MCAQO); and
combination of hUCBC and EPO (hUCBC+EPO).
Behavioral measures (Modified Neurological Sever-
ity Score [MNSS] and cylinder test) were recorded
to assess neurological outcomes. Four weeks after
MCAO, brains were harvested to analyze the status of
neurogenesis and angiogenesis. In vitro assays were
also conducted using neural stem and endothelial cells
in the oxygen-glucose deprivation condition. Perfor-
mance on the mNSS and cylinder test showed the
most improvement in the hUCBC+EPO group, while
hUCBC- and EPO-alone treatments showed superior
outcomes relative to the saline group. Neurogenesis
and angiogenesis in the cortical region was the most
enhanced in the hUCBC+EPO group, while the find-
ings in the hUCBC and EPO treatment alone groups
were better than those in the saline group. Astrogliosis
in the brain tissue was reduced by hUCBC and EPO
treatment. The reduction was largest in the hUCB-
C+EPO group. These results were consistent with in
vitro assessments that showed the strongest neurogen-
ic and angiogenic effect with hUCBC+EPO treatment.
This study demonstrates that combination therapy is
more effective than single therapy with either hUC-
BC or EPO for neurological recovery from subacute
stroke. The common pathway underlying hUCBC and
EPO treatment requires further study.

Funding Source: This work was supported by
Industrial Strategic Technology Development Pro-
gram(10051152, Development of advanced cell ther-
apy technology using growth factor for stroke treat-
ment) funded by the Ministry of Trade, Industry, and
Energy (MOTIE, Korea).

IN VIVO PRIMING HUMAN MESENCHYMAL
STEM CELLS WITH HEPATOCYTE GROWTH
FACTOR ENGINEERED MESENCHYMAL
STEM CELLS PROMOTE THERAPEUTIC PO-
TENTIALS FOR CARDIAC REPAIR

Park, Bong-woo', Jung, Soo Hyun', Das, Sanskrita®,
Lee, Soon Min®, Park, Jae-hyun®, Kim, Hyeok®,
Hwang, Ji-won?, Lee, Sunghun®, Kim, Hyo-jin*, Kim,
Hyo-yon*, Jeong, Seungman?®, Cho, Dong-woo?, Jang,
Jinah®, Ban, Kiwon®, Park, Hun-jun?

!Department of Medical Life Science, The Catho-
lic University of Korea, Seoul, Korea, *Department
of Internal Medicine, Seoul St. Mary’s Hospital,
Seoul, Korea, *Department of Creative It Engineer-
ing, Pohang University of Science and Technology
(postech), Korea, “Sl Bigen. Inc, Seongnam, Gyeong-
gi-do, Korea, *Department of Biomedical Sciences,
City University of Hong Kong, Kowloon, Hong Kong

A major challenge of the therapeutic use of stem cells
for cardiac repair is poor cell engraftment in vivo after
transplantation. 3D cell printing technology can make
cardiac patches rapidly similar to cardiac niche by
depositing various cells with a printable heart-decellu-
larized extracellular matrix (hdECM). These cardiac
patches will provide long-term cell survival and sus-
tained paracrine effects of mesenchymal stem cells
(MSCs) and more potentiate the therapeutic effects to-
gether with high-performance engineering MSCs such
as a hepatocyte growth factor (HGF-eMSCs). First,
we demonstrated that BM-MSCs/HGF-eMSCs had
favorable tube-forming capacity and strong expression
of angiogenic factors in vitro. We developed 3 types
of 3D printed cardiac patches using hdECM bioink,
embedded by 1) BM-MSCs only (total 1x106), 2)
HGF-eMSCs only (total 1x106), and 3) BM-MSCs/
HGF-eMSCs (5x105 in each number) and transplant-
ed on the epicardium of infarcted rat heart. Serial echo-
cardiography showed that three groups (BM-MSCs/
HGF-eMSCs, BM-MSCs only and HGF-eMSCs
only) had higher ejection fractions than the control at 8
weeks (Control 35.34+3.73 vs BM-MSCs 33.93+4.32
vs HGF-eMSCs 34.20+6.27 vs BM-MSCs/HFG-eM-
SCs 43.72+2.52, p<0.01, respectively). Interestingly,
BM-MSCs/HGF-eMSCs group maintained cardiac
functions for up to 8 weeks, although BM-MSCs only
and HGF-eMSCs only groups showed dramatically
reduction of cardiac functions during that time. BM-
MSCs/HGF-eMSCs group showed significantly
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higher in capillary density and percent fibrosis than
single cell cardiac patches and MI control. Confocal
microscope examination showed that Dil labelled
BM-MSCs in 3D printed cardiac patch migrated and
incorporated into host capillary network in the infarct-
ed myocardium. This study demonstrated that highly
tunable 3D printed cardiac patch embedded by BM-
MSCs/HGF-eMSCs enhances the paracrine effects
for angiogenesis and also de novo capillary formation
after post-MlI. Therefore, this 3D cell printing technol-
ogy with BM-MSCs/HGF-eMSCs and hdECM bioink
can develop into a novel option for treating M.

Funding Source: This study was supported by
National Research Foundation of Korea grants
(2016R1C1B2015529), and the Bio & Medical
Technology Development Program grant (NRF-
2017M3A9B3061954) funded by the Ministry of Sci-
ence & ICT.

THERAPEUTIC EFFICACIES OF HUMAN
EMBRYONIC STEM CELL-DERIVED MESEN-
CHYMAL STEM CELL AND SYNERGISTIC
POTENTIATION OF IT BY COMBINED THER-
APY OF ERYTHROPOIETIN IN STROKE
MODEL

Choung, Jinseung', Choi, Jeein®, Kim, Hyun-jin®,
Kim, Jong Moon?, Kim, Min Young?

'Rehabilitation and Regeneration Research Center,
CHA University, Seongnam, Korea, ?Department of
Rehabilitation Medicine, CHA Bundang Medical
Center, CHA University, Seongnam, Korea

Despite it being the leading cause of death and dis-
ability worldwide, stroke has very limited therapeutic
options. hMSC transplantation has been reported to
induce neurological recovery after brain injury and
many molecular mechanisms of the treatment have
also been reported. While hMSC therapy has shown
promising results, its limited source causing lack of
cell numbers, as well as donor- dependent variabili-
ty, restrains clinical utility. Human embryonic stem
cell-derived MSC (hES-MSC) may overcome the
restrictions of other MSCs by enabling to supply vir-
tually unlimited quantities of allogeneic cells. How-
ever, yet efficacy issue has not been solved so far in
clinical applications of stem cells. And combined use
of growth factors such as erythropoietin (EPO) may
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potentiate its therapeutic efficacy. In this study, stroke
model was prepared by conducting middle cerebral
artery occlusion (MCAO) and reperfusion injury effi-
cacy in male SD rats. One week after the MCAO, the
representative model of subacute stage stroke, hES-
MSCs were administrated intravenously to monitor
its therapeutic effects. To observe effects of cell dose,
low, medium, and high dosage amounts of hES-MSCs
were administered. Administration of EPO was simul-
taneously conducted with intraperitoneal injection for
5 consecutive days. The efficacy was assessed with
neurobehavioral tests (MNSS and cylinder test) on 7,
14, 21, and 28 days after ES-MSC administration. And
we compared the results from different cell doses of
ES-MSCs and analyzed for synergistic enhancement
by co- administration of EPO. According to compari-
son of cell-dose effect, performance on the mNSS and
cylinder test showed the biggest improvement in high-
dose hES-MSC group, and as for EPO combination
effect, medium-dose hES-MSC and EPO treatments
showed superior outcomes compared to the saline
group. The results show that the hES-MSCs improve
neurological behavior in a dose- dependent manner,
with even further improvements when treated simul-
taneously with EPO in the MCAO model. This study
suggests that combination therapy can be more effec-
tive than single therapy with either hES-MSCs or EPO
for neurological recovery from subacute strokes. The
common pathway underlying hES-MSCs and EPO
treatment requires further study.

Funding Source: This work was supported by the
Technology Innovation Program (or Industrial Strate-
gic Technology Development Program(10051152, De-
velopment of advanced cell therapy technology using
growth factor for stroke treatment) funded By the Min-
istry of Trade, Industry & Energy(MOTIE, Korea) and
a grant of the Korea Health Technology R&D Project
through the Korea Health Industry Development In-
stitute (KHIDI), funded by the Ministry of Health &
Welfare, Korea (grant number : HI16C1559).
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DEVELOPMENT OF A NOVEL THERAPY
FOR CHRONIC TOPHACEOUS GOUT USING
URICASE PRODUCING MSCS

Choi, Ah Young, Park, Narae, Lee, Jooha

Rheumatism Research Center, Catholic University,
Seoul, Korea

Chronic tophaceous gout is a debilitating condition
that is characterized by chronic inflammation and
sustained pain in the affected area and can result in
the subsequent joint destruction and dysfunction. To
date, the treatment for chronic tophaceous gout mainly
stays in using urate lowering treatment until it slow-
ly dissolves the tophi over several years. In selected
cases, surgery can be considered. Uricase such as pe-
gloticase is also used for severe cases. However, it is
currently not available in Korea and frequent infusion
reaction discourages the active application of the drug.
Mesenchymal stem cell (MSC) is known to have an-
ti-inflammatory property and has been implicated as
a therapeutic option for inflammatory autoimmune
disease including rheumatoid arthritis and lupus. As
known, the initiation of acute gout inflammation is
associated with monosodium urate (MSU) crystal
induced IL-1B production by monocyte/macrophage.
Therefore, we hypothesized that MSCs could suppress
MSU induced acute gout inflammation. Based on
these, we tried to develop a novel therapy for gout us-
ing uricase producing MSCs. This uricase producing
MSCs may be locally injected to the tophi site. The
concept is that a locally acting uricase may dissolve
the tophi more efficiently with less adverse event and
at the same time MSCs may exert anti-inflammatory
effect to prevent flare up during the rapid dissolution.
Minicircle vector was chosen because its non-integra-
tion into genomic DNA seems safe. Minicircles were
transfected to MSCs to temporarily produce uricases
when delivered in vivo. We observed that MSCs trans-
fected with minicircle vector coding uricase produce
the functional uricase which reduces uric acid level in
vitro.. Currently we are working to set up a chronic
tophi model to investigate the efficacy of the eMSCs
to provide more direct evidence of reducing the size of
tophi. We hope this cell therapy will introduce a novel
way to treat chronic tophaceous gout.

MESENCHYMAL STEM CELLS-CONDI-
TIONED MEDIUM REGENERATE CUTANE-
OUS BURN WOUND THROUGH INCREASED
VASCULARIZATION AND EXPRESSION OF
TGF-B

Sukmawati, Dewi?, Eryani, Astheria?, Angmalisang,
Elvin C.3, Damayanti, Lia', Pawitan, Jeanne A.*

!Department of Histology, Faculty of Medicine,
Universitas Indonesia, Jakarta, Indonesia, ?Histology
Division, Faculty of Medicine, Tarumanagara Univer-
sity, Jakarta, Indonesia, *Anatomy and Histology Divi-
sion, Faculty of Medicine, Sam Ratulangi University,
Manado, Indonesia

Mesenchymal stem cells are known to promote tissue
regeneration based on their paracrine effect by secret-
ing a variety of growth factors (GFs) and cytokines.
These GFs also found in their cultured/ conditioned
media (CM-MSC). Burn wound is complex and may
cause a devastated effect in both functional and cos-
metically. TGF-B play important role in all phases
of wound healing that lead the process of epitheli-
alization, neovascularization and granulation tissue
formation. Although many researches have shown the
benefit of CM-MSC in various tissue regeneration,
its underlying mechanism remains to be elucidated.
In this study we investigated the effect and possible
mechanism of CM-MSC in burn wound healing. We
used male Sprague Dawley rats which randomly di-
vided into control (C) and CM groups. Burn wounds
were created using preheated metal plat and placed it
on body site of prepared rats which received daily lo-
cal application of normal saline and CM respectively.
Skin wound tissues were collected and processed for
histological slides and genes expression. We evaluated
wound closure (visitrak), neovascular density (im-
munohistochemistry) and expression of TGF- § and
VEGF (RT-PCR). CM-MSC demonstrated to enhance
skin regeneration by promoting wound closure earlier
compared to control (p<0.05). Vascular density which
represent as neovascularization in granulation tissue
were also higher in CM-MSC compared to control
(p<0.05), followed by increased of TGF- 3 (p<0.05)
and VEGF expression in wound tissue. Our findings
indicate the benefits of CM-MSC in burn wound tis-
sue regeneration through wound closure acceleration,
promoting neovascularization and expression of TGF-
B and VEGF. Therefore local application of CM-MSC
may provide a novel cell-free therapeutic approach for
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cutaneous wound healing that hold promising tool to
avoid the ethical and rejection issues of cell transplan-
tation.

Funding Source: Research Cluster Grants IMERI,
Faculty of Medicine Universitas Indonesia and also
supported in part by Research grants for international
article publication Q1Q2 2019, Universitas Indonesia.

ESTABLISHMENT OF A COMPLEX SKIN
STRUCTURE VIA LAYERED CO-CULTURE
OF KERATINOCYTES AND FIBROBLASTS
DERIVED FROM INDUCED PLURIPOTENT
STEM CELLS

Kim, Yena, Ju, Ji Hyeon'?

ICIiSTEM, Clinical Immunology & Stem Cell, Seoul,
Korea, Rheumatology, Seoul St. Mary’s Hospital,
College of Medicine, The Catholic University of
Korea, Seoul, Korea

Skin is an organ that plays an important role as a
physical barrier and has many other complex func-
tions. Skin mimetics may be useful for studying the
pathophysiology of diseases in vitro and for repair-
ing lesions in vivo. Cord blood mononuclear cells
(CBMCs) have emerged as a potential cell source for
regenerative medicine. Human induced pluripotent
stem cell derived from CBMC has great potential
of allogenic regenerative medicine. Further study is
needed on skin differentiation using CBMC-iPSCs.
Human iPSCs were generated from CBMCs by Sen-
dai virus. CBMC iPSCs were differentiated to fibro-
blasts and keratinocytes using embryonic bodies (EB)
formation. For generating of CBMC iPSC-derived 3D
skin organoid, CBMC iPSC-derived fibroblasts (iP-
SC-F) were added into insert of a Transwell plate and
CBMC iPSC-derived keratinocytes (iPSC-K) were
seeded onto the fibroblast layer. Transplantation of
3D skin organoid was performed by tie-over dressing
method. Epidermal and dermal layers were developed
using keratinocytes and fibroblasts differentiated from
cord blood-derived human induced pluripotent stem
cells, respectively. A complex 3D skin organoid was
generated by overlaying the epidermal layer onto the
dermal layer. A humanized skin model was generated
by transplanting this human skin organoid into SCID
mice and effectively healed skin lesions. This study
reveals that a human skin organoid generated using
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CBMC-iPSCs is a novel tool for in vitro and in vivo
dermatologic research.

DIRECT REPROGRAMMING TO HUMAN
INDUCED DOPAMINERGIC NEURONAL
PROGENITORS FOR PARKINSON’S DISEASE
THERAPY

Lee, Minhyung!, Choi, Hwan? Cho, Sunhwa®,
Lee, Hyang-ae®, Ha, Jeongmin', Sim, Hyuna®, Baek,
Areum?, Im, llkyun', Cho, Hyun-soo*, Baek, Jeong
Yeob*, Jeon, Young-joo', Son, Myung Jin*, Shin, Won-
ho*, Chang, Mi-yoon®, Lee, Sang-hun®, Kim, Ki-suk®,
Kim, Jongpil*, Son, Mi-young®*, Kim, Janghwan'

'Stem Cell Convergence Research Center, Korea
Research Institute of Bioscience and Biotechnology,
Daejeon, Korea, Department of Biomedical Engi-
neering, Dongguk University, Seoul, Korea, *R&D
Center for Advanced Pharmaceuticals and Evalua-
tion, Korea Institute of Toxicology, Daejeon, Korea,
*Department of Predictive Toxicology, Korea Institute
of Toxicology, Dagejeon, Korea, *Hanyang Biomedical
Research Institute, Hanyang University, Seoul, Korea,
°Department of Biochemistry and Molecular Biolo-
gy, College of Medicine, Hanyang University, Seoul,
Korea

Parkinson’s disease (PD) is the second most neuro-
degenerative disorder and associated with selective
loss of midbrain dopaminergic neurons (DNs). Pre-
vious clinical studies of transplanting human fetal
mesencephalon tissue have shown the long-term im-
provement of motor symptoms in some PD patients.
However, the ethical issue, the limited amount, and
the heterogeneity of aborted fetal tissue hinder further
development and require alternative methods to obtain
optimal transplantable cells for PD. To overcome these
drawbacks, pluripotent stem cell (PSC)-derived dopa-
minergic neuronal progenitors (DPs) are considered in
several clinical studies, although the tumorigenicity of
undifferentiated PSC still remains. Thus, we sought to
generate DPs via another reprogramming technology,
I.e., direct reprogramming or transdifferentiation. \We
successfully changed human fibroblasts into induced
DPs (hiDPs) using pluripotency factor-mediated direct
reprogramming. The hiDP shows epigenetically open
chromatin structure and specific expression pattern
of the key genes for nervous and midbrain develop-
ment. Although we used the pluripotency factors,
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we confirmed the absence of PSC-like cells during
hiDP reprogramming process. The hiDPs efficiently
generate functional DNs showing A9 specific marker
expressions, dopamine release, and DN-specific elec-
trophysiological signature. Surprisingly, hiDPs are
highly expandable and highly pure cell population of
expressing DP markers such as CORIN and FOXA2
compared to differentiated DPs from human PSCs. In
addition, when differentiated, about 90 % efficiency of
DN over total neurons without serotonergic neurons
which can cause dyskinesia. When we transplanted the
hiDPs to PD mouse model, the movement defect was
recovered and ectopic cell growth was not observed.
Thus, we expect that hiDPs are notably competitive
cells compared to other cell sources currently under
development for regenerative PD therapy.

