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The posters with 1000-level designations are ISSCR
Merit Abstract Award winning posters. Each of these
posters will remain on display throughout the three
days of poster sessions. The presenter will be present
at the assigned hour to discuss their work.
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PLACENTA AND UMBILICAL CORD DERIVED
CELLS

W-1001

CDX2 REPURPOSING IN THE ESTABLISHED
MURINE TROPHOBLAST LINEAGE MAINTAINS
STEM-CELL IDENTITY BY GATEKEEPING AGAINST
A DEFAULT DIFFERENTIATION PATHWAY

Bozon, Kayleigh - Developmental Biology Lab, The Francis
Crick Institute, London, UK

Patel, Harshil - Bioinformatics and Biostatistics Team, The
Francis Crick Institute, London, UK

Cooper, Fay - Developmental Biology Lab, The Francis Crick
Institute, London, UK

Bernardo, Andreia - Developmental Biology Lab, The Francis
Crick Institute, London, UK

Smith, James - Developmental Biology Lab, The Francis Crick
Institute, London, UK

The transcription factor Cdx2 is required for the formation
of several developmental lineages in the mouse embryo, and
is thought to be able to play different roles within a lineage at
different developmental stages. The role of Cdx2 in trophoblast
fate establishment has been extensively studied. Yet, although
its continued expression in established trophoblast cells is
thought to be related to self-renewal and differentiation, the
mechanisms that underpin this remain unknown. To address
this, we generated ATACseq and RNAseq libraries from wild-
type and Cdx2 knockdown (KD) trophoblast stem cells (TSCs)
in vitro. ATACseq experiments show, as expected, that loss
of Cdx2 causes decreased accessibility at Cdx2 consensus
binding sites. However, of the regions showing differential
chromatin accessibility in Cdx2 KD cells, two thirds have
increased accessibility. These sites are enriched for the Tfap2c
consensus motif and footprint: Tfap2 is a TSC marker that
plays a part in trophoblast differentiation by driving genome-
wide increases in accessibility. Gene ontology analysis of sites
with increased accessibility in Cdx2 KD cells suggest that

these regulatory regions are associated with trophoblast giant
cell (TGC) differentiation. Consistent with this observation,
continued Cdx2 KD drives homogenous differentiation into
TGCs within days. Similarly, homozygous Cdx2 knock-out
TSCs are unstable and spontaneously differentiate into TGCs.
TSC differentiation can also be initiated in vitro by growth
factor withdrawal, albeit in a heterogeneous manner. However,
the sites of increased chromatin accessibility observed under
these circumstances differ from those observed in Cdx2 KD
cells. Moreover, although RNAseq analysis shows that 87%
of genes whose expression changes in Cdx2 KD cells are also
mis-regulated during conventional differentiation, 31% of these
transcripts change in opposite directions. Our work suggests
that Cdx2 normally maintains ‘stemness’ in TSCs by preventing
them from differentiating directly and homogeneously into
TGCs. We find it can do this even in cells overexpressing Hand1
and Tfap2c, both of which are upregulated in Cdx2 KD cells.
This gatekeeping role of Cdx2 differs from its earlier function
and reveals how Cdx2 can be repurposed to play different roles
within lineages.

CARDIAC TISSUE AND DISEASE
W-1003

MODELING CONGENITAL HEART DISEASE-
ASSOCIATED VARIANTS IN GATA6 USING CRISPR/
CAS9 GENOME EDITING AND HUMAN IPSC-
CARDIOMYOCYTES

Sharma, Arun - Genetics, Harvard Medical School, Boston,
MA, USA

Wasson, Lauren - Genetics, Harvard Medical School, Boston,
MA, USA

Willcox, Jon - Genetics, Harvard Medlical School, Boston, MA,
USA

Morton, Sarah - Genetics, Harvard Medical School, Boston,
MA, USA

Gorham, Joshua - Genetics, Harvard Medlical School, Boston,
MA, USA

Delaughter, Daniel - Genetics, Harvard Medical School,
Boston, MA, USA

Neyazi, Meraj - Genetics, Harvard Medical School, Boston,
MA, USA

Schmid, Manuel - Genetics, Harvard Medical School, Boston,
MA, USA

Agarwal, Radhika - Genetics, Harvard Medical School, Boston,
MA, USA

Jang, Megan - Genetics, Harvard Medical School, Boston, MA,
USA

Toepfer, Christopher - Genetics, Harvard Medical School,
Boston, MA, USA

Ward, Tarsha - Genetics, Harvard Medical School, Boston,
MA, USA

Kim, Yuri - Genetics, Harvard Medical School, Boston, MA,
USA

DePalma, Steven - Genetics, Harvard Medical School, Boston,
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MA, USA

Tai, Angela - Genetics, Harvard Medical School, Boston, MA,
USA

Kim, Seongwon - Genetics, Harvard Medical School, Boston,
MA, USA

Conner, David - Genetics, Harvard Medical School, Boston,
MA, USA

Pereira, Alexandre - Genetics, Harvard Medical School,
Boston, MA, USA

Seidman, Jon - Genetics, Harvard Medical School, Boston,
MA, USA

Seidman, Christine - Genetics, Harvard Medlical School,
Boston, MA, USA

Congenital heart disease (CHD) represents a major cause of
mortality in newborns and often requires surgical intervention
upon birth. However, the molecular mechanisms by which CHD
manifests in utero are not well-understood. Genetic variants
thought to be causative for CHD would benefit from an in-vitro
platform by which they can be validated in a high-throughput
fashion. To address this challenge, we first conducted whole
exome sequencing for a cohort of CHD individuals and identified
patients who harbored loss-of-function (LOF) or missense
variants in GATAG. This gene is a developmental transcription
factor previously implicated in causing developmental outflow
tract defects in animal models. We next introduced these patient-
specific GATAG variantsintohumaninduced pluripotentstemcells
(hiPSCs) using CRISPR/Cas9 genome editing and subsequently
differentiated these cells into cardiomyocytes (hiPSC-CMs)
as an in-vitro analog for cardiovascular development. We
characterized these GATA6 mutant hiPSC-CMs for alterations
in gene expression and chromatin accessibility at multiple time
points in the hiPSC-CM differentiation process to model the
misregulated cardiac developmental mechanisms exhibited by
individuals harboring GATAG variants. GATA6 LOF and R456G
missense hiPSCs exhibited an impaired capacity to differentiate
into hiPSC-CMs. Differentiation capacity was quantitatively
evaluated by re-engineering the GATA6 variants into a custom
TNNT2-GFP  reporter hiPSC-CM line. RNA-sequencing
revealed that the GATA6 LOF and R456G missense hiPSC-CMs
exhibited reduced expression of genes such as HAND2 that are
involved in the development of the second heart field, which
ultimately gives rise to the cardiac outflow tract. Chromosome
conformation capture and Assay for Transposase-Accessible
Chromatin using sequencing (ATAC-Seq) also revealed reduced
chromatin accessibility in second heart field-related genes such
as HAND?2. This study demonstrates the capacity of CRISPR/
Cas9 genome-edited hiPSC-CMs to rapidly and mechanistically
validate genetic variants associated with CHD. We believe that
this platform serves as a high-throughput system for evaluating
the severity of CHD phenotypes and lends further credence to
the role of hiPSC-CMs in cardiovascular precision medicine.

Funding Source: Funding support for this study was provided
in part by the Fondation Leducq, the Engineering Research
Centers Program of the National Science Foundation, the
National Institutes of Health, and the Howard Hughes Medical
Institute.
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HEMATOPOIESIS/IMMUNOLOGY
W-1005

MAPPING THE EMERGENCE AND MIGRATION OF
HEMATOPOIETIC STEM CELLS AND PROGENITORS
DURING HUMAN DEVELOPMENT AT SINGLE CELL
RESOLUTION

Calvanese, Vincenzo - Department of Molecular, Cell and
Developmental Biology, University of California Los Angeles,
CA, USA

Capellera-Garcia, Sandra - Department of Molecular, Cell and
Developmental Biology, University of California, Los Angeles,
CA, USA

Ma, Feiyang - Department of Molecular, Cell and
Developmental Biology, University of California, Los Angeles,
CA, USA

Ekstrand, Sophia - Department of Molecular, Cell and
Developmental Biology, University of California, Los Angeles,
CA, USA

Liebscher, Simone - Department of Women’s Health, Research
Institute for Women’s Health, Eberhard Karls University
Tubingen, Tabingen, Germany

Iruela-Arispe, M.Luisa - Department of Molecular, Cell and
Developmental Biology, University of California, Los Angeles,
CA, USA

Ardehali, Reza - Division of Cardiology, UCLA School of
Medicine and Broad Stem Cell Research Center, University of
California, Los Angeles, CA, USA

Pellegrini, Matteo - Department of Molecular, Cell and
Developmental Biology, University of California, Los Angeles,
CA, USA

Schenke-Layland, Katja - Department of Women'’s Health,
Research Institute for Women'’s Health, Eberhard Karls
University Tibingen and NMI Reutlingen, Tiibingen, Germany
Mikkola, Hanna K.A. - Department of Molecular, Cell and
Developmental Biology and Broad Stem Cell Research Center,
University of California, Los Angeles, CA, USA

Hematopoiesis is established during development through
multiple waves of blood cell production, starting with lineage-
primed progenitors required for the embryos needs, and
culminating in the generation of self-renewing hematopoietic
stem cells (HSCs) for life-long hematopoiesis. Although
hematopoietic ontogeny has been studied extensively in mice,
we lack knowledge of the anatomical, temporal and molecular
map for hematopoietic development in human. Prior studies
suggest that HSCs emerge from hemogenic endothelium in the
aorta-gonad-mesonephros (AGM) region between 4-6 weeks of
human gestation. Extraembryonic sites including the placenta,
umbilical and vitelline arteries, and the yolk sac, have been
proposed to generate HSCs in the mouse. However, whether
the same sites generate HSCs in human is unclear, mainly due to
the limited access to developmental tissues and lack of reliable
methods to identify developing human HSCs. We created a
single-cell transcriptome map of hemato-vascular cells (CD34+
and/or CD31+) from human hematopoietic tissues at 1st and
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2nd trimester. Using a molecular signature of self-renewing
HSCs defined in our previous molecular and functional studies,
we could identify CD34+Thy1+RUNX1+HOXA7+MLLT3+HLF+
cells as HSCs throughout development. Analyses of 5-wk
AGM revealed a distinct population of newly emerged HSCs
that vanished by 7 wks. HSCs colonized the fetal liver by
6 wks, where they expanded and differentiated beyond 15
wks. Small but distinct population expressing HSC molecular
markers was reproducibly detected in 5 wk placentas. At this
time, the heart, umbilical cord and fetal liver lacked clear HSC
populations, implying minimal spreading through circulating
blood. Interestingly, preceding HSC colonization, the 5 wk fetal
liver already harbored CD34+Thy1-RUNX1+HOXA7-MLLT3-
HLF- progenitors that co-expressed markers associated with
erythro-myeloid and lympho-myeloid potential. Comparable
populations were abundant in the yolk sac, suggestive of their
origin. This data-set provides an unprecedented resource to
dissect the dynamics and molecular pathways governing the
emergence and progression of distinct waves of hematopoietic
cells during human development, and serves as a reference map
for the generation of HSCs in vitro for therapeutic purposes.

Funding Source: UCLA Eli and Edythe Broad Center of
Regenerative Medicine and Stem Cell Research Innovation
Award

EPITHELIAL TISSUES
W-1007

STEM CELL ORIGINS AND DYNAMICS OF A SKIN-
LIKE METAPLASIA THAT MEDIATES INTESTINAL
WOUND HEALING IN MICE

Liu, Cambrian - The Saban Research Institute, Children’s
Hospital of Los Angeles, CA, USA

Girish, Nandini - The Saban Research Institute, Children’s
Hospital Los Angeles, CA, USA

Dubé, Philip - The Saban Research Institute, Children’s
Hospital Los Angeles, CA, USA

Washington, Kay - Pathology, Vanderbilt University Medical
Center, Nashville, TN, USA

Simons, Benjamin - Physics, University of Cambridge, UK
Polk, Brent - The Saban Research Institute, Children’s Hospital
Los Angeles, CA, USA

Metaplasia is a key, early lesion in the sequential progression
of normal tissue into cancer. The origins of metaplasia are
controversial but likely involve injury-induced reprogramming
of tissue stem cells to alternate differentiation pathways to
form ectopic epithelium. It is not known if metaplasia is the
first sign of malignancy and should be aggressively targeted,
or if it represents a beneficial adaptive change to chronic injury.
We have resolved these unknowns in a mouse model of a
skin-like metaplasia occurring in the distal colon (rectum) after
inflammatory bowel disease. Here, we show that the emergence
of this squamous metaplasia of mouse colon (SMMC) is an
essential part of colonic wound healing. Moreover, SMMC

restricts the initiation of colorectal tumors. Relying on the imaging
and 3D reconstruction of chemically cleared specimens, we
demonstrate that SMMC derives from a specialized exterior anal
zone of skin-like Sox2+, Krt14- stem cells that migrate into the
interior colon and proliferate to form intestinal crypt-like rete peg
structures in the ulcer region. Mathematical modeling of empirical
clonal fate data shows that the long-term stability of SMMC is
mediated by two distinct populations of tissue-resident stem
cells located at the periphery of the rete pegs; their homeostatic
regeneration pattern exhibits both squamous and intestinal
dynamics. At the molecular level, colonic restitutive signals,
such as epidermal growth factor and prostaglandin signaling,
within an intestinal organoid medium enables the growth of
SMMC rete units in vitro. However, Notch signaling restricts the
over-expansion of metaplasia. Thus, metaplasia formation via
the mobilization of stem cells from neighboring tissue can be
a programmed and self-limiting response to severe injury near
organ junctions in the body.

Funding Source: NIH R01DK108648

STEM CELL NICHES
W-1009

THE METABOLIC SIGNATURE OF HEMATOPOIETIC
STEM CELLS IS DIFFERENTIALLY REGULATED BY
THEIR NICHE CELLS IN MOUSE BONE MARROW

Yao, Qi J - Department of Cell Biology, Shanghai Institute of
Biochemistry and Cell Biology, Shanghai, China

Hematopoietic stem cells (HSCs) confer a distinct metabolic
signature from downstream lineages. Physiological variations
in metabolite levels in HSCs influence their self-renewal and
hematopoiesis. HSC self-renewal is also regulated extrinsically
by their niche cells, such as endothelial cells and Lepr+
perivascular cells. An important question concerns whether
niche cells regulate the metabolic state of HSCs. In our study,
we developed a metabolomics method for the analysis of rare
HSCs. We confirmed that each hematopoietic cell type had a
distinct metabolic signature. Using HSC reporter mice, including
a-catulin-GFP, Fgd5-Zsgreen and Hoxb5-BFP, we showed that
long-term and short-term HSCs confer distinct metabolic levels.
Using the H2B-GFP/rTA label-retention mice, we showed that
fast and slowly HSCs confer distinct metabolic levels. Notably,
genetic alteration in Lepr+ perivascular cells, Cdh5+ endothelial
cells and Osterix+ osteoblasts differentially influenced the
metabolic level and frequency of HSCs in adult bone marrow.
Taken together, our work revealed the metabolic heterogeneity
of HSCs and highlighted the importance of niche cells in
regulating the metabolic levels of HSCs.

USCStem Cell 7
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NEURAL DEVELOPMENT AND
REGENERATION

W-1011

MTOR SIGNALING REGULATES RADIAL GLIAL
DEVELOPMENT IN THE HUMAN CORTEX

Andrews, Madeline G - Regeneration Medicine, University of
California, San Francisco (UCSF), San Francisco, CA, USA
Subramanian, Lakshmi - Regeneration Medicine, University of
California, San Francisco (UCSF), San Francisco, CA, USA
Bhaduri, Aparna - Regeneration Medicine, University of
California, San Francisco (UCSF), San Francisco, CA, USA
Kriegstein, Arnold - Regeneration Medicine, University of
California, San Francisco (UCSF), San Francisco, CA, USA

The cerebral cortex, the folded exterior of the brain, is expanded in
humans and is required for cognitive function. Abnormal cortical
development is a leading cause of epilepsy and developmental
delay and can lead to malformations where the brain does not
fold or grow appropriately as in Lissencephaly, Microcephaly,
and Megalencephaly. The cortex expands by directing
appropriate proliferation of its resident neural stem cells, radial
glia cells. There are multiple types of radial glia, and the outer
radial glia (0RG) population is dramatically expanded in humans,
suggesting its contribution to human cortical expansion. oRG
cells have unique morphology, their basal process provides a
scaffold for neuronal migration and they display a characteristic
“jumping” migratory behavior, called mitotic somal translocation
(MST), prior to division. However, we currently have limited
understanding of the processes that regulate oRG development.
Using single cell RNA sequencing our lab discovered that there
is an increase in expression of mTOR genes in human oRG
cells during gestation. We then assessed the functional role of
mTOR signaling in oRG generation using two human-specific
models of cortical development: ex vivo culture of developing
human cortical tissue and in vitro culture of iPSC-derived
cortical organoids. We observed that manipulation of mTOR
signaling results in a decrease in the number of oRG cells in
these cultures, as well as a reduction of the basal process length
in the remaining oRGs, resulting in significant disruption to the
glial scaffold. While oRGs retain their MST division behavior,
the distance that cells translocate after mTOR inhibition is
dramatically reduced, suggesting a fundamental change to both
cell morphology and behavior. These studies provide insight
into the mechanisms guiding the appropriate development of
a human-enriched neural stem cell population and may inform
therapeutic approaches toward cortical diseases resulting from
mTOR dysregulation, such as pediatric epilepsy and Autism.
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W-1013

MOUSE CORTEX-SPECIFIC DELETION OF
DYRK1A CAUSES DIFFERENTIATION DEFECTS
IN DEVELOPING NEURONS VIA MODULATION OF
CALCIUM/CAN/NFAT SIGNALING

Petrova, Ralitsa - Eli and Edythe Broad Center of
Regeneration Medicine and Stem Cell Research, UCSF, San
Francisco, CA, USA

Arjun, Arpana - Eli and Edythe Broad Center of Regeneration
Medicine and Stem Cell Research, UCSF, San Francisco, CA,
USA

Wu, Bing - Chan Zuckerberg Biohub, San Francisco, CA, USA
Torres, Teresa - Eli and Edythe Broad Center of Regeneration
Medicine and Stem Cell Research, UCSF, San Francisco, CA,
USA

Qui, Lily - Mouse Imaging Centre, The Hospital for Sick
Children, Toronto, ON, Canada

Su, Zachary - Eli and Edythe Broad Center of Regeneration
Medicine and Stem Cell Research, UCSF, University of
California, Berkeley, San Francisco, CA, USA

Ki, Chris - Eli and Edythe Broad Center of Regeneration
Medicine and Stem Cell Research, UCSF, University of
California, Berkeley, San Francisco, CA, USA

Pippin, Hayley - Eli and Edythe Broad Center of Regeneration
Medicine and Stem Cell Research, UCSF, University of
California, Berkeley, San Francisco, CA, USA

Ellegood, Jacob - Mouse Imaging Centre, The Hospital for Sick
Children, Toronto, ON, Canada

Graef, Isabella - Pathology, Stanford University, Stanford, CA,
USA

Darmanis, Spyros - Chan Zuckerberg Biohub, San Francisco,
CA, USA

Panagiotakos, Georgia - Biochemistry and Biophysics, Eli and
Edythe Broad Center of Regeneration Medicine and Stem Cell
Research, UCSF, San Francisco, CA, USA

During embryonic cortical development, extrinsic and intrinsic
signals are integrated in neural progenitor cells (NPCs) to guide
their differentiation into neurons and build functional circuits.
In addition to genetic programs that regulate the adoption of
specific neuronal fates, electrical activity is known to regulate
cellular processes involved in the generation and maturation of
neurons. The precise mechanisms by which electrical signals
are transduced into transcriptional changes during NPC
differentiation remain poorly understood. Calcium (Ca2+) is the
primary intracellular mediator coupling electrical signals at the
membrane to the regulation of transcription. Mutations in genes
encoding voltage-gated Ca2+ channels, as well as members
of Ca2+-activated signaling pathways, have been reproducibly
associated with psychiatric disorders of developmental origin,
including autism spectrum disorders and intellectual disability.
We have identified a dual role for DYRK1IA — a kinase
associated with neurodevelopmental disorders that opposes
the Calcineurin (CaN)/NFAT Ca2+ signaling pathway — in both
NPC maintenance and neuronal differentiation. Loss of one or
both copies of Dyrk1a in the developing cortex results in dose-
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dependent microcephaly, depletion of radial glia, and a shift in
excitatory neuron subtype abundance. Similar changes in the
abundance of excitatory neuron populations have been observed
in several genetically-defined neuropsychiatric syndromes and
channelopathies, suggesting that Ca2+-regulated mechanisms
driving neuronal differentiation are a point of convergence for
psychiatric disease. In response to membrane depolarization
and Ca2+ influx, activation of the CaN phosphatase complex
triggers nuclear translocation of the NFATc1-4 transcription
factors, whereas DYRK1A activity exports the NFATcs out of the
nucleus. Using a series of gain- and loss-of-function approaches
targeting the CaN/NFAT pathway, we also uncovered that
modulating CaN/NFAT signaling in vivo alters cortical projection
neuron specification in a similar fashion to Dyrkia deletion.
Our findings suggest that disruption of the Ca2+/CaN/NFAT
signaling axis during embryonic neurogenesis may represent a
core molecular substrate for various psychiatric disorders.

Funding Source: UCSF Sandler Fellows Program (awarded to
GP), LLHF Postdoctoral Fellowship (awarded to RP)
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MUSCULOSKELETAL TISSUE
W-1002

ONCOGENIC AMPLIFICATION OF ZYGOTIC DUX
FACTORS IN REGENERATING P53-DEFICIENT
MUSCLE STEM CELLS DEFINES A MOLECULAR
CANCER SUBTYPE

Zhong, Jiasheng - Cardiac Development and Remodelling,

Max Planck 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. Rhabdomyosarcomas 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 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, purification 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
quiescence is necessary to elicit spontaneous acquisition of
oncogenic copy number amplifications in p53 deficient stem
cells resulting in 100% penetrance of rhabdomyosarcoma
formation. Through genomic analyses of purified, lineage-

traced tumor cells we discovered discrete oncogenomic
amplifications driving tumorigenesis including, but not limited
to, the homeobox transcription factor Duxbl. We show that Dux
transcription factors driving embryonic/zygotic gene signatures
define a molecular subtype of a broad range of human cancers.
We found that Duxbl initiates tumorigenesis 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.

CARDIAC TISSUE AND DISEASE
W-1004

AMINO ACID PRIMING OF MTOR IS ESSENTIAL FOR
HEART REGENERATION

Clark, Elisa C - Bioengineering, Institute for Stem Cell and
Regenerative Medicine, University of Washington, Seattle, WA,
USA

Miklas, Jason - Bioengineering, Institute for Stem Cell and
Regenerative Medicine, University of Washington, Seattle, WA,
USA

Hofsteen, Peter - Pathology, Institute for Stem Cell and
Regenerative Medicine, University of Washington, Seattle, WA,
USA

Levy, Shiri - Biochemistry, Institute for Stem Cell and
Regenerative Medicine, University of Washington, Seattle, WA,
USA

Muster, Jeanot - Bioengineering, Institute for Stem Cell and
Regenerative Medicine, University of Washington, Seattle, WA,
USA

Robitaille, Aaron - Pharmacology, Institute for Stem Cell and
Regenerative Medicine, University of Washington, Seattle, WA,
USA

Abell, Lauren - Pathology, Mitochondria and Metabolism
Center, University of Washington, Seattle, WA, USA

Pranoto, Inez - Biochemistry, Institute for Stem Cell and
Regenerative Medicine, University of Washington, Seattle, WA,
USA

Madan, Anup - Genomics Laboratory, Covance, Redmond,
WA, USA

Tian, Rong - Pathology, Mitochondria and Metabolism Center,
University of Washington, Seattle, WA, USA

Murry, Charles - Pathology, Institute for Stem Cell and
Regenerative Medicine, University of Washington, Seattle, WA,
USA

Moon, Randall - Pharmacology, Institute for Stem Cell and
Regenerative Medicine, University of Washington, Seattle, WA,
USA

Wang, Yuliang - Computer Science, Institute for Stem Cell and
Regenerative Medicine, University of Washington, Seattle, WA,
USA

Ruohola-Baker, Hannele - Biochemistry, Institute for Stem Cell
and Regenerative Medicine, University of Washington, Seattle,
WA, USA
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The adult mammalian heart has a limited regenerative capacity
afterinjury; however, there is a brief period of cardiac regeneration
in mammalian neonates that is conserved throughout the lifetime
of other vertebrates such as zebrafish. Previous studies have
demonstrated that the damaged tissue is replaced through de-
differentiation and division of ventricular cardiomyocytes (CMs),
however the underlying mechanisms that prime these tissues
for cell-cycle re-entry are unknown. We have demonstrated that
the regenerative capacity of neonatal mouse and zebrafish CMs
is dependent on metabolic state and amino acid profile. Using
a zebrafish chemically induced ventricular CM ablation model,
we have shown that mTOR activation drives CM proliferation
in an amino acid-dependent manner. High levels of intracellular
glutamine are present in the uninjured heart, priming the CMs
for amino-acid dependent mTORC1 activation. These high
glutamine levels are conserved in neonatal, regenerative mouse
hearts, but lost in the adult mouse. Looking upstream of this
mTOR activation, we further demonstrated that ventricular CM
ablation in zebrafish results in Wnt/B-catenin signaling from the
endocardium, resulting CM upregulation of Lin28 and c-Myc.
Upregulation of c-Myc led to an increase in expression of
electron transport chain Complex | as well as an increase in
expression of oxidative phosphorylation associated genes. To
further assess cell fate decisions after injury, we performed single
cell RNA-sequencing analysis during the first week of cardiac
regeneration after ventricular ablation. Using monocle based
pseudotime and unbiased clustering analysis, we identified
the quiescent and activated, pro-regenerative states of the
major cardiac cell types, including cardiomyocytes, epicardial
cells, endocardial cells, and bulbus arteriosis cells. Together,
these findings demonstrate for the first time the transcriptional
and metabolic mechanisms underlying early zebrafish heart
regeneration.

PANCREAS, LIVER, KIDNEY
W-1006

A SMALL MOLECULE PROMOTES THE
PROLIFERATION OF HUMAN PLURIPOTENT STEM
CELL-DERIVED PANCREATIC PROGENITOR CELLS

Kimura, Azuma - Department of Cell Growth and
Differentiation, Center for iPS Cell Research and Application,
Kyoto University, Kyoto, Japan

Toyoda, Taro - Department of Cell Growth and Differentiation,
Center for iPS Cell Research and Application, Kyoto, Japan
Ohta, Akira - Department of Fundamental Cell Technology,
Center for iPS Cell Research and Application, Kyoto, Japan
Osafune, Kenji - Department of Cell Growth and Differentiation,
Center for iPS Cell Research and Application, Kyoto, Japan

Pancreas and islet transplantation can achieve insulin
independence in diabetes patients but are limited by the
scarcity of donor organs. Pancreatic progenitor cells (PPCs)
derived from pluripotent stem cells have been investigated as an
unlimited source of cells for transplantation. PPCs expressing
pancreatic and duodenal homeobox 1 (PDX1) can give rise to
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all cell types found in the adult pancreas including the insulin-
producing [ cells, in vitro or when transplanted. These cells hold
great therapeutic potential to treat diabetes, and hence there is
tremendous demand in discovering new ways to stably expand
progenitor cells in vitro. We have screened a panel of compound
library composed of kinase inhibitors, and found a compound,
AT7867, which promotes the proliferation of PDX1-expressing
PPCs differentiated from several lines of human embryonic
and induced pluripotent stem cells. The compound treatment
increases the number of PPCs approximately five-fold within six
days and results in a higher proportion of Ki67+ and pHH3+ cells.
Contrary to this, the number of cycling cells declined rapidly in
the control. We observed that the compound does not appear
to exert effect on other cell types. Moreover, the compound-
treated cells differentiate into B-like cells in vitro suggesting
that they retain developmental potential into pancreatic cells.
However, the compound’s function as a dual inhibitor of AKT
and p70S6K suggests that inhibiting this pathway results in
cell apoptosis, cell cycle arrest and reduced protein synthesis.
Therefore, we hypothesized that there is another molecular
target and an affected downstream signaling that provides a
critical cue for cell maintenance and proliferation. To elucidate
the molecular mechanism of the compound-stimulated cell
proliferation, global gene expression profiles between untreated
and treated cells were compared. Gene set enrichment analysis
showed that treated cells were upregulated in several KEGG
pathway gene sets related to cell proliferation such as DNA
replication, basal cell carcinoma, p53 and a number of other
signal transduction pathways. Our finding may contribute to the
elucidation of proliferation mechanism in these cells, in addition
to providing a regenerative medicine approach to treat diabetes.

EPITHELIAL TISSUES
W-1008

MOLECULAR FINGERPRINT OF HUMAN
EPIDERMAL STEM CELLS AIMED TO GENE-
THERAPY APPLICATIONS

Enzo, Elena - Centre for Regenerative Medicine, University of
Modena and Reggio Emilia, Modena, Italy

De Luca, Michele - Centre for Regenerative Medicine,
University of Modena and Reggio Emilia, Modena, Italy

Autologous cultures of human primary keratinocytes are used in
clinics for treatment of limbal stem-cell deficiency or ex-vivo gene
therapy approaches for severe genetic skin diseases, such as
Epidermolysis Bullosa. In vivo epithelia are continuously renewed
through the activation of Keratinocytes stem cells (KSCs) and
a correct balance between multiplication and differentiation of
Transient Amplifying progenitors (TACs) originated from the
KSC. During in vitro cultivation, KSC gives rise to Holoclones
(H), instead TACS give rise to Meroclones (M) or Paraclones (P).
Recently our group demonstrated that regeneration of a long-
lasting epidermis is sustained only by Holoclones. Nowadays,
H M and P could be identified only by clonal analysis and no
further molecular characterization of these different clonal
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type has been performed. In order to molecularly characterize
these three clonal types, we isolate H, M and P from different
strains of human primary keratinocytes by clonal analysis and
the corresponding transcriptomic profile has been analysed.
We found that pathways like cell cycle progression or DNA
repair result upregulated in Holoclones, whereas cell necrosis or
apoptosis result downregulated, reflecting some characteristic
identified in quiescent stem cells in different types of tissue such
as hematopoietic system. Moreover, we found a novel function
of the transcription factor FOXM1. High amount of FOXM1 is
observed in Holoclones respect to Meroclones and the complete
disappearance of FOXM1 during clonal conversion follows the
same trend of known stem cells markers such as p63, BIRCS5.
Through gain and loss of function studies, we demonstrate that
FOXM1 is a master gene for the maintenance of the stem cell
identity acting downstream of YAP/TAZ pathway.

CANCERS
W-1010

DOWN SYNDROME-RELATED TRANSIENT
ABNORMAL MYELOPOIESIS IS DERIVED
FROM A NEWLY IDENTIFIED HEMATOPOIETIC
SUBPOPULATION

Nishinaka-Arai, Yoko - Clinical Application Department,
Center for iPS Cell Research and Application, Kyoto University,
Kyoto, Japan

Niwa, Akira - Department of Clinical Application, Center for iPS
Cell Research and Application, Kyoto University, Kyoto, Japan
Matsuo, Shiori - Department of Clinical Application, Center for
iPS Cell Research and Application, Kyoto University, Kyoto,
Japan

Kazuki, Yasuhiro - Chromosome Engineering Research Center,
Tottori University, Tottori, Japan

Yakura, Yuwna - Chromosome Engineering Research Center,
Tottori University, Tottori, Japan

Hiroma, Takehiro - Perinatal Medical Center, Nagano
Children’s Hospital, Nagano, Japan

Toki, Tsutomu - Department of Pediatrics, Hirosaki University
Graduate School of Medicine, Hirosaki, Japan

Sakuma, Tetsushi - Department of Mathematical and Life
Sciences, Graduate School of Science, Hiroshima University,
Hiroshima, Japan

Yamamoto, Takeshi - Department of Mathematical and Life
Sciences, Department of Mathematical and Life Sciences,
Hiroshima, Japan

Ito, Etsuro - Department of Pediatrics, Hirosaki University
Graduate School of Medicine, Hirosaki, Japan

Oshimura, Mitsuo - Chromosome Engineering Research
Center, Tottori University, Tottori, Japan

Nakahata, Tatsutoshi - Drug Discovery Technology
Development Office, Center for iPS cell Research and
Application, Kyoto University, Kyoto, Japan

Saito, Megumu - Department of Clinical Application, Center for

iPS Cell Research and Application, Kyoto University, Kyoto,
Japan

Down syndrome-related transient abnormal myelopoiesis (TAM)
is a temporal preleukemic state. TAM is caused by a somatic
GATA1 mutation, but which specific cellular subpopulations
during hematopoietic differentiation are responsible for the
initiation of TAM have not been precisely determined. In this
study, using trisomy 21 isogenic pluripotent stem cell pairs,
we identified a specific hematopoietic progenitor cells (HPCs)
subpopulation that is responsible for the skewed differentiation
associated with the GATA1 mutation. We successfully
recapitulated the TAM phenotype with abnormal hematopoiesis
in GATA1-mutant clones. Interestingly, although we could find
only slight differences in the morphology or cell surface marker
phenotype prior to the initiation of lineage specific culture,
correlation analyses between each HPCs subpopulation at the
beginning of lineage specific differentiation and the cell number
of each lineages after a week of culture indicated that the
frequency of the CD34+CD43+CD235-CD11b-CD71+CD41+
subpopulation was significantly associated with the number of
erythroid cells in the control clones and the number of immature
megakaryocytic cells in the GATA1-mutant clones. Furthermore,
RNA expression profiling analyses of this subpopulation revealed
a significant enrichment of gene sets related to myeloid-biased
differentiation and enhanced proliferation in GATA1-mutant
clones at the early stage of differentiation. Finally, progenitor
assays started with this subpopulation of GATA1-mutant clones
induced extreme myeloid skewing compared with control clones.
Taken together, our data strongly suggest that blastogenesis
of TAM is dependent on the CD34+CD43+CD235-CD11b-
CD71+CD41+ subpopulation. This subpopulation may act as a
potential therapeutic target to treat TAM and prevent TAM from
converting into life-threatening leukemia.

NEURAL DEVELOPMENT AND
REGENERATION

W-1012

AIMING PTEN, SEEKING PULSE, FINDING DOX : A
TARGETED, TRANSIENT IN VIVO APPROACH TO
FACILITATE FUNCTIONAL REPAIR IN MICE SPINAL
CORD INJURY

Herbert, Franklin J - Centre For Stem Cell Research, Christian
Medical College, Vellore, India

Ojha, Rajdeep - Department of Physical Medicine and
Rehabilitation, Christian Medical College, Vellore, India

Ravi, Saranya - Centre For Stem Cell Research, Christian
Medical College, Vellore, India

Nath, Aneesha - Centre For Stem Cell Research, Christian
Medical College, Vellore, India

Velayudhan, Shaiji - Centre For Stem Cell Research, Christian
Medical College, Vellore, India

Tharion, George - Department of Physical Medicine and
Rehabilitation, Christian Medical College, Vellore, India
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Kumar, Sanjay - Centre For Stem Cell Research, Christian
Medical College, Vellore, India

In Spinal cord injury (SCI), the primary injury/assault is only the
tip of the iceberg; the real threat being the secondary injury
associated with a cascade of molecular events that follow -
inflammation, macrophage type switch, cytokine outburst,
ROS, apoptotic signals, infiltration of inflammatory cells, glial
scarring, demyelination, axonal dieback, and fibrosis to name
a few. Unattended, it progresses to an irreversible chronic
phase and ultimately to paraplegia - an economic burden
to and social death of the individual. Although many targets
have been previously implied in SCI, due to the complexity
in pathophysiology and therapeutic interventions required, it
remains a “Molecular Disease,” where standard clinical, cell and
rehabilitation therapy has had minimal impact on augmenting
motor function. Over the past decade, PTEN deletion showed
some potential, but long term tumorigenicity, toxicity, and
immunogenicity employing shRNA/viral vectors, the fate of
demyelinated axons and the inhibitory glial scar/lesion are
greater challenges to be addressed. Combinatorial therapies
introduce more variations in mode of delivery, optimization of
dosage and period of intervention/assessment — thus arises the
quest for a “magic bullet” in SCI. We have developed a novel,
targeted, inducible, virus-free, localized yet safe approach by
electroporating engineered DOX-inducible miR-E constructs
carrying a GFP reporter into the injured spinal cord to modulate
PTEN in vivo in mice models during the therapeutic window
period. Among the randomly divided Dox+/Dox- groups, our
results show that DOX+ PTEN modulated mice were constantly
associated with a marked increase in spinal cord tissue
sparing, reduced cavity/lesion size and glial scarring, improved
BMS scores displaying functional motor recovery, alleviated
astrogliosis in lesions, increased re-myelination of the spared
axons, and significant motor evoked potentials when compared
to DOX- where evoked potentials were absent altogether in
hindlimb. Our findings collectively suggest that targeted therapy
by transient expression of sh-PTEN-miR during the therapeutic
window period is a promising therapeutic strategy to augment
functional repair in spinal cord injury.

Funding Source: We acknowledge Indian Council of Medical
Research for JRF/SRF (20393) to Franklin Herbert and
Department of Biotechnology, Govt of India for Ramalingaswami
Fellowship and research Grant # BT/PR8527/MED/31/234/2013
to Sanjay Kumar
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NEURAL DISEASE AND DEGENERATION
T-1015

SINGLE NUCLEOTIDE VARIANCE (SNV) OF
CRITICAL GENE INDUCE TUMORIGENICITY OF IPS
CELL-DERIVED NEURAL STEM CELLS (IPSC-NSCS)
AFTER TRANSPLANTATION FOR SPINAL CORD
INJURY

lida, Tsuyoshi - Orthopaedic Surgery, Keio University, Tokyo,
Japan

Nagoshi, Narihito - Orthopaedic Surgery, Keio University,
Tokyo, Japan

Kohyama, Jun - Physiology, Keio University, Tokyo, Japan
Miyoshi, Hiroyuki - Physiology, Keio University, Tokyo, Japan
Tsuiji, Osahiko - Orthopaedic Surgery, Keio University, Tokyo,
Japan

Matsumoto, Morio - Orthopaedic Surgery, Keio University,
Tokyo, Japan

Nakamura, Masaya - Orthopaedic Surgery, Keio University,
Tokyo, Japan

Okano, Hideyuki - Physiology, Keio University, Tokyo, Japan

A clinical trial is prepared at our institution investigating the
efficacy of iPS cell-derived neural stem cells (iPSC-NSCs)
transplantation for patients with spinal cord injury. However, as
demonstrated previously, there still remains tumorigenic issues
in some cell lines. The purpose of this study is to investigate
the cause of tumorigenicity in iIPSC-NSCs. Two integration-
free iPSCs lines were prepared (836B3-iPSCs, 414C2-iPSCs),
and were induced to iPSC-NSCs (tumorigenic cell line; 836B3-
NSCs, safe cell line; 414C2-NSCs). ES cells were also used for
analyses as a target for comparison of iPSCs. Analyses of gene
expression, single nucleotide variance (SNV), copy number
variation (CNV), and DNA methylation were performed using
HumanHT-12, Hiseq2500, lon AmpliSeq, Omni Express-24
and Methylation450 for finding tumorigenic driver. The gene
expressions of undifferentiated markers were not significantly
different between the two iPS cell lines, but genome stabilizing
genes such as USP28 and DPPA3 were highly expressed in
ES cells and 414C2-iPSCs compared with 836B3-iPSCs. In
SNV analysis, we found missense mutation of SRGAP3’s GAP
domain in 836B3-iPSCs and 836B3-NSCs, which is important
for neural development and antitumor effect. 836B3-NSCs
revealed genome and epigenome instability in DNA methylation
and CNV analyses compared to 414C2-NSCs and ES-NSCs.
We induced mutation allele of SRGAP3 to 414C2-NSCs using
lentivirus and transplanted to the spinal cords of NOD-SCID
mice (n=10). Tumors were formed in all cases, confirmed by bio-
imaging, histological and motor functional evaluation. It is well
known that some iPS cell lines reveal a few SNVs. However,
the biological effects and the impact of such mutations have
not been clear. In this study, we revealed that some SNVs could
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be the driver mutations for tumorigenicity. Because genome
instability generates such detrimental SNVs, it is substantially
important for safe cell lines to express higher levels of genome
stabilizing genes.

T-1017

ESTABLISHING AN IN VITRO AGEING MODEL IN
HUMAN PLURIPOTENT STEM CELLS AND NEURAL
DERIVATIVES TO MODEL NEURONAL AGING

Santosa, Munirah - SYN /lab / Institute of Molecular and Cell
Biology (IMCB), Institute of Molecular and Cell Biology (IMCB)/
A*STAR, Singapore, Singapore

Ng, Shi Yan - Neurotherapeutics Laboratory, Institute of
Molecular Biology (IMCB)/ A*STAR, Singapore, Singapore

Aging is an inevitable phenomenon in every living cell. With
aging, comes deterioration in cellular processes like cellular
senescence, telomere attrition, genomic instability, metabolic
dysfunction and epigenetic alterations among others. Since
aging is the largest risk factor of neurodegenerative diseases,
we theorize that these aging hallmarks contribute to neuronal
degradation and death. The exact causes of neurodegenerative
diseases that are mainly sporadic like Amyotrophic Lateral
Sclerosis and Frontotemporal Dementia are still unknown.
Physiological aging has been evidenced to be contributed by
several genes like telomerase and sirtuins. Current animal aging
models do not explain the pathology of neurodegenerative
diseases.The use of human pluripotent stem cells (hPSCs) have
been widely used in disease modelling. Hence, we aim to use
hPSCs with specific mutations of the aging genes to generate
cells with the aged hallmarks and discover specific molecular
pathways in which aging-related processes directly cause
neurodegeneration. Thus far, our preliminary data demonstrates
that TERT knockout neural derivatives indicated stem cell
exhaustion and have some disease phenotypes like ER stress
while SIRT3 knockout neurons have mitochondrial deficits.
Therefore, with our accelerated aging system, it will accelerate
aging of neurons and will allow us to study the molecular
contributions of aging to neurodegeneration.

ORGANOIDS
T-1019

BUILDING AN ORGANOID-BASED MODEL FOR
OVARIAN CANCER

Lohmussaar, Kadi - Hubrecht Institute, Utrecht, Netherlands
Clevers, Hans - Hubrecht Institute, Utrecht, Netherlands
Kopper, Oded - Hubrecht Institute, Utrecht, Netherlands

Over the last few years several studies have led to a significant
change in the field of ovarian cancer and it is currently believed
that the fallopian tube and not the ovary surface epithelium
(OSE) is the main origin of high-grade serous ovarian cancer
(HG-SOC). Nevertheless, due to the lack of unique markers
and adequate model systems the relative contribution of each

tissue is not yet clear and the notion that OSE has a role in HG-
SOC development was not cast aside altogether. In this work
we have established novel organoid systems derived from both
mouse OSE and oviduct (Ovi, the equivalent of human fallopian
tube). These systems recapitulate their tissue of origin and
demonstrate differences in medium requirements as well as
gene expression. To establish comparable tumor progression
models for both OSE and Ovi we used CRISPR-Cas9 technique
and targeted commonly mutated genes in ovarian cancer
(Trp53, Brcal, Nf1 and Pten). Thus, we were able to establish
clones with different combinations of mutations. Histological,
metaphase spread and gene expression analysis of the mutated
organoid clones from both OSE and Ovi demonstrated different
degrees of deviation from their wild type counterpart. This
deviation became more evident as the amount of introduced
mutations increased. Transplantation experiments showed that
both Ovi and OSE triple mutants (Trp53, Brcal and Pten or
Trp53, Brcal and Nf1) are able to give rise to tumors, however,
tumors derived from Ovi origin tend to be more aggressive and
grow faster than respective OSE mutants. Further analysis will
reveal what are the differences of ovarian tumors derived from
the two distinct origins. Taken together, in this study we present
the first comparable Ovi/OSE research platform that enables
addressing questions related to origin and early stages of HG-
SOC development.

TISSUE ENGINEERING
T-1021

THE USE OF RECELLULARIZED HEPATIC
SCAFFOLD IN A RAT HETEROTOPIC AUXILIARY
LIVER TRANSPLANTATION MODEL

Dias, Marlon L - Carlos Chagas Filho Biophysics Institute,
Federal University of Rio de Janeiro, Duque de Caxias, Brazil
Cerqueira, Alexandre - University Hospital Clementino Fraga
Filho, Federal University of Rio de Janeiro, Rio de Janeiro,
Brazil

Batista, Cintia - Carlos Chagas Filho Biophysics Institute,
Federal University of Rio de Janeiro, Rio de Janeiro, Brazil
Faccioli, Lanuza - Carlos Chagas Filho Biophysics institute,
Federal University of Rio de Janeiro, Rio de Janeiro, Brazil
Goldenberg, Regina - Carlos Chagas Filho Biophysics Institute,
Federal University of Rio de Janeiro, Rio de Janeiro, Brazil

Severe hepatic failure is the result of long-term liver injury. Liver
transplantation is the only efficient treatment, but is currently
limited by organ shortage. In this context, the creation of a
bio-artificial liver might solve this clinical problem. The aim of
this work was to optimize a surgical heterotopic auxiliary liver
transplantation (HALT) technique to transplant recellularized liver
scaffolds. Donor Wistar rats were heparinized, anesthetized and
then submitted to transverse abdominal incision. The portal vein
(PV) was separated and cannulated, Teflon tube was attached
to the inferior vena cava (IVC) and fixed, then the superior vena
cava (SVC) was clamped. For decellularization, the livers were
transferred to be perfused through portal vein using an infusion
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pump at 3 ml/min with water for 2 hours followed by 1% Triton
X-100 for 2 hours and SDS 1% for 24h. For recellularization,
approximately 109 endothelial cells (HUVEC) were injected
through PV and allowed to attach for 2 hours at 370C.
Subsequently, 109 human hepatocyte carcinoma (HepG2) cells
were continuous perfused with medium and FBS 10% using an
infusion pump at 4 ml/min for 7 days at 370C. Cells presence
in the recellularized extracellular matrix ((ECM) were confirmed
by DAPI staining and secretion of albumin was detected by
ELISA. To transplant rECM, heparinized and anesthetized rats
were submitted to transverse abdominal incision to clamp the
left arterial and renal vein to remove the left-side kidney. The PV
and IVC of the recellularized liver scaffold were anastomosed
to the recipient rats’ left arterial and renal vein respectively,
in an end-to-end anastomosis. After 7 days, DAPI staining
showed cells nuclei in rECM. Also, the cells were secreting
albumin. Active blood flow within the recellularized liver scaffold
was observed indicating that the PV and IVC of the scaffolds
were able to sustain the arterial blood pressure when the
circulation was re-established. Here, we performed a HALT
surgical technique to transplant rECM. Also, the decellularized
ECM protocol preserved the structural characteristics of the
native microvascular network allowing the recellularization for
7 days. In conclusion, our method is a promising approach of
transplanting an engineered liver tissue for application in the
hepatic regenerative medicine.

Funding Source: CNPq, Capes, FAPERJ, INCT-REGENERA,
Ministério da Saude

T-1023

IPSC-BASED CELL THERAPY IN TENDON INJURY
MODEL

Nakajima, Taiki - Department of Clinical Application, Center
for iPS Cell Research and Application, Kyoto University, Kyoto,
Japan

Nakahata, Akihiro - Human Health Sciences, Graduate School
of Medicine, Kyoto University, Kyoto, Japan

Yamada, Naoki - Department of Clinical Application, Center for
iPS Cell Research and Application, Kyoto University, Kyoto,
Japan

Kuroki, Hiroshi - Human Health Sciences, Graduate School of
Medicine, Kyoto University, Kyoto, Japan

Ikeya, Makoto - Department of Clinical Application, Center for
iPS Cell Research and Application, Kyoto University, Kyoto,
Japan

Tendons are remarkably tough fibrous connective tissues that
help to transmit the mechanical force of muscular contraction
to the bone. It is widely known that tendons are one of the soft
tissues having remarkably high tensile strength, and have the
power, essential for withstanding the mechanical stress, which
is attributed to the parallel orientation and hierarchical structure
of tendon fibers. Tenocytes are embryologically developed
from several origins but somite, a family of paraxial mesoderm,
is considered to give rise to tenocytes in the trunk part of our
body. We have been studying human somite development with
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human induced pluripotent stem cells (hiPSCs) and recently
demonstrated a novel method for hiPSC differentiation into
tenocytes in xeno-free/chemically defined conditions for the first
time. Using the hiPSCs-tenocytes, we are currently working on
cell therapy in a tendon injury model. First, we established a rat
Achilles tendon rupture model and then evaluated the effect of
hiPSCs-tenocytes injected into the injured area. Consequently,
the kinematic function (AFI: Achilles functional index, heel height,
an angle of the ankle) in the transplantation group seems likely to
be recovered steadily compared to the non-treated group at 2
and 4 weeks after operation. Therefore, hiPSCs-tenocytes might
provide a novel promising therapeutic option in Achilles tendon
injury. We are currently testing the biomechanical function
(ultimate failure load) and histological assessment to evaluate
the effects of transplantation in more detail. We also aim to
attempt transplantation with other cell types such as bone
marrow mesenchymal stem cells and hiPSC-derived somite
cells as controls.

GERMLINE, EARLY EMBRYO AND
TOTIPOTENCY

T-1025

THE HISTONE DEMETHYLASE KDM4A IS CRUCIAL
FOR MATERNAL-TO-ZYGOTIC TRANSITION IN
MAMMALS

Sankar, Aditya - Biotech Research Innovation Centre (BRIC),
University of Copenhagen, Denmark

Lerdrup, Mads - BRIC, University of Copenhagen, Denmark
Manaf, Adeel - Rikshospitalet, University of Oslo, Norway
Johansen, Jens Vilstrup - Bioinformatics Core Facility (BRIC),
University of Copenhagen, Denmark

Gonzalez, Javier Martin - Transgenics Core Facility (Danstem),
University of Copenhagen, Denmark

Hansen, Klaus - BRIC, University of Copenhagen, Denmark
Dahl, John Arne - Rikshospitalet, University of Oslo, Norway
Helin, Kristian - BRIC, University of Copenhagen, Denmark
Hoffmann, Eva Ran - ICMM Centre for Chromosome Stability,
University of Copenhagen, Denmark

The impact of germ line inherited chromatin landscapes on early
mammalian development is only beginning to be understood.
In this context, the majority of lysine 9 trimethylation on histone
H3 (H3K9me3) is restricted to transcriptionally quiescent
heterochromatin, while the comparatively modest amounts
of H3K9me3 in euchromatin regulate cell-type specific gene
expression. Here, we have explored in oocytes the role of
maternally inherited KDM4A, the only known demethylase for
H3K9me3 expressed in mouse and human oocytes. Using a
KDM4A knockout mouse model, we show that it’s loss in oocytes
and resultant embryos lead to compromised pre-implantation
development with hallmarks of genomic instability. Furthermore,
oocytes ablated for KDM4A harbour a global increase in maternal
H3K9me3. Using low input Chip-Seq we found this increase to
surprisingly co-occur in a bivalent fashion of previously unseen
scale with broad domain H3K4me3 (trimethylated lysine 4
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on histone H3) that is well preserved over large regions of
normally open chromatin. Through single cell transcriptomics,
we demonstrate how aberrantly inherited H3K9me3 from the
maternal oocyte epigenome negatively impacts gene expression
activation early on during pre-implantation development
at the maternal-to-zygotic transition. This coincides with
reduced expression of large families of repetitive elements and
transposons that are usually active in the early preimplantation
embryo. At the meeting, we will also present on our efforts to
rescue the developmental fate of maternal zygotic Kdmda
mutant embryos through mRNA supplementation in an enzyme
dependent manner. Our results demonstrate a critical role for
KDMAJ4A in preserving the germ line epigenomic landscape by
preventing establishment of H3K4me3-H3K9me3 bivalency that
is likely critical for pre-implantation gene expression activation
that is essential for proper early development.

T-1027

DECOMISSIONING AND RECOMISSIONING
ENHANCERS ENABLES HUMAN GERMLINE CELL
SPECIFICATION

Chen, Di - MCDB, University of California, Los Angeles, CA,
USA

Liu, Wanlu - MBI, University of California, Los Angeles, CA,
USA

Zimmerman, Jill - MCDB, University of California, Los Angeles,
CA, USA

Pastor, William - MCDB, University of California, Los Angeles,
CA, USA

Kim, Rachel - BSCRC, University of California, Los Angeles,
CA, USA

Hosohama, Linzi - MCDB, University of California, Los Angeles,
CA, USA

Ho, Jamie - MCDB, University of California, Los Angeles, CA,
USA

Aslanyan, Marianna - MCDB, University of California, Los
Angeles, CA, USA

Gell, Joanna - MCDB, University of California, Los Angeles,
CA, USA

Jacobsen, Steve - MCDB, University of California, Los Angeles,
CA, USA

Clark, Amander - MCDB, University of California, Los Angeles,
CA, USA

Primordial germ cells (PGCs) are the embryonic precursors that
establish the germ cell lineage. How human PGCs (hPGCs)
are specified during embryogenesis is largely unknown. To
understand mechanisms in hPGC formation, we differentiated
hPGC-like cells (hPGCLCs) from human embryonic stem
cells (hESCs) and applied assay for transposase-accessible
chromatin using sequencing (ATAC-seq) to systematically
characterize regions of open chromatin in hPGCLCs relative
to undifferentiated hESCs as well as bona fide hPGCs isolated
from human embryonic ovaries and testes. Through this
analysis we discovered that the transcriptome of hPGCLCs
and hPGCs resembles naive ground state pluripotency, with

a large fraction of TFAP2C-bound naive-specific enhancers
becoming decommissioned in primed pluripotency before
regaining accessibility in hPGCLCs and hPGCs. Using CRISPR/
Cas9, we found that deleting the TFAP2C bound naive enhancer
at the OCT4 locus (also called POU5SF1) impairs hPGCLC
specification, and we are currently performing single cell RNA-
Seq analysis to determine the precursor cell where specification
goes awry. Taken together, we propose that specification of
hPGCs involves the decommissioning and recommisioning of
the naive OCT4 enhancer, and that this mechanism is driven by
the pioneering transcription factor TFAP2C.

Funding Source: BSCRC training program
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NEURAL DEVELOPMENT AND
REGENERATION

T-1014

SINGLE-CELL TRANSCRIPTOMICS IDENTIFIES
DEVELOPMENTAL TRAJECTORIES
CHARACTERIZED IN THE HUMAN
NEUROEPITHELIUM TO RADIAL GLIA TRANSITION

Eze, Ugomma - Eli and Edythe Broad Center for Regeneration
Medicine and Stem Cell Research, University of California, San
Francisco (UCSF), San Francisco, CA, USA

Bhaduri, Aparna - Eli and Edythe Broad Center for
Regeneration Medicine and Stemm Cell Research, University of
California, San Francisco, CA, USA

Wilkins, Grace - Eli and Edythe Broad Center for Regeneration
Medicine and Stem Cell Research, University of California, San
Francisco, CA, USA

Kriegstein, Arnold - Eli and Edythe Broad Center for
Regeneration Medicine and Stem Cell Research, University of
California, San Francisco, CA, USA

The human cerebral cortex consists of billions of cells that
are primarily generated during developmental stages. During
neural development, the neuroepithelium gives rise to radial
glia, which is the canonical neural stem cell. Radial glia then
asymmetrically divide into transit amplifying intermediate
progenitors, which differentiate into excitatory neurons. These
steps of neurogenesis have been well characterized. However,
there have been very few studies dedicated to understanding
the molecular identity of neuroepithelia, exploring the transition
from neuroepithelia to radial glia, and teasing apart their
contribution to the neocortex. Here we leverage single-cell RNA
sequencing from first trimester human cortical samples to reveal
several gene candidates that are enriched in progenitors during
early first trimester development. C10RF61, which encodes the
transcription factor, Croc-4, is enriched immediately after the
switch from neuroepithelium to radial glia. Lineage trajectory
analysis using RNA velocity demonstrates a clear lineage
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trajectory from the neuroepithelial clusters to radial glial clusters.
When we enriched for genes that influence RNA velocity the
most, C10RF61 was amongst the top genes influencing the cell
fate switch. Therefore, we hypothesize that C10RF61 is an early
marker for radial glia, and is important during the transition from
neuroepithelium to radial glia. Interestingly, mRNA expression
of C10RF61 in the germinal zone of the developing cortex was
previously validated via in situ hybridization, suggesting that
C10RF61 may play a role in the determination and maintenance
of early radial glia generation. To test our hypothesis, we
performed genetic modulations of C1ORF61 in radial glia cells,
and found that modulation of C1ORF61 leads to altered fate
specification of radial glia in the developing human cortex.

NEURAL DISEASE AND DEGENERATION
T-1016

IPSC-BASED DISEASE MODELING FOR LATE
ONSET NEURODEGENERATIVE DISEASES USING
A CHEMICAL COMPOUND ACCELERATING
SENESCENCE

Shiga, Takahiro - Genome and Regenerative Medicine
Center, Juntendo University School of Medicine, Tokyo, Japan
Miyoshi, Sakura - Department of Physiology, Keio University
School of Medicine, Tokyo, Japan

Kuzumaki, Naoko - Department of Physiology, Keio University
School of Medicine, Tokyo, Japan

Ishikawa, Ke-ichi - Department of Genome and Regenerative
Medicine Center, Juntendo University School of Medicine,
Tokyo, Japan

Hattori, Nobutaka - Department of Neurology, Juntendo
University School of Medicine, Tokyo, Japan

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

Akamatsu, Wado - Department of Genome and Regenerative
Medicine Center, Juntendo University School of Medicine,
Tokyo, Japan

Induced pluripotent stem cells (iPSC) are useful as models of
neurodegenerative disease such as Parkinson’s disease (PD)
and Alzheimer disease. However, iPSC-derived neurons require
long-term cultivation for their maturation and exhibition of
disease-specific phenotypes of late onset neurodegenerative
disorders. In this study, we screened compounds that promote
maturation and differentiation of iPSC-derived neurons. We used
a lentiviral synapsin-GFP reporter as an indicator of neuronal
maturation of iPSC-derived neurons. We screened inhibitor
library and found that a compound accelerated differentiation
and maturation of iPSC-derived neurons. We confirmed that
dopaminergic neurons (DAN) derived from iPSCs treated with
this compound exhibited aging phonotypes including increased
number of SA-Gal positive senescent cells accompanied with
abnormal nuclear membrane structure by day 14 as well as
longer culture (36 days) without this compound. In addition,
this compound accelerates the phenotype of PARK4-iPSCs
derived DAN, which a late-onset Parkinson’s disease. By
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adding this compound, we observed a-synuclein accumulation
significantly earlier (14 days) compared to the conventional
method (~30~50 days). This compound can induce accelerate
neuronal differentiation and maturation easily without any gene
transfection and is useful to reproduce pathological condition
specific to neurodegenerative diseases in a shorter period than
conventional cultivation.

ORGANOIDS
T-1018

A HUMAN CELL CULTURE MODEL FOR EML1-
INDUCED SUBCORTICAL BAND HETEROTOPIA

Jabali, Ammar A - Hector Institute for Translational Brain
Research (HITBR), Central Institute of Mental Health (Z),
University of Heidelberg and German Cancer Research Center,
Mannheim, Germany
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Ladewig, Julia - Hector Institute for Translational Brain
Research (HITBR), Central Institute of Mental Health (Z),
University of Heidelberg/ Medical Faculty Mannheim and
German Cancer Research Center (DKFZ), Mannheim, Germany

During development the human brain has to form a complex
neuronal network, which requires a precise choreography of
neurogenesis, neuronal migration and synaptogenesis. Human
malformations associated with defects in cortical development
can result in cortical dis-organization with severe consequences
including epilepsy and intellectual disability. Various mouse
models have been used to study human MCD, but they are limited
by structural differences between the murine and the human
brain. With the advent of efficient gene editing technologies
in human cells in combination with the ability to generate
human induced pluripotent stem cells (iPSC) and organotypic
PSC-derived cerebral organoids we are now technologically
equipped to decipher the molecular changes associated
with the dysfunction of single genes leading to MCD. Here,
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we used forebrain-type organoids derived from patients and
genome edited iPSCs to address pathophysiological changes
associated with subcortical band heterotopia (SBH) caused by
mutations in the EML1-gene. We found that EML1-patient and
KO-derived organoids indeed reflect a SBH phenotype with
ectopic proliferating progenitor cells accumulating at the basal
side of the cortical structures and neurons organized into two
bands, above and below the ectopic cells. When investigating
the cellular identity of the ectopic progenitors we identified that
the majority of the cells express markers for radial glial cells
(RGC) and / or outer RGCs while intermediate progenitors could
only very occasionally be detected. To further investigate the
origin of the ectopic localized progenitors we assessed apical
RGC cell delamination. We found that primary cilia which
anchoring the RGC to the apical surface are reduced in number
and length and show perturbed structures in EML1-patient and
KO derived cortical cultures. In addition, we observed significant
changes in the cleavage angle of apical RGC towards oblique
and/or horizontal angels without apparent neurogenesis. By that
our data hint to the possibility that perturbed delamination of
a proportion of cells from the VZ might be the primary cause
of the heterotopia phenotype and suggest that organoid-based
systems serve as promising models to study early human
cortical development and associated disorders.

Funding Source: The authors acknowledge the generous
support of the Hector Stiftung II.
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A NOVEL HUMAN IPSC-DERIVED DIFFERENTIATION
PLATFORM FOR THE GENERATION OF
MESENCHYME-FREE, REGIONALLY PATTERNED
INTESTINAL ORGANOIDS
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University School of Medicine, Boston, MA, USA

Berical, Andrew - Center for Regenerative Medicine, Boston
Mediical Center, Boston, MA, USA

Vedaie, Marally - Center for Regenerative Medicine, Boston
University School of Medicine, Boston, MA, USA

Park, Seonmi - Center for Regenerative Medicine, Boston
University School of Medicine, Boston, MA, USA

Hawkins, Finn - Center for Regenerative Medicine, Boston
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Generation of induced pluripotent stem cell (iPSC)-

derived human intestinal organoids (HIOs) has opened

new opportunities for in vitro modeling for a variety of
diseases affecting the gastrointestinal tract, ranging from
inflammatory bowel disease to Cystic Fibrosis and colorectal

cancer. Currently published protocols rely on serum-based
differentiation media supplemented with strong Wnt and FGF4
signaling agonists, leading to the generation of mesenchyme-
supported HIOs. Here we describe a novel robust intestinal
differentiation protocol that generates proximal small intestinal
epithelial organoids free of mesenchyme. Following hiPSC
differentiation into definitive endoderm, cells are exposed

to a short dual inhibition of TGFB2 and BMP that generates
cells competent to form lineages throughout the developing
gut tube. Cells were sorted using either a positive selection

for CDX2 or negative selection against the anterior marker
NKX2-1/CD47 at day 15, and were plated in several culture
conditions upon re-seeding in 3D Matrigel. We found that
addition of Wnt and FGF7 signaling combined with R-spondin,
noggin and EGF leads to robust specification of proximal
intestinal epithelium and the emergence of 3D intestinal
organoids free of mesenchyme. In order to track kinetics

of CDX2 expression as well as optimizing yield and purity
throughout the differentiation process, we herein report a novel
CDX2-eGFP iPSC “knock-in” reporter line that confirmed that
CDX2 expression was primarily driven by Wnt signaling. Our
protocol enables the regional patterning of mesenchyme-free
intestinal organoids towards either proximal small intestinal or
distal colonic phenotypes. Finally, using patient-specific Cystic
Fibrosis iPSC-derived HIOs, we were able to robustly model
intestinal CFTR function in the dish. In summary, we report

a novel directed differentiation protocol for the generation of
mesenchyme-free HIOs that can be primed towards more
colonic or proximal intestinal lineages, furthering our ability to
study both development and diseases of the epithelium of the
gastrointestinal tract.

TISSUE ENGINEERING

T-1022

GENETICALLY ENGINEERED HEMATOPOIETIC
PROGENITOR CELLS ENABLE THE ROBUST
PRODUCTION OF NEUTROPHILS FROM HUMAN
INDUCED PLURIPOTENT STEM CELLS
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Graduate School of Medicine, The University of Tokyo, Japan
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Chemotherapies for cancers induce granulocytopenia and
additively increase the risk of infection. Infections in patients with
granulocytopenia, especially neutropenia, have remained as a
major problem. Though granulocyte transfusion therapy(GTX)is
a therapeutic option against neutropenic infections refractory to
supportive therapies, GTX has not been in wide use mainly due to
its physical burden on donors. To overcome the problem, leading
to donor-free GTX, we established a robust production system
of neutrophils using genetically engineered hematopoietic
progenitors  priming neutrophils(NeuP-HPCs)from human
induced pluripotent stem cells(iPSCs). To obtain NeuP-HPCs,
c-MYC and BMI1 were transduced with doxycycline-inducible
lentiviral vectors in CD34+ and CD43+ HPCs derived from
human iPSCs. Obtained NeuP-HPCs, immunophenotypically
defined as CD10-, CD11b-, CD13+, CD14-, CD16b-, CD33dim,
CD34- CD45+, CD64+, and CD66b-, were differentiated into the
similar number of neutrophils in four days, more than 90% of
which were band or segmented neutrophils. NeuP-HPCs were
able to expand for 12 weeks, doubling time of which ranged
from 35.5 hr to 63.6 hr, indicating that one NeuP-HPC was
estimated to achieve 5.0 x 1010 cells, clinically meaningful scale,
in 10 weeks. After the differentiation, flow cytometry showed the
expression of neutrophil-specific markers, CD16b and CD66b, in
the neutrophils from NeuP-HPCs. The neutrophils formed toxic
granules with lipopolysaccharides and produced reactive oxygen
species with phorbol-12-myristate-13 acetates, suggesting
that the NeuP-HPCs generated functional neutrophils. To
investigate genes enhancing the function of NeuP-HPCs, we
performed single-cell analysis of focused 83 genes in HPCs and
identified the population committing neutrophils in early phase,
which enriched the expression of BCL6, CEBPB, CEBPD, and
LITAF. Of four genes, CEBPB prolonged the survival of NeuP-
HPCs and LITAF enhanced the formation of toxic granules. In
conclusion, we achieved the robust production of functional
human neutrophils from NeuP-HPCs. NeuP-HPCs are potential
sources of neutrophils for donor-free GTX.

Funding Source: This work was supported by Center of
Innovation Program, Japan Science and Technology Agency
(JST), Japan Agency for Medical Research and Development,
the collaboration and the research funding of Kyowa Hakko Kirin
Co. Ltd.
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DEVELOPMENT AND IN VITRO
CHARACTERIZATION OF AN IPS-DERIVED
FUNCTIONAL LIVER ACCESSORY VASCULAR
SHUNT
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The human liver is responsible for important metabolic functions.
Patients chronically exposed to hepatotoxic agents can develop
a long-term tissue inflammation, resulting in the accumulation
of non-functional fibrotic tissue within liver parenchymal (i.
e. cirrhosis). In most cases, due increased vascular perfusion
resistance, the portal system gets hyper-pressurized. Here we
report a method to produce a hepatic-vascular accessory liver
combining decellularization technology and differentiation of
hiPS cells towards liver cellular components (i. e. hepatocytes,
endothelial cells and mesenchymal cells). Rat thoracic aorta
sections were harvested and decellularized in rotating wall
bioreactor at constant pressure of 120 mmHg, and interval
perfused with dH20 and Triton X-100 1% for 48h. Residual
DNA was below 50 ug of DNA/mg tissue. hiPS differentiation
was confirmed by flow cytometry for hepatic markers (ALB/
UGT1A1), endothelial markers (CD31/VECAD) and MSC
markers (CD90/CD73). hiPS-derived cells were harvested and
intraluminal seeded on decellularized aortic tissue and rotated
for 24 hours (1 rpm). Cells were washed and tissue was cultured
for 18 days in perfusion culture (5 mL/min, 80 mmHg at 5 rpm).
The characterization of the generated tissue shows expression
of hepatic markers such as ALB, CK18 and A1AT. RT-gPCR
shows expression of important metabolic enzymes of phase |,
Il and lll. Furthermore, secretion of albumin, alphal-anti-trypsin,
APOB100 and alfa-fetoprotein confirmed hepatic function of
the neo hepatic tissue. Animal testing will be performed next.
In conclusion, engineered vascular-liver accessory tissue could
be used as an alternative to reduce associated comorbidities of
portal-systemic shunts.

Funding Source: FAPESP (2015/14821-1), CNPQ and CAPES.
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GERMLINE, EARLY EMBRYO AND
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T-1026

DIFFERENTIATION OF PRIMATE PRIMORDIAL
GERM CELL-LIKE CELLS USING MOUSE
XENOGENEIC RECONSTITUTED TESTIS
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Xenotransplantation and homologous transplantation of rhesus
macaque primordial germ cell-like cells (PGCLCs), generated
from induced pluripotent stem cells (iPSCs), into the adult
testicular niche leads to the in vivo advancement of rPGCLC
differentiation. Recently, human oogonia-like cells were
generated in vitro using hPGCLCs when reconstituted with
female somatic cells from dissociated embryonic mouse ovaries
(xrOvaries) suggesting that an embryonic niche may be required
to support coordinated PGCLC differentiation. To address
this, we evaluated rhesus and human PGCLC differentiation in
xrTestis self-assembled from single cell suspensions of E12.5
embryonic mouse testicular cells. These single cell suspensions
were aggregated as floating cultures in low adhesion 96-well
plates before transferring to transwell membranes to create
self-assembling rTestes. Using immunofluorescence (IF)
staining, we found Sox9-positive (+) sertoli cells cluster and
polarize in the rTestes, forming tubule-like structures, as early
as day (D) 14 after transfer to the membrane. By D21 of transfer,
these tubule-like structures become more numerous and
morphologically complex. At both D14 and D21 we discovered
that the extracellular matrix protein Laminin formed a basement
membrane enclosing the sertoli cells as epithelial tubes. To
evaluate whether this self-assembling embryonic testicular
niche supports rPGCLC differentiation, we combined FACS-
sorted GFP+/EpCAM+/ITAG6+ D4 PGCLCs (human or rhesus)
with SSEA1 MACS-depleted embryonic mouse testicular cells
(lacking endogenous mouse PGCs) to generate rhesus-mouse
and human-mouse xenogeneic reconstituted testis (xrTestis).
Using this approach, we observed donor-specific incorporation
and survival of GFP+ PGCLCs in developing xrTestis. Taken
together our findings suggest that the xrTestis may be a powerful
model to study testicular niche development and physiology in
vitro, as well as provide a new research tool for studying human
prenatal germ cell differentiation towards in vitro gametogenesis.
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PLURIPOTENCY
F-1029

CALCINEURIN-NFAT SIGNALING IS REQUIRED
FOR PROPER DIFFERENTIATION OF HUMAN
EMBRYONIC STEM CELLS

Chen, Hao - Institute of Health Sciences, Shanghai Institutes
for Biological Sciences (SIBS), Shanghai, China

Calcineurin-NFAT signaling is associated with various biological
processes and diseases. Our previous study showed that this
pathway plays a critical role in mouse embryonic stem cell (ESC)
differentiation. However, its function in human ESCs remains
unclear. Here, we report that expression of PPP3CC, the gene
encoding the catalytic subunit of calcineurin, increases during
human ESC differentiation and its knockdown (KD) enhances
the self-renewal ability of human ESCs with a simultaneous
reduction in the expression of differentiation-associated
markers regardless of culture conditions. Moreover, we find
that NFATC3 translocates from the cytoplasm to the nucleus
when human ESCs exit from a self-renewal state. NFATC3
KD inhibits the expression of differentiation-associated genes.
These results indicate that calcineurin-NFAT signaling is
activated and required during human ESC differentiation.
Mechanistically, NFATC3 interacts with JUN in hESCs and co-
expression of exogenous NFATC3 and JUN upregulates lineage
markers remarkably under a self-renewal condition. Our further
studies identify a potential target of NFATC3, named sushi
repeat containing protein X-linked 2 (SRPX2). KD of SRPX2 can
phenocopy the reduced expression of lineage markers observed
in NFATC3 KD cells. Importantly, NFATC3 binds directly to the
SRPX2 promoter region to promote its expression together
with JUN. Additionally, inhibition of this cascade represses
MAPK signaling rapidly, including ERK1/2, JNK and P38. Taken
together, this study delineates the importance of the calcineurin-
NFATC3/JUN-SRPX2 signaling cascade for the pluripotency of
human ESCs.

PLURIPOTENT STEM CELL
DIFFERENTIATION

F-1031

ASSESSMENT OF BIPOTENCY OF EXPANDED
HUMAN INDUCED PLURIPOTENT STEM CELL-
DERIVED NKX2.1+ LUNG PROGENITOR CELLS TO
BE DIFFERENTIATED INTO BOTH AIRWAY AND
ALVEOLAR EPITHELIAL CELLS

lkeo, Satoshi - Respiratory Medicine, Kyoto University, Kyoto,
Japan
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Gotoh, Shimpei - Respiratory Medicine, Kyoto University,
Kyoto, Japan

Korogi, Yohei - Respiratory Medicine, Kyoto University, Kyoto,
Japan

Sone, Naoyuki - Respiratory Medicine, Kyoto University, Kyoto,
Japan

Tamai, Koji - Respiratory Medicine, Kyoto University, Kyoto,
Japan

Konishi, Satoshi - Respiratory Medicine, Kyoto University,
Kyoto, Japan

Yamamoto, Yuki - Respiratory Medicine, Kyoto University,
Kyoto, Japan

Hirai, Toyohiro - Respiratory Medicine, Kyoto University, Kyoto,
Japan

The lung is an organ with great expectation for regenerative
medicine due to the serious problem of donor shortage for lung
transplantation, but lung regeneration research has been delayed
as compared with other organs because access to human lung
tissue is limited and culture of lung epithelial cells is difficult. In
addition, under normal conditions, cell turnover in the lung is
relatively low compared to other tissues such as the intestine
and skin. Human induced pluripotent stem cells (hiPSCs) were
reported to be differentiated into various organ lineage cells
and would be useful for regenerative medicine. Previously,
we reported a method for the efficient generation of alveolar
organoids derived from hiPSCs simulating lung development.
We developed the stepwise differentiation from hiPSCs into
endoderm, anterior foregut and ventral anterior foregut cells.
Then we used carboxypeptidase M (CPM), a surface antigen, to
isolate NKX2.1+ cells from the ventral anterior foregut cells. Using
these purified cells, airway and alveolar epithelial cells could
be induced in three-dimensional culture, respectively. In the
present study, we found that NKX2.1+ cells could be expanded,
and these cells were demonstrated to be differentiated into
alveolar epithelial cells. In addition, we also found that expanded
NKX2.1+ cells could be differentiated into airway epithelial cells,
depending on the culture condition, indicating that expanded
NKX2.1+ cells were bipotent cells for both airway and alveolar
epithelial cells. Finally, we attempted to engraft these cells into
immunodeficient mice and human NKX2.1+ cells were shown
to survive in these mice. These findings suggest that respiratory
epithelial cells derived from hiPSCs in our induction methods
might be useful for future studies on lung regeneration.

PLURIPOTENT STEM CELL: DISEASE
MODELING

F-1035

SINGLE-CELL RNA-SEQ AND PATIENT-SPECIFIC
IPSC REVEAL ENDOCARDIAL AND ENDOTHELIAL
ABNORMALITY IN HYPOPLASTIC LEFT HEART
SYNDROME

Gu, Mingxia - Department of Pediatrics, Stanford University,

Stanford, CA, USA
Miao, Yifei - Pediatrics Cardiology, Stanford University School
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of Medicine, Stanford, CA, USA

Tian, Lei - Cardiovascular Institute, Stanford University School
of Medicine, Stanford, CA, USA

Li, Jingjing - Department of Pedlatrics, Stanford University
School of Medicine, Stanford, CA, USA

Galdos, Francisco - Department of Pediatrics, Stanford
University School of Medicine, Stanford, CA, USA

Paige, Sharon - Department of Pedlatrics, Stanford University
School of Medicine, Stanford, CA, USA

Ma, Ning - Cardiovascular Institute, Stanford University School
of Medicine, Stanford, CA, USA

Wei, Eric - Department of Genetics, Stanford University School
of Medicine, Stanford, CA, USA

Wu, Sean - Department of Pediatrics, Stanford University
School of Medicine, Stanford, CA, USA

Wu, Joseph - Cardiovascular Institute, Stanford University
School of Medicine, Stanford, CA, USA

Snyder, Michael - Department of Genetics, Stanford University
School of Medicine, Stanford, CA, USA

Hypoplastic left heart syndrome (HLHS) is a “single ventricle”
malformation which results in severe underdevelopment of
the left ventricle, mitral valve, aortic valve, and ascending
aorta. A previous study showed that fetal hypoplastic left
hearts had a reduced endothelial cell (EC) population and
lower capillary density compared with normal hearts. Several
genetic variants that are robust determinants of endocardial/
endothelial development and function, are also implicated
in HLHS. However, the nature of the EC insufficiency as an
underlying mechanism causing HLHS is not fully understood.
Our overarching goal is to identify the underlying transcriptomic
abnormalities attributed to various EC subpopulations, which
cause abnormal EC phenotypes associated with HLHS. Thus,
we generated induced pluripotent stem cells derived ECs
(iPSC-EC) from three HLHS patients and three age-matched
controls. Single Cell RNA-Seq profiling revealed a significant
reduction of endocardial subpopulation (NPR3+, CDH5+) with
defects in NOTCH signaling, extracellular matrix organization,
focal adhesion, and innate immune system in HLHS iPSC-ECs
compared with controls. The coronary endothelial subpopulation
(APLN+/CDH5+) from HLHS iPSC-ECs showed dysregulated
cell cycle genes and abnormal glucose metabolism. To further
confirm endocardial and endothelial abnormalities in HLHS, we
carried out functional analysis and found that HLHS iPSC-ECs
showed impaired angiogenic capacity, increased cell apoptosis
under stress, and reduced proliferation and adhesion compared
with healthy controls, all of which are indicative of impaired
vascular function and deranged EC regenerative capacity.
Genes involved in endothelial to mesenchymal transition
were also down-regulated in HLHS iPSC-ECs compared
with controls under treatment of TGFB2, which may account
for the underdevelopment of the valve. This is the first study
provided evidence that developmentally impaired differentiation
of endocardial cell could lead to the ventricular and valvular
hypoplasia in HLHS at single cell resolution using patient-specific
iPSC-ECs. Identifying the basis of the endocardial/endothelial
defect may hold the clue to reversing the pathogenesis of HLHS.
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Funding Source: The research is supported by single ventricle
gift fund

F-1037

HUMAN IPSC-BASED DRUG SCREENING FOR
PARK9, A FAMILIAL PARKINSON’S DISEASE WITH
IMPARED AUTOPHAGY

Tsukiboshi, Kei-ichi - Center for Genomic and Regenerative
Medicine, Juntendo University School of Medicine, Bunkyo-ku,
Japan

Yamaguchi, Akihiro - Center for Genomic and Regenerative
Medicine, Juntendo University School of Medicine, Bunkyo-ku,
Japan

Ishikawa, kei-ichi - Department of Neurology, Juntendo
University School of Medicine, Bunkyo-ku, Japan

Arai, Kimihito - Department of Neurology, National Hospital
Organization Chiba-East-Hospital, Chiba, Japan

Kanai, Kazuaki - Department of Neurology, Fukushima Medical
University, School of Medicine, Fukushima, Japan

Okano, Hideyuki - Department of Physiology, Graduate School
of Medicine, Keio University, Shinjyuku-ku, Japan

Hattori, Nobutaka - Department of Neurology, Juntendo
University School of Medicine, Bunkyo-ku, Japan

Akamatsu, Wado - Center for Genomic and Regenerative
Medicine, Juntendo University School of Medicine, Bunkyo-ku,
Japan

Parkinson’s disease (PD) is a neurodegenerative disorder with
the degeneration of midbrain dopaminergic neurons. However,
few disease modifying drugs for PD patients have been
identified so far. To explore the pathogenesis and to perform
a drug screening of PARK9, one of familial PD with impaired
autophagy, we have generated iPSCs from the T cells of a
PARK9 patient with a mutation in ATP13A2 gene that encodes
alysosomal type 5 P-type ATPase. First, we confirmed impaired
autophagy in PARK9 iPSC-derived dopaminergic neurons
by looking at LC3B, a particular autophagosome marker,
accumulation caused by impaired lysosomal functions. Then,
we succeeded in quantifying LC3B accumulation in cell bodies
of PARK9 dopaminergic neurons by using IN Cell Analyzer.
We first screened a compound library including 320 chemical
compounds by looking at decreased LC3B accumulation in
PARK9 dopaminergic neurons as an indicator. We narrowed
down candidates to 70 chemicals by this first screening and
then performed second screening to exclude the chemicals
that reduce LC3B production. We report detailed method and
results of this two-step and 96 well-based high-throughput
screening to identify disease modifying drugs that improve
impaired lysosomal dysfunction in PD-dopaminergic neurons.

F-1039

RORA REGULATION OF HUMAN PANCREAS
DEVELOPMENT REVEALED BY A DISEASE
MODIFYING SNP IN GATA6 MUTANT PATIENT
IPSCS

Kishore, Siddharth - Cell and Molecular Biology, University of
Pennsylvania, Philadelphia, PA, USA

Gadue, Paul - Pathology, University of Pennsylvania,
Philadelphia, PA, USA

GATAG is a critical regulator of pancreas development, with
heterozygous mutations in this gene being the major cause
of pancreatic agenesis. Interestingly, patients with GATA6
heterozygous mutations display a large variability in phenotypes.
These phenotypes range from pancreatic agenesis, to adult-
onset diabetes, to absence of diabetes even in adulthood. We
hypothesized that a variant in a non-coding regulatory region of
GATA6 may act in conjunction with a coding region mutation
resulting in a stronger phenotype. We found that six patients
with pancreatic agenesis caused by GATA6 coding mutations all
carry the minor allele variant (A) of anon-coding SNP rs12953985.
This SNP lies approximately 8kb downstream of the 38 ™ end
of the GATAB gene. Using CRISPR-CAS9 genome editing, we
analyzed the effect of this variant on GATA6 expression during in
vitro pancreas differentiation from multiple genetically matched
hPSC lines. We found that the minor allele variant of rs12953985,
in conjunction with a GATA6 heterozygous mutation, led to the
largest reduction in GATAG protein expression specifically during
pancreas specification and a more severe defect in generating
pancreatic progenitors. We also determined that the minor allele
variant of this SNP impairs retinoic acid receptor-related orphan
receptor I+ (RORI+) binding by chromatin immune-precipitation
(ChlP) assay. By using an inverse agonist of RORIx+ to inhibit
its function, we found that it decreased GATA6 expression and
inhibited pancreas development. This effect was observed
only in lines with an intact RORI+ binding site supplied by the
major allele variant of the SNP. Finally, we modified the minor
allele variant of the SNP to a consensus RORI+ binding site
in the GATA6 patient iPSC line. We found that the iPSC line
where both the coding mutation was corrected and the RORI+
binding site was introduced had the highest levels of GATA6
expression and most efficient pancreas differentiation capacity.
Our investigation provides insight into RORI+ as a regulator
of pancreas development in humans and also highlights the
benefits of using hPSCs to study the effects of disease modifying
non-coding variants during development. As we get closer
to using hPSC derived I? cells for therapeutic use, a deeper
understanding of human pancreas development becomes vital.
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CHROMATIN AND EPIGENETICS
F-1028

XIST-RNA AS THE ARCHITECT FOR CHROMATIN
AND TRANSCRIPTIONAL CHANGES ALONG THE
INACTIVATING X-CHROMOSOME

2Zylicz, Jan J - Department of Physiology, Development and
Neuroscience, Institut Curie and University Of Cambridge,
Paris, France

Bousard, Aurelie - Biologie de Development, Institut Curie,
Paris, France

da Rocha, Simao - Instituto de Medicina Molecular, Faculdade
de Medicina, Universidade de Lisboa, Lisboa, Portugal

Zumer, Kristina - Department of Molecular Biology, Max Planck
Institute for Biophysical Chemistry, Géttingen, Germany
Dossin, Francois - Biologie de Development, Institut Curie,
Paris, France

Dingli, Florent - Laboratoire de Spectrométrie de Masse
Protéomique, Institut Curie, Paris, France

Loew, Damarys - Laboratoire de Spectrométrie de Masse
Protéomique, Institut Curie, Paris, France

Cramer, Patrick - Department of Molecular Biology, Max
Planck Institute for Biophysical Chemistry, Géttingen, Germany
Heard, Edith - Biologie de Development, Institut Curie, Paris,
France

During stem cell differentiation, transcriptional and chromatin
modification changes co-occur but the order and causality of
events often remain unclear. We explore the interrelationship
of these processes by using X-chromosome inactivation (XCI)
as a paradigm of facultative heterochromatin formation. Using
female mouse embryonic stem cells, we initiate XCI by inducing
Xist and then monitor the temporal changes in transcription
and chromatin by allele-specific profiling. An unprecedented
temporal resolution allowed for the identification of histone
deacetylation and H2AK119 ubiquitination as the earliest
chromatin alterations during XCI. We show that HDACS3 is pre-
bound on the X chromosome and that, upon Xist coating, its
activity is required for efficient gene silencing. This is most likely
achieved through SPEN, which we show to be vital for in vivo XClI.
Of the repressive histone marks, PRC1-associated H2AK119Ub
accumulation precedes that of PRC2-associated H3K27me3.
This primary Polycomb (PcG) accumulation occurs initially at
large intergenic domains that can then spread into genes. By
mapping chromatin and transcriptional states in cells expressing
two mutant Xist RNAs, unable to silence genes or recruit PcG
machinery, we uncouple gene silencing from H2AK119Ub
deposition. Indeed, H2AK119Ub spreads into genes only in
the context of histone deacetylation and gene silencing. On
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the other hand nearly normal silencing can ensue even without
PcG recruitment. All in all, our results reveal the hierarchy of
chromatin events during the initiation of XCI and identify key
roles for chromatin in the early steps of transcriptional silencing.

Funding Source: This work was funded by ERC advanced
investigator awards (ERC-ADG-2014 671027 to E.H. and
ERC-ADG-2015 693023 to P.C.), and Sir Henry Wellcome
Postdoctoral Fellowship (201369/2/16/Z; to J.J.Z.)

PLURIPOTENT STEM CELL
DIFFERENTIATION

F-1030

ADGRL2 IS AN ESSENTIAL MARKER FOR CARDIAC
LINEAGE SPECIFICATION AND EMBRYONIC HEART
DEVELOPMENT

Lee, Choon-Soo - Department of Internal Medicine, Center for
Medical Innovation, Seoul National University Hospital, Seoul,
Korea

Cho, Hyun-Jai - Department of Internal Medicine, Seoul
National University Hospital, Seoul, Korea

Lee, Jin-Woo - Department of Internal Medicine, Seoul National
University Hospital, Seoul, Korea

Ryu, Yong-Rim - Department of Internal Medicine, Seoul
National University Hospital, Seoul, Korea

Yang, Han-Mo - Department of Internal Medicine, Seoul
National University Hospital, Seoul, Korea

Kwon, Yoo-Wook - Department of Internal Medlcine, Seoul
National University Hospital, Seoul, Korea

Kim, Hyo-Soo - Department of Internal Medicine, Seoul
National University Hospital, Seoul, Korea

Specific surface markers that enable monitoring of cell subsets
would be valuable for establishing the conditions under which
PSCs differentiate into cardiac progenitor cells (CPCs) and
cardiomyocytes (CMCs). To develop broadly applicable
strategies for enriching PSC-derived cardiac cells, we
conducted a microarray screen to identify cell-surface markers
specific to CPCs and then focused on functional molecules
such as G protein-coupled receptors (GPCRs). GPCRs are
well-known on the functional nature of these receptors during
development. To verify whether a specific marker is expressed
during heart development, we assessed its expression using
the CLARITY technique. After immersion in a solution with
a refractive index matching that of the CLARITY hybrid, the
mouse embryo became transparent. After immunostaining the
cleared embryo sample, Adgrl2 was exclusively observed in
cardiac cells expressing a-SA at embryonic day E9.5 and E10.5.
Our clarified 3D images and movies show that four chambers
of the heart are fully developed at E10.5 but not at E9.5. At
E9.5, Adgrl2 is observed at the ventricle and atrium, while
Adgrl2 is present in all chambers of the heart at E10.5. Next,
we performed LacZ (3-Gal) staining in heterozygous Adgri2
KO embryos to evaluate Adgrl2 expression. As a result, LacZ
staining showed that Adgrl2 was predominantly expressed in
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the heart during the embryonic developmental stage. Adgri2
knockout in mice was embryonically lethal because of severe
heart, but not vascular, defects. To examine the use of Adgrl2 as
a bona fide CPC marker during heart development, we tracked
Adgrl2 expression during early embryonic development. The
heart of Adgrl2—/- embryos at E10.5 exhibited occlusion of the
RV, and the expression levels of Gata4 and Nkx2.5 were not as
high as those in wild-type and Adgri2+/- embryos. Interestingly,
the heart of Adgrl2-/- embryos, unlike those of wild-type and
Adgrl2+/- embryos between E13.5 and E15.5 had a single
ventricle revealing a ventricular septal defect. The specific
expression pattern of Adgrl2 in PSC-derived cardiac lineage
cells as well as in embryonic heart, adult mice, and human heart
tissues suggests that this receptor plays a pivotal and functional
role across all strata of the cardiomyogenic lineage, as early as
the precursor stage of heart development.

Funding Source: This study was supported by grants from the
Korea Health Technology R&D Project “Strategic Center of Cell
and Bio Therapy” (HI17C2085) funded by the Ministry of Health
and Welfare, and the Republic of Korea.

F-1032

GENERATION OF FUNCTIONAL SALIVARY GLAND
ORGANOID FROM MOUSE EMBRYONIC STEM
CELLS BY SOX9 AND FOXC1 TRANSDUCTION

Tanaka, Junichi - Division Of Pathology / Department Of Oral
Diagnostic Sciences, School of Dentistry / Showa University,
Shinagawa, Japan

Ogawa, Miho - Laboratory for Organ Regeneration, RIKEN
Center for Biosystems Dynamics Research, Kobe, Japan
Hojo, Hironori - Clinical Biotechnology, Center for Disease
Biology and Integrative Medicine, The University of Tokyo,
Bunkyou-ku, Japan

Mabuchi, Yo - Department of Biochemistry and Biophysics,
Graduate School of Health Care Sciences, Tokyo Medical and
Dental University, Bunkyou-ku, Japan

Yasuhara, Rika - Division of Pathology, Department of Oral
Diagnostic Sciences, School of Dentistry, Showa University,
Shinagawa-ku, Japan

Takamatsu, Koki - Department of Oral and Maxillofacial
Surgery, School of Dentistry, Showa University, Shinagawa-ku,
Japan

Ohba, Shinsuke - Clinical Biotechnology, Center for Disease
Biology and Integrative Medicine, The University of Tokyo,
Bunkyou-ku, Japan

Tsuji, Takashi - Laboratory for Organ Regeneration, RIKEN
Center for Biosystems Dynamics Research, Kobe, Japan
Mishima, Keniji - Division of Pathology, Department of Oral
Diagnostic Sciences, School of Dentistry, Showa University,
Shinagawa-ku, Japan

The salivary glands arise as a thickening of the primitive oral
epithelium and continually develop by branching morphogenesis.
However, little is known about the exact molecular mechanism
during the earliest stages of salivary gland formation. We
generated gene expression profiles of embryonic salivary

gland rudiment and oral epithelium separated using a laser
micro dissection. Sox9 and Foxc1 were identified as specific
transcription factors in embryonic salivary gland rudiment. To
identify genes regulated directly by Sox9, Sox9 ChIP-seq was
performed in embryonic submandibular gland. Several genes
related to salivary gland development were identified as Sox9
putative target genes. However Foxc1 was not detected as
putative Sox9 target genes. Next, to determine whether Sox9
and Foxc1 are necessary for salivary gland organogenesis,
we suppressed Sox9 and Foxcl expression in the organ
cultures of E13.5 submandibular gland using siRNA. Sox9 and
Foxc1 knockdown inhibited branching formation, respectively.
Moreover, the combination of Sox9 and Foxc1 promoted
salivary gland differentiation from mouse embryonic stem cell-
derived oral epithelium in an organoid culture system. The
salivary gland organoid consisted of acinar cells, ductal cells,
and myoepithelial cells, and morphologically resembled to the
embryonic salivary glands. Through hierarchical clustering of
RNA-seq data, the salivary gland organoid gene expression
profiles were found to be relatively similar to those observed
at E15.5 and E18.5. The induced salivary gland organoid
developed in vivo and had physiological functions, following
orthotopic transplantation into mice whose salivary glands have
been removed. The Engrafted salivary gland organoid secreted
the saliva by gustatory stimulation. Here we show that the
transduction of Sox9 and Foxc1 genes represents a promising
tool for the generation of functional salivary gland organoid from
mouse embryonic stem cells.

F-1034

PDX1-/NKX6.1+ PROGENITORS DERIVED FROM
HUMAN PLURIPOTENT STEM CELLS AS A NOVEL
SOURCE OF INSULIN-SECRETING CELLS

Memon, Bushra - College of Health and Life Sciences, HBKU,
Qatar Biomedical Research Institute-Qatar Foundation, Doha,
Qatar

Abubaker, Fadhil - Biological Sciences, Carnegie Mellon
University Qatar, Doha, Qatar

Younis, Ihab - Biological Sciences, Carnegie Mellon University,
Doha, Qatar

Abdelalim, Essam - Diabetes Research Centre, Qatar
Biomediical Research Institute, Doha, Qatar

Human pluripotent stem cell (hPSC)-derived insulin secreting
cells are a promising alternative for diabetes treatment.
Generation of functional pancreatic beta cells from hPSCs have
presented certain challenges; however, clinical trial with hPSC-
derived pancreatic progenitors is underway. We previously
demonstrated the generation of a novel population of pancreatic
progenitors using hPSCs that expressed the transcription
factor NKX6.1, which is expressed exclusively in human beta
cells and is critical for their functionality, independently of the
master regulator of pancreatic development, PDX1 (PDX1-/
NKX6.1+). Herein, we present that this novel population is
similar to pancreas-derived mesenchymal stem cells (MSCs),
and can differentiate into insulin-secreting beta cells in vitro.
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PDX1-/NKX6.1+ structures strongly co-expressed NESTIN,
a pancreatic stem cell marker, along with NCAM-1 and
NEUROD1, in the absence of the epithelial marker E-Cadherin.
The expression of these markers along with NKX6.1 indicate that
this population is representative of the pancreatic mesenchyme.
RNA-Seq analysis of stage 4-derived PDX1+/NKX6.1+ and
PDX1-/NKX6.1+ pancreatic progenitor populations revealed the
downregulation of the main pancreatic developmental markers
such as PDX1, FOXA1, FOXA2 and GATAG as well as key tight
junction proteins showing the loss of pancreatic epithelial identity
in the novel progenitors. Additionally, it revealed upregulation of
key neural crest and TGF-beta signaling mediated EMT-related
markers, which is supportive of their mesenchymal nature. On
further differentiation through endocrine stages, some PDX1-/
NKX6.1+ structures detached as a whole from the adherent
monolayer. Both self-detached and re-plated as well as the
adherent PDX1-/NKX6.1+ population were able to differentiate
into INSULIN and GLUCAGON expressing mono- and poly-
hormonal cells, using previously published beta-cell protocols.
These findings were reproduced in three different hPSC lines,
including hESC-H1 and H9 as well as hiPSCs. Therefore, our
novel PDX1-/NKX6.1+ pancreatic progenitors can be used as
an alternative source of insulin-secreting cells for cell therapy for
diabetes and studying human pancreatic beta cell development.

Funding Source: IGP ID 2016 001

PLURIPOTENT STEM CELL: DISEASE
MODELING

F-1036

TRANSLATIONALLY CONTROLLED TUMOUR
PROTEIN (TPT1) IS A NOVEL THERAPEUTIC
TARGET FOR LYMPHANGIOLEIOMYOMATOSIS

Ho, Mirabelle - Sinclair Centre for Regenerative Medicine,
Ottawa Hospital Research Institute, Ottawa, ON, Canada
Ho, Miriel - Sinclair Centre of Regenerative Medicine, Ottawa
Hospital Research Institute, Ottawa, ON, Canada

Stewart, Duncan - Sinclair Centre of Regenerative Medicine,
Ottawa Hospital Research Institute, Ottawa, ON, Canada

Lymphangioleiomyomatosis (LAM) is characterized by
destruction of alveoli and pulmonary vasculature caused by the
invasion of hyperproliferative smooth muscle-like cells (LAM-
SMCs). This cancer-like behaviour of LAM-SMCs stems from
dysregulated mTOR signaling. Unfortunately, current mTOR
inhibitors are cytostatic rather than curative, highlighting the
need for novel therapeutic targets. Translationally controlled
tumor protein (Tpt1), an upstream positive regulator of the mTOR
signaling cascade, is implicated in transformation of cancer cells.
We have shown that Tpt1 is highly upregulated in LAM-SMCs
relative to healthy SMCs; therefore, we posit that silencing of
Tpt1 will decrease proliferation of LAM-SMCs. Patient-specific
LAM-iSMCs were derived from iPSCs. Knockdown (KD) of Tpt1
expression was achieved by transduction with a selective siRNA
sequence, compared to a non-specific scrambled control
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sequence. Tpt1 KD in LAM-iSMC was confirmed by both Q-PCR
and WB (=50%). Tpt1 KD resulted in cell cycle arrest at GO/G1
and a marked reduction in LAM-iSMC proliferation compared
to controls as assessed by Edu incorporation flow cytometry.
Since we have previously shown that LAM-iSMCs disrupted
endothelial cells (EC) networks by paracrine mechanism, we
investigated if Tpt1 KD reduced the destructive effect of its
secretome. Annexin V/PI flow cytometry noted reduction in
EC apoptosis upon culture with conditioned media (CM) from
Tpt1 KD LAM-iSMCs compared to CM from scrambled LAM-
iISMCs, while EC viability was increased in the former. Likewise,
ECs exposed to exosomes (Exo) derived from Tpt1 KD LAM-
iISMCs exhibited less pronounced time-dependent (24-72H)
inhibition of EC gene and protein (eNOS, TIE2 and CD31)
expression compared to ECs cultured with Exo from scrambled
LAM-iSMCs. Finally, the inhibition of Exo production by LAM-
iISMC with GW4869 produced an even greater improvement in
EC associated gene/protein expression and cell viability, with
a further reduction in apoptotic and dead ECs. Of note, Exo
depletion further reduced the detrimental effects of Tpt1 KD LAM-
iISMC CM on ECs. In conclusion, endogenous Tpt1 expression
contributes to hyperproliferation of dysfunctional LAM-SMC and
the release of EC-toxic Exos. Thus Tpt1 inhibition may provide a
novel therapeutic target for treatment of LAM disease.

F-1038

UNRAVELLING THE GENETIC BASIS OF A SEVERE
AND COMPLEX CONGENITAL HEART DEFECT

Fonoudi, Hananeh - Department of Stem Cells and
Developmental Biology, Victor Chang Cardiac Research
Institute, Sydney, Australia

Patrick, Ralph - Stem Cells and Developmental Biology, Victor
Chang Cardiac Research Institute, Sydney, Australia
Bosman, Alexis - Stem Cells and Developmental Biology,
Victor Chang Cardiac Research Institute, Sydney, Australia
Humphreys, David - Genomics and Bioinformatics Core
Facility, Victor Chang Cardiac Research Institute, Sydney,
Australia

Blue, Gillian - The Heart Centre for Children, The Children’s
Hospital at Westmead, Sydney, Australia

Hill, Adam - Computational Cardiology, Victor Chang Cardiac
Research Institute, Sydney, Australia

Winlaw, David - The Heart Centre for Children, The Children’s
Hospital at Westmead, Sydney, Australia

Harvey, Richard - Stem Cells and Developmental Biology,
Victor Chang Cardiac Research Institute, Sydeny, Australia

Hypoplastic left heart syndrome (HLHS), one of the most
severe forms of congenital heart defects, is predominantly
characterized by underdevelopment of the left side of the
heart. Although conventionally HLHS was considered to have
hemodynamic origins, recent studies suggest complex genetic
etiology. However, our current knowledge of the disease-
causing pathways is very limited. To harness the molecular
underpinnings of the disease, we have generated an in vitro
model of HLHS using human induced pluripotent stem cells
(hiPSCs). hiPSCs were generated from 10 unrelated HLHS
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patients and their parents (trio design; 3 clones per individual;
87 hiPSC lines in total), thus providing controls that are as
genetically similar to the patients as possible. To investigate
differences during early stages of cardiovascular development,
hiPSCs were differentiated into cardiac and vascular smooth
muscle cells, and their cellular populations and gene expression
were studied. Our gene expression analysis revealed no
significant differences between vascular smooth muscle cells
derived from HLHS-hiPSCs and their parents. In contrast, flow
cytometry analysis performed on hiPSC cultures after directed
cardiac differentiation at 5-day intervals (day 0-30) showed
that ventricular cardiomyocyte differentiation in HLHS-hiPCSs
was perturbed. Time course analysis using RNA sequencing
on hiPSCs differentiated into cardiomyocytes from 5 HLHS
families revealed that the greatest differences between patients
and parents were at day 20 post-differentiation initiation, with
down-regulation of cell cycle being the main driver. Moreover,
transcriptome analysis suggested maturation defect in cardiac
cells derived from HLH-hiPSCs. These findings were further
confirmed using remaining 5 independent HLHS families.
Cell phenotyping also indicated that beating cardiomyocytes
derived from patients were more immature and their calcium
flux properties were significantly different (n>1000; P<0.001). In
summary, our findings thus far suggest that the progression of
cardiogenesis in HLHS-hiPSCs is perturbed, which may be due
to disruptions in cell cycle control and maturation. In conclusion,
our data suggest a common pathogenic pathway underlying the
early development of HLHS despite genetic heterogeneity of
disease causation.

REPROGRAMMING
F-1040

CHEMICALS PLASTICIZE MOUSE FIBROBLASTS
FOR MULTIPLE LINEAGE PRIMING AND
PROGRESSIVE CELL LINEAGE SPECIFICATION

Yang, Zhenghao - Institute of Molecular Medicine, Peking
University, Beijing, China

Xu, Xiaochan - Center for Quantitative Biology, Peking
University, Beijing, China

Gu, Chan - West China Second University Hospital, Sichuan
University, Chengdu, China

Guo, Fan - West China Second University Hospital, Sichuan
University, Chengdu, China

Tang, Chao - Center for Quantitative Biology, Peking
University, Beijing, China

Zhao, Yang - State Key Laboratory of Natural and Biomimetic
Drugs, the MOE Key Laboratory of Cell Proliferation and
Differentiation, Beijing Key Laboratory of Cardiometabolic
Molecular Medicine, Peking-Tsinghua Center for Life Sciences,
Institute of Molecular Medicine, Peking University, Beijing,
China

With the treatment of a cocktail of small molecules, somatic
cells can be reprogrammed to be pluripotent stem cells
(CiPSCs) through an intermediate extraembryonic endoderm
(XEN)-like state. However, since none of the chemicals is
associated to a specific cell fate, it is completely unclear how
the chemicals orchestrate the cell fate determination in chemical
reprogramming. In this study, we analyze the molecular network
dynamics in chemical reprogramming process from fibroblasts
to XEN-like state, in a time-course manner and in single cell
resolution. We find that the XEN-like cell generation undergo
two major biological processes, stochastic gene activation
(0-4 days) and XEN fate specialization (4-12 days). In the first
process, the endogenous expression of multiple lineage related
transcription factors is activated, such as Ascl1, Hopx, Gbx2,
Hnf1b, Gsx2 and Sox17, heterogeneously dispersed in different
single cells. In the second process, XEN master genes, such
as Sall4, Gata4 and Foxa2, are progressively upregulated in
Sox17 expressing cells. Only when the major transcription
factors of XEN cells are highly co-expressed, cell fate transition
is triggered around day 12, with significant downregulation of
fibroblasts program and stabilization of a stable network of major
XEN regulators. In addition, we find the core reprogramming
chemicals CHIR99021, 616452 and Forskolin cooperate in both
steps, while the small molecule boosters VPA and CH55 function
separately in different steps. Interestingly, if the chemicals and
culture medium for the second step are fine-tuned after cell
plasticization, the reprogramming roadmap can be switched
to approaching other cell types, such as hepatocyte-like cells,
neurons and skeletal muscle cells. Taken together, our findings
reveal the molecular dynamics in early chemical reprogramming,
providing a new framework and a general strategy to develop
chemical reprogramming methods for other cell types through a
multi-lineage priming state.

Funding Source: This study was also supported by the Science
and Technology Department of Sichuan Province (2018JZ0025)
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PLACENTA AND UMBILICAL CORD DERIVED
CELLS

W-2001

CREB1 IS A POTENT MASTER REGULATOR OF
GLUTATHIONE LEVEL IN HUMAN MESENCHYMAL
STROMAL/STEM CELL

Ju, Hyein - Department of Biomedical Sciences, University of

Ulsan College of Medicine, Gyeong, Korea
Lim, Jisun - Biomediical Science, University of Ulsan College
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Medicine, Seoul, Korea

Heo, Jinbeom - Biomedical Science, University of Ulsan
College Medicine, Seoul, Korea

Shin, Dong-Myung - Biomedical Science, University of Ulsan
College 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 progressive loss in proliferative
and differentiation potential 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. Here, we fractionized human
MSCs into GSH-high and -low cells based on FreSHtracer and
compared 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 (CREB1). In this regard,
CREB1 enhanced the recovery capacity of GSH after exposure
to oxidative stress. Accordingly, CREB1 positively modulated
core functions of MSCs including self-renewal, chemoattraction
to growth factors, and angiogenesis activities. Taken together,
these results demonstrate that CREB1 is a master regulator of
GSH dynamics in MSCs, thus it will be a potent target to improve
the therapeutic efficacy of MSCs

W-2003

LARGE-SCALE EXPANSION OF UMBILICAL CORD
(UC)-DERIVED HUMAN MESENCHYMAL STROMAL
CELLS (MSC) UNDER GMP CONDITIONS DOES NOT
ALTER THEIR QUALITY

Vymetalova, Ladislava - International Clinical Research
Center, Center for Biological and Cellular Engineering, St.
Anne’s University Hospital, Brno, Czech Republic

Benes, Petr - International Clinical Research Center, Center
for Biological and Cellular Engineering, St. Anne’s University
Hospital, Brno, Czech Republic

Kasko, Tomas - PrimeCell Advanced Therapy Inc., National
Tissue Centre Inc., PrimeCell Advanced Therapy Inc., National
Tissue Centre Inc., Brno, Czech Republic

Koristek, Zdenek - PrimeCell Advanced Therapy Inc., PrimeCell
Advanced Therapy Inc., Brno, Czech Republic

Koskova, Stanislava - PrimeCell Advanced Therapy Inc.,
National Tissue Centre Inc., PrimeCell Advanced Therapy Inc.,
National Tissue Centre Inc., Brno, Czech Republic

Kucirkova, Tereza - International Clinical Research Center,
Center for Biological and Cellular Engineering, St. Anne’s
University Hospital, Brno, Czech Republic

Lejdarova, Hana - Department of Transfusion and Tissue
Medicine, University Hospital Brno, Brno, Czech Republic
Serhiy, Forostyak - PrimeCell Advanced Therapy Inc., National
Tissue Centre Inc., PrimeCell Advanced Therapy Inc., National
Tissue Centre Inc., Brno, Czech Republic
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Vidrmertova, Ilvana - PrimeCell Advanced Therapy Inc.,
National Tissue Centre Inc., PrimeCell Advanced Therapy Inc.,
National Tissue Centre Inc., Brno, Czech Republic

Human mesenchymal stromal cells (hMSCs) are non-
haematopoietic, multipotent cells with ability to differentiate
into mesodermal, ectodermal and endodermal lineages. In
the past few years, an extraordinary interest was dedicated
to research of anti-inflammatory features of hMSCs and their
promising applications in regenerative medicine. hMSCs can
be isolated from fetal as well as adult tissues of mesenchymal
origin including Wharton's jelly of the umbilical cord (UC). The
advantages of UC-hMSCs are a noninvasive procedure of
derivation, fast self-renewal properties and minimal contact
with the environment. The aim of this study was to establish
a simple procedure for UC-hMSCs isolation, characterization
and expansion under GMP conditions, followed by a detailed
comparison of UC-hMSCs properties cultivated either on
T-flasks or in a large scale bioreactor (Quantum Cell Expansion
System; Terumo BCT, Denver, CO, USA). Four GMP quality
culture media were tested for cell viability, proliferation and
surface markers expression, and compared with laboratory
standard media supplemented by fetal bovine serum (FBS). The
most suitable medium (proportion of efficacy/costs) was used
for large scale expansion and expanded cells were tested for
trilineage differentiation, immunomodulatory properties, cellular
senescence, genetic stability and in vitro tumorigenicity. We
found that large-scale expansion of UC-hMSCs using Quantum
Cell Expansion System under GMP conditions does not change
identity and quality of cells. Therefore, this method of UC-hMSC
expansion represents a suitable tool for introduction in clinical
applications.

Funding Source: Supported by Technology Agency, Czech
Republic, Program DELTA, project TF03000037, and Ministry
of Education, Youth and Sports, Czech Republic, National
Program of Sustainability Il, project LQ1605.

W-2005

MODELING PREECLAMPSIA USING INDUCED
PLURIPOTENT STEM CELLS

Touma, Ojeni - Pathology, UCSD, EI Cajon, CA, USA

Horii, Mariko - Pathology, UCSD, La Jolla, CA, USA

Bui, Tony - Pathology, UCSD, La Jolla, CA, USA

Cho, Hee Young - Pathology, UCSD, La Jolla, CA, USA
Laurent, Louise - Reproductive Medicine, UCSD, La Jolla, CA,
USA

Parast, Mana - Pathology, UCSD, La Jolla, CA, USA

Preeclampsia (PE) is a hypertensive disorder of pregnancy
associated with abnormal trophoblast differentiation.
PE placentas have a defective layer of multinucleated
syncytiotrophoblast (STB) with increased apoptosis; in fact,
GCM1, a transcription factor involved in STB formation, is
reduced in PE placentas. However, there is a lack of good in
vitro model systems for studying these defects; therefore, we
attempted to model this disease using induced pluripotent stem
cells (iPSCs). Five iPSC lines (three PE and two non-PE), whose
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pluripotency was confirmed by Pluritest, were used. Cells
were cultured in Essential-8-based media with 2uM IWP2 (Wnt
inhibitor) and 10ng/ml Bone Morphogenetic Protein-4 (BMP4)
for 4-5 days for differentiation into cytotrophoblast (CTB) stem
cells (first-step). Subsequently, cells were replated in feeder-
conditioned media + 10ng/ml BMP4 for terminal differentiation
into STB (second-step). Differentiation was analyzed by
flow cytometry and gPCR. STB formation was assessed
morphologically by calculating the fusion index; apoptosis was
assessed at the end of the second step by western blot for
PARP. There were no differences in CTB marker expression by
flow cytometry (EGFR) or gqPCR (EGFR, CDX2, p63); however,
GCM1 was down-regulated (3-74-fold, p<0.05) in PE-iPSC.
At the end of the second-step, PE-iPSC-derived trophoblast
showed reduction in STB-associated genes (ERVW1, PSG4)
(2-20-fold, p<0.05) by gPCR. However, neither the fusion index
nor the apoptosis assay showed any differences between PE
and non-PE iPSC lines (p=0.25). Our results indicate that PE-
iPSC-derived trophoblast show altered STB markers, without
altered morphology or apoptosis in the mixed culture. Future
studies will focus on evaluation of additional markers of STB
maturation and assessment of apoptosis specifically in iPSC-
derived multinucleated STB, to further dissect the placental
defects of PE.

ADIPOSE AND CONNECTIVE TISSUE
W-2007

ACTIVIN E CONTROLS ENERGY HOMEOSTASIS IN
BOTH BROWN AND WHITE ADIPOSE TISSUES AS A
HEPATOKINE

Kuirsaki, Akira - Division of Biological Science, NAIST, lkoma,
Japan

Sekiyama, Kazunari - Faculty of Veterinary Medicine, Kitasato
University School of Veterinary Medicine, Towada, Japan

Doi, Satoru - Faculty of Veterinary Medicine, Kitasato University
School of Veterinary Medicine, Towada, Japan

Shindo, Daichi - Faculty of Veterinary Medicine, Kitasato
University School of Veterinary Medicine, Towada, Japan
Satoh, Ryo - Faculty of Veterinary Medicine, Kitasato University
School of Veterinary Medicine, Towada, Japan

Itoi, Hiroshi - Faculty of Veterinary Medicine, Kitasato University
School of Veterinary Medicine, Towada, Japan

Oiwa, Hiroaki - Faculty of Veterinary Medicine, Kitasato
University School of Veterinary Medicine, Towada, Japan
Morita, Masahiro - Faculty of Veterinary Medicine, Kitasato
University School of Veterinary Medicine, Towada, Japan
Suzuki, Chisato - Faculty of Veterinary Medicine, Kitasato
University School of Veterinary Medicine, Towada, Japan
Sugiyama, Makoto - Faculty of Veterinary Medicine, Kitasato
University School of Veterinary Medicine, Towada, Japan
Matsumura, Shigenobu - Division of Food Science and
Biotechnology, Kyoto University, Kyoto, Japan

Takada, Hitomi - Division of Biological Science, NAIST, Ikoma,
Japan

Yamakawa, Norio - Division of Molecular Biology, Institute for
Genome Research, Tokushima University, Tsukuba, Japan
Inoue, Kazuo - Division of Food Science and Biotechnology,
Kyoto University, Kyoto, Japan

Oyadomari, Seiichi - Division of Molecular Biology, Institute for
Genome Research, Tokushima University, Tokushima, Japan
Sugino, Hiromu - Tokyo Metropolitan Institute of Medical
Science, Tokyo Metropolitan Institute of Medical Science,
Tokyo, Japan

Funaba, Masayuki - Division of Applied Biosciences, Graduate
School of Agriculture, Kyoto University, Kyoto, Japan
Hashimoto, Osamu - Faculty of Veterinary Medicine, Kitasato
University School of Veterinary Medicine, Towada, Japan

Brown adipocyte activation or beige adipocyte emergence
in white adipose tissue (WAT) increases energy expenditure,
leading to a reduction in body fat mass and improved glucose
metabolism. We found that activin E functions as a hepatokine
that enhances thermogenesis in response to cold exposure
through beige adipocyte emergence in inguinal WAT (ingWAT).
Hepatic activin E overexpression activated thermogenesis
through Ucp1 upregulation in ingWAT and other adipose tissues
including interscapular brown adipose tissue and mesenteric
WAT. Hepatic activin E-transgenic mice exhibited improved
insulin sensitivity. Inhibin BE gene silencing inhibited cold-induced
Ucp1 induction in ingWAT. Furthermore, in vitro experiments
suggested that activin E directly stimulated expression of
Ucp1 and Fgf21, which was mediated by transforming growth
factor-f3 or activin type | receptors. We uncovered a function of
activin E to stimulate energy expenditure through brown and
beige adipocyte activation, suggesting a possible preventive or
therapeutic target for obesity.

Funding Source: JSPS KAKENHI
JP26450442 JP25640109

Grant JP21580370

W-2009

HUMAN ADIPOSE STEM CELL-DERIVED
HEPATOCYTE-LIKE CELLS FROM OBESE
PATIENTS SHOW SPECIFIC DIFFERENCES IN
MITOCHONDRIAL FUNCTION

Zhang, Haiyan - Department of Cell Biology, Capital Medical
University, Beijing, China

Li, Yagiong - Department of Cell Biology, Capital Medical
University, Beijing, China

Li, Weihong - Department of Cell Biology, Capital Medical
University, Beijing, China

Lin, Yi - Department of General Surgery, Beijing Tian Tan
Hospital, Capital Medical University, Beijing, China

Bai, Rixin - Department of General Surgery, Beijing Tian Tan
Hospital, Capital Medical University, Beijing, China

Human adipose stem cell-derived hepatocyte-like cells
(hASC-HLCs) hold considerable promise for future clinical
individualized therapy of liver failure or dysfunction. However,
increasing prevalence of obesity in adults, caution should be
taken as their adipose tissue niche may affect the functional
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properties of hASC-HLCs. Here, we focused on the properties
of mitochondrial function of hASC-HLCs from obese individuals.
hASCs from visceral adipose tissues from three female obese
donors ( BMI >35 kg/m2) and three female control donors (BMI
<25 kg/m2) were separately cultured and differentiated to HLCs
as our previously three-stage protocol. Differentially expressed
genes profiling between obese and control individuals were
acquired from RNA-sequence analysis. Results revealed that
49 down-regulated genes and 48 up-regulated genes were
found in hASC-HLCs from obesity individuals (ocb-hASC-HLCs).
The down-regulated genes included the encode mitochondrial
related protein such as mitochondrial elongation factor 1(MIEF1),
elastin (ELN), and microtubule associated protein 1 light chain
3 beta (MAP1LC3B). Gene Set Enrichment Analysis revealed
that genes associated with the biology process including
mitochondrial electron transport (NADH to ubiquinone),
protein targeting to mitochondrion, mitochondrial translation,
mitochondrial respiratory chain complex | assembly, and
oxidative phosphorylation paythway in ob-hASC-HLCs were
down-regulated. However, reactive oxygen species (ROS) assay
using 2’,7’-dichlorofluorescin diacetate fluorogenic dye showed
that the production of ROS in ob-hASC-HLCs was significantly
higher than that in control-nASC-HLCs after treatment with
50 uM fluvastatin sodium. Mitochondrial respiration stress
activity measured using a Seahorse XF-24 analyzer revealed
that the oxygen consumption rate (OCR) of basal level, ATP-
coupled, and maximal respiratory rates in ob-hASC-HLCs were
significantly higher than that in control-hASC-HLCs. These data
suggesting that the lower expression of mitochondrial content
and dysfunctional oxidative activity in ob-hASC-HLCs may be
associated with abnormal functional of mitochondrial OxPhos in
hepatocytes in obese subjects, which probable further promotes
the development of non-alcoholic fatty liver diseases.

Funding Source: This work was supported by National Natural
Science Foundation of China (31171310; 81770616); Beijing
Natural Science Foundation of China (5172009).

MUSCULOSKELETAL TISSUE
W-2013

REVISITING THE VASCULARITY AND RESIDENT
STEM CELL POPULATION OF THE HUMAN
MENISCAL WHITE-WHITE ZONE

Papalmprou, Angela - Regenerative Medicine Institute,
Cedars-Sinai Medical Center, West Hollywood, CA, USA
Chahla, Jorge - Kerlan Jobe Institute, Cedars-Sinai Medical
Center, Los Angeles, CA, USA

Khnkoyan, Zhanna - Regenerative Medicine Institute, Cedars-
Sinai, Los Angeles, CA, USA

Arabi, Yasaman - Regenerative Medicine Institute, Cedars-
Sinai Medical Center, Los Angeles, CA, USA

Chan, Virginia - Regenerative Medicine Institute, Cedars-Sinai
Medical Center, Los Angeles, CA, USA

Salehi, Khosrawdad - Regenerative Medicine Institute, Cedars-
Sinai Medical Center, Los Angeles, CA, USA
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Nelson, Trevor - Orthopaedics, Cedars-Sinai Medical Center,
Los Angeles, CA, USA

Limpisvasti, Orr - Kerlan Jobe Institute, Cedars-Sinai Medical
Center, Los Angeles, CA, USA

Mandelbaum, Bert - Kerlan Jobe Institute, Cedars-Sinai
Medical Center, Los Angeles, CA, USA

Metzger, Melodie - Orthopaedics, Cedars-Sinai Medical
Center, Los Angeles, CA, USA

Sheyn, Dmitriy - Orthopaedics and Surgery, Regenerative
Medicine Institute/Cedars-Sinai Medical Center, Los Angeles,
CA, USA

The meniscus is at the cornerstone of knee joint function, yet very
vulnerable to injury and age-related degeneration. Meniscal tears
are reported as the most common pathology of the knee with a
mean annual incidence of 66 per 100,000. Knee osteoarthritis
progresses rapidly in the absence of a functional meniscus.
Historically, tears extending to the inner portion of the meniscus
(a.k.a. white-white, WW zone), were considered as untreatable
and were often resected, due to the lack of vascularity in the WW
zone. Perfusion-based anatomical studies in the 1980s shaped
the current dogma that human meniscus has poor regenerative
capacity, partly due to limited blood supply. We hypothesized
that the WW zone of the meniscus possesses regenerative
capacity due to a resident stem/progenitor cell population and
some vascularization that was not previously detected. Fifteen
menisci from fresh healthy human knees (mean age: 21.53+6.53
years) were acquired from three tissue banks. Vasculature was
assessed per zone by histology and CD31 immunofluorescent
staining. Additionally, to map the vasculature in 3D, menisci were
optically cleared using a modified uDISCO procedure, labeled
with CD31, and imaged using light-sheet fluorescence laser
microscopy. Cells from fresh menisci (up to 1 week post-harvest)
were characterized immediately after isolation using CFU and
flow cytometry with antibodies against MSC consensus surface
markers (CD105, CD90, CD44 and CD29) and after propagation
in culture. Isolated cells from all zones were also successfully
induced in vitro toward the three MSC lineages (osteogenic,
adipogenic and chondrogenic), suggesting that a proportion
of the cultured meniscus cells are multilineage stem cells.
Our results determine that CD31-expressing micro-vessels
were present in all zones, including the WW zone, which was
previously considered completely avascular. Additionally, stem/
progenitor cells were shown to be present in all three zones of
menisci, including the WW zone, showcasing its regenerative
potential.

Funding Source: American Orthopaedic Society for Sports
Medicine

W-2015

GANODERMA LUCIDIUM PROMOTES
PROLIFERATION OF SATELLITE CELLS THROUGH
TAK1-JNK-AP-1 SIGNAL PATHWAY BY ACTIVATION
OF TLR2/4

Hsi, Chang - Pediatrics, Taipei Medical University Hospital,
Taipei, Taiwan
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Wu, Meng-Huang - Orthopedics, Taipei Medical University
Hospital, Taipei, Taiwan

Lin, Chuang-Yu - Clinical Application, Center for iPS Cell
Research and Application (CiRA), Kyoto, Japan

Hou, Chun-Yin - Family Medicine, Taipei City Hospital,
Zhongxiao Branch, Taipei, Taiwan

The volumetric and functional recovery for muscular atrophy are
always been important issues in clinical medicine. Although the
cause of muscle atrophy is various, current evidences indicate
to the depletion or the impaired maturation (differentiation) of
satellite cell (SC), since SC is known to play an important role
during postnatal muscle regeneration. The Ganoderma Lucidum
(GL), a traditional Chinese medicine which contains voluminous
Sacchachitin has shown the positive effect for health promotion.
Recently, these GL-based compounds have been applied
clinically for neuromuscular disorders and showed indeed
outlooking results. Although the GL-based drugs showed
positive effect on muscular and/or neuromuscular diseases, the
molecular mechanism behind the effect on SC, remains unclear.
The purpose of this study is to investigate the efficacy and the
molecular mechanism of Sacchachitin on SC. In this study,
the SCs (Pax7+ve) isolated from TA muscle were co-cultured
with GL-contained growth medium and a significant enhanced
proliferation of SC (Pax7+veBrdU+ve, p<0.05, n=6) was
admitted. Our data revealed, the GL is able to activate TAK1-
JNK-AP-1 signal pathway that mediated by TLR2/4. Intriguingly,
JNK was solely activated but not p38 MAP kinase nor ERK was
activated by GL. The results of this study elucidated the possible
therapeutic mechanism of GL on muscular atrophy for the first
time. Furthermore, these data indicated the pertinence of GL in
clinical application for improving the skeletal muscle atrophy.