Funding Source: This work was supported by the
KRIBB Research Initiative and Stem Cell Research
Program through the National Research Foundation
of Korea funded by the Ministry of Science and ICT
(2013M3A9B4076483, 2015M3A9C7030128, and
2016K1A3A1A61006001) and a grant from Ministry
of Food and Drug Safety in 2018 (18172MFDS182).

STUDY ON QUALITY CONTROL MARKERS
OF CARDIOMYOCYTES DERIVED FROM
HUMAN INDUCIBLE PLURIPOTENT STEM
CELLS

Kim, Min-jung, Kim, Yong Guk, Seong, Dabin,
Kang, Soyeong, Baek, Jounghee, Woo, Jeongnam,
Eom, Joon Ho, Ahn, Chiyoung

Advanced Therapy Product Research Division,
National Institute of Food and Drug Safety Evalua-
tion, Cheongju, Korea

Induced pluripotent stem cells (iPSCs) are expected to
yield novel therapies with the potential to solve many
issues involving incurable diseases, drug development,
because iPSCs are free for the ethical and immunolog-
ical problems that have obstructed the clinical appli-
cations of embryonic stem cells. However, as iPSCs
research has progressed, new problems have emerged
that need to be solved for clinical application of iPSCs.
For example, iPSCs have defects on genetic instability
caused by integration of reprogramming transgenes
and accumulation of mutations during the reprogram-
ming process and cell passaging. Thus, that is required

that a comprehensive understanding of characteriza-
tion and quality control about differentiation from iP-
SCs. In this study The cardiomyocytes differentiation
method was established using induced pluripotent
stem cells. Using the marigel and feeder free culture
method, the differentiation of cardiomyocytes was
induced for 43 days (about six weeks). Each stage of
differentiation was investigated by qPCR, Western
blot, immunocytochemistry and flowcytometry with
IPSC markers (OCT4, nanog, SOX2, and SSEA4),
mesoderm markers (MSX-1 and ISLET1), and cardio-
myocyte markers (cTnT, MYL7, MYH7, and TBXb5).
During differentiation expression of iPSC markers was
decreased but cardiomyocyte markers were increased.
Mesoderm markers have the highest expression in
middle stage of differentiation. Further analysis will be
conducted to present the cardiomyocyte markers as a
quality control of differentiated cardiomyocytes.

Funding Source: Ministry Of Food And Drug Safety.

CHARACTERISATION OF SECRETOME
FROM BONE MARROW DERIVED MESEN-
CHYMAL STEM CELLS DURING OSTEO-
BLAST DIFFERENTIATION USING NANO
LC-MS/MS

Eom, Joon Ho, Kim, Ho, Oh, Seul-gi, Lee, Jae-kook,
Kim, Min-jung, Baek, Jounghee, Woo, Jeongnam,
Kang, Soyeong, Ahn, Chiyoung

Advanced Theraqy Product Research Division, Minis-
try of Food and Drug Safety, Cheongju, Korea

The mesenchymal stem cells(MSCs) are highly used
for stem cell treatment due to the diversity of tissues to
be harvested. But it is difficult to evaluate the quality
and generalization because they are separated from
various tissues. Recently, it has been reported that the
secretome, paracrine factors, from MSCs are more
effective for therapeutic treatment than the transplan-
tation function of MSC. Secretome has potential to
be used as an alternative treatment to complement
limitations such as immune side effects. Hence, many
researches have been carried out to clarify the char-
acteristics of secretome through proteomic analysis.
In this study, we investigated Xeno-free conditioned
MSC secretome analysis to supplement the limitations
of MSC characteristic evaluation index through con-
ventional target-based analysis by LC-MS/MS. we
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induced differentiation from mesenchymal stem cells
to osteoblasts, and recovered cell culture medium and
subjected to proteomic analysis using LC-MS/MS. We
identified several indicators that differed in expression
level before and after differentiation. Moreover, we
confirmed the possibility of evaluating stem cell char-
acteristics using cell culture medium. Further studies
should be conducted to establish a validated method
for quality evaluation of stem cell treatment drugs.

Funding Source: Ministry Of Food And Drug Safety.

DEVELOPMENT OF A NEW CELL CULTURE
MEDIUM FOR ES/IPS CELLS AND A CUL-
TURING SYSTEM

Iwakami, Masashi!, Anno, Shiho?, Otsuka,
Keiichiro', Hayashi, Hisato?

'Biological Research Laboratories, Medical Materi-
als Group, Nissan Chemical Corporation, Shiraoka,
Saitama, Japan, *Advanced Materials and Planning
Depertment, Nissan Chemical Corporation, Chuoku,
Tokyo, Japan

Cell therapy using human embryonic stem cells
(hESCs) and human induced pluripotent stem cells
(hiPSCs) is focused as a breakthrough treatment sub-
stitute for conventional drug therapies. In order to
achieve cell therapy, it is necessary to produce ES/
IPSCs on a large-scale, but there are some problems
especially related to culturing costs and techniques.
To resolve these problems, we developed a new ES/
iIPSCs culturing medium and method. First, to reduce
cell culturing costs, we acquired a new cell culture
medium for ES/iPSCs which is chemically defined
with low concentration of growth factors. And, we de-
veloped a novel 3D spheroid cell culture system with
deacylated gellan gum polymer FP0O01 which has the
ability to suspend cell spheroids uniformly without ag-
itation to achieve large-scale cell production. Finally,
to culture ES/IPSCs with a constant quality and easy
technique, we developed culturing tools consist of a
scalable and gas-permeable cell culture bag, a sphere
collecting module and a sphere splitting module. By
using these tools, we can easily culture ES/iPSCs
without contamination risk because these tools are all
single use and completely closed system. And then,
this system is applicable from small lab-scale to large-
scale cell production.
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TRANSCRIPTIONAL AND EPIGENETIC REG-
ULATION OF HUMAN TYROSINE HYDROX-
YLASE GENE EXPRESSION VIA COOPERA-
TIVE FUNCTION OF TFII-I ISOFORMS AND
NURR1

Kausar, Rukhsana, Noh, Seung Ryul, Lee, Myung
Ae

Department of Brain Science, Ajou University, Suwon,
Korea

Our previous study showed that Nurrl actively re-
presses human tyrosine hydroxylase (hTH) transcrip-
tion in precursor cells, while it activates hTH expres-
sion in dopaminergic (DA) neuronal cells. TFII-1 was
identified as an interacting partner of Nurrl. Here we
report that two alternative splicing forms of TFII-I
results in switch from repression to activation of
hTH gene expression. While precursor cell expresses
TFII-IA, DA neuronal cells highly do TFII-Iy. TFII-
IA preferentially interacts with Nurrl in F3, but TFII-
Iy in SH-SYSY cells. In addition, each TFII-I isoform
majorly occupies hTH promoter in each cells. The
transcriptional outcome of each isoform is totally dif-
ferent; repression for TFII-1 and activation for TFII-
Iy. Next, to investigate if SUMOylation of TFII-IA
represses Nurrl transcriptional activity via synergy
control motif, we mutated SUMO sites of TFII-I iso-
forms as K221R and K240R. While de-SUMOylation
did not change nuclear localization, it loses transcrip-
tional repression activities in F3 cells. In addition, oli-
goprecipitation experiment indicated that sumoylation
deficient TFII-IA forms has higher DNA-binding ac-
tivity on hTH gene promoter than wild-type. TFII-IA
preferentially interact with bivalent chromatin marks
H3K4/K27me3 in precursor cells while TFII-Iy with
H3K27ac in dopaminergic cells that might responsible
for hTH gene expression during development. In ad-
dition, based on mutations of binding sites for TFII-I,
E-box and Inr, TFII-IA mediates transcriptional repres-
sion via Inr site. All our results demonstrated that two
alternative splicing forms of TFII-I gene may play an
important role in fine tuning of hTH gene expression
during DA neurogenesis.

Funding Source: National Research Foundation of
Korea, a grant funded by the Korean Government
[2015M3A9C6028956].
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HUMAN MESENCHYMAL STEM CELLS RE-
DUCE LIVER FIBROSIS BY MFG-E8-MEDIAT-
ED REGULATION OF TGFB SIGNALING AND
TARGETING OF COLLAGEN FOR PHAGO-
CYTIC CLEARANCE

Chi, Kyun Yoo?, Kim, Gyeongmin®, Kim, Hyojin*,
Han, Jiyou?, Lee, Jaehun', Lee, Gyunggyu', Park, Ji
Young', Kim, Jong-hoon*

!Department of Biotechnology, Korea University,
Seoul, Korea, Department of Biological Sciences,
Hyupsung University, Hwasung, Korea

Mesenchymal stem cells (MSCs) have been devel-
oping as cellular therapeutics for diverse diseases,
including liver fibrosis. It has recently been shown that
grafted MSCs improved the function of fibrotic liver
tissues by paracrine actions. Here, we show that the
cell- free secretome of umbilical cord-derived MSCs
(UCMSCs) and UCMSCs primed with hepatotropic
growth factors (hpUCMSCs) had powerful anti-fibrot-
ic effects in mice with liver fibrosis. We found that this
anti-fibrotic effect was involved with the reduction of
activated hepatic stellate cells (HSCs) via inhibiting
TGFB-SMAD?2 signaling in vitro. We identified 32
potential anti-fibrotic proteins, which were more abun-
dant in hpUCMSC secretome that showed more pow-
erful anti-fibrotic effects than UCMSCs. Among the
32 potential proteins, a glycoprotein MFG-ES8 strongly
downregulated the HSC activation and reduced fibrot-
ic progression by inhibiting TGF- SMAD?2 signaling
in vitro and in vivo. We also found that MFG-E8 has
ability to directly bind to collagen through C1 and C2
domain, regulating macrophage-mediated collagen up-
take. MFG-E8-treated macrophages exhibited a great-
er degree of collagen uptake in vitro, proposing an
additional anti-fibrotic action mechanism of MFG-ES,
along with the reduction of activated HSCs. These
findings suggest that MFG-ES8, a key anti-fibrotic
protein secreted from MSCs, could be developed as a
promising protein drug against liver fibrosis.

Funding Source: This research was supported by
the Technology Innovation Program (No. 10081266)
funded by the Ministry of Trade, Industry & Energy
(MOTIE, Korea), Bio & Medical Technology Devel-
opment Program of the National Research Foundation
(NRF) funded by the Ministry of Science & ICT (No.
2018M3A9H1019504) and School of Life Science and
Biotechnology for BK21 Plus for Jong-Hoon Kim.

MELATONIN IMPROVES THERAPEUTIC
POTENTIAL OF MESENCHYMAL STEM
CELLS-DERIVED EXOSOMES AGAINST RE-
NAL ISCHEMIA-REPERFUSION INJURY IN
RATS

Alzahrani, Faisal', EI-magd, Mohammed A.2, Hassan,
Ahmed®, Saleh, Ayman?, Al-hatmi, Abdulaziz®, Ghazy,
Alad®

'Biology, King Abdulaziz University, Jeddah, Saudi
Arabia, “Department of Anatomy and Embryology,
Faculty of \eterinary Medicine, Kafrelsheikh Univer-
sity, Kafr El-Shaikh, Egypt, *Department of Anatomy
and Embryology, Faculty of Veterinary Medicine,
Zagazig University, Zagazig, Egypt, “Department of
Animal Wealth Development, Genetics and Genet-
ic Engineering, Faculty of Veterinary Medicine,
Zagazig University, Zagazig, Egypt, *Biochemistry,
King Abdulaziz University, Jeddah, Saudi Arabia,
*Department of Surgery, Kafrelsheikh University, Kafr
El-Shaikh, Egypt

Renal ischemia-reperfusion injury (RIRI) is an over-
whelming renal disorder that usually leads to acute
then chronic kidney injury. Several previous studies
failed to find an appropriate therapy for RIRI. How-
ever, therapies using mesenchymal stem cells (MSCs)
or their exosomes could be used as effective treatment
for AKI. Therefore, this study was conducted to test
the hypothesis that exosomes derived from MSCs
preconditioned with Mel may offer superior protec-
tion against RIRI compared to therapy by MSCs or
exosomes from non-preconditioned MSCs. Our data
showed a significant improvement. To the best of my
knowledge, this may be the first study to report that
administration of exosomes (250 pg) derived from
MSCs preconditioned with melatonin (Exo + Mel
group) give better ameliorative effect against RIRI,
induced by bilateral clamping of renal arteries, than
using bone marrow derived MSCs (1 x 106) or their
exosomes without precondition. Our overall conclu-
sion was based on the following evidences that favor
the best effect of Exo + Mel group over that of other
treated groups: 1) restored renal function as indicated
by reduced blood levels of kidney damage markers
BUN and creatinine; 2) declined oxidative stress
as revealed by decreased MDA content and HIF1a
MRNA level, and NOX2 protein expression; 3) in-
creased anti-oxidants status as indicated by higher
activities of SOD, CAT, GPX and upregulated HO1
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gene expression; 4) decreased apoptosis as evidenced
by decreased activity and gene expression of caspase
3, and declined mRNA levels of PARP1, Bax and in-
creased MRNA level of anti-apoptotic marker Bcl2; 5)
inhibited inflammation as showed by decreased MPO
activity and mRNA levels of ICAM1, IL1B, NFkB
and increased IL10 mRNA level; 6) increased tissue
repair and regeneration as noticed by decreased kidney
injury histopathological score; improved expression of
regeneration-related proteins bFGF, HGF and SOXO9;
and 7) enhanced angiogenesis as judged by increased
expression of angiogenesis-related VEGF gene. These
data indicate that treatment with exosomes derived
from MSCs preconditioned with melatonin gave best
protective effect against renal ischemia-reperfusion
injury as compared to therapy by non-preconditioned
MSCs or their exosomes.

Funding Source: This project was funded by the
Deanship of Scientific Research (DSR) at King Ab-
dulaziz University.

THE POTENTIAL OF CONDITIONED ME-
DIUM DERIVED FROM HUMAN ADIPOSE
STEM CELLS ON FETAL DEVELOPMENT
AND GENE EXPRESSION IN REPRODUC-
TIVE ORGANS OF AGED MICE

Ra, Ki Hae', Kim, Geon A', Oh, Hyun Ju*, Kang,
Sung Keun?, Ra, Jeong Chan?, Lee, Byeong Chun*

'Department of Theriogenology and Biotechnolo-
gy, College of \Veterinary Medicine, Seoul National
University, Seoul, Korea, ?Biostar Stem Cell Research
Institute, R Bio Co., Ltd, Seoul, Korea

Aging decreases fertility and increases the possibil-
ity of miscarriage, associated with reactive oxygen
species and antioxidant levels. Adipose-derived stem
cell conditioned medium (ASC-CM) contain immu-
nomodulatory and regenerative factors secreted from
ASC which have shown the capacity to reduce oxida-
tive stress in various reports. The purpose of this study
is to investigate the effect of human ASC-CM on aged
mice fertility regarding apoptosis and antioxidant re-
lated gene expression. Intravenous injection of hASC-
CM was conducted to the tail vein of 4-month-old and
6-month-old ICR mice respectively in three groups:
Control, three times in eight days interval (3T-8D) and
six times in four days interval (6T-4D). The hASC-
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CM used in this experiment was provided from R Bio
Stem Cell Research Center, Seoul, Korea. In case of
control group, phosphate buffer saline was intrave-
nously injected. The amount of single dose was deter-
mined by the weight of each mouse (Lul/g). After the
last hASC-CM injection, mice in three groups were
mated with intact male ICR mice according to their es-
trous cycle. Mice were sacrifized and abdominal sec-
tion was conducted 6 days post plug examination. The
number of fetus were evaluated and the expression of
apoptosis related genes (Bax, Bcl2) and antioxidant re-
lated genes (SOD1, SOD2) were analyzed from ovary
and uterus using real-time polymerase chain reaction.
The expression of genes was quantified relative to that
of housekeeping gene 18S. As a result, the number of
fetus significantly increased in 6-month-old 6T-4D
group compared to the control but no difference in
4-month-old groups. The antioxidant SOD2 expressed
significantly higher in ovaries and uterus of CM treat-
ed groups than the control in 4-month-old mice. Fur-
thermore, Bax/Bcl?2 ratio of 6T-4D group was signifi-
cantly lower than the control in ovaries of 4-month-old
mice. In case of 6-month-old mice ovaries, Bcl2 and
SOD2 were expressed significantly higher of 3T-8D
group than the control. In conclusion, the administra-
tion of hASC-CM can be applied for improving aged
mice fetal development and bring about beneficial ef-
fects on reproduction system.