W-2017

DISSECTING STEM CELL HETEROGENEITY
DURING ZEBRAFISH SKELETAL REGENERATION

Arata, Claire E - Department of Stem Cell Biology and
Regenerative Medicine, University of Southern California
(USC), Los Angeles, CA, USA

In most vertebrates, skeletal tissues have a modest capacity
for repair. In humans, larger bone injuries will not heal without
medical intervention, and cartilage has an even more limited
ability to repair in adults. A better understanding of how to
mobilize endogenous skeletal stem cells for repair would provide
new opportunities to improve outcomes after major skeletal
injuries. We have previously shown that the lower jawbone of
adult zebrafish displays remarkable regenerative abilities, yet the
nature of the skeletal stem cells that mediate such regeneration
remain unknown. Here, | have developed two additional models
of skeletal regeneration in zebrafish. In the first, | show that the
ceratohyal (an endochondral bone) can regenerate to the same
extent as the intramembranous lower jawbone. In the second,
| have developed a genetic cartilage ablation model and find
that cartilage can effectively regenerate in adult fish. Using a
combination of single-cell RNA-sequencing and lineage tracing
experiments, | will present my ongoing work dissecting the types

of skeletal stem cells mediating regeneration of these three types
of skeletal tissues (intramembranous bone, endochondral bone,
cartilage). The long-term goal of my work is to identify distinct
types of skeletal stem cells that can mediate distinct types of
damaged skeletal tissue.

W-2019

THERAPEUTIC POTENTIAL OF PLURIPOTENT STEM
CELL-DERIVED CHONDROCYTES IN A PORCINE
MODEL OF ARTICULAR CARTILAGE INJURY

Evseenko, Denis - Orthopaedic Surgery, University of
Southern California, Los Angeles, CA, USA

Petrigliano, Frank - Orthopaedic Surgery, UCLA, Los Angeles,
CA, USA

Lee, Siyoung - Orthopaedic Surgery, USC, Los Angeles, CA,
USA

Li, Liangliang - Orthopaedic Surgery, USC, Los Angeles, CA,
USA

Li, Yucheng - Orthopaedic Surgery, USC, Los Angeles, CA,
USA

Lymfat, Sean - Orthopaedic Surgery, USC, Los Angeles, CA,
USA

Van Handel, Ben - Orthopaedic Surgery, USC, Los Angeles,
CA, USA

Yu, Yifan - Orthopaedic Surgery, USC, Los Angeles, CA, USA
Liu, Nancy - Orthopaedic Surgery, University of Southern
California, Los Angeles, CA, USA

Hurtig, Mark - Ontario Veterinary College, Department of
Clinical Studies, University of Guelph, ON, Canada

The pathogenesis of OA often begins with an injury to articular
cartilage, which establishes chronic, low-grade inflammation
that eventually promotes matrix degradation leading to the
destruction of cartilage. Currently, there are no agents that
efficiently slow or inhibit this process. Pluripotent stem cell-
derived chondrocytes (PSCDC) represent a promising new tool
for cartilage repair, but specification of these cells in vivo remains
unclear. We have recently shown that the transcriptional,
epigenetic and functional signatures of human PSCDC closely
mimic their primary counterparts, but PSCDC remainimmature in
vitro. We also demonstrated that human articular chondrocytes
are heterogenous and form functionally and spatially distinct
cells populations marked by integrin alpha 4 (ITGA4) and Bone
Morphogenetic Protein Receptor 1B (BMPR1B). Single cell
RNA-sequencing of bioreactor-produced PSCDC revealed
robust generation of matrix-producing articular chondrocytes
and no detectable residual PSCs. Implantation of human
PSCDC formulated in a cryopreservable, lesion-customizable
off-the-shelf membrane generated articular cartilage tissue in
injured pig joints; Safranin O and IHC staining for the cartilage
markers COL2 and SOX9 showed the presence of human
cartilage tissue in pig defects minimally expressing COL1
and 10. In contrast, control animals repaired cartilage defects
with a highly disorganized fibrotic tissue marked by COL1.
Moreover, IHC for BMPR1B and ITGA4 showed correct zonal
organization of human chondrocytes in pig cartilage lesions. No
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signs of neoplastic growth were detected in any tissues of the
transplanted pigs. Six-month follow up of transplanted pigs will
be presented. Together, these data demonstrate the potential
of allogenic, mass-produced pluripotent stem cell-derived
chondrocytes as a therapeutic agent for articular cartilage repair.

Funding Source: California Institute for Regenerative Medicine,
TRAN1-09288 grant to DE

W-2021

MACROPHAGE-MEDIATED ACTIVE
PROLIFERATION AND FUSION OF PHARYNGEAL
SATELLITE CELLS UNDER BASAL CONDITION

Kim, Eunhye - Cell Biology, School of Medicine, Emory
University, Atlanta, GA, USA

Wu, Fang - Cell Biology, School of Medicine, Emory University,
Atlanta, GA, USA

Zhang, Shirley - Cell Biology, School of Medicine, Emory
University, Atlanta, GA, USA

Choo, Hyo-Jung - Cell Biology, School of Medicine, Emory
University, Atlanta, GA, USA

Satellite cells (SCs), also known as adult muscle specific
stem cells, are critical for muscle regeneration upon muscle
injury. Although limb muscle SCs are quiescent in sedantary
muscles, craniofacial muscle SCs, such as extraocular (for
eyeball movement) or pharyngeal (for swallowing) muscle SCs
(PSCs), represent higher level of proliferation and differentiation/
fusion without injury. However, the mechanism of activation of
craniofacial muscle satellite cells remains unclear. In order to
study the mechanism underlying craniofacial muscle satellite
cells, we investigated to the relationship between PSCs and
macrophage to explain the high level of regenerative capacity.
First, we measured in vivo proliferation via flow cytometry
using specific surface markers for SCs (CD31-/CD45-/Scal-/
Intergrin7a+). At 12 months of age, the percentage of proliferating
BrdU+ SCs were significantly increased above 10-fold in PSCs
compared with limb SCs. To track SC fusion in vivo, we used a
genetically engineered mouse which express tdTomato under
satellite cell specific promotor, Pax7 (Pax7 CreERT-tdtomato
mouse). Utilizing inducible Cre-lox system, our mice will express
tdTomato in satellite cells by Tamoxifen injection, which allows
to trace SC fusion into myofiber during certain periods. After
tamoxifen injection, we found that pharyngeal muscles showed
significantly higher tdtomato fluorescent intensity in myofibers
than limb muscles implying higher SC fusion in pharyngeal
muscles. Second, to study the underlying mechanism of PSCs,
we performed comparative analysis of transcripts by microarray
that revealed up-regulated genes involved in regulation of TNF
signaling, and interaction of cytokine-cytokine receptor in PSCs
compared to limb SCs. In addition, pharyngeal muscles without
injury showed a significantly higher population of CD206+ M2
macrophage compared to limb muscle by immunohistochemical
data. The mRNA levels of macrophage-related cytokines (Lif,
Ccl2 and Ccl7) in PSCs were also higher than those of limb SCs.
Finally, we confirmed that PSCs attracted more macrophages
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than limb SCs after in vivo transplantation into limb muscles.
Taken together, this study give new insights into why pharyngeal
muscles have high level of regenerative capacities even under
basal condition.

Funding Source: This work was supported by a grant from
the NIH grants (RO1 AR071397), and the National Research
Foundation (NRF) grant funded by the Korea government (NRF-
2018R1ABA3A03011703).

W-2023

DEFINING HUMAN IN VIVO SKELETAL MUSCLE
DEVELOPMENT FOR IN VITRO MUSCLE STEM/
PROGENITOR CELL MATURATION

Xi, Haibin - Microbiology, Immunology and Molecular
Genetics, University of California, Los Angeles, CA, USA
Langerman, Justin - Biological Chemistry, University of
California, Los Angeles, CA, USA

Sabri, Shan - Biological Chemistry, University of California, Los
Angeles, CA, USA

Chien, Peggie - Microbiology, Immunology and Molecular
Genetics, University of California, Los Angeles, CA, USA
Young, Courtney - Neurology, University of California, Los
Angeles, CA, USA

Hicks, Michael - Microbiology, Immunology and Molecular
Genetics, University of California, Los Angeles, CA, USA
Allison, Thomas - Biological Chemistry, University of California,
Los Angeles, CA, USA

Mota, Andrea - California State University Northridge, Los
Angeles, CA, USA

Shabazi, David - California State University Northridge,
Northridge, CA, USA

Marzi, Julia - Women’s Health, Eberhard Karls University
Tubingen, Tabingen, Germany

Liebscher, Simone - Women'’s Health, Eberhard Karls
University Tubingen, Tiibingen, Germany

Spencer, Melissa - Neurology, UCLA, Los Angeles, CA, USA
Van Handel, Ben - Orthopaedic Surgery, University of Southern
California, Los Angeles, CA, USA

Evseenko, Denis - Orthopaedic Surgery, University of Southern
California, Los Angeles, CA, USA

Schenke-Layland, Katja - Women’s Health, Eberhard Karls
University Tibingen, Tibingen, Germany

Plath, Kathrin - Biological Chemistry, University of California,
Los Angeles, CA, USA

Pyle, April - Microbiology, Immunology and Molecular
Genetics, University of California, Los Angeles, CA, USA

Skeletalmusclewastingdisordersincludingmusculardystrophies
and sarcopenia result in inferior quality of life, loss of mobility or
even early patient death. Skeletal muscle stem/progenitor cells
(SMPCs) derived from human pluripotent stem cells (hPSCs) are
a promising sources for cell-based therapy for muscle wasting
diseases. However, currently available hPSC directed myogenic
differentiation protocols result in highly heterogeneous cell
populations with immature SMPCs that are unsuitable for
clinical implementation. To better understand human skeletal
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muscle development and guide hPSC-SMPC generation and
maturation, we employed single cell RNA-sequencing (scRNA-
seq) to profile human skeletal muscle tissues from embryonic,
fetal to postnatal stages. In silico, we unbiasedly isolated the
SMPCs away from other cell types present in the tissues at
each individual stages and constructed a “roadmap” of human
skeletal myogenesis across development. In a similar fashion,
we also profiled the heterogeneous cell cultures generated from
multiple hPSC myogenic differentiation protocols and observed
variation among directed differentiation timepoints. In general,
we found neuronal, Schwann cell, smooth muscle, cartilage
and fibroblastic lineages as major populations other than the
myogenic cells present in the cultures. Next, we computationally
purified the in vitro hPSC-SMPCs and consistently mapped
them using our in vivo myogenic “roadmap” to a developmental
period corresponding to embryonic to fetal transition (7-9 weeks
prenatal) across all differentiation protocols tested. Moreover,
we developed a gene network analysis algorithm tailored for
scRNA-seq data and discovered co-regulated gene groups
present in distinct stages of human myogenesis and from
hPSC-SMPCs. We further identified transcription factors (TFs)
within the gene groups enriched in fetal and postnatal SMPCs,
and are currently developing TF overexpression strategies
to “mature” hPSC-SMPCs to fetal or postnatal stages. In
summary, this work serves as a resource for advancing our
knowledge of human myogenesis and to guide the generation
of the most regenerative cells for translational applications in
muscle diseases.

CARDIAC TISSUE AND DISEASE
W-2025

CHARACTERIZATION OF AGE-DEPENDENT
CARDIAC PROLIFERATIVE POTENTIAL IN A
PORCINE MODEL

Hemmati, Pouya - Surgery, Mayo Clinic, Rochester, NY, USA
Cantero-Peral, Susana - Program for Hypoplastic Left Heart
Syndrome, Mayo Clinic, Rochester, NY, USA

Oommen, Saji - Program for Hypoplastic Left Heart Syndrome,
Mayo Clinic, Rochester, MN, USA

Holst, Kimberly - Surgery, Mayo Clinic, Rochester, MIN, USA
O’Byrne, Megan - Biomedical Statistics and Informatics, Mayo
Clinic, Rochester, MN, USA

Brandt, Emma - Program for Hypoplastic Left Heart Syndrome,
Mayo Clinic, Rochester, MN, USA

Larsen, Brandon - Laboratory Medicine and Pathology, Mayo
Clinic, Scottsdale, AZ, USA

Nelson, Timothy - Program for Hypoplastic Left Heart
Syndrome, Mayo Clinic, Rochester, NY, USA

The mammalian heart was previously thought to be a terminally
differentiated organ. However, studies in mice have shown
cardiomyocyte proliferative potential within one week of birth.
Given the paucity of data in large animals, we aim to establish a
timeline for and elucidate patterns of age-dependent proliferative
potential in a porcine model. Two sows proceeded with natural

birth and their 22 offspring were randomly assigned to postnatal
time points for necropsy (day 0, 1, 3, 7, 21, and 84). At each time
point, 3 animals were injected with bromodeoxyuridine 24 hours
prior to necropsy (except at day 0). Mid-right ventricle (RV) and
mid-left ventricle (LV) free wall samples were collected. Reverse
transcriptase polymerase chain reaction of cardiac gene panels
and immunohistochemistry with Ki-67 were used to assess
cardiac proliferation. ANOVA models compared differences for
time points versus day 0 samples for gene expression and Ki-
67 % positive nuclei. Over 84 days, the animals’ cardiac mass
grew by a factor of over 10 (11.1 £ 3.6 g to 115.6 = 15.8 g)
and overall body mass by a factor of almost 15 (1.6 + 0.4 kg to
31.6 = 3 kg). The RV did not significantly increase in thickness
but the LV free wall thickness more than doubled (2.7+0.5
mm to 6.5+0.4 mm). A statistically significant drop in nuclear
Ki-67 staining was noted between day 21 and 84 in both the
RV (20.9% vs 2.7%, respectively; p<0.01) and LV (21.5% vs
3.7%, respectively; p<0.01). Bromodeoxyuridine/troponin T
double staining was used to confirm which replicating cells were
cardiomyocytes. Numerous predictive, progenitor, and fetal
cardiac genes demonstrated increased expression compared
to day 0 baselines at day 21 and even 84 (Table 1). Overall, it
appears that the porcine heart has cellular proliferation capacity
for at least 3 weeks after birth with a subsequent drop. Earlier
significant increases in gene expression were seen in the RV
(as early as day 3) versus the LV (usually at day 21). Cellular
and subcellular pathways for assessment of cardiomyocyte
proliferative potential can delineate methodology and timing for
clinical trials for congenital cardiac disease novel therapies (e.g.
intraoperative myocardial stem cell injection). Our observation
appear to extend the mammalian window of cardiac proliferative
potential to 3 weeks and beyond in porcine hearts.

Funding Source: Todd and Karen Wanek Program for
Hypoplastic Left Heart Syndrome

W-2027

FUNCTIONAL DYNAMICS OF CHROMATIN
TOPOLOGY IN HUMAN CARDIOGENESIS AND
DISEASE

Bertero, Alessandro - Department of Pathology, University of
Washington, Seattle, WA, USA

Fields, Paul - Department of Pathology, University of
Washington, Seattle, WA, USA

Smith, Alec - Department of Bioengineering, University of
Washington, Seattle, WA, USA

Ramani, Vijay - Department of Genome Sciences, University of
Washington, Seattle, WA, USA

Bonora, Giancarlo - Department of Genome Sciences,
University of Washington, Seattle, WA, USA

Leonard, Andrea - Department of Mechanical Engineering,
University of Washington, Seattle, WA, USA

Beussman, Kevin - Department of Mechanical Engineering,
University of Washington, Seattle, WA, USA

Yardimci, Galip - Department of Genome Sciences, University
of Washington, Seattle, WA, USA
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Reinecke, Hans - Department of Pathology, University of
Washington, Seattle, WA, USA

Sniadecki, Nathan - Department of Mechanical Engineering,
University of Washington, Seattle, WA, USA

Kim, Deok-Ho - Department of Bioengineering, University of
Washington, Seattle, WA, USA

Pabon, Lil - Department of Pathology, University of
Washington, Seattle, WA, USA

Noble, William - Department of Genome Sciences, University
of Washington, Seattle, WA, USA

Shendure, Jay - Department of Genome Sciences, University
of Washington, Seattle, WA, USA

Murry, Charles - Department of Pathology, University of
Washington, Seattle, WA, USA

Functional changes in spatial genome organization during
human development or disease are poorly understood. We have
investigated these dynamics in two models: (1) the differentiation
of human pluripotent stem cells into cardiomyocytes (hPSC-CM);
(2) hPSC-CM from patients with cardiac laminopathy, a genetic
dilated cardiomyopathy with severe conduction disease due to
mutations in LMNA (which encodes for the nuclear intermediate
filament proteins Lamin A/C). We combined omics methods to
probe nuclear structure (Hi-C), chromatin accessibility (ATAC-
seq), and gene expression (RNA-seq), and genetic perturbations
by CRISPR/Cas9. We found that as hPSC differentiate the
heterochromatin compacts and large cardiac genes transition
from a repressive (B) to an active (A) compartment. We identified
a network of such gene loci that increase their association
inter-chromosomally, and are targets of the muscle-specific
splicing factor RBM20. Genome editing studies showed that
the TTN pre-mRNA, the main RBM20-regulated transcript in
the heart, nucleates RBM20 foci that drive spatial proximity
between the TTN locus and other RBM20 targets such as
CACNA1C and CAMK2D. This mechanism promotes RBM20-
dependent alternative splicing of the resulting transcripts,
indicating the existence of a cardiac-specific trans-interacting
chromatin domain (TID) functioning as a splicing factory. In the
context of disease, we found that Lamin A/C haploinsufficient
hPSC-CM have marked electrophysiological, contractile,
and gene expression alterations. While large-scale changes
in chromatin topology are evident, differences in chromatin
compartmentalization are limited to a few hotspots. These
regions normally transition from A to B during cardiogenesis,
but remain in A in mutant hPSC-CM. Non-cardiac genes located
within such aberrant domains are ectopically expressed,
including the neuronal P/Q-type calcium channel CACNA1A.
Importantly, pharmacological inhibition of the resulting currents
partially mitigates elongation of field potential duration during
the contraction of mutant hPSC-CM. Altogether, this work
demonstrates the dynamic nature of genome organization
during human cardiogenesis and in disease, and shows how
these spatial relationships can regulate lineage-specific gene
expression.

Funding Source: EMBO Long-Term Fellowship (ALTF 448-
2017; AB). NIH 4D Nucleome (NIH U54 DK107979; CEM, WSN
and JS). P01 GM081619, RO1 HL128362, and Foundation
Leducq Transatlantic Network of Excellence (CEM).
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W-2029

MODELLING LEFT VENTRICLE CARDIOMYOCYTE
DIFFERENTIATION IN VITRO USING LESSONS
FROM THE MOUSE HEART

Bernardo, Andreia S - Developmental Biology, The Francis
Crick Institute, London, UK

Cooper, Fay - Developmental Biology, Francis Crick Institute,
London, UK

Bouissou, Camille - Developmental Biology, Francis Crick
Institute, London, UK

Spruce, Thomas - Centre for Genome Regulation, Centre for
Genome Regulation, Barcelona, Spain

Smith, Jim - Developmental Biology, Francis Crick Institute,
London, UK

Cardiovascular disease is the leading cause of death in
industrialized countries. Human embryonic stem cells (hESCs)
offer the possibility to model some of these diseases in vitro,
with the aim of finding drugs for better management of clinical
outcomes. Current cardiomyocyte differentiation protocols
often produce heterogenous cell cultures. In addition, in vitro
cardiomyocytes are immature and do not have all the hallmarks
of their in vivo counterparts. To circumvent this problem, a
thorough understanding of how the various heart compartments
are formed is needed. We have performed RNA-seq analysis
of micro-dissected regions of the mouse heart across 4 time
points of development, ranging from early tube bulge to the first
stages of looping. Our temporal and region specific information
has allowed us to identify signals and transcription factors which
are uniquely enriched (or downregulated) in the left ventricle,
the right ventricle and the atria. Most of these genes are region
specific from the onset of tube formation and only a few are
increasing in expression levels as the heart tube develops. We
are now performing spatial transcriptomics of the mouse heart
so we can build a 4D map of heart gene expression. Moreover,
some of the identified candidate genes and pathways, which
represent an array of biological functions, are now being
modulated to optimise in vitro differentiation of hESCs into a
homogenous left ventricle cardiomyocyte fate.

Funding Source: This work was funded by the BHF
(210987/2/18/Z) and Wellcome trust (BHF-FS/12/37/29516).

W-2031

ROLE OF TELOMERE DYSFUNCTION IN DUCHENNE
MUSCULAR DYSTROPHY CARDIOMYOPATHY

Eguchi, Asuka - Baxter Laboratory for Stem Cell Biology,
Stanford Cardiovascular Institute, Stanford University,
Stanford, CA, USA

Chang, Alex - Precision Medicine, Shanghai Jiao Tong
University School of Medicine, Shanghai, China

Pardon, Gaspard - Baxter Laboratory for Stem Cell Biology,
Stanford Cardiovascular Institute, Stanford University,
Stanford, CA, USA

Pruitt, Beth - Mechanical Engineering, University of California,
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Santa Barbara, CA, USA

Bernstein, Daniel - Department of Pediatrics and Cardiology,
Stanford Cardiovascular Institute, Stanford University,
Stanford, CA, USA

Blau, Helen - Baxter Laboratory for Stem Cell Biology, Stanford
Cardiovascular Institute, Stanford University, Stanford, CA,
USA

Duchenne muscular dystrophy (DMD) is a devastating X-linked
genetic disorder that affects 1 in 3500 males. Characterized by
progressive muscle degeneration that culminates in respiratory
failure and dilated cardiomyopathy, DMD is caused by a lack of
dystrophin, a protein that provides structural support between
the sarcomeric cytoskeleton and the extracellular matrix. Loss
of dystrophin leads to a leaky plasma membrane, contractile
stress, and disruption of cellular homeostasis. However, the
molecular mechanism that eventually leads to cell death remains
to be explored. Recently, the Blau lab discovered a pathogenic
link between DMD cardiomyopathy and telomere dysfunction.
While mdx mice that lack functional dystrophin do not exhibit
dilated cardiomyopathy as in human patients, when crossed with
mTR mice that lack the RNA component of telomerase (TERC),
mdx mice with “humanized” telomere lengths fully manifested
the severe muscle wasting and cardiac failure seen in patients.
Notably, the longertelomeres, characteristic of mice, appearto be
cardioprotective. Importantly, we observed telomere shortening
in cardiomyocytes, but not other cell types, of DMD patients
compared to age-matched controls. Preliminary data suggests
that contractile stress due to the lack of dystrophin leads to a
pathogenic feed-forward loop which ultimately culminates in
cardiomyocyte cell death. Using human iPS cells derived from
DMD patients, we have modeled telomere shortening and
aspects of cardiomyocyte dysfunction characteristic of DMD,
including aberrant calcium transients, mechanical stress, and
arrhythmia. By comparing cardiomyocytes derived from DMD
iPS cells with those from CRISPR-corrected isogenic controls on
patterned bioengineered hydrogel platforms of varying stiffness,
we can recapitulate 30 years of patient life in 30 days of culture,
enabling elucidation of the role of telomere dysfunction in the
premature demise of DMD cardiomyocytes. Pinpointing the
early molecular events that trigger the pathogenic feed-forward
loop will provide strategies for intervention to ameliorate DMD
cardiomyopathy.

Funding Source: American Heart Association Collaborative
Science Award (17CSA33590101); American Heart Association
Postdoctoral Fellowship (18POST33960526)

W-2033

MULTI-PARAMETRIC ASSESSMENT OF
COMPOUND-INDUCED PRO-ARRHYTHMIC
EFFECTS IN HUMAN IPSC-DERIVED
CARDIOMYOCYTES

Sirenko, Oksana - Research and Development, Molecular
Devices, San Jose, CA, USA

Flemming, Cris - Research and Development, Ncardia,
Cologne, Germany

Hess, Dietmar - Research and Development, Ncardia, Cologne,
Germany

Kettenhofen, Ralf - Research and Development, Ncardia,
Cologne, Germany

Crittenden, Carole - Research and Development, Molecular
Devices, San Jose, CA, USA

Development of biologically relevant and predictive cell-based
assays for compound screening and toxicity assessment is
a major challenge in drug discovery. The focus of this study
was to establish high-throughput compatible cardiotoxicity
assays using human induced pluripotent stem cell (iPSC)-
derived cardiomyocytes. To assess the utility of human iPSC-
derived cardiomyocytes as an in vitro pro-arrhythmia model, we
evaluated the concentration dependence and responses to 28
drugs linked to low, intermediate, and high torsades de pointes
(TdP) risk categories. The impact of various compounds on the
beating rates and patterns of cardiomyocyte spontaneous activity
was monitored by changes in intracellular Ca2+ oscillations
measured by fast kinetic fluorescence with calcium-sensitive
dyes. Advanced image analysis methods were implemented to
provide multi-parametric characterization of the Ca2+ oscillation
patterns. In addition, we used high content imaging methods
to characterize compound effects on viability, cytoskeletal re-
arrangements, and mitochondria potential of cardiac cells. This
phenotypic assay allows for the characterization of parameters
such as beating frequency, amplitude, peak width, rise and decay
times, as well as cell viability and morphological characteristics.
The results demonstrate the utility of hiPSC cardiomyocytes to
detect drug-induced pro-arrhythmic effects in vitro.

W-2035

THE HUMAN DISEASE GENE TFPA/HADHA IS
REQUIRED FOR FATTY ACID BETA OXIDATION
AND CARDIOLIPIN RE-MODELING IN HUMAN
CARDIOMYOCYTES

Clark, Elisa C - Bioengineering, Institute for Stem Cell and
Regenerative Medicine, University of Washington, Seattle, WA,
USA

Miklas, Jason - Bioengineering, Institute for Stem Cell and
Regenerative Medicine, University of Washington, Seattle, WA,
USA

Levy, Shiri - Biochemistry, Institute for Stem Cell and
Regenerative Medicine, University of Washington, Seattle, WA,
USA

Detraux, Damien - Biochemistry, Institute for Stem Cell and
Regenerative Medicine, University of Washington, Seattle, WA,
USA

Leonard, Andrea - Mechanical Engineering, Institute for Stem
Cell and Regenerative Medicine, University of Washington,
Seattle, WA, USA

Beussman, Kevin - Mechanical Engineering, Institute for Stem
Cell and Regenerative Medicine, University of Washington,
Seattle, WA, USA

Showalter, Megan - NIH West Coast Metabolomics Center,
University of California Davis, Davis, CA, USA
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USA

Yang, Xiulan - Pathology, Institute for Stem Cell and
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WA, USA
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USA
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Regenerative Medicine, University of Washington, Seattle, WA,
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Mutations in hydroxyacyl-CoA dehydrogenase/3-ketoacyl-CoA
thiolase/enoyl-CoA hydratase alpha subunit (HADHA) result in
impairment of long chain fatty acid beta-oxidation (FAO) and
severe, early-onset cardiomyopathy, including sudden infant
death syndrome (SIDS). To better characterize the cardiac
phenotype, we generated stem-cell derived cardiomyocytes
(CMs) from HADHA-deficient induced pluripotent stem cells
(iPSCs) as well as from patients containing a single (G1528C)
point mutation in exon 15 of HADHA, resulting in long-chain
3-hydroxyacyl-CoA dehydrogenase deficiency (LCHADD). To
mature these iPSC-derived CMs from a fetal to a more adult-
like state, we utilized a novel, HOPX-targeting MircoRNA
Maturation Cocktail (MiMaC). When matured using MiMaC and
challenged with fatty acid rich media, HADHA-deficient CMs
displayed impaired FAO and accumulation of lipid intermediates
characterized by lipidomic analysis. These cells also displayed
abnormal calcium handling and beat rate abnormalities,
suggesting an arrhythmic state responsible for SIDS. HADHA-
deficient, fatty acid challenged CMs further displayed a loss
in mitochondrial proton gradient and loss of defined cristae
structure by electron microscopy. Using mass spectrometry,
we demonstrated that both HADHA-deficient and LCHADD
CMs display abnormalities in cardiolipin species, suggesting
impaired cardiolipin re-modeling. Furthermore, we investigated
the abundant cardiolipin species in wild type and HADHA-
deficient stem cell derived CMs before and after maturation,
and determined that maturation and HADHA-dependent re-
modeling are essential for a cardiolipin profile that more closely
resembles that of an adult CM. Based on these data, and
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sequence similarities between HADHA and monolysocardiolipin
acyltransferase (MLCL-AT) we propose that HADHA has a dual
role, performing both FAO and cardiolipin re-modeling and is
essential for cardiomyocyte maturation and function.

W-2037

VINCULIN IS REQUIRED FOR CARDIAC NEURAL
CREST TO MEDIATE OUTFLOW TRACT SEPTATION
AND SEMILUNAR VALVE DEVELOPMENT IN MOUSE

Ngan, Elly - Department of Surgery, University of Hong Kong,
Hong Kong

Wang, Reeson - Department of Surgery, The University of
Hong Kong, Hong Kong

Vinculin (Vcl) is a key adaptor protein at the focal adhesion (FA)
mediating various cellular processes and developmental events.
In this project, we elucidated how Vcl regulates cardiac neural
crest (CNC) development using a NC specific Vcl knockout
(VcIKO) mouse model. VclKO mutants died within few hours after
birth, due to heart failures. VcIKO mutants at E18.5 present with
ventricular septal defect (VSD), interrupted aortic arches (IAA)
and persistent truncus arteriosus (PTA). Formation of semilunar
valves (SLV) was also found interrupted, in which the aortic and
pulmonary valves of the mutants were much thicker than those
of the control and of unequal size. The cardiac defects of the
mutants are primarily caused by the failure of CNCs to properly
populate the cardiac outflow tract (OFT) and differentiate into
vascular smooth cell (VSMC). Delayed migration of CNCs was
observed along the cardiac OFT and in the endocardial ridges.
VclKO CNCs failed to fully populate the proximal aorta and
to give rise to VSMC, resulting in the incomplete septation of
aorta and pulmonary artery, leading to IAA and PTA. During
the SLV development, CNCs induce the endothelial-to-
mesenchymal transition to generate enough mesenchymal cells
for the expansion of OFT endocardial cushions (EC); regulate
the myocardialization to guide myocardial cells to invade ECs;
and provide instructive signals to orchestrate apoptosis and
extracellular matrix production for the valve remodelling. The
reduced number of CNCs in the OFT of the mutants severely
interrupted the myocardialization, in which the myocardial
cells failed to invade the ECs to support the SLV development.
Moreover, the valve remodelling process was found defective
in VcIKO, such that excessive mesenchymal cells were present,
resulting in the thickened valves. Ventricular septum closure
relies on the coordination between the ECs of the proximal OFT
and the atrioventricular canal (AVC). The defective development
of the OFT ECs in VclKO disturbed the movement and
remodelling of the AVC ECs, and interrupted the formation of
the membranous ventricular septum, leading to VSD. In sum,
Vcl is playing the pivotal roles in the migration and differentiation
of CNCs during the OFT development, SLV formation and
ventricular septum closure.

Funding Source: This work was supported by the General
Research Fund (HKU 17110818) from the Research Grant
Council of HKSAR to E. Ngan.
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PROFILING CARDIO-ACTIVE COMPOUND
RESPONSE BETWEEN HIGH TRHOUGHPUT

2D MONOLAYERS, ANISOTROPIC AND
3-DIMENSIONAL HUMAN INDUCED PLURIPOTENT
STEM CELL-DERIVED CARDIOMYOCYTES

Zanella, Fabian - Research and Development, StemoniX, San
Diego, CA, USA

Contu, Riccardo - Research and Development, StemoniX, San
Diego, CA, USA

Padilla, Robert - Research and Development, StemoniX, San
Diego, CA, USA

Si, Wonjong - Research and Development, StemoniX, San
Diego, CA, USA

Spangenberg, Stephan - Research and Development,
StemoniX, San Diego, CA, USA

Fanton, Alison - Screening Services, StemoniX, San Diego, CA,
USA

Van Hese, Brittney - Research and Development, StemoniX,
San Diego, CA, USA

Andersen, Carsten - Screening Services, StemoniX, San Diego,
CA, USA

Human induced pluripotent stem cell-derived cardiomyocytes
(hiPSC-CM) have become a prominent tool in safety
pharmacology, toxicology studies and disease modeling.
However, in traditional 2D monolayers hiPSC-CMs typically
display an abnormal sub-cellular structural organization with
reported features of cellular immaturity. Micro-engineered high-
density screening platforms with mechanical cues to promote
cardiomyocyte alignment generate anisotropic cultures with
readily identifiable, correctly patterned myofibrils along the cell
body, intercalated disc components targeted to the distal ends
of the cells and more elongated nuclei. Directional contraction
patterns of hiPSC-CM preparations were observed to become
markedly uniform in this platform. Parallelly, complex 3D cultures
of cardiomyocytes, fibroblasts and endothelial cells have been
reported to promote more physiological contraction patterns,
with positive increases in the force-frequency relationship
in response to ionotropic compounds. Here we compared
cardiomyocytes cultured as 2D monolayers, anisotropic
cultures and 3D cardiomyocyte spheroids in high throughput
screening formats for their ability to respond to cardioactive
compounds. Interestingly, our observations indicate that the
different systems can display marked differences their in
response to compounds of interest. Examples of compounds
with clear differential response include the potassium channel
blocker Dofetilide, the beta-adrenergic agonist dobutamine and
a cocktail of hypertrophic stimuli. Altogether the results obtained
in this study highlight that specific hiPSC-CM based platforms
present advantages and limitations which need to be weighed in
to ensure suitability to their context of use.

ENDOTHELIAL CELLS AND
HEMANGIOBLASTS

W-2043

HUMAN INDUCED PLURIPOTENT STEM CELL
(IPSC)-DERIVED NEUROECTODERMAL EPITHELIAL
CELLS MISIDENTIFIED AS BLOOD-BRAIN BARRIER
ENDOTHELIAL CELLS

Lis, Raphael - Department of Medicine/Ansary Stem Cell
Institute, Weill Cornell Medicine, New York, NY, USA

Lu, Tyler - CRMI, Weill Cornell Medicine, New York, NY, USA
Redmond, David - Immunology, MSKCC, New York, NY, USA
Magdeldin, Tarig - Brain Tumor Center, Weill Cornell Medicine,
New York, NY, USA

Nguyen, Duc - Medicine, Weill Cornell Medicine, New York,
NY, USA

Snead, Amanda - Department of Pathology and Cell Biology,
Columbia University Irving Medical Center, New York, NY, USA
Sproul, Andrew - Department of Pathology and Cell Biology,
Columbia University Irving Medical Center, New York, NY, USA
Xiang, Jenny - Genomics Resources Core Facility, Weill Cornell
Medicine, New York, NY, USA

Fine, Howard - Brain Tumor Center, Weill Cornell Medicine,
New York, NY, USA

Rosenwaks, Zev - CRMI, Weill Cornell Medicine, New York,
NY, USA

Rafii, Shahin - Medicine, Weill Cornell Medicine, New York, NY,
USA

Agalliu, Dritan - Department of Pharmacology, Columbia
University Irving Medical Center, New York, NY, USA

Brain microvascular endothelial cells (BMECs) have unique
properties termed the blood-brain-barrier (BBB) that are crucial
for immunological and homeostatic brain functions. Modulation
of the BBB function is essential for treatment of neurological
maladies and augmenting tumor targeting. Studies on the
BBB have been hampered by lack of models, which cultivate
BMECs that sustain their BBB-specific vascular cell fate. As
an alternative approach, studies have reported differentiation
of induced pluripotent stem cells (iPSC) into BMECs (iBMECs)
with BBB-like properties developing a robust in vitro model for
drug delivery and understanding mechanisms of neurological
diseases. However, the molecular identity of these iBMECs
remains unclear. Employing single-cell RNA-sequencing, we
examined the molecular and functional properties of these
putative iIBMECs and found iBMECs that differentiated either
in the absence or presence of retinoic acid lack expression
of endothelial-lineage genes and ETS transcription factors
(TFs) essential for the establishment/maintenance of an EC
identity. iBMECs failed to respond to angiogenic stimuli and
form lumenized vessels. Using a combination of bio-informatic
analyses and immunofluorescence for pathways/TFs/surface
markers, we demonstrate that human iBMECs are not BBB-ECs
but rather misidentified EpCAM+ neuroectodermal epithelial
cells (NE-EpiCs). NE-EpiCs-Epi form tight junctions that can
resemble those present in BBB-forming BMECs in part due
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to the lack of specificity of the Claudin-5 antibody. Moreover,
overexpression of ETS TFs (ETV2, FLI1, and ERG) reprograms
NE-EpiCs into cells resembling an authentic EC. Therefore, while
direct differentiation of human iBMECs is an infrequent event
and primarily give rise to epithelial cells, it might be remedied by
overexpression of several ETS TFs to recreate a true vascular
BBB model in vitro.

W-2045

SHEAR STRESS MEDITATED ENHANCEMENT
OF VASCULAR PHENOTYPES IN HUMAN
MESENCHYMAL STEM CELLS

Sligar, Andrew D - Biomedical Engineering, The University of
Texas at Austin, TX, USA

Karanam, Varsha - Chemical Engineering, The University of
Texas at Austin, TX, USA

Lee, Jason - Biomedical Engineering, The University of Texas
at Austin, TX, USA

Deb, Chaarushena - Biological Engineering, Massachusetts
Institute of Technology, Boston, MA, USA

Le, Victoria - Institute for Cellular and Molecular Biology, The
University of Texas at Austin, TX, USA

Baker, Aaron - Biomedical Engineering, The University of Texas
at Austin, TX, USA

Peripheral arterial disease (PAD) is a chronic condition that
impacts more than 8.5 million Americans over age 40. Current
therapies for PAD, including percutaneous interventions and
surgical revascularization, are often inadequate as long-term
solutions due to continued progression of vascular disease
and restenosis. Mesenchymal stem cell (MSC) therapy is a
promising approach for the treatment of PAD but has not
yet achieved consistent therapeutic benefits in clinical trials.
Studies to differentiate MSCs into endothelial cells have had
varying results between groups and contradictory findings. To
address this issue, we used a novel high throughput device to
apply shear stress to MSCs and examined the synergy between
applied flow and biochemical signals in enhancing endothelial
cell (EC) differentiation of MSCs. Shear stresses of 1 dyn/cm2,
5 dyn/cm2 or +1/-1 dyn/cm2 (oscillatory shear stress; OSS)
in combination with substrate compliance and biochemical
treatments were applied to MSCs to optimize their vascular
differentiation. We first applied shear stress to the MSCs on
substrates of varying compliance. A detailed analysis of the cell
phenotypes using flow cytometry revealed increased endothelial
differentiation and a reduction in vSMC phenotype on soft
substrates (0.2 or 0.5 kPa) with shear stress. We next performed
a high throughput screen for 80 compounds on cells on soft
substrates with exposure to shear stress. This analysis revealed
several inhibitors that led to increased endothelial differentiation
of the cells synergistically with shear stress, while reducing the
expression of the vSMC marker aSMA. We further confirmed the
endothelial phenotype of the cells by repeating the treatments
and performing immunostaining and flow cytometry. Cells
that underwent shear stress treatments exhibited greater tube
formation in Matrigel and showed higher vessel density in a rat
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subcutaneous implantation model. Together, our results support
that the endothelial differentiation of MSCs can be enhanced
under optimized conditions of substrate stiffness, shear stress
and pharmacological compound treatment.

Funding Source: American Heart Association (17IRG33410888),
the DOD CDMRP (W81XWH-16-1-0580; W81XWH-16-1-0582)
and the National Institutes of Health (1R21EB023551-01;
1R21EB024147-01A1; 1R01HL141761-01)

W-2047

SEX DIFFERENCES IN HUMAN INDUCED
PLURIPOTENT STEM CELL-DERIVED
ENDOTHELIAL CELL FUNCTION

Karaca, Esra - Department of Cardiothoracic Surgery,
Stanford University, Stanford, CA, USA

Wanjare, Maureen - Department of Cardiothoracic Surgery,
Stanford University, Stanford, CA, USA

Nguyen, Patricia - Department of Medicine, Stanford
University, Stanford, CA, USA

Huang, Ngan - Department of Cardiothoracic Surgery, Stanford
University, Stanford, CA, USA

Cardiovascular diseases (CVDs) continue to be the leading cause
of death for both men and women, although women have lower
risk of developing heart diseases until menopause. Following
the decrease in the estrogen hormone levels post-menopause,
the risk becomes comparable to men. This suggests that
elucidating the underlying mechanisms of sex differences in
cardiovascular function is crucial to improve the diagnosis and
treatment of CVDs in both sexes. The objective of this study is
to compare the angiogenic function of female and male induced
pluripotent stem cell-derived endothelial cells (iPSC-ECs) to
identify basic signaling mechanisms by which estrogen and the
estrogen receptors mediate the process. In initial experiments,
three pairs of age and race matched primary endothelial cells
from healthy patients were implanted subcutaneously into male
SCID mice within Matrigel plugs for two weeks. Quantitative
PCR analysis demonstrated that female primary endothelial
cells had upregulated expression of fibroblast growth factor-2
and endothelial nitric oxide synthase genes which play roles in
angiogenesis and endothelial function. Histological analysis of
implanted plugs demonstrated a significant increase in murine
capillary density when implanted with female cells than male
cells, suggesting greater paracrine release of angiogenic factors
by female cells. To validate these findings, we obtained iPSCs
generated from blood plasma of male and female donors. When
differentiated into IPSC-ECs, these cells differ from each other
in growth rate, migration and their response to VEGF treatment.
Ongoing studies intend to reveal the angiogenic potential of
sex-specific iPSC-ECs in the presence of estrogen treatment
to elucidate the role of estrogen and its receptors in male and
female endothelial function.
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W-2049

RUNX1 AND TGF-B SIGNALING REGULATE
EXPRESSION OF P15 TO CAUSE CELL CYCLE
ARREST SO AS TO BLOCK THE EARLY HUMAN
HEMATOPOIESIS

Chen, Bo - Stem Cell Center, Institute of Blood Transfusion,
Chinese Academy of Medical Sciences, Chengdu, China
Chang, Jing - Stem Cell Center, Institute of Blood Transfusion,
Chinese Academy of Medical Sciences and Peking Union
Medical College (CAMS and PUMC), Chengdu, China

Sun, Wencui - Stem Cell Center, Institute of Blood Transfusion,
Chinese Academy of Medical Sciences and Peking Union
Medical College (CAMS and PUMC), China, Chengdu, China
Teng, Jiawen - Stern Cell Center, Institute of Blood
Transfusion, Chinese Academy of Medical Sciences and
Peking Union Medical College (CAMS and PUMC), China,
Chengdu, China

Zeng, Jiahui - Stem Cell Center, Institute of Blood Transfusion,
Chinese Academy of Medical Sciences and Peking Union
Medical College (CAMS and PUMC), China, Chengdu, China
Zhang, Yonggang - Stem Cell Center, Institute of Blood
Transfusion, Chinese Academy of Medical Sciences and
Peking Union Medical College (CAMS and PUMC), Chengadu,
China

Pan, Xu - Stem Cell Center, Institute of Blood Transfusion,
Chinese Academy of Medical Sciences and Peking Union
Medical College (CAMS and PUMC), China, Chengdu, China
Lai, Mowen - Stem Cell Center, Institute of Blood Transfusion,
Chinese Academy of Medical Sciences and Peking Union
Medical College (CAMS and PUMC), China, Chengdu, China
Bian, Guohui - Stem Cell Center, Institute of Blood Transfusion,
Chinese Academy of Medical Sciences and Peking Union
Medical College (CAMS and PUMC), China, Chengdu, China
Zhou, Qiongxiu - Stem Cell Center, Institute of Blood
Transfusion, Chinese Academy of Medical Sciences and
Peking Union Medical College (CAMS and PUMC), Chengdu,
China

Liu, Jiaxin - Stem Cell Center, Institute of Blood Transfusion,
Chinese Academy of Medical Sciences and Peking Union
Medical College (CAMS and PUMC), China, Chengdu, China
Ma, Feng - Stem Cell Center, Institute of Blood Transfusion,
Chinese Academy of Medical Sciences and Peking Union
Medical College (CAMS and PUMC), China, Chengdu, China

RUNX1 plays a key role in regulatory function on human
hematopoiesis and blood diseases, and is absolutely required
for HSC formation and definitive hematopoiesis. Overexpression
of RUNX1b (one of its isoform) in H1 hESC has been reported
to block the hematopoiesis in our AGM-S3 co-culture system,
which could be partially rescued by RepSox, the TGF-f3 signaling
inhibitor against ALK5. D4 co-cultures were detected and cell
cycle G1 arrest was found in DOX-induced RUNX1b/hESC co-
culture and be partially reverted when RepSox was added. In
order to elucidate the molecular mechanism of hematopoiesis

blockage caused by RUNX1b, the cell cycle-related genes
were screened by gRT-PCR so as to find the genes that were
differentiately expressed between untreated and DOX-induced
D4 co-culture of RUNX1b/hESC with or without RepSox.
Among them P15 was up-regulated after DOX induction and
reversed to original expression level when RepSox was added.
The expression level of P15 at day 4 of co-culture was highly
consistent with the level of RUNX1b when the RUNX1b/hESC
co-culture was induced by different concentration of DOX.
Above results indicated that up-regulation of P15 depend on
both overexpression of RUNX1 and enhanced TGF- signaling.
The P15 inducible hESC line based on piggyBac inducible
system was also established and the overexpression of P15
could obviously block the hematopoiesis and lead to cell cycle
G1 arrest, which ought to be a key step to cause the blockage
of RUNX1b to hematopoiesis, including CD34+CD43+ and
CD34+CD43-. TGF-B1 could up-regulate TGF-3 signaling and
block hematopoiesis which is similar to the effect of RUNX1b or
P150n CD34+CD43+and CD34+CD43- population. ButRUNX1b
could not block the generation of CD34lowCD43- population
when TGF-f3 signaling was inhibited by RepSox, which indicated
that RUNX1b itself or other downstream pathway controlled
by RUNX1b might be regulate the expression of P15 with the
indispensable help of enhanced TGF- signaling. The severe
blockage to hematopoiesis depends on up-regulation both of
them. Our study ought to help to reveal the cellular/molecular
mechanism of RUNX1 gene to control early hematopoiesis.

Funding Source: It was supported by awards from the CAMS
Initiatives for Innovative Medicine 2016-I12M-1-018 of F. Ma,
and 2017-12M-3-021 of J.X. Liu; Sichuan Provincial Health and
Family Planning Commission research project, 17PJ489 of B.
Chen
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LONG-TERM EX VIVO EXPANSION OF FUNCTIONAL
HEMATOPOIETIC STEM CELLS AFFORDS NON-
CONDITIONED TRANSPLANTATION

Wilkinson, Adam C - Institute for Stem Cell Biology and
Regenerative Medicine, Stanford University, Stanford, CA,
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Ishida, Reiko - Institute of Medical Sciences, University of
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Kikuchi, Misako - Institute of Medical Sciences, University of
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Sudo, Kazuhiro - Cell Engineering Division, RIKEN
BioResource Center, Tsukuba, Japan

Morita, Maiko - Institute of Medical Sciences, University of
Tokyo, Japan

Crisostomo, Ralph Valentine - Institute for Stem Cell Biology
and Regenerative Medicine, Stanford University, Stanford, CA,
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Yamamoto, Ryo - Institute for Stem Cell Biology and
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University, Stanford, CA, USA

Nakamura, Yukio - Cell Engineering Division, RIKEN
BioResource Center, Tsukuba, Japan

Watanabe, Motoo - Institute of Medical Sciences, University of
Tokyo, Japan

Nakauchi, Hiromitsu - Institute for Stem Cell Biology and
Regenerative Medicine, Stanford University, Stanford, CA,
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Utilizingmultipotentandself-renewing capabilities, hematopoietic
stem cells (HSCs) can maintain hematopoiesis throughout
life. The mechanism of such striking abilities of HSCs remains
unanswered despite many years of research, mainly because of
the paucity of HSCs in the bone marrow. Ex vivo expansion has
been a holy grail of HSC research for both basic research and
clinical applications, yet, no such system currently exists. By
taking a reductionist optimization approach, we have developed
a simple culture platform that supports functional mouse HSCs
ex vivo over 1-2 months. Limiting dilution transplantation analysis
of day-28 HSC cultures estimates a ~900-fold expansion of
functional HSCs (based on >1% multilineage engraftment at
16-weeks post-transplantation) with secondary transplantation
analysis estimating >200-fold expansion of serially-engraftable
long-term HSCs. Functional HSCs can also be expanded
clonally using this system but display significant heterogeneity
in expansion capacity, suggesting an important role for intrinsic
regulation of HSC self-renewal. The large numbers of functional
HSCs generated by this long-term ex vivo expansion system
even enables non-myeloablative HSC transplantation, curative
for immunodeficient recipients. Finally, this simple culture
system also supports human HSC ex vivo, as determined by
16-week engraftment in NSG mice. Thus, the ex vivo expansion
of HSCs provides a platform not only to interrogate HSC self-
renewal and lineage commitment but also suggests a novel
approach in clinical HSC transplantation.

W-2053

RECAPITULATION OF MURINE T CELL
DIFFERENTIATION FROM HEMATOPOIETIC STEM
AND PROGENITOR CELLS IN ARTIFICIAL THYMIC
ORGANOIDS

Montel-Hagen, Amelie - Department of Pathology and
Laboratory Medicine, University of California, Los Angeles
(UCLA), CA, USA

Sun, Victoria - Department of Pathology and Laboratory
Medicine, University of California, Los Angeles (UCLA), CA,
USA

Tsai, Steven - Division of Hematology-Oncology, Department
of Medicine, David Geffen School of Medicine, UCLA, Los
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Zampieri, Alexandre - Department of Pathology and Laboratory
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USA

Lopez, Shawn - Department of Pathology and Laboratory
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Medicine, University of California, Los Angeles (UCLA), CA,
USA

Zhu, Yuhua - Department of Pathology and Laboratory
Medicine, University of California, Los Angeles (UCLA), CA,
USA

Seet, Christopher - Division of Hematology-Oncology,
Department of Medicine, David Geffen School of Medicine,
UCLA, Los Angeles, CA, USA

Crooks, Gay - Department of Pathology and Laboratory
Medicine, University of California, Los Angeles (UCLA), CA,
USA

Due to the spatio-temporal complexity of the T cell differentiation
process in the thymus, it has been challenging to recapitulate
thymopoiesis from hematopoietic stem and progenitor cells
(HSPCs) in vitro. The OP9-DL1 monolayer co-culture system
has revolutionized the field allowing the commitment of HSPC
to the T cell lineage in a dish. However, results with this serum-
dependent monolayer system can be inconsistent. We have
recently developed a powerful 3-D model of in vitro T cell
differentiation from human HSPCs as well as human pluripotent
stem cells that reproducibly produces mature naive T cells in
artificial thymic organoids (ATOs). Here we developed a similar
approach using murine bone marrow (BM) HSPCs in serum-free
conditions. Murine ATOs remarkably mimicked normal murine
thymopoiesis with the production of all T cell subsets including
double negative (DN1, DN2, DN3, DN4), immature single
positive (ISP8), double positive (DP) and single positive (CD8SP
and CD4SP) populations. The use of BM from a Notch reporter
(TNR) mouse in ATOs showed highly active Notch signaling in
early thymic progenitors (ETPs) that markedly subsided after
cells committed to the T cell lineage, indicating that Notch
signaling was induced in a manner similar to that of the thymus.
Murine ATOs could recapitulate thymopoiesis from any subset
of BM populations (Lineage negative c-Kit+ Sca-1+ (LSK),
hematopoietic stem cells (HSC), lymphoid-primed multipotential
progenitors (LMPP), Common Lymphoid Progenitors (CLP))
or ETPs. In addition, the system is remarkably efficient using
isolated single cells (either HSC or LSK). Murine ATOs produced
TCR-yd+ cells, and also mature CD3+ TCR-+ CD8 and CD4SP
cells that expressed maturation markers such as CDG62L,
responded to TCR activation and exhibited a broad TCR Vj3
repertoire consistent with positive selection. Strikingly, the use
of Foxp3 reporter mouse BM demonstrated that a fraction of the
CDA4SP cells produced in ATOs displayed a Treg phenotype with
the expression of Foxp3 and CD25. The murine ATO system is
technically simple, reproducible and efficient using BM from at
least 4 different murine strains and is thus a powerful platform
to study murine T cell development and maturation from a
large variety of murine models and hematopoietic progenitor
populations.
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A TRANSIENT P53-MEDIATED DNA DAMAGE
RESPONSE PRESERVES HEMATOPOIETIC STEM
CELL FUNCTION FOLLOWING PRECISE GENE
EDITING
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Therapy (SR-TIGET), Milano, Italy

Schiroli, Giulia - Center for Regenerative Medicine,
Massachusetts General Hospital, Harvard Medical School,
Boston, MA, USA

Ferrari, Samuele - San Raffaele Telethon Institute for Gene
Therapy (SR-TIGET), Milan, Italy

della Volpe, Lucrezia - San Raffaele Telethon Institute for Gene
Therapy (SR-TIGET), Milano, Italy

Jacob, Aurelien - San Raffaele Telethon Institute for Gene
Therapy (SR-TIGET), Milano, ltaly

Albano, Luisa - San Raffaele Telethon Institute for Gene
Therapy (SR-TIGET), Milano, Italy

Beretta, Stefano - Institute for Biomedical Technologies,
National Research Council, Milan, Italy

Calabria, Andrea - San Raffaele Telethon Institute for Gene
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Precise genome editing in Hematopoietic Stem/Progenitor
Cells (HSPC) holds therapeutic promise for several diseases.
Yet, little is known about the cellular responses triggered by
programmable nucleases in edited HSPC, which may negatively
impact their engraftment and long-term repopulation capacity.
Locus specific gene editing inevitably generates double strand

breaks (DSB), highly toxic DNA lesions that trigger the DNA
damage response (DDR). We hypothesize that the induction
of DDR pathways during the editing procedure, if not specific
and restricted in time, will most likely impair the repopulating
potential of HSPC. We induced one or few DSB in cord blood-
derived CD34+ cells with heterodimeric Zinc-Finger and
CRISPR/Cas9 nucleases against loci of therapeutic interest.
As controls we employed equimolar amounts of a single ZFN
monomer or commercially available Cas9 unloaded or loaded
with a computationally validated gRNA with no predicted activity
against the human genome. We monitored DDR foci induction,
cell cycle progression and transcriptional responses on
progenitor and primitive subpopulations up to single cell level.
We also investigated HSPC functionality in response to genome
editing with AAV6 DNA template, both in vitro and in vivo. HSPC
displayed accumulation of upstream DDR mediators at the
targeted loci early upon nucleases-induced DSB. Activation
of the p53-mediated DDR pathway was the predominant
response to even single nuclease-induced DSB across all
HSPC types/states, and excess DSB load and/or combination
with DNA repair template delivered by AAV, caused cumulative
activation of the p53 pathway constraining the proliferation
and yield of edited HSPC. This proliferation impairment was
reversible, at least when the DDR burden remained low, and
could be overcome by temporary antagonism of the p53 trigger,
leading to increase output of clonogenic and repopulating
edited cells. Importantly, genome editing procedure did not
detectably impact on chromosomal translocations, gross
genomic instability and mutational burden of edited HSPC and
transient p53 inhibition did not further aggravate the impact of
the procedure. Our findings provide molecular evidence of the
feasibility of seamless gene editing in HSPC giving confidence
to its prospective translation in humans.

W-2057

SMALL RNAS INVOLVED IN THE DIFFERENTIATION
OF HUMAN HEMATOPOIETIC STEM CELLS TO
ERYTHROID LINEAGE

Nath, Aneesha - Centre for Stem Cell Research, Christian
Medical College, Vellore, India

Roy, Debanjan - Department of Haematology, Christian
Medical College, Vellore, India

Velayudhan, Shaji - Centre for Stem Cell Research and
Department of Haematology, Christian Medical College,
Vellore, India

Different classes of small non-coding RNAs that regulate gene
expression have been reported in eukaryotic cells. Among
these, microRNAs (miRNAs) have been extensively studied
in hematopoiesis for their function in the maintenance of
hematopoietic stem cells (HSCs) and in their differentiation
to multiple lineages. The transcriptional regulatory circuitries
involving miRNAs and lineage-specific transcription factors
(TFs) have not been studied in hematopoietic differentiation.
We performed experiments to identify the small RNAs that are
involved in human erythropoiesis. We differentiated CD34+

USCStem Cell 39



POSTER ABSTRACTS

hematopoietic stem and progenitor cells into erythroid cells,
and small RNA Sequencing was performed from different
time points of erythroid differentiation after flow cytometric
analysis of upregulation of erythroid surface markers, CD71 and
CD235a. We found 76 miRNAs with differential expression with
>10 fold change. Interestingly, the number of downregulated
miRNAs was 3 times higher than the upregulated miRNAs. In
addition to the miRNAs that were previously shown to have
a significant difference in their expression during human
erythropoiesis, we identified an additional 51 differentially
expressed miRNAs. There were 26 intragenic miRNAs with
13 of them in the protein-coding genes. Comparison of the
expression of the miRNAs and their host genes showed that
50% of the miRNA-host gene pairs had the same expression
kinetics and they were co-transcribed. ChlIP-sequencing
analysis showed that GATA1, KLF1 and TAL1 bind within 10kb
upstream of the highest upregulated 8 miRNAs, suggesting that
their erythroid stage-specific expression is regulated by these
TFs. We found a miRNA cluster that was not previously reported
in erythropoiesis, miR-183-182-96 cluster, which showed very
high levels of upregulation during erythropoiesis. TF binding
showed that its expression is regulated by the erythroid TFs.
The results on the functional characterization of the most
upregulated miRNAs, by gene editing using CRISPR/Cas9, will
be presented. We also identified other small RNAs, piRNAs and
snoRNAs, with significant differential expression. This is the first
study carried out for the comprehensive analysis of small RNAs
and their transcriptional circuitries in the maintenance of HSCs
and erythropoiesis.

Funding Source: We acknowledge the research funding from
the Department of Biotechnology, Government of India.

W-2059

NOTCH LIGAND FUNCTIONALIZED MICROBEAD
PLATFORM FOR THE GENERATION OF HUMAN
PROGENITOR AND MATURE CONVENTIONAL

T CELLS FROM MULTIPLE SOURCES OF STEM
CELLS
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T cells are critical mediators of adaptive immunity and can be
harnessed as therapeutic agents for regenerative medicine and
in cancer immunotherapy. The generation of T cells in vitro from
both hematopoietic stem/progenitor cells (HSPCs) and human
induced pluripotent stem cells (iPSCs) offers the prospect of
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generating a self-renewing source of T cells that can be readily
genetically modified. An unmet challenge in the field is the
development of a clinically relevant system that could be easily
scaled to generate large quantities of T-lineage cells. Here, we
report a serum an-free, bead-based approach that supports the
efficient in vitro development of both human progenitor T (proT)
cells and naive conventional T cells from CD34+ cells sourced
from cord blood, GCSF-mobilized peripheral blood and iPSC-
derived haemogenic endothelium. Our strategy uses an artificial
Notch signaling system, wherein DL4-Fc is immobilized to
microbeads (DL4-pbeads). DL4-pbeads, along with the requisite
cytokines, induced an orderly sequence of commitment and
differentiation of CD34+ cells to naive CD3+CD8af+ and
CD3+CD4+ conventional T cells with a diverse T cell receptor
(TCR) repertoire. The adoptive transfer of CD34+CD7+ proT
cells demonstrated efficient engraftment in the thymus of NOD-
SCID IL2rynull mice, restoring the thymic architecture and
thereby facilitating subsequent thymic seeding by HSC-derived
progenitors. Future work aims to investigate the mechanism by
which proT cells regenerate the thymus at single-cell resolution
and demonstrate the ability of these cells to serve a platform for
engineering therapeutic gene circuits.

Funding Source: Medicine by Design Canadian Institutes of
Health Research Ontario Institute for Regenerative Medicine
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EVOLUTIONARY CONSERVED MECHANISMS OF
HEMATOPOIESIS, LESSONS FROM A COLONIAL
CHORDATE

Voskoboynik, Ayelet - Stanford Institute for Stem Cell Biology
and Regenerative Medicine, Stanford, Pacific Grove, CA, USA

Hematopoiesisis an essential process that evolved in multicellular
animals. At the heart of this process are hematopoietic stem
cells (HSCs) which are multipotent, self-renewing and generate
the entire repertoire of blood and immune cells throughout life.
While there are comprehensive studies on HSC self-renewal,
differentiation, regulation and niche occupation, relatively little is
known about the evolutionary origin of HSCs, their progeny and
their niches. We study the hematopoietic system of Botryllus
schlosseri, a colonial chordate with vasculature containing
circulating blood cells, and interesting characteristics of stem
cell biology and immunity. Self-recognition between compatible
Botryllus colonies leads to formation of natural parabionts with a
common vasculature, whereas genetically incompatible colonies
reject. This self-nonself recognition process is controlled by a
highly polymorphic histocompatibility gene BHF: at least one
shared BHF allele is required for fusion to take place. Using
flow cytometry, whole-transcriptome sequencing of defined cell
populations, and diverse functional assays, we identified HSCs
and progenitor cells, immune effector cells and an HSC niche
in this organism. This study revealed a significant evolutionary
conservation between the gene repertoire of the Botryllus
and mammalian hematopoietic stem cells (HSC) and blood
progenitor populations. It also suggests that hematopoietic
bone marrow and the Botryllus endostyle niche evolved from
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the same origin. The immune functional assays we performed
further revealed that cellular rejection between genetically
incompatible colonies is mediated by cytotoxicity and that
BHF is a self-recognition inhibitory factor for cytotoxic cells,
similar to NK inhibition by MHC. Botryllus has cells that share
morphological and molecular characteristics with the vertebrate
HSC and myeloid lineages, including cells that take part in
phagocytosis. Its cytotoxic cell population on the other hand,
highly express more than 50 genes with no human or mouse
homologues. Studying these gene sets and the BHF inhibition
pathway are likely to reveal novel mechanisms to delimit self
from non-self and target pathogens.

Funding Source: NIH grants R56A1089968, R01AG037968 and
RO1GM100315; The Virginia and D. K. Ludwig Fund for Cancer
Research; Siebel grant; Steinhart-Reed grant; Chan-Zuckerberg
investigator grant
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The generation of the hematopoietic stem cells (HSCs) from
human pluripotent stem cells (hPSCs) is a major goal for
regenerative medicine. HSCs derive from a population known
as hemogenic endothelium (HE) that is specified at the onset of
definitive hematopoiesis, and HSCs are specified from HOXA+
HE in aretinoic acid (RA)-dependent manner. We have previously
identified a WNT-dependent (WNTd) CDX4+ mesodermal
population that gives rise to a clonally multipotent, HOXA+
definitive HE. However, this HE lacks HSC-like capacity in the
absence of exogenous transgenes, and is RA-independent, with
exogenous RA treatment failing to confer HSC potential. Thus,
identification of RA-dependent HE has remained elusive. We
therefore asked if the developmental stage of RA-dependence
is developmentally earlier than currently appreciated. Through
single cell RNAseq and pseudotime analyses, we identified
that WNTd mesoderm is actually comprised of two distinct
KDR+ populations, prior to HE specification. These subsets
are distinguishable by mutually exclusive CDX4 and CXCR4

expression. Interestingly, CYP26A1, a RA degrading enzyme,
was exclusively expressed in CDX4+ CXCR4- mesoderm, and it
was this population that solely gives rise to HOXA+ CD34+ HE.
Thus, all WNTd definitive hematopoiesis described to-date is
derived from a KDR+CXCR4- mesodermal population. In sharp
contrast, WNTd CDX4- CXCR4+ mesoderm instead displayed
robust expression of ALDH1A2, a key enzyme in the synthesis
of RA, suggesting this population may be responsive to RA
signaling. Either retinol or all-trans retinoic acid application to
this CXCR4+ mesoderm, during an early, narrow developmental
window, resulted in the specification of CD34+ cells with
remarkably higher expression of medial HOXA genes than RA-
independent progenitors. Critically, following RA signaling this
population now possessed HE, which robustly gave rise to
definitive erythroid, myeloid and lymphoid progeny. Collectively,
this represents the first ever characterization of stage-specific
RA-dependent hPSC-derived definitive hematopoiesis, and
its mesodermal progenitor. This novel insight into human
hematopoietic development enhances our understanding of
human definitive hematopoietic development, and provides the
basis for the de novo specification of HSCs.
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A GLOMERULUS ON A CHIP THAT RECAPITULATES
THE PATHOPHYSIOLOGY OF THE HUMAN
GLOMERULAR FILTRATION BARRIER
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York, NY, USA

Villani, Valentina - Urology, Children’s Hospital Los Angeles,
CA, USA

DeFilippo, Roger - Urology, Children’s Hospital Los Angeles,
CA, USA

Perin, Laura - Urology, Children’s Hospital Los Angeles, CA,
USA

With increasing rates of renal failure and limited options for its
treatment, there is an urgent need of implementing our knowledge
and resources to guide new strategies for understanding
disease- and patient-specific glomerular pathophysiology and
for developing more efficient drug screening tools. Recreating
an ex-vivo functional glomerulus depends on our ability to
generate an in vitro 3D multicellular system that allows fluid
perfusion and proper interactions between podocytes and
glomerular endothelial cells (h\GEC) in a platform that mimics the
complex architecture of the glomerular filtration barrier (GFB).
In our laboratory, we have developed an innovative, barrier-
free, glomerulus-on-a-chip (GOAC) system that closely mimic
the GFB. Amniotic fluid derived podocytes (hHAKPC-P), human
immortalized podocytes (hiPod), primary human podocytes
(hpPod) and human fibroblasts or human lung endothelial cells
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(negative controls) were seeded on microfluidic chips with
hGEC. Cell phenotype was confirmed by immunofluorescence
and de-novo deposition of GBM components such as collagen
IV and laminin alpha5 was verified by staining and western
blotting. Albumin permselectivity was successfully confirmed
and albumin impermeability was impaired following PAN. In
the presence of Membranous nephropathy (MN) serum, the
chip displayed IgG deposition on the podocytes and loss of
permselectivity to albumin, to an extent proportional to urinary
protein loss in vivo. ACTH successfully rescued MN-mediated
damage, confirming feasibility for drug screening. Chip structure
and function were impaired when we used podocytes from
individuals with Alport Syndrome, a kidney disease due to
genetically determined collagen abnormalities. In conclusion,
we have successfully developed a GOAC system that closely
mimics the GFB structure and provides a powerful tool for
studying renal regenerative and disease mechanisms, toxicity
effects and will help the discovery of new drugs.

W-2067

ALLEVIATION OF LIVER FIBROSIS USING
MESENCHYMAL STEM CELLS DERIVED
EXOSOMES: A CELL FREE THERAPEUTIC
APPROACH

Mohanty, Sujata - Stem Cell Facility, All India Institute of
Mediical Sciences, New Delhi, India

Arora, Vivek - Stem Cell Facility, AIIMS, New Delhi, India
Banerjee, Arup - Virology, Regional Center For Biotechnology,
Faridabad, India

Dalela, Mannu - Stem Cell Facility, AIIMS, New Delhi, India
Das, Jyoti - Department of Zoology, Dayalbagh Educational
Institute, Agra, India

Gupta, Suchi - Stem Cell Facility, AIIMS, New Delhi, India
Nayak, Baibaswata - Department of Gastroenterology, AlIMS,
New Delhi, India

Mesenchymal Stem Cells (MSCs) administration as a therapy for
liver disease holds great promise. Currently there are more than
33 registered clinical trials using MSCs for treating liver diseases.
However, there are few concerns associated with these cell
based therapy which still remains unresolved like long term
storage, mal-differentiation, etc. Therefore, use of MSCs derived
exosomes has evolved as a safer cell free approach. Although,
these exosomes mediated tissue repair and regeneration is still
in its initial phase and needs in-depth understanding. One of the
major concerns is their isolation with high yield and membrane
integrity. In this regard, we have identified an improvised
ultracentrifugation based approach for exosome isolation. For
this, exosomes isolated from various tissue sources like Bone
marrow (BMSCs) and adipose tissue (ADSCs) were used and
characterized for their size; morphology and surface marker
profiling. We have obtained exosomes with the characteristic
cup shape and size ranging from 30 t0o120 nm. Also, using
NTA, we observed that this method yielded significantly higher
yield of approximately 4.6 x 109 particles from 5 million cells
while maintaining their integrity because of the cushioning
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effect of sucrose. This method used is cost-effective and less
time-consuming. These exosomes were further evaluated for
their content via RNA sequencing and mass spectrometry.
Subtle tissue specific variation was observed in their content.
Also, these exosomes were evaluated for their therapeutic
role in CCL4 induced liver fibrotic mice model. The exosomes
were initially labeled to track their localization to the targeted
organ using various route of administration. It was observed
that exosomes were successfully localized to the fibrotic liver
in mice and alleviated liver fibrosis as observed by decreased
oxidative stress and apoptosis of hepatocytes in the liver. The
ECM marker expression was reduced and EMT transition was
reverted as confirmed by PCR. Therefore, these smaller and less
complex vesicles which are easier to produce and store as off
the shelf therapeutics, constitute a compelling alternative over
the corresponding MSCs. This study comparing tissue specific
MSC exosomes paves way for future preclinical and clinical
studies using exosomes as cell free approach.

Funding Source: The work done in this study was generously
supported by All India Institute of Medical Sciences and
Department of Biotechnology, India.

W-2069

EFFECT OF HUMAN PROGENITOR CELLS ON AN
ANIMAL MODEL OF TYPE 1 DIABETES

Cruz, Angelica - Department of Biology, California State
University, Northridge, CA, USA

Rojas, Valerie - Department of Biology, California State
University, Northridge, CA, USA

Gilhuys, Miranda - Department of Biology, California State
University, Northridge, CA, USA

Ochoa, Jessica - Research and Development, Celavie
Biosciences, LLC, Oxnard, CA, USA

Van Trigt, William - Research and Development, Celavie
Biosciences, LLC, Oxnard, CA, USA

Javale, Prachi - Research and Development, Celavie
Biosciences, LLC, Oxnard, CA, USA

Vengarai, Rachana - Research and Development, Celavie
Bioscience, LLC, Oxnard, CA, USA

Kopyov, Alex - Research and Development, Celavie
Biosciences, LLC, Oxnard, CA, USA

Kopyov, Oleg - Research and Development, Celavie
Biosciences, LLC, Oxnard, CA, USA

Cohen, Randy - Department of Biology, California State
University, Northridge, CA, USA

This project focuses on a novel progenitor cell therapy for type 1
diabetes, a chronic iliness that is categorized by pancreatic beta
cell death. The current advancements in diabetes research has
brought attention to innovative cellular applications that can help
increase insulin production. Here, human progenitor cells were
used to mimic and replace beta cells in a diabetic rat model
induced by a one-time intraperitoneal injection of streptozotocin
that selectively damages beta cells. The effects of inducing
diabetes were examined by testing blood glucose levels daily
using Accu-Chek glucometers. After establishing diabetes in the
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rats (>400mg/dL glucose), preparation for transplantation began
by immunosuppressing the diabetic rat using Alzet pumps that
chronically administer cyclosporine over the course of 23 days.
During this time, blood glucose and weight was monitored to
ensure the rat’s viability for a successful transplant surgery
and post-surgery outcomes. Next, live human progenitor cells,
live differentiated pancreatic progenitor cells and dead human
progenitor cells (control) were injected into different regions
of the diabetic rat: the circulatory system, peritoneal cavity,
pancreas, and kidney capsule. The last two treatments required
an additional surgery of exposing either the pancreas or kidney
in order to transplant the human progenitor cells. Finally,
immunohistochemistry of the rat’s organs (pancreas, kidney,
etc.) showed the presence of surviving human progenitor cells
in the kidney capsule 37 days post-transplantation. One day
after cell treatment, pancreatic progenitor cell treatment group
via kidney capsule had significant decreased blood glucose
levels (p<0.005) compared to blood glucose levels of rats who
received dead progenitor cells injected into the kidney capsule.
This experiment aimed to alleviate pancreatic beta cell death
and possibly be one step closer to curing type 1 diabetes.

Funding Source: California State University, Northridge Office
Of Graduate Studies Thesis Support Award 2017 and 2018

W-2071

KIDNEY ORGANOIDS GENERATED THROUGH
HETEROCHRONIC RECOMBINATION RESULTS
IN NEPHRON SEGMENTATION AND VASCULAR
CONNECTION WITH HOST IN VIVO

Gupta, Ashwani K - Center for Molecular Medicine, Maine
Medical Center Research Institute, Scarborough, ME, USA
Karolak, Michele - Center for Molecular Medicine, Maine
Medical Center Research Institute, Scarborough, ME, USA
Oxburgh, Leif - Center for Molecular Medicine, Maine Medical
Center Research Institute, Scarborough, ME, USA

The increasing prevalence of end-stage kidney disease warrants
research into technologies to understand how new kidney
tissue can be generated. Procedures have been developed
to differentiate human induced pluripotent stem cells (hiPSC)
into renal organoids but these organoids were not fully packed
with tubular clusters. Here, we investigated the potential of
heterochronic recombination (HT) of hiPSC derived kidney
progenitors to increase tubular density in kidney organoids.
Characterization of this technique included HT of hiPSC derived
kidney progenitors to generate organoids and their engraftment
and, evaluation of nephron segmentation, graft vascularization
and perfusion in vivo. For HT, we differentiated hiPSC derived
kidney progenitors for 2 days on air-liquid interface and then
mixed with fresh progenitors. Approximately 40% Six2+ and
WT+ cells were used up after two days of differentiation on
air-liquid interface. Tubules stained with molecular markers
for proximal and distal tubules and revealed segmentation.
Podocytes (Podxl+), stromal cells (Meis1+) and endothelial
cells (CD31+) were abundant. Engrafted organoids showed
differentiation of complex graft-derived glomeruli with vascular

networks (CD31+ Endomucin+), podocytes (Podxl+ WT1+),
mesangial cells (PdgfrB+), and juxtaglomerular cells (Renin+).
Proximal tubules (E cadherin- LTL+), thick ascending limb of the
loop of Henle (Tamm-Horsfall protein+), Distal tubule (BRN1+),
Connecting tubule (E cadherin+ GATA3- DBA+), collecting duct
(Troma-1+ GATA3+ DBA+), and stromal cells (Meis1+ Pdgfr3+)
were also present in the grafts. Engrafted organoids also showed
vascularization (CD31+ Endomucin+) and direct connections
with host vasculature. All nephron structures and stromal cells
in the graft were iPSC derived (HuNu+) whereas endothelial cells
were derived from the host (HuNu-). HT of kidney progenitors
results in robust differentiation of human iPSC-derived kidney
tissue in vitro and in vivo.

Funding Source: NIH R24DK106743, NIGMS 5P30 GM106391
and 5P30 GM103392.

W-2073

LARGE-SCALE DERIVATION OF FETAL-LIKE IPSC-
DERIVED PANCREATIC PROGENITOR CELLS

TO IDENTIFY FUNCTIONAL ASSOCIATIONS
BETWEEN GENETIC VARIANTS AND MOLECULAR
PHENOTYPES

Salgado, Bianca M - Institute for Genomic Medicine,
University of California San Diego, San Marcos, CA, USA
Fujita, Kyohei - Institute for Genomic Medicine, University of
California San Diego, La Jolla, CA, USA

Donovan, Margaret - Department of Biomedical Informatics,
Bioinformatics and Systems Biology Graduate Program,
University of California San Diego, La Jolla, CA, USA

Matsui, Hiroko - Institute for Genomic Medicine, University of
California San Diego, La Jolla, CA, USA

D’Antonio, Matteo - Institute for Genomic Medicine, University
of California San Diego, La Jolla, CA, USA

Frazer, Kelly - Institute for Genomic Medicine, University of
California San Diego, La Jolla, CA, USA
D’Antonio-Chronowska, Agnieszka - Institute for Genomic
Medicine, University of California San Diego, La Jolla, CA, USA

Experimental systems that enable a cell-type specific
characterization of molecular phenotypes are necessary for the
identification and functional annotation of putative regulatory
variants. Learning the proximate effects of regulatory variants
in both the adult and developmental stages (including fetal) is
critical to fully understand genetic contributions to health and
disease. Here, we are using the iPSCORE collection (a bank
of hundreds of human induced pluripotent cell (iPSC) lines
generated from individuals of multiple ethnicities) to derive “fetal-
like” pancreatic progenitor cells (iPSC-PPCs) using a highly
reproducible protocol. Here we present a robust standardized
protocol for derivation of iPSC-PPC lines based on the
STEMdiff™ Pancreatic Progenitor kit (STEMCELL Technologies)
that we have modified for scale and reproducibility. To date, we
have used this protocol for 40 different differentiations from 40
individuals obtaining high-quality iPSC-PPCs and are currently
differentiating an additional 150 iPSCORE iPSC lines. Using the
optimized protocol, we obtain on average 9.76 x107 iPSC-PPCs
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from one 6-well plate. The purity of the iPSC-PPCs measured
by flow cytometry as PDX1+NKX6.1+ double positive cells
is 75.7% (median; range: 49 - 91.7%). We are collecting cell
pellets for future molecular assays (RNA-seq, ATAC-seq, ChiP-
seq for H3K27ac, H3K27me3, H3K4me1 and H3K4me3) as well
as cryopreserving live iPSC-PPCs. To elucidate the proximate
effects of regulatory variants in fetal-like pancreatic progenitor
cells, we will perform integrative analysis of the proposed
molecular phenotypes in conjunction with the whole-genome
sequences that we have for all individuals in the iPSCORE
collection. In addition, this study will result in the generation of
a large-scale systematic data set that will serve as a model for
the development of new statistical approaches for predicting
genome function and will result in a better understanding of
the molecular mechanisms by which genetic variation affects
disease.

W-2075

ARID1A LOSS POTENTIATES (-CELL
REGENERATION THROUGH ACTIVATION OF EGF/
NRG SIGNALING

Celen, Cemre - Children’s Research Institute, University of
Texas Southwestern Medical Center, Dallas, TX, USA

Chuang, Jen-Chieh - Children’s Research Institute, University
of Texas Southwestern Medical Center, Dallas, TX, USA

Zhu, Hao - Children’s Research Institute, University of Texas
Southwestern Mediical Center, Dallas, TX, USA

Wang, Sam - Children’s Research Institute, University of Texas
Southwestern Medlical Center, Dallas, TX, USA

Li, Lin - Children’s Research Institute, University of Texas
Southwestern Mediical Center, Dallas, TX, USA

Shen, Shunli - Children’s Research Institute, University of Texas
Southwestern Medlical Center, Dallas, TX, USA

Luo, Xin - Children’s Research Institute, University of Texas
Southwestern Mediical Center, Dallas, TX, USA

Ibrahim, Nassour - Children’s Research Institute, University of
Texas Southwestern Medical Center, Dallas, TX, USA

Mechanisms that regulate B-cell expansion during development
and disease are mysterious. We reasoned that machinery that
orchestrates epigenome structure within -cells might influence
cell number and regeneration. We show that ARID1A, a member
of the SWI/SNF chromatin remodeling complex, is a key regulator
of B-cell proliferation and survival. In B-cells, Arid1alevels are high
during quiescence and suppressed after partial pancreatectomy
and during pregnancy, conditions that demand -cell expansion.
Inducible whole-body deletion of Arid1a using Ubc-CreERT
followed by exposure to the B-cell toxin streptozotocin (STZ)
showed that Arid1a deficient mice produced more insulin and
were almost completely protected from type 1 diabetes. $-cell
restricted Arid1a deletion also suppressed diabetes after STZ,
supporting B-cell intrinsic activities. After 50% pancreatectomy
as well as STZ, B-cell survival and proliferation were
coordinately increased. RNA-Seq on islets before and after 50%
pancreatectomy revealed hyperactivation of the Neuregulin and
EGF pathway in the Arid1a KO setting. Functionally, pan-ERBB

P INTERNATIONAL SOCIETY
44 ISSCR FOR STEM CELL RESEARCH

family inhibition with the small molecule inhibitor Canertinib
abolished the pro-proliferative and anti-diabetic effect of Arid1a
loss in vivo. Interestingly, the rs2292239 polymorphism within
ERBBS3 is significantly associated with T1D, but functional roles
for ERBB3 have remained speculative. We also showed that
ERBB3 overexpression in mice protects against diabetes and
is a likely mechanism downstream of Arid1a loss. In conclusion,
the potent effects of Arid1a loss in B-cells are mediated through
increased ERBB signaling, revealing mechanisms relevant to
diabetes pathogenesis and therapeutic strategies.

W-2077

AMNIOTIC FLUID STEM CELLS AMELIORATE
CISPLATIN-INDUCED ACUTE RENAL FAILURE
THROUGH AUTOPHAGY INDUCTION AND
INHIBITION OF APOPTOSIS

Minocha, Ekta - Hematology, Sanjay Gandhi Postgraduate
Institute Of Medical Sciences, Lucknow, India

Jain, Manali - Hematology, Sanjay Gandhi Postgraduate
Institute Of Medical Sciences, Lucknow, India

Sinha, Rohit - Endocrinology, Sanjay Gandhi Postgraduate
Institute of Medical Sciences, Lucknow, India

Chaturvedi, Chandra - Hematology, Sanjay Gandhi
Postgraduate Institute Of Medlical Sciences, Lucknow, India
Nityanand, Soniya - Hematology, Sanjay Gandhi Postgraduate
Institute Of Medical Sciences, Lucknow, India

Amniotic fluid stem cells (AFSCs) have been shown to
ameliorate Acute Renal Failure (ARF), however, the mechanisms
responsible for its renoprotective effects still remain unclear.
Therefore, the aim of the present study was to evaluate the
therapeutic efficacy of AFSCs and to investigate the underlying
mechanisms responsible for its renoprotective effect. We
culture expanded rat AFSCs, characterized them and evaluated
their therapeutic potential in cisplatin induced rat model of ARF.
The AFSCs grew in culture as adherent spindle shaped cells
and expressed mesenchymal markers viz. CD73, CD90, CD105
as well as renal progenitor markers viz. WT1, PAX2 and SIX2.
Administration of AFSCs in ARF rats resulted in improvement of
renal function and attenuation of renal damage as reflected by
decreased blood urea nitrogen and serum creatinine levels and
alleviation in renal tubular cell apoptosis as assessed by lower
Bax/Bcl2 ratio and decreased levels of pro-apoptotic proteins
viz. PUMA, Bax, cleaved caspase-3 and cleaved caspase-9 as
compared to saline-treated ARF group. The infused AFSCs in
ARF rats also exhibited increased activation of autophagy as
evident by increased LC3-Il, ATG5, ATG7, Beclin1 and phospho-
AMPK levels with a concomitant decrease in phospho-p70S6K
and p62 levels. In order to confirm whether the protective
effects of AFSCs on cisplatin-induced apoptosis are dependent
on autophagy, we used an autophagic inhibitor, chloroquine.
Chloroquine significantly blunted the protective effects of
AFSCs therapy as evident by increased caspase-3 activation
and aggravated deterioration in renal structure and function
caused by cisplatin, thereby suggesting the renoprotective role
of autophagy in this disease model. Collectively, our results put
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forth autophagy induction as a major mechanism for AFSCs
mediated renoprotective effect against cisplatin-induced ARF
leading to suppression of renal apoptosis and recovery of
structural and functional parameters.

Funding Source: The study was supported by Department
of Biotechnology, Government of India awarded to SN and
Wellcome Trust- DBT India Alliance awarded to CPC and RAS.

EPITHELIAL TISSUES
W-2079

CONSECUTIVE HYPOXIA AND HYPOXIA-
REOXYGENATION REGULATE MUC5AC AND FOXJ1
EXPRESSION IN HUMAN BRONCHIAL EPITHELIAL
CELLS VIA DISTINCT HIF1A/BMP4/NOTCH1 AND
NKX2-1/NOTCH3/HEY1 GENE EXPRESSION
MODULES
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Yang, Yung-Yu - Department of Medicine, Tri-Service General
Hospital, National Defense Medical Center, Taipei, Taiwan
Wang, Cheng-Chin - Graduate Institute of Aerospace and
Undersea Medicine, National Defense Medical Center, Taipei,
Taiwan

Hung, Chin-Mao - Graduate Institute of Medical Sciences,
National Defense Medlcal Center, Taipei, Taiwan

Huang, Kun-Lun - Division of Pulmonary and Critical Care
Medicine, Tri-Service General Hospital, National Defense
Medical Center, Taipei, Taiwan

Hypoxia-reoxygenation (H/R) in vitro has been shown to mimic
ischemia-reperfusion in vivo and induce oxidative stress and
injury in various types of cells. Nonetheless, it has not been
reported whether intermittent H/R and consecutive hypoxia
differentially regulate proliferation and differentiation of human
bronchial epithelial (HBE) cells. In this study, we investigated
effects of consecutive hypoxia and intermittent 24/24-hour
cycles of H/R on HBE cells derived from the same-race and age-
matched healthy subjects (i.e., NHBE) and subjects with chronic
obstructive pulmonary disease (COPD) (i.e., DHBE). To analyze
gene/protein expression levels during HBE differentiation into
3D tissues, both the NHBE and DHBE cells at the 2nd passage
were cultured at the air-liquid interface in the differentiation
medium under hypoxia (1% 02) for consecutively 9 days and
then returning to normoxia for another 9 days, or culturing
under 24/24-hr cycles of H/R (i.e., 24 hours of 1% O2 followed
by 24 hours of 21% 02, repetitively) for totally 18 days, so that
all differentiating HBE cells were exposed to hypoxia for a total
of 9 days. We found that both consecutive hypoxia and H/R
significantly increased BMP4, HIF1A, MKI67, MUC5AC and
NOTCH1 expression in differentiated DHBE tissues, whereas

only H/R rather than consecutive hypoxia significantly increased
BMP4, HIF1A, MKI67, MUC5AC and NOTCH1 expression
in differentiated NHBE tissues. On the other hand, both
consecutive hypoxia and H/R significantly decreased FOXJ1,
HEY1, NKX2-1 and NOTCH3 expression in DHBE tissues,
while H/R significantly increased whereas consecutive hypoxia
decreased FOXJ1, HEY1, NKX2-1 and NOTCH3 expression
in NHBE tissues. Transfection of HIF1A siRNA was capable of
decreasing BMP4, MKI67, MUC5AC and NOTCH1 expression
in both the NHBE and DHBE tissues cultured under H/R to the
levels comparable to those in the NHBE tissues cultured under
normoxia. Transfection of NKX2-1 cDNA overexpressor was
sufficient to increase FOXJ1, HEY1 and NOTCHS3 expression in
both the NHBE and DHBE tissues cultured under consecutive
hypoxia. Taken together, we show for the first time that HIF1A/
BMP4/NOTCH1 and NKX2-1/NOTCH3/HEY1 expression
modules play different roles in regulating proliferation and
differentiation toward distinct mucous and ciliary pathways in
HBE cells.

Funding Source: This work was supported by grants MAB106-
026 and MAB107-052 to YHC from the Medical Affairs Bureau—
Ministry of National Defense, R.O.C.
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IDENTIFICATION OF MARKERS TO UNIVOCALLY
DISTINGUISH HUMAN ORAL MUCOSA EPITHELIUM
FROM CORNEAL AND CONJUNCTIVAL TISSUES.
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“Stefano Ferrari”, University of Modena and Reggio Emilia,
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Limbal stem cells deficiency (LSCD) leads to corneal
conjunctivalization and opacification producing loss of vision
and pain. A small biopsy from a healthy part of limbus can be
expanded in vitro and the resulting tissue can be transplanted
overinjured eye to treat LSCD. In case of total bilateral LSCD both
eyes are damaged and an alternative stem cells source is needed.
Oral mucosa epithelium has been used for its accessibility and
regenerative capacity. So far, the univocal characterization of
transplanted epithelium has been challenging due to the absence
of tissue specific markers. Previously proposed markers (e.g.
K8, K13) were shown to be coexpressed by corneal epithelium
or by conjunctiva. We obtained holoclones (stem cells) from
human oral mucosae, limbal and conjunctival epithelial
cultures, by single cell clonal analysis. The analysis of their
transcriptomes by microarray assay revealed high expression of
SOX2 and PITX2 factors in oral mucosa holoclones compared
to both cornea and conjunctiva epithelia, while PAX6 was highly
expressed only in cornea and conjunctiva in comparison to oral
mucosa. The results were validated by real time PCR and by
immunofluorescence confirming the expression/absence of
proposed markers in the different cultured cells or in in vivo
sections of the three epithelia. These new findings have at least
two important implications: a) they will support the follow up
analysis of patients transplanted with oral mucosa; b) they will
help to shed lights on the mechanism of repair and regeneration
of the cornea (e.g. oral mucosa engraftment or stimulation of the
residual limbal stem cells).

Funding Source: This work was partially supported by Holostem
Terapie Avanzate s.r.l.
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EFFECT OF DIET ON LUNG STEM AND EPITHELIAL
CELLS, AND ITS INTERACTION WITH AGING

Hegab, Ahmed E - Division of Pulmonary Medicine, Keio
University School of Medicine, Tokyo, Japan

Betsuyaku, Tomoko - Division of Pulmonary Medicine, Keio
University, Tokyo, Japan

Ozaki, Mari - Division of Pulmonary Medicine, Keio University,
Tokyo, Japan

Lung function is known to decrease with aging, with obese
people having lower lung function parameters. High-fat diet (HFD)
and calorie restriction (CR) are associated with cardiovascular
diseases, and health and longevity, respectively. In this
study, we determined the effects of HFD and CR, alone or in
combination with aging, on lung epithelial and stem cells. Young
and aged mice were fed on HFD, CR or HFD followed by CR for
6-12 weeks. Control age-matched mice were fed standard diet.
Histological assessment revealed that CR significantly reduced
the HFD-induced increase in lung inflammation in young mice,
and the aging/HFD-induced increase in lung inflammation in old
mice. CR also reduced the HFD-induced increase in the number
of AT2 cells in both young and old mice. CR also reversed many
of the mitochondrial changes induced by HFD, but its effects
were less prominent in old mice. Regarding the lung stem cell
in vitro colony forming “organoid” assay, both CR and HFD
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induced lung stem cells colony formation. In conclusion, HFD
induces lung inflammation, alveolar cell proliferation and impairs
mitochondrial function. CR reduces the aging and/or HFD-
induced inflammation, mitochondrial impairment and activates
lung stem cells.

W-2083

TARGETING THE P53 PATHWAY FOR
THERAPEUTIC EXPANSION OF AIRWAY
EPITHELIAL STEM CELLS

Mulay, Apoorva - Lung Institute/Regenerative Medicine
Institute, Cedars-Sinai Health System, Los Angeles, CA, USA
Carraro, Gianni - Lung Institute/Regenerative Medicine
Institute, Cedars-Sinai Health System, Los Angeles, CA, USA
Konda, Bindu - Lung Institute/Regenerative Medicine Institute,
Cedars-Sinai Health System, Los Angeles, CA, USA
McConnell, Alicia - Pediatrics, Boston Children’s Hospital,
Boston, MA, USA

Stripp, Barry - Lung Institute/Regenerative Medicine Institute,
Cedars-Sinai Health System, Los Angeles, CA, USA

Yao, Changfu - Lung Institute/Regenerative Medicine Institute,
Cedars-Sinai Health System, Los Angeles, CA, USA

Cell-based therapies for treating airway defects would require
replacement of lung epithelial stem/progenitor cells. We sought
to determine mechanisms that regulate stem/progenitor cell
quiescence with the goal of developing strategies for therapeutic
stem cell expansion. The tumor suppressor p53 is a well-known
regulator of cell fate and one of the most commonly mutated
genes in lung cancer. We hypothesized that p53 controls airway
epithelial progenitor self-renewal and differentiation both during
steady state and following injury. In vivo genetic manipulation
was used for generation of loss- and gain-of-function models,
respectively. We found that p53 loss decreased ciliated cell
differentiation and increased the self-renewal and proliferative
capacity of club progenitors. Conversely, an additional copy
of p53 increased quiescence and ciliated cell differentiation,
suggesting that tight regulation of p53 was a critical determinant
of epithelial stem/progenitor cell activity. We next sought to
determine whether short-term pharmacologic regulation of
the p53 pathway could be used for modulation of stem cell
clonogenic and differentiation potentials in vitro. Total epithelial
cell fractions prepared from freshly dissociated mouse lung
tissue were cultured as 3D organoids. Colony-forming ability
was evaluated in the presence or absence of SB431542 (Alk 4/5
inhibitor), Y-27632 (ROCK 1/2 inhibitor) or pifithrin-alpha (p53
inhibitor). Pharmacological inhibition of p53 promoted survival
and self-renewal capacity of the lung stem/progenitor pool, as
indicated by an increase the size and colony forming efficiency
of organoids. Effects of pifithrin-alpha treatment were further
augmented by inhibition of ROCK1/2 and Alk 4/5, suggesting
the non-overlapping roles for each pathway in regulating stem/
progenitor cell expansion. We are currently exploring the effect
of transient p53 inhibition on the expansion and differentiation
of region-specific epithelial progenitors of the lung, by utilizing
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lineage labelling strategies. We conclude that loss of p53 function
enhances “stemness” of progenitor cells and transient inhibition
of the p53 pathway may provide a strategy for expansion of
stem cells for cell based therapies.

Funding Source: Funding sources: California Institute of
Regenerative Medicine, Cystic Fibrosis Foundation and National
Heart, Blood and Lung Institute.

W-2085

CELLULAR SENESCENCE AS A DRIVER
OF PROGENITOR CELL DYSFUNCTION IN
PULMONARY FIBROSIS

Yao, Changfu - Department of Medicine, Cedars-Sinai
Medical Center, Los Angeles, CA, USA

Carraro, Gianni - Department of Medicine, Cedars-Sinai
Medical Center, Los Angeles, CA, USA

Guan, Xiangrong - Department of Medicine, Cedars-Sinai
Medical Center, Los Angeles, CA, USA

Stripp, Barry - Department of Medicine, Cedars-Sinai Medical
Center, Los Angeles, CA, USA

Idiopathic pulmonary fibrosis (IPF) is a fatal form of interstitial
lung disease which results in the progressive scarring of lung
tissue leading to declining pulmonary function. Progenitor cell
exhaustion with associated cellular senescence, hallmarks
of ageing, have been proposed as pathogenic drivers of
progressive lung fibrosis. We have shown previously that
Sin3a is a critical determinant of lung endoderm development
and that its absence leads to cell cycle arrest and induction
of cellular senescence. We hypothesized that conditional loss
of Sin3a in postnatal alveolar type 2 cells (AT2) cells would
initiate a program of senescence and fibrogenesis. Sin3a loss
of function was induced in postnatal AT2 cells by tamoxifen
exposure of SftpcCreER/Sin3af/f mice. Conditional loss of
Sin3a was associated with activation of p53 signaling and
mitochondria dysfunction, leading to senescence of AT2 cells
and progressive lung fibrosis. To determine whether fibrosis
was the result of AT2 senescence versus apoptosis, AT2 cells
were ablated by tamoxifen exposure of SftpcCreER;RosaDTA
mice. DTA-mediated ablation of AT2 cells resulted in a transient
fibrotic response that resolved over time. Removing senescent
AT2 cells by senolytic drug cocktail attenuates lung fibrosis. We
conclude that senescence rather than apoptosis of AT2 cells
drives lung fibrosis.

Funding Source: These studies were supported by funding
from California Institute of Regenerative Medicine (LA1-
06915) and National Institutes of Health (RO1HL135163and
1T32HL134637-01)

W-2087

KLF4 MAINTAINS QUIESCENCE IN MOUSE ADULT
HAIR FOLLICLE STEM CELLS

Moran, Deborah J - Department of Dermatology, University of
Pennsylvania, Philadelphia, PA, USA

Liu, Fang - Department of Dermatology, University of
Pennsylvania, Philadelphia, PA, USA

Sweeney, Hannah - Department of Dermatology, University of
Pennsylvania, Philadelphia, PA, USA

Llewellyn, Sarah - Department of Dermatology, University of
Pennsylvania, Philadelphia, PA, USA

Katz, Jonathan - Medicine, University of Pennsylvania,
Philadelphia, PA, USA

Kaestner, Klaus - Genetics, University of Pennsylvania,
Philadelphia, PA, USA

Millar, Sarah - Department of Dermatology, University of
Pennsylvania, Philadelphia, PA, USA

Adult stem cells are required for epithelial tissue homeostasis,
yet the mechanisms through which these cells are maintained,
activated, and direct their progeny to specific fates are not fully
understood. The hair follicle is an excellent model in which to
address these questions as it contains accessible and well-
characterized SC populations. Hair follicles undergo cyclical
periods of growth (anagen), regression (catagen), and rest
(telogen); these cycles are partially driven by hair follicle stem
cells. Our data show that the pioneer transcription factor KLF4,
which can act as a transcriptional activator or repressor, is
excluded from proliferating hair follicle cells upon anagen
onset, is highly expressed in telogen hair follicle stem cells,
and shows decreased expression in anagen hair follicle stem
cells. To delineate the functions of KLF4 in adult hair follicle
stem cells, we used a mouse model that permits doxycycline
inducible deletion of Kif4 in adult epidermis and hair follicles.
Klf4 deletion in postnatal epidermis and late anagen hair follicles
results in premature entry into the subsequent anagen as well
as inflammation. To determine whether this phenotype is due
to an intrinsic requirement for KLF4 in hair follicle stem cells or
is a consequence of inflammation, we utilized K15-CrePR to
induce deletion of Kif4 specifically in the hair follicle stem cell
compartment. This experiment showed that hair follicle-specific
Klf4 loss promotes anagen in the absence of inflammation,
suggesting that KLF4 is required within hair follicle stem cells
to maintain hair follicle stem cell quiescence. Hair follicle stem
cell quiescence is controlled in part by secreted factors such
as FGF18 and by the repressive actions of TCF3 and TCF4
transcription factors that block expression of Wnt/B-catenin
target genes. We find that KLF4 binds the Fgf18 promoter, and
Fgf18 mRNA expression is decreased following Kilf4 deletion. In
parallel, KLF4 directly interacts with TCF3 and TCF4 in quiescent
hair follicle stem cells, suggesting that it may function as part
of the repressive complex that antagonizes Wnt/B-catenin
signaling. Together, our data suggest that KLF4 maintains hair
follicle stem cell quiescence via several mechanisms including
activation of Fgf18 expression and repression of Wnt/B-catenin
signaling.
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W-2089

CHOOSING THE RIGHT MODEL SYSTEM FOR
HEPATOTOXICITY: A COMPARISON OF 3-D LIVER
ORGANOIDS, HEPG2 SPHEROIDS AND IPSC-
DERIVED HEPATOCYTES USING MTT AND DNA
COMET ASSAYS

Flynn, Kevin C - Stem Cell and Gene Therapy, Bio-Techne,
Minneapolis, MN, USA

Tousey, Susan - Stem Cell and Gene Therapy, Bio-Techne,
Minneapolis, MN, USA

Galitz, David - Stem Cell and Gene Therapy, Bio-Techne,
Minneapolis, MN, USA

Pundt, Marie - Molecular Biology, Bio-Techne, Minneapolis,
MN, USA

Anderson, Marnelle - Stem Cell and Gene Therapy, Bio-
Techne, Minneapolis, MN, USA

Degese, Sol - Stem Cell and Molecular Biology, Bio-Techne,
Minneapolis, MN, USA

Munshi, Cyrus - Molecular Biology, Bio-Techne, Minneapolis,
MN, USA

The liver is the primary organ system for drug metabolism and
detoxification. In this role, it is also highly susceptible to damage
from pharmaceuticals and other chemical toxicants. Animal
models and traditional in vitro assays modeling liver metabolism
often fail to recapitulate the in vivo toxicity of drugs in human
patients. A classic example is the cancer drug Trovafloxacin
mesylate, which cleared preclinical animal models for safety and
achieved FDA clearance, but was later retracted due to acute
liver toxicity resulting in numerous fatalities. Failures, such as
this, can have devastating health outcomes as well as result in
huge financial costs for pharmaceutical companies. Therefore,
it is imperative to use appropriate preclinical models that can
accurately predict human toxicity. Although regulatory guidelines
still mandate the median lethal dose test (LD50) in rodents for
most new drugs, there is momentum at the FDA to approve
cell culture models that can reap substantial time- and cost-
savings. Hepatocyte cell culture models are increasingly being
used for high throughput liver toxicity screening early during the
drug development pipeline. Moreover, human model systems
may more accurately reflect human physiology than animal
models. In this study, we compare three in vitro hepatotoxicity
model systems: induced pluripotent stem cell (iPSC)-derived
hepatocytes, 3-D liver organoids, and HepG2 spheroids. Using
a panel of known hepatotoxic compounds we evaluated the
performance of these models using high throughput toxicity
assays, including the MTT Assay, a robust test for cellular
toxicity, and the DNA Comet assay and CometChip technology
to assess genotoxicity. We conclude that each of the different
hepatocyte model systems tested offer advantages for
evaluating toxicity, and that these advantages can be used in
a complementary fashion to accurately probe dose responses
for liver toxicity.
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EYE AND RETINA
W-2091

REGULATION OF LIMBAL EPITHELIAL
HOMEOSTASIS BY MIR146A

Poe, Adam J - Biomedical Sciences, Regenerative Medicine
Institute Eye Program, Cedars-Sinai Medical Center, Culver
City, CA, USA

Kulkarni, Mangesh - Biomedical Sciences, Regenerative
Medicine Institute Eye Program, Cedars-Sinai Medical Center,
Los Angeles, CA, USA

Wang, Jason - College of Osteopathic Medicine, Touro
University, Las Vegas, NV, USA

Leszczynska, Aleksandra - Biomedical Sciences, Regenerative
Medicine Institute Eye Program, Cedars-Sinai Medical Center,
Los Angeles, CA, USA

Kramerov, Andrei - Biomedical Sciences, Regenerative
Medicine Institute Eye Program, Cedars-Sinai Medical Center,
Los Angeles, CA, USA

Tang, Jie - Genomics Core, Cedars-Sinai Medical Center, Los
Angeles, CA, USA

Ljubimov, Alexander - Biomediical Sciences, Regenerative
Medicine Institute Eye Program, Cedars-Sinai Medical Center,
Los Angeles, CA, USA

Saghizadeh, Mehrnoosh - Biomedical Sciences, Regenerative
Medicine Institute Eye Program, Cedars-Sinai Medical Center,
Los Angeles, CA, USA

MiR-146aplays arole in numerous biological processes including
cell migration, proliferation, differentiation, and inflammation.
Previously, we showed that miR-146a upregulation impaired
corneal epithelial wound healing and expression of putative
limbal epithelial stem cell (LESC) markers. We investigated the
regulatory roles of miR-146a in normal corneal limbus evaluating
the effects of miR-146a on Notch signaling and inflammatory
pathways. Human autopsy corneas were procured by National
Disease Research Interchange. Primary cultures of LESC-
enriched limbal epithelial cells (LEC) were used. RNAseq
was performed on total RNA from primary LEC treated with
miR-146a mimic, inhibitor and their corresponding controls.
Sequencing identified several genes as possible targets of miR-
146a. Overexpression of miR-146a decreased mRNA levels of
both Numb and Notch-2, with a subsequent increase in Notch-1
levels. Western blot confirmed sequencing data at the protein
level. Numb and Notch-2 protein levels were decreased by miR-
146a overexpression. In addition, miR-146a overexpression led
to an increased expression of keratin 15 (K15), a putative LESC
marker. RNAseq also identified a marked decrease in mRNA
levels of Traf6 and Irak1, two NF-kB regulators, with miR146a
mimic treatment. To further investigate this change, increased
TRAF-6 and IRAK-1 expression was induced by LPS treatment
in LEC in vitro and in ex vivo organ-cultured corneas. MiR-
146a overexpression suppressed TRAF-6 and IRAK-1 levels,
whereas its inhibition led to the increase of TRAF-6 and IRAK-1
in LPS treated LEC. Our results indicate that MiR-146a plays an
important role in limbal epithelial cell maintenance via regulation
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ofthe Notch signaling pathway, supported by upregulation of K15
by miR-146a overexpression. Additionally, its downregulation of
Numb, an inflammation inducer, combined with its targeting of
Traf6 and Irak1 to regulate the NF-kB pathway, contribute to its
regulation of inflammatory pathways.

Funding Source: NIH RO1 EY025377(Saghizadeh), Board
of Governors Regenerative Medicine Institute, Cedars-Sinai
Medical Center

W-2093

MODELING HUMAN SYNDROMIC CILIOPATHIES
USING IPSC-DERIVED PHOTORECEPTOR SHEETS

Barabino, Andrea - Molecular Biology, University of Montreal
(UDEM), Montreal, QC, Canada

Flamier, Anthony - Neurobiology, Massachusetts Institute of
Technology (MIT), Boston, MA, USA

Hanna, Roy - Molecular Biology, University of Montreal
(UDEM), Montreal, QE, Canada

Freedman, Benjamin - Division of Nephrology, University of
Washington, Washington, WA, USA

Bernier, Gilbert - Ophthalmology, University of Montreal
(UDEM) / HMR Research Centre, Montreal, QE, Canada

Modeling human developmental and degenerative diseases
has been always logistically challenging in particular in the
case of rare diseases where no exhaustive animal models are
available. Generation of sustainable human disease models that
allow in-depth analysis of the molecular mechanism is one of
the big challenges nowadays. Stem cell technology holds great
potential in disease modeling and represents a new powerful
tool for generating scalable and animal-free models that can
more accurately illustrate clinical phenotypes of complex
human diseases. Ciliopathies are a group of heterogeneous
genetic diseases affecting proteins involved in primary cilium
structure and function. Syndromic ciliopathies have a broad
spectrum of symptoms ranging from retinal degeneration
to skeletal and neuro-development anomalies, including
polydactylism and mental retardation. Herein we describe the
generation and molecular characterization of IPSC-derived
photoreceptor sheets from patients affected by ciliopathies.
Photoreceptor sheets are characterized by a polarized, multi-
layered tissue expressing outer segment, connecting cilium,
and nuclear photoreceptor markers. Ciliopathic photoreceptors
displayed significant common alterations in the expression of
hundreds of developmental genes. Moreover, they showed
several anomalies in the formation and maintenance of cilia, the
positioning of the mother centriole and the activation of a stress
response to misfolded proteins. Furthermore, we observed
genomic instabilities and accumulation of DNA damage
in the photoreceptors progenitors of one of the patients.
This study reveals how combining cell reprogramming and
organogenesis technologies with next-generation sequencing
enable the elucidation of molecular and cellular mechanisms
involved in human ciliopathies. The same approach, combining
photoreceptor sheet differentiation and wide genome expression
profile could be applied to model many genetic, developmental

and degenerative diseases affecting photoreceptors. These
patient-derived retinal sheets may be useful for elucidating the
molecular mechanisms underlining these diseases, for drug
screening of compounds with potential therapeutic effect and
predicting drugs side effects.

Funding Source: Stem Cell Network (SCN) Fondation de
I'Hopital Maisonneuve-Rosemont (FHMR) Réseau de recherche
en santé de la vision (RRSV) Université de Montréal (UdeM)

W-2095

HUMAN MESENCHYMAL STEM CELLS AS A
THERAPEUTIC APPROACH FOR THE TREATMENT
OF CORNEAL SCARS

Dos Santos, Aurelie - Stein Eye Institute, University of
California, Los Angeles, CA, USA

Balayan, Alis - Stein Eye Institute, University of California, Los
Angeles, CA, USA

Zhuo, Katherine - Stein Eye Institute, University of California,
Los Angeles, CA, USA

Funderburgh, Martha Lou - Eye and Ear Institute, University of
Pittsburgh, Pittsburgh, PA, USA

Khandaker, Irona - Eye and Ear Institute, University of
Pittsburgh, PA, USA

Sun, Yuzhao - Stein Eye Institute, University of California, Los
Angeles, CA, USA

Funderburgh, James - Eye and Ear Institute, University of
Pittsburgh, PA, USA

Deng, Sophie - Stein Eye Institute, University of California, Los
Angeles, CA, USA

Severe corneal injuries and diseases are a major cause of
blindness around the world. Although cornea transplantations
are routine in some parts of the world, it is an invasive
procedure associated with post operational complications.
Thus, alternative treatments for corneal diseases are desired.
Mesenchymal stem cells (MSCs) have been shown to have
regenerative potential and may also play a role in modulating
the immune system. The goal of this study is to provide insights
about MSCs’ plasticity towards corneal keratocyte lineage,
anti-inflammatory properties, and their putative application
for the treatment of corneal stromal scars. We investigated
four different tissue sources of human mesenchymal stem
cells (MSCs): adipose tissue (ASC), bone marrow (BM-MSC),
umbilical cord (UC SC), and corneal stroma (CSSC). These MSC
populations were evaluated for their expression of mesenchymal
stem cell markers using immunohistochemistry and their
potential for differentiation by gene expression analysis. The
capacity to respond to inflammatory stimuli was evaluated by
the expression level of TNFAIP6 gene after treatment with pro-
inflammatory cytokines (IFN-y and TNF-a) and by inhibition of
inflammatory RAW 264.7 differentiation. MSCs were tested for
their regenerative capacity in a mouse model of acute stromal
scars. All four types of MSCs expressed and retained the surface
antigens and MSC markers including CD90, CD73 and CD105.
AllMSCs expressed keratocyte-related genes, including lumican
(LUM), carbohydrate sulfotransferase (CHTS6), and keratocan
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(KERA). Under keratocyte differentiation conditions, ASC and
CSSC cell lines demonstrated a significant increase (p < 0.05)
of those genes. All MSCs reduced inflammatory RAW 264.7
differentiation; however, TNFAIP6 transcripts in CSSC increased
>3 fold, significantly greater (p<0.05) than non-stimulated
MSCs. In vivo, the scar opacity was reduced after treatment
with the MSCs. Based on our findings, CSSC showed the
highest differentiation potential towards keratocyte lineage and
anti-inflammatory properties, but all MSCs investigated reduced
corneal scars in vivo. Our results support the hypothesis that
MSCs could serve as a model for generating stem cell-based
therapies for corneal stromal diseases.

W-2097

DEVELOPMENT OF AN AUTOMATED PROTOCOL
FOR LARGE SCALE DIFFERENTIATION OF RETINAL
PIGMENT EPITHELIAL CELLS FROM HUMAN
PLURIPOTENT STEM CELLS

Monville, Christelle - ISTEM, INSERM/UEVE U861-ISTEM,
AFM, Corbeil-Essonnes, France

Régent, Florian - INSERM/UEVE UMR861, CECS/ISTEM,
Corbeil-Essonnes, France

Lesueur, Lea - INSERM/UEVE U861, AFM, CECS/ISTEM,
Corbeil Essonnes, France

Plancheron, Alexandra - INSERM/UEVE U861, AFM, CECS/
ISTEM, Corbeil Essonnes, France

Habeler, Walter - INSERM/UEVE U861, AFM, CECS/ISTEM,
Corbeil Essonnes, France

Morizur, Lise - INSERM/UEVE U861, AFM, CECS/ISTEM,
Corbeil Essonnes, France

Ben M’Barek, Karim - INSERM/UEVE U861, AFM, CECS/
ISTEM, Corbeil Essonnes, France

Retinal pigment epithelium (RPE), the monolayer of pigmented
cells localized between the neural retina and the choroid plays
crucial roles in sight mainly by contributing to the blood/retina
barrier, absorbing light energy but also by transporting nutrients
from the blood to the photoreceptors. Therefore, dysfunction or
death of RPE is followed by the death of photoreceptors and
is responsible for a group of rare hereditary diseases called
retinitis pigmentosa and to some extend for age related macular
degeneration (AMD). Since there is currently no treatment for dry
AMD and for most of the retinitis pigmentosa, the replacement
of RPE cells is an attractive solution. The ability of human
pluripotent Stem Cells (hPSCs) to spontaneously differentiate
into RPE has allowed their use for clinical applications. We have
recently developed a cell therapy product consisting of human
embryonic stem cells (RESC) disposed on a biological substrate.
RPE cells were differentiated using spontaneous differentiation
of hESCs. However, even if this protocol allows obtention of
a nearly pure population of RPE, it remains a long and largely
inefficient method that requires a fastidious manual enrichment
by dissecting pigmented area. This process is therefore, not
compatible with industrial large scale production and marketing
which would be the next step to treat larger cohort of patients.
We have developed a simple automated protocol with limited
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exogenous factors and obtained a pure population of RPE.
With this protocol the main steps of the retinal development
are recapitulated with the generation of retinal progenitors that
could be differentiated into all retinal cell types such as retinal
precursors. Finally, such protocol should allow cost reduction,
large scale and reproducible production of RPE cells. This new
protocol could open avenues for AMD clinical trial but although
for retinal disease modeling and large high through put drug
screening.

W-2099

INVESTIGATING THE ROLE OF THE MIR-182/96/183
SENSORY CLUSTER IN PHOTORECEPTOR
DEVELOPMENT IN A HUMAN RETINAL ORGANOID
CULTURE SYSTEM

Holder, Daniel - UCL GOS Institute of Child Health, University
College London, UK

Cuevas, Elisa - GOS Institute of Child Health, University
College London, UK

Leong, Yeh Chwan - GOS Institute of Child Health, University
College London, UK

Hentschel, Lisa - GOS Institute of Child Health, University
College London, UK

Sowden, Jane - GOS Institute of Child Health, University
College London, UK

MicroRNAs (miRNAs) are potent post-transcriptional regulators
of gene expression and evidence from different model organisms
indicates they are important for determining developmental
timing of neurogenesis and neuronal maturation and survival.
The miR-182/96/183 Sensory Cluster is transcribed as a single
4kb pre-miRNA which is processed into three mature miRNAs. It
is strongly expressed throughout differentiating sensory epithelia
and is the most highly expressed miRNA family in the retina, but
the role it plays in retinal development remains unclear. Here, we
describe an approach to elucidate Sensory Cluster function in
human photoreceptor cell development using a loss-of-function
approach in an embryonic stem cell (hESC)-derived retinal
organoid culture system. Optic vesicle-like structures formed
by 5-7 weeks from hESCs and were isolated and cultured as
floating organoids, which express photoreceptor markers in
polarised neuroepithelia. We used qPCR to profile expression
of the Sensory Cluster and markers across photoreceptor cell
development in human foetal retinal development and compared
it to that seen in undifferentiated ESC and in human retinal
organoids from culture week 7 to 25. A CRISPR/Cas9 gene
editing strategy utilising two guide RNAs was used to delete a
5.8Kb region of chromosome 7 containing the miR-182/96/183
Sensory Cluster and several putative regulatory elements in three
hESC lines (including fluorescent reporters to facilitate isolation
of photoreceptor cells). PCR analysis confirmed deletion of
the Sensory Cluster. Despite high expression in pluripotent
ESCs, we show that the Sensory Cluster is not required for
maintenance of pluripotency and we investigated whether loss
of the Sensory Cluster precluded neural induction and optic
vesicle formation in human PSC-derived retinal organoids. To
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test the hypothesis that Sensory Cluster expression is important
for photoreceptor commitment and maturation comparative
analysis of photoreceptor developmental marker expression
in Sensory Cluster knockout and isogenic control organoid
cultures was performed. Sensory Cluster knockout retinal
organoids represent a novel tool to investigate miRNA function
in the context of human retinal development.

Funding Source: Wellcome Trust HDBR
W-2101

A HUMAN ORGANOID-BASED MODEL FOR
RETINOBLASTOMA

Kanber, Deniz - Institute of Human Genetics, University
Hospital Essen, Germany

Menges, Julia - Institute of Human Genetics, University
Hospital Essen, Germany

Schipper, Leonie - Clinic for Infectiology, University Hospital
Essen, Germany

Lohmann, Dietmar - Institute of Human Genetics, University
Hospital Essen, Germany

Steenpass, Laura - Institute of Human Genetics, University
Hospital Essen, Germany

Retinoblastoma is the most common tumor of the eye in
early childhood and is caused by biallelic inactivation of the
retinoblastoma gene RB1. Efforts to model retinoblastoma in
mouse were not satisfactory as the mutation of Rb1 alone is not
sufficient for tumor formation, indicating that the development
of retinoblastoma in these two species follows different routes.
Therefore, we have created a human cell-based model for
retinoblastoma using organoid technology. For the establishment
we started with the human embryonic stem cell line (hESCs)
H9 and were able to generate retinal organoids containing
mature photoreceptors (rods and cones) in the outer layer and
ganglion cells, Mdller glia cells, amacrine cells and horizontal
cells in the inner layer. Using the CRISPR/Cas9 system we
have generated H9 hESCs carrying a mutation in exon 3 (close
to the splice donor site) either on one or both RB1 alleles. By
now, we have characterized 10 heterozygous, one compound
heterozygous and one homozygous clone by DNA, RNA and
protein analysis. For comparative differentiation we have chosen
two clones, G12LS and C7, heterozygous and homozygous
for the RB1 variant ¢.374_380del (LRG_517t1), respectively.
The variant results in a premature stop codon on protein level
(p-(Glu125Valfs*9). Presence of different cell layers in the retinal
organoids was analysed by immunostainings. RB1 wildtype,
RB1 heterozygous (G12LS RB1+/-) and homozygous (C7 RB1-/-
) knock-out organoids stain positive for ganglion cells, immature
photoreceptors and cone photoreceptors on day 35, 61 and 96 of
differentiation, respectively. Immunostainings on d126 indicated
enhanced proliferation, a decrease in rod photoreceptors and
horizontal cells and absence of amacrine cells in C7 RB1-/-
organoids. In addition, over time the neural retina layer of C7
RB1-/- organoids took on a loose and disordered appearance.
Overall, the presence of cones in our organoid-based model
demonstrates its applicability for studies in retinoblastoma

research as these are the cell-of-origin of retinoblastoma.
Moreover, we could detect first differences between the
wildtype and RB1 knock-out organoids. Immunostainings and
histological examination for retinoblastoma-specific features
(e.g. Flexner-Wintersteiner rosettes) are ongoing.

W-2103

DIFFERENTIATION OF HUMAN PLURIPOTENT
STEM CELLS TOWARDS CORNEAL ENDOTHELIAL
LINEAGE

Soares, Eduardo - MERLN, Maastricht University, Maastricht,
Netherlands

Catala, Pere - MERLN, Maastricht University, Maastricht,
Netherlands

Dickman, Mor - Ophtalmology/MERLN, Maastricht MUMC,
Maastricht, Netherlands

LaPointe, Vanessa - MERLN, Maastricht University, Maastricht,
Netherlands

Located at the outermost surface of the eye, the cornea provides
the majority of its refractive power. The cornea is composed of
five main layers: epithelium, Bowman'’s, stroma, Descement’s
and endothelium. The endothelium acts as a nutrient transporter
from the aqueous to the stromal compartments. However, in
contrary to epithelial or muscle cells, that can regenerate upon
damage, the corneal endothelium (CE) does not regenerate.
Given their lack of regenerative potential, differentiation human
induced pluripotent stem cell (hPSCs) towards the CE lineage
and assessment of its translational potential emerges as an
attractive alternative approach in relation to post mortem
endothelial sheets transplantation. Here, we were able to
differentiate hPSCs towards CE-like cells (i(CEs) based on
the transient formation of neural crest (NC)-like cells and
subsequent CE maturation. At mRNA and protein levels, we
observed progressive downregulation of pluripotency markers,
such as OCT4 and NANOG. Initial upregulation and subsequent
downregulation of neural crest markers was observed, e.g
PAX3, SOX10, SIX3, SIX6 and RAX. Finally, corneal endothelial
markers, such as COL8A1, COL8A2, ZO1, CDH2 and ATP1A1,
were significantly upregulated, however at different expression
levels compared to primary CE cells. We are currently performing
RNA-seq and functional analyzes of iCEs. In summary, we were
able to obtain iCEs exhibiting characteristics of primary CE,
which can be further explored prior translational applications.

STEM CELL NICHES
W-2105

HEPATOCELLULAR CARCINOMA SERUM
MICROENVIRONMENT ENHANCES THE
EXPRESSION OF ANTI-CANCER PROPERTIES IN
ADIPOSE MESENCHYMAL STEM CELLS

El-Badri, Nagwa - Biomedical Sciences, Zewail City Of
Science And Technology, Giza, Egypt
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El-Derby, Azza - Center of Excellence for Stem Cells

and Regenerative Medicine, Zewail City of Science and
Technology, Cairo, Egypt

El-Gammal, Zaynab - Center of Excellence for Stem Cells
and Regenerative Medicine, Zewail City of Science and
Technology, Cairo, Egypt

Salah, Ayman - Department of General Surgery, El Kasr El
Ainy, Cairo University, Cairo, Egypt

Abdelaziz, Ahmed - The Health Sciences Research Division,
New Giza University, Cairo, Egypt

Although mesenchymal stem cells (MSCs) were found
to be recruited to the tumor site, the effect of the tumor
microenvironment on MSC plasticity and fate remains poorly
understood. We have previously shown that co-culture of
cancer cells along with MSCs induced their reprogramming
to acquire cancer stem cell (CSCs) characteristics, which may
contribute to tumor progression. Herein, we hypothesize that
the tumor microenvironment of hepatocellular carcinoma (HCC)
modulates the cell fate and plasticity of adipose MSCs (A-MSCs),
and its potential to acquire tumor properties. Serum samples
were collected from 15 HCC patients and 15 healthy volunteers.
A-MSCs were cultured in the presence of HCC patient serum,
and control normal human serum for 6 days. Total RNA was
extracted and genetic analysis using standard quantitative PCR
were performed on the treated cells. Our results demonstrated
that HCC serum-treated A-MSCs showed significant decrease
in proliferation rate when assessed by MTT assay. Their colony
forming ability was also decreased, and migration in cell scratch
assay was compromised, when compared to cells cultured in
normal serum. There was significant down regulation of the
pluripotency gene expression, OCT4, NANOG, and SOX2,
detected by q RT-PCR. The mesenchymal genes, vimentin
and snail, were also downregulated, while the epithelial marker
E-cadherin was upregulated. The expression levels of cancer
genes KRAS and TP53 were downregulated. Similarly, CD44
expression was downregulated while CD24 was depleted.
The HCC biomarker, a-fetoprotein (AFP) was also found to
be significantly decreased in HCC serum-treated A-MSCs
compared to the control group. These findings suggest that
exposure of A-MSCs to circulating cancer soluble factors in the
blood stimulates the generation of bio-modulatory response
against the cancer. Our findings provide novel insights into the
interactions between MSCs and cancer microenvironment, with
the potential of identifying novel molecular targets for cancer
therapy.

Funding Source: Science and Technology Development Fund
(STDF), Grant # 5300
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W-2107

DECIPHERING STEMNESS IN THE NEURAL CREST
TISSUE LINEAGE

Schiffmacher, Andrew T - NIDCR, National Institutes of
Health (NIH), Bethesda, MD, USA

Hsin, Jenny - NIDCR, National Institutes of Health, Bethesda,
MD, USA

Kerosuo, Laura - NIDCR, National Institutes of Health,
Bethesda, MD, USA

The neural crest cell lineage arises from the primitive ectoderm
during neurulation to form a multipotent stem cell population
within the vertebrate embryo. Transient in nature, neural crest
cells undergo epithelial-to-mesenchymal transitions, migrate
throughout the embryo, and differentiate into a multitude of
tissues and specialized cell types including craniofacial bone
and cartilage, the peripheral nervous system, endocrine organs,
and cardiac outflow tract. Within the neural plate border,
neural crest progenitors receive signals from neighboring
neuroectoderm and nonneural ectoderm to become specified
into premigratory neural crest. While extensive efforts are
underway to understand the gene regulatory networks that direct
their specification, very little is known about the gene network
responsible for maintaining their high degree of multipotency.
Our previous studies using Spatial Genomic Analysis of avian
cranial neural crest cells in vivo revealed a subpopulation that
express pluripotency factor orthologs Oct4, Nanog, and Kif4,
suggesting the presence of a neural crest stem cell niche.
It is not known, however, if expression of these stemness
genes has been maintained from the pre-gastrulation epiblast,
or if the network was switched on at the time of neural crest
specification. Therefore, here we 1) decipher the molecular basis
governing neural crest multipotency; and 2) determine whether
the network was continued from the epiblast lineage or induced
post-gastrulation. To achieve our goals, we are using genetic,
immunohistological, and biochemical approaches in both in vivo
(mouse, chicken) and in vitro (mouse and human embryonic
stem cell) model systems. We have previously developed cell
culture conditions that generate self-renewing multipotent
crestospheres from chicken neural crest explants. We have also
optimized culture conditions that differentiate human embryonic
stem cells in neural crest spheroids expressing both Nanog
and neural crest markers including Sox10. This multi-system
approach will increase our understanding of the molecular
mechanisms underlying neural crest stemness and cell fate
decisions that direct vertebrate development or erroneously
contribute to congenital defects and associated diseases.