Funding Source: This research was supported by
Nature Cell (#550-20170028), Research Institute for
\eterinary Science and the BK21 plus program.
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ASSESSMENT OF TUMOR-INITIATING CELL
FREQUENCY AND TUMOR GROWTH KiI-
NETICS OF PATIENT-DERIVED INDUCED
PLURIPOTENT STEM CELLS

Jeon, Sora*??, Kim, Yourha#?, Jeong, Young Mun*#?,
Kim, Yonghak®, Lee, Shine-jeong*, Yoon, Young-
sup*®, Park, Gyeongsin®?%, Jung, Chan Kwon'23

'Department of Hospital Pathology, College of Medi-
cine, The Catholic University of Korea, Seoul, Korea,
?Department of Biomedicine & Health Sciences,
Graduate School, The Catholic University of Korea,
Seoul, Korea, *Cancer Research Institute, College of
Medicine, The Catholic University of Korea, Seoul,
Korea, “Biomedical Science Institute, College of Medi-
cine, Yonsei University, Seoul, Korea, °Division of
Cardiology, Department of Medicine, Emory Univer-
sity School of Medicine Atlanta, GA, USA

Residual undifferentiated cells in human induced
pluripotent stem cells (iPSCs)-derived products have
the ability to develop teratoma and induce malignant
transformation, in which the continued growth and
propagation of the tumor depends on tumor-initiating
cells (TIC). We aimed to determine the TIC frequency
and tumor growth Kkinetics of an iPSC line derived
from patients with peripheral artery disease. e per-
formed a limiting dilution cell transplantation assay.
The iIPSC line PAD 3-8 was subcutaneously injected
into female. NSG mice at serial dilutions ranging
from 102 to 106 cells, mixing the cells with Matrigel.
Tumor formation was examined by observation and
palpation for 40 weeks. The time to tumor formation
after injection of a dose of 1 x 10"4, 1 x 10"5 and 1 x
1076 cells ranged from 56 - 182 days, 25 -189 days,
and 42 - 115 days, respectively. No tumor formation
detected following injection of 1 x 102 and 1 x 10"3
cells. The TIC frequency values at 6, 11, and 16 weeks
of transplantation were 1/863,012 (95% confidence
intervals (CI) = 1/2,376,015 - 1/313,461), 1/370,233
(95% CI = 1/974,769 - 1/140,620), and 1/27,954 (95%
Cl = 1/66,014 - 1/11,837), respectively. These results
provide evidence supporting the idea that patient-de-
rived iPSCs contain a subpopulation of cells that are
capable of initiating tumor formation in NSG mice.
TIC frequency should be estimated depending on the
observation time and the variation in the latency peri-
od for tumor. Our method can serve as a reference for
tumorigenicity evaluation of patient-derived iPSCs.

Funding Source: This research was supported by a
grant (18172MFDS182) from Ministry of Food and
Drug Safety in 2019.

IDENTIFICATION OF CELL SURFACE
MARKERS FOR OSTEOBLASTS FROM BONE
MARROW-MESENCHYMAL STEM CELLS
BY MONOCLONAL ANTIBODIES

Lee, Hyun Min?, Seo, Se-ri*, Kim, Min Kyu', Kim,
Jee Seung', Jang, Young-joo?, Ryu, Chun Jeih*

!Integrative Bioscience and Biotechnology, Sejong
University, Seoul, Korea, 2Nanobiomedical Science,
Dankook University, Cheonan, Korea

Human bone marrow-derived mesenchymal stem
cells (BM-MSCs) have long been considered prom-
ising candidates for bone formation and repair due
to the differentiation potential of BM-MSCs into
osteoblasts and osteocytes. However, little is known
about definitive surface markers for osteoblasts. In the
previous study, we generated a panel of murine mono-
clonal antibodies (MADbs) against surface molecules
on transforming growth factor B1 (TGF-B1)-treated
A549 cells by a modified decoy immunization strat-
egy and selected TGF-B1-induced surface molecules
by the MAbs because TGF-B1 promotes osteoblast
proliferation and induces the early stages of differenti-
ation of osteoblasts. Among 20 surface molecules in-
duced by TGF-B1 treatment, 4 surface molecules were
downregulated in RUNX2 knockdown osteosarcoma
cells while 3 surface molecules were upregulated. The
expression of the 4 surface molecules were increased
on TGF-$1/BMP-2-treated BM-MSCs and further
increased during osteogenic differentiation of BM-
MSCs, suggesting that they may be surface marker
candidates for osteoblasts. Immunoprecipitation and
LC-MS/MS identified that two MADs recognized inte-
grin o3 and oV, respectively. To demonstrate whether
the integrin-positive cells are associated with osteo-
genic potential, the integrin-positive and negative BM-
MSCs were sorted with the MADbs and differentiated
into osteocytes. The expression of osteogenic markers
were drastically increased in the integrin-positive
cells, as compared with them in the integrin-negative
cells, suggesting that integrin 3 and a'V are cell surface
markers for osteoblasts. The MAbs will be useful for
the identification and isolation of osteoblasts from het-
erogeneous BM-MSCs.
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Funding Source: This study was supported
by the National Research Foundation of Korea
(2018M3A9H1023139).

IMPROVED ISOLATION AND CULTURE OF
THE URINE-DERIVED STEM CELLS (USCS)
AND ENHANCED IMMUNE CELL DIFFER-
ENTIATION FROM THE USC-DERIVED IN-
DUCED PLURIPOTENT STEM CELLS

Kim, Kyeongseok, Kumar Saha, Subbroto, Kang,
Gun-ho, Yang, Gwangmo, Cho, Ssang-goo

Stem Cell and Regenerative Biotechnology, Konkuk
University, Seoul, Korea

Autologous urine-derived stem cells (USCs) can be
non-invasively obtained from urines and the USCs
and the USC-derived induced pluripotent stem cells
(U-iIPSCs) are thought to be ideal for applications in
stem cell research and regenerative medicine. Here,
we developed a method for efficient isolation and
culture of USCs using Matrigel, skim milk, and an an-
tagonist of the rho-associated protein kinase (ROCK)
signaling pathway. The prepared USCs showed sig-
nificantly enhanced migration, colony forming capaci-
ty, and differentiation into osteogenic or chondrogenic
lineage. The USCs were also used for efficient pro-
duction of human U-iPSCs and we could prepare the
U-iPSCs-derived kidney organoid and hematopoietic
stem cells (HSCs). The U-iPSC-derived HSCs were
subsequently differentiated to CFU. Moreover, using a
flavonoid molecule which enhanced mesodermal dif-
ferentiation efficiency and we could increase the pro-
duction of HSCs from the U-iPSCs. Taken together,
our data present a method for the improved isolation
and culture of the USCs and enhanced HSC differen-
tiation from the U-iIPSCs, which can be successfully
used for production of high-quality USCs, U-iPSCs,
and U-iPSC-derived HSCs for stem cell research and
further application in regenerative stem cell-based
therapies.

INTERNATIONAL SOCIETY [ 4

168 ®ISSC

KUF11 TREATMENT LED TO ENHANCED
HEMATOPOIETIC STEM CELL DIFFERENTI-
ATION FROM HUMAN PLURIPOTENT STEM
CELLS

Kim, Kyeongseok, Abdal Dayem, Ahmed, Yang,
Gwangmo, Cho, Ssang-goo

Stem Cell and Regenerative Biotechnology, Konkuk
University, Seoul, Korea

Efficient maintenance of the undifferentiated status of
human pluripotent stem cells (hPSCs) may be crucial
for producing a high- quality cell source that could be
successfully applied in stem cell research and therapy.
Here, we tried to screen various natural compounds to
find materials enhancing the quality of hPSCs. Among
the tested compounds, treatment of KUF11 led to sig-
nificant increase in cell proliferation and expression
of naive stemness markers, and decrease in dissocia-
tion-induced apoptosis of hPSCs. Of note, KUF11-ex-
posed hPSCs showed upregulation in the level of
intracellular glutathione (GSH) and KUF11 treatment
resulted in increase in percentage of GSH-high cells
when measured with FreSHtracer system. hPSCs
treated with KUF11 showed enhanced mesodermal
differentiation and, particularly, increased differentia-
tion into hematopoietic stem cells (HSC) and natural
killer (NK) cells. Taken together, our data demonstrate
a novel natural compound that can be used to improve
the proliferation and quality of hPSCs and to increase
the efficiency of HSC and NKC production from hP-
SCs.

THE COMPARISON STUDY OF CDHS CHAR-
ACTERISTICS BY AGE IN MICE AND HU-
MANS

Yoon, Sangtae, Kang, Kyojin, Kim, Yohan, Buisson,
Elina Maria, Lee, Changhee, Yim, Ji-hye, Jeong,
Jaemin, Choi, Dongho

Department of Surgery, Hanuang University, Seoul,
Korea

Due to a shortage of organ donors, liver transplanta-
tion being the only choice of treatment for end-stage
liver disease is problematic. Therefore, researchers
are now leaning towards stem cells as a solution. In-
terestingly, clinical feature analysis revealed age to be
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the most important factor for the generation of CdH.
We recently reported the differentiation of human
hepatocytes into human chemically derived hepatic
progenitors (hCdHSs) through a cocktail of three small
molecules (A83-01, CHIR99021, HGF). We firstly
examined the effect of age in mouse liver progenitor
cells isolated from E16.5 hepatoblast, young mice (6-8
weeks old) and old mice (72-96 weeks old) hepato-
cytes. Mouse hepatocytes of different ages were stably
reprogrammed. In particular, the generation efficiency
of mCdHs was different in hepatocytes according
to aging. The best of them were liver precursor cells
(EmCdHs) made from E16.5 hepatoblasts. These var-
ious age-matched mCdHs expressed progenitor cell
markers, and they also had the ability to differentiate
into functional hepatocytes. Next, we transplanted
mCdHs of various ages into Fah- / - mice and ob-
tained significant survival results in the mCdH trans-
plantation group compared to non- transplanted mice.
Hepatocytes of various ages were reprogrammed as
hepatic progenitor cells. Especially, the generation
efficiency of the youngest E16.5 hepatoblast-derived
mCdHs (EmCdHs) identified a significant difference
when compared to adult hepatocytes. The efficiency of
hepatic differentiation and function also showed better
results with age. Similar results were also observed in
mice transplanted with mCdHs. We are in the process
of studying to see if the results obtained from mice are
the same in humans. In particular, human hepatoblasts
(14.2 weeks old) showed the same generation efficien-
cy as old hepatocytes (75 years old) similarly to the
mice model. In the future, our study will reveal the re-
programming mechanism of hepatocytes according to
age and then these studies support the new contribute
to the cell therapy for customized patients based on
stem cell technology.

A REGENERATIVE THERAPY FOR MUSCU-
LOSKELETAL SYSTEM BY THE EQUINE AM-
NIOTIC FLUID STEM CELLS

Lee, Eun Ji*, Kim, Ryoung Eun', Kim, Dong Ern,
Kulatunga, Chanuka®, Kim, Eun Young? Kim, Min
Kyu?

!Animal Science and Biotechnology, Chungnam
National University, Daejeon, Korea, 2Stem Cell,
Mkbiotech Ltd. Inc., Daejeon, Korea

The therapeutic ability of stem cells known to promis-

ing treatment in health care field for humans as well as
companion animals. A branch of fetal stem cells, the
amniotic fluid derived mesenchymal stem cells (AF-
MSCs) are recently reported that promising therapeu-
tic sources for clinical applications of degenerative
diseases. Because the amniotic fluid is easily isolated
right after mother’s delivery, low immune reactive,
and acceptable ethical issue. And it can be valuable
for curing degenerative damages due to its therapeutic
potential of tissue regeneration and differentiating into
multiple lineages. The aim of this study is to suggest
the competence of AF-MSCs obtained from equine
(eAF-MSCs) as stem cell therapeutics for curing mus-
culoskeletal injuries. The protocol for current research
was approved in accordance with the conditions of
“The Guide for the Care and Use of Laboratory An-
imals’ by the Ethical Committee of the Chungnam
National University. The amniotic fluid samples used
for this study were obtained from 8 Thoroughbred
mature mares without any invasive surgery. After
isolated and culture process, the eAF-MSCs adhered
to plastic ware, expanded in shape of a fibroblast and
showed positive staining and gene expression after
tri-lineage (adipogenic, chondrogenic and osteogenic)
differentiation. Also eAF-MSCs expressed MSC spe-
cific antigen markers, even ESC specific gene, OCT4,
KIf4 and c-Myc, which assumed that the cell has a
pluripotent characteristic, those are characteristics of
stem cell. And we evaluated cell quality measured
by doubling time and colony formation unit assay.
After identified its capacity as multipotent stem cells,
the cells were transplanted into fifteen horses whose
tendons or ligaments had injured. And we monitored
before and after the area by repeated ultrasonic diag-
nosis. In a few weeks, the injected area was improved
without adverse reactions, even severe lesions had
become better. Our in-situ results showed the cells are
competent to be used for horse regenerative medicine.
In conclusion, we have demonstrated that the amniotic
fluid is an efficient source in terms of being obtained
via non-invasive methods and the AF-MSCs can be
useful for the cell therapy and tissue repair in future.

Funding Source: This work (Grants No. S2646408)
was supported by project for Start-up growth technol-
ogy development Institute funded Korea Ministry of
SMEs and Startups in 2018.
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DEVELOPMENT OF FUSED THERAPEUTICS
COMBINING TRANSPLANTATION OF HU-
MAN MESENCHYMAL STEM CELLS AND
TREATMENT OF REPETITIVE TRANSCRANI-
AL MAGNETIC STIMULATION IN PARKIN-
SONIAN ANIMAL MODEL

Lee, Ji Yong*, Kim, Hyun Soo?, Kim, Han-soo?, Cho,
Byung Pil*

'Anatomy, Yonsei University Wonju College of
Medicine, Wonju, Korea, ?Fch-pharmicell Co. Ltd,
Seongnam, Korea, *Biomedical Sciences, Catholic
Kwandong University, Gangneung, Korea, “Anatomy,
Yonsei University Wonju College of Medicine, Wonju,
Korea

Repetitive transcranial magnetic stimulation (rTMS)
has been used to treat neurological diseases, such as
stroke and Parkinson’s disease (PD), even if the under-
lying mechanism remains unclear. Transplantation of
mesenchymal stem cells may help to recover the PD
functional deficit by replacing damaged dopaminergic
neurons or through other mechanisms. Combining
rTMS with transplantation of human mesenchymal
stem cells (hMSCs) in an animal model, we attempted
to establish a novel synergistic therapy for PD and to
clarify the synergistic effect and therapeutic mecha-
nism of such combined therapy. The neuroprotective
effect in nigral dopamine neurons, neurotrophic/
growth factors and anti-/pro-inflammatory cytokine
regulation, and functional recovery were assessed in
a 6-hydroxydopamine (60OHDA)-induced PD animal
model upon administration of hMSCs and rTMS.
Transplanted hMSCs were identified in the substan-
tia nigra (SN), striatum (ST) and subventricular zone
(SVZ). The survival rate of SN dopamine (DA) neu-
rons and expression of the tyrosine hydroxylase (TH)
protein upon rTMS treatment and/or hMSC transplan-
tation were somewhat greater than that of untreated
group. In particular, the highest survival rate and TH
protein expression were recorded in the rTMS+hMSC
group. The expression levels of brain-derived neuro-
trophic factor (BDNF), glial cell line-derived neuro-
trophic factor (GDNF), nerve growth factor (NGF)
and platelet-derived growth factor (PDGF) were
significantly elevated upon rTMS treatment and/or
hMSC transplantation. Similarly, the highest growth
factors expression was recorded in the rTMS+hMSC
group. In addition, anti-/pro-inflammatory cytokine
were significantly elevated (IL-10) or decreased
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(IFN-y, TNF-0) in the rTMS treatment and/or hMSC
transplantation groups in a synergistic manner. The
treadmill locomotion test (TLT) score was significant-
ly improved by the rTMS treatment and/or hMSC
transplantation, revealing that motor function was
improved, with synergy observed in the rTMS+hM-
SC treatment. Our findings demonstrate that rTMS
treatment and/or hMSC transplantation could syner-
gistically create a favorable microenvironment for cell
survival within the PD rat brain, through alteration of
soluble factors such as neurotrophic/growth factors
and anti-/proinflammatory

Funding Source: This study was supported by
grants from the National Research Foundation
(2017M3A9B4042583, 2010-0024334) and the Min-
istry of Science and Technology, Korea.