Funding Source: Division of Intramural Research of the National
Institute of Dental and Craniofacial Research at the National
Institutes of Health, Department of Health and Human Services.
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EXTRA-CELLULAR VESICLES ISOLATED FROM
MOUSE BONE MARROW-DERIVED MESENCHYMAL
STROMAL CELLS TREATED WITH SPECIFIC
SIGNALING MODIFIERS AND THEIR EFFECTS ON
THE FATE OF HEMATOPOIETIC STEM CELLS

Vaidya, Anuradha - Symbiosis Centre for Stem Cell
Research, Symbiosis School of Biological Sciences, Symbiosis
International (Deemed University), Pune, India

Pendse, Shalmali - Symbiosis Centre for Stem Cell Research,
Symbiosis School of Biological Sciences, Symbiosis
International (Deemed University), Pune, India

Budgude, Pallavi - Symbiosis Centre for Stem Cell Research,
Symbiosis School of Biological Sciences, Symbiosis
International (Deemed University), Pune, India

Limaye, Lalita - Stem Cell Lab, National Centre for Cell
Science, Pune, India

Kale, Vaijayanti - Symbiosis Centre for Stem Cell Research,
Symbiosis School of Biological Sciences, Symbiosis
International (Deemed University), Pune, India

Bone marrow-derived mesenchymal stromal cells (BMSCs) are
known to play critical role in the regulation of hematopoietic
stem cell (HSC) fate. Our prior work has shown that signaling
mechanisms prevailing in the BMSCs affect the fate of HSCs via
intercellular communication involving extra-cellular vesicles (EVs)
like micro-vesicles (MVs) and exosomes. MVs and exosomes
therefore form a crucial medium through which stromal cells
communicate with stem cells. We have extended this work
further to examine the effect of the MVs on the functionality of
HSCs. Our main aim is to identify specific signaling modifiers
for preparation of MVs having HSC-supportive activity. We
isolated the MVs and exosomes from murine BMSCs and
characterized them on the basis of size using FE-SEM and
CD63 and CD9 expression using immunofluroscence studies
and western blot. We treated the BMSCs with hypoxia-inducing
reagent COCI2 as we already have preliminary indicative data
with these compounds. Simultaneously, we also incubated the
BMSCs inside a sealed humidified hypoxia chamber containing
1% oxygen. Our intention was to check whether exposure
to hypoxia would affect the morphology and size of EVs. We
saw that COCI2 treatment and exposure to low oxygen levels
did not affect the morphology of the MVs; however it led to a
significant increase in the size of MVs. On the other hand the
size of the exosomes was differentially affected each by COCI2
treatment and exposure to low oxygen level respectively. Our
immediate objective is to assess the effect of hypoxia on the
functionality of HSCs for which we will be incubating the Lin-
cells with EVs and exosomes isolated from hypoxic BMSCs
and checking their colony forming unit (CFU) ability. A suitable
strategy is needed for the cryopreservation of EVs, and hence
we have begun with cryopreservation experiments to evaluate
the potential advantages/disadvantages of cryopreservation of
EVs at different temperatures. A similar approach (as used in
hypoxia experiments) will be used to study the effect of inhibitors
of p38 and MEK/ERK MAPK pathways on the protein and gene

expression of BMSCs and BMSC-derived EVs. We conjecture
to develop a “ready-to-use” biologic comprising of EVs isolated
from MSCs treated with selected signaling modifiers for boosting
the engraftment ability of HSCs in clinical transplantations.

Funding Source: Department of Biotechnology, Ministry of
Science and Technology, Government of India

W-2111

THE EXISTENCE OF NEURAL CREST-LIKE STEM
CELLS IN THE HUMAN ADULT PERIPHERAL NERVE
AND THEIR ROLES IN TISSUE HOMEOSTASIS

Kang, Eunijin - Paik Institute for Clinical Research, Inje
University, Busan, Korea

Kim, Jongtae - Paik Institute for Clinical Research, Inje
University, Busan, Korea

Lee, Wonijin - Paik Institute for Clinical Research, Inje
University, Busan, Korea

Yang, Youngil - Paik Institute for Clinical Research, Inje
University, Busan, Korea

Neural crest stem cells (NCSCs) are an embryonic cell
population that generates diverse progenies from peripheral
neuroglia to mesenchymal cells. Compelling evidence indicates
the persistence of NCSCs in various adult tissues, where they
contribute to postnatal neurogenesis and gliogenesis. However,
the existence of NCSC-like cells in the adult peripheral nerve
(PN) remains unclear. Here, we isolated and characterized adult
PN-resident stem cells (PN-SCs) with NCSCs-like hallmarks. We
employed a hydrogel-supported 3-dimensional organ culture of
sciatic nerve with mitogenic stimulation of bFGF and EGF, which
resulted in the robust cell outgrowth and enrichment of PN-SCs
from nerve explants into the hydrogel. The PN-SCs expressed
uniformly NC-related mRNAs or markers but no neuroglia-
related genes and markers, indicative of an uncommitted NC
cell phenotype. They maintained their capacity for continuous
cell turnover, clonogenicity, and spheroid formation in vitro.
Subcultured and clone-derived PN-SCs showed multipotency
that yielded neurons, glia, and mesenchymal lineage cells.
Intriguingly, PN-SCs expressed neurotrophic mRNAs and
factors that enhanced the cell proliferation and neuritogenesis
of neuroblastoma cells. Transplanted PN-SCs contributed to
the regeneration of various cell types and the structural and
functional recovery of the injured PN. Overall, adult PN-SCs
might be useful for developing cell-based strategies to apply
neurologic disease.

Funding Source: This research was supported by Basic
Science Research Program through the National Research
Foundation of Korea(NRF) funded by the Ministry of
Education(2017R1A2B4012189)
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STEM CELLS-DERIVED MEMBRANE BOUND
FACTORS FOR REGENERATIVE MEDICINE

Nistor, Gabriel - Executive Department, AIVITA Biomedical
Inc, Irvine, CA, USA

Keirstead, Hans - Executive Department, AIVITA Biomedical,
Irvine, CA, USA

Poole, Aleksandra - Research and Development, AIVITA
Biomediical, Irvine, CA, USA

It is widely accepted that in parallel with direct cell replacement,
the incriminated regenerative mechanisms in cell transplants
resides in its secretome effect, mostly attributed to various
soluble growth factors and cytokines. Less discussed, an equally
important mechanism resides in the paracrine and juxtacrine
signaling, consisting in production of factors that require cell-to-
cell contact or proximity for physiological effect. The juxtacrine
signals are recognized as powerful modulators in development,
and include integrins, Notch, Hedgehogs (HH) and Wnt families.
Whnt and HH ligands are lipid modified, insoluble in water and
membrane bound. The current methods to capture these
ligands use detergents and solvents that typically dissociate
and remove the lipid modifications causing significant decrease
of the physiological activity. Here we present a method that we
developed to harvest membrane components and lipid modified
ligands using a proprietary system that preserves the integrity of
the molecules. We demonstrated the efficient capture of HH and
Wnt family members by quantitative ELISA and the bioavailability
by in-vitro and in-vivo testing. The originating cell population
was human embryonic stem cells derived ectoderm. The partial
differentiated population aimed to maximize the developmental
signals and was produced using basic neuralization protocols.
The resulting cell population was then exposed to a harvesting
solution containing cyclodextrin. Cyclodextrins are glucose-
based hydrophilic 3D constructs having a hydrophobic cavity
that can capture hydrophobic molecules. Depending on the
cyclodextrin size the capture can include one or more lipid
molecules including membrane cholesterol and proteins that
are lipid modified. Here we present the effect of the neuralized
stem cells-captured lipid modified ligands on neuronal survival
and stem cell niche activation. The results from human neuronal
cell cultures, in-vitro human hair follicles, and in-vivo mouse
and human hair regeneration are presented. The technology is
an important advancement in regenerative medicine allowing
the juxtacrine effect in the absence of transplanted cells with
applicability in all organs and tissues with stem cell niches.

Funding Source: AIVITA Biomedical Inc.
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STEMNESS AND CELL FATE OF TRANSPLANTED
SKELETAL MUSCLE PROGENITOR CELLS

ARE REGULATED BY THE IN VIVO MUSCLE
MICROENVIRONMENT

Hicks, Michael R - Eli and Edythe Broad Stem Cell Research
Center, University of California, Los Angeles, Santa Monica,
CA, USA

Pyle, April - Microbiology, Immunology, and Molecular
Genetics, University of California, Los Angeles, CA, USA

Xi, Haibin - Microbiology, Immunology, and Molecular
Genetics, University of California, Los Angeles, CA, USA
Yang, Mandee - Microbiology, Immunology, and Molecular
Genetics, University of California, Los Angeles, CA, USA

Effective stem cell replacement requires donor cells to
differentiate to functionally relevant cell types as well as self-
renewal. We have generated skeletal muscle progenitor cells
(SMPCs) from human pluripotent stem cells (hPSCs) able
to form hundreds of new myofibers when transplanted into
mouse models in vivo. However, retention of the progenitor/
stem cell state has been limited. Skeletal muscle contains a
well-defined niche that supports the endogenous muscle stem
cells (satellite cells, SCs), but whether the SC niche can support
hPSC-SMPCs, or whether endogenous SCs outcompete donor
cells for SC niche space similar to that shown in other tissues,
remains unclear. To evaluate retention of PAX7 by SMPCs in
vivo, we intramuscularly injected hPSC-SMPCs into the TA
muscle of mdx-NSG mice. Six-weeks post-engraftment, PAX7+
donor cells (marking stemness) were found only near regions
of human-generated myofibers. No PAX7+ cells were found
near mouse myofibers or in the SC niche. To evaluate cell
fate, we re-isolated and profiled hPSC-SMPCs pre- and post-
engraftment using single cell RNA-sequencing. Re-isolated
SMPCs increased extracellular matrix, growth factor, and
maturation genes, but decreased expression of all myogenic
genes. We validated decreased myogenic potential of re-
isolated SMPCs in vitro using live cell imaging and found 10-fold
less efficient myotube formation compared to non-engrafted
hPSC-SMPCs. To determine whether the decrease in myogenic
cell fate in vivo was caused by endogenous SC competition for
SC niche space, we crossed inducible knockout Pax7Cre/ERT2
DTA mice to mdx-NSG. We found donor SMPCs increased
retention of PAX7 upon ablation of endogenous SCs and were
better able to take up position in the SC niche. Understanding
the competition between endogenous SCs and donor SMPCs
to increase homing to the SC niche compartment may improve
donor cell self-renewal and set a foundation for a long-term cell
replacement therapy for skeletal muscle.

Funding Source: CIRM DISC2-10695 and Eli and Edythe Broad
Stem Cell Research Center and Shaffer Family Foundation.
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CANCERS
W-2117

USING INDUCED PLURIPOTENT STEM CELLS TO
IDENTIFY NOVEL BIOMARKERS OF AGGRESSIVE
CANCER

Panopoulos, Athanasia D - Biological Sciences, University of
Notre Dame, IN, USA

Conner, Henry - Biological Sciences, University of Notre Dame,
IN, USA

Lager, Tyson - Biological Sciences, University of Notre Dame,
IN, USA

Zuo, Junjun - Biological Sciences, University of Notre Dame,
IN, USA

Reliable approaches to identify and target stem cell mechanisms
that mediate aggressive cancer growth would have great
therapeutic value, based on reports that have shown evidence of
embryonic stem cell programs in highly malignant and metastatic
cells. However, there remains limited understanding as to how
some cancer cells repurpose embryonic mechanisms, and
which embryonic mechanisms mediate aggressive outcomes.
We harnessed the power of iPSCs to identify novel embryonic
biomarkers that regulate aggressive cancer phenotypes, by first
performing a cell surface proteomics screen of iPSCs and their
somatic sources (to determine which may be iPSC-specific). To
next determine if the list of iPSC proteins had potential clinical
significance, we bioinformatically examined the overall mean
gene expression changes occurring from normal samples
vs. late stage disease for various cancer TCGA datasets. We
found that a majority of the iPSC proteins showed a statistically
significant increase in their respective gene’s expression in
advanced disease across a variety of cancer types. To next
explore if the iPSC list contained proteins that may be more
highly expressed in previously established ‘stem-like’ cancer
populations, we tested gene expression in isolated ‘cancer stem
cells’ (CSCs) from breast cancer and lung cancer cell lines. Both
lung and breast CSCs showed a statistically significant increase
in the overall iPSC-specific list. These results support that our
list of potential iPSC candidate biomarkers are more highly
expressed in previously established cancer populations that
have been associated with ‘stemness’, and suggest that using
iPSCs to identify targets could be applied to a variety of cancer
types. Further analysis of iPSC proteins in cancer populations
is ongoing, but thus far examination of selected initial protein
candidates has identified proteins that are important for both
stem and cancer cell functions (e.g. reprogramming, proliferation,
survival), and that have been used to identify cancer cell line
subpopulations that show increased tumorigenicity in vitro and
in vivo. These combined findings demonstrate that examining
pluripotent stem cells in relation to cancer can provide a powerful
approach to gain insight into critical mechanisms regulating
aggressive cancer.

wW-2119

NANOPARTICLE DELIVERY OF SIRNA AGAINST
TWIST TO REDUCE DRUG RESISTANCE AND
TUMOR GROWTH IN AML CELL LINES

Glackin, Carlotta A - Department of Developmental and Stem
Cell Biology, Beckman Research Institute/City of Hope, Duarte,
CA, USA

Nafie, Ebtesam - Developmental and Stem Cell Biology, City of
Hope, Monrovia, CA, USA

Amanam, |doroenyi — Department of Hematologic Malignancies
Translational Science, City of Hope, Monrovia, CA, USA
Flores, Angelina - Developmental and Stem Cell Biology, City
of Hope, Monrovia, CA, USA

Zink, Jeffrey - Chemistry and Biochemistry, University of
California, Los Angeles, CA, USA

Ghoda, Lucy - Department of Hematologic Malignancies
Translational Science, City of Hope, Monrovia, CA, USA
Marcucci, Guido - Department of Hematologic Malignancies
Translational Science, City of Hope, Monrovia, CA, USA

TWIST1 and TWIST2 are two basic helix-loop-helix transcription
factors that play a critical role in embryogenesis. These proteins
are often aberrantly activated in many cancers. Emerging
evidence suggests that dysregulation of Twist1 or Twist2
are implicated in the pathogenesis of various hematological
malignancies. Acute Myelogenous Leukemia (AML) is a clinically
and biologically heterogeneous clonal hematopoietic progenitor/
stem cell malignancy. In the hematopoietic system, the
expression of Twist1 is largely observed in CD34 hematopoietic
stem cells, whereas Twist2 is mostly expressed in early
myeloid lineages. Twist2 is a major negative modulator in both
the development of myeloid cells and their proinflammatory
responses. Transcription factors are difficult to target with small
molecule drugs due to their nuclear localization. However,
by using siRNA technology, we have been able to target and
silence cytoplasmic TWIST mRNA and re-sensitize cancer cells
to conventional chemotherapeutic agents. We have previously
designed and validated two therapeutic siRNAs against TWIST,
and have created a mesoporous silica nanoparticle (MSN)
tagged with HA to be used as a nanoparticle-based delivery
system in solid tumors. Also, we demonstrated that MSNs can
deliver their sSiRNA cargo efficiently to the cytoplasm in AML cell
lines. Furthermore, MSN-HA delivered TWIST siRNAs were able
to reduce the expression of TWIST and increase in apoptosis
markers such as annexin, BAX and P53 in AML cells. We predict
that reduced TWIST expression will sensitize AML cells to
chemotherapeutics like daunorubicin compared to cells treated
with non-targeting control siRNA. These studies should reveal
the TWIST family proteins as promising targets to address the
compound problems of metastasis and acquired drug resistance
in AML and provide evidence for MSN-siTWIST as a possible
therapeutic agent. We utilized AML cell lines and patient derived
cells to test TWIST1-2 knockdown as a therapeutic approach in
combination with standard chemotherapy. Further investigations
of the possible role of TWIST1-2 and other stemness genes may
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provide a useful strategy for the management and treatment of
leukemic stem cells. We hope that this novel platform will target
leukemic stem cells and prevent acquired resistance in AML and
other leukemia.

Funding Source: CIRM-Discovery Award
W-2121

THE EXPRESSION OF THROMBOMODULIN ON
TUMOR STROMAL HOMING OF MESENCHYMAL
STEM CELLS FOR TUMOR GROWTH

Shi, Chung-Sheng - Graduate Institute Of Clinical Medlcal
Sciences, Chang Gung University, Taoyuan, Taiwan

Li, Jhy-Ming - Division of Colon and Rectal Surgery,
Department of Surgery, Chang Gung Memorial Hospital,
Chiayi, Chiayi County, Taiwan

Mesenchymal stem cells (MSCs) can mobilize into tumor stroma
for affecting tumor progressions; however, the molecule’s
guiding the tumor-specific homing of MSCs remains mostly
unknown. Thrombomodulin (TM), an endothelial anticoagulant,
is up-regulated in tumor-conditioned MSCs. This study
investigated the expressing and therapeutic significance of TM
on MSCs-mediated tumor growth in vitro and in vivo using wild-
type and TM gene-targeting bone marrow-derived MSCs and
recombinant TM domain proteins. The present results showed
that TM expression was up-regulated in B16F10 melanoma
cells-conditioned medium (B16F10-CM) stimulating MSCs in
plate-derived growth factor-BB (PDGF-BB)-activated PDGF
receptor signaling dependence. Using Cre-mediated excision
of loxP-flanked TM gene in MSCs, TM deficiency did not
significantly affect MSCs’ viability and chemotactic migration
in normal culture condition but significantly enhanced MSCs’
chemotaxis toward B16F10-CM. Moreover, TM deficiency
markedly diminished MSCs-promoted B16F10 tumor growth
and significantly reduced MSCs’ homing capacity into B16F10
tumor stroma in vivo. Mechanistically, TM deficiency significantly
declined the adhesion between B16F10-conditioned MSCs
and endothelial cells (ECs), and this TM mediated MSCs-ECs
adhesion was blocked by recombinant TM lectin-like domain
(TMD1) and Lewis Y (LeY) glycan, indicating the reciprocal of
TMD1-LeY interaction on directing tumor-activated MSC'’s into
tumor microenvironment through adhesion to tumor-activated
ECs. Therapeutically, recombinant TMD1 administration
significantly enhanced the efficacy of radiation on suppressing
human A2058 melanoma’s growth by decreasing the amount
of tumor-associated fibroblasts for establishing active tumor
stroma. In conclusion, TM induction by tumor-secreted PDGF
can navigate the specific homing of MSCs via interacting
with LeY-expressed ECs-lining on tumor microenvironment
for promoting tumor growth, suggesting that the interplay of
TMD1 and LeY might contribute to tissue’s specific delivery of
MSCs. These findings may provide a new therapeutic option via
blocking MSCs-mediated functional tumor stromal development
for aiming tumor mediation.
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RADIATION-INDUCED PHENOTYPIC PLASTICITY IN
HUMAN GLIOMA STEM CELLS

Lo Cascio, Costanza - Ivy Brain Tumor Center, Barrow
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Schultz, Robert - School of Biological and Health Systems
Engineering, Arizona State Univeristy, Tempe, AZ, USA
Sinnaeve, Justine - Vanderbilt Brain Institute, Vanderbiilt
University, Nashville, TN, USA

Hartley McDermott, Tom - lvy Brain Tumor Center, Barrow
Neurological Institute, Phoenix, AZ, USA

Ihrie, Rebecca - Vanderbilt Brain Institute, Vanderbilt University,
Nashville, TN, USA

Plaisier, Christopher - School of Biological and Health Systems
Engineering, Arizona State Univeristy, Tempe, AZ, USA

Mehta, Shwetal - vy Brain Tumor Center, Barrow Neurological
Institute, Phoenix, AZ, USA

Glioblastoma (GBM) is the most common and lethal primary
malignant brain tumor in adults with a median survival of just
14 months. The current standard-of-care treatment is ineffective
and fails to significantly prolong survival. Moreover, these
invasive tumors display extensive intratumoural heterogeneity
and resistance to radio- and chemotherapy, posing a major
clinical challenge due to inevitable tumor recurrence. Following
exposure to aggressive multimodal treatment, GBMs frequently
shift their biological features upon recurrence, acquiring a
more resistant phenotype. However, the temporal dynamics
and molecular mechanisms that facilitate GBM recurrence are
poorly understood. The objective of our study was to determine
how molecularly distinct patient-derived glioma stem cells
(GSCs) temporally adjust their expression profile and phenotype
in response to ionizing radiation in vitro and in vivo. We find
that human GSCs undergo dramatic molecular and phenotypic
changes in response to a single dose of ionizing radiation. The
observed treatment responses differ depending on the genetic
background of the patient-derived GSCs. We find that ionizing
radiation causes a transient decrease in the expression of key
stemness genes followed by drastic morphological changes and
a concomitant increase in the levels of cell fate markers. These
treatment-induced cellular alterations commence immediately
following treatment (within 24-48 hours) and become more
pronounced over the course of one week. If irradiated GSCs
are allowed to recover for two weeks, we observe the presence
of heterogeneous cell populations that were absent prior to
treatment. We also performed single-cell RNA sequencing and
mass cytometry at multiple different timepoints post-treatment
to discover and characterize novel cell subpopulations that
emerge from different human GSCs after irradiation. Moreover,
cell viability experiments reveal that human GSCs previously
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exposed to radiation are more radioresistant upon re-treatment
compared to their naive, untreated counterparts — suggesting
that the aforementioned phenotypic shifts promote treatment
resistance. Our results suggest that GSC responses to radiation
are dynamic, and that surviving cells are capable of adopting
novel cellular states over a matter of hours.

W-2125

SMALL MOLECULE THERAPEUTICS TO DOWN-
REGULATE PANCREATIC CANCER ‘STEMNESS’

Burkeen, Gregory A - Cell and Molecular Biology, San Diego
State University, San Diego, CA, USA

The average survival for patients with Pancreatic Ductal
Adenocarcinoma (PDA) is merely 6 months, underscoring the
need for new therapeutic approaches. During PDA progression,
pancreatic acinar cells lose activity of the Classl/Il bHLH factors
that regulate quiescence. MYC is reported to be amplified
in 20-30% of pancreatic cancer cases. This amplification is
sufficient to initiate cancerous phenotypes in pancreatic cells.
We previously found that promoting transcriptional activity of the
Class | bHLH factor E47 in highly aggressive PDA cells induced
stable growth arrest in vitro and in vivo. In part by restoring
tumor suppressor retinoblastoma (RB) activity. To translate
these findings for clinical utility, we developed a high throughput
screening platform to identify small molecule inducers of Class
I/l bHLH activity. A screen of 4,375 known drugs identified 70
bHLH activators. Statins or (HMG-CoA reductase inhibitors)
as a class of drugs, were identified as promising candidates.
Pitivastatin was the most salient bHLH activator amongst them.
Studies with pitavastatin in primary patient-derived tumor cells
and established PDA lines, revealed dose-dependent growth
inhibition. At the molecular level, pitavastatin induced expression
of the cyclin-dependent kinase (CDK) inhibitor p21and blocked
repressive phosphorylation of RB protein. Here we show that a
second hit from the screen, Drug 2 (a chromatin modifier), acts
in synergy with Pitavastatin to induce growth arrest by further
activating RB and by ablating expression of the MYC oncogene.
Together, these drugs reduce expression of the S phase genes
Aur A, CCNB1 and 2, as well as survivin. The data establish the
effectiveness of a novel drug combination to control PDA cell
growth. Future studies are aimed at in vivo testing.

Funding Source: California Institute for Regenerative Medicine
W-2127

CLONAL COMPETITION OF HUMAN ACUTE
LYMPHOBLASTIC LEUKEMIA CELLS DURING
CHEMO TREATMENT IN XENOGRAFT MOUSE
MODELS

Contreras-Truijillo, Humberto - Stem Cell, University of
Southern California (USC), Los Angeles, CA, USA

Eerdeng, Jiya - Stem Cell, University of Southern California,
Los Angeles, CA, USA

Jiang, Du - Stem Cell, University of Southern California, Los

Angeles, CA, USA

Vergel, Mary - Stem Cell, University of Southern California, Los
Angeles, CA, USA

Andreasian, Areen - Stem Cell, University of Southern
California, Los Angeles, CA, USA

Bramlett, Charles - Stem Cell, University of Southern California,
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Merchant, Akil - Blood and Marrow Transplantation, Cedars-
Sinai Medical Center, Los Angeles, CA, USA

Lu, Rong - Stem Cell, University of Southern California, Los
Angeles, CA, USA

The importance of cancer cell heterogeneity is increasingly
recognized. However, the interactions between individual
cancer cells remain poorly understood, particularly in response
to therapeutic treatment. For instance, the combined regimens
of an intensive and maintenance chemotherapy have proven
beneficial in acute lymphoblastic leukemia (ALL) patients.
However, it remains unclear why a long term low dose
maintenance therapy is more beneficial than a short term
intensive therapy. We hypothesized that maintenance therapy
applies constant selective pressure and alters the growth
competitions between leukemia clones. Past studies have used
naturally occurring genetic mutations to examine heterogeneity
and evolutionary trajectories of cancer cells. As these mutations
occur at different phases, clones marked by these mutations
cannot be directly compared to assess cellular interactions.
To test our hypothesis, we use engineered genetic barcodes
to track patient derived ALL clones under an unperturbed
environment as well as under the selective pressure of
chemotherapy using xenograft mouse models. We established
a chemotherapy treatment protocol in our xenograft model that
closely mimics the intensive and maintenance phases of ALL
treatment used in clinic. We found that the clonal composition
remains constant during the unperturbed progression of human
ALL cells in mice. Surprisingly, intensive therapy did not change
the clonal composition. Instead, the same group of ALL clones
appear during relapse after intensive treatment. However, under
maintenance treatment, some previously low abundant ALL
clones strikingly increase in abundance. These clones may
have been suppressed during the undisturbed progression of
the disease, and may play a role in altering disease progression
during the long-term maintenance treatment. Our findings
indicate that the benefit of maintenance therapy to ALL patients
may arise from altered clonal competition between ALL cells.
Further characterization of these emerging leukemia clones
that arise during the maintenance phase may help improve ALL
treatment.

Funding Source: Research reported was supported by the
National Cancer Institute of the National Institutes of Health
under Award Number F31CA206463.
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ROLE OF G-PROTEIN ALPHA-12, AND TISSUE
FACTOR, IN THE IN VITRO GROWTH OF HUMAN
GLIOMA STEM CELLS

Lara, Jacqueline - Pharmacology Department of UCSD,
California Institute for Regenerative Medicine (CIRM), Santa Fe
Springs, CA, USA

Glioblastoma multiforme (GBM) is the most common and lethal
form of brain cancer with one of the worst survival rates of all
cancers. The lab has gained considerable insight into the signals
triggered through the S1P and PAR1 receptors, G-protein
coupled receptors (GPCRs) that activate RhoA. Specifically
RhoA signaling activates YAP and MRTF-A, transcriptional co-
activators involved in the expression of genes involved in the
growth of glioblastoma cells. We hypothesize that GPCRs for
S1P and thrombin (PAR1) become and remain activated in GBM
because they are continuously exposed to their ligands. We
further hypothesize that it is through this pathway that glioma
stem cells up regulate expression of stem cell genes and thus
maintain their ability for self-renewal. To test the central role
of signaling through GPCR and Ga12 in glioma stem cell self-
renewal in vitro we are using patient derived glioma stem cells
(GSC)-23 and lentiviral transfection with shRNA to knockdown
Gal12. We compared both glioma stem cell self-renewal
(growth in limiting dilution assay) and stem cell gene expression
(9PCR analysis) in shRNA control and Ga12 knockdown cells.
Expression of mRNA for a number of stem cell genes (NANOG,
CCND1, MYC, OCT4 and SOX2) was decreased approximately
50% when Ga12 was deleted. Similarly, data from the limiting
dilution assay revealed significant loss of GSC self-renewal as
assessed by sphere formation in the Ga12 knockdown cells.
Tissue factor (TF), a gene downstream of YAP is regulated in
response to thrombin and S1P through YAP induced gene
transcription and has the potential for autocrine feedback
regulation of the RhoA signaling cascade. We are currently
using a similar knockdown strategy to test the role of TF in
maintenance of GSC stemness. Future experiments will include
in vivo studies establishing whether tumor growth is slowed and
mortality from PDX cell xenografts is decreased when Ga12 or
TF are downregulated. The goal is to target glioma stem cells to
improve patient survival.

NEURAL DEVELOPMENT AND
REGENERATION

W-3001

OLIGODENDROCYTE PRECURSOR CELLS DERIVED
FROM FETAL AND ADULT NEURAL STEM CELLS-
DERIVED DIFFER IN PHYSIOLOGICAL REGULATION
AND RESPONSE TO NOXIOUS STIMULI

Calza, Laura - CIRI-SDV, University of Bologna, Ozzano
Emilia, Italy
Baldassarro, Antonio - CIRI-SDV, University of Bologna,
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Multipotent neural stem cells (NSCs) give rise oligodendrocyte
precursor cells (OPCs) which maturate in myelinating
oligodendrocytes (OLs) in a process driven by thyroid hormone
(TH) and mediated by nuclear thyroid receptors (TRs), which
form heterodimers with retinoic acid receptors (RXR). This
process occurs during developmental myelination but is also
activated in adult NSCs during remyelination. In this study we
investigated the differentiation process and response to noxious
challenges of OPC obtained from NSCs derived from fetal and
adult brain. We show that several nuclear receptors display
strong changes in expression levels between fetal and adult
NSCs, with an overexpression of TRB and lower expression
of RXRy in adult cells. Such changes in adult NSCs may
determine their reduced capability to differentiate as showed
by reduced yield of maturation and different mRNA expression
of key genes involved in OPCs differentiation. RXRy seems
to be a main determinant of these differences, being involved
as important regulator of cell cycle exit, as indicated by NSC
derived from RXRy KO-mice . In order to study if differences
in physiological differentiation/maturation of OPCs from fetal
and adult NSCs may lead to different responses to noxious
stimuli, we investigated the response of these cells to the two
main components of demyelinating diseases: inflammation
and hypoxia/ischemia, focusing on survival and differentiation.
The differentiation of both fetal and adult OPCs is completely
abolished after exposure to inflammatory cytokines, while only
fetal-derived OPCs degenerate when exposed to oxygen-
glucose deprivation (OGD). Moreover, we found that vulnerability
of fetal OPCs to OGD is based on the exclusive glycolytic
metabolism of fetal OPC. No contributions of glutamate
excitotoxicity was found. These results indicate that fetal and
adult NSCs display substantial differences in NRs expression,
leading to different capability of OPCs to maturate as myelinating
OLs. These differences in early stages and throughout the whole
differentiation process, may lead to differences in response to
noxious stimuli. The understanding of the underlying molecular
mechanism will strongly contribute to differentiate myelination
enhancing and neuroprotective therapies for neonatal and adult
CNS lesions.

W-3003

TARGETING CSPG SIGNALING IN HUMAN IPSC
NEURAL GRAFTS FOR SPINAL CORD INJURY
REPAIR

Liu, Ying - Neurosurgery/Center for Stem Cell and
Regenerative Medicine, University of Texas Health Science
Center at Houston, TX, USA

Li, Shenglan - Neurosurgery/Center for Stem Cell and
Regenerative Medicine, University of Texas Health Science
Center at Houston, TX, USA

Xue, Allen - Neurosurgery/Center for Stem Cell and
Regenerative Medicine, University of Texas Health Science
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Center at Houston, TX, USA

Smith Callahan, Laura - Neurosurgery/Center for Stem Cell and
Regenerative Medicine, University of Texas Health Science
Center at Houston, TX, USA

Cao, Qilin - Neurosurgery/Center for Stem Cell and
Regenerative Medicine, University of Texas Health Science
Center at Houston, TX, USA

Human induced pluripotent stem cells (hiPSCs) and their
neural derivatives are promising cell sources for transplantation
therapies for spinal cord injury (SCI). However, grafting hiPSC
derived neural cells into SCI rodent models have not yielded
the expected benefits, especially for locomotor functional
recovery. Inhibitors, such as chondroitin sulfate proteoglycans
(CSPGs), secreted by reactive astrocytes after SCI are major
contributors to this low locomotor functional recovery. CSPGs,
a group of molecules containing a glycoprotein core with an
array of repeating disaccharide side chains, are a part of the glial
scars which inhibit axon regeneration. Approaches to reduce
CSPGs in an injury environment have the potential to improve
functional recovery but have mainly focused on enzymatic
administration that will be difficult to implement clinically. In the
current work, we present a new strategy which removes CSPG
receptors PTPo and LAR using CRISPR gene editing in iPSCs
reprogrammed from patients’ urine cells (U-iPSCs). In addition,
we have established a pipeline to differentiate and purify neural
progenitor cells (NPCs) from single and/or double PTPc and
LAR knockout U-iPSCs. Our data indicates that these NPCs
are able to integrate and migrate in the injured spinal cord.
Currently, we are testing if PTPo and LAR knockout NPCs will
further improve locomotor function compared to unmodified
iPSC-NPCs after being transplanted into acute cervical SCI.
Our study emphasizes the role of combining iPSC-NPC stem
cell therapy with CSPG signaling biology and aims to enhance
neural regeneration and protection. The tools and reagents
generated in this study can be conveniently extended to chronic
SCI animal models as well as other CNS injury research, which
could be more complex and challenging.

Funding Source: Mission Connect-TIRR Foundation. Craig H.
Neilsen Foundation. The Staman Ogilvie Fund. NINDS

W-3005

FRESHLY-THAWED CRYOBANKED HUMAN
NEURAL STEM CELL TRANSPLANTATION
IMPROVES COGNITION AND HOST NEURON
SURVIVAL IN AN IMMUNODEFICIENT RODENT
MODEL OF TRAUMATIC BRAIN INJURY

Badner, Anna - Stem Cell Research Center, University of
California - Irvine, CA, USA

Reinhardt, Emily - Stem Cell Research Center, University of
California - Irvine, CA, USA

Echeverria, Karla - Stem Cell Research Center, University of
California - Irvine, CA, USA

Lepe, Javier - Stem Cell Research Center, University of
California - Irvine, CA, USA

Nguyen, Theodore - Stem Cell Research Center, University of

California - Irvine, CA, USA

Petersen, Cherie - Stem Cell Research Center, University of
California - Irvine, CA, USA

Tran, Serinee - Stem Cell Research Center, University of
California - Irvine, CA, USA

Bertan, Sara - Stem Cell Research Center, University of
California - Irvine, CA, USA

Cummings, Brian - Institute for Memory Impairments and
Neurological Disorders, University of California - Irvine, CA,
USA

Human Neural stem cells (NNSCs) have promising application
for cell therapy following traumatic brain injury (TBI). However,
while various studies have demonstrated the efficacy of
NSCs from on-going culture, there is a significant gap in our
understanding of freshly thawed cells from cryobanked stocks
— a more clinically-relevant source. To address these shortfalls,
we aimed to test the therapeutic potential of our previously
validated Shef-6 human embryonic stem cell (hESC) derived
hNSC line following long-term cryostorage and thawing
immediately prior to transplant. Specifically, immunodeficient
athymic nude (ATN) rats received unilateral cortical contusions
using a pneumatic controlled cortical impact (CCI) device. At 30
days following injury, 6x105 freshly thawed passage-matched
hESC-derived hNSCs were transplanted into 6 injection sites (2
ipsilateral and 4 contralateral to the injury). Rats also received
peripheral injection of asialo-GM1 antibody 1 day prior, and 14,
35, 56, and 77 days post transplantation to deplete NK cells
and increase engraftment. Cognitive function was assessed via
a battery of standardized tasks. Briefly, we observed a decrease
in anxious behavior between animals treated with cells versus
those with vehicle (p=0.038), measured as a 34% reduction in
the time spent within open arms using an elevated plus maze.
Cell transplantation also resulted in modest effects of improved
learning and spatial memory determined by Morris water
maze navigation. Through unbiased stereological assessment,
approximately 45% of hNSCs survived 3 months post-
transplantation, differentiating into neurons (NeuN), astrocytes
(GFAP) and oligodendrocytes (Olig2). Importantly, as found in
our previous work, there was also a significant increase in host
hippocampal neuron survival following hNSC transplantation
that may account for cognitive benefits. Taken together, these
findings not only validate the potential of hNSCs therapy to
restore cognition after chronic TBI, but also demonstrate that
long-term bio-banking of cells and thawing aliquots prior to use
is a suitable approach for clinical deployment.

Funding Source: This project was funded by a CIRM DISC2-
10195 grant to BJC.
W-3007

ASSESSING THE DEVELOPMENT OF STEM CELL-
DERIVED SPINAL SENSORY INTERNEURONS
USING CRISPR/CAS9 MEDIATED GENE EDITING
Chilin Vidal, Brian - Neurobiology, University of California, Los

Angeles (UCLA), El Monte, CA, USA
Gupta, Sandeep - Neurobiology, University of California, Los
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Derbarsegian, Armo - Neurobiology, University of California,
Los Angeles, CA, USA

Butler, Samantha - Neurobiology, University of California, Los
Angeles, CA, USA

The spinal cord is responsible for mediating both coordinated
movement and our ability to experience the environment
(somatosensation). These functions depend on distinct
populations of neurons that arise along the dorsal-ventral
axis of the spinal cord. We are interested in the six classes of
dorsal interneurons (dI1-dl6) that decode somatosensatory
information from the periphery including nociception (pain),
mechanosensation (touch) and proprioception (body position).
Damage to the spinal cord can be devastating, resulting in the
loss of both movement and sensation. However, while cellular
replacement therapies using embryonic stem cells (ESCs)
have been developed for spinal motor neurons, there has been
limited progress to restore sensation through in vitro methods.
Recently, the Butler laboratory defined the conditions to direct
mouse and human ESCs towards four classes of dls. While
these studies demonstrated that both the dI1 proprioceptors
and dI3 mechanosensors are dependent on the activity of bone
morphogenetic protein 4 (BMP4), the mechanism by which
BMP4 directs ESCs towards the dI1/3 fates remains unclear.
BMP signaling is canonically mediated by a Smad complex
of intracellular messengers, including Smadi, Smad5 and
Smad8. We have found that Smad1 expression is specifically
upregulated in differentiating dls, suggesting Smad1 as the
candidate Smad that regulates BMP-mediated dl specification.
To test this hypothesis, we are using CRISPR/Cas9 methods to
delete Smad1 function in ESCs. We have designed guide RNAs
(gRNAs) to target exon2 of the Smad1 gene, which codes for
the majority of the Smad1 protein. The most effective Smad1
targeting gRNAs have been identified by transfecting the gRNAs
into mouse C2C12 cells, due to their high transfection efficiency,
and using PCR genotyping to assess whether Smad1 exon2
has been deleted from the genomic DNA. The most efficient
gRNAs will now be transfected into ESCs to obtain Smad1
deficient ESC lines. Once these lines have been established, we
will use the directed differentiation protocol developed by the
Butler laboratory to investigate how deletion of Smad1 affects
the differentiation of dl1 and dI3, i.e. the BMP-dependent
populations of sensory interneurons.

Funding Source: CIRM CSUN-UCLA Stem Cell Scientist
Training Program Grant ID (EDUC2-08411)

W-3009

IMPAIRED CELL CYCLE PROGRESSION AND
SELF-RENEWAL OF FETAL NEURAL STEM CELLS
IN MOUSE FETUS WITH INTRAUTERINE GROWTH
RESTRICTION (IUGR)

Chen, Chu-Yen - Pediatrics, KUMC, Kansas City, KS, USA
Chou, Fu-Sheng - Pediatrics, Children’s Mercy Hospital,
Kansas City, KS, USA

Wang, Pei-Shan - Pediatrics, KUMC, Kansas City, KS, USA
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Individuals with IUGR are at significantly increased risk for
neurodevelopmental abnormalities. Clinical imaging showed
decreased total brain and cortical grey matter volume in [IUGR
infants, suggesting decreased neurogenesis. Fetal cortical
neurogenesis is a time-sensitive process in which fetal NSCs
follow a distinct pattern of layer-specific neuron generation to
populate the cerebral cortex as the gestation progresses. It
has been shown in an in vitro system that profound hypoxia
induces cell cycle arrest in NSCs. However, the in vivo effect of
antenatal maternal hypoxia in fetal NSCs remains unclear. We
used a murine maternal hypoxia-induced IUGR model to study
the impact of IUGR on fetal NSC development. In this model,
timed-pregnant mice were exposed to hypoxia during the active
stage of neurogenesis, followed by fetal brain collection. In the
IUGR fetal brains, we found a significant reduction in cerebral
cortical thickness accompanied by decreases in layer-specific
neurons. Using EdU labeling, we demonstrated that cell cycle
progression of fetal NSCs was delayed. Interestingly, we also
observed a defect in self-renewal in a subset of NSCs, leading to
premature neuronal differentiation. Following relief from maternal
hypoxia exposure, the remaining fetal NSCs re-established their
neurogenic ability and resumed production of layer-specific
neurons. Surprisingly, the newly generated neurons matched
their control counterparts in layer-specific marker expression,
suggesting preservation of the fetal NSC temporal identity
despite IUGR effects. As expected, the number of neurons
generated in the IUGR group remained lower compared to that
in the control group due to premature depletion of fetal NSCs.
Transcriptome analysis identified hundreds of genes affected
by maternal hypoxia-induced IUGR. Finally, the IUGR offspring
mice exhibited poorer cognitive functions than the control
offspring mice. Taken together, maternal hypoxia-induced IUGR
is associated with a defect in cell cycle progression and self-
renewal of fetal NSCs, and has a long-term impact on offspring
cognitive development. Our findings also pointed to a possible
scenario where the temporal identity of the fetal NSCs may not
be affected by IUGR.

W-3011

MODELING THE IMPACT OF GENETIC
BACKGROUND ON NEURODEVELOPMENTAL
MUTATIONS USING MOUSE AND HUMAN
PLURIPOTENT STEM CELLS

Cortes, Daniel - Mammalian Genetics, The Jackson
Laboratory, Bar Harbor, ME, USA

Hayes, Kevin - Mammalian Genetics, The Jackson Laboratory,
Bar Harbor, ME, USA

Mitra, Arojit - Mammalian Genetics, The Jackson Laboratory,
Bar Harbor, ME, USA

Reinholdt, Laura - Mammalian Genetics, The Jackson
Laboratory, Bar Harbor, ME, USA

Pera, Martin - Mammalian Genetics, The Jackson Laboratory,
Bar Harbor, ME, USA
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Genetic background can have a profound impact on the
variability and severity of phenotypes in individuals with
deleterious mutations in neurodevelopmental genes. We are
developing a combined platform that integrates analysis with
human pluripotent stem cells (hPSC) and genetically diverse
mouse embryonic stem cell (MESC) lines in vitro with whole
organism studies in vivo. Our aims are to investigate how
genes involved in neurodevelopmental disorders affect brain
development and reparative processes in the adult central
nervous system, and to discover how genetic background
influences phenotype. We found that most mESC lines derived
from the Collaboative Cross (CC) founder strains respond
poorly to standard differentiation protocols developed using
mESC from the 129 background. Therefore, we established
a robust neural differentiation protocol that enables efficient
production of a wide range of neuronal cell types, astrocytes
and oligodendrocytes from mESC lines of all CC founder strains.
mESC are differentiated as embryoid bodies for a brief period,
then transferred to adherent cultures in the presence of small
molecules to direct further lineage specification. Within four
days, the cells display robust Pax6 expression, and by day
eight neural precursors cells (NPC) comprise almost the entire
population. These NPC can be cryporeserved or expanded
for further differentiation. In proof of concept studies, we are
examining the effects of heterozygous mutations in DYRK1A,
a gene associated with a severe autism syndrome, on various
stages of neural specification and neuronal maturation in hPSC
and mESC. Using CRISPR-Cas9 knockout, we have confirmed
our previous studies showing that chemical inhibition of DYRK1A
inhibits neural specification of hPSC. High content screening for
the effects of Dyrk1a inhibition on the expression of pluripotency
factors and early lineage specific markers in our mESC panel
revealed clear differential strain-dependent responses in the
stabilization of stem cell phenotype. Medium throughput,
high content screening in vitro provides for rapid and efficient
determination of genetic background effects on gene action at
multiple stages of central nervous system development, and
identification of candidate modifier loci that can subsequently
be further investigated in vivo.

W-3013

ESTABLISHING A NOVEL RAT-HUMAN CHIMERIC
MODEL FOR STUDIES OF NEURAL CONVERSION
OF HUMAN GLIA IN VIVO

Hoban, Deirdre B - Developmental and Regenerative
Neurobiology, Wallenberg Neuroscience Center, and Lund
Stem Cell Centre, Department of Experimental Medical
Science, Lund University, Lund, Sweden

Nolbrant, Sara - Developmental and Regenerative
Neurobiology, Wallenberg Neuroscience Center, and Lund
Stem Cell Centre, Department of Experimental Medical
Science, Lund University, Lund, Sweden

Giacomoni, jessica - Developmental and Regenerative
Neurobiology, Wallenberg Neuroscience Center, and Lund
Stem Cell Centre, Department of Experimental Medical
Science, Lund University, Lund, Sweden

Goldman, Steven - University of Rochester Medlcal Center,
University of Rochester, Rochester, NY, USA

Parmar, Malin - Developmental and Regenerative
Neurobiology, Wallenberg Neuroscience Center, and Lund
Stem Cell Centre, Department of Experimental Medical
Science, Lund University, Lund, Sweden

Direct in vivo reprogramming of resident glial cells in the brain
represents a promising therapeutic strategy for brain repair. To
date, the majority of pre-clinical studies to explore this strategy
have been performed using rodent glia, and the question whether
human endogenous glia have the same capacity to convert in
vivo is unclear. In vitro studies have demonstrated the ability to
convert different types of human glia into neurons, but it remains
an outstanding question if human glia can be converted into
neurons within the adult brain. In this project, we aim to establish
a novel rat-human glial chimeric animal model whereby human
glia are transplanted into the rat brain, yielding a unique model
that allows us to study in vivo conversion of human glia into
clinically relevant neurons in the rodent brain. To do this, we have
generated human glial progenitor cells (hGPCs) from human
embryonic stem cells (hESCs). hGPCs can be transplanted and
survive in the rodent brain, both when delivered to adult animals
maintained under daily immunosuppression and delivered
to nude athymic animals. We found that when these cells are
transplanted to intact or dopamine-depleted rats at specific
target sites, they proliferate and migrate throughout the host
brain. The grafts were first analysed with STEM121 and HuNu to
detect human cells which confirmed graft survival and migration
in both gray and white matter over time. Further analysis showed
that the hESC-derived glia express markers of astrocytes and
oligodendrocyte progenitors, but no neuronal markers. Thus, this
model is suitable to study the core cellular and molecular events
controlling subtype-specific identity during in vivo conversion of
glia into neurons. The results will enhance our understanding of
how cell differentiation and reprogramming operates during in
vivo neural conversion and define the key factors that control
this process. When comparing lesioned and intact animals we
found that cell survival, migration and phenotype is not affected
by lesioning the host dopaminergic system, allowing for future
studies aimed at conversion of human glia to neurons in a model
of Parkinson’s disease.

Funding Source: The New York Stem Cell Foundation (NYSCF),
Swedish Research Council (2016-00873), Swedish Parkinson
Foundation (Parkinsonfonden), and Knut and Alice Wallenberg
Stiftelse (KAW 2018-0040). M.P is a NYSCF Robertson
Investigator.
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DYNAMICS OF STRIATAL NEUROGENESIS IN
RESPONSE TO ISCHEMIC STROKE

Steiner, Embla - Department of Cell and Molecular Biology,
Karolinska Institutet, Stockholm, Sweden

Huttner, Hagen - Department of Neurology, University of
Erlangen-Nuremberg, Erlangen, Germany

Bergmann, Olaf - Department of Cell and Molecular Biology,

USCStem Cell 61



POSTER ABSTRACTS
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Magnusson, Jens - Department of Cell and Molecular Biology,
Karolinska Institutet, Stockholm, Sweden

Bernard, Samuel - Department of Mathematics, Université de
Lyon, Villeurbanne, France

Frisén, Jonas - Department of Cell and Molecular Biology,
Karolinska Institutet, Stockholm, Sweden

Stroke is the second most common cause of death and the
third leading cause of disability globally. After stroke, a limited
spontaneous recovery occurs, however the mechanisms are
not fully understood and despite large efforts to study various
therapy approaches, there is no effective treatment to date.
Since the discovery that the brain continuously adds new
neurons in discrete areas of the adult brain, a process called
adult neurogenesis, stimulation of endogenous neural stem
cell to generate new neurons has appeared to be a promising
strategy for brain regeneration. Adult neurogenesis in humans
remains a controversial topic, but cumulative evidence suggest
that humans have a unique distribution of adult neurogenesis.
For example, there is substantial neurogenesis in the healthy
human striatum, an area that is not a neurogenic niche in healthy
conditions in other mammals. However, in rodent models,
neurogenesis can be found in the striatum as a response to
stroke. Whether humans also have this regenerative response
is not known. Measuring the integration of 14C derived from
nuclear bomb tests during the Cold War in neuronal DNA allows
us to measure the average age of the neuronal population. We
provide data concerning the dynamics of neuronal generation
in the striatum following stroke by assessing the age of neurons
in the striatum of individuals who had suffered from a unilateral
striatal stroke, using a retrospective birth-dating method. We
compare the average age of neurons in both striatal hemispheres
and compare these results with striatal neurons isolated from
donors that died from unrelated non-neurological causes.
Characterizing the neuronal turnover dynamics in the human
striatum before and after stroke will help us understand the
capacity of self-repair of the human brain, as well as translate
the results from animal studies into the clinical situation and
thus help guide the future development of therapies for brain
regeneration.

NEURAL DISEASE AND DEGENERATION
W-3017

A MODEL OF TRAUMATIC BRAIN INJURY USING
HUMAN IPSC-DERIVED CORTICAL BRAIN
ORGANOIDS

Lai, Jesse D - Stem Cell Biology and Regenerative Medicine,
University of Southern California/Amgen, Los Angeles, CA,
USA

Sta Maria, Naomi - Physiology and Neuroscience, University of
Southern California, Los Angeles, CA, USA

Fricklas, Gabriella - Stem Cell Biology and Regenerative
Medicine, University of Southern California, Los Angeles, CA,
USA
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Jacobs, Russell - Physiology and Neuroscience, University of
Southern California, Los Angeles, CA, USA

Yu, Violeta - Neuroscience, Amgen, Cambridge, MA, USA
Ichida, Justin - Stem Cell Biology and Regenerative Medicine,
University of Southern California, Los Angeles, CA, USA

Traumatic brain injury (TBI) represents a major and progressively
increasing burden on global healthcare, resulting in temporary
to permanent neurocognitive and psychosocial impairment. It is
estimated that 1.7 million people in the US are diagnosed annually
with some form of brain injury caused by insults such as sudden
acceleration/deceleration, impacts, penetration and blast
shockwaves. Following this initial mechanical disruption of brain
tissue, long-term injury propagation via secondary mechanisms
include the spreading of necrotic tissue, perturbations in calcium
and glutamate homeostasis and inflammation. Modelling the
pathogenesis of TBI has been largely limited to rodent models
that recapitulate some, but not all, aspects of human brain injury.
As a result, in vitro models are likely an essential complement
to these experimental procedures providing a more scalable
and genetically-relevant system. Here, we generated human
cortical organoids from induced pluripotent stem cells (iPSC)
by dual SMAD inhibition and subjected organoids (aged 100-
200 days) to high intensity focused ultrasound (HIFU) in order to
mimic the effects of shockwaves on the brain. Following injury at
pressures of 0.4 MPa and 0.6 MPa, cortical organoids exhibited
features similar to TBI in humans. The ratio of phosphorylated
tau (T231) to total tau was increased in organoids that
experienced HIFU two days prior. Histological analyses showed
enhanced phosphorylated TDP-43 intensity accompanied
by a significant increase in neuronal cytoplasmic aggregates
compared to controls 4 days after injury. Additionally, increased
neurogenesis has been reported in rodent models following
traumatic brain injury. Here, we observed a significant increase
in neuronal coverage, accompanied by increased staining
for synapsin I. These findings suggest that acutely following
HIFU, cortical organoids exhibit hallmarks of TBI observed in
humans, including increases in phosphorylated tau and TDP43.
The increased proportion of neurons and synapsin | suggest
perturbations in synaptic homeostasis that may attribute to the
deficits in brain function observed in cases of TBI. In aggregate,
we present here a novel in vitro model of TBI that recapitulates
aspects of the human pathology and can be utilized to discover
new therapeutics.

Funding Source: Amgen, New York Stem Cell Foundation,
Tau Consortium, NINDS, John Douglas French Alzheimer’s
Foundation
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EARLY STEM CELL AGING IN THE MATURE BRAIN
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Jang, Mi-Hyeon - Department of Neurologic Surgery, Mayo
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Stem cells are responsible for tissue generation throughout life.
In order to do so, they must balance the production of newborn
cells with their own maintenance. However, this homeostasis is
progressively lost during aging and drives age-related disease.
Neural stem cells (NSCs) continually generate new born neurons
and astrocytes (neurogenesis) to augment learning and memory
function within the hippocampus. Despite this, neurogenesis
and hippocampus function are markedly lower in older animals.
We developed in vivo single cell linage tracing, computational
modeling approaches, single cell RNA-sequencing and systems
level data science to comprehensively investigate NSC aging
in the adult mouse hippocampus. We identify NSC loss,
slowing kinetics and cell fate choice switches as reasons why
neurogenesis declines during aging. Strikingly, we elucidate
that these changes occur in mature adulthood, between 3 and
6 months of age in mouse. Further, NSC display an aging stem
cell transcriptomic signature. Comparative analysis of NSC with
old epidermal, hematopoietic, and muscle stem cells reveals
a common metabolic decline and alteration in Protein and
RNA homeostasis with age. Our study elucidates cellular and
molecular origins of neurogenesis decline and may serve as a
new mammalian stem cell model to study early-onset cellular
aging.

Funding Source: AFAR Scholarship for Research in Biology of
Aging to Al, NIH (NS080913) to MAB
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DEVELOPMENT OF A HUMAN NEURONAL

CELL MODEL OF BETA-PROPELLER PROTEIN-
ASSOCIATED NEURODEGENERATION (BPAN) AS A
DRUG SCREENING PLATFORM
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BPAN is an X-linked subtype of neurodegeneration with brain
iron accumulation (NBIA) due to mutations in WDR45, encoding
a beta-propeller protein with a postulated role in autophagy.
Affected patients present with infantile neurodevelopmental
delay and epilepsy, developing parkinsonism-dystonia
usually in the 2nd or 3rd decade of life. The mechanisms
linking autophagy, iron overload and neurodegeneration are
poorly understood. In order to address these issues, we have
developed a patient-derived, induced pluripotent stem cell
(iPSc) midbrain dopaminergic (mDA) neuronal model of BPAN;
we have used this to further elucidate disease mechanisms and
develop novel therapies for this pharmacoresistant disorder.
Three patient-derived iPSc lines, two age-matched controls
and two CRISPR-corrected isogenic controls have been
differentiated into mDA using a dual SMAD inhibition protocol.
When plated on multiwell plates at low density, patient-derived
ventral midbrain progenitors at Day 11 of differentiation exhibit
fewer LC3 puncta per cell when compared to controls, both
in basal conditions and after inhibiting or inducing autophagy.
Using this high content imaging assay, we have performed a
drug screen using both the FDA- approved Prestwick library
(1,280 compounds) and a series of novel autophagy activators.
A number of compounds significantly enhance LC3 puncta
production in all tested lines, and further validation is underway.
In summary, our work in developing a mDA model of BPAN has
provided an innovative platform for high content imaging-based
drug screening with the aim of identifying new treatments for
this medically resistant condition.

Funding Source: Dr Papandreou holds a joint AMR/ BPNA
Research Training Fellowship. The Ketteler lab have received
funds from the University of Pennsylvania (Million Dollar Bike
Ride grant). The Kurian lab have received funds from RoseTrees
Trust.
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HUMAN INDUCED NEURONAL CELLS AS A
PATHOLOGY MODEL FOR APP SWEDISH
MUTATION IN ALZHEIMERS DISEASE
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Bharat, Vinita - Neurosurgery, Stanford University, Stanford,
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CA, USA

Wernig, Marius - Stem Cell and Regenerative Medicine,
Stanford University, Stanford, CA, USA

Alzheimer’s disease (AD) is the most common dementia
affecting half of Americans over 85. To better understand the
mechanisms underlining AD, here we generated human wild-
type and APP Swedish mutant (K670N;M671L) neuronal
cells from human iPSCs following the protocol of neuronal
induction with Ngn2 overexpression. Both wild-type and mutant
neuronal cells are derived from the same genome edited-iPSC
lines with a conditional APP Swedish mutant allele to avoid
variation resulting from different genetic backgrounds and iPSC
generation processes. Because of the previous reports showing
that AD pathophysiology is triggered by synapse loss and
mitochondrial dysfunction. we have been focusing on synaptic
and mitochondrial abnormalities. By comparing to wild-type
cells, we have observed some interesting phenotypes in APP
Swedish mutant induced neuronal cells, including increased
synapse formation and reduced mitochondrial migration. These
phenotypes could reveal the pathogenesis at early stages of AD
and potentially inspire therapy development and drug discovery
for AD.
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PROFILING SEIZUREGENIC LIABILITY
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Spheroid-based cellular platforms are considered to enable
more complex, biologically relevant, and predictive assays for
compound screening, safety evaluation and toxicity studies.
Thus, here we deployed a high throughput spheroid co-culture
of cortical glutamatergic and GABA-ergic neurons as well as
astrocytes, more closely resembling the tissue constitution of
native human brain tissue. High content imaging indicated that
this platform shows robust well-to-well size homogeneity, as
well as the neural networks established in this model express
typical neuronal and astrocytic identity and functional markers,
which altogether enable a highly functional neuronal circuitry.
High throughput kinetic fluorescence imaging of Calcium-
sensitive dyes indicated robust spontaneous, synchronized,
readily detectable calcium oscillations, with reproducible
baseline activity patterns across wells and and inter- plates. In
order to validate the capabilities of the platform in toxicology
and safety pharmacology, a set of 12 compounds including
drugs known to cause seizures in animal models through
independent mechanisms was evaluated. The compounds
consisted of Pentylenetetrazole (PTZ), Picrotoxin, Strychnine,
Pilocarpine, Cholopromazine, Amoxapine, Enoxacin, Phenytoin,
Linopirdine, 4- aminopyridine, Amoxicillin and Acetominophen.
In order of potency, 4-aminopyridine, Strychnine, Linopirdine,
Cholopromazine, Phenytoin, and Pilocarpine induced drastic
changes in calcium oscillation patterns in the natural network
bursting observed in this model. 4-aminopyridine was the only
compound that increase the frequency in calcium oscillation
patterns whereas the remaining active compounds all reduced
the frequence calcium oscillation. The negative controls
(Amoxicillin and Acetominophen) had no significant effect when
compared to DMSO/vehicle. In conclusion, high throughput
functional assays using the human iPSC-derived 3D neuronal
spheroids platform deployed in this study provided robust data
for assessment of functional neurotoxicity and seizure liabilities.
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SCREENING FOR POTENTIAL THERAPEUTICS
AGAINST NEURODEVELOPMENTAL DISORDERS
USING A 3-DIMENSIONAL HUMAN CORTICAL
NEURAL PLATFORM

Carromeu, Cassiano - Research and Developoment,
StemoniX, San Diego, CA, USA

Negraes, Priscilla - Research and Develoopment, StemoniX,
San Diego, CA, USA

Romero, Sarah - Research and Development, StemoniX, San
Diego, CA, USA

Sodhi, Neha - Research and Development, StemoniX, San
Diego, CA, USA

Zanella, Fabian - Research and Development, StemoniX, San
Diego, CA, USA

The human Central Nervous System (CNS) has a unique
structural organization that is critical to its complex functions.
Efforts to model this intricate network in vitro have encountered
major bottlenecks. Recently, much work has been focused on
obtaining 3D brain organoids in an attempt to better recapitulate
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the brain development and function in vitro. Although
self-organized 3D organoids can potentially more closely
recapitulate key features of the human CNS, current protocols
still need major improvements before being implemented in a
drug discovery scenario. We have recently described a highly
homogenous off-the-shelf human induced Pluripotent Stem
Cells (hiPSCs)-derived cortical spheroid screening platform in
384 well format, composed of cortical neurons and astrocytes.
Using high throughput calcium flux analysis, we showed the
presence of quantifiable, robust and uniform spontaneous
calcium oscillations, which is correlated with synchronous
neuronal activity in the spheroid. Our platform is optimized to
have a highly homogenous and consistent functional signal
across wells, plates, and batches. Finally, we demonstrated
the feasibility of using this platform to interrogate large libraries
of compounds on their ability to modulate the human CNS
activity. Here, we describe the use of this platform to investigate
neurodevelopmental disorders. When introducing hiPSCs
derived from Rett Syndrome (RTT) patients into our platform,
a clear functional disease phenotype was observed. RTT
3D neural cultures displayed calcium signal that indicates a
compromised neural network with slow, large, synchronized
frequency of oscillations. We also performed a pilot screen using
a library of 296 selected compounds for their ability to alleviate
the observed RTT phenotypes in vitro, and identified some
potential targets. In summary, we demonstrated the feasibility
of incorporating a neurodevelopmental disorder in a high-
throughput screening platform. The system presented here has
the potential to dramatically change the current drug discovery
paradigm for neurodevelopmental disorders and other neural
diseases.
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A SELF-ASSEMBLING PEPTIDE BIOMATERIAL
TO ENHANCE HUMAN STEM CELL-BASED
REGENERATION OF THE INJURED SPINAL CORD
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Human induced pluripotent stem cell-derived neural stem
cells (hiPS-NSCs) are a promising therapeutic approach
to regenerate the traumatically injured spinal cord (SCI).
Unfortunately, the harsh post-injury microenvironment is a
significant barrier to regeneration. QL6 (K2(QL)6K2; Medtronic
Inc.) is a novel, biodegradable, peptide biomaterial which self-
assembles into an extracellular matrix-like lattice in vivo. After
acute SCI it has been shown to reduce inflammation and
astrogliotic scarring resulting in significant neurobehavioral
improvement. QL6 also reduces tissue loss and supports the
survival of allogeneic mouse NSCs when co-delivered in SCI.

However, its ability to support translationally-relevant hiPS-
NSCs in the more common chronic SCI niche has not yet been
determined. hiPS-NSCs were cultured on QL6 versus a Geltrex
control. The mechanism of adhesion was assessed by EDTA
assay and gPCR. hiPS-NSC survival, proliferation (Ki-67 ICC),
and neurosphere formation were extensively characterized in
vitro. T-cell deficient RNU rats (N=70) capable of supporting
a human graft were given a translationally-relevant C6-7 clip-
contusion injury or sham surgery (laminectomy alone). In the
chronic injury phase, animals were randomized to receive: (1)
vehicle, (2) hiPS-NSCs transplant, (3) QL6 transplant, (4) QL6
+ hiPS-NSCs co-transplant. All rats receive delayed daily (5d/
wk) treadmill rehabilitation. hiPS-NSCs proliferated robustly on
self-assembled QL6 versus a gelirex control as demonstrated
by Ki67+/DAPI+ ICC (29% vs 6%, p<0.01). EDTA adhesion
assay demonstrated that human NSC binding to QL6 is largely
driven by calcium-independent mechanisms. gPCR of hiPS-
NSCs on QL6 showed downregulation of apoptosis markers
after 3 days, upregulation of early pro-neuronal differentiation
markers, and upregulation of select calcium-independent cell
adhesion molecules. Importantly for NSCs, QL6 enhanced the
formation of adherent neurospheres, the native conformation of
NSCs. Blinded sensorimotor and transcriptomic assessments
of transplanted rats are ongoing with a 22-week post-injury
endpoint. This work provides key proof-of-concept data that
QL6 self-assembling peptide can support translationally-
relevant human iPS-NSCs for use in traumatic SCI.

Funding Source: This work was generously funded by the
Canadian Institutes of Health Research, Philip and Peggy
DeZwirek, Krembil Foundation, and a 5-year CIHR postdoctoral
fellowship awarded to CSA. QL6 was provided in-kind by
Medtronic Inc.
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PROBING THE MOLECULAR ETIOLOGY TO LINK
MUTATIONS TO NEURONAL DYSFUNCTION IN
INTELLECTUAL DISABILITY SYNDROMES

Korsakova, Elena - CDB, University of California, Los Angeles
(UCLA), Los Angeles, CA, USA

Lowry, William - CDB, UCLA, Los Angeles, CA, USA

Ohashi, Minori - MCDB, UCLA, Los Angeles, CA, USA

We used Rett patient derived human induced pluripotent stem
cells (hiPSCs) to make cortical interneurons to model Rett
syndrome in vitro. We discovered that mutant interneurons
exhibit increased expression of p53 target genes, indicated
the state of stress the cells are experiencing. These findings
agreed with the analyses of human Rett patient brain samples,
which also exhibit induction of p53 target genes. This implies
that we are able to recapitulate Rett syndrome phenotype in
vitro. Additionally, neurons lacking MeCP2 undergo premature
senesce accompanied by elevated levels of H2AX and PML
expression. Analyzing neuronal phenotype revealed significant
decrease in complexity of dendritic arborization. This lead to
our hypothesis that it is possible to alleviate the stress the cells
experience by blocking p53 pathway and, thus, promote healthy
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interneuron development and rescue dendritic branching. We
used pifithrin, a potent p53 inhibitor, to test our hypothesis.
Treating the cells with pifithrin did indeed restore dendritic
complexity of mutant neurons compared to the wild type. Our
future work will focus on modeling ICF, ATRX and Angelman
syndromes in addition to Rett, and investigating whether there
are common pathways involved in the development of each
disorder.

Funding Source: Funding provided by BSCRC Stem Cell
Training Grant.

W-3033

NUCLEOCYTOPLASMIC PROTEOMIC ANALYSIS
HIGHLIGHTS ETF1 AND NONSENSE MEDIATED
DECAY AS THERAPEUTIC TARGETS IN CO9ORF72-
RELATED ALS/FTD

Kiskinis, Evangelos - Neurology and Physiology,
Northwestern University Feinberg School of Medicine,
Chicago, IL, USA

Ortega, Juan - Neurology and Physiology, Northwestern
University Feinberg School of Medicine, Chicago, IL, USA
Daley, Elizabeth - Neurology and Physiology, Northwestern
University Feinberg School of Medicine, Chicago, IL, USA
Sukhleen Kour, Sukhleen - Neurology, University of Pittsburgh
School of Medicine, Pittsburgh, PA, USA

Savas, Jeffery - Neurology, Northwestern University Feinberg
School of Medicine, Chicago, IL, USA

Pandey, Udai - Neurology, University of Pittsburgh School of
Medicine, Pittsburgh, PA, USA

The transport of mMRNA and proteins between the nucleus
and the cytoplasm has emerged as a critical cellular pathway
in neurodegenerative diseases including Amyotrophic Lateral
Sclerosis (ALS) and frontotemporal dementia (FTD). Here, we
developed an approach to assess how the repeat expansion in
C9orf72, which is the largest genetic contributor to ALS/FTD,
impacts the nucleo-cytoplasmic distribution of proteins. We
specifically utilized biochemical subcellular fractionation coupled
with tandem mass spectrometry and identified 126 proteins,
enriched for protein translation and RNA metabolism pathways,
which collectively drive a shift towards a more cytosolic proteome
in mutant C9orf72-expressing cells. Importantly, while other
repeat expansion mutations associated with neurodegeneration
also exhibited a similar cytosolic shift, the proteins affected were
disease-specific. To address the functional relevance of these
alterations we focused on the nuclear accumulation of ETF1, a
protein that regulates the termination of protein translation and
the degradation of aberrant mRNA transcripts by the nonsense
mediated decay (NMD) pathway. We found that ETF1 becomes
enriched within an elaborate network of nuclear envelope
invaginations in C9orf72 iPSC-patient neurons and postmortem
patient tissue. The redistribution of ETF1 mediated a protective
shift from protein translation to NMD-dependent mRNA
degradation. While the full spectrum of mMRNAs degraded by
NMD in patient neurons remains unclear, we found that NMD
targets the expanded C9orf72 transcript to prevent its cytosolic
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accumulation and translation into toxic dipeptide proteins. Lastly
UPF1, which is a master regulator of NMD, was a significant
modulator of C9orf72-induced toxicity in vivo, suppressing
it when overexpressed, and enhancing it when its levels were
reduced. Our findings provide a resource for proteome-wide
nucleocytoplasmic alterations across neurodegeneration-
associated repeat expansion mutations and highlight ETF1 and
NMD as therapeutic targets in C9orf72-associated ALS/FTD.

Funding Source: NINDS/NIA R01NS104219, NIH/NINDS
R21NS10776, Les Turner ALS Foundation, Muscular Dystrophy
Association
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FUNCTIONAL CHARACTERIZATION OF PI3K-
AKT-MTOR RELATED MEGALENCEPHALY USING
PATIENT-DERIVED IPSCS AND CEREBRAL
ORGANOIDS REVEAL DISTINCT MOLECULAR
PATHOMECHANISMS
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Children’s Research Institute, Seattle, WA, USA
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Berkseth, Matthew - Center for Integrative Brain Research,
Seattle Children’s Research Institute, Seattle, WA, USA
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Megalencephaly (MEG) and focal cortical dysplasia (FCD)
are neurodevelopmental disorders characterized by variable
brain overgrowth and cortical abnormalities. This spectrum is
associated with significant pediatric morbidity and mortality
including epilepsy, autism and intellectual disability. Importantly,
FCD is the most common cause of pediatric focal epilepsy.
Mutations in the PISK-AKT-MTOR pathway have been identified
to cause MEG and FCD, however the molecular cascade
underlying brain overgrowth, dysplasia, and epileptogenesis are
not well defined. We aimed to model disease pathogenesis in
vitro, selecting patient-derived fibroblast lines with mutations in
key upstream (PIK3CA) and downstream (MTOR) nodes in the
pathway. We generated induced pluripotent stem cells (iPSCs)
carrying the common PIK3CA(H1047R) and MTOR(T1977I)
mutations to characterize these nodes. We performed functional
assays including population doubling time, senescence,
analysis of proliferation and apoptosis; and differentiated them
to Neuronal Progenitors (NPCs), cortical neurons, and cerebral
organoids. Our preliminary results show both overlapping and
exclusive cellular phenotypes in PIK3CA and MTOR mutant cell
lines. Specifically, MTOR mutant organoids had an average area
at least two times larger than controls, recapitulating MEG, with
abnormal organoid morphology suggesting neuronal migration
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defects. PIKBCA mutants showed cellular hypertrophy at both
iPSC and NPCs levels, a feature not present in MTOR mutants.
Both mutant lines also showed increased iPSC proliferation, but
only PIKBCA mutants displayed increased NPCs proliferation,
while MTOR mutant NPCs had signs of premature neuronal
maturation. Together, our results suggest that distinct
mechanisms underlie PIK3CA- and MTOR- related MEG and
FCD occurring at different windows during human embryonic
development. Future directions include performing these
experiments on patient-derived cell lines with mutations in AKT3,
a central node in the pathway. We will also study the effects
of select MTOR pathway inhibitors on these cell lines including
Rapamycin. This work will help characterize the mechanisms
of MEG and FCD caused by mutations in MTOR pathway and
guide the design of future clinical trials using pathway inhibitors.

Funding Source: The National Institute of Neurological
Disorders and Stroke (NINDS) grant KO08NS092898 and
Jordan’s Guardian Angels (to G.M.M). The National Institute of
Neurological Disorders and Stroke (NINDS) grant NS092772 (to
W.B.D))
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A PHENOTYPIC SCREEN USING PATIENT-DERIVED
MOTOR NEURONS IDENTIFIES A STEROID AS
BROADLY EFFICACIOUS IN C90RF72 FAMILIAL
AND SPORADIC FORMS OF AMYOTROPHIC
LATERAL SCLEROSIS (ALS)
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Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative
disease resulting in the degeneration of motor neurons. Despite
intense research efforts, only two drugs have been approved
by the U.S. Food and Drug Administration (FDA) for treating
ALS. It is conceivable that the low success rate of translating
pre-clinical discoveries into clinically effective treatments may
be due to heterogeneous patient response to a drug treatment.
To test this notion, we employed a precision medicine based

approach utilizing induced pluripotent stem cells to generate
motor neurons from ALS patients. The induced motor neurons
(iMNs) recapitulate ALS disease processes. Using these
disease-relevant iMNs, we performed an unbiased phenotypic
screen of 2,000 FDA approved compounds to identify small
molecules that rescue C9ORF72 ALS iMN survival. Of the 74
primary hits, 68% of the compounds were associated with anti-
bacterial, anti-hypertensive, anti-inflammatory, anti-neoplastic,
antioxidant, and endoparasitic functions. To examine the
efficacy of these compounds on expanded patient populations,
we generated iMNs from three COORF72 patients, eight
sporadic patients, and three healthy controls. Most validated
hits from the COORF72 screen could only rescue iMN survival in
a minority of sporadic ALS lines. However, one class of steroids
potently extended iMN survival in the COORF72 lines and the
majority of sporadic lines. Moreover, the steroid’s protective
effect was abrogated by knocking down the expression of its
targeted receptor with antisense oligonucleotides (ASOs). In
addition, bioinformatic analysis of existing RNA profiling data
on FDA approved drugs and genetic knockdowns identified a
multitude of genes whose suppression induces similar gene
expression changes as steroid treatment. Genetic knockdown
of these candidates also rescued ALS iMN survival, providing
new genetic targets that can be modulated by ASOs. These
results indicate that motor neurons from different ALS patients
have highly varied responses to pharmacologic intervention,
suggesting this may be a major cause of clinical trial failure in
ALS. Our screening approach using motor neurons derived from
a diverse cohort of ALS patients identified rare targets whose
perturbation is broadly efficacious across motor neurons from
many ALS patients.

Funding Source: This work was supported by the U.S.
Department of Defense grant W81XWH-15-1-0187, NIH grant
RO1NS097850, Broad Fellowship, and an NINDS Diversity
Supplement.
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GENERATION OF TONSIL EPITHELIAL ORGANOIDS
FROM HUMAN PALATINE AND ADENOID TONSILS
IN A CHEMICALLY DEFINED MEDIUM

Yoo, Jongman - Organoid Research Center, CHA University
School of Medicine, Seongnam, Korea

Kim, Han Kyung - School of Medicine, CHA University,
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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 vulnerable to 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
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methods to identify and interrogate pathways involved in tonsil
related disorders are urgently needed. We developed defined
culture protocols of palatine and nasopharyngeal tonsil-derived
epithelial organoids that preserve 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 EG6/E7 induced precancerous changes such
as aberrant differentiation and hyperplastic proliferation.
Also, supernatant post-LPS challenge increases neutrophil
chemotactic activity and to elucidate the role of CXCL8-CXCR1/
CXCR2 pathways in this process. We developed an organoid
technology established from human tonsils, and so 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: 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
and Welfare, Republic of Korea (HR16C0002, HI16C1634,
HI17C2094, HI18C2458).
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THE STEMNESS OF ALVEOLAR TYPE 2 CELLS
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Emphysema is characterized by the irreversible destruction of
alveolar structures accompanied by an increase in apoptotic
cells. However, the mechanism by which alveolar type 2 (AT2)
cells fail to repair is not clear. A variety of site-specific stem cells
are known to play a key role in repairing and maintaining lung
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tissues. We hypothesized that AT2 stem cells are functionally
disturbed in emphysematous lungs. We exposed 8-12 week
old mice expressing green fluorescent protein (GFP) in cells
expressing surfactant protein (Sftpc)(CBA/Ca x C57BL6J)
mice to mainstream cigarette smoke (CS) through the nose, 5
days/week for 3 months. We then examined them for changes
in their lung histology and their ex-vivo stem cell function and
compared them to age-matched air-exposed mice. Histological
assessment showed that the CS-induced emphysematous
lungs had an increased number of AT2 cells in comparison to
the air-exposed mouse lungs. When the lung AT2 cells were
examined in the stem cell 3D organoid/colony forming assay, we
found that the number and size of GFP+ colonies formed by the
CS-exposed AT2 cells was significantly higher than that of the
air-exposed control AT2 cells. When examined in the 2D in vitro
culture, we found that the disappearance of GFP fluorescence
after seeding, was delayed in the CS-exposed group at all time
points examined (0-48 h) in comparison to the air-exposed
group suggesting a trend towards apoptosis resistance. These
results indicate that chronic CS exposure causes an increase
in the number of AT2 cells in the alveolar area and that the
increase in AT2 number is a result of activation of their stem
cell function, with CS-exposed AT2 cells surviving apoptosis
longer than their air-exposed control cells. In this study, we
demonstrate for the first time that the “stemness” of AT2 cells
was enhanced by exposure to chronic cigarette smoke, in the
course of emphysema development.
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Parkinson’s disease (PD), one of the most common
neurodegenerative disorders, is characterized by progressive
loss of dopamine (DA) neurons in midbrain. Although the
relatively focal degeneration in PD makes it a good candidate
for cell-based therapies, the inaccessibility of functional human
brain tissue and the inability of two-dimensional in vitro cultures
to recapitulate the complexity and function of dopaminergic
circuitries have made the study of human midbrain functions
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and dysfunctions challenging. Despite intensive research
efforts in recent years, the molecular mechanisms controlling
the developmental program and differentiation of DA neuron
subtypes remain largely unknown. In this study, we designed
a method for differentiating human pluripotent stem cells
into three-dimensional (3D) dopaminergic organoids, which
mimic features of human ventral midbrain (VM) development
by recreating authentic and functional DA neurons.
Immunolabelling-enabled 3D imaging of solvent-cleared organs
(iDISCO) of whole organoids provides an anatomical perspective
useful for reconstructing regional identities, spatial organization
and connectivity maps. By combing CRISPR-Cas9 gene editing
— used for generation of tyrosine hydroxylase (TH)-Cre knock-
in reporter cell line — with unbiased transcriptional profiling at
single-cell resolution, we showed that TH+ neurons exhibit
molecular and electrophysiological properties of mature DA
neurons expressing functional receptors of A9 and A10 neurons
as well as their ability to release dopamine, commonly affected
in PD. Importantly, we also conducted a direct comparison with
fetal VM organoids, which may serve as a valuable reference
for creating the optimal conditions to differentiate pluripotent
stem cells into human midbrain organoids, underscoring
developmental similarities and differences.

Funding Source: The New York Stem Cell Foundation, the
Swedish Research Council (grant agreement 2016-00873),
Swedish Parkinson Foundation (Parkinsonfonden), Swedish
Brain Foundation, and Knut and Alice Wallenberg Stiftelse (KAW
2018-0040)
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MULTIMODAL AND VOLUMETRIC IMAGING
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Organoids are gaining significant interest in the field of
regenerative medicine. Their ability to self-organize from
pluripotent stem cells into functional organ-like structures
makes them candidates for organ replacement or repair. We aim
to produce functional kidney organoids to build an implantable
kidney graft to reduce or replace dialysis for patients with
end-stage kidney disease. Engineering kidneys is especially

challenging due to their complex anatomy comprising a variety
of cell types, but kidney organoids have been shown to self-
organize into the important structures found in the kidney. We
differentiate human induced pluripotent stem cells (iPSCs) into
two progenitor populations: the ureteric bud and the metanephric
mesenchyme. After 7 days of differentiation and a further 18
days of maturation, these organoids resemble human kidneys
in the first trimester of embryonic development. They are several
millimeters in size and comprise small nephron-like structures,
with tubular segments and an immature endothelium. The field
would benefit from the ability to generate high quality spatial
information on kidney organoids as this has been a significant
challenge with organoids of these dimensions and complexity.
To solve this, we developed a robust imaging pipeline for
volumetric light and electron microscopy in order to assess
cellular composition, organization, functional ultrastructure, and
connectivity of tubular structures. Various techniques, such as
clearing and correlation of light and electron microscopy, were
applied for this purpose. Mapping organoids over time enables
us to assess and manipulate their self-organization, maturation
and functionality. Ultimately, we aim to develop fully functional
and mature organoids that will be suitable for regenerative
medicine.
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JUXTACRINE SIGNALS FOR IN-VITRO
PRODUCTION OF RETINAL ORGANOIDS FROM
HUMAN EMBRYONIC STEM CELLS
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Blindness affects millions throughout the world. Surgical
techniques have been developed that can re-introduce new
cells into the deteriorating host retina. The cells can be in the
form of a single cell suspension or better as assembled tissue,
demonstrated by numerous in-vitro and in-vivo experiments
on animals and in-human clinical trials. Besides quantitative
limitations, sourcing the transplantable tissue from aborted
fetuses is an important ethical concern, thus producing retina
from established human pluripotent stem cell lines represents
a fesible alternative for transplantation. The manufacturing
of retinal organoids (ROs) from human pluripotent stem can
produce photoreceptors and other retinal cell types including
ganglion cells, Muller glia, rod bipolar cells, amacrine, and
horizontal cells. The main challenges for the in-vitro derived
RO remain 1) the limited size that is typically much smaller than
the natural organ and 2) the limited lifespan that is reflected
in advanced maturation deficiency. One of the causes of the
observed deficiencies, besides imperfect cell culture, could
be the lack of paracrine and juxtacrine signal, provided in-vivo
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by adjacent tissue. Based on the observations that one of the
conditions for retina organoids to develop is the presence of
a mesenchymal stroma surrounding the developing eye fields
and furthermore that in the absence of this stroma complete
neuralization is observed resulting a pure culture of neuronal
cells, we developed and tested a proprietary method that
uses a cyclodextrin-based molecular trap to capture non-
soluble, membrane bound ligands from the families of Wnt and
Hedgehog (HH) that are produced by surrounding cells. We
characterized and tested juxtacrine signals captured from partial
differentiated pluripotent stem cells, mesenchymal cells and
retinal pigmented epithelia (RPE) cultures on retina organoids
differentiated from embryonic stem cells. Here we present the
effect of the non-soluble membrane bound ligands produced
by different type of cells on the size, structure and survival of
the retina organoids. The encouraging results suggest that the
methods can be applied to other type of organoids produced
in-vitro, such as brain, kidney, liver pancreas with promising
potential for future tissue engineering for regenerative medicine.

Funding Source: AIVITA Biomedical Inc.
W-3051

NOVEL CANINE ENTEROID MODEL FOR

GENOME EDITING OF MULTI-DRUG RESISTANCE
PROTEINS AND DOSE-EXPOSURE-RESPONSE OF
CHEMOTHERAPEUTIC DRUGS

Borcherding, Dana C - Department of Biomediical Sciences,
lowa State University, Ames, IA, USA

Ambrosini, Yoko - Department of Biomedical Sciences, lowa
State University, Ames, IA, USA

Atherly, Todd - Veterinary Clinical Sciences, lowa State
University, Ames, IA, USA

Thomson, Samantha - Department of Biomedical Sciences,
lowa State University, Ames, IA, USA

Rudolph, Tori - Department of Biomedical Sciences, lowa
State University, Ames, IA, USA

WauIf, Larry - Veterinary Diagnostic Laboratory, lowa State
University, Ames, IA, USA

Borts, David - Veterinary Diagnostic Laboratory, lowa State
University, Ames, IA, USA

Essner, Jeffrey - Genetics, Development and Cell Biology, lowa
State University, Ames, IA, USA

Wierson, Wesley - Genetics/Development and Cell Biology,
lowa State University, Ames, IA, USA

Jergens, Albert - Veterinary Clinical Sciences, lowa State
University, Ames, IA, USA

Allenspach, Karin - Veterinary Clinical Sciences, lowa State
University, Ames, IA, USA

Mochel, Jonathan - Department of Biomedical Sciences, lowa
State University, Ames, IA, USA

The multi-drug resistance protein (ABCB1, MDR1) gene codes
for P-glycoprotein (P-gp), an important drug efflux transporter
which is involved in resistance to chemotherapeutic drugs,
including doxorubicin (DOX). Inhibition of P-gp can lead to
dangerous adverse effects and harmful drug-drug interactions,
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making characterization of P-gp-mediated drug transport and
dose-exposure-Gl toxicity response to candidate drugs critical
during the preclinical evaluation phase. Dogs are routinely
used for studying naturally occurring diseases, including Gl
disorders and colorectal cancer (CRC) and for pharmaceutical
drug development. Our laboratory has recently developed
an ex vivo 3D canine Gl organoid (enteroid/colonoid, ENT/
COL) system, which accurately models the physiological and
molecular features of intestinal tissue in vivo. P-gp function in
canine ENT was analyzed by 30 minute incubation with 10 uM
rhodamine123 (Rh123), a fluorescent dye substrate for P-gp,
and/or 20 uM verapamil, a P-gp inhibitor, and quantitated by
fluorescent microscopy and Imaged. CRISPR/Cas9 knockout
of MDR1 in canine enteroids was achieved by Lipofectamine
transfection and efficiency monitored by green fluorescent
protein (GFP) expression. DOX concentration in canine 3D
ENT in matrigel after 2 day exposure was determined by liquid
chromatography mass spectrometry (LC-MS) and compared
to a 6-point standard curve (50 to ~14,000 pg range). DOX
cytotoxicity on canine ENT and two CRC cell-lines, HCT-116
and HT-29, was examined after 48 hours by MTT assay. In the
P-gp function assay, the lumen of ENT incubated with Rh123
showed green fluorescence, but co-incubation with verapamil
reduced Rh123 fluorescence by 50% (P = 0.05), indicating
inhibition of P-gp-mediated transport. In addition, canine 3D
ENT were stably transfected with control GFP or CRISPR/Cas9
plasmid to knockout MDR1. Uptake of DOX by canine ENT was
about 10% or 34 ng/12 wells ENT after 100 nM DOX incubation
for 2 days. We observed a mild, dose-dependent cytotoxicity
of 15-25% by 100-1000 nM DOX (P < 0.05) in healthy ENT, but
cytotoxicity up to 60% in two CRC cell-lines by 1000 nM DOX
(P < 0.05). In summary, the analysis of DOX actions and P-gp
function/expression shows that canine ENT/COL are a valuable
tool for preclinical testing of drug transport, efficacy and toxicity.

Funding Source: This work was supported by a Departmental
Research Start-Up Grant at ISU to KA, and by a Miller Research
Award from the Office of the Vice-President for Research at ISU
to JM.
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MICROENGINEERING A 3D HUMAN IPSC-DERIVED
“NERVE-ON-A-CHIP”

Jacobs, Elizabeth H - AxoSim, Inc, New Orleans, LA, USA
Sharma, Anup - AxoSim, Inc, New Orleans, LA, USA
McCoy, Laurie - AxoSim, Inc, New Orleans, LA, USA
Curley, J. Lowry - AxoSim, Inc, New Orleans, LA, USA
Moore, Michael - Department of Biomedical Engineering,
Tulane University, New Orleans, LA, USA

The development of human iPSC-derived neurons has vastly
expanded the predictive potential of 2D preclinical assays,
as iPSC-derived neurons are more obtainable than neural
stem cells for tissue engineering and screening applications.
Concurrently, engineered microphysiological systems (MPSs),
Organs-on-Chips and 3D organoids have seen enormous
growth as disease models and drug screening tools because
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they are more biomimetic than 2D assays. When modeling
a complex tissue such as the human nervous system, 3D
engineered cultures provide clear advantages by recapitulating
cell-cell interactions. However, limited focus has been given
to MPSs that mimic peripheral nerves (PNs) even though
peripheral neuropathy is implicated in many disease states and
is a significant side effect of many therapies. In this study, we
fabricated a novel in vitro human iPSC-based 3D nerve that
supports axon growth analogous to PN anatomy. This in vitro
nerve can provide clinically relevant read-outs such as nerve
conduction velocity (NCV) and histological ultrastructure. These
metrics serve as the gold standard in neuropathy evaluation
and were previously measurable only through in vivo studies.
Using low adhesion microplates, self-assembling spheroids
consisting of either iPSC-derived human neurons or co-cultures
of iPSC-derived human neurons and human primary Schwann
cells were fabricated. Over 4 weeks, the nerves were grown in
a 3D environment to remarkable lengths of 5 mm in a growth-
directing dual-hydrogel scaffold. Self-assembly of neurons was
optimized by the addition of Schwann cells; co-culture spheroids
self-assembled 7 days faster than iPSC-derived neurons alone.
Population-level electrophysiological activity was seen in both
cultures, with neuron-only spheroids producing a faster peak
nerve conduction velocity (NCV) of 0.18+0.04 m/s while co-
culture spheroids had a peak NCV of 0.13+0.02 m/s. Schwann
Cell migration, ensheathing, and myelination was seen in co-
culture spheroids as shown by S-100 staining, and lamination
on TEM micrographs. A clinically analogous G-ratio of 0.57 was
found and myelinated and unmyelinated axon diameters were
measured to be 0.55+0.33 pm and 0.40+0.15 pm, respectively.
This novel in vitro nerve is desirable for neurotoxicity,
neurodevelopment and disease modeling purposes.

Funding Source: Funding for this research was provided by
grants from the NIH (R42TR001270) and CASIS (GA-2016-238).
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SELF-ORGANIZED SYNCHRONOUS CALCIUM
TRANSIENTS IN A CULTURED HUMAN NEURAL
NETWORK DERIVED FROM CEREBRAL
ORGANOIDS

Sakaguchi, Hideya - Department of Clinical Application,
Center for iPS Cell Research and Application, Kyoto University,
Kyoto, Japan

Takahashi, Jun - Department of Clinical Application, Center for
iPS Cell Research and Application, Kyoto University, Kyoto,
Japan

The cerebrum is a major center for brain function, and its activity
is derived from the assembly of activated cells in neural networks.
It is currently difficult to study complex human cerebral neuronal
network activity. Here, using cerebral organoids, we report
self-organized and complex human neural network activities
that include synchronized and non-synchronized patterns.
Self-organized neuronal network formation was observed
following a dissociation culture of human embryonic stem
cell-derived cerebral organoids. The spontaneous individual

and synchronized activity of the network was measured via
calcium imaging, and subsequent novel analysis enabled
the examination of detailed cell activity patterns, providing
simultaneous raster plots, cluster analyses, and cell distribution
data. Finally, we demonstrated the feasibility of our system to
assess drug-inducible dynamic changes of the network activity.
The comprehensive functional analysis of human neuronal
networks using this system may offer a novel way to access
human brain function.

Funding Source: H.S. was supported by a grant from Grant-
in-Aid for JSPS Fellows (JSPS PD research fellowship Grant
Number: 17J10294).
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CHARACTERIZATION OF PANCREATIC COLONY-
FORMING PROGENITOR-LIKE CELLS ISOLATED
FROM HUMAN CADAVERIC DONORS
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Rawson, Jeffrey - Translational Research and Cellular
Therapeutics, City of Hope, Duarte, CA, USA

Luo, Angela - Translational Research and Cellular Therapeutics,
City of Hope, Duarte, CA, USA

Lopez, Kassandra - Translational Research and Cellular
Therapeutics, City of Hope, Duarte, CA, USA

Crook, Christiana - Translational Research and Cellular
Therapeutics, City of Hope, Duarte, CA, USA

Zook, Heather - Translational Research and Cellular
Therapeutics, City of Hope, Duarte, CA, USA

Tremblay, Jacob - Translational Research and Cellular
Therapeutics, City of Hope, Duarte, CA, USA

Jou, Kevin - Translational Research and Cellular Therapeutics,
City of Hope, Duarte, CA, USA

Al-Abdulla, Ismail - Translational Research and Cellular
Therapeutics, City of Hope, Duarte, CA, USA

Thurmond, Debbie - Molecular and Cellular Endocrinology, City
of Hope, Duarte, CA, USA

Kandeel, Fouad - Translational Research and Cellular
Therapeutics, City of Hope, Duarte, CA, USA

Riggs, Arthur - Diabetes and Metabolic Disease Research, City
of Hope, Duarte, CA, USA

Ku, Teresa - Translational Research and Cellular Therapeutics,
City of Hope, Duarte, CA, USA

Stem and progenitor cells from adult human pancreas could
be a potential therapeutic target for treating type 1 diabetic
patients, but their existence is highly controversial. To begin to
address this controversy, we investigated whether pancreatic
progenitor-like cells from cadaveric human donors can be
identified and studied. Human pancreases were dissociated into
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a single cell suspension and plated into a methylcellulose-based
semisolid medium containing Matrigel and defined factors. In
this semisolid medium, a single pancreatic cell capable of
multiplying and forming a group of cells, or a colony, is defined
as a pancreatic colony-forming unit (PCFU). Our results showed
that adult human PCFUs gave rise to cystic colonies three
weeks after plating. Differentiation of PCFUs into pancreatic
lineages was determined by assaying gene expression by gRT-
PCR and protein expression by immuno-fluorescent staining.
Addition of a Notch signaling inhibitor (DAPT) to 10-day-old
colonies increased expression of NGN3, a transcription factor for
endocrine progenitors. Colonies treated with DAPT were placed
under the kidney capsule of diabetic NOD-SCID mice. Three
months post-transplantation, intra-peritoneal glucose tolerance
test (IPGTT) and glucose-stimulated insulin secretion (GSIS)
assays were performed and revealed that the DAPT-treated
colonies developed into glucose-responsive insulin-secreting
cells. Self-renewal of PCFUs was determined by dissociating
colonies into single cells, re-plating and observing the formation
of new colonies. Addition of a Notch ligand and a ROCK inhibitor
enhanced human PCFU self-renewal in vitro by 300-fold over 9
weeks. Single-colony gene expression revealed that colonies
after expansion were similar to the original culture, suggesting
that differentiation potential of a PCFU was preserved after self-
renewal. Finally, we were able to maintain and enrich progenitor
cells in a suspension cell culture with ~30% PCFUs among
total cells. Together, our results demonstrate that adult human
PCFUs are tri-potent, capable of in-vitro self-renewal and
differentiation, and after transplantation functionally regulate
blood glucose in recipient mice. Our results have implications
in therapy for patients afflicted with insulin-dependent diabetes.

Funding Source: JCQ is supported by a Juvenile Diabetes
Research Foundation (JDRF) Postdoctoral Fellowship 3-PDF-
2016-174-A-N. This work is funded in part by a National Institute
of Health (NIH) Grant RO1DK099734 to HTK.

TISSUE ENGINEERING
W-3059

CARDIOVASCULAR TOXICITY DETECTION FOR
CARDIAC REGENERATED MEDICINE

Oh, Jonghyun - Nano-Bio Mechanical System Engineering,
Chonbuk National University, Jeonju, Korea

Jang, Yeongseok - Mechanical Design Engineering, Chonbuk
National University, Jeonju, Korea

Kim, Hyojae - Bio-Nano System Engineering, Chonbuk
National University, Jeonju, Korea

Han, Seungbeom - Mechanical Design Engineering, Chonbuk
National University, Jeonju, Korea

Jung, jinmu - Nano-Bio Mechanical System Engineering,
Chonbuk National University, Jeonju, Korea

A mini-microscope-based system for multisite detection of
cardiovascular toxicity was developed. The mini-microscope
consisted of an image sensor and lens module extracted from an
inexpensive webcam. The flipped lens module enabled cells to
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be magnified and monitored during testing. The portability and
compactness of this system enables shortterm and potential
long-term experimentation inside a conventional incubator. The
toxicity test results demonstrated that the normalized beating
rates of cardiac muscle cells selected from multiple regions
increased over time when treated with 100 nM isoprenaline.
The presented system could be a promising cost-effective cell-
based testing tool for discovering and screening drugs.

Funding Source: This research was supported by Basic
Science Research Program through the National Research
Foundation of Korea (NRF), funded by the Ministry of Education
(NRF-2017R1A4A1015681, NRF-2018R1D1A3B07047434).
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MESOANGIOBLASTS PROMOTE THE
REGENERATION OF AN ORGANISED, STABLE
AND PERFUSABLE VASCULATURE IN A
DECELLULARISED INTESTINE

Tedeschi, Alfonso M - GOS Institute Child Health, University
College London (UCL), London, UK

Pellegata, Alessandro - GOS Institute Child Health, UCL,
London, UK

Scottoni, Federico - GOS Institute Child Health, UCL, London,
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Eli, Susanna - GOS institute Child Health, UCL, London, UK
Gjinovci, Aslan - GOS Institute Child Health, UCL, London, UK
Russo, Simone - GOS Institute Child Health, UCL, London, UK
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The lack of a functional vasculature is the main hurdle that
separates whole-organ tissue engineering from the clinical
translation. Diffusion of oxygen and nutrients in a non-
vascularised tissue is limited to a few hundred micrometres
and is not sufficient to generate tissues and organs which
have clinically relevant size.The use of endothelial cells alone
cannot regenerate a functional and stable vasculature since,
pericytes are required to improve vessels organisation and
durability. This study takes advantage of a co-culture approach
to develop an organised, stable and perfusable vasculature
within an decellularised rat intestine in order to understand the
mechanisms by which endothelial cells (HUVECs) and pericytes
(human Mesoangioblasts, MABs) crosstalk in the regeneration
process. Co-culture of HUVECs and MABs into the vasculature
of the decellularised intestinal scaffold resulted in HUVECs
lining the vessels and MABs located in a perivascular position,
sustaining the endothelial durability. Moreover, HUVECs guide
the maturation of Mesoangioblasts towards smooth muscle,
which repopulates the smooth muscle layer of the vessels
and surrounds the undifferentiated pericytes. Interestingly, the
smooth muscle migrates out of the vessel and repopulates
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the visceral smooth muscle, supporting the hypothesis that
pericytes could be the progenitors of their specific tissue
mesoderm. Finally, Mesoangioblasts allow a better and longer-
lasting engraftment in-vivo of the regenerated vasculature
which anastomose with the host vasculature. In conclusion,
we engineered an organised, perfusable and long lasting
vasculature which features both the vascular and perivascular
compartments, making a step forward for the delivery of human
sized engineered organs.

W-3063

HUMANIZED MINI HEARTS, A RELEVANT IN VITRO
MODEL

Heydarkhan-Hagvall, Sepideh - CVRM Translational Science,
AstraZeneca, Méindal, Sweden

Althage, Magnus - Translational Science, AstraZeneca,
Méindal, Sweden
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Nguyen, Duong - Cellink, Gothenburg, Sweden

Sartipy, Peter - Global Medicines Development, AstraZeneca,
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Synnergren, Jane - School of Bioscience, Systems Biology
Research Center, Skévde University, Sweden

The development of humanized mini organs through
decellularization of rodent organs and recellularization with
human cells will provide higher quality translational evidence for
in vitro models from animal to human within basic research and
pharmacological applications. Here, we have focused on the
preservation of the vasculature in rat hearts by cannulating the
superior vena cava (SVC), ascending aorta (A), pulmonary vein
(PV), and pulmonary artery (PA) and aimed to access the whole
heart to recellularize the decellularized rat heart with human
iPS derived cardiomyocytes to investigate their maturation by
long-term culture. Controlled perfusion was conducted with
inflow via the SVC and A, and outflow via PV and PA. The resin
cast of a decellularized heart demonstrates that the retrograde
flow in addition to antegrade flow through coronary vascular
networks permit efficient whole heart perfusion of cells and
culture medium. In our ongoing analysis so far, we have shown
cellular elongation and alignment with the matrix, sarcomeric
bands and high density of mitochondria in mini hearts after 6
weeks in culture, using multiphoton microscopy and histology.
Also, valves' functionality has been observed using ultrasound
recording. We believe that the humanized mini hearts surmount
organ mimicry challenges with intact complexity in vasculature
and mechanical compliance of the whole organ providing
an ideal platform for improving pre-clinical drug validation in
addition to understanding cardiovascular diseases.

Funding Source: This work has been supported by AstraZeneca
and Swedish Knowledge Foundation.
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HUMAN HEPATOCYTE-LIKE CELL SPHEROIDS FOR
LIPOPROTEIN METABOLISM STUDIES
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Due to the scarcity and variable quality of human primary
hepatocytes (PHHSs), researchers have differentiated hepatocyte-
like cells (HLCs) from induced pluripotent stem cells (iPSCs) for
disease modeling and drug screening applications. However,
lipoprotein metabolism, an essential function of hepatocytes,
has rarely been investigated in HLCs. In addition, similar to
PHHs, HLCs maintained as a 2D monolayer lose their hepatic
functions within several days of maturation, while many hepatic
markers are still subpar compared to PHHs. Our study aims to
investigate the lipoprotein metabolism functions of HLCs on 2D,
followed by generating 3D hepatic spheroids with microfluidic
technologies, to better mimic liver physiology and provide long-
term functional support. In this work, iPSCs were generated
from peripheral blood mononuclear cells (PBMCs) isolated from
donors’ blood. 4-7 clones per donor were then differentiated
to hepatocytes via 4 stages: definitive endoderm (DE), hepatic
endoderm, immature and mature hepatocyes. Flow cytometry
of DE markers—CXCR4 and C-Kit—revealed that >90%
were positive in the representative iPSC clones. gPCR and
immunostaining confirmed the hepatic phenotypes, followed
by functional assays such as LDL uptake, bile duct staining,
albumin and ApoB secretions. Omeprazole and phenobarbital
induced the expression of their respective cytochrome P450
enzymes, CYP1A2 and 2B6, by 2 folds. We further measured
the secretion profile of ApoB-containing lipoproteins and
demonstrated that the major species was indeed Very Low
Density Lipoprotein (VLDL), as observed in PHHs but not
cancer cell lines. To form hepatic spheroids, an aqueous phase
containing HLCs was passed through two microfluidic devices
to generate HLC spheroids in double-emulsion droplets. After
systematic optimization, hepatic spheroids 65um in size could
be generated within 24 hours. Bile duct transport and LDL uptake
could be observed in the spheroids 10 days post maturation.
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In conclusion, we have differentiated iPSCs to mature and
functional HLCs that are suitable for lipoprotein metabolism
studies. We also developed a microfluidic platform capable of
generating hepatic spheroids efficiently and consistently for
long-term 3D culture.

Funding Source: This work is supported by NIH, through grants
1R35HL135833-01, TL1TR001875 (NCATS) and S100D020056
(for the CCTI Flow Cytometry Core), and the Columbia-Coulter
Translational Research Partnership.
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OF HUMAN PLURIPOTENT STEM CELL-DERIVED
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Srinivasan, Gayathri - School of Biological and Health
Systems Engineering, Arizona State University, Tempe, AZ,
USA

Brafman, David - School of Biological and Health Systems
Engineering, Arizona State University, Tempe, AZ, USA
Brookhouser, Nicholas - School of Biological and Health
Systems Engineering, Arizona State University, Tempe, AZ,
USA

Henson, Tanner - School of Biological and Health Systems
Engineering, Arizona State University, Tempe, AZ, USA
Morgan, Daylin - School of Biological and Health Systems
Engineering, Arizona State University, Austin, TX, USA
Varun, Divya - School of Biological and Health Systems
Engineering, Arizona State University, Seattle, WA, USA

Human pluripotent stem cell derived neural progenitor cells
(hNPCs) have the unique properties of long-termin vitro expansion
as well as differentiation into the various neurons and supporting
cell types of the central nervous system (CNS). Because of
these characteristics, hNPCs have tremendous potential in the
modeling and treatment of various CNS diseases. However, large-
scale neuronal differentiation of hNPCs and cryopreservation of
their neuronal derivatives are major challenges in utilizing hNPCs
for basic and translational applications. Here, we used a fully
defined peptide substrate- a vitronectin derived peptide (VDP)
as the basis for a microcarrier (MC)-based suspension culture
system that enables the highly efficient neuronal differentiation
of several hNPC lines. We further used this MC-based system
in conjunction with a low shear rotating wall vessel (RWV)
bioreactor for the large-scale cortical neuronal differentiation of
hNPCs from patient-specific hiPSCs. Specifically, using a 55
mL bioreactor vessel, we were able to reproducibly generate
over 125 million hNPC-derived neurons. Neurons generated in
this bioreactor system could be dissociated, cryopreserved and
replated onto VDP coated 2-D surfaces with high levels of cell
viability, which will be important for downstream high-content
phenotypic drug screening assays where the culture of neurons
in 2-D will be required. Cryopreserved neurons also maintained
the expression of cortical neuronal markers and exhibited
spontaneous calcium spikes. In the future, this fully defined and
scalable biomanufacturing system will provide a platform for
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the generation and cryopreservation of hNPC-derived neurons
under GMP/GLP standards in numbers (>109) necessary for
many downstream drug screening and regenerative medicine
applications.

W-3069

3D SPHEROID CULTURING IN WNT-RELEASING
MICROWELLS BOOSTS THE STEM CELL
PROPERTIES OF SALIVARY GLAND STEM CELLS

Lim, Jae-Yol - Department of Otorhinolaryngology, Gangnam
Severance Hospital, Yonsei University College of Medicine,
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Three-dimensional (38D) spheroid culture in nanofibrous
microwells promotes stem cell properties by enhancing cell-
to-cell interaction, however, the lack of in vivo-like biochemical
cue and hydrophobicity remain challenging for optimal culture
conditions. In this study, we fabricated a WNT-releasing
microwells by incorporation of WNT3a into cell-repellent
polyethylene glycol hydrogel walls which were micropatterned
onto cell-adhesive polycaprolactone nanofibrous scaffold. We
determined whether this novel microwell culture boosts stem
cell properties regarding marker expression, paracrine function,
and differentiation potential and investigated its underlying
mechanisms. WNT3a-incorporated microwells were designed
to enable sustained release of WNT3a for 7 days. Human
salivary gland stem cells (SGSCs) were cultured in 2D tissue
culture plastic (TCP) dishes, microwells (Microwell), microwells
with WNT3a-containing medium (Microwell-CM) or WNT3a-
releasing microwells (Microwell-WNT). SGSCs were aggregated
and formed into 3D spheroid structure in Microwell, Microwell-
CM, and Microwell-WNT. The SGSC spheroids assembled
in Microwell-WNT expressed the significantly higher stem
cell-related gene and protein levels compared to Microwell
and Microwell-CM. The SGSC spheroids in Microwell-WNT
demonstrated higher paracrine activity and greater differentiation
potential to give rise to salivary epithelial cells than Microwells
and Microwell-CM. WNT activation boosted in Microwell-WNT
was suppressed by inhibition of WNT canonical pathway, which
led to reduced stem cell properties of SGSCs in microwells. The
3D spheroid culture of SGSCs in microwells promotes stem
cell properties and WNT-bound microwell culture can be used
to activate WNT signaling that enables boosting paracrine and
differentiation functions of SGSCs.

Funding Source: This work was supported by the Basic Science
Research Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Science, ICT and Future
Planning (2018R1A2B3004269), Republic of Korea.
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HOST BONE-MARROW-DERIVED MESENCHYMAL
STEM CELLS AND INFLAMMATORY CYTOKINES IN
A LONG BONE INJURERD MODEL

Akiyama, Kentaro - Okayama University, Okayama University
Hospital, Okayama City, Japan

Komi, Keiko - Okayama University hospital, Okayama
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Kuboki, Takuo - Okayama University, Okayama University,
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Tissue regeneration during wound healing is still one of the
mysterious phenomena in our body. Although many types of
cell including immune cells, mesenchymal stem cells (MISCs) are
considered as essential contributor for tissue regeneration, the
detailed mechanism are still uncovered yet. On the other hand,
accumulation of host bone marrow MSCs into an injured site,
which is under an inflammatory cytokine rich condition, is well
known. However, it is not clear that how inflammatory cytokines
affect the accumulated MSCs function. Here we investigated
the influence of an inflammatory cytokine on MSCs properties
to understand the mechanism of tissue regeneration. A wound
healing model in C57BL/6J mice (6-week old, female, n=5) were
created by making hole in the femurs by using a round bar. Mice
were sacrificed at 0, 1, 3, 5, and 7 day after surgery and fixed with
4 % paraformaldehyde. To check the accumulation of MSCs
and inflammatory cytokines in the injured site, CD146 positive
cells and tumor necrosis factor alpha (TNF-a) were analyzed by
the immunohistochemical staining. To investigate the effect of
TNF-a on MSCs properties, MSCs were stimulated with TNF-a
(10 pg/mL) for 48hours and then used further experiments. In
the histological analysis, the increased number of CD146+ cells
along with accumulation of TNF-a were clearly observed at day
1 after surgery. Moreover, in the flow cytometric analysis, the
number of CD146+ cells was significantly increased (p<0.01,
one way ANOVA/ Turkey) at day-1 post surgery. In an in vitro
study, TNF-a stimulation promoted the expression levels of
CD146, FAS-ligand, and cell migration ability of MSCs , while
cell proliferation and differentiation properties were not affected
in MSCs. Interestingly, in flow cytometric analysis, the numbers
of both FAS-ligand positive cells and apoptotic T cells were
increased in bone marrow at 1 day and 3 day after surgery
respectively. In this study, as we hypothesized, the increased
number of MSCs and TNF-a were observed at the same timing
in bone marrow and TNF-a promoted MSC'’s cell migration and
immunomodulatory properties in vitro. These findings suggested
that TNF-a might recruit bone marrow MSCs to initiate the tissue
regeneration by inducing immunotolerance. Clarifying this
mechanism will connect to develop the new strategy for tissue
regeneration.

Funding Source: JSPS, Grant-in-Aid for Scientific Research (B)

ETHICAL, LEGAL AND SOCIAL ISSUES;
EDUCATION AND OUTREACH

W-3075

INDEPENDENT STEM CELL RESEARCH
EXPERIENCE HAS A POSITIVE INFLUENCE ON
CHOICE GOALS AND PERSISTENCE IN STEM-
RELATED CAREERS FOR UNDERREPRESENTED
MINORITY STUDENTS

Lu, Karol - Natural Sciences, Pasadena City College,
Pasadena, CA, USA

Eversole-Cire, Pamela - Natural Sciences, Pasadena City
College, Pasadena, CA, USA

Challenges of underrepresented minorities’ (URMs) persistence
in STEM majors, degree attainment, and career choice have been
well-documentedinliterature. AlthoughURMsaredeclaringSTEM
as an undergraduate major, they are not graduating with a STEM
degree at the same rate as their White and Asian counterpart.
Large gaps in STEM degree completion and the subsequent
lost talent disproportionally affect historically underrepresented
groups. Even in STEM majors where underrepresented groups
have shown comparable outcomes in completion, they often
do not pursue STEM careers. Underrepresented minorities
who pursue STEM careers diversify the workforce and increase
their economic worth with higher median salaries and lower
unemployment rates compared to those who pursue non-STEM
careers. As the structural diversity of the country is changing,
there is an increasing need in the workforce to fill and diversify
STEM occupations to accommodate this change. Identifying
and understanding factors influencing URMs and their decision
to complete a postgraduate degree will shed light on challenges
related to the lack of diversity in the STEM workforce. A
qualitative methods approach was used in this study to provide
insights on whether undergraduate research experience for
URMs attending a two-year institution influences choice
goals and persistence in scientific research or related careers.
Underrepresented minorities in STEM, specifically in biological
sciences, who participated in the CIRM-funded program: Bridges
to Stem Cell Research at Pasadena City College, including a
one-year internship at local renowned research institutes, were
recruited on a voluntary basis to participate in this study. The
participants’ perception regarding the benefits and challenges
of performing independent stem cell-related research and the
potential influence on career choice were evaluated. Results
demonstrate that participation in the stem cell training program
and related research experience was perceived by the URMs
to have a positive influence on their choice to pursue a STEM-
related career which may ultimately contribute to the diversity of
the STEM workforce. The study may inform funding sources to
develop programs that effectively increase STEM persistence,
access, and retention for underrepresented minorities.
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W-3077

STEM CELL BIOLOGY AND BIOENGINEERING
FOR PRE-COLLEGE TEACHERS AT RENSSELAER:
AN ALTERNATIVE APPROACH TO SUMMER
RESEARCH EXPERIENCE

Arduini, Brigitte L - Center for Biotechnology and
Interdisciplinary Studies, Rensselaer Polytechnic Institute, Troy,
NY, USA

Powell, Tiffany - Center for Initiatives in Pre-College Education,
Rensselaer Polytechnic Institute, Troy, NY, USA

Niles, Jenna - Draper Middle School, Mohonasen Central
School District, Mohonasen, NY, USA

Conway, Sarah - Pathways in Technology Early College High
School, Capital Region BOCES, Mohonasen, NY, USA
Adhvaryu, Dharini - Pathways in Technology Early College High
School, Capital Region BOCES, Waterviiet, NY, USA
Ormsbee, Jeffrey - Niskayuna High School, Niskayuna Central
School District, Niskayuna, NY, USA

Thompson, Deanna - Department of Biomedical Engineering,
Rensselaer Polytechnic Institute, Troy, NY, USA

Stem cell research has thrived in the United States and around
the world due in part to tremendous public support and intense
interest from budding biomedical science trainees. However, less
than forty percent of Americans go on to earn a college degree,
and only two countries worldwide have a tertiary education rate
higher than fifty percent. Therefore, responsibility for educating
and inspiring future stem cell scientists and consumers rests
primarily with middle and high school teachers. Yet due to rapid
progress in the field, today’s teachers often have had exposure
to only the most basic stem cell concepts. Together with
eagerness for stem cell “cures,” this leaves the public vulnerable
to sensational claims about unproven therapies and endangers
public enthusiasm if expectations are not met. In order to
sustain public investment, research scientists must partner
with pre-college educators to enhance teachers’ knowledge
and promote more informed public discourse. Rensselaer’s
Pre-College Teachers Training Program in Stem Cell Biology
and Bioengineering is an intensive six week summer course for
teachers of grades 7 - 12 in New York State. The goals of the
program are to 1) provide a foundation in key areas of stem cell
science and bioengineering, 2) facilitate development of new
teaching resources, curriculum and classroom activities, and
3) establish a dynamic teaching community among pre-college
educators and Rensselaer faculty and students. In contrast to a
typical summer research experience that pairs each participant
with a researcher for most of the program, teachers spend
the majority of the course working as a group. Approximately
sixty percent of their time is spent in research and learning
new material, while thirty percent is devoted to curriculum
development and team-building, and ten percent is given to
forming on-going professional relationships with mentor labs.
To date, twenty two teachers serving twelve school districts
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with an aggregate enrollment of nearly 20,000 students have
participated. Dissemination of teaching modules online and at
professional conferences will increase impact of the program
within and beyond New York State.

Funding Source: This project is funded by the New York State
Stem Cell Initiative, C30161GG, and the National Science
Foundation, EEC #1559963.

W-3079

AUTOLOGOUS STEM CELL THERAPIES: DO |
LEGALLY OWN MY OWN STEM CELLS

Foong, Chee (Patrick) k - Law, Western Sydney University,
Sydney, Australia

The growing industry of unproven stem cell treatments around
the world has focussed on using autologous cells as services
that enable patients to access the medical treatment of their
own cells. There have been efforts to regulate untested stem
cell therapies in some nations including Australia (the new TGA
regulation). However, some patients, their carers and patient
support groups support reducing regulations to make these
therapies more accessible, especially treatments that use cells
collected from the patients. These patients believe that they have
an inherent legal right to ownership and thus unlimited use of
their own stem cells ie ‘my cells are my cells’. Accordingly, they
argue that government regulatory authorities (eg Food and Drug
Administration/ FDA) should not intervene. This presentation will
explore the arguments for and against patients legally owning
their own bodies, body parts and tissues as well as the legal
interpretations of the ownership rights of cellular materials with
a focus on Australian law.

Funding Source: None

CLINICAL TRIALS AND REGENERATIVE
MEDICINE INTERVENTIONS

W-3081

MESENCHYMAL STROMAL CELL-DERIVED
EXTRACELLULAR VESICLES IN REGENERATIVE
THERAPY AND IMMUNE MODULATION: A
PRECLINICAL SYSTEMATIC REVIEW

Tieu, Alvin - Regenerative Medicine Program, Ottawa Hospital
Research Institute, Ottawa, ON, Canada

Slobodian, Mitchell - Clinical Epidemiology Program, Ottawa
Hospital Research Institute, Ottawa, ON, Canada
Fergusson, Dean - Clinical Epidemiology Program, Ottawa
Hospital Research Institute, Ottawa, ON, Canada

Montroy, Joshua - Clinical Epidemiology Program, Ottawa
Hospital Research Institute, Ottawa, ON, Canada

Burger, Dylan - Department of Cellular and Molecular
Medicine, University of Ottawa, Ottawa, ON, Canada
Stewart, Duncan - Regenerative Medicine Program, Ottawa
Hospital Research Institute, Ottawa, ON, Canada
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Shorr, Risa - Clinical Epidemiology Program, Ottawa Hospital
Research Institute, Ottawa, ON, Canada

Allan, David - Regenerative Medicine Program, Ottawa Hospital
Research Institute, Ottawa, ON, Canada

Lalu, Manoj - Clinical Epidemiology Program, Ottawa Hospital
Research Institute, Ottawa, ON, Canada

Mesenchymal stromal cells (MSCs) have been used extensively
in preclinical and clinical studies for a wide range of diseases
based on their abilities to promote healing and reduce
inflammation. It is widely recognized that their therapeutic
effects are mediated by paracrine mechanisms, and recent
interest has focused on the role of extracellular vesicles (EVs).
This systematic review aims to provide an evidence map of all
in vivo studies using MSC-derived EVs as a therapy. MEDLINE
and Embase were systematically searched to May 2018 for
in vivo interventional studies using MSC-EVs. Two reviewers
screened articles by abstract and full-text. The following
information was extracted from eligible studies: (1) interventional
traits, (2) methods of EV isolation and characterization, (3)
experimental design and (4) outcomes. In 2015, we published a
similar scoping review for only 17 articles, whereas this review
identified 205 studies. Based on the size criteria for EVs (e.g.
exosomes/small EVs ~30-150nm, large EVs ~150-1000nm),
only 60% of studies used appropriate terms to describe their EV
therapy. Ultracentrifugation (143/205) and isolation kits (42/205)
were the most common isolation methods. Inconsistency was
seen for methods to characterize size, protein and morphology,
and 90% of studies did not include negative protein markers
for EV identification. Xenogeneic EVs were administered in 66%
of studies. EVs were commonly dosed by protein (138/205) or
particle (32/205) amount. Disease models varied across many
organ systems including renal, cardiac, brain, respiratory and
musculoskeletal. Of note, EVs were delivered after disease
induction (treatment protocol) in 90% of reports. Benefits across
all outcomes were reported in 80% of studies. However, half the
studies did not incorporate randomization and only one-fourth
included biodistribution experiments. Adverse effects from
MSC-EVs were reported in only 3 studies; two of which showed
increased tumour growth. In conclusion, this systematic review
revealed extensive heterogeneity in methods and design for
EV research. Despite this heterogeneity, most studies showed
significant benefits. Our study highlights important opportunities
to improve preclinical study design that could demonstrate the
potential of MSC-EVs as a novel cell-free therapy.

W-3083

TISSUE-ENGINEERED BONE EQUIVALENT FOR
TREATMENT OF COMBAT-RELATED BONE
DEFECTS OF CRITICAL SIZE

Zubov, Dmytro - Cell and Tissue Technologies, State Institute
of Genetic and Regenerative Medicine NAMSU, Medical
Company ilaya, Kiev, Ukraine

Vasyliev, Roman - Cell and Tissue Technologies, State Institute
of Genetic and Regenerative Medicine NAMSU, Medical
Company ilaya, Kiev, Ukraine

Oksymets, Volodymyr - Medical Company ilaya, Kiev, Ukraine
Oliinyk, Natalia - Clinical Trials, Medical Company ilaya, Kiev,
Ukraine

Rodnichenko, Anzhela - Cell and Tissue Technologies, State
Institute of Genetic and Regenerative Medicine NAMSU,
Medical Company ilaya, Kiev, Ukraine

Gubar, Olga - Institute of Molecular Biology and Genetics
NASU, Medical Company ilaya, Kiev, Ukraine

Gordiienko, Inna - R.E. Kavetsky Institute of Experimental
Pathology, Oncology and Radiobiology NASU, Medical
Company ilaya, Kiev, Ukraine

Khadzhynova, Veronika - Medical Company ilaya, Kiev, Ukraine
Zlatska, Alona - Cell and Tissue Technologies, State Institute
of Genetic and Regenerative Medicine NAMSU and Medical
Company ilaya, Kiev, Ukraine

Shulha, Mariia - Medical Company ilaya, Kiev, Ukraine

Combat-related injuries of limb bones (high-energy mechanism of
trauma) are an unresolved clinical problem, especially regarding
the bone defects of critical size. The gold standard management
in this case is autologous bone transplantation. Temporary
and economic costs for treating patients with alterations
of reparative regeneration, the complexity of their social
adaptation, justify the need to search for innovative alternative
organ-saving technologies of regenerative medicine for bone
integrity restoration. Our aim was to develop and assess the
clinical effectiveness of transplantation of three-dimensional pre-
vascularized tissue-engineered bone equivalent/graft (3D-OPG)
for restoration of combat-related bone defects of critical size
(ClinicalTrials.gov Identifier: NCT03103295). To fabricate
3D-OPG we used partially demineralized allo-/xenogeneic
bone scaffold (ILAYAOSTEOGEN®) seeded with autologous
cultured: BM-MSCs in a mix with periosteal progenitor cells
(PPCs) and endothelial progenitor cells from peripheral blood
(EPCs). Quality/identity of cultured cell types was assured by
donor and cell culture infection screening, flow cytometry (cell
phenotype), karyotyping (GTG banding), functional assays (CFU
analysis, multilineage differentiation assay, FDA/Pl combined
staining). Bone defect treatment with use of 3D-OPG was
applied to 50 combat-injured casualties with 52 bone defects.
Restoration of the bone defects was observed after 6 months
post-op and evaluated by X-ray examination. The results of the
treatment are considered as the following: good — the formation
of bone tissue with the restoration of the integrity of bone
segments of a limb within 4-6 months post-op; satisfactory —
patients who had partial graft lysis in the transplantation area,
but bone was formed; patients who experienced a delay (more
than 6 months) for bone tissue formation post-op; unsatisfactory
— patients who had a complete lysis of the transplanted bone
equivalent. Histological analysis of bone equivalent specimens 3
months post-op revealed immature bone tissue formation. The
developed regenerative medicine and organ-saving approach
allows restoring the bone integrity, forming new bone tissue in a
site of bone defect, and significantly reducing the rehabilitation
period of a patient.