Withdrawn

ESTABLISHING AND CHARATERIZING THE
CLINICAL SIMULATION OF TESTICLE TOR-
SION IN RAT MODEL

Yoon, Bo Hyun*, Chun, So Young®, Lee, Eun Hye?,
Kim, Bo Mi?, Ha, Yun Sok®, Kim, Bum Soo®, Kwon,
Tae Gyun®, Lee, Jun Nyung®

'Biomedical Research Institute, Kyungpook National
University Hospital, Daegu, Korea, 2Department of
Pathology, School of Medicine, Kyungpook National
University, Daegu, Korea, *Department of Urology,
School of Medicine, Kyungpook National University,
Daegu, Korea

Testicular torsion is a urological emergency in which
misdiagnosis and inappropriate treatment can lead to
testicular atrophy and male infertility. To date, there is
no effective method for restoration of spermatogenesis
after testicular torsion. Animal models provide insights
into the pathogenesis of testicular torsion and may aid
in the development of new promising therapeutics. Al-
though many experimental studies have been preced-
ed, no standard animal model yet exists for testicular
torsion based on ischemic-reperfusion injury. There-
fore, we established a rat model of testicular torsion
and confirmed its characterization. Six to eight-week-
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old Sprague—Dawley rats received surgical 720 degree
torsion (ischemia) for 1, 2, and 3 hours, followed by 4
hours and 30 days detorsion (reperfusion) on the left
testis. In 4 hours reperfusion group, malondialdehyde
(MDA) and superoxide dismutase (SOD) level were
analyzed by ELISA to detect oxidative stress (MDA)
and anti-oxidant function (SOD) in both testes. His-
topathological analysis including Johnsen's scoring
for spermatogenesis were examined in 4 hours and
30 days reperfusion group. In 4 hours reperfusion
group, histopathological exam revealed increased
hemorrhage, congestion and edema in ipsilateral testis.
Mean relative MDA and SOD level (left to right ra-
tio) was elevated in ischemia time dependent manner
in 4 hours reperfusion group. In 30 days reperfusion
group, mean size of ipsilateral testis was decreased in
ischemia time dependent manner. Johnsens’s score of
30 days reperfusion group also gradually deteriorated
over time. (1 hour ischemia: 9/10, 2 hour ischemia:
5/10, 3 hour ischemia: 3/10). In this study, we identi-
fied aggravation of testicular damage in ischemia time
dependent manner and the serious deterioration of
spermatogenic activity starting from 3 hours ischemia
in a rat model of testicular torsion. This model may be
useful in the assessment of novel therapeutics in testic-
ular torsion.

Funding Source: 2014M3A9D3034164,
2016R1C1B1011180, 2018R1C1B5040264,
2019R1A2C1004046, R0005886.

MULTILINEAGE DIFFERENTIATION PO-
TENTIAL OF HEMATOENDOTHELIAL PRO-
GENITOR CELLS DERIVED FROM HUMAN
INDUCED PLURIPOTENT STEM CELLS (HIP-
SCS)

Wattanapanitch, Methichit®, Netsrithong,
Ratchapong®, Suwanpitak, Siriwal*, Boonkaew,
Bootsakorn?, Trakarnsanga, Kongtana? Chang,
Lung-ji®, Vatanashevanopakorn, Chinnavuth?,
Pattanapanyasat, Kovit*

'Siriraj Center for Regenerative Medicine, Research
Department, Faculty of Medicine Siriraj Hospital,
Mahidol University, Bangkok, Thailand, 2Department
of Biochemistry, Faculty of Medicine Siriraj Hospital,
Mahidol University, Bangkok, Thailand, ®Shenzhen
Genoimmune Medical Institute, Shenzhen, China,
“Siriraj Center of Research Excellence for Micropar-
ticle and Exosome in Diseases, Faculty of Medicine
Siriraj Hospital, Mahidol University, Bangkok, Thai-
land

Human iPSCs offer a renewable source of cells for
generation of hematopoietic cells for regenerative
medicine, disease modeling and drug screening. To
date, many serum/feeder-free protocols have been re-
ported including step-wise monolayer and embryoid
body (EB)-based approaches with varying efficien-
cies. However, these protocols involve either the use
of various cytokines, which makes the process very
costly or the generation of EBs, which are heteroge-
neous and labor-intensive. Here, we report a simple
feeder/serum-free monolayer protocol for efficient
generation of hematoendothelial progenitor cells from
hiPSCs. The differentiation was initiated by inhibit-
ing GSK3 signaling for 2 days followed by addition
of VEGF and FGF2 for 3 days. This condition sig-
nificantly enhanced the number of CD34+ CD31+
KDR+ hemogenic endothelial (HE) cells on day 5.
Further culture of HE cells in angiogenic condition
promoted formation of mature endothelial cells, which
expressed CD34, CD31, CD144, vWF and ICAM-
1, and had the ability to form vascular-like network.
By inhibiting TGF-f signaling after HE induction, we
observed emergence of hematopoietic stem/progenitor
cells (HSPCs) expressing high levels of CD34 and
CD43 on day 8. These HSPCs formed robust myeloid
and erythroid colonies in CFU assay, and gave rise to
CD45+ CD5+ CD7+ CD3+ TCRof+ CD4+ CD8+ T
lymphocytes when co-cultured with OP9-DL1 cells
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for 4 weeks. Continuous culture of the remaining ad-
herent cells on day 8 for 4 days resulted in the second
wave of floating HSPCs. We cultured these HSPCs
in the 3-stage erythroid liquid culture system. The
cells were expanded up to 40-fold and converted to
cells with morphology of proerythroblasts, basophilic
erythroblasts, orthochromatic erythroblasts and reticu-
locytes over the period of 11 days. These erythroblasts
expressed erythroid-related genes such as GPA, Band
3 and hemoglobin. Our study demonstrated that hiP-
SC-derived HE population is capable of hematopoietic
and endothelial differentiation. Additionally, the result-
ing HSPCs can give rise to various blood cell lineages.
This protocol offers an efficient and simple approach
for generation of hematoendothelial progenitor cells
and could be adapted to generate desired blood cells in
large numbers for applications in regenerative medi-
cine.

Funding Source: This study was supported by a grant
from the Thailand Research Fund (RSA6280090) and
Siriraj Research Fund, Faculty of Medicine Siriraj
Hospital, Mahidol University ((10) R016234002).

SELECTION OF INTERSTICIAL CYSTITIS
INDUCING SUBSTNACE AND INJECRION
ROUT OF DIFFERENT STEM CELLS FOR IC
TREATMENT

Lee, Eunhye!, Kim, Bomi?, Yoon, Bohyun?, Chun,
So Young?®, Chung, Jae-wook?, Lee, Jun Nyung?, Ha,
Yun-sok?, Kim, Bum Soo?, Kwon, Tae Gyun?

!Department of Pathology, Kyungpook National
University, Daegu, Korea, *Department of Urolo-
gy, Kyungpook National University, Daegu, Korea,
*Biomedical Research Institute, Kyungpook National
University Hospital, Daegu, Korea

Interstitial cystitis (IC) causes serous urinary symp-
toms, and there is no fundamental therapy yet. This
study was to establish the optimal IC animal model,
stem cell source and injection route for effective treat-
ment of IC. To establish an animal model, SD rats
were treated 5 substances; HCI, acetic acid, cyclophos-
phamide, lipopolysaccharide or uroplakin (UPK) II.
For selection of effective stem cell source, urothelial
stem cell (USC), adipose-derived stem cell (ADSC),
bone marrow derived stem cell (BMSC), and amniotic
fluid-derived stem cell (AFSC) were injected into the
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established 1C model. In order to establish the optimal
cell injection route, stem cells were injected into the
bladder mucosa directly, intravascularly through the
tail vein or transurethrally. The functional and mor-
phological comparisons were performed by cystom-
etry, histological and PCR analysis. In compare of IC
induces substances, LPS and UPKII group showed
significant shorter voiding interval compared to the
other groups. In histologic analysis, UPKII group
showed epithelial cell detachment, increased infiltra-
tion of mast cells, tissue fibrosis, and expression of IL-
1B, -6, MPO, MCP 1, and TLR 2 and 4 compared with
the other groups. With these results, uroplakin Il was
selected as the IC induces substance. In compare of
stem cell efficacy, USC showed significantly increased
voiding interval, and decreased the inflammatory reac-
tion and the fibrosis. In compare of cell injection route,
direction injection into bladder mucosal was pro-
longed the voiding interval and inhibited morphologic
regeneration and inflammation compared to injection
via tail vein or urethra. Subcutaneous injection of
UPK 11 was the most effective substance to induce IC,
USC was the effective stem cell source for treat of IC,
and direct injection into the bladder mucosa showed
functional recovery, inflammatory inhibition and his-
tological regeneration on IC model.

Funding Source: 2014M3A9D3034164,
2016R1C1B1011180, RO005886,
2018R1C1B5040264, 2019R1A2C1004046.

THE EFFECT OF OSTEOPOROSIS ON ADSCS
ACTIVITY

Park, Jeong Seop*, Hong, Hyun Sook?

'Department of Biomedical Science and Technology,
Kyung Hee University, Seoul, Korea, East-West Medi-
cal Research Institute, Kyung Hee Univer, Kyung Hee
University, Seoul, Korea

Osteoporosis is a chronic decrease with decreased
bone mass, leading to fracture. Stem cells are expect-
ed to be a good candidate to cure osteoporosis. Bone
marrow-derived stem cells (BMSCs) are applied for
critical diseases but its application is confined in oste-
oporosis, due to low activity and the risk for isolation
procedure. Now, adipose-derived stem cells (ADSCs)
have emerged as an alternative to BMSCs. Compar-
ing to BMSC, ADSCs is more easily obtained and
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has the bone-forming ability, inferring the possibility
of ADSCs therapy for bone regeneration. This study
explored the effect of osteoporosis on ADSCs activity.
ADSCs was isolated from a rat at 12 weeks post-ova-
riectomy (OVX). We have compared the proliferation,
cellular activity, paracrine potential and differentiation
activity of ADSCs from sham or OV X. Osteoporosis
reduced proliferation rate of ADSCs with increased
population doubling time. Intriguingly, ADSCs from
OVX rat produced higher VEGF and TNF-a than
sham. Differentiation assay showed that ADSCs from
OVX preferred adipogenic differentiation, rather than
osteogenesis. Taken together, these results suggest
osteoporotic environments can influence on ADSCs
function by altering cell cycle, cytokine profile or dif-
ferentiation capacity. These should be considered for
ADSCs transplantation.

Funding Source: This study was supported by a Ko-
rean Health Technology R&D Project grant from the
Ministry of Health & Welfare, Korea (HI13C1479;
HI18C1492).

HUMAN MESENCHYMAL STEM CELLS
PRIMED WITH ETP8 ACCELERATES PROLIF-
ERATION AND MIGRATION

Lee, Na Hee!, Myeong, Su Hyeon', Son, Hyo Jin?,
Chang, Jong Wook®, Na, Duk L.!

'Department of Health Sciences and Technology,
Sungkyunkwan University, Seoul, Korea, Neurology,
Samsung Medical Center, Seoul, Korea

Mesenchymal stem cells (MSCs) have self-renewal
and differentiation ability. So it can be a useful source
for cell therapy in numerous degenerative diseases.
Studies on MSCs therapy have focused on cell re-
placement through transdifferentiation or damaged
cells treatment by the paracrine factors secreted by
MSCs. MSCs secrete various cytokines which pro-
mote anti-inflammation, anti-oxidant activities, neu-
roprotection, and neurogenesis in the brain. In spite
of these effects, limitations are present due to the
poor survival rate of MSCs and their migration to-
wards injury sites in-vivo. In this study, we screened
a library of FDA-approved compounds by using the
high-throughput screening system. We identified
ETPS8, a potential therapeutic compound which ac-
celerated the proliferation and migration of human

MSCs. After ETP8 priming, MSCs exhibited a signif-
icant increase in proliferation and survival signaling
was increased. The expression levels of phospho-Akt
and phospho-ERK were enhanced after ETP8 treat-
ment. Furthermore, ETP8-primed MSCs showed
enhanced migration ability and gene expression of mi-
gration related chemokine receptors and their ligands,
such as C-X-C motif chemokine receptor 4, C-X-C
motif chemokine receptor 7 and C-X-C motif chemo-
kine ligand 12. ETP8-primed MSCs also promoted
the secretion of paracrine factors such as neurotrophic
factors and anti-oxidants. We confirmed that MSCs
primed with ETP8 has increased cell survival com-
pared to naive MSCs in vivo. These results suggest
that enhancing MSC function by ETP8 priming rep-
resents a promising strategy to maximize the effective-
ness of MSCs-based therapies.

Funding Source: This study was supported by a
grant from the National Research Foundation of
Korea (NRF) funded by the Korea government
(NRF-2016R1D1A1B03933228 for HJS).

Withdrawn

MICRORNA PROFILING BY HUMAN PLA-
CENTA-DERIVED MESENCHYMAL STEM
CELLS FOR HEPATIC REGENERATION IN A
RAT MODEL WITH HEPATIC FAILURE

Kim, Jae Yeon', Jun, Ji Hye', Park, Soo Young', Bae,
Si Hyun?, Yang, Seong Wook?, Kim, Gi Jin'

!Biomedical Science, CHA University, Seongnam,
Korea, %Internal Medicine, Catholic University, Seoul,
Korea, System Biology, Yonsei University, Seoul,
Korea

Placenta-derived mesenchymal stem cells (PD-
MSCs) have the promising cell-based therapeutic
source in several degenerative diseases. MicroRNAS
(miRNAS) regulate biological stem cell behaviors
and potentials in regenerative medicine. However,
miRNA-mediated liver regeneration by phosphatase
of regenerating liver-1, which is involved in liver re-
generation, overexpressing (PRL-1+) PD-MSCs in
bile duct ligation (BDL) rat model remains unclear,
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Hence, we investigate patterns of miRNA expression
for hepatic regeneration about stem cell homing and
vascular remodeling by PRL-1+ PD-MSCs. We vali-
dated miRNA candidates in invaded naive PD-MSCs
under hypoxic condition and cirrhotic rat liver tissue
according to PD-MSC transplantation. Invaded PRL-
1+ PD-MSCs under hypoxic condition increased in-
tegrin-dependent migration ability compared to naive
through Rho family targeted miRNA expressions (e.g.
hsa-miR-30a-5p, 340-5p, 146a-3p). rno-miR-30a-5p,
340-5p downregulated engraftment into injured rat
liver by PRL-1+ PD-MSC transplantation compared
to naive through integrin family. Moreover, ro-miR-
27a-3p targeted platelet derived growth factor receptor
alpha (PDGFRA) regulated vascular remodeling by
PRL-1+ PD-MSC in cirrhotic rat liver. For hepatic re-
generation, PRL-1+ PD-MSCs increased hepatic pro-
liferation through interleukin-6 (IL-6)/signal transduc-
er and activator of transcription 3 (STAT3) signaling
by repressing miRNAs (e.g. rno-miR-21-5p, 122-5p).
Taken together, these findings suggest that dynamic
expressions of miIRNA patterns by PRL-1+ PD-MSCs
could be monitoring to confirm therapeutic effects in
degenerative disease for regenerative medicine.

Funding Source: This research was supported by a
grant of the the Ministry of Health & Welfare, Korea
(grant number: HI17C1050).

PLACENTA DERIVED MESENCHYMAL
STEM CELLS ENHANCED INVASION ABILI-
TY OF TROPHOBLAST VIADYNAMIC MITO-
CHONDRIAL FUNCTION

Seok, Jin', Cho, Jinki', Na, Jee Yoon? Hong, Joon-
seok®, Kim, Gi Jin*

!Biomedical Science, CHA University, Seongnam,
Korea, “Biology, University of Pennsylvania, Phila-
delphia, PA, USA, *Obestrics and Gynecology, Seoul
National University, Seong Nam, Korea

Trophoblast is a major cell for responsible placental
development and embryo implantation through the
process of invasion. We have reported that placen-
ta-derived mesenchymal stem cells (PD-MSCs) have
several potentials for differentiation, immunomodu-
lation and higher self-renewal as well as PD-MSCs
enhancing the invasion ability of trophoblast through
immunomodulation. However, the mitochondrial
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function of invasiveness trophoblast via PD-MSCs
co-cultivation is still unclear. Therefore, the objectives
of this study is to analyze the activity of trophoblast
by mitochondrial function. The expression of markers
related to the invasion of trophoblast accompanied by
PD-MSCs co-cultivation was analyzed by gRT-PCR.
The mitochondrial functions including ROS levels,
ATP production, Ca+ channel, mitochondrial DNA
copy number and mitochondrial autophagy were an-
alyzed by gRT-PCR and XF analysis. As the results,
the invasiveness of trophoblast with PD-MSCs co-cul-
tivation was increased by upregulated MMP-2/-9 ac-
tivities and Rho family (e.g., FAK, Rho A, Rock and
Racl) (p<0.05). Also, the HO-1/-2 mRNA expressions
related to ROS protective function of mitochondria
were increased in trophoblast with PD-MSCs co-cul-
tivation (p<0.05). Interestingly, the ATP production
was remarkably decreased (p<0.05), and the mRNA
expressions related to Ca+ channel such as IP3R and
MCU were significantly increased in trophoblast with
PD-MSCs co-cultivation (p<0.05). In addition, gly-
colysis ability was increased in the the invading tro-
phoblast with co-cultured PD-MSCs. Otherwise, there
was no difference in the respiration rate of mitochon-
dria. However, mtDNA was significantly decreased in
trophoblast with PD-MSCs co-cultivation. The mMRNA
expressions related to mitophagy such as PARKIN
and PINK1 were significantly increased in the invad-
ing trophoblast with co-cultured PD-MSCs (p<0.05).
Taken together, PD-MSCs could regulate trophoblast
invasion by dynamic mitochondrial functions via
balanced mitophagy mechanism between PARKIN
and PINK1 expression. These results support that the
fundamental mechanisms of mitochondria function
contribute to trophoblast invasion and suggest new
therapeutic strategy in infertility.

Funding Source: This research was supported by
Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the
Ministry of Science, ICT & Future Planning ( NRF-
2018R1A2A3074640, NRF-2017M3A9B4061665).
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MORPHOLOGICAL CLASSIFICATION OF
HIPS-DERIVED HINDGUT SPHEROIDS BY
USING NOVEL LABEL-FREE IMAGING

Park, Minhwi, Kamimura, Yoshifumi, Hisatomi, Rie,
Miura, Takemitsu

Bioscience Sales, SCREEN Holdings Co.,Ltd., Kyoto,
Japan

In cellular medical studies such as regenerative med-
icine and cancer research, the importance of quality
control protocols are increased. However, it is difficult
to establish a defined criteria for them, because the
cellular regulations include complex status. Though
the current cellular studies need mainly the fluorescent
imaging assay to find out the morphological character,
we think that a non-invasive quality control becomes
essential to adopt the morphological analysis in cellu-
lar medicine. We aim to develop a novel procedures of
morphological analysis with non-invasive methods to
establish a quality control procedure for cellular med-
icine in this study. Especially, we have developed a
unique imaging technology which uses an artificial in-
telligence. Firstly, we induced hindgut from hiPS cells
and observed it with our cellular imaging system “Cel-
I3iMager duos”. Secondly, using morphological fea-
tures of cells, expression of CDX2 and nuclear stain-
ing, we obtained learning results with deep learning.
Finally, we acquired efficiency of induction and area
of hindgut spheroids by morphological classification
of differentiated cells based on the learning results. It
is suggested that our system will be useful to develop
the non-invasive quality control in cellular analyses.

PRECLINICAL DOSE ESCALATION STUDY
OF ADULT HUMAN MULTIPOTENT NEURAL
CELLS FOR SPINAL CORD INJURY

Won, Jeong-seob, Lim, Eun Gyeong, Lee, Kyoung
Min, Park, Young-sook, Lee, Sun-ho, Lee, Kyung-
hoon, Joo, Kyeung Min, Noh, Yu-jeong, Kim, Sung
Soo

Medicine, Sungkyunkwan University, Suwon, Korea

Stem cells could be the next generation therapeutic
option for neurodegenerative diseases including spinal
cord injury (SCI). However, several critical factors
such as transplantation dose should be determined be-

fore their clinical applications. In this study, we inves-
tigated optimal dose of stroke patient-derived NSCs
(ST-NSC) for SCI using a SCI animal model. Dose
range was from 300,000 (low) to 3,000,000 (high).
Cell engraftment, differentiation, lineage-specific
migration, and recovery of locomotor function were
determined at 5 weeks post transplantation. ST-NSCs
promoted locomotor recovery at all transplantation
groups compared to the control group. Especially,
transplantation of 1 x 106 (medium dose) or 3 x 106
(high dose) ST-NSCs resulted in significant locomo-
tor function recovery, decreased tissue loss, increased
migration of host glial cells on the periphery of injury
sites. However, those factors were not different be-
tween the medium and high dose group. The data sug-
gest that optimal dose of ST-NSC for SCI would be 1
x 106 (medium dose) in the animal model. This result
could be translated to calculate treatment dose of ST-
NSCs for SCI patients in clinical trials.

ANTI-INFLAMMATORY ACTIVITY OF
ANGPTL4 FACILITATES MACROPHAGE PO-
LARIZATION TO INDUCE CARDIAC REPAIR

Cho, Dong Im*, Kim, Yong Sook®, Ahn, Youngkeun?

'Biomedical Institute, Chonnam National University
Hospital, Gwangju, Korea, *Cardiology, Chonnam
National University Hospital, Gwangju, Korea

Mesenchymal stem cells (MSCs) can suppress patho-
logical inflammation. However, the mechanisms
underlying the association between MSCs and inflam-
mation remain unclear. Under coculture condition
with macrophages, MSCs highly expressed angiopoi-
etin-like 4 (ANGPTLA4) to blunt the polarization of
macrophages toward anti-inflammatory phenotype.
Angptl4-deficient mice derived MSCs failed to in-
hibit the inflammatory macrophage phenotype. In
inflammation-related animal models, the injection
of cocultured media or ANGPTL4 protein increased
the anti-inflammatory macrophages in both perito-
nitis and myocardial infarction. In particular, cardiac
function and pathology were markedly improved by
ANGPTLA4 treatment. We found that retinoic acid-re-
lated orphan receptor a (RORa) was increased by
inflammatory mediators such as interleukin-1b and
bound to ANGPTL4 promoter in MSCs. Collectively,
RORa-mediated ANGPTL4 induction was shown to
contribute to the anti-inflammatory activity of MSCs
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against macrophages under pathological conditions.
This study suggests that the capability of ANGPTL4
to induce tissue repair is safe and promising oppor-
tunity for stem cell-free regeneration therapy from a
translational perspective.

Withdrawn

THERAPEUTIC EFFECTS OF MESENCHY-
MAL STEM CELL-DERIVED EXOSOMES ON
DERMATITIS

Yi, Yong W., Kim, Jin Ock, Ha, Dae Hyun, Cho,
Byong S.

ExoCoBio Exosome Institute, ExoCoBio Inc., Seoul,
Korea

Exosomes are nano-sized (30 — 200 nm) mem-
brane-bound vesicles actively secreted by almost all
cell types and contain various cargo such as microR-
NAs and proteins. The ability of exosomes to deliver
their cargo, from originating cells to recipient cells,
makes them a promising cell-free therapy option to
treat various diseases. In particular, exosomes derived
from mesenchymal stem cells (MSCs) were shown
to facilitate tissue repair and regeneration, and reduce
inflammation. Atopic dermatitis (AD) is a chronic,
relapsing, and highly pruritic inflammatory skin dis-
ease that can significantly reduce the quality of life.
Current evidence suggests that the pathogenesis of AD
is attributed to both epidermal barrier dysfunction and
Th2/Th22-deviated immune reactions within the skin.
In the present study, we investigated whether human
adipose tissue-derived mesenchymal stem cell-derived
exosomes (ASC- Exosomes) can ameliorate AD in
two distinct animal models: 1) As a skin barrier disrup-
tion model, dermatitis was induced by topical applica-
tion of a chemical irritant; and 2) As an inflammatory
model, AD-like skin lesions were induced in mice by
treatment with a house dust mite antigen. ASC-Exo-
somes were found to attenuate AD-like symptoms
1) by improving skin barrier function as evidenced
by reducing the trans-epidermal water loss (TEWL),
enhancing skin hydration, and increasing the amount
of lipids in skin lesions; 2) by reducing inflammatory
reactions as evidenced by reducing the levels of se-
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rum IgE and inhibiting both mRNAs and proteins for
pro-inflammatory cytokines. Taken together, our find-
ings suggest ASC-Exosomes as a potential cell-free
therapeutic option for AD and related dermatitis.

PRECONDITIONING WITH ALLERGIC
INFLAMMATION IMPROVES THE THER-
APEUTIC POTENTIAL OF HUMAN MES-
ENCHYMAL STEM CELLS FOR ATOPIC DER-
MATITIS

Shin, Nari, Lee, Byung-chul, Lee, Seung-eun, Choi,
Soon Won, Kang, Kyung-sun

Adult Stem Cell Research Center and Research Insti-
tute for Veterinary Science, College of Veterinary
Medicine, Seoul National University, Seoul, Korea

Although human mesenchymal stem cells (hMSCs)
hold considerable promise as an alternative therapeu-
tic reagent for allergic disorders including atopic der-
matitis (AD), the strategy for enhancing hMSC-based
therapy remains challenging. We sought to investigate
whether preconditioning with mast cell (MC) granules
could enhance the therapeutic efficiency of human
umbilical cord blood-derived MSCs (hUCB-MSCs)
against AD. Pretreatment of MC granules enhanced
the therapeutic effects of hUCB-MSCs by attenuat-
ing the symptoms of AD in an experimental animal
model. MC granule-primed cells suppressed the ac-
tivation of major disease-inducing cells, MCs and B
lymphocytes more efficiently than naive cells both in
vitro and in vivo. Histamine-mediated upregulation
of the COX-2 signaling pathway was shown to play
a crucial role in suppression of the allergic immune
response by MC-pretreated hUCB-MSCs. Moreover,
MC pretreatment improved the wound healing ability
of hUCB-MSCs. Our findings indicate that pre-expo-
sure to MC granules improved the therapeutic effect
of hUCB-MSCs on experimental AD by resolving the
allergic immune reaction and accelerating the tissue
regeneration process more efficiently than naive cells,
suggesting a potential enhancement strategy for stem
cell-based therapy.

Funding Source: the National Research Foundation
of Korea (NRF) grant funded by the Korea govern-
ment (MSIT) (no. 2018R1A2B3008483).
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NOVEL NEUROPROTECTIVE EFFECTS OF
MELANIN-CONCENTRATING HORMONE IN
PARKINSON’S DISEASE

Cho, Byounggook, Kim, Jongpil?

Biomedical Engeneering, Dongguk University, Seoul,
Korea, 2Chemistry, Dongguk University, Seoul, Korea

Acupuncture has shown the therapeutic effect on vari-
ous neurodegenerative disorders including Parkinson’s
disease (PD). While investigating the neuroprotective
mechanism of acupuncture, we firstly found the novel
function of melanin-concentrating hormone (MCH) as
a potent neuroprotective candidate. Here, we explored
whether hypothalamic MCH mediates the neuropro-
tective action of acupuncture. In addition, we aimed
at evaluating the neuroprotective effects of MCH and
elucidating underlying mechanism in vitro and in vivo
PD models. First, we tested whether hypothalamic
MCH mediates the neuroprotective effects of acupunc-
ture by challenging MCH-R1 antagonist (i.p.) in mice
PD model. We also investigated whether MCH has a
beneficial role in dopaminergic neuronal protection in
vitro primary midbrain and human neuronal cultures
and in vivo MPTP-induced, Pitx3—/— , and A53T
mutant mice PD models. Transcriptomics followed
by quantitative PCR and western blot analyses were
performed to reveal the neuroprotective mechanism of
MCH. We first found that hypothalamic MCH biosyn-
thesis was directly activated by acupuncture treatment
and that administration of an MCH-R1 antagonist
reverses the neuroprotective effects of acupuncture.
A novel finding is that MCH showed a beneficial role
in dopaminergic neuron protection via downstream
pathways related to neuronal survival. This is the first
study to suggest the novel neuroprotective action of
MCH as well as the involvement of hypothalamic
MCH in the acupuncture effects in PD, which holds
great promise for the application of MCH in the thera-
py of neurodegenerative diseases.

Funding Source: This work was supported by the
National Research Foundation of Korea funded by
the Ministry of Education, Science, and Technology.
(NRF-2017M3A9C6029306).

WOUND HEALING PROMOTING ACTIVI-
TY OF TONSIL-DERIVED STEM CELLS ON
5-FLUOROURASIL-INDUCED ORAL MUCO-
SITIS

Park, Haesang?, Jung, Harry?

'Department of Otorhinolaryngology-Head and Neck
Surgery, Hallym University, Chuncheon, Korea, 2Insti-
tute of New Frontier Research Team, Hallym Univer-
sity, Chuncheon, Korea

Oral mucositis (OM) is a severe and frequent adverse
effect that occurs during chemotherapy or radiother-
apy for cancer treatment. Recently, stem cells have
received increased attention because of their potential
for use in tissue engineering and clinical applications.
The human palatine tonsils are lymphoepithelial tis-
sues that are located in the oropharynx and have been
proposed as an alternative source of adult stem cells.
Furthermore, tonsil-derived MSCs have been reported
to be beneficial for the treatment and prevention of
various diseases, including liver fibrosis, peripheral
nerve injury, allergic rhinitis, and osteoradionecrosis.
Therapeutic effects of spheroid gingiva-derived MSCs
(GMSCs) in a mouse model of OM induced by 5-flu-
orourasil (FU) have been reported, however, this study
discussed systemic injection of spheroid GMSCs, but
did not focus on topical/lesional delivery. In this study,
we first determined the efficacy of lesional injection
of tonsil-derived MSCs for the treatment of 5-FU-in-
duced OM. OM was induced in hamsters by adminis-
tration of 5-FU (day 0, 2, 4) followed by mechanical
trauma (MT) (day 1, 2, 4). The experimental groups
included MT, 5-FU+MT, TMSC, DEXA, and saline.
On day 10, gross and histologic analyses showed that
nearly complete healing and epithelialization of the
cheek mucosa of the TMSC group, whereas the other
groups showed definite ulcerative lesions. Compared
with the MT and DEXA groups, CD31 expression
was greater in the TMSC group on days 10 and 14.
These results indicate that tonsil-derived MSCs can
improve wound repair by promoting neovasculariza-
tion, and tonsil-derived MSC-mediated angiogenesis
seems superior to angiogenesis induced by normal
mucositis. In addition, enhanced neovascularization
could accelerate wound healing in 5-FU-induced OM.
On day 10, the TMSC group showed the highest ex-
pression of TGF-B and NOX4, which indicated effec-
tive wound contraction of OM of the hamster cheek
mucosa. In conclusion, intralesional administration of
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tonsil-derived MSCs may accelerate wound healing of
5-FU-induced OM by upregulating neovascularization
and effective wound contraction.

Funding Source: Supported by the National Re-
search Foundation of Korea (NRF) grant (NRF-
2017M3A9E8033206); (NRF-2017R1D1A1B04034145)
funded by the Korea government.

CREB1 IS APOTENT MASTER REGULATOR
OF GLUTATHIONE LEVEL IN HUMAN MES-
ENCHYMAL STROMAL/STEM CELL

Lim, Jisun, Heo, Jinbeom, Lee, Seungun, Ju, Hyein,
Song, Sujin, Lee, Seung Young, Shin, Dong-myung

Department of Biomedical Sciences, University of
Ulsan College of Medicine, Seoul, Korea

Continuous exposure to oxidative stress during the
expansion of mesenchymal stromal/stem cells (MSCs)
based on traditional culture techniques results in a pro-
gressive loss in proliferative and differentiation poten-
tial of MSCs. To prevent these reactive oxygen species
(ROS) mediated damages, it is required to understand
the regulation network of glutathione (GSH), a major
anti-oxidant in living cells. Recently, we reported a
new method to real-time monitor intracellular GSH
level employing a newly synthesized fluorescent probe
(FreSHtracer; Stem Cell Reports. 2018;10(2):600-
614). Here, we fractionized human MSCs into GSH-
high and -low cells based on FreSHtracer and com-
pared their transcriptomes. As results, several genes
related to DNA metabolism and repair were highly
expressed in GSH-high MSCs. Furthermore, MSCs
with high level of GSH showed increased expression
and transcription activity of cyclic AMP-responsive
element-binding protein 1 (CREBL). In this regard,
CREBL1 enhanced the recovery capacity of GSH after
exposure to oxidative stress. Accordingly, CREB1
positively modulated core functions of MSCs includ-
ing self-renewal, chemoattraction to growth factors,
and angiogenesis activities. Taken together, these re-
sults demonstrate that CREBL is a master regulator of
GSH dynamics in MSCs, thus it will be a potent target
to improve the therapeutic efficacy of MSCs.

Funding Source: National Research Foundation of
Korea(NRF) funded by the Ministry of Education
NRF-2017R1D1A1B03031379 NRF-2018R1D-
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1A1B07047450 NRF-2018R1A2B2001392.

AMELIORATING LIVER FIBROSIS IN AN
ANIMAL MODEL USING THE SECRETOME
RELEASED FROM MIR-122-TRANSFECTED
ADIPOSE-DERIVED STEM CELLS

Kim, Kee-hwan?, Kim, Say-june, Lee, Tae Yun?,
Ahn, Joseph', Lee, Sang Chul*

'Department of Surgery, Seoul St. Mary’s Hospital,
The Catholic University of Korea, Seoul, Korea,
Department of Surgery, Uijeongbu St. Mary’s Hospi-
tal, The Catholic University of Korea, Seoul, Korea

AIM Recently, the exclusive use of mesenchymal
stem cell (MSC)-secreted molecules, called secretome,
rather than cells, has been evaluated for overcoming
the limitations of cell-based therapy, while maintaining
its advantages. In this study, we aimed to determine
the therapeutic potential of the secretome released
from miR-122-transfected adipose-derived stromal
cells (ASCs). METHODS We collected secretory ma-
terials released from ASCs that had been transfected
with antifibrotic miR-122 (MCM) and compared their
antifibrotic effects with those of the naive secretome
(CM). MCM and CM were intravenously adminis-
tered to the mouse model of thioacetamide-induced
liver fibrosis, and their therapeutic potentials were
compared. RESULTS MCM infusion provided higher
therapeutic potential in terms of (a) reducing collagen
content in the liver, (b) inhibiting proinflammatory
cytokines, and (c) reducing abnormally elevated liver
enzymes than the infusion of the naive secretome.
The proteomic analysis of MCM also indicated that
the contents of antifibrotic proteins were significantly
elevated compared to those in the naive secretome.
CONCLUSION W could, thus, conclude that the se-
cretome released from miR-122-transfected ASCs has
higher antifibrotic and anti-inflammatory properties
than the naive secretome. Because miR-122 transfec-
tion into ASCs provides a specific way of potentiating
the antifibrotic properties of ASC secretome, it could
be considered as an enhanced method for reinforcing
secretome effectiveness.