Funding Source: People’s Project: Ukraine’s military and civil
crowdfunding https://www.peoplesproject.com/en/about/
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W-3085

COMBINED STRATEGIES FOR THE CREATION OF A
CLINICAL GRADE IPS CELL BANK DERIVED FROM
A NORTHERN EUROPEAN POPULATION

Uhlin, Elias - Department of Neuroscience, Karolinska
Institutet, Stockholm, Sweden

Kele, Malin - Department of Neuroscience, Karolinska Institutet,
Stockholm, Sweden

Winblad, Nerges - Department of Clinical Science, Intervention
and Technology, Karolinska Institutet, Stockholm, Sweden
Petrus-Reurer, Sandra - Deparment of Clinical Neuroscience,
Karolinska Institutet, Stockholm, Sweden

Baque Vidal, laura - Department of Clinical Science,
Intervention and Technology, Karolinska Institutet, Stockholm,
Sweden

Lanner, Fredrik - Department of Clinical Science, Intervention
and Technology, Karolinska Institutet, Stockholm, Sweden
Falk, Anna - Department of Neuroscience, Karolinska Institutet,
Stockholm, Sweden

We suggest a combination of strategies enabling the creation of a
human iPS cell bank, providing clinical grade, HLA matched cells
derived from and adapted for a northern European population.
The establishment of a minimal mismatch iPS cell bank covering
> 60% of the population is not feasible using a single approach.
Based on the major five HLA haplotype alleles, retrieved from
registered donors in the Swedish bone marrow register, the
Tobias registry we found that an iPS cell bank composed of 191
selected but common HLA haplotypes could provide direct HLA
match based on five alleles to 60% of the population. These 191
lines could be detected through a minimal screening effort of <
10 000 individuals, a fraction of the over 200 000 unique blood
donors which annually donate blood in Sweden. To cover the
entire registry of > 40 000 donors, 14734 lines would be needed.
40% of the population has rare HLA haplotype combination
(1/2000), out of which, 8.5% of registered donors are unique.
The remaining 40% can be covered by sharing the cell lines
globally and by the creation of HLA super donor lines through
genome-editing techniques. Two such super donor lines would
cover 98% of the study population and 89% of the Japanese
population.

GERMLINE, EARLY EMBRYO AND
TOTIPOTENCY

W-3087

METABOLIC CONTROL OVER MTOR DEPENDENT
ENTRY AND EXIT FROM DIAPAUSE-LIKE STATE

Hussein, Abdiasis - Biochemistry, University of Washington,
Seattle, WA, USA

Wang, Yuliang - Paul G. Allen School of Computer Science
and Engineering, University of Washington, Seattle, WA, USA
Mathieu, Julie - Comparative Medicine, University of
Washington, Seattle, WA, USA
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Margaretha, Lilyana - Molecular and Cellular Biology, University
of Washington, Seattle, WA, USA

Song, Chaozhong - Medicine, Division of Hematology,
University of Washington, Seattle, WA, USA

Jones, Daniel - Paul G. Allen School of Computer Science and
Engineering, University of Washington, Seattle, WA, USA
Cavanaugh, Christopher - Comparative Medicine, University of
Washington, Seattle, WA, USA

Miklas, Jason - Bioengineering, University of Washington,
Seattle, WA, USA

Mahen, Elisabeth - Medicine, Division of Hematology,
University of Washington, Seattle, WA, USA

Showalter, Megan - West Coast Metabolomics Center,
University of California Davis, CA, USA

Ruzzo, Walter - Paul G. Allen School of Computer Science and
Engineering, University of Washington, Seattle, WA, USA
Fiehn, Oliver - West Coast Metabolomics Center, University of
California Davis, CA, USA

Ware, Carol - Comparative Medicine, University of Washington,
Seattle, WA, USA

Blau, C. Anthony - Medicine, Division of Hematology, University
of Washington, Seattle, WA, USA

Ruohola-Baker, Hannele - Biochemistry, University of
Washington, Seattle, WA, USA

Embryonic diapause is a state of dormancy that interrupts the
normally tight connection between developmental stage and
time. To better understand the processes underlying diapause in
mammals, we characterized the transcriptional and metabolite
profiles of mouse pre-implantation, post-implantation and
diapause embryos. We show that triacylglycerol (TAG) and
diacylglycerol (DAG) levels are highly reduced due to mTOR
inhibition induced lipolysis, while their products, free fatty
acids and phosphatidylcholine (PC) are enriched to support
cell survival in diapause. We furthermore identified a unique
cellular regulation signature placing diapause at a distinct
developmental state with highly activated glycolysis and
metabolic pathways regulated by AMPK. Significant enrichment
of AMP further indicated activation of the cellular starvation-
sensor, AMPK. We show that starvation in pre-implantation
ICM derived mouse embryonic stem cells induces a reversible
dormant state, transcriptionally mimicking the in vivo hormonally
controlled diapause stage. During starvation, a splice variant of
an upstream kinase of AMPK, Liver kinase b1 (Lkb1), induces a
reversible, mTOR controlled diapause-like, quiescence state in
vitro through AMPK. We furthermore show that, paradoxically,
forced expression of a non-diapause Lkb1 splice variant results
in a constitutive diapause-like state due to a phospho-AMPK
dependent increase in glucose transporters and decrease
in mTOR activation. Leucine degradation intermediates are
enriched in diapause and Slc38a1/a2, glutamine transporters,
are essential for mTOR activation in diapause exit. These
Glutamine transporters are downregulated due to forced
expression of the non-diapause Lkb1 splice variant. Our data
show that upregulation of the glutamine transporters SLC38A1/
A2 and downregulation of the non-diapause Lkb1 splice variant
primes the pluripotent cells for mTOR dependent exit from
quiescence.
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W-3089

ENERGY METABOLISM IN ES CELLS AND EARLY
EMBRYONIC-LIKE CELLS

Furuta, Asuka - Department of Bio-Science, Nagahama
Institute of Bio-Science and Technology, Nagahama, Japan
Nakamura, Toshinobu - Department of Bio-Science,
Nagahama Institute of Bio-Science and Technology,
Nagahama, Japan

Embryonic stem cells (ESCs) can be derived from ICM of
blastocyst and maintain the capacity to make all the somatic
lineages and the germ cells, but not the extra-embryonic
lineages. Therefore, ESCs are thought to pluripotent cells,
which lack the ability to make all extra-embryonic tissues.
However, recent study revealed that a rare transient fraction
within ESCs culture, that expresses high levels of murine
endogenous retrovirus with leucine tRNA primer (MuERV-L).
Importantly, MuERV-L expressing ESCs have characteristic
similar to that of early embryos, which can contribute to both
embryonic and extra-embryonic lineages. In this study, we
defined culture condition for ESCs that leads to increases the
population of MUuERV-L positive cells. We found that ascorbic
acid and insulin play important roles in the transition from
ESCs to early embryo-like cells. We compared expression of
energy metabolic pathways associated genes between ESCs
and early embryonic-like cells. As a result, Pdk1, Slc2a1, and
Stk11 were significantly downregulated in early embryonic-
like cells than that in ESCs. Pdk1 is considered to contribute
to enhance glycolysis by suppressing entry of pyruvate into the
mitochondrial tricarboxylic acid cycle. In addition, Slc2a1 and
Stk11 are known to enhance glycolysis by facilitating glucose
uptake. Thus, our results suggest that glycolysis pathway is
suppressed in early embryonic-like cells compared to ESCs. In
contrast, there are no significant differences in the expression
levels of Cox7a1l and Cpt1a, which have central roles in oxidative
metabolism, between ESCs and early embryonic-like cells. We
will discuss whether changes in cellular metabolism influence
cell stat transition or not.

W-3091

DERIVATION OF FUNCTIONAL OOCYTES FROM
GRANULOSA CELLS

Tian, Chenglei - College of Life Science, Nankai University,
Tianjin, China

Liu, Linlin - Department of Cell Biology and Genetics, College
of Life Sciences, Nankai University, Tianjin, China

Ye, Xiaoying - Department of Cell Biology and Genetics,
College of Life Sciences, Nankai University, Tianjin, China

Fu, Haifeng - Department of Cell Biology and Genetics, College
of Life Sciences, Nankai Unversity, Tianjin, China

Sheng, Xiaoyan - Department of Cell Biology and Genetics,
College of Life Sciences, Nankai University, Tianjin, China
Wang, Lingling - Department of Cell Biology and Genetics,
College of Life Sciences, Nankai University, Tianjin, China
Wang, Huasong - Department of Cell Biology and Genetics,

College of Life Sciences, Nankai Nuiversity, Tianjin, China
Heng, Dai - Department of Cell Biology and Genetics, College
of Life Sciences, Nankai University, Tianjin, China

Liu, Lin - State Key Laboratory of Medicinal Chemical
Biology, Department of Cell Biology and Genetics and The
Key Laboratory of Bioactive Materials Ministry of Education,
College of Life Sciences, Nankai University, Tianjin, China

Limited oocyte and ovarian reserve in vivo or chemo-therapy
leads to reproductive aging or premature aging and associated
diseases including infertility. Excitingly, oocytes have been
successfully derived from embryonic stem cells (ESCs) and
induced pluripotent stem cells (iPSCs) by ectopic expression
of transcription factors, showing great potential in fertility
preservation or restoration. The accessible granulosa cells are
a type of somatic cells that interact and evolve with oocyte
development during folliculogenesis. Further, with stem cells-
like property, granulosa cells are amenable to reprogramming to
generate iPSCs and have been the first used for clone animals.
These prompted us to explore the potential of granulosa cells
in derivation of germ cells. Meanwhile, the strict genome fidelity
required for germ cells inspired us to test reprograming by
complete small chemical, which avoids genetic manipulation,
cell transfection and destruction of embryos. Here we show that
somatic granulosa cells of adult mouse ovaries can be converted
to germ cells and functional oocytes that reproduce fertile pups.
We are able to consistently induce granulosa cells to pluripotent
state (QPSCs) like ESCs in both developmental competence
and molecular signatures. Notably, crotonic sodium-facilitated
crotonylation is critical not only for pure small chemicals-based
reprogramming of granulosa cells to gPSCs, but also confers
the gPSCs with high germline capacity. Consequently, the
gPSCs and the derived primordial germ-cell like cells hold longer
telomeres and maintain high genomic stability which is critical
for germ cells. Taken together, we efficiently generate high
quality gPSCs and functional oocytes from adult granulosa cells
by significantly improving chemical reprograming approach.

W-3093

GLUCOSE METABOLISM DRUING PRE-
IMPLANTATION MOUSE EMBRYO DEVELOPMENT

Chi, Fangtao - MCDB, University of California, Los Angeles,
CA, USA

The pre-implantation mouse embryo development requires
synergistic interactions between signaling transduction pathways
and metabolic pathways. During mouse pre-implantation
embryos development, the totipotent blastomeres generate the
first three cell lineages of the embryos: Trophectoderm (TE), the
Inner Cell Mass (ICM) and Primitive Endoderm (PE). The whole
developmental process to blastocyst can be recapitulated in
vitro using a defined medium containing three metabolites
(Pyruvate, Glucose, and Lactate), salts and buffer systems.
Glucose deprivation in the culture blocked the embryonic
development at 8-Cell stage. We characterize the role of glucose
in the morula to blastocyst transition. Our studies show that
in the absence of glucose the outer cells of the embryo fail to
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differentiate into TE cells while the inner cells remain competent
to differentiate into ICM cells. Our metabolomic studies further
show that glucose does not contribute carbon to the TCA cycle,
which is maintained exclusively by pyruvate and lactate and
the catabolism of endogenous metabolites. Our studies show
that at this stage critical pathways of glucose catabolism are
the pentose pathway (PPP) and the hexosamine biosynthetic
pathway (HBP) and blocking these pathways recapitulate distinct
aspects of the glucose phenotype. Analysis of the roles of the
PPP and the HBP further showed that these pathways have
non-over lapping roles in the regulation of specific transcription
factors that are essential for the establishment of the TE fate.

CHROMATIN AND EPIGENETICS
W-3095

GENOMIC ORGANIZATION OF UHRF1 IN MOUSE
EMBRYONIC STEM CELLS (ESCS)

Kurowski, Agata - Department of Pharmacological Sciences,
Icahn School of Medicine at Mount Sinai, New York, NY, USA
Andino, Blanca - Department of Pharmacological Sciences,
Icahn School of Medicine at Mount Sinai, New York, NY, USA
Walsh, Martin - Department of Pharmacological Sciences,
Icahn School of Medicine at Mount Sinai, New York, NY, USA

UHRF1/ NP95 is a multi-domain, chromatin binding protein
which has been implicated in multiple cellular processes and is
found to be overexpressed in numerous human cancers. Uhrf1
plays an essential role in propagating DNA methylation patterns
during DNA replication through binding 5mC and recruiting
DNMT1. It can also bind to histone and other DNA modifications,
interact with chromatin modulators and directly regulate protein
ubiquitination. Although, Uhrf1 is not essential for stem cell self-
renewal, it seems crucial for cell fate determination, however,
the regulation of its different binding modules is not well
characterized. The binding of UHRF1 to H3K9me3 is known
to be necessary for DNA methylation. Surprisingly, our ChIP-
seq in embryonic stem cells showed that UHRF1 does not co-
localize with H3K9me3 but is primarily enriched in euchromatin,
especially at gene enhancers and promoters including these of
pluripotency genes. The functional relevance of UHRF1 binding
at euchromatic regions is not known. Interestingly, we found
UHRF1 enriched at sites that contain TET1 and 5hmC, and its
binding at Nanog and Nodal is decreased upon TET1 depletion.
Whether UHRF1 recruitment is mediated by 5hmC or through an
interacting protein remains to be characterized. Taken together,
our data suggests that UHRF1 has an alternative role in gene
expression activation.

Funding Source: NIH R01 GM119189
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W-3097

NETWORK ANALYSIS OF PROMOTER
INTERACTIONS REVEALS THE HIERARCHICAL
DIFFERENCES IN GENOME ORGANISATION
BETWEEN HUMAN PLURIPOTENT STATES

Collier, Amanda J - Epigenetics ISP, Babraham Institute,
Cambridge, UK

Chovanec, Peter - Nuclear Dynamics, Babraham Institute,
Cambridge, UK

Varnai, Csilla - Nuclear Dynamics, Babraham Institute,
Cambridge, UK

Krueger, Christel - Babraham Bioinformatics, Babraham
Institute, Cambridge, UK

Schoenfelder, Stefan - Epigenetics, Babraham Institute,
Cambridge, UK

Corcoran, Anne - Nuclear Dynamics, Babraham Institute,
Cambridge, UK

Rugg-Gunn, Peter - Epigenetics, Babraham Institute,
Cambridge, UK

Naive and primed human pluripotent stem cells (hPSCs) hold
distinct developmental and epigenetic identities that encompass
the properties of pre- and post-implantation epiblast cells,
respectively. Investigating these hPSC states therefore has the
potential to uncover the pathways that govern the early molecular
events that occur during human embryonic development and
cell differentiation. Comparative transcriptional and epigenetic
profiing has revealed substantial differences that distinguish
naive and primed hPSCs. However, our understanding of how 3D
chromatin organisation is affected by this changing epigenetic
landscape, and how it contributes to gene regulation in these
human cell types, is poorly understood. Towards this goal, we
used promoter-capture Hi-C to generate a high-resolution atlas
of DNA interactions in naive and primed hPSCs. We developed
network approaches to examine this chromatin interaction
atlas at multiple scales, ranging from a global genome-wide
overview to sub-megabase scale communities that recapitulate
topologically associating domains, down to individual promoter-
enhancer interactions. We uncovered numerous large and
highly connected hubs that changed substantially in interaction
frequency and in transcriptional co-regulation between naive
and primed states. Small interaction hubs frequently merged
to form larger networks in primed cells, and these hubs were
often linked by newly formed long-range Polycomb-associated
interactions. We also identified state-specific differences in
enhancer activity and interactivity that corresponded with
widespread rearrangement in pluripotency factor binding and
the transcription of target genes. Utilising network approaches
to construct a global overview of chromatin conformation,
annotated with transcriptional and epigenomic information,
provides new insights into the hierarchical features of gene
regulatory control in human development and pluripotency.
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W-3099

UNCHARACTERIZED ROLE OF ATP-DEPENDENT
CHROMATIN REMODELING FACTOR-CHDS IN
ACTIVITY DEPENDENT PLASTICITY OF HUMAN
EMBRYONIC STEM CELL-DERIVED NEURONS

Haddadderafshi, Bahareh - Stanford University, Institute for
Stem Cell Biology and Regenerative Medicine, Stanford, CA,
USA

CHDS8 is one of the highly mutated genes in autism spectrum
disorder (ASD). It an archetypical ATP-dependent chromatin-
remodeling factor, with essential roles in nucleosome positioning
and regulating gene expression. Electrophysiological recordings
of mouse neurons- carrying the heterozygous loss of function
mutation in CHD8 gene, shows altered spontaneous excitatory
activity. In general, evidence point that CHD8 regulates the
excitability of neurons, but no molecular mechanism for this
role supported in the literature. To demonstrate this role in
“human” neurons and to investigate the molecular mechanism
of activity regulation, we generated human pluripotent stem
cells (hPSCs) carrying conditional CHD8 loss of function
alleles, and we reprogrammed them to excitatory neurons with
transcription factor (Ngn2). We then used Cre-recombinase
to induce targeted heterozygous and homozygous loss of
function mutation in neurons. We identified transcriptional and
chromatin-remodeling targets of CHD8 by conducting the
RNA-sequencing experiment, chromatin immunoprecipitation
(ChIP), and the assay of transposase-accessible chromatin
(ATAC-seq) experiment. To characterize specific role in the
regulation of activity-depended gene expression, we stimulated
the neurons with KCI and measured gene expression changes.
Collectively, results show that “Inducible targets of CHD8” is
a group of genes that either has no direct binding of CHD8 to
transcriptional start (TSS) site or there is a signal on regions
downstream of the TSS. The results suggest that the activity
of CHD8 on inducible genes involves complex and different
regulatory sequences: shortly after stimulating neurons, CHD8
inducibly binds to some of its target genes, and in another
group of genes, the release of pausing from promoter-proximal
region regulates the cognate gene. We are currently testing this
hypothesis with ChlP-quantitative PCR (ChlP-gPCR) using an
anti-CHD8 antibody, and with primers designed for upstream
and downstream of TSS region of target genes. This work will
bridge the gap in studies of mouse and human neurons, and
it will provide mechanistic evidence for regulation of activity in
neurons.

Funding Source: ADRC Grant
W-3101

FEED-FORWARD PIONEER FACTOR ACTIVITY OF
POU4F3 LICENSES ATOH1-DEPENDENT SENSORY
HAIR CELL DIFFERENTIATION

Yu, Haoze V - Department of Stem Cell Biology and
Regenerative Medicine, University of Southern California,

Alhambra, CA, USA

Tao, Litao - Department of Stem Cell Biology and Regenerative
Medicine, University of Southern California, Los Angeles, CA,
USA

Llamas, Juan - Department of Stem Cell Biology and
Regenerative Medicine, University of Southern California, Los
Angeles, CA, USA

Trecek, Talon - Department of Stem Cell Biology and
Regenerative Medicine, University of Southern California, Los
Angeles, CA, USA

Nguyen, John - Department of Stem Cell Biology and
Regenerative Medicine, University of Southern California, Los
Angeles, CA, USA

Wang, Xizi - Department of Stem Cell Biology and
Regenerative Medicine, University of Southern California, Los
Angeles, CA, USA

Segil, Neil - Department of Stem Cell Biology and Regenerative
Medicine, University of Southern California, Los Angeles, CA,
USA

Synergistic expression of Atoh1 and Pou4f3 are essential
for the generation of the induced mechanosensory hair cells
during reprogramming, consistent with the requirement of both
transcription factors for the elaboration of the sensory hair
cell phenotype during development. We have investigated the
epigenetic and gene regulatory mechanisms downstream of this
apparent Atoh1-Pou4f3 synergy. We discovered that Pou4f3 is
both a direct target of Atoh1 in the differentiating hair cells, and
has “pioneer factor” activity that acts in a feed-forward manner
to license an additional array of hundreds of Atoh1 targets
necessary for hair cell differentiation, among which are several
disease-causing genes involved in Usher syndrome, the most
prevalent cause of deaf/blindness in the population.

W-3103

DISTINCT IMPRINTING SIGNATURES AND BIASED
DIFFERENTIATION OF HUMAN ANDROGENETIC
AND PARTHENOGENETIC EMBRYONIC STEM
CELLS

Sagi, Ido - Department of Genetics, The Hebrew University of
Jerusalem, Israel

De Pinho, Joao - Department of Obstetrics and Gynecology,
Columbia University, New York, NY, USA

Zuccaro, Michael - Department of Cellular Physiology and
Biophysics, Columbia University, New York, NY, USA
Benvenisty, Nissim - The Azrieli Center for Stem Cells and
Genetic Research, Department of Genetics, The Hebrew
University, Jerusalem, Israel

Egli, Dieter - Department of Obstetrics and Gynecology,
Columbia University, New York, NY, USA

Genomic imprinting is an epigenetic mechanism that results in
parent-of-origin monoallelic expression of specific genes. The
functional non-equivalence of parental genomes imposed by
imprinting precludes uniparental development, and aberrant
imprinted gene expression is associated with developmental
disorders and cancer. Although mouse models have provided
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crucial insights into this unique phenomenon, studying imprinting
in humans remains a challenge. To explore molecular and
developmental aspects of imprinting in humans, we generated
multiple human androgenetic embryonic stem cell (@aESC)
lines of exclusively-paternal origin. Sperm injection into human
oocytes with removal of the maternal genome resulted in efficient
preimplantation development and subsequent derivation of
homozygous pluripotent aESCs. Thereafter, we established a
human pluripotent-cell experimental system of distinct parental
backgrounds, by comparing aESCs with exclusively-maternal
parthenogenetic ESCs (pESCs) from unfertilized oocytes
and bi-parental ESCs from in vitro fertilization. Analyzing the
transcriptomes and methylomes of human aESCs, pESCs and
bi-parental ESCs enabled us to characterize regulatory relations
at known imprinted regions, and uncovered novel imprinted
gene candidates residing within and outside known imprinted
regions. Focusing on one putative imprinted gene revealed both
its monoallelic expression and differential DNA methylation. We
next utilized the pluripotency of our different ESCs to investigate
the consequences of uniparental development, considering the
known biases of the maternal and paternal genomes towards
embryonic and extraembryonic development. Teratoma
differentiation in vivo recapitulated both the tendency of
androgenetic cells to placental contribution, and remarkably,
revealed another significant paternal bias towards an embryonic
tissue, the liver. We thus differentiated aESCs and pESCs in
vitro into trophoblast cells and hepatocytes to further study the
mechanistic roles of specific imprinted genes underlying these
developmental biases. Our results emphasize the potential of
pluripotent cells with different parental origins for studying the
impact of imprinting on human development and disease.

PLURIPOTENCY
W-3105

INHIBITION OF NOTCH SIGNALING ON PRIMED
HUMAN EMBRYONIC STEM CELLS (ESCS)
PROMOTES FEATURES ASSOCIATED TO THE
NAIVE PHENOTYPE

Corveloni, Amanda C - Department of Genetics, University of
S&ao Paulo, Ribeirdo Preto, Brazil

Schiavinato, Josiane Lilian - Genetics, University of S&o Paulo,
Ribeirao Preto, Brazil

Lima, lidercilio Mota - Genetics, University of Sao Paulo,
Ribeirdo Preto, Brazil

Bezerra, Hudson Lenormando - Genetics, University of SGo
Paulo, Ribeirdo Preto, Brazil

Coqueiro, Igor - Genetics, University of Sdo Paulo, Ribeirdo
Preto, Brazil

Panepucci, Rodrigo - Genetics, University of Sdo Paulo,
Ribeirao Preto, Brazil

During development mouse ESCs derived from the pre-
implantation blastocyst, reside in a Naive pluripotency state
without lineage differentiation bias, in contrast to Primed
human ESCs, derived from in vitro fertilized oocytes. Naive
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ESCs are characterized by higher expression of pluripotent
transcription factors, such as OCT4, KLF4 and REX1, and
STELLA (which promotes global DNA demethylation). We
recently showed that miR-363 promotes pluripotency in hESCs
by post-transcriptionally inhibiting Notch components, including
NOTCH1/2 receptors and the gama-secretase mediating their
activation. Both receptors were recently identified as surface
markers specifically associated with Primed hESCs. Therefore,
we hypothesized that pharmacological inhibition of Notch
signaling (by the gama-secretase inhibitor DAPT) would drive
cultured hESCs into a Naive state. Primed H9 hESCs were
cultured in a feeder-free condition (n=4) in the presence of DAPT
(2uM) or in its absence (DMSO control) for 6 passages (22 days).
Markers associated with Primed and Naive pluripotency states
were evaluated by quantitative microscopy and PCR. Nuclear
and cytoplasm cell compartments were stained (Hoechst and
CellMask Blue), along with fluorescent antibodies against OCT4,
CD90 and SSEAS (Primed state markers), and CD7 and CD130
(Naive markers). Images were acquired with a High Content
Analysis System, segmented and quantified with CellProfiler
analysis software. Expression analysis by qPCR revealed that,
compared to controls, Notch inhibition significantly decreased
the levels of HEY1 (one of the main pathway targets) and also
NOTCH1/2 transcript (although not statistically significant);
while, significantly increasing (3x) levels of STELLA. No changes
were observed for OCT, KLF4 and REX1; ZIC2 and OTX2
(primed markers) and DNMT3A/B. Quantitative microscopy
revealed a striking increase in the number of OCT4 positive
cells cultured with DAPT, as compared to control. This was
accompanied by a significant increase in the mean intensity
levels of the naive marker CD7 and a significant decrease of the
primed marker CD90. Our results suggest that Notch inhibition
may promote Primed to Naive conversion and may contribute
to the development of protocols for the maintenance and
differentiation of cell for regenerative medicine.

Funding Source: Sao Paulo Research Foundation (FAPESP)
[Process no. 2017/15929-6], the National Council for Scientific
and Technological Development (CNPg), FUNDHERP and
FAEPA.

W-3107

INSULIN STIMULATES PISK/AKT AND CELL
ADHESION TO PROMOTE THE SURVIVAL OF
INDIVIDUALIZED HUMAN EMBRYONIC STEM
CELLS

Godoy-Parejo, Carlos - Faculty of Health Sciences, University
of Macau, Taipa, Macau

Chen, Guokai - Faculty of Health Sciences, University of
Macau, Taipa, Macau

Deng, Chunhao - Faculty of Health Sciences, University of
Macau, Taipa, Macau

Liu, Weiwei - Faculty of Health Sciences, University of Macau,
Taipa, Macau
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Insulin is present in most maintenance media for human
embryonic stem cells, but little is known about its essential
role in the cell survival of individualized cells during passage.
In this report, we show that insulin suppresses caspase
cleavage and apoptosis after dissociation. Insulin activates IGF
receptor and PIBK/AKT cascade to promote cell survival, and
its function is independent of ROCK kinase regulation. During
niche reformation after passaging, insulin activates integrin
that is essential for cell survival. IGF receptor co-localizes with
focal adhesion complex and stimulates protein phosphorylation
involved in focal adhesion formation. Insulin promotes cell
spreading on matrigel-coated surfaces and suppresses myosin
light chain phosphorylation. Further study showed that insulin
is also required for the cell survival on E-cadherin coated
surface and in suspension, indicating its essential role in cell-cell
adhesion. This work highlights insulin’s complex roles in signal
transduction and niche re-establishment in hESCs.

Funding Source: MYRG2018-00135-FHS, Cell Fate
Determination by Pyruvate in Human Pluripotent Stem Cells

W-3109

N6-METHYLADENOSINE READER YTHDCH1

IS AN ESSENTIAL FACTOR FOR MOUSE
PREIMPLANTATION DEVELOPMENT AND
MAINTENANCE OF EMBRYONIC STEM CELLS

Chen, Chuan - School of Life Sciences and Technology,
Tongji University, Shanghai, China

Shen, Bin - State Key Laboratory of Reproductive Medicine,
Nanjing Medical University, Nanjing, China

N6-methyladenosine (m6A) has been shown to participate in
various RNA metabolic processes, including splicing, translation
efficiency, nuclear transport and stability, which is considered to
be important for the differentiation and self-renewal capability
of mouse embryonic stem cells. YTHDC1, a reader of m6A,
has been shown to play important roles in alternative splicing,
nuclear export and XIST-mediated gene repression. Here, we
constructed mouse model and found that Ythdc1 deficient
embryos show defect and lethality at E4.5. Many pluripotency
related genes are down-regulated and trophectoderm specific
genes are up-regulated in Ythdc1 deficient inner cell mass. We
further found that loss of YTHDC1 in ESCs leads to flattened
and less compacted colonies, dramatic decrease of the
proliferation rate, down-regulation of the pluripotent markers
as well as the impaired colony formation ability. Moreover,
m6A-reading-mutated YTHDC1 could not rescue the defect of
Ythdc1 deficient mESCs. Our data suggest YTHDC1 regulates
the pluripotency in both early embryonic development and
ESCs, through its m6A recognition function.

W-3111

HUMAN PLURIPOTENT STEM CELL QUALITY: A
SCIENTIFIC WAKE-UP CALL

Felkner, Daniel - WiCell Stem Cell Bank, WiCell Research
Institute, Madison, WI, USA

Brehm, Jennifer - WiCell Stem Cell Bank, WiCell Research
Institute, Madlison, WI, USA

Mcintire, Erik - Characterization Services, WiCell Research
Institute, Madison, WI, USA

Minter, Sondra - WiCell Stem Cell Bank, WiCell Research
Institute, Madlison, WI, USA

Paguirigan, Alexandria - WiCell Stem Cell Bank, WiCell
Research Institute, Madison, WI, USA

Remondini, Katie - WiCell Stem Cell Bank, WiCell Research
Institute, Madlison, WI, USA

Taapken, Seth - Characterization Services, WiCell Research
Institute, Madison, WI, USA

Ludwig, Tenneille - WiCell Stem Cell Bank, WiCell Research
Institute, Madlison, WI, USA

As stem cell scientists, the quality of our research is directly
related to the quality of the hPSC materials used. Poor quality
cells can impact reproducibility, jeopardize results, waste time,
and drain resources. In screening materials submitted to the
WiCell Stem Cell Bank, we have identified a substantial and
concerning variability in cell quality, highlighting the need for
improved testing strategies and standards. As of this abstract,
1604 cell lines have been submitted to WiCell for banking and
characterization by 31 providing laboratories. The vast majority
of these cell lines were generated through grant-funded projects
as a resource for the larger scientific community, and reportedly
screened prior to submission. Various testing strategies were
used, and available characterization information was provided
to WiCell for reference. To date, 747 of these lines have been
independently tested by WiCell for thaw viability, genetic
stability (karyotype), identity via short tandem repeat (STR)
analysis, sterility (bacteria and fungus), and mycoplasma. Of the
747 hPSC lines examined, 261 did not meet minimum quality
standards (289 separate instances, due to some lines failing
more than one test). Overall, more than one-third of WiCell
screened cell lines failed routine quality testing. Unexpected
abnormal karyotypes were noted in 175 lines tested (23%).
STR anomalies, including cross-contaminated (mixed) cell lines,
identity mismatch, and sex mismatch were noted in 26 cell lines
(>3%). Seventy-five (75) cell lines (10%) were unrecoverable at
thaw, exhibiting either no attachment or excessive differentiation,
preventing establishment of the culture. Twelve (12; 2%) were
not sterile, and 1 line was mycoplasma positive. These results
show that current ad hoc screening strategies are variable
and largely insufficient. Based on this data, we can assume
that a substantial percentage of materials used in investigator
laboratories have unidentified quality issues that will impact
research. This underscores the need for routine testing prior
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to initiating and following studies. Furthermore, it highlights the
need for, and value of, centralized repositories with established
quality standards that ensure distribution materials are routinely
and appropriately screened.

W-3113

BALANCING PLURIPOTENCY IN MOUSE
EMBRYONIC STEM CELLS THROUGH THE ACTION
OF INTRACELLULAR TRAFFICKING PATHWAYS

Subramanyam, Deepa - National Centre for Cell Science,
Pune, India

Narayana, Yadavalli - National Centre for Cell Science, Pune,
India

Mote, Ridim - National Centre for Cell Science, Pune, India
Mahajan, Gaurang - Indian Institute of Science Education and
Research, Pune, India

Rajan, Raghav - Biology, Indian Institute of Science Education
and Research, Pune, India

Cell fate determination in the early embryo and in embryonic
stem cells are regulated by a number of mechanisms. Recently,
vesicular trafficking has been shown to play an important role
in cell fate choice, although the exact identity of pathways and
molecules remains poorly understood. Using a combination
of high-throughput screening approaches and data mining,
we identify a novel regulation of embryonic stem cell (ESC)
pluripotency by endocytic mechanisms, driven by both clathrin
and caveolin. We show that clathrin-mediated endocytosis
(CME) is required for maintaining the pluripotent nature of
mouse ESCs (MESCs). We demonstrate that CME is required
for the internalization and recycling of E-cadherin from the cell
surface of pluripotent MESCs, along with the trafficking of the
Transforming Growth Factor Receptor beta 1 (TGFBR1) to
lysosomes for degradation. We further demonstrate that in the
absence of CME, the epithelial nature of MESCs is compromised,
resulting in an activation of the differentiation program. On the
flip side, we also demonstrate that the expression of Caveolin1
(a critical component of caveolin-mediated endocytosis), and
a number of other endocytosis-associated genes (EAGs), are
repressed in mESCs, through a dual mechanism involving
epigenetic repression by the action of the Polycomb Repressive
Complex 2 (PRC2), and post-transcriptional regulation by the
action of microRNAs. Together, our results suggest that cell fate
choices in early development and pluripotency regulation may
be controlled by specific intracellular trafficking pathways.

Funding Source: This work was funded by the Wellcome Trust
DBT India Alliance.
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W-3115

ADVANCED HUMAN PLURIPOTENT STEM CELL
EXPANSION IN STIRRED TANK BIOREACTORS
FACILITATING VERY HIGH DENSITY
MANUFACTURING

Manstein, Felix - Leibniz Research Laboratories for
Biotechnology and Atrtificial Organs (LEBAO), Hannover
Medical School, Hannover, Germany

Ullmann, Kevin - Leibniz Research Laboratories for
Biotechnology and Atrtificial Organs (LEBAQ), Hannover
Medical School, Hannover, Germany

Kropp, Christina - Leibniz Research Laboratories for
Biotechnology and Attificial Organs (LEBAQ), Hannover
Medical School, Hannover, Germany

Halloin, Caroline - Leibniz Research Laboratories for
Biotechnology and Atrtificial Organs (LEBAQ), Hannover
Medlical School, Hannover, Germany

Franke, Annika - Leibniz Research Laboratories for
Biotechnology and Atrtificial Organs (LEBAO), Hannover
Medical School, Hannover, Germany

Loebel, Wiebke - Leibniz Research Laboratories for
Biotechnology and Atrtificial Organs (LEBAQ), Hannover
Medical School, Hannover, Germany

Coffee, Michelle - Leibniz Research Laboratories for
Biotechnology and Attificial Organs (LEBAQ), Hannover
Medical School, Hannover, Germany

Martin, Ulrich - Leibniz Research Laboratories for
Biotechnology and Atrtificial Organs (LEBAQ), Hannover
Medlical School, Hannover, Germany

Zweigerdt, Robert - Leibniz Research Laboratories for
Biotechnology and Atrtificial Organs (LEBAO), Hannover
Medical School, Hannover, Germany

Human pluripotent stem cells (hPSCs) are a unique source
for the production of functional human cell types, fueling the
development of advanced in vitro disease models and future
regenerative therapies. Most applications will require the
constant supply of billions of cells generated by robust and
economically viable bioprocesses. The expansion of hPSCs
as matrix-free, cell-only aggregates in suspension culture
is a superior strategy for producing required cell numbers by
industry-typical stirred tank bioreactor (STBR) technology. We
have recently established robust expansion of pluripotent hPSC
in suspension in STBR. Subsequently, direct transition towards
the efficient differentiation into highly enriched mesodermal
lineages including cardiomyocytes, endothelial cells or
macrophages was enabled, demonstrating the universal utility
of the approach for the mass production of hPSC progenies.
Here we describe an advanced process for hPSC expansion
as cell-only aggregates in STBR enabling the production of
up to 2.7 billion hPSCs in 150 ml process scale. The culture
strategy includes perfusion-based feeding with control of pH
and dissolved oxygen facilitating improved process control
and superior cell yields. Moreover, standardized pre-culture
handling and optimized inoculation supported kick-starting of
the process and superior growth kinetics. Stirring-controlled
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cell aggregation prevented growth limitations and improved
aggregate homogeneity. Ultimately, by cell growth-adapted
perfusion rates, unmatched cell densities for hPSC suspension
culture of 18 x 1076 cells/mL can be reached. Together,
the study highlights the enormous potential for process
development in hPS cell manufacturing, in particular by using
well-monitored and controlled bioreactor systems, which also
facilitates straightforward process upscaling. This advancement
facilitates the clinical translation of hPSC-progenies paving the
way for cost-efficient cell therapies.

PLURIPOTENT STEM CELL
DIFFERENTIATION

W-3119

EFFECTIVELY DIFFERENTIATING HUMAN
PLURIPOTENT STEM CELLS FOLLOWING A
TRANSIENT DMSO TREATMENT

Li, Jingling - Department of Psychiatry, Stanford University
School of Medicine, Stanford, CA, USA

Narayanan, Cyndhavi - Department of Psychiatry and
Behavioral Sciences, Stanford University, Stanford, CA, USA
Sambo, Danielle - Department of Psychiatry and Behavioral
Sciences, Stanford University, Stanford, CA, USA

Bian, Jing - Department of Psychiatry and Behavioral Sciences,
Stanford University, Stanford, CA, USA

Brickler, Thomas - Department of Psychiatry and Behavioral
Sciences, Stanford University, Stanford, CA, USA
Shcherbina, Anna - Department of Psychiatry and Behavioral
Sciences, Stanford University, Stanford, CA, USA

Chetty, Sundari - Department of Psychiatry and Behavioral
Sciences, Stanford University, Stanford, CA, USA

The propensity for differentiation varies substantially across
human pluripotent stem cell (NPSC) lines, greatly restricting the
use of hPSCs for cell replacement therapy or disease modeling.
In prior work, we showed that pretreatment of hPSCs with
dimethylsulfoxide (DMSO) enhances differentiation across all
germ layers. Here we investigate the underlying mechanisms
and show that the DMSO treatment improves differentiation
through the retinoblastoma (Rb) pathway and by regulating the
cell cycle of pluripotent stem cells. While transient inactivation
of the Rb family members (including Rb, p107, and p130)
suppresses DMSO’s capacity to enhance differentiation across
all germ layers, transient expression of a constitutively active
(non-phosphorylatable) form of Rb increases the differentiation
efficiency similar to DMSO. Transient inhibition of downstream
targets of Rb, such as E2F signaling, also promotes
differentiation of hPSCs. Furthermore, using Fluorescence
Ubiquitin Cell Cycle Indicator (FUCCI) technology in hPSCs,
we show that gene expression patterns of signaling factors and
developmental regulators change in a cell cycle-specific manner
in DMSO-treated cells following RNA-sequencing of hPSCs
isolated from early G1, late G1, and SG2M. Genes associated
with cytoskeletal, cilium assembly, and cell adhesion factors
were especially subject to regulation by the DMSO treatment in

the SG2M phases, characteristic of a time when cells may need
to duplicate centrioles in the S phase, change shape during
mitosis, or exit the mitotic cycle to differentiate. Together, these
results show that the DMSO treatment targets early modes of
regulation to put hPSCs on a better trajectory for differentiation
and ultimately improve their utility for regenerative medicine.
Using these mechanistic insights, we highlight how these tools
can be applied to improve differentiation of human pluripotent
stem cells into any lineage.

W-3121

EXOSOME COMMUNICATION BETWEEN HUMAN
IPSC-DERIVED VASCULAR CELLS AND LUNG
PROGENITORS MEDIATES SITE-SPECIFIC
EPITHELIAL CELL MATURATION

Ho, Miriel - Sinclair Centre for Regenerative Medicine, Ottawa
Hospital Research Institute, Ottawa, ON, Canada

Ho, Mirabelle - The Sinclair Centre For Regenerative Medicine,
Ottawa Hospital Research Institute, Ottawa, ON, Canada
Stewart, Duncan - The Sinclair Centre For Regenerative
Medicine, Ottawa Hospital Research Institute, Ottawa, ON,
Canada

Bioengineered lung grafts created with patient-specific
induced pluripotent stem cell (iPSCs) derivatives could provide
immune-compatible implants to treat end-stage lung diseases.
Differentiation of iPSC-derived cells in vitro to mature epithelial cell
phenotypes, which is paramount for restoring airway and alveolar
structure and function, remains a major hurdle. We posited
that a dynamic interplay between supportive cells (i.e. vascular
smooth muscle and endothelial cells) and lung progenitors (LPs)
may direct airway patterning. Stage-specific developmental
cues were employed to differentiate iPSCs into CD34+PECAM-
1+VEGFR2+endothelial cells (iECs), a-SMA+CALP+ smooth
muscle cells (ISMCs), and NKX2.1+Sox2+Sox9+ LPs, confirmed
by flow cytometry and immunocytochemistry. Matrigel assays
revealed that iECs rapidly self-organized into interconnecting
and branching networks that persisted <24 hrs. Furthermore,
iISMCs demonstrated close apposition and assisted in structure
stabilization (>72hrs), reflecting vasculogenic mimicry. LPs
generated 3-D organoids harboring proximal/bronchial (FOXJ1,
P63, SCGB1A1) and distal/alveolar (AQP5, PDPN, SFTPC)
elements, evaluated by gene analyses. Intriguingly, LPs exposed
to 50% iSMC-conditioned medium (iSMC-CM) favoured
development of bronchiolar spheroids; whereas, 50% iEC-
conditioned medium (IEC-CM) yielded more alveolar organoids.
We postulated that this paracrine effect was mediated by small
extracellular vesicles (sEVs). LPs treated in 2-D cultures with
sEVs purified from iSMC-CM over a 3-week period, displayed
>2-fold elevation in bronchial epithelial markers. Conversely,
LPs cultured with sEVs from iEC-CM led to >=3-fold increase
in alveolar epithelial expression. Pre-treatment of iISMCs and
iECs with GW4869, a pharmacological inhibitor of exosome
biogenesis/secretion, prior to sEV collection markedly reduced
their respective divergent effects on lung airway patterning by
>70%. Collectively, our results implicate vascular cells as potent
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sources of signals instrumental in guiding proximal or distal lung
epithelial maturation by an exosome-mediated mechanism.
This suggests that iISMC and iEC-derived exosomes could be
used to enhance regenerative cell therapies for site-specific lung
airway repair and regeneration.

W-3123

INVESTIGATING THE ROLE OF MITOCHONDRIAL
DISULFIDE RELAY SYSTEM IN REGULATION OF
HPSC FATE COMMITMENT

Torres, Alejandro - Pathology and Laboratory Medicine,
University of California, Los Angeles, Sylmar, CA, USA
Kennedy, Stephanie - Pathology and Laboratory Medicine,
University of California, Los Angeles, CA, USA

Zhang, Vivian - Chemistry and Biochemistry, University of
California, Los Angeles, CA, USA

Dabir, Deepa - Biology, Loyola Marymount University, Los
Angeles, CA, USA

Malone, Cindy - Biology, California State University, Northridge,
Los Angeles, CA, USA

Koehler, Carla - Chemistry and Biochemistry, University of
California, Los Angeles, CA, USA

Teitell, Michael - Pathology and Laboratory Medicine,
University of California, Los Angeles, CA, USA

Human pluripotent stem cells (hPSCs) are characterized by
their capacity for self-renewal and their potential to differentiate
into any body cell type. hPSCs hold great promise as tools
in personalized regenerative medicine, however, a major
obstacle in translating this promise is variable differentiation
efficiencies resulting in potentially tumorigenic undifferentiated
cells and phenotypically immature cells. MitoBloCK-6 (MB-
6), a small molecule inhibitor of the mitochondrial ALR/Erv1
disulfide relay system, selectively induces apoptosis of hPSCs,
with no measurable effects on differentiated cells, and can
impair zebrafish development. Recent studies show that
changes in mitochondrial morphology and function are germ-
lineage specific and act as a developmental regulator of cell
fate determination, but a role for ALR in hPSC pluripotency
maintenance and differentiation remains unknown. To probe
the dependence of early differentiated germ-lineage specific
programs on the disulfide relay system, we treated hPSC cultures
with MB-6 during different stages of directed differentiation.
Here we show that although cells can exit pluripotency, lineage
differences in sustained sensitivity towards MB-6 suggest
lineage-specific dependency of the ALR-dependent disulfide
relay system. Towards understanding the role ALR plays in
lineage fate, mitochondria morphology, and metabolic activity,
we are developing shRNA knockdown of ALR in hPSCs.
Further understanding of dynamic mitochondrial regulation
in pluripotency and cell fate is integral to progressing hPSC
differentiation protocols for regenerative medicine.

Funding Source: This study was supported by the CIRM grants
RT3-07678 and EDUC2-08411
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CHEMICALLY-DEFINED, XENOGENIC-

FREE SCALABLE PRODUCTION OF HUMAN
PLURIPOTENT STEM CELL-DERIVED DEFINITIVE
ENDODERM AGGREGATES WITH MULTI-LINEAGE
POTENTIAL

Sahabian, Anais - Leibniz Research Laboratories for
Biotechnology and Atrtificial Organs, Medizinische Hochschule
Hannover, Germany

Naujok, Ortwin - Institute of Clinical Biochemistry, Medizinische
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and Endocrinology and MPI-Cell and Developmental Biology,
Medizinische Hochschule Hannover, Germany
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Biotechnology and Atrtificial Organs, Medizinische Hochschule
Hannover, Germany

Lobel, Wiebke - Leibniz Research Laboratories for
Biotechnology and Atrtificial Organs, Medizinische Hochschule
Hannover, Germany

Zweigerdt, Robert - Leibniz Research Laboratories for
Biotechnology and Atrtificial Organs, Medizinische Hochschule
Hannover, Germany
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Hannoverr, Germany

Human pluripotent stem cells (hPSCs) have been shown to be
a useful tool for disease modelling and drug screening assays,
and have great potential to be used in cell therapy applications.
Culture and differentiation of hPSCs in suspension in chemically-
defined, xenogenic-free conditions is a promising method to
attain large quantities of cells for such applications. In particular,
differentiating hPSCs towards definitive endoderm (DE) using
suspension cultures is of great interest, as this could provide
a large source of DE cells which can be used to generate
multiple DE-derived cell types including liver, lung, pancreas,
and intestinal cells. Here, we generate hPSC-derived DE cells in
suspension and investigate their differentiation potential towards
the multiple DE lineages. By day 4 of differentiation, greater
than 90% of DE aggregates expressed the DE surface markers
CXCR4, c-Kit, and EpCam. RT-gPCR analysis and fluorescent
staining showed that these aggregates were also positive for the
DE markers SOX17 and FOXA2. After applying lineage-specific
differentiation protocols, DE aggregates were able to further
differentiate towards different DE-derived cell types including
HNF4apos liver, PDX1pos pancreas, CDX2pos intestinal, and
NKX2.1pos lung cells. In addition, DE aggregates were frozen,
and upon thawing could reinitiate differentiation towards the
liver, pancreas, intestinal, and lung lineages. Thus, hPSCs can
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be differentiated in suspension towards definitive endoderm in a
scalable manner. In addition, these DE aggregates can give rise
to the different lineages of the definitive endoderm, and maintain
their differentiation potential after freezing and thawing.
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DEEP LEARNING NEURAL NETWORKS HIGHLY
PREDICT EARLY ONSET OF MOUSE AND HUMAN
PLURIPOTENT STEM CELL DIFFERENTIATION
FROM LIGHT MICROSCOPY IMAGES
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Pluripotent stem cell (PSC) differentiation is a highly dynamic
process in which both epigenetic, transcriptional and
metabolic changes eventually lead to new cell identities. These
modifications occur within hours to days and are generally
identified by measuring gene expression changes and protein
markers. PSC differentiation is also followed by important
morphological transformations, but these are inherently
subjective and thus are not used as a standard and quantitative
measurement of cell differentiation. Our goal in this work was
to use artificial intelligence techniques to automatically classify
PSCs from early differentiating cells based on their morphology.
For that, we made use of convolutional neural networks (CNNs),
powerful algorithms that are particularly useful in computer
vision. We induced differentiation of mouse embryonic stem
cells (MESCs) to epiblast-like cells (EpiLCs) and took transmitted
light microscopy images at several time-points from the initial
stimulus. We found that several network architectures can be
trained to recognize differentiating from undifferentiated cells
and correctly classify images with an accuracy higher than
99%. Successful prediction started only 20 minutes after the
onset of EpiLC differentiation. We also show that CNNs can be
successfully trained to predict whether mESCs were cultured
in standard serum + LIF medium or in the recently developed
defined culture conditions using MEK and GSK3 inhibitors plus
LIF, that sustain the ground state of pluripotency. Moreover,
these algorithms also displayed great performance in the

classification of undifferentiated human induced PSCs (hiPSCs)
compared to hiPSCS-derived early mesodermal cells. Although
high training accuracy required strong computational power and
the use of hundreds of images for each condition, once the CNN
was trained it allowed to rapidly and accurately classify the query
images. We believe that efficient cellular morphology recognition
in a simple microscopic set up may have a significant impact on
how cell assays are performed in the near future, ranging from
experimental biology to quality control of cell cultures for the
eventual application of PSCs to the clinic.
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AN AUTOMATED PLATFORM FOR POPULATION-
BASED DISEASE MODELING OF IPSC-DERIVED
CELL TYPES
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Directed differentiation of pluripotent stem cells has become
a cornerstone of cell-based disease modeling. Together with
somatic cell reprogramming, which allows for the generation
of patient-specific stem cells, it is a powerful tool for
studying genotype-phenotype relationships in vitro. In severe
monogenetic diseases, this relationship is often pronounced
and can be demonstrated experimentally using cell lines from
a small number of affected individuals. However, genetically
complex diseases such as type 1 and type 2 diabetes require
larger cohorts for effective disease modeling with patient-derived
cells. The generation of functional insulin-producing beta cells is
an ongoing pursuit as current protocols result in a mixture of cell
types with significant variability in yield and function. Protocols
for directed differentiation are frequently optimized using a
single cell line and show inconsistent results when applied
to cohorts of genetically diverse stem cell lines. This lack of
robustness incorporates experimental variability that can mask
subtle phenotypes, representing a major limitation for large-
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scale studies where multiple cell lines have to be differentiated
and analyzed in parallel. We have developed an automated
pipeline for the optimization of directed differentiation protocols
that has the capacity to simultaneously test a large set of culture
conditions on multiple cell lines. Automated flow cytometry
staining and analysis facilitates the precise quantification of
developmental factor expression on a single-cell level. Guided by
design of experiment (DoE), this approach offers a standardized
path towards optimizing differentiation protocols for population-
based disease modeling and personalized stem cell therapies.
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THYROID HORMONE ENHANCES CELL CULTURE
CAPACITY AND PROMOTES LINEAGE SPECIFIC
DIFFERENTIATION IN HUMAN EMBRYONIC STEM
CELLS
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Macau, China

Zhang, Zhaoying - Faculty of Health Sciences, University of
Macau, China

Ren, Zhili - Faculty of Health Sciences, University of Macau,
China Xu, Faxiang - Faculty of Health Sciences, University of
Macau, China

Godjoy Parejo, Carlos - Faculty of Health Sciences, University
of Macau, China

LIU, weiwei - Faculty of Health Sciences, University of Macau,
China
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Thyroid hormone triiodothyronine (T3) improves early embryo
development in vitro. Human embryonic stem cells (RESCs) are
derived from the inner cell mass of blastocyst, but little it known
how the does hESCs modulated by T3. In this report, we use
hESCs to show that T3 improves different aspects of stem cell
culture. T3 stimulates oxidative phosphorylation and activates
mitochondrial activities. T3 promotes cell survival and passaging
efficiency at high density, and boosts culture consistency.
Further research shows that T3 promotes FGF/ERK pathway to
maintain pluripotency, and also boost cell adhesion and survival
in suspension culture. For in vitro differentiation, T3 inhibit neural
crest differentiation but promote pituitary gland differentiation,
T3 also promote mesoderm and extraembryonic differentiation.
This study demonstrates T3 can enhance hESC culture and is a
useful supplement to advance stem cell applications.

Funding Source: MYRG2018-00135-FHS, Cell Fate
Determination by Pyruvate in Human Pluripotent Stem Cells
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GMP-COMPLIANT MICROCHIP BASED CELL
SORTING OF IPSC-DERIVED DOPAMINERGIC
PROGENITORS

Doi, Daisuke - Department of Clinical Application, Center for
IPS Cell Res and Application, Kyoto City, Japan

=P INTERNATIONAL SOCIETY
88 ISSCR FOR STEM CELL RESEARCH

Gaiser, Jens - Research and Development, Myltenyi Biotec
GmbH, Bergisch Gladbach, Germany

Grummitt, Daryl - Development, Owl Biomedical, Santa
Barbara, CA, USA

Knobel, Sebastian - R&D Stem Cell Research, Miltenyi Biotec
GmbH, Bergisch Gladbach, Germany

Takahashi, Jun - Clinical Application, Center for iPS Cell
Research and Application, Kyoto, Japan

In 2018 a first-in-human trial was initiated aiming at investigating
the safety and adequacy of iPSC-derived dopaminergic
progenitors for treatment of Parkinson’s disease. Manufacturing
of the cell product comprises a multistep procedure that
involves a flow cytometry-based cell sorting (FACS) step at
day 12 to 13 of differentiation. Here, Corin+ progenitor cells
are isolated and subsequently aggregated in spheres until day
30 when transplanted into the striatum of PD-patients. Until
recently, GMP compliant cell sorting could only be achieved
by use of a classical high-pressure droplet-based flow sorter
with disposable fluidics system. Though purity of Corin+ cells is
sufficient to match the cell product specification (>90% purity),
cell viability is impacted by the procedure as manifested by
reduced replating efficiency of target cells leading to smaller
sphere sizes after sort, and eventually low overall cell yields.
For reaching desired cell numbers to conduct QC and surgery
two days of cell sorting (d12 and 13) with constant operator
interaction are currently needed. For assessing the suitability
of the fully closed microchip-based cell sorter MACSQuant®
Tyto® DA-progenitors were sorted from 2 iPSC lines and
analyzed based on the standard release criteria used for the
investigational cellular drug product. A head to head comparison
to the FACSAriaTM-IIl system was carried out. Technical sorting
results were comparable between both systems (Aria: Purity
96% / Yield 24.5%; Tyto: Purity 92.7% / Yield 25.2%), however
Tyto-sorted cells exhibited a significantly increased post sort
replating potential leading to a 20% larger sphere diameter and
most importantly an 1.7 fold higher overall cell yield after final
harvest of spheres. In summary, the data suggests that due to
the gentle sort mechanism the fully closed cartridge based low
pressure microfluidic sorting system MACSQuant® Tyto® could
provide a means to flow sort the needed cell number necessary
to generate a clinical patient sample within ~8 hours instead
of ~16 hours using the BD InfluxTM system. The modified
procedure would ease the sample preparation process at day
12 (1 day of cell processing instead of two consecutive days),
significantly reduce operator hands on time and overall user
interaction leading to increased usability and product safety.
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MANUFACTURING HUMAN EMBRYONIC STEM
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SECRETION IN THE PRESENCE OF INCRETIN
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Type 1 diabetes (T1D) is characterized by chronically elevated
blood glucose levels as a direct result of beta cell dysfunction
and insulin deficiency. The most common treatment is multiple
daily insulin injections, which prevents hyperglycemia but puts
patients at risk of life-threatening hypoglycemia and a myriad
of long term complications because injections are unable to
mimic the precise glycemic control of pancreatic islets. Islet
transplantation offers a superior alternative, yet its widespread
implementation as a form of beta cell replacement therapy is
limited by the paucity of cadaveric donor islets and the necessity
of chronic immune suppression. Stem cells are potentially an
unlimited source of beta cells for the treatment of T1D. Here, we
attempt to recapitulate beta cell development starting with human
embryonic stem cells (RESCs) using a stepwise differentiation
protocol resulting in 3D aggregates comprising of >80%
pancreatic progenitors co-expressing key transcription factors
NKX6.1 and PDX1. The aggregates are further differentiated
into hormone producing endocrine cells in bioreactors. We
are also exploring the use of Raman spectroscopy, a label free
optical technique, to monitor and detect heterogeneities within
distinct stage-specific populations throughout the differentiation
process. Perifusion analyses at later stages show the cells
become glucose competent in the presence of the gut incretin
mimetic exendin-4. However, like immature beta cells, the
cells are unresponsive to high glucose alone. Immunodeficient
mice implanted with macroencapsulated endocrine clusters
had human C-peptide at median levels of 0.44 ng/mL (IQR:
0.3 - 0.5 ng/mL) one hour after oral glucose delivery at 2
weeks post implant. We are developing approaches for large
scale production of mature hESC-derived endocrine cells in
bioreactors. With further optimization, we hope to generate fully
mature endocrine cells that have insulin secretion kinetics similar
to human islets that can be tested in animal models of diabetes.
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Back pain is reported to affect about 80% of the adult
population. Previous studies have indicated a link between back
pain and intervertebral disc (IVD) degeneration. The notochordal
cells (NCs) appear to be the ideal cell type to regenerate the IVD:
these cells disappear in humans as they mature, are replaced by
nucleus pulposus (NP) cells, and their disappearance correlates
with the initiation of IVD degeneration. Human NCs are in short
supply, thus here we aimed for generation of notochordal-
like cells from induced pluripotent cells (iPSCs). Human
iPSCs were generated from dermal fibroblasts using non-viral
overexpression of six factors: OCT4, SOX2, KLF4, L-MYC,
LIN28, and p53 shRNA. Then the iPSCs were treated with GSK3i
to induce differentiation to Primitive Streak Mesoderm (PSM),
PSM markers were upregulated comparing to the control group
and markers of pluripotency downregulated. PSM cells were
transfected with Brachyury (Br) encoding plasmid and the cells
were encapsulated in hydrogel that mimics the NP environment.
The gene expression analysis of the hydrogels showed iPSC-
derived NCs (iINCs) retained the NC phenotype consistently for
up to 8 weeks. The iINC-condition media (iNC-CM) was found
to induce significantly higher expression of NC and NP marker
genes in human BM-MSCs than porcine NC-CM. The cells were
also tested in vivo in a large animal model. IVD degeneration
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was induced using annular puncture in pigs, which was evident
as early as 2 weeks after the procedure. The cells were injected
after 4 weeks and analyzed at 12 weeks after the injury using
MRI, gene expression and histology. The iNC-treated discs
were found protected from degeneration. This was evident in
histological analysis and changes in the pH levels, indicative of
degeneration state of the discs, observed using qCEST MRI.
Immunofluorescence stains show that their phenotype was
consistent with the in vitro study, namely they still expressed the
notochordal markers. In the present study, we report a stepwise
differentiation method to generate notochordal cells from
human iPSCs. These cells not only demonstrate a sustainable
notochordal cell phenotype in vitro and in vivo, but also show
the functionality of notochordal cells and have protective effect
in case of induced disc degeneration and prevent the change in
the pH level of the injected IVDs.

Funding Source: California Institute of Regenerative Medicine,
CIRM- DISC1-10643 (Sheyn D) NIH/NIAMS 1K01AR071512-
01A1(Sheyn D)
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SERTOLI-LIKE CELLS CAN BE SUCCESSFULLY
GENERATED BY CULTURE-INDUCED
DIFFERENTIATION

Seol, Dong-Won - Department of Biomedical Science, CHA
University, Seongnam-si, Korea

Kim, Ji-Na - Department of Biomedical Science, CHA
University, Seongnam-si, Korea

Kim, Bumjoon - Department of Biomedical Science, CHA
University, Seongnam-si, Korea

Shim, Sung Han - Department of Biomedical Science, CHA
University, Seongnam-si, Korea

Lee, Dong Ryul - Department of Biomedical Science, CHA
University, Seongnam-si, Korea

Sertoli cells (SCs) support germ cells in spermatogenesis. In
addition, SCs have immunomodulatory properties against
immune stress response. From these properties, SCs are
considered useful cell sources for therapeutic application.
However, mature SCs are quiescent somatic cells in the
testis and have a lower activity for proliferation and primary
immature SCs lost their unique properties during prolonged
culture. To overcome these disadvantages, novel cell source
of SCs independent of donor testis cells is required. Although
the direct reprogramming of mouse fibroblasts into embryonic
Sertoli-like cells (SLCs) using several factors was reported, this
method cannot be applied clinically. Also, SLCs can be derived
spontaneously from human embryonic stem cells (hESCs), the
efficiency and purity of the SLCs are still unclear. Recently, we
successfully established in vitro differentiated SLCs derived
from mouse ESCs, which have high purity and function. Based
on previous our study, we thus developed SLCs from hESCs
using in vitro culture-induced differentiation. To end this, hESCs
induced mesendoderm (ME), sequential induced intermediate
mesoderm (IM) and SLCs differentiation were included for
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present study. For induction of ME, glycogen synthase kinase-3
inhibitor (CHIR), were treated in vitro culture. Marker genes for
ME were the highest at day 1, suggesting commitment into ME
by CHIR. Since then, for IM stage, the cells on the ME were
treated with bFGF and RA for 4 days. The adhered cells on ME
stage were changed their morphology into a stretched shape
with proliferation. During specification into the IM, the markers
for IM were simultaneously expressed at day 4. To differentiate
into SLCs, bFGF, FGF9, prostaglandin D2, FSH and GDNF
were supplemented in culture medium for 14 days. SC markers
were expressed at SLCs induction day 7 and 14. And proteins
for GATA4 and SOX9 were clearly co-expressed, suggesting
putative SLCs (day 7, 31.4 = 4.1%, day 14, 43.1 = 2.5%).
These results suggest that SLCs derived from hESCs could
be differentiated under defined culture condition. Advancing
methods such as a MACS sorting as a further study is necessary
to acquire high purified SLCs. Based on the present study,
generated SLCs derived from hESCs could be a useful source
in infertility treatment and cell therapy in clinical application.