Funding Source: We would like to thank Drug &
Disease Target Team (Ochang), Korea Basic Science
Institute.
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IS LOW-DOSE IONIZING RADIATION A
“FOUNTAIN OF YOUTH” FOR HUMAN STEM
CELLS?

Le, Yevgeniya?, Pack, Tyler*

'Radiobiology and Health, Canadian Nuclear Labora-
tories Ltd., Chalk River, ON, Canada, Biochemistry,
Microbiology and Immunology, University of Ottawa,
ON, Canada

Adult tissue stem cells (SC) are multipotent, capable
of self-renewal, proliferation and differentiation into
mature cellular subtypes. While very promising, the
use of stem cells for therapy is thwarted by the chal-
lenge of obtaining sufficient numbers of donor-derived
SCs and their ex vivo expansion leads to premature
aging, loss of stemness and decreased functional and
regenerative capacity. To address this challenge and
based on our previous scientific reports that acute ex-
posures to low-dose ionising radiation delays aging
of fibroblasts in vitro and mice in vivo, we decided to
investigate the effects of low-dose radiation (LDR) on
cord-blood derived mesenchymal stem and progenitor
cells (MSPCs) and endothelial colony forming cells
(ECFCs). Young, passage 4 stem cells were acutely
irradiated with 10, 50 and 100 mGy y-rays. Both SC
types were aged in culture and their proliferation was
monitored using Incucyte. Aging was defined as a de-
cline in cell proliferative capacity and function. MSC
function was evaluated based on the extent of chon-
drogenic differentiation. ECFC function was assessed
by migration capacity in a scratch wound assay. Re-
sults of this study demonstrated that in vitro cultured
non-irradiated MSCs and ECFCs aged significantly
with cell doubling time increasing ~3.0 fold over 14
passages for MSCs (~45-55 days) and 5-9 passages
for ECFCs (20-30 days). However, all doses of LDR
treatment at early passage provided lasting effects and
delayed aging and improved proliferative capacity by
1.5-2.2 fold. Similarly, chondrogenic differentiation
of aged MSCs decreased ~2 fold but was restored
back to level for young cell control with 50 and 100
mGy treatment. Interestingly, a 10 mGy exposure
led to 50% further improvement exceeding the levels
for chondrogenesis of young controls. The migratory
capacity of aged ECFCs decreased ~2 fold in compar-
ison to young cells and was improved by ~30% with
LDR exposure. Thus, this report provides the first
evidence of delayed aging and improved functional
capacity of in vitro expanded mesenchymal and endo-

thelial stem cells.

Funding Source: Funding provided by Canadian Nu-
clear Laboratories through Novel Technology Innova-
tion Fund.

THERAPEUTIC POTENTIAL OF STEM CELL
CONDITIONED MEDIUM ON CHRONIC SKIN
ULCER: AHUMAN PILOT STUDY

Tan, Sukmawati Tansil, Hendrawan, Siufui, Dosan,
Ricky, Aisyah, Putri Bennya

Dermatovenereology, Tarumanagara University,
Jakarta, Indonesia

Chronic wounds still represents a heavy burden to
many patients and health care institution. Despite the
most recent advances in wound management, up to
50% of chronic wounds still fail to heal. Conventional
treatment of chronic wounds frequently fail in most
of the cases anddepletes enormous amount of health
cost and time.Because of that, it is important to de-
velop novel strategies for treating chronic wounds.
Previous studies have reported stem cells ability in
tissue regenerations due mainly to its secreted para-
crine factors, rather than its differentiation ability to
become new cells. Secretomes, microvesicles, and
exosomes can be found in the medium where the cells
are growing,which is known as conditioned medium
(CM).During the last decade, mesenchymal stem cells
(MSCs) have been studied and emerge as a promising
therapy for chronic wounds through wound healing
enhancement.To the best of our knowledge, after
conducted a pilot study using animal model to gain
the preliminary data for the ulcer healing potential,
this is our first clinical study to see the therapeutic
potentials of stem cellconditioned medium as an ad-
ditional growth factors in chronic skin ulcer healing
and to compare the results of chronic ulcer healing in
patients who underwent CM treatment and standard
approach.We have examined the therapeutic effect of
human wharton jelly-MSC-CM in wound healing on
18 patients with chronic skin ulcer (diabetic, vascular
and pressure) and significant improvement was found
in CM groups. Stem cell conditioned medium might
become a promising therapy for chronic skin wounds.
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PRE-CLINICAL EVALUATION OF UMBILI-
CAL CORD-DERIVED HUMAN MESENCHY-
MAL STEM CELL SECRETOME TOWARDS
SKIN ULCER IN DIABETIC RATS

Lagonda, Christine Ayu!, Hendrawan, Siufui?,
Tan, Sukmawati Tansil?, Lheman, Jennifer?, Fauza,
Dilafitria®, Kusnadi, Yuyus

'Stem Cell and Cancer Institute, Kalbe Farma, Jakar-
ta Timur, Indonesia, “Tarumanegara Human Cell
Technology Laboratory, Universitas Tarumanegara,
Jakarta Barat, Indonesia

Diabetic prevalence in Indonesia, according to World
Health Organization (WHO), was 6.3% per 2017 and
contributed as one of top five mortality causes in this
country. Since Diabetes is associated with so much
complications through certain pathways, so, there are
more patients develop serious condition because of it.
One of the complications which often occurs is skin
ulcer. Insufficient blood supply to the limbs causes
Diabetic Skin Ulcer (DSU) patients to have vascular
and peripheral neuritis complications and abnormal
collagen, which lead to skin wounds that are refracto-
ry and which often ulcerate. Mesenchymal Stem Cell
is well known of its wound healing rich properties
since most of the microenvironment for tissue regen-
eration contained in Mesenchymal Stem Cell (MSC)
secretome such as growth factor, cell migration factor,
and collagen. So, the aim of this study is to observe
the clinical therapeutic effect of secretome derived
from human Umbilical Cord Mesenchymal Stem
Cells (S-hUCMSC) on its wound healing capability.
Passage 3 UCMSCs were cultured in MEM alpha
supplemented with 10% Fetal Bovine Serum and 1%
antibiotic until passage 6 to obtain number of cells
needed. When passage 6 UCMSC reached 70%-80%
confluency, the nutritious medium was replaced with
basal medium and incubated for 72 hours in 5%CO2
and 5%02 to collect the secretome. Animals, Sprague
Dawley (SD) rats, were grouped as healthy group and
diabetic induced group were rendered ulcer wounds
and given treatment according as follows: non- treat-
ment (NT), antibiotic topical (AB), and intracutaneous
injection of S-hUCMSC. The wound size of each
treatment was measured at day 7 and day 14. At end-
point, the wounds sites were histological analyzed for
re-epithelialization and collagen formation. This study
suggested that S-hUCMSC increased the collagen for-
mation especially in diabetic rats thus showed greater
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effect in promoting wound healing compared with the
healthy rats. In conclusion of our study, the S-hUCM-
SC significantly enhanced diabetic wound healing.

WHARTON’S JELLY-DERIVED MESEN-
CHYMAL STEM CELLS CULTURED ON
MCR2 PEPTIDE-COATED CULTURE PLATE
SHOWED IMPROVED PROLIFERATION,
DIFFERENTIATION, AND OSTEOARTHRITIS
MITIGATION EFFECT

Abdal Dayem, Ahmed, Lee, Soo Bin, Cho, Ssang-
goo

Department of Stem Cell and Regenerative Biotech-
nology, Konkuk Univesity, Seoul, Korea

Mesenchymal stem cells (MSCs) are potent tools for
tissue repair in regenerative medicine and the produc-
tion of MSCs with high proliferative and differen-
tiative potentials is important for further application
in tissue regeneration. We revealed the capacity of
MCR2 peptide in promoting proliferation and the
differentiation of the Wharton’s jelly-derived MSCs
(WJ-MSCs) that isolated from placental tissue. WJ-
MSCs cultured on MCR2 peptide-coated culture
plate showed significantly enhanced proliferation,
expression of stemness markers, and colony-forming
capacity. Interestingly, WJ-MSCs cultured on MCR2
peptide-coated plate and then subjected to the three-di-
mensional culture (3D) showed spheroids with bigger
sized and higher number compared to WJ-MSCs
without peptide coating. Moreover, MCR2 pep-
tide-cultured WJ-MSCs showed a marked promotion
of the osteogenic differentiation, which verified with
the high expression of the osteogenic or chondrogenic
differentiation-associated markers and high calcium
mineralization by alizarin red staining. The chondro-
genic differentiation was also prompted in WJ-MSCs
cultured on MCR2 peptide-coated plate, which evi-
denced by the high expression level of chondrogenic
differentiation-related markers and the positive alcian
blue staining. In addition, upon injection of the MCR2
peptide-cultured WJ-MSCs resulted in alleviation of
arthritis-related symptoms in in vivo experimental
osteoarthritis mouse model (EOA) and significantly
suppressed the expression of arthritis-related genes.
Taken together, our study revealed a novel peptide that
markedly enhanced the proliferation as well as the os-
teogenic and chondrogenic differentiation of isolated
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WJ-MSCs and significantly improved the quality of
MSC:s for further application in the regeneration of
bone injury and treatment of arthritis.

HUMAN EMBRYONIC STEM CELL DERIVED
CARDIOVASCULAR PROGENITORS FOR
HEART REGENERATION IN PRECLINICAL
MODELS

Yap, Lynn*, Chong, Liyen*, Wang, Jiong-wei? Tan,
Clarissa’, Ye, Lei®, Tryggvason, Karl*

'Cardiovascular and Metabolic Disorders, Duke-
NUS Medical School, Singapore, Singapore, “Cardio-
vascular Research Institute, National University of
Singapore, Singapore, ®Nhcs, National Heart Centre
Singapore, Singapore, Singapore

In recent years, stem cell-based therapies have been
considered a potential solution for myocardial infarc-
tion (MI). However, cell therapy trials using adult
stem cells have been deemed futile, pluripotent stem
cell (hPSC) derived cardiomyocytes (CM) have led
to arrhythmia (Romagnuolo et al., 2019), inconsisten-
cies in protocols and poor reproducibility and sadly
large-scale falsifications of data on adult heart stem
cells have caused a crisis in the field of regenerative
cardiology. Cardiovascular progenitors (CVPSs) are
considered a promising source that have shown im-
provements in animal models of MI and some ear-
ly-phase clinical trials. To address these challenges, we
have recently published a highly reproducible differ-
entiation protocol to generate CVPs from hESCs in a
fully-defined laminin-based differentiation system. e
demonstrated that LN-221 induces specific biological
effects in hESCs by downregulating genes involved in
pluripotency and teratoma development, while upreg-
ulating genes for cardiac development. We have also
compared the transcriptomic gene expression from
day O to day 120 of differentiation in two different
hESC lines and shown that the genes highly corelated
(R=0.9) at all time points. Following transplantation of
CVPs into a Ml injury model in mice CVVPs matured
and formed well organized of human muscle fiber
bundles with sarcomeres and gap junctions. Trans-
planted hearts also showed improved cardiac function
by echocardiogram analysis. In order to develop the
CVPs further, we intracardially transplant the cells
into Ml pig hearts. Yorkshire swines are subjected to
permanent ligation of the first branch of left coronary

artery and first branch of left circumflex. The CVPs
are injected into the infarcted myocardium at several
points. Cardiac function is measured by MRI at 1 and
4 weeks post-treatment assessing the left ventricular
ejection fraction, regional wall motion and thickness
and infarct size. At week 4, hearts are harvested for
histology analysis using human nuclei antibody, hu-
man cardiac markers (CTNT, alpha-actinin) to visual-
ize human cells retention and organisation. The results
of this pig study will be presented.

Withdrawn

GENERATION OF INDUCED SECRETOME
FROM ADIPOSE-DERIVED STEM CELLS
SPECIALIZED FOR DISEASE-SPECIFIC
TREATMENT: AN EXPERIMENTAL MOUSE
MODEL

Kim, Say-june’, Kim, Kee-hwan?, Kim, Ok-heg*

!Department of Surgery, Seoul St. Mary’s Hospital,
The Catholic University of Korea, Seoul, Korea,
Department of Surgery, Uijeongbu St. Mary’s Hospi-
tal, The Catholic Univ. of Korea, Seoul, Korea

Recently, the exclusive use of mesenchymal stem cell
(MSC)-secreted molecules, named as the secretome,
rather than cells has been evaluated for overcoming
the limitations of cell-based therapy while maintaining
its advantages. The goal of this study was to improve
cell-free therapy by adding disease-specificity through
stimulation of MSCs using disease-causing materials.
We collected the secretory materials (named as induc-
ers) released from AML12 hepatocytes that had been
pretreated with thioacetamide (TAA) and generated
the TAA-induced secretome (TAA-isecretome) after
stimulating adipose-derived stem cells (ASCs) with
the inducers. The TAA-isecretome was intravenous-
ly administered to mice with TAA-induced hepatic
failure and those with partial hepatectomy. TAA-ise-
cretome infusion showed higher therapeutic potential
in terms of (a) restoring disorganized hepatic tissue
to normal tissue, (b) inhibiting proinflammatory cy-
tokines (interleukin-6 and tumor necrosis factor-a.),
and (c) reducing abnormally elevated liver enzymes
(aspartate aminotransferase and alanine aminotrans-
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ferase) compared to the naive secretome infusion in
mice with TAA-induced hepatic failure. However, the
TAA-isecretome showed inferior therapeutic potential
for restoring hepatic function in partially hepatecto-
mized mice. Our results suggest that appropriate stim-
ulation of MSCs with disease-causing agents leads to
the production of a secretome specialized for treating
a specific disease. Additionally, isecretome therapy
is expected to open a new way of developing various
specific therapeutics based on the high plasticity and
responsiveness of MSCs.

Funding Source: We would like to thank Drug &
Disease Target Team (Ochang), Korea Basic Science
Institute.

MULTIFUNCTIONAL BIOSENSING PLAT-
FORM FOR STEM CELL APPLICATIONS AND
ANTI-CANCER DRUG SCREENING

Suhito, Intan Rosalina®, Kang, Ee-seul*, Cha, Hyuk-
jin?, Kim, Tae-hyung*

!Integrative Engineering Department, Chung Ang
University, Seoul, Korea, “College of Pharmacy, Seoul
National University, Seoul, Korea

To date, electrochemical assessment have exhibited
great potential as a sophisticated tool for wide range
of scientific applications including biomedical field,
such as monitoring stem cell pluripotency and inves-
tigating anti-cancer drug effects on proliferation of
cancer cells. In this work, we report a high density
gold nanostructure (HDGN) platform that is modified
with different types of extracellular matrix (ECM) ma-
terials, which is effective for multidisciplinary studies
as follows: i) precise label-free electrochemical detec-
tion of human embryonic stem cell (hESC) to prevent
teratoma formation after transplantation and ii) rapid
and sensitive electrochemical detection of anti-cancer
effects of curcumin on human glioblastoma (U87MG)
cells. The HDGN platforms were generated by surface
modification of indium tin oxide (ITO) glass with gold
nanoparticles as the electrocatalytic material, in vari-
ous densities. For the sake of hESC growth, matrigel
was used in combination with HDGN platform while
a cysteine-containing branched arginyl-glycyl-aspartic
acid (RGD-MAP-C) peptide was functionalized to
increase U87MG cell adhesion. We found that hESC
with the amount of ~12,500 cells were successful-
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ly detected through differential pulse voltammetry
(DPV) using HDGN/matrigel platfrom and therefore,
concluded that the developed hybrid platform could
be useful to assure safety of hPSC-derived therapeutic
products. On the other hand, the electrical signals of
U87MG cells were also successfully detected under
cyclic voltammetry, showing an excellent linearity (R2
= 0.99) within the detection range of 20,000-60,000
cells. This indicates that HDGN/peptide-modified
platform is promising for screening various natural/
synthetic compounds that might be effective for can-
cer treatments. Remarkably, the developed platform
was completely free from a possible signal interfer-
ence and, also enabled rapid (detection time < 3 min)
and precise detection of the viability of target cells
(e.g. hESCs, U87MG). Hence, we can conclude that
the platform is highly promising for both stem cell and
cancer cell studies, which are favorable for clinical
therapy and drugs discovery.

Funding Source: National Research Foundation of
Korea (NRF) (Grant No. 2019R1C1C1007633) and
the Nano Material Technology Development Program
through the NRF of Korea funded by the Korea Gov-
ernment (MSIP) (NRF-2014M3A7B4051907).

COMPARATIVE ANALYSIS OF FBS CON-
TAINING MEDIA AND SERUM FREE DE-
FINED MEDIA FOR ADIPOSE DERIVED
STEM CELLS PRODUCTION

Lee, Joo Youn, Kang, Min Hee, Lee, Myungseok,
Choi, Ji Yong, Chun, Yuri, Jang, Ji Eun, Yang,
Yuyeong, Lee, Jeong Eon, Kim, Seung Ki, Park, Sang
Gyu

Institute Of Life Science, XCELL Therapeutics, Seoul,
Korea

The core of regenerative medicine is cell-based ther-
apy, including stem cells. For the successful develop-
ment of effective stem cell therapy, mass production
of consistent quality cells is required. Excellent cell
culture medium is important in mass production of
quality of cells. Classically, FBS has been used as
culture supplement for MSCs. However, due to the
undefined and heterologous composition of FBS,
researchers have prefered serum-free defined media
(SFDM). However, there has not been a comprehen-
sive analysis of the cells cultured in FBS containing
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media and SFDM. In this study, we aimed to investi-
gate and compare the stem cell characteristics cultured
in both media as well as media performance tests.
Growth media performance was compared with cell
growth rate, accumulated cell number, population
homogeneity and cell viability. Comparative analysis
of cultured adipose derived mesenchymal stem cells
(ADSCs) was performed based on surface marker ex-
pression using FACS, differentiation potency, genetic
stability using cytokinesis block micronucleus assay,
senescence analysis using [-galactosidase staining.
Culture using SFDM provided more stable population
doubling time, more homogenous cell population,
and more cells production in a shorter time compared
to FBS containing media. Adipogenic differentiation
capability was similar in both media groups, but chon-
drogenic and osteogenic differentiation capabilities
of ADSCs cultured in SFDM were higher than those
cultured in FBS containing media. ADSCs cultured in
FBS containing media showed a significant increase
in the formation frequency of nucleoplasmic bridges
comparable to those cultured in SFDM, suggesting
that culture using SFDM is more genetically stable.
SFDM can provide higher-speed cell production
rate than the classical FBS containing culture media.
SFDM enables the maintenance of higher population
homogeneity, genetic stability, and excellent differen-
tiation potency. Taken together, these results suggest
that culture using SFDM provides various advantages
through which it is possible to obtain safer, stable, and
larger amounts of ADSCs.

CLINICAL AND NEUROLOGICAL IMPROVE-
MENT IN TRAUMATIC SPINAL CORD INJU-
RY TREATED WITH AUTOLOGOUS BONE
MARROW-DERIVED MESENCHYMAL STEM
CELLS AT SARDJITO GENERAL HOSPITAL,
YOGYAKARTA, INDONESIA

Sakti, Yudha!, Admagusta, Rizky*, Dwianingsih,
Ery?, Panggabean, Andre®, Rhamadianti, Aulia®, Filza,
Muhammad®, Yudiyanta, Yudiyanta®, Rukmoyo,
Tedjo', Malueka, Rusdy?

'Orthopaedic and Traumatology, Rsup Dr Sardijito,
Yogyakarta, Indonesia, *Pathology Anatomy, Rsup Dr
Sardjito, Yogyakarta, Indonesia, *Neurology, Rsup Dr
Sardjito, Yogyakarta, Indonesia

Spinal cord injury (SCI) often lead to a severely

debilitating condition which renders the patients to
be wheelchair-bound or bedridden due to paralysis.
Amidst limited results of current therapeutic measures,
stem cell therapy has been thought to hold promise in
promoting neurological improvements and functional
recovery in these patients. Of all cell sources, mesen-
chymal stem cells (MSCs) has been shown to be an
attractive candidate. They are easily obtainable and
demonstrate a broad degree of differentiation capacity.
Here, we presented 12 months evaluation results of 5
patients with SCI who received 3 series of bone mar-
row-derived MSCs transplantations with a total dose
of 70-80x106 cells for each patient. After obtaining a
written informed consent, bone marrow aspiration was
conducted, and a volume of 60-80 mL aspirate was
then cultured in a Good Manufacturing Practice-com-
pliant facility. Following a strict quality control testing
for each production batch, the isolated MSCs were
injected back to the patients at the lesion site by min-
imally invasive surgical technique. Additional injec-
tions at one segment above and below the lesion were
administered intrathecally. Measurement of changes in
American Spinal Injury Association impairment scale
(AIS), Barthel Index and Karnofsky Performance
Status (KPS) scale were performed prior to and at 12
months after the injection procedure. After 12 months
of last injections, there were improvement in AlS
grade by at least one grade in 3 patients, improvement
in motor and sensory function in three patients, im-
provement in urinary tract and bowel function in four
patients, and improvement in erection ability in two
patients. There were improvements in motor, sensory,
autonomic, Barthel Index and KPS after 12 months,
although these were not significant (p < 0,05). There
were no adverse events reported by patients, or signif-
icant changes from laboratory or imaging examination
using MRI. These results highlight the potential appli-
cation of MSCs in promoting neurological recovery in
patients with SCI. Further studies with larger sample
size and longer follow-up period are needed to deter-
mine the significance and efficacy of this innovative
therapeutic strategy in supporting neural regeneration.
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THERAPEUTIC EFFECTS OF REPETITIVE
MAGNETIC STIMULATION IN CELL MOD-
ELS OF ISCHEMIA/REPERFUSION INJURY

Baek, Ahreum?, Jo, Seongmoon?, Yu, Ji Hea?, Seo,
Jung Hwa?, Shin, Yoon-kyum?, WiSoohyun?, Song,
Suk-young?, Nam, Bae-geun?, Pyo, Soonil?, Cho,
Eunju?, Huh, Jeonghyun?, Kim, Ji Hyun!, Kim, Sung
Hoon*, Cho, Sung-Rae?

'Rehabilitation Medicine, Yonsei University Wonju
College of Medicine, Wonju, Korea, 2Rehabilitation
Medicine, Yonsei University College of Medicine,
Seoul, Korea

Repetitive transcranial magnetic stimulation (rTMS)
has been used to treat a variety of serious neurological
disorders. However, the neurobiological mechanisms
underlying the effects of rTMS remain unclear. There-
fore, this study examined the therapeutic effects of
repetitive magnetic stimulation (rMS) in cell models
of ischemia/reperfusion (I/R) injury, depending on its
frequencies. Mouse neuroblastoma cells and astro-
cytes were used for in this study. Cells were divided
into three groups—sham, low-frequency, and high-fre-
quency—and were stimulated over three days. Then,
low-frequency and high-frequency groups for each
cell were characterized by RNA-seq transcriptome
analysis. Among several pathways, long-term poten-
tiation pathway and Janus kinase—signal transducer
and activator of transcription (JAK-STAT) pathway
are significant pathways for neuroblastoma cells and
astrocytes. These pathways were further validated in
cell models of I/R injury. To establish an I/R injured
cell model, neuroblastoma cells were differentiated
with retinoic acid and placed under oxygen and glu-
cose deprivation (OGD) for 3 h. Likewise, mouse as-
trocytes were exposed to OGD condition with ZnCI2
for 3 h. Then the injured cells were replaced with
growth medium and stimulated with rMS on day 1. I/
R injured cells were also divided into the three groups.
High-frequency stimulation increases cell proliferation
and inhibits apoptosis in OGD/R injured neuronal
cells. Then, high-frequency stimulation increases cal-
cium/calmodulin-dependent protein kinase 11-CAMP-
response element binding protein pathway, further
leading to the alternation of brain-derived neurotroph-
ic factor expression and synaptic plasticity. Further-
more, reactive astrocytes showed activation of JAK-
STAT inflammatory pathway and reactive astrogliosis.
rMS stimulation prevented reactive astrogliosis and
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negatively regulated STAT-mediated inflammatory
responses. Taken together, these studies will provide
a better understanding of the therapeutic mechanisms
of rMS and help cure other neurological disorders
as a way of regenerative medicine. Moreover, these
mechanisms could be applicable in neural stem cells
and patient-derived induced pluripotent stem cells for
future studies.

Funding Source: Yonsei University Wonju Cam-
pus Future-Leading Research Initiative of 2018-
62-0056, the National Research Foundation
(NRF- 2018R1A6A3A01013415, NRF-2018R1D-
1A1B07048239, NRF-2018R1D1A1B07050957,
NRF-2019R111A1A01041292), and the Ministry of
Science and Technology, Korea, the Korean Health
Technology R&D Project (HI116C1012).

BILE DUCT SEEDED WITH CHOLANGIO-
CYTES DERIVED FROM HUMAN HEPATIC
PROGENITOR CELLS

Buisson, Elina Maria', Kang, Kyojin', Kim,
Yohan', Yoon, Sangtae’, LeeChanghee?, Yim, Jihye?,
JeongJaemin?, Choi, Dongho?

!Department of Surgery, Hanyang University, Seoul,
Korea, Hy Indang Center for Regenerative Medicine
and Stem Cell Research, Seoul, Korea

Cholangiopathies are diseases of the bile duct which
have no method of treatment other than whole liver
transplantation. This is problematic as the need for
transplantation is soaring and the number of organs
available does not match. Furthermore, there is no
clinically available drug to treat cholangopathies.
Cholangiopathies also target more than one system
in the body making it life threatening. Papers have
already been published about the differentiation of
induced pluripotent stem cells and embryonic stem
cells into cholangiocytes. However, this method has
several disadvantages. Bioengineering has been used
widely nowadays to treat several diseases in terms
of making prosthetics, visual aids or scaffolds and so
on... Through a previously published method, we nare
able to generate human chemically derived progenitor
cells (hCdH) from patient hepatocytes and differenti-
ate them into cholangiocytes. Furthermore, we were
able to seed them into artificial bile ducts as well as
micro and non fibered scaffolds. These cholangiocytes
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were able to retain cholangiocyte functionality which
was seen through RT-gPCR and immunohistochem-
istry. In conclusion, this method can open new doors
for regenerative medicine by decreasing the need of
whole liver transplantation as well as the advantage of
it being patient specific.

THE DEVELOPMENT OF A NEW TREAT-
MENT STRATEGY FOR OSTEOARTHRITIS:
INTRA-ARTICULAR INJECTION OF MI-
CROSCOPIC CHONDROGENIC PELLETS
DERIVED FROM HIPSCS FOR CARTILAGE
REGENERATION

Nam, Yoojun, Rim, Yeri Alice, Park, Narae, Lee,
Jennifer, Lee, Kijun, Ang, Jaewoo, Jung, Hyerin, Kim,
Yena, Choi, Jinhyuk, Kim, Jang Woon, Kim, Juryun,
Won, Pureun, Ju, Ji Hyeon

Catholic iPSCs Center, Seoul, Korea

The defected articular cartilage does not naturally heal
and result in loss of ultimate joint function. In order to
treat the deficient cartilage area, tissue engineered stem
cell-based cartilage are commonly used. Scaffold-free
tissue engineering using three-dimensional spheroids
is presented as an alternative approach to the delivery
of cartilage structures. In this paper, human induced
pluripotent stem cells (hiPSCs) were used to create
tiny scaffoldless hyaline cartilage with a diameter of
about 200uM that can be passed through a syringe
for use in patients’ joints. The generated microscopic
scaffoldless hyaline cartilages showed high expression
of chondrogenic genetic markers such as COL2A1,
ACAN and SOX9. The production of extracellular
matrix (ECM) proteins was confirmed by alcian blue,
safranin O and toluidine blue staining. Chondrogenic
pellets showed low expression of fibrotic (COL1A1)
and hypertrophic (COL10A1) cartilage marker. Ex-
pression of collagen type 1l and aggrecan was detect-
ed in the accumulated ECM by immunohistological
staining. We confirmed that pluripotent markers de-
creased in microscopic hyaline cartilage and that there
was no toxicity in nude rat and scid mouse. In addi-
tion, the damaged area of the rat and rabbit cartilage
was healed by the microscopic scaffoldless hyaline
cartilage via intra articular injection. This study reveals
the potential of microscopic scaffoldless hyaline carti-
lage derived from hiPSCs as a promising candidate for
cartilage regeneration via injection method.

Funding Source: Supported by a grant of the Ko-
rea Healthcare Technology R&D Project, Korea
(HI16C2177).

( Stem Cell Ethics & Policies

Withdrawn

NATIONAL PRIMATE INFRASTRUCTURE
FOR BIOMEDICAL AND BASIC SCIENCE

An, Ju-hyun?, Lee, Jong-hee?, Park, Sang-je?, Kim,
Young-hyun?, Huh, Jae-won?, Jin, Yeung Bae?

'Futuristic Animal Research and Resource Center,
Korea Research Institute of Biotechnology and Biosci-
ence, Chungbuk, Korea, National Primate Research
Center, Korea Research Institute of Biotechnology and
Bioscience, Chungbuk, Korea, *Department of Func-
tional Genomics, Korea Research Institute of Biotech-
nology and Bioscience, Korea University of Science
and Technology, Daejeon, Korea

Primates are valuable resources for different re-
search fields including genetics, evolutionary biolo-
gy, biomedical research, neuroscience, regenerative
research, microbiology, vaccine development and
pharmacology. Because primates have more biolog-
ical and behavioral similarities and closer genetic
relationship to humans than other animal models.
However, primate resources are limited to access for
individual researchers. In 2005, Republic of Korea
government established National Primate Research
Center (NPRC). First purpose of NPRC is production
and supply of specific pathogen free (SPF) primate
in Republic of Korea. Second purpose is supporting
the regenerative medicine (bio organ transplantation,
stem cell and gene therapy). The last one is supporting
the basic biomedical research and basic science. Re-
cently, NPRC established primate resource bank with
various primate samples (Tissue deoxyribose nucleic
acid (DNA), Blood DNA, ribose nucleic acid (RNA),
cDNA, paraffin blocks (brain), etc) from crab-eating
monkey, marmoset monkey, rhesus monkey, African
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green monkey, and squirrel monkey. And also, we
established cutting edge medical imaging technique
using 3 Tesla magnetic resonance imaging (3T-MRI),
positron emission tomographic-computed tomograph-
ic (PET-CT), micro PET-CT, and angiography imag-
ing system. Therefore, researchers who want to access
the primate resources and use the imaging analysis
with primate for research purpose could get various
national primate infra service, easily (http://portal.
kribb.re.kr/primate).

TENSIONS OF GENOMIC DATA SHARING IN
GENOME RESEARCH AND PLURIPOTENT
STEM CELL RESEARCH

Minari, Jusaku

Uehiro Research Division for iPS Cell Ethics, CiRA,
Kyoto University, Kyoto, Japan

Genome research and pluripotent stem cell research
are increasingly advancing for clinical uses. This trans-
lation from basic research to clinical care is gradually
required to discuss the nature of sharing genomic data
as well as other types of data for further understand-
ing of genetic variants and mutations nationally and
internationally. While this need of genomic data shar-
ing is pressed by scientific and medical advances, the
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ethical and legal consideration of research participants
who have provided or will provide their genomic data
with research communities is questioned. One of the
outstanding examples on this issue can be seen in the
2016 enactment of the European General Data Pro-
tection Regulation, often called GDPR, in which this
regulation clearly binds genomic data with personal
information. As is the case with the EU countries, Ja-
pan has also followed this change, and subsequently
revised the Act on the Protection of Personal Informa-
tion (APPI) in 2015. Prompted by this revision of the
APPI, the nature of governmental ethical guidelines
which cover genome and medical research was re-
viewed, and thereby these guidelines were revised to
precisely follow the revised APPI in 2017. Since ge-
nomic data is strongly connected with personal infor-
mation under the APPI and the guidelines as well, the
nature of genomic data sharing is revisited in research
communities. In this context, the coming wave of open
science to share data freely and the broad utilization of
cloud computing raise further tensions between data
use and data protection. This study will refer to several
key issues of ethical and legal regulations regarding
the use of genomic data in Japan which include the
latest revision process of ethical guidelines started in
2018, and consider the nature of genomic data sharing
with different sharing methods such as open access
and registered access, managed/controlled access for
the international debate.
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A9 specific DA precursor

Target
Parkinson’s disease

Stage

Non-clinical
Clinical trial initiating in 2020

Targeted

€mbryonic Stem Cell
Differentiation

Program name

TED-R

Cell source

Embryonic stem cell
derived

Retinal pigment epithelium
Photoreceptor

Target
Retinal degenerative disease

Stage

Discovery
Clinical trial initiating in 2021



Program name

FECS-Ad

Cell source
AdMSC spheroid

Target
Critical limb ischemia

Stage
IND filed for Phase 1/2

Functionally Enhanced Cell Spheroid

Program name

FECS-DF

Cell source
Autologus fibroblast spheroid

Target
Crow’s feet

Stage
IND filed for Phase 1/2

Cell Spheroid Program

Program name

FECS-Kit

Cell spheroid formulation kit
Marketed for research use
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Thermo Fisher Scientific} SV7}| sl EA| 2.

S7|MZE AFE 2| ) St
ChCiet S As E217| flet AIE52
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Disease modeling kit

217+ 244 (Self renewal)0| 7Hs5t1 CHASH MEZ 23}
S 7121 Q7| 2o B 2t f
pluripotent stem cells, iIPSCs)2|
20|31 AL

0]0]| Thermo Fisher Scientific iPSC Disease Modeling 15 €11
2Ca| DRI

0 Reprogramming 9

Thermo Fisher Scientific2 St S22

Culture media

CytoTune iPS

Sendai Essential 8 Medium
Reprogramming Essential 8 Flex
Kits StemFlex Medium
DNA KnockOut Serum
. Replacement—
Episomal _ Multi-
vectors Epib Species
vectors
Supplements
RevitaCell
Supplement
Matrices
Vitronectin

Geltrex matrix
rhLaminin-521

27} work Flowol 4t 2i A], 0% ¢! 3
37} work Flowol4t 1 Al, 20% &¢!

A2, S7| MEO| 7|2 AL
FAHIA ZHZOIE B2 =3S 7|=20(2

UG,

YA AR workflowo]| THE 2= CHA|O

3—|J—f Y el MIZx| = JiEof Qlof 26t Its
|H|E§'='E1 FEE Q17 Ot 27| MIZ(induced
F2|oME M2 7HsH S LIEIHD S22

QL= Full Kit2 Al 25t0] Zat o2 sl

TagMan hPSC
Scorecard Panel
Immunocytoche
mistry and live
staining kits

PSC
characterization
service
Karyotyping
Service
(KaryoStat, Array-
based)
Pluripotency
Assay Service
(PluriTest, Array-
based)

3 germ-layer
Differentiation
Potential

Assay Service
(Scorecard,
qPCR-based)

Ectoderm
PSC Neural
Induction
Medium

PSC
Dopaminergic
Neuron
Differentiation Kit

CultureOne
Supplement B-27
Supplement

Mesoderm
PSC
Cardiomyocyte
Differentiation
Medium

Endoderm

PSC Definitive
Endoderm
Induction Medium
Kit

OII

H E=-LCt

H =&t

OIl

ES Tl

Freeze medium
Cryopreservation Kit




invitrogen

E7 M transfection0f| &S|
Lipofectamine™ Stem Transfection Reagent

Delivery

Z=7|MIZE transfection A&l A| Z2 §& 20| 1210|2717
Xlg S+tsot Al &7 |M=0i| HEs ZM(K!

Induced
Pluripotent Stem Embryonic Stem Neural Stem Cells Mesenchymal Hematopoietic

Cells (iPSCs) Cells (ESCs) (NSCs) Stem Cells (MSCs) | Stem Cells (HSCs)

¥ ¥ ¥ ¥ ¥

Neon Transfection

Lipofectamine Stem Reagent System

5._* 224-PSC 2 NSCOIA Z|ci 80 %, MSCOlIM Z|tH 45 %2| transfection 28 W2 MZ=A
A (Z|H 11kb), RNA 2! Cas9 tHHA! 25| co-transfection 7ts
1Iir£9} HOMIZO|IM 25 transfection 7Fs

Order information
Product i Cat. No.
Lipofectamine™ Stem Transfection Reagent . STEMOO0001

Lipofectamine™ Stem Transfection Reagent . STEMO00003
Lipofectamine™ Stem Transfection Reagent . STEMO00008
Lipofectamine™ Stem Transfection Reagent . STEMO00015




Personal Cell Sorter
High Viability
Automation Set-up

SHS800S, Cell Sorter

Inquiry
+82-2-3471-4100 / info@chayon.co.kr
www.chayon.co.kr



TSI No,1 @IE29] No.1 RT/RT—PCR Kit!
SEN) HAS0| 222
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IS8NScript Series:

H i S e n S c ri ptTM R H (- ) Supplier A Supplier B HiSenScript™ RH(-) RT PreMix

=

e

cript™ RH(-) RT PreMix Kit0ll 2%l RevoScript™ RH(-) RTase= RT £r89| &

jrst-strand cDNA &Hg5t= 240f| 444 =l= RNA/DNA hybridS 22{L{0{ (DNA

&5l5k= RNase H 40| i0f CI2 RTase®t H|wst] & Cf Foft S

{ect- SEMO| L2 0|2tC 2 HO5 D ol St Hi ipt™

St,\jga}?ltdoc Dill\l;ﬁ E'TOHTan‘_M%%_Ezeﬁiraooa)‘;r,\ |1EL' g%ﬁoHt;SI;r;\lSX”g‘— Human total RNA serially diluted from 10 ng to 10 fg (10-fold serial dilution), RT reaction temperature at 42°C at 1 hr,
= == = == MV === = s =

- S o= il . After cDNA synthesis, 1.6kb (18s rRNA) of DNA fragment was amplified with the Maxime PCR PreMix Kit (i-Tag)
y(A) tail mMRNAZHR| = first-strand cDNA 40| 7t58t =2 QUZEE  (NtRON. Cat. 21131)
C]

= = ™
H I S e n S C rl pt R H (- ) Supplier A Supplier B HiSenScript™ RH(-) Supplier A Supplier B HiSenScript™ RH(-)

cDNA Synthesis cDNA Synthesis

cDNA Synthesis Kit — e U o E— Y om—

t™ RH(-) cDNA Synthesis Kit2 $|0f\t RIZHE=# 0k OtL|2} total RNARF 22
9| RNASO0| EAfiall U= templatedME 024 $10| 2ZE RNASOIHA
cDNA 80| 7HsBILICE Ol RevoScript™ RH(-) RTaseQ| Aoz
0,_|'%§§01| _%7 |-7_4\9§ %ﬁ—g—ﬁ!ﬁ\ 7|%§ iR %Hg 7‘:}_/‘\_7} Ol% 7|’%3f7'|| H total RNA serially diluted from 1 ng to 10 pg (10-fold serial dilution), RT reaction temperature at 42°2C at 30min, After
o0 O3 IMEQ| 225 = it O uman - ) \

Mg'ﬂ_% 21 Sggqﬁféirgﬂg aoyl r §§§|§|ng EAIE%;I} gﬂtﬁ[gtllgléi?%ogng ;?emxsﬁ?tﬁ(\iils'fd)ﬁ(]iil :RBOkﬁ(ICe;t{ 12 ?51 ;RJ;IA) and 575 bp(right; GAPDH) of DNA fragment was amplified with the Maxime PCR
Off 720 22| 2t cDNAEO| 7+55H0f RNA 25 20l A cDNA library 2,

2RI 59| Crsh M Ao 280| 7tsELTh

iy = =]

H i S e n S C ri ptTM R H (_) Supplier A Supplier B Supplier C HiSenScript™ RH(-)

One-Step RT-PCR PreMix
M — — — —

RT-PCR PreMix .

oLt SH
no I S Lo oztcs =27 0lo . . . . .

LICH 2 AIZ2 EtAF AZ2} Bl 05t} £2 Q=S 20| 0 9lon Fig. 2. Comparison of sensitivity RT-PCR with other competitors Lane M : 100bp ladder, Template: SNU-1 cell total RNA

10ng, 1ng, 100pg, 10pg, 1pg Target: GAPDH specific primer Product size: 570 bb

H | S e n S C rl p.tTM R H (_) ' Supplier A Supplier B Supplier C Supplier D Hi?{e{?’ccrri{p;";m(-]
- [ E— | E— | E— [ E—
One-step RT-PCR Kit

™ RH(-) One-step RT-PCR Kit2} Et A, B, C, D iit2| One-step RT-PCR =52t
Z 888 Hlu SISt USLICE 2 AHE-2 EfAL AIZ 2t 5| wdto] &2 QUAEE HoJ
Yot= target RNARH SZs5t= S0/H T F{0f L AIS LI

Fig. 2. Comparison of sensitivity RT-PCR with other competitors Lane M : 100bp ladder, Template: SNU-1 cell total RNA
10ng, 1ng, 100pg, 10pg, 1pg Target: B-Actin specific primer Product size:1 kb

HiSenScript™ RH(-)
One-step qRT-PCR Kit

=90 Y Bl0|SIIA o yzo ) == Lo gzic2 Fig. 2. Suitability of HiSenScript™ RH(-) One-step qRT-PCR Kit forrealtime/RT-PCR, the RNase P gene was amplified
e EE;HEL - ‘—lol.""‘:':;l |:2|'£\_; %ﬂEE‘— E—li.A i‘“Et} H|JJ:-[L§||'0:| =2 UZg=S with specific primers and probes using an ABI 7500 real-time PCR system\ analyzer.. Template: SNU-1 cell total RNA 10
O 2lot= target RNAZH SZ5l= S0/ 4= HO{ HZLICE fold diluted 100ng, 10ng, 1ng, 100pg, 10pg Target.Rnase P primer/probe

O

3) / ( T ) {’{(\
. HZE29|= MEHIO|Q TEL : 010-8860-0371 ‘
Mo e-mail : mjw@mcbt.co.kr HEZ= 4 Q! (\m\ (Q
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Biotechnology Company Leading the
development of Global Gene-Cell Therapy

www.cellebrain.com




« Single QUASTAR X-ray EMITTER

* Reliable up—time, Turn—key installation

« Safe, self-shielded

« Simple, easy—to—read touch pad

« Cabinet dimensions(WxDxH) :
720x820x1,680mm

» Weight: 570kg

 ATICHAS HARMSEAEER]
— SAXj{OIRIS0] Of8t AlmtH|e]
~ Si7atHl chlstol AIM 2 | Sof T4 2TAR0| 818, (AT § SA| AL 7HS)

— HIARM FZEF0| SALSH Z2H0| U= AFRCR, St RXIEHQITHINT WS 0|45t A,
(HSAX|XI 1

Ol

I3}
to
£
O

- ds
— Level 0 MZEE : 7 ~ 12 Gy/min
— Level 1 MZ¥= : 14 ~ 28 Gy/min

71 LR W2t AlAE

— T2 Al 2 W2t AAY 7} ks

031.360.0030 | MR Solution Inc. (FAIS|A} dUAEEM)
mrs@mrsolution.co.kr



‘$ee8” IrvineScientific

CELL THERAPY

44 years of focused innovation

Primary Call Cultuea Mlzdia and Reayznis
Custom Media Davelogment and Dyiimizaiion
Siratayic gaw Matarial Suvoly Chain Manayzment

Custom Scalablz Manufaciuring

www.irvinesci.com

Featured Cell Therapy Products

Expansion Medium

* PRIME-XV™ MSC Expansion SFM for Human Mesenchymal Stem Cells

* PRIME-XV™ MSC Expansion XSFM for Human Mesenchymal Stem Cells

* PRIME-XV™ NPC Expansion XSFM for Human Neural Progenitor Cells

* PRIME-XV™ Tu morsphere SFM for Human Cancer / Initiating Cells

* PRIME-XV™T cell Expansion XSFM for Human T Cells (73

* PRIME-XV™ AFSC Expansion Medium for Human Amniotic Fluid Stem Cells

Differentiation Medium
« PRIME-XV™ Adipogenic Differentiation SFM
* PRIME-XV™ Osteogenic Differentiation SFM

* PRIME-XV™ Chondrogenic Differentiation XSFM

Cryopreservation Solutions

PRIME-XV™ MSC Expansion SFM

Irvine Scientific is ...
* Serum Free or Xeno Free

* PRIME-XV™ MSC FreezIS DMSO-Free for Human Mesenchymal Stem Cells * One Bottle Medium, Ready to Use

* PRIME-XV™ FreezIS forhMSCs, NPCs, iPSCs, CHO Cells

* cGMP Facility, Drug Master File (DMF)
* Save the Medium, Culture Flask, Time, Labor

IrvineScientific & 443 H£2| ¢GMP grade Hj Qe H 25| AFQUL|CE,

SUPER QUALITY SYSTEMS

* FDA Approval for ART
+ 1SO 13485 Certification
+ CE Markings

* cGMP Facility

MEEYA| OHE HLE 556-55 KCPMED B/D
pavnED Tel 02-3141-2172 Fax 02-3143-2320
I www.pavmed.co.kr

WWW.irvinesci.com






Best Partner in Genomic Research

PCR Targeted Amplicon Sequencing Service (PCR-TAS)

@ XMICH DNA E7|AME E447|8 PCR-TAS

o ot & f£= 11 0|42 PCR PrimerE ALE510] SH|7F 7l RUAL (22 J|EF B F2/0| &7 |ME S 20N o E B4

o RUAL| CiddE =M = | w20 HY 7He Q70| RE

* Pharmacogenomics Panel, Cancer Panel, HLA 8% £M & S27MA| ¢l ZickZok| &2

» E5HE2M M2 N LB Q| PCR-TAS MH|AE Primer MZ} 210/ E2{2] 75, NGS run X 0|6 £A12 Z&ks}0
Amplicon Sequencingdfl 225t 2 & Axfet FAMHIAE MIS
v CIUSH REAL A0 HA HEE & e ASstne A2 =2 ZHIFel Sequencing 2

@ 2 AR o} @ Two-Step Dual Index PCR @

» Pharmacogenomics Panel
Amplicon PCR (1% PCR)

» SNP Validation (Overhang Primers)
» Cancer Panel S ——
» MHC Genotyping (HLA Analysis) | ‘_\
» Targeted DNA Methylation Analysis
» 16S Metagenome Analysis l
Index PCR (2* PCR) Clean Up
o ZT ME X MH|A (ndoxPimes) e N l
» GenoAmp™ Dual Index Primer Set o
» GenoAmp™ Barcode Adaptor for lllumina Sequencer l ‘_\ ”
» Organelle Genome Analysis —
» Bacterial Genome Analysis l
» GenoAmp™ 16S Metagenome Sequencing Service C'eal" op

» NewGAS™ for Bacterial Genome Annotation

Normalize and pool Libraries

@ GenoTech PCR-TAS Service Workflow

Consultation "\ Primers Design Construct Library NGS Run Analyze
/ Order & Synthesis (PCR products preparation & adapters incorporation) Data

P 1* PCR using 2 PCR using
@ Two-Step Overhang GenoAmp™
ato| 22| o Dual Index Primers Index Primer Set

HIZ 4 et

el

Best Partner in Genomic Research
E N O —— — -

1st PCR using 2nd PCR using . CLC CD-hit
: GenoAmp™ MiSe »
Overhang Primers Ttrala angr Set q (O]11\%[2

HIZEZ2 : 1600-8404(LH41) | E-mail : info@genotech.co.kr | www.genotech.co.kr
YN AT 7IEE2 26-69 (BS) | Tel : 042-862-8404 | Fax : 042-862-8406
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Automatic cell counter

3D cell cultureE

ADAM-MC2 (PIStaining)
- THSHE O0Ix) £

En

CMOS &K T2 M| A

eSS
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oz
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o

0%
ne
re

>
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F
- AEAEH FE 22 (QC)

- Stem cell/ CAR-T cell/ CAR-NK cell
Adipose-derived stem cell/ PBMCs / etc...

Paraffin block & Slide

EVE™ Plus (Trypan blue staining)

Comparison with Human Tissue

DaNAgreen

Life Science Research Lab

RSP in vivo EF3t RAIRE 3AHAIY B 8 78

TPnet
[3D cell cultureZ {3t XIX|H]

Available 3D cell culture in various cell lines

Tissue sample of Cervical cancer

CellLine

3D Enteroendocrine Cell Culture (FBS free)

¥

Atghal qo15i0|
IADTIE SHEX|E

NEW

iQue3

S—r—

invivo
3, Culture date Tdays)

Cell Line (Enteroendocrine Cell (EEC), Culture date : 13days)

IncuCyte® S3

Well plateE 7|82 Z|A 1ule| MEZ AtE5HH
96-well 52, 384-well 20202 MZ =X ol HMQ|
JHSSILICH K3t Cell2} BeadZS St wellof| Al SA|0f|
2M 5 A QAL

= =T

Immunophenotyping Adoptive Cell Therapy

Antibody Discovery
& Development

Small Molecule
Screening

v RE SHEo] QMIE EA7|ALIC
v Plate2 MES FYRLICH
v |2l Xt53t 20| 7FEs L

MicroscopeZ CO, Incubator®tof] Z&+ StOZ AN,
22X9l Long-Term, Kinetic Live- CeII Imaging

= 7tsatAl L.

Apoptosis Cytotoxicity ~ Angiogenesis
Proliferation  Immune-cell  Cell Migration
killing and Invasion

v M2 59 Incubatort]| B 7+sELICt

v AAlZtez NiZ o|o|x|E E&g.*l-ltf

v Clofst HAT1E XSt C

v MZ 2A2 9|5t total solutionS HZEHLICH




TAKE YOUR CELLS

Booth #30, 31

STEMCELL"

TECHNOLOGIES

Sdldici=l

¥ 02.881.5432

M P R®Dsvstems TOCRIS
a bietechne brand a bietechne brand
Products

rom bietechne

© Global X235 A191 GSK(GlaxoSmithKline)dll GMP Protein 22! (Since 2002)

@ Cell Therapy Q70| A& 4 U= Z USP Chapter <1043>, USP Chapter <92>0]| [2} BHS0{ %l M| ZE!
© 1S09001, 1ISO13485

O 7t U2 Z29| GMP product 28!

GuP

“RopuC

CellZF% GMP Proteins Organoid GMP Proteins

. bFGF , TGF-B, EGF, Shh, Noggin, - .

iPS/ES Activin A, Wnt-3a, BMP-4 Gasteroid EGF, Noggin, Wnt-3a

MSC EGF, bFGF, IL-6, PDGF-BB Liver EGF, HGF, Noggin, W nt-3a
NSC EGF, bFGF, Fibronectin, Noggin, Shh Brain bFGF, Noggin

HSC SCF/c-kit, GM-CSF Kedney BMP-2, BMP-4, bFGF, Activin A

GMP Small Molecules for Stem Cell DAPT, SB 431542, Y-27632, CHIR 33021
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