Funding Source: This research was supported partly by grants
from the Bio and Medical Technology Development Program
(2017M3A9C8029318 and 2017M3A9F8072235) of NRF and
MSIP of Republic of Korea.
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Chromatin modifications and conformations play a major
role in gene regulation. Here, we aimed to identify the role of
chromatin-related genes in the regulation of the growth and
transformation of human pluripotent stem cells. We have thus
examined the effect of mutations in 360 genes from more than
60 different chromatin-modifying complexes. Mutation in most
chromatin-related genes negatively affected the survival of
human embryonic stem cells (hESCs). However, 7 members
of the LSD1-coREST-HDAC (LCH) complex showed growth
advantage in the mutant cells and are thus involved in growth
restriction of hESCs. Unintuitively, LCH complex members are
highly expressed in undifferentiated hESCs in comparison to
all examined somatic tissues and cell lines. The most potent
growth restricting chromatic-related gene within LCH is Zinc
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finger MYM-type containing 2 (ZMYM2), whose expression is
down-regulated upon differentiation either in vitro or in vivo. In
order to analyze the function of this gene we have genetically
eliminated it using CRISPR-Cas9 technology. The cells with null
mutation in ZMYM2 over-expressed pluripotent specific genes,
and accordingly showed increased active promoter features
by histone-3 acetylation ChIP-Seq analysis. These cells also
showed refractory differentiation in vitro. Most amazingly, hESCs
lacking ZMYM2 fail to produce teratoma upon their injection
into immunodeficient mice. Our results suggest a central role
for ZMYM2 in the exit from pluripotency of hESCs, and imply
that this process is essential for the transformation of human
pluripotent stem cells into differentiated teratomas.
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MicroRNAs (miRNA) are small non-coding RNAs that negatively
regulate gene expression by binding to the 3° UTR of RNAs.
Abnormal regulation and expression of miRNAs have been
implemented in various diseases including cancer. The let-
7 family of miRNAs was discovered in C. elegans to control
developmental timing, and is important for differentiation in
mammals. In humans, loss of let-7 contributes to carcinogenesis
due to an increase in its target oncogenes and stemness
factors. Let-7 regulation is complex and poorly understood.
Understanding let-7 regulation and function during normal
development can assist in understanding its abnormal regulation
in cancer. Let-7 has been reported to be absent from human
embryonic stem cells and to increase upon differentiation.
During early development, let-7 influences differentiation and
germ layer specification, favoring ectoderm and mesoderm.
We hypothesize that during early mouse development, let-7
levels are regulated on several levels, and rather than constantly
increasing, they are tuned to allow the timely expression of
targets as required during specific phases of development. We
modeled early mouse development via embryoid body (EB)
formation from mESCs. We demonstrated that expression of
transcription factor Snail can be used to monitor primitive streak
and formation of mesoderm and endoderm. Unexpectedly, our
results show a drop in let-7 levels upon exit from pluripotency
before its increase, correlating with previously published
dynamic changes of let-7 targets HMGA2 and Lin-28. We
use inducible let-7 overexpression to probe the effect of let-

7 on germ layer formation. In conclusion, micro-RNA let-7
family members demonstrate dynamic expression during early
mouse embryonic development in order to influence germ layer
specification.
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Adult heart has limited regenerative capacity that is insufficient
to compensate for cell death after myocardial injury. Recently,
there have been significant advances in the differentiation of
cardiomyocytes from human pluripotent stem cells (hPSC) for
cell replacement therapies. It is well-known that stem cell niche
plays a key role in growth and maintenance of pluripotency and
it deeply influences stem cell differentiation potential. Therefore,
our goal was to analyze how interactions between integrins and
the extracellular matrix are involved in cardiac differentiation.
First, we performed an expression profile of integrins, whose
ligands are fibronectin (FN) and laminin, in hPSC and in two
stages of cardiac differentiation: mesodermal progenitor cells
(MPC) and cardiomyocytes (CM). We found a significant down-
regulation of integrins a3, a4 and a6 and an up-regulation of a5
in MPC but a subsequent reduction at CM stage. These results
were consistent in two different protocols: from a monolayer
and through the derivation of 3D-embryoid bodies. We then
focused on the a5 integrin regulation, thus we engineered a
DOX-inducible CRISPRIi-KRAB cell line to repress a5 expression
in the first three days of differentiation. Our results showed a
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significant down-regulation of T-brachyury and TBX6 by
approximately 50% in dox-treated protocols. Furthermore, the
mMRNA expression of epithelial to mesenchymal transition (EMT)
markers ZEB1 and ZEB2 was also decreased. Taken together,
these results suggest that a5 is important for the EMT process
and for giving rise to MPC. Finally, at day 15, CM yield was
reduced from 60% =+ 6% to 22% + 5% and cardiac markers
NKX2-5 and cTnT were significantly down-regulated. We also
found that not only there was a reduction on CM differentiation
but also on CM contractility. The latter was measured by using
a specific contractibility software and found that the contraction
and peak amplitude of CM were strongly impaired. In summary,
we showed that integrin a5 has a significant impact in human
cardiac differentiation from hPSC through the alteration of early
stages of mesoderm commitment.
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CHARACTERIZATION AND FUNCTION OF IPSC-
DERIVED ALVEOLAR EPITHELIAL CELLS

Zhang, Haibo - Critical Care Medicine, St. Michael’s Hospital,
Toronto, ON, Canada

Kim, Ben - Critical Care Medicine, St. Michael’s Hospital,
Toronto, ON, Canada

Chen, Ya-Wen - Medicine, Hastings Center for Pulmonary
Research, Keck School of Medicine, University of Southern
California, Los Angeles, CA, USA

Petrut, Raluca - Critical Care Medicine, St. Michael’s Hospital,
Toronto, ON, Canada

Lee, Sunny - Critical Care Medicine, St. Michael’s Hospital,
Toronto, ON, Canada

The turnover time of alveolar epithelial type Il cells (AECIIs)
is very slow in a normal adult lung but is accelerated after
experimental pneumonectomy in otherwise a healthy lung.
However, this repair and regeneration capacity of AECIls is
harmed after lung injury. Induced pluripotent stem cells (iPSCs)
are a promising cell source for lung repair since they can be
differentiated into lung lineage cells. To examine their long-term
phenotypes and behaviors of the iPSC-derived AECIIs as for a
reliable cell source in lung repair and regeneration, we aimed at
optimizing published differentiation protocols to achieve iPSC-
derived AECIIs and maintain their phenotypes and function for
future in vivo application. The two iPSC lines named HDF-SV
and HDF-mRNA were differentiated into definitive endoderm,
then into the anterior foregut endoderm fate, and subsequently
into lung progenitor cells expressing NK2 homeobox 1 (NKX2.1),
forkhead box protein A2 (FOXA2) and Transmembrane 4 L Six
Family Member 1 (TM4SF1). The lung progenitors were then
matured transforming into AECIIs expressing pro-surfactant
protein C (ProSPC) and epithelial adhesion molecule (EpCAM)
by exploiting small molecules and WNT activator, fibroblast
growth factors, phosphodiesterase inhibitor etc. The AECIls
were eventually isolated by undergoing immunomagnetic
enrichment using anti-EpCAM micro beads and passaged at
80% confluency every 5 — 7 days for up to 7 passages. We
observed a doubling time of the AECIIs of about 4 days, and
approximately 94% of the cells were positive for EpCAM and
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98% positive for ProSPC at the 7th passage. Phenotype and
functional assessments were performed up to 10 passages after
the isolation. Our results suggest the feasibility of generating
stable AECIIs from iPSCs, which may serve as a promising
approach for regenerative research in lung injury.
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Cell-processed therapeutic products (CTPs) derived from
human induced pluripotent stem cells (hiPSCs) have innovative
applications in the regenerative therapy. Since undifferentiated
hiPSCs possess tumorigenic potential, there is a potential risk of
tumor formation if the products contain residual undifferentiated
hiPSCs. The detection limit of the methods currently available
for the residual hiPSCs is 1/100,000 (0.001%, undifferentiated
hiPSCs/differentiated cells) or more, which could be insufficient
for the detection of residual hiPSCs when CTPs contain more
than 100,000 cells. To overcome this limit, we have previously
constructed adenovirus (Ad) and adeno-associated virus (AAV)
vectors expressing a suicide gene, iCaspase9, regulated by the
CMV promoter, which is dormant in hiPSCs, for the selective
expression of iCaspase9 in differentiated cells. The vectors
possessed strong cytotoxicity to hiPSC-derived cardiomyocytes
but not to hiPSCs, and concentrated hiPSCs to detectable levels
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by some methods. These vectors have a potential to be applied
to other cell types because Ad and AAV vectors can transduce
various types of cells. In addition to cardiomyocytes, neural
cells have been expected to treat diseases such as Parkinson’s
disease, cerebral infarction, and spinal cord injury, and studies
toward the clinical use of neural cells have been conducted by
various groups. In this study, we examined the capacity of these
vectors to concentrate hiPSC in human neural progenitor cells
(hNPCs). Among the viral vectors, we found that the Ad vector
transduced into hNPCs with the highest efficiency, eliminating
approximately 90% of the hNPCs. Next, we investigated whether
the Ad vector concentrated a trace amount of hiPSCs in hNPCs.
After 10,000,000 hNPCs supplemented with hiPSCs at a ratio
of 0.0001% were infected with the Ad vector, hiPSCs became
detectable, while they were undetectable without the infection.
The number of hiPSCs detected in the infected cells was almost
the same as in uninfected hNPCs supplemented with hiPSCs at
a ratio of 0.001%, indicating the vector decreased the detection
limit by a factor of 10. These results suggested that the selective
cytotoxic viral vectors are useful tools for concentrating
hiPSCs in hNPCs and decreasing the detection limit as well as
cardiomyocytes.
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CONTROLLED, EFFICIENT DIFFERENTIATION
OF HUMAN PLURIPOTENT STEM CELLS INTO
DEFINITIVE TROPHECTODERM
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The in vivo embryonic counterpart of cultured human pluripotent
stemcells (hPSC)are presumablythe cells ofthe post-implantation
epiblast, with a capacity restricted to giving rise to the embryo
proper and no longer able to develop into trophectoderm (TE).
Previous studies that reported TE differentiation from hPSC
remain controversial, in part, due to incomplete differentiation
or the use of undefined culture conditions. Here we describe

highly efficient TE differentiation, including the generation of
cytotrophoblast and syncytiotrophoblast cells, by manipulating
specific cell signaling pathways in chemically defined conditions.
We monitored the entire differentiation process by live-cell
imaging and noted the emergence of cytotrophoblast cells,
which was followed by frequent cell fusion events generating
multinucleated syncytiotrophoblast cells. Gene expression
profiing by using RNA-Seq and immunocytochemical
analysis confirmed robust induction of genes associated with
trophectoderm and placental development. Among the early
markers, GATA3 and KRT7 were strongly induced, whereas
CDX2 was expressed at lower levels. Fused multinucleated cells
expressed typical markers of syncytiotrophoblast (e.g. DLX3,
CGA, DAB2, TEADS), further corroborating their appropriate
molecular identity. Differentiated TE cells were then subjected
to Zika virus experiments demonstrating their susceptibility to
infection. In summary, although hPSC-derived TE cells remain
to be fully characterized by ongoing experiments (e.g. epigenetic
mapping), the present findings suggest that cultured hPSC
may have a broader developmental potential than previously
anticipated. Finally, these in vitro-generated TE cells may prove
ideal for modeling diseases of the placenta, drug screening, and
cell-based therapies.
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THERAPY OF HINDLIMB ISCHEMIA BY HUMAN
INDUCED PLURIPOTENT STEM CELL-DERIVED
ENDOTHELIAL CELLS AND SMOOTH MUSCLE
CELLS
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Park, Jin Ju - Physiology, Pusan National University, School of
Medicine, Yangsan-si, Gyeongsangnam-do, Korea

Kwon, Yang woo - Physiology, Pusan National University,
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Medicine, Yangsan-si, Gyeongsangnam-do, Korea

Kim, Jae Ho - Physiology, Pusan National University, School of
Medicine, Yangsan-si, Gyeongsangnam-do, Korea

Peripheral artery disease is a condition in which tissue necrosis
occurs as blood flow decreases due to arterial occlusion,
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 isolate 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 potential.
In this study, we explored the therapeutic efficacy of human
iPSC-derived ECs and 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 endothelial markers, including CD31, VE-cadherin,
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and VWF, 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. 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 iPSC-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.

W-3155

GENERATION OF MGE-LIKE INTERNEURONS
FROM HUMAN EMBRYONIC STEM CELLS

Azzouni, Karima - MRC Department, Cardiff University,
Cardiff, UK

Shin, Eunju Jenny - NMHRI, Cardiff University, Cardiff, UK
Whitcomb, Daniel - Bristol University, Bristol, UK

Wilson, Sophia - Cardiff University, Cardiff, UK

Amongst the different regions of the primitive brain, the medial
ganglionic eminence (MGE) produces most of the cortical
interneurons (Cl) which mainly express parvalbumin (PV) and
somatostatin (SST). These Cl play an important role in the wiring
of the developing nervous system and their dysfunction has
been implicated in various psychiatric disorders. Therefore, the
generation of enriched populations of MGE-like interneurons
from human embryonic stem cells (hESCs) would greatly aid in
understanding MGE CI dysfunctions in disease. Unfortunately,
current protocols fail to obtain substantial amounts of the
different subtypes of Cl. To obtain MGE-like Cl from hESCs, we
optimised a differentiation protocol by varying the concentration
of two key morphogens important for patterning; sonic hedgehog
and WNT. hESCs (H7 and H9) were used for Cl differentiation
with various combinations of different concentrations of
patterning molecules, resulting in a total of twelve conditions.
Bulk quantitative real time polymerase chain reaction (QRT-
PCR) was performed to measure the relative gene expression of
markers for MGE progenitors and mature Cl; subsequently four
conditions were selected for further analysis. Single cell gqRT-
PCR and fluorescent in situ hybridisation with RNAscope probes
were performed to measure the percentage of cells expressing
the MGE CI| marker LIM Homeobox 6 (LHX6) and the two
MGE CI subtype markers (PV and SST). One condition clearly
produced an enriched population of MGE-like Cl with a majority
of cells expressing LHX6 and SST and a significant increase
of PV expressing cells in comparison to other conditions. To
assess the functionality of the generated Cl with this chosen
condition, single cell patch clamping was employed. Active
and passive membrane properties were investigated: neurons
rested at around -45mV; fired action potential spontaneously
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and upon current injection; and showed spontaneous synaptic
activity. Therefore, we have developed and validated a robust
Cl differentiation protocol which could be used to investigate
mechanisms underlying MGE CI dysfunction and unravel
biological pathways and markers implicated in the aetiology of
disorders such as autism, epilepsy and schizophrenia.

Funding Source: Medical Research Council (MRC) The
Waterloo Foundation

PLURIPOTENT STEM CELL: DISEASE
MODELING
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BRAINSTORM: A NOVEL METHOD TO REVEAL
NEURON SPECIFIC DEVELOPMENTALLY
REGULATED EQTLS

Burberry, Aaron - HSCRB, Harvard University, Cambridge,
MA, USA
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Smith, Kevin - HSCRB, Harvard University, Cambridge, MA,
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The World Health Organization estimates that the global
burden of neuropsychiatric disorders exceeds that of cancer
and cardiovascular disease combined. Despite vast unmet
medical need, the development of novel therapeutics for
neuropsychiatric disease like Schizophrenia (SCZ) has
substantially lagged because the molecular underpinnings of
disease remain unclear. Sequencing approaches have identified
specific genes, a large number of haplotypes, ultra-rare coding
variation, and chromosomal abnormalities that all affect the
risk for neuropsychiatric disease, nominating networks related
to neural synapse function, signaling, and development. Rapid
methods are currently available to direct the differentiation
of human induced pluripotent stem (iPS) cells into cells that
resemble glutamatergic excitatory neurons. However, while
these glutamatergic neurons fire electrical impulses and integrate
into circuits, they lack morphological features of mature neurons
such as dendritic spines and fail to express genes present in
adult human neurons, vastly limiting their utility for investigating
the relationship between natural genotypic variation that exists
within human populations and expression of genes implicated
as risk factors for SCZ. To overcome this limitation, we
developed a novel technique termed BrainStORM (Stimulated
Ontogenesis by Rodent-induced Maturation), in which early
post mitotic iPS cell derived glutamatergic neurons are
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implanted intracerebroventricularly into immunocompromised
neonatal mice to allow integration into the developing rodent
neural network. Single cell sequencing is used to determine
whether implantation into a highly vascularized developing
nervous system is sufficient to propel human iPS cell derived
neurons beyond the maturation hurdle experienced in traditional
2D and 3D culture. By applying the BrainStORM technique to
neurons derived from villages of human iPS cells, we capitalize
on the power of large-scale population genomics to identify
expression quantitative trait loci (€QTLs) that control neuronal
gene expression in a developmentally regulated manner and
reveal insights into novel genes whose therapeutic manipulation
could benefit patients with psychiatric disease.

W-3161

USING HUMAN EMBRYONIC AND INDUCED
PLURIPOTENT CELL MODELS TO DETERMINE
CORTICAL NEURONAL CELL FUNCTION IN A
GENETICALLY DETERMINED FORM OF DYSTONIA.

Sperandeo, Alessandra - Neuroscience and Mental Health
Research Institute, Cardiff University, Cardiff, UK

Smith, Sophie - Neuroscience and Mental Health Research
Institute, Cardiff University, Cardiff, UK

Li, Meng - Neuroscience and Mental Health Research Institute,
Cardiff University, Cardiff, UK

Peall, Kathryn - Neuroscience and Mental Health Research
Institute, Cardiff University, Cardiff, UK

Dystonia is a hyperkinetic movement disorder caused by co-
contraction of antagonistic muscles, resulting in abnormal
positions and postures. It is one of the most common and
functionally disabling movement disorders, with significant
associated lifetime disability. Due to a limited understanding
of the underlying pathophysiology of the disorder, there are
few therapeutic options available, with many patients resistant
to currently available treatments. Myoclonus Dystonia (MD),
caused by mutations to the autosomal dominant epsilon-
sarcoglycan gene (SGCE), is fully penetrant when paternally
inherited, making a neuronal cell model an ideal platform
to further characterise dystonia pathophysiology. Using the
CRISPR/Cas9 gene editing technique, we have generated
two distinct human embryonic stem cell (RESC) homozygous
SGCE knockout lines (SGCEko). Edited hESC lines show no
off-target effects when analysed by SNP array. The SGCEko
lines differentiate into cortical glutamatergic neurons in a similar
manner to their wildtype parental cell line, with comparable
levels of neural progenitor cell (NPC) markers PAX6 and
FOXG1 (p>0.05), and cortical layer markers CTIP2 and TBR1
(p>0.05). Additionally, studies show a significant increase in
calcium activity in the SGCEko hESC-derived cortical neurons
compared to the wild-type parental line (p<0.05). Furthermore,
we have derived induced pluripotent cell lines (iPSC) from the
blood of two patients with distinct SGCE mutations (nonsense
(c.289C>T, p.Arg97X) and missense (c.622G>A, p.Gly441Asp)).
iPSCs maintain a normal karyotype and stain positive for the
pluripotency markers NANOG and OCT4. These cells are able

to undergo cortical neuronal induction, with no significant
differences in NPC markers compared to controls (p>0.05).
Investigations are ongoing to analyse deep layer cortical markers.
Overall, these results suggest that although PSC models of MD
demonstrate no significant differences in recognised markers
of cellular differentiation, calcium imaging suggests potential
functional differences which may contribute to the subsequent
observed clinical phenotype. Further work is planned to better
characterise these differences, and to relate these to potential
variations in gene expression and gene ontological pathways.

Funding Source: This research is funded by the Medical
Research Council.
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IPSCS FROM AML CELL LINE HL-60 RETAIN
LEUKEMIC ABERRANCIES WHILE IPSCS FROM
RELAPSED/REFRACTORY PATIENT SHOW
REPROGRAMMING CAN CIRCUMVENT LEUKEMIC
GENOME IN ADVANCED AML
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Acute myeloid leukemia (AML) is the most common form of
acute leukemia affecting adults, characterized by defects in
hematopoietic differentiation and accumulation of immature
myeloid cells. Although AML is a complex disease that presents
with a variety of genomic aberrations affecting prognosis, a
course of cytotoxic chemotherapy is used as the treatment
standard. While this treatment can lead to a remission period
in a majority of cases, many patients still suffer a fatal relapse.
Patients in remission are candidates for hematopoietic stem
cell therapy (HSCT), but autologous transplantations cannot
correct for disease-causing genetic aberrations, and allogeneic
transplantations are hampered by lack of matched donors and
risk of severe complications. Further study of AML is required
to gain a better understanding of how diverse disease genetics
affect disease development and progression, and to develop
more personalized and effective treatments. Induced pluripotent
stem cells (iPSCs) provide a novel approach for studying AML.
Here we report reprogramming hematopoietic stem cell-
enriched (CD34+) cells isolated from the bone marrow of a
relapsed/refractory AML patient containing a rare der(7)t(7;13)
karyotype, and the AML cancer cell line HL-60. While iPSCs
generated from both the primary AML sample and the HL-60
cell line display expression of pluripotent genes and cell surface
markers at similar levels to iPSCs generated from disease-
free cells, primary AML-derived iPSCs show no evidence of
the original leukemic genetic aberrations and display restored
myeloid differentiation potential. The generation of karyotypically
normal iPSCs without gene correction from an AML patient
with advanced disease provides support for reprogramming
as a potential therapeutic option in complex AML. In contrast,
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iPSCs generated from the HL-60 leukemic cell line retain many
of the genetic and chromosomal abnormalities in the parent
line, and appear to be deficient in differentiation potential. To
our knowledge, this is the first successful generation of iPSCs
from a human immortalized AML cell line. Together, our findings
provide valuable tools and insight to study and treat complex
AML disease.
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A CRISPR-I SCREEN IN HUMAN IPSC-DERIVED
INEURONS TO DISCOVER NOVEL FOCAL
CORTICAL DYSPLASIA GENES
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Focal cortical dysplasia (FCD) is a common cause of focal
epilepsy and is often caused by somatic, mosaic mutations.
Unfortunately, the sparse nature of these mutated cells presents
many experimental barriers to FCD gene discovery; identified
FCD mutations only occur in 1-6% of cells in resective tissue.
Therefore, identifying novel genes is extremely challenging
and may not be possible in many cases using patient tissues.
Currently, ~30% of FCD samples are estimated to have
mutations in identified FCD genes. These genes were identified
by hypothesis-driven targeted sequencing rather than unbiased
sequencing. Therefore, we have developed an unbiased
screening platform for identifying novel FCD genes in vitro using a
genome-wide inhibitory CRISPR library. We first reprogrammed
human iPSC lines stably expressing both KRAB-dCAS9 and
Neurogenin (NGN) 1,2 genes under control of a doxycycline
(DOX)-inducible promoter. The inducible expression of NGN1,2
allows for the efficient, uniform differentiation of human excitatory
cortical neurons. The KRAB-dCAS9 inhibits the expression of
genes targeted by a guide RNA (QRNA) sequence introduced via
lentivirus, with 80-95% knockdown of mRNA and protein after
DOX treatment in prior studies. We are using phosphorylated
S6 ribosomal protein (pS6), a biomarker for FCD type I, as the
selection assay in our screen. Using a pS6 antibody and FACS
sorting, we were able to obtain genomic DNA from pS6-high and
-low cell populations. To validate our screen, we constructed
a test library of 27 gRNAs that were expected to be positive,
negative, or neutral regulators of pS6. The pS6-sorted neuronal
genomic DNA samples were amplified using primers flanking
the gRNA portion of the lentiviral insertion. The abundance
of each gRNA sequence was then assessed using NGS. As
expected, the gRNAs for FCD genes were significantly enriched
in the pS6-high sample while gRNAs for genes necessary for
S6 phosphorylation were significantly enriched in the pS6-low
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sample. A genome-wide gRNA library containing 5 unique
sequences for each human gene (>100,000 total gRNAs) is
now being applied to identify novel genes. Validated FCD gene
candidates will offer additional targets for sequencing from
patient tissues and the potential for new therapeutic strategies
for FCD-associated epilepsies.

Funding Source: This project was funded by an Innovator
Award from the Citizens United for Research in Epilepsy (CURE).
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Koolen-de Vries syndrome (KdVs) is an intellectual disability
syndrome caused by a mutation in KANSL1 or by a 17g21.31
microdeletion, a region which contains multiple genes
including KANSL1. To study Koolen-de Vries syndrome in
vitro, we generated induced pluripotent stem cells (iPSCs) from
fibroblasts of KdVs patients and healthy controls. Additionally,
we introduced a loss-of-function mutation in KANSL1 in healthy
control iPSCs using the CRISPR/Cas9 system to study its effect
in an otherwise congenic background. iPSCs were differentiated
into neurons (iNeurons) by forced expression of neurogenin-2
(Ngn2) resulting in a homogeneous population of mature
excitatory neurons within 30 days. Micro-electrode arrays
(MEAs) were used to measure neuronal activity of iNeurons at
different time points during differentiation. Interestingly, mature
iNeurons from KdVs patients showed decreased network
activity and generated less network bursts. Little is known
about the mechanisms underlying this phenotype. Studying
gene expression changes in iNeurons of KdVs patients gives
insight in biological processes that are affected. Therefore, we
optimized an RNA-seq method that can be used in combination
with MEA experiments. The RNA-seq library preparation consist
of generating cDNA molecules from RNA molecules with a
poly(A) tail and labeling them with a sample-specific barcode,
followed by pooling of samples. Subsequently, transposon 5
transposase is used for fragmentation of cDNA which at the
same time inserts an adapter at the cut site, needed for further
amplification and sequencing of molecules of interest. The
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ability to pool samples together allows us to screen a large set
of samples at low cost. We have now combined this RNA-seq
method with MEA experiments performed on 24-well plates to
allow for semi high-throughput combined experiments (MEA-
seq). This enables us to correlate changes in gene expression
to specific network phenotypes. MEA-seq can also be used to
study neuronal phenotypes of any other neurodevelopmental
disorder.
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SCHIZOPHRENIA RISK GENE DLG2 CONTRIBUTES
TO CORTICAL NEURON DEVELOPMENT FROM
HUMAN EMBRYONIC STEM CELLS
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Discs large homologue 2 (DLG2) is a membrane associated
guanylate kinase protein with an established role as a scaffold
in the postsynaptic density (PSD) to regulate receptor clustering
and intracellular trafficking. As with other PSD proteins DLG2
is known to play an important role in higher cognition, while
recurrent de novo deletions of DLG2 have been identified in
individuals with schizophrenia. Unlike previous studies focusing
on DLG2 in mature synapses this research investigated a
potential neurodevelopmental role, using human embryonic
stem cells as a model system. The phenotype of both DLG2
deficient and wild-type cell lines were characterised during
cortical differentiation using RNA sequencing, western blotting
and immunocytochemistry analysed by high content imaging.
Results show that DLG2 is required for normal cortical neuron
development, with deficient cells being able to form postmitotic
neurons in similar levels to wild-type controls but with disruption
in the expression of established cortical layer markers including
TBR1 and CTIP2. In addition, DLG2 protein was found to be
expressed in neural precursor cells (NPCs) and appears to have
a key effect during this early stage of neural development, which
is prior to PSD formation. This is supported by RNA sequencing
data showing the greatest differential gene expression (DGE)
occurred during the NPC stage of neuronal differentiation (almost
37% of protein coding genes), compared to the later postmitotic
neuron stage (21.5%). Additionally, this DGE in NPCs showed
a functional enrichment for gene ontology terms relating to
key development processes including cellular differentiation,
proliferation, adhesion and migration. This is in agreement with
experimental data showing significantly increased proliferation
and altered adhesion to various extracellular matrix components
in DLG2-deficient NPCs. Therefore, this research strongly
indicates that in addition to its established function of synaptic
signal transduction as a component of the PSD, there is a
currently unreported developmental role for DLG2. This has

implications for understanding the nature of schizophrenia
aetiology and suggests DLG2 may contribute to developmental
insults leading to the disease as well as aberrant neuronal
function in later life.

Funding Source: This work was supported by the Wellcome
Trust and The Waterloo Foundation.
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Mucopolysaccharidoses (MPS) are lysosomal storage disorders
that are caused by deficiency of lysosomal enzymes for
degrading glycosaminoglycan (GAG). MPS type Il, which is a lack
of the lysosomal enzyme iduronate-2-sulfatase (IDS), is the most
common type of MPSs in Taiwan. Patients of certain subtypes of
MPS Il patients suffer from progressive neurodegeneration and
currently no effective medicine is available. Recently, we have
successfully reprogrammed the peripheral blood cells of four
MPS type Il patients with neurodegeneration into multiple iPSC
clones. We have validated these MPS II-iPSC clones, including
positive expression for pluripotency makers, normal karyotyping,
and successful differentiation into three embryonic germ layers
in vitro and in vivo. More importantly, we have successfully
recapitulated the MPS Il phenotypes in the neurons derived from
these MPSII-iPSC clones, such as lower IDS activity, increased
GAG accumulation, and enhanced express of LC3 and LAMP-1.
In addition, RNA sequencing analysis revealed a distinct gene
expression profile of MPS 1I-iPSC-derived neurons compared
to control iPSC-derived neurons; electrophysiology study
also showed unique action potential abnormalities of MPS-II-
derived neurons. We also demonstrated that this platform can
be used to test drugs for MPSII-related neurodegeneration. The
ultimate goal of this study is to provide the scientific community
a valuable in vitro MPS Il neurodegeneration model that can be
translated for multiple diagnostic and therapeutic purposes in
the near future.

USCStem Cell 97



POSTER ABSTRACTS

W-3173

MODELING CARDIOMYOPATHY IN
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CARDIOMYOCYTES

Sun, Chicheng - Fulcrum Therapeutics, Cambridge, MA, USA
Qadir, Deena - Fulcrum Therapeutics, Cambridge, MA, USA
Villegas, Vivian - Fulcrum Therapeutics, Cambridge, MA, USA
Wallace, Owen - Fulcrum Therapeutics, Cambridge, MA, USA
Graef, John - Fulcrum Therapeutics, Cambridge, MA, USA

Friedreich’s Ataxia (FA) is the most commonly inherited ataxia and
is caused by a GAA repeat expansion in the intron of the frataxin
gene that results in reduced expression. Heart conditions are
prevalent in patients with FA, severely affecting the quality of life
and shortening life span. There is currently no treatment for FA,
therefore developing small molecule therapeutics that increase
frataxin expression is significantly needed. In this study, we
aimed to establish an in vitro model of FA cardiomyopathy and
to develop high-throughput assays for frataxin detection. To this
end, we differentiated iPSCs obtained from patients with FA into
cardiomyocytes and demonstrated that they express cardiac
genes, contract spontaneously, and respond to chronotropic
drugs (e.g., isoproterenol and hERG channel blockers). High
throughput assays to measure frataxin mMRNA and protein levels
were established and demonstrated reduced expression of
frataxin in FA cardiomyocytes (~20% of healthy control levels).
Functional interrogation of FA cardiomyocytes was performed by
microelectrode array recordings, plate-based calcium imaging
(FLIPR-Tetra), and the Seahorse XF platform. Our data show
significant reductions in field potential amplitude, spontaneous
calcium transient amplitude, and oxygen consumption rates in
FA cardiomyocytes when compared to healthy controls. Such
functional deficits in FA cardiomyocytes were phenocopied
by antisense oligonucleotide-mediated knockdown of frataxin
in healthy controls. In summary, we have established an in
vitro system to study FA cardiomyopathy with patient-derived
cardiomyocytes that could be leveraged to perform chemical
probe and genetic knockout screenings for the purpose of
identifying novel targets and initiating drug discovery efforts to
treat FA.

W-3175

PROBING THE AMYLOID CASCADE HYPOTHESIS
IN A HUMAN PLURIPOTENT STEM CELL BASED 3D
MODEL OF ALZHEIMER’S DISEASE

Grezella, Clara - Institute of Reconstructive Neurobiology,
University of Bonn, Germany

Hebisch, Matthias - Institute of Reconstructive Neurobiology,
University of Bonn, Germany

Piazzesi, Antonia - Aging and Neurodegeneration Research
Group, German Center for Neurodegenerative Diseases
(DZNE) Bonn, Germany

Bertan, Fabio - Synaptic Connectivity and Neurodegeneration,
German Center for Neurodegenerative Diseases (DZNE) Bonn,
Germany
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Kamin, Viola - Institute of Reconstructive Neurobiology,
University of Bonn, Germany

Fengler, Sven - Laboratory Automation Technologies (LAT),
German Center for Neurodegenerative Diseases (DZNE) Bonn,
Germany

Weykopf, Beatrice - Platform Cellomics, LIFE and BRAIN
GmbH, Bonn, Germany

Washicosky, Kevin - Genetics and Aging Research Unit,

Mass General Institute for Neurodegenerative Disease,
Massachusetts General Hospital, Harvard Medical School,
Boston, MA, USA

Denner, Philip - Laboratory Automation Technologies (LAT),
German Center for Neurodegenerative Diseases (DZNE) Bonn,
Germany

Fava, Eugenio - Laboratory Automation Technologies (LAT),
German Center for Neurodegenerative Diseases (DZNE) Bonn,
Germany

Bano, Daniele - Aging and Neurodegeneration Research
Group, German Center for Neurodegenerative Diseases
(DZNE) Bonn , Germany

Kim, Doo - Genetics and Aging Research Unit, Mass General
Institute for Neurodegenerative Disease, Massachusetts
General Hospital, Harvard Medical School, Boston, MA, USA
Peitz, Michael - Institute of Reconstructive Neurobiology,
University of Bonn, Germany

Bruestle, Oliver - Institute of Reconstructive Neurobiology,
University of Bonn, Germany

Alzheimer’s disease (AD) is the most prevalent age-related
neurodegenerative disease. So far, no curative treatment for
AD patients exists. Prominent hallmarks of the disease are
aggregation of amyloid B (AB) with subsequent formation
of AB plaques in the extracellular space, and the formation
of intraneuronal neurofibrillary tangles composed of
hyperphosphorylated aggregated tau. AR aggregation and tau
pathology have been considered to conspire at an early stage
of the disease process to elicit downstream alterations such
as synaptic loss, metabolic dysfunction, neuroinflammation
and eventually neuronal death. However, it has remained
a challenge to experimentally validate the classic amyloid
cascade hypothesis (ACH), and novel human-specific model
systems are required to disentangle the pathogenic role of
these diverse disease-driving events. Here we set out to probe
ACH using pluripotent stem cell-derived neural stem cells
conditionally expressing mutant APP (APPSwe/Lon — PS-1AE9)
in a 3D matrix suitable for capturing extracellular AB. Eight
weeks after transgene induction, differentiated 3D neuronal
cultures contained AB deposits which strongly resemble
human amyloid plaques and can be visualized by specific
autofluorescence and amyloid staining dyes such as Thioflavin
T. Transgene-expressing cultures not only displayed increased
neuronal tau phosphorylation, but also evidence of intracellular
tau aggregation. Interestingly, these alterations were associated
with signs of mitochondrial dysfunction, dystrophic neurites and
DNA damage. Over time, we observed an increased fraction
of apoptotic cells. Our findings underpin the pivotal role of AR
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in eliciting a cascade of AD-associated cellular alterations and
depict 3D matrix cultures as a versatile in vitro model to explore
the hierarchy and interrelationship of pathogenic pathways
driving AD-related neuronal damage.

W-3177

X CHROMOSOME MONOSOMY IN HUMAN
PLURIPOTENCY AND TROPHOBLAST
DIFFERENTIATION

Ahern, Darcy - Genetics and Genome Sciences, University of
Connecticut Health Center, Farmington, CT, USA
Pinter, Stefan - Genetics and Genome Sciences, University of
Connecticut Health Center, Farmington, CT, USA

X chromosome monosomy (45,X) is estimated to be the only
viable human monosomy, and results in Turner’s Syndrome (TS)
in females. However, only 1% of XO conceptuses are estimated
to survive to term. The cause of this developmental failure is
currently unknown, but previous work, combined with the high
rates of mosaicism seen in TS patients, suggests an impact
on extra-embryonic cell lineages. We hypothesize that genes
on the X chromosome that escape X inactivation and have
Y-linked homologues are haploinsufficient during development.
To investigate the effects of X monosomy, we have generated
sets of isogenic aneuploid and euploid male and female iPSC
lines. The use of isogenic lines excludes the impact of genetic
variation when comparing cells from unrelated individuals. We
performed RNA-seq to understand the impact of X monosomy
in pluripotency and identified several significantly dysregulated
genes in common among the male and female X-monosomic
samples. To investigate the impact of X monosomy in an
extra-embryonic cell lineage, we differentiated the iPSCs
along the trophoblast lineage. Molecular characterizations
of these cells, including assays for cell fusion capability, RT-
gPCR and immunocytochemistry for trophoblast maker genes,
and secretion of human chorionic gonadotropin, revealed
no obvious impairment in the ability of X-monosomic cells
to commit to the syncytiotrophoblast lineage. We present
phenotypic analyses and gene expression studies of syncytial
and mononuclear trophoblast cells. While X-monosomic cells
appear capable of differentiating along the trophoblast lineage,
further quantification of the cell fates will be necessary to fully
assess cell-type specific impacts of X monosomy.

Funding Source: NIH RO1HL141324 NIH R35GM124926
W-3179

USING AN IPSC DERIVED MIDBRAIN
DOPAMINERGIC MODEL TO ELUCIDATE THE
ROLE OF MANGANESE IN PHYSIOLOGICAL AND
PATHOLOGICAL DISEASE STATES

Budinger, Dimitri - GOS-Institute of Child Health, University
College London, UK

Meyer, Esther - Developmental Neurosciences, GOS-Institute
of Child Health, University College London, UK

Tuschl, Karin - Genetics and Genomics Medicine, GOS-
Institute of Child Health, University College London, UK
Mills, Philippa B - Genetics and Genomics Medicine, GOS-
Institute of Child Health, University College London, UK
Dale, Russell C - Pediatric Neurology, Children’s Hospital at
Westmead University of Sydney, Sydney, Australia

Park, Julien H - Klinik fir Kinder- und Jugendmedizin,
Universitétsklinikum Mdnster, Germany

Zaki, Maha S - Clinical Genetics, National Research Centre,
Cairo, Egypt

Barral, Serena - Developmental Neurosciences, GOS-Institute
of Child Health, University College London, UK

Kurian, Manju A. - Developmental Neurosciences, GOS-
Institute of Child Health, University College London, UK

Manganese (Mn) is an essential trace metal that is important
for many physiological processes and crucial for neuronal cell
function, as it acts as cofactor for multiple enzymes. Disorders
leading to Mn imbalance in humans can lead to a broad
spectrum of clinical phenotypes, including parkinsonism-
dystonia, severe neurodevelopmental delay, chronic liver
disease and polycythaemia. Bi-allelic mutations in SLC39A14,
SLC39A8, and SLC30A10 have been identified in over 60
individuals, associated with manganese dyshomeostasis. All
three genes code for membrane transporters postulated to
shuttle manganese between different cellular/extracellular
compartments. Mutations in SLC39A14 and SLC30A10 lead
to Mn accumulation, whereas mutations in SLC39A8 lead to
hypomanganesaemia and developmental delay. The disease
mechanisms leading to Mn dyshomeostasis and associated
neurological phenotypes are poorly understood. Therefore, we
have developed a midbrain dopaminergic neuronal cell model,
differentiated from patient-derived induced pluripotent stem
cells (iPSC), to elucidate key pathophysiological processes
governing these disorders. iPSC from patient fibroblasts carrying
homozygous SLC39A14, SLC39A8, or SLC30A10 mutations,
as well as age-matched controls, have been generated using a
CytoTune Sendai reprogramming strategy. Patients and control
lines have been directed into dopaminergic precursors with high
efficiency, and further differentiated into midbrain dopaminergic
neurons (MDA). Preliminary Inductively Coupled Plasma-Mass
Spectrometry (ICP-MS) analysis reveals disease-specific
neuronal phenotypes with abnormal Mn, iron and zinc uptake,
suggestive of heavy metal dyshomeostasis in mDA. Overall, our
neuronal disease model of Mn-related diseases will be an ideal
platform to better understand putative disease mechanisms and
will be of great interest to test new future novel therapies.

Funding Source: Great Ormond Street Hospital Charity National
Institute for Health Research Wellcome Trust
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W-3181

A HUNTINGTON DISEASE-RELATED
PLATFORM FOR SCREENING HUMAN CARDIAC
FUNCTION IN PATIENT AND CONTROL HIPSC-
CARDIOMYOCYTES

Miller, Duncan C - Core Facility Stem Cells, Max-Delbruek-
Centrum, Berlin, Germany

Telugu, Narasimha - Core Facility Stem Cells, Max Delbrueck
Centrum, Berlin, Germany

Martin, Renata - Division of Stem Cell Transplantation and
Regenerative Medicine, Stanford School of Medicine,
Stanford, CA, USA

Lisowski, Pawel - AG Wanker, Max Delbrueck Centrum, Berlin,
Germany

Prigione, Alessandro - AG Wanker, Max Delbrueck Centrum,
Berlin, Germany

Priller, Josef - Department of Psychiatry and Psychotherapy,
Charité — Universitaetsmedizin Berlin, Berlin, Germany
Porteus, Matthew - Division of Stem Cell Transplantation
and Regenerative Medicine, Stanford School of Medicine,
Stanford, CA, USA

Diecke, Sebastian - Core Facility Stem Cells, Max Delbrueck
Centrum, Berlin, Germany

Huntington disease (HD) is an inherited neurological disorder
usually diagnosed in midlife. The underlying genetic cause
is an increase in the number of sequential cytosine, adenine,
and guanine (CAQG) trinucleotide repeats in the first exon of the
Huntingtin gene (HTT), leading to a longer poly-glutamine (polyQ)
chain within the HTT peptide; 36Q or more is usually regarded
as pathogenic. HD clinical manifestation of motor, cognitive and
psychiatric disturbances are due to neurodegeneration in the
basal ganglia and cerebral cortex. However HTT is expressed in
many tissues of the body, and recent studies have highlighted that
HD patients show peripheral organ dysfunction such as severe
metabolic phenotype, weight loss, HD-related cardiomyopathy
and skeletal muscle wasting. In some cases these may even
contribute or comprise HD patient cause of death, although
mechanisms underlying these aspects of the disease are
poorly understood. To begin modelling some aspects of these
dysfunctions, we have generated human induced pluripotent
stem cells (hiPSCs) from multiple HD-patients with a range of
disease severity and polyQ, and begun correcting them using
CRISPR-Cas9 to generate isogenic control lines. Following
hiPSC-cardiomyocyte (hPSC-CM) differentiation, preliminary
experiments indicate a difference in the metabolic activity of HD
and control hiPSC-CMs. Establishing such a platform is enabling
us to screen for pathogenesis of the mutant CAG repeats, and
even identify problems with HD drug treatment regimes, on the
cardiac function of specific HD patients.

Funding Source: DZHK
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W-3183

FACILITATED GENOME EDITING IN HUMAN
INDUCED PLURIPOTENT STEM CELLS TO
ADVANCE DISEASE MODELING AND SCREENING

Willems, Erik - Cell Biology R&D, Thermo Fisher Scientific,
Carlisbad, CA, USA

Dizon, Jordan - Cell Bio R&D, Thermo Fisher Scientific,
Carlsbad, CA, USA

Webb, Jacquelyn - Cell Bio R&D, Thermo Fisher Scientific,
Carlisbad, CA, USA

Vega, Raquel - Cell Bio R&D, Thermo Fisher Scientific,
Carlsbad, CA, USA

Lacambacal, Rex - Cell Bio R&D, Thermo Fisher Scientific,
Carlisbad, CA, USA

Piper, David - Cell Bio R&D, Thermo Fisher Scientific,
Carlsbad, CA, USA

Human induced pluripotent stem cells (hiPSCs) have been
globally recognized as a multipurpose research tool for modeling
human disease and biology, screening and developing potential
therapeutic drugs, and implementing cell and gene therapies. The
ability to differentiate human iPSCs into any cell type supports
the study of biology and disease in these specified cells in vitro.
The emergence of genome editing tools, inlcuding the CRISPR/
Cas9 system or TALENSs, enable genetic modification of these
cells; such as introduction of single base changes or inserting
reporters or bio-sensors, which can be used to study the effects
of genetic differences or biological functions in the desired cell
type. Given the challenges with genome editing efficiency, cell
survival and clonal isolation, we have developed a number of
reagents and processes to dramatically improve the success
rate and timelines for a genome editing experiment in hiPSCs.
Key areas of the genome editing workflow that have been
addressed include the genome editing tools themselves, the
delivery methods and the maintenance of healthy hiPSC cultures
during these stressful manipulations. Using the generation of
disease models relevant to cardiac and neuronal disease to
explore and identify the best workflow for the genome editing
process in hiPSC, we built a reliable approach that reproducibly
supports the generation of hiPSC lines carrying small mutations
such as SNPs or small deletions. Subsequent studies of the
disease relevant cell types then identified cellular phenotypes
that corroborated with those previously identified in patient-
derived hiPSC-based models. Furthermore, we explored the
use of these tools and workflows to insert larger DNA pieces
into specific genomic loci, to generate fluorescent reporter cell
lines for screening for example. Using a small number of loci,
we found that introduction of large DNA donors into specific loci
was dramatically lower compared to the introduction of SNPs,
yet the efficiency obtained was significant enough to allow for
the clonal isolation of the edited cells. In summary, we detail
advances with tools, reagents and protocols that facilitate
the genome editing workflow in hiPSC and demonstrate that
the use of such tools can be readily implemented to generate
hiPSC-derived disease models and reporter lines.
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W-3185

IDENTIFYING SMALL MOLECULE REGULATORS OF
COMPLEMENT COMPONENT C4 IN HUMAN STEM
CELL DERIVED ASTROCYTES

Rapino, Francesca - Harvard Stem Cell and Regenerative
Biology, Harvard University, Cambridge, MA, USA
Rodriguez-Muela, Natalia - Harvard Stem Cell and
Regenerative Biology, Harvard University, Cambridge, MA,
USA

Presumey, Jessy - Program in Cellular and Molecular Medicine,
Children’s Hospital, Boston, MA, USA

Norabuena, Erika - Harvard Stem Cell and Regenerative
Biology, Harvard University, Cambridge, MA, USA

Narula, Juhi - Harvard Stem Cell and Regenerative Biology,
Harvard University, Cambridge, MA, USA

Ximerakis, Methodios - Harvard Stem Cell and Regenerative
Biology, Harvard University, Cambridge, MA, USA

Chen, Ivy P-F - Human Neuron Core, Children’s Hospital,
Boston, MA, USA

Wafa, Syed - Human Neuron Core, Children’s Hospital,
Boston, MA, USA

Buttermore, Elizabeth - Human Neuron Core, Children’s
Hospital, Boston, MA, USA

Carroll, Michael - Human Neuron Core, Children’s Hospital,
Boston, MA, USA

Rubin, Lee - Harvard Stem Cell and Regenerative Biology,
Harvard University, Cambridge, MA, USA

The complement system plays a crucial role in the elimination of
synapses during development. While this process is necessary
to create functional neuronal circuits, dysregulation of synaptic
pruning has been associated with a variety of CNS disorders.
Recently, genetic variation in the copy number and expression
of complement component 4 (C4) has been shown to be
associated with an increased risk of schizophrenia. This has
led to the hypothesis that loss of synapses in schizophrenic
patients might be due to excessive complement-mediated
synaptic pruning. Targeted inhibition of the complement
system, especially using blocking antibodies, is a realistic
therapeutic avenue that is being explored broadly, especially in
neurodegenerative diseases. To identify regulators of C4 levels
that might be useful in treating a uniquely human disease such
as schizophrenia, we performed an ELISA-based small molecule
screen using stem cell-derived astrocytes. First, to produce
astrocytes at sufficiently large scale, we developed a 3D protocol
for the rapid differentiation of a substantially pure population
of functional astrocytes. These cells were used to perform a
small molecule screen of around 500 compounds, each tested
in triplicate at 2 concentrations. Secondary validation of 25 hit
compounds performed in unaffected and schizoaffective patient
derived astrocytes, highlighted different pathways involved in
the modulation of secreted C4. Among the identified hits, we
explored the mechanism of action of an epigenetic modifier, (+)-
JQ1. Treatment of astrocytes with (+)-JQ1 decreased several
critical complement components (C1qg, C3 and C4) via depletion
of BRD4 on the chromatin fraction. Moreover, (+)-JQ1 was also

able to suppress pro-inflammatory cytokine secretion. We then
demonstrated that the decrease in secreted C4 from astrocytes
affects the amount of synaptic C4 in neurons. Lastly, in vivo
treatment of mice with (+)-JQ1 significantly reduced C4 mRNA
in the pre-frontal cortex, a key area for higher cognitive function.
In summary, using a novel screening approach, our work has
start to shade light on mechanism of regulation of C4 in in vitro
and in vivo, opening new avenue for the modulation of synaptic
pruning in neuropsychiatric and neurodegenerative diseases.

W-3187

DEVELOPING IPSC DERIVED HUMAN NEURONAL
CELL MODEL FOR MUCOPOLYSACCHARIDOSIS
D

Lopez, George A - Pediatrics, LA Biomed, Los Angeles, CA,
USA

Cheng, Kai-wen - Pediatrics, LA Biomed, Torrance, CA, USA
Li, Shan - Pedlatrics, LA Biomed, Torrance, CA, USA

Wang, Feng - Pediatrics, LA Biomed, Torrance, CA, USA

Mucopolysaccharidosis type lID (MPS IlID; Sanfilippo D) is a
devastating pediatric neurodegenerative disorder with no cure
or effective treatment available. The fundamental cause of
MPS 1IID is an inherited mutation in glucosamine (N-acetyl)-6-
Sulfatase (GNS) required to catabolize heparan sulfate (HS).
Without functional GNS, glycosaminoglycan accumulates in
lysosomes. We have generated human induced pluripotent
stem cells (iPSCs) from two MPS IIID patients. To model this
brain disease, we are making iPSC derived neuronal cells and
cerebral organoids by comparing with healthy control cells. This
method can give rise to the developing cerebral cortex, ventral
telencephalon, choroid plexus, among others, within one to
two months. Furthermore, since organoids can be maintained
for more than a year in long-term culture, they also have the
potential to model later events such as neuronal maturation and
survival. We will perform unbiased proteomic analysis using
liquid chromatography tandem mass spectrometry to identify
protein biomarkers. We will demonstrate disease-related
phenotypes and model pathogenesis and test the effectiveness
of different therapeutics.

REPROGRAMMING
W-3191

FUNCTIONAL UNCOUPLING OF INDUCING AND
MAINTAINING PLURIPOTENCY BY OCT4

Soufi, Abdenour - School of Biological Sciences, University of
Edinburgh, UK

The transcription factors (TF) OCT4 is essential for maintaining
pluripotency in embryonic stem (ES) cells and inducing
pluripotency from differentiated cells. Unlike maintaining
pluripotency however, reprogramming is highly inefficient,
and little is known about how OCT4 functionally-contribute to
pluripotency from such diverse cellular contexts. Here, we have
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dissected the reprogramming and pluripotency maintenance
activities of OCT4 apart by systematically mutating the
protein. We found that inducing pluripotency and maintaining
pluripotency require functionally distinct regions of OCT4. We
present extensive protein-protein and protein-DNA networks
of both the essential and non-essential domains of OCT4,
elucidating the divergence between reprogramming and
pluripotency maintenance. We discovered a subset of OCT4
chromatin-associated partners that are essential for inducing
pluripotency but not required for maintaining pluripotency.
Altogether, our findings provide new insights into the functional-
plasticity displayed by transcription factors to control specific
cellular identity from diverse cellular environments.

Funding Source: MRC career development award (MR/
N024028/1)

W-3193

IN-DEPTH META-ANALYSIS OF CELLS
UNDERGOING REPROGRAMMING INTO
PLURIPOTENCY AND TROPHECTODERM STATES

Radwan, Ahmed - Department of Developmental Biology
and Cancer Research / The Institute For Medical Research-
Israel-Canada, Hadassah Hebrew University Medical Center,
Jerusalem, Israel

Buganim, Yosef - Department of Developmental Biology and
Cancer Research, The Hebrew University-Hadassah Medical
School, Jerusalem, Israel

Jaber, Mohammad - Department of Developmental Biology
and Cancer Research, The Hebrew University-Hadassah
Medlical School, Jerusalem, Israel

Kaplan, Tommy - School of Computer Science and
Engineering, The Hebrew University, Jerusalem, Israel

During early embryogenesis, totipotent cells undergo asymmetric
cell divisions, resulting in two compartments in the early embryo:
the inner cell mass (ICM) that gives rise to the embryo proper
and Trophectoderm (TE) that forms extraembryonic tissues
such as the placenta. It is only at the 32-64- cell stage when a
clear segregation between the two cell types can be observed.
This proposes a ‘T’-like model where cells of the early embryo
undergo a relatively similar changes in their transcriptome
and epigenome before specification (2-32-cell stage). Here,
we sought to understand whether cells acquiring pluripotency
and trophectoderm, by reprogramming factors, share similar
processes between themselves such as those of the early
embryo. To that end, we conducted a parallel meta-analysis
on cells undergoing reprogramming into induced pluripotent
stem cells (iPSCs) and induced trophoblast stem cells (iTSCs)
and compared their transcriptome, epigenome and chromatin
architecture along the process. Our analysis revealed that, in
contrast to cells of the pre-segregation embryo that resemble
each other in each stage, cells undergoing reprogramming to
pluripotency and trophectoderm, exhibit a unique and specific
trajectory from the beginning of the process till the end. Although
similar processes such as somatic identity loss, proliferation,
MET and metabolic shift occur in the two models, each of
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the processes uses a completely different set of genes and
regulatory elements to induce its own state. This parallel meta-
analysis may serve as a powerful tool to understand nuclear
reprogramming and cell fate.

Funding Source: Morningstar Foundation Edward and Millie
Carew-Shaw European Research Council American Society
for Reproductive Medicine UK-Israel BIRAX Israeli Center of
Research Excellence Israel Science Foundation
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E6 AND E7 HUMAN PAPILLOMA VIRUS
ONCOGENES FACILITATE REPROGRAMMING
BY OCT4-SOX2-KLF4-MYC OF FIBROBLASTS
AND ASTROCYTES INTO IPSCS WITH HIGH
PLURIPOTENCY CAPACITY

Cortes-Servin, Alan - Department of Developmental Genetics
and Molecular Physiology, Instituto de Biotecnologia,
Universidad Nacional Autdonoma de México, Cuernavaca,
Mexico

Sanchez-Cazares, Lian-Mishel - Department of Developmental
Genetics and Molecular Physiology, Instituto de Biotecnologia,
UNAM, Cuernavaca, Mexico

Cortes-Servin, Alan - Department of Developmental Genetics
and Molecular Physiology, Instituto de Biotecnologia, UNAM,
Cuernavaca, Mexico

Martinez-Perez, Sinaid - Department of Developmental
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UNAM, Cuernavaca, Mexico

Guerrero-Flores, Gilda - Department of Developmental
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UNAM, Cuernavaca, Mexico

Valencia, Concepcion - Department of Developmental Genetics
and Molecular Physiology, Instituto de Biotecnologia, UNAM,
Cuernavaca, Mexico

Garcia, Celina - Department of Developmental Genetics and
Molecular Physiology, Instituto de Biotecnologia, UNAM,
Cuernavaca, Mexico

Hernandez-Garcia, David - Department of Developmental
Genetics and Molecular Physiology, Instituto de Biotecnologia,
UNAM, Cuernavaca, Mexico

Covarrubias, Luis - Department of Developmental Genetics
and Molecular Physiology, Instituto de Biotecnologia, UNAM,
Cuernavaca, Mexico

Cell proliferation is a requirement for the derivation of induced
pluripotent stem cells (iPSC) from mouse embryonic fibroblasts
(MEFs) using the reprogramming factors Oct4, Sox2, KIf4, and
Myc (OSKM). In the present study we evaluated the influence
of E6 and E7 Human Papilloma Virus (HPV) oncogenes in the
dynamics and efficiency of iPSC derivation from MEFs and
from primary postnatal astrocytes using a OSKM dox-inducible
system. Actively proliferating MEFs (doubling time of 0.7-0.8 days)
containing OSKM+EGBE7 reprogrammed with 10-20-fold higher
efficiency (2.45+0.75%) than in the presence of OSKM alone
(0.16+0.06%); either OSKM+E6 or OSKM+E7 were also able to
promote an increase in reprogramming efficiency (1.08+0.99%
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and 1.49+0.78%, respectively). In addition, emergence of
colonies with iPSC appearance occurred earlier in the presence
of OSKM+EBE7 than with OSKM alone (7 days post-dox vs.
11 days post-dox) reaching the pluripotency commitment (i.e.,
with the ability to grow in 2i medium without dox) at about 14
days post-dox. Reprogramming efficiency of MEFs dividing very
slowly (doubling time above 2.2 days) significantly decreased
with OSKM alone (<0.05%) but, interestingly, in the presence
of EBGE7, E6 or E7 reprogramming efficiency remained high
(2.74+0.84%, 1.89+0.53% and 2.63+1.21%, respectively). The
iPSC identity of the colonies generated from these experiments
were confirmed by their ability to grow in the 2i medium without
dox. Similar experiments were performed with postnatal
astrocytes at the doubling time of 2.2 days, which reprogrammed
into iPSCs only in the presence of EGE7 at an approximate
2% efficiency. Cells from an iPSC clone derived from these
experiments grew in the 2i medium without dox, showed a
normal karyotype and were able to generate embryo chimeras
with a high iPSC contribution to most tissues. Therefore, HPV
oncogenes promote high reprogramming efficiency into iPSCs
retaining high pluripotency capacity.

Funding Source: CONACyYT FOINS-1723 and PAPIIT-UNAM
IN214219
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GENERATION OF INDUCED PLURIPOTENT STEM
CELLS FROM HUMAN RENAL EPITHELIAL CELLS
USING A RNA-BASED REPROGRAMMING METHOD

Frieman, Amy L - Charles C. Gates Center for Regenerative
Medicine, University of Colorado Anschutz Medical Campus,
Aurora, CO, USA

Diette, Nicole - Charles C. Gates Center for Regenerative
Medicine, University of Denver Anschutz Medical Campus,
Aurora, CO, USA

McGrath, P. Sean - Charles C. Gates Center for Regenerative
Medicine, University of Colorado Anschutz Medical Campus,
Aurora, CO, USA

Jakimenko, Ana - Charles C. Gates Center for Regenerative
Medicine, University of Colorado Anschutz Medical Campus,
Aurora, CO, USA

Bilousova, Ganna - Charles C. Gates Center for Regenerative
Medicine, University of Colorado Anschutz Medical Campus,
Aurora, CO, USA

Kogut, Igor - Charles C. Gates Center for Regenerative
Medicine, University of Colorado Anschutz Medical Campus,
Aurora, CO, USA

Induced pluripotent stem cells (iPSCs) demonstrate a
tremendous potential in the study of disease and regenerative
medicine. However, the use of iPSCs is limited by the
availability of primary cells suitable for reprogramming and
low reprogramming efficiency. iPSCs can be generated from
primary cell sources including hair follicles, skin punch biopsies,
blood and urine samples. Unlike other sources, exfoliated renal
epithelial cells (RECs) found in urine samples can be quickly and
non-invasively obtained, making them an attractive cell type

for reprogramming. Current methods for the reprogramming
of RECs include electroporation of non-integrating plasmids
or the use of Sendai viral vector. These methods require time-
consuming regimens and result in a relatively low yield of
iPSCs. Here, we have utilized a non-integrative RNA based
reprogramming method to reprogram urine-derived RECs with
significantly faster reprogramming efficiency and kinetics. The
approach depends on highly — tuned transfections of RECs with
reprogramming modified mMRNAs and mature miRNA mimics
in combination with optimized culturing conditions. Using this
methodology, we have successfully generated iPSCs from
individuals with genetic diseases. All iPSCs exhibited normal
karyotype and expressed markers of pluripotency. Our approach
is ideal for generating high quality patient-derived iPSCs from
a non-invasive source of somatic cells to be used for disease
modeling and potential clinical applications.

W-3199

CREATION AND CHARACTERIZATION OF T CELL-
DERIVED IPS CELL BANKS DERIVED USING
REAGENTS AND WORKFLOWS OPTIMIZED FOR
CELL THERAPY MANUFACTURING

MacArthur, Chad C - Cell Biology, Thermo Fisher Scientific,
Carlsbad, CA, USA

Pradhan, Suman - Cell Biology, Thermo Fisher Scientific,
Carlsbad, CA, USA

Landon, Mark - Cell Biology, Thermo Fisher Scientific,
Carlsbad, CA, USA

Switalski, Stephanie - Cell Biology, Thermo Fisher Scientific,
Carlsbad, CA, USA

Lakshmipathy, Uma - Cell Biology, Thermo Fisher Scientific,
Carlsbad, CA, USA

Advances in induced pluripotent stem cell (iPSC) research is
moving the field towards clinical and translational applications.
iPSC derived from T cells may be particularly useful in immune
oncology applications; with proper differentiation T-iPSC could
provide an indefinite source of therapeutic T cells. Cells intended
for therapeutic applications require robust and consistent
iPSC generation workflows that utilize high quality reagents,
preferably xeno-free. In addition, there is an imperative need
for accurate and high throughput characterization methods
that qualify the identity, pluripotency, and genomic integrity
of cells. Methods that enhance consistency and thorough
characterization will minimize extra effort and costs associated
with clones that fail to expand, or do not meet quality standards
for downstream use. To streamline iPSC generation from T
cells, and ensure the consistent creation of high quality iPSCs,
xeno-free workflows were optimized to minimize the variability
in reprogramming efficiency observed between donors. Prior to
reprogramming, T cells were phenotyped, and a combination of
conditions were tested including hypoxia, matrix, and seeding
density. Optimization vyielded consistent iPSC generation
from potentially difficult to reprogram donor cells, with varying
efficiencies. Following reprogramming, T-cell derived iPSC
clones were analyzed for immune repertoire, leveraging a
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next-generation sequencing based assay,. The resulting iPSC
lines were also confirmed to be foot-print free, HLA profiled,
and were further subjected to comprehensive characterization
methods to assess the quality and safety profile. Pluripotency
and differentiation potential of iPSC clones was confirmed using
ScoreCard, a focused gqPCR panel, and PluriTest, an array-
based global gene expression platform. In addition, qualified
clones were thoroughly investigated for genomic stability. Each
of the clones tested showed a normal karyotype using both
traditional G-banding as well as array-based methods KaryoStat
and KaryoStat HD. The adoption of defined xeno-free workflows
with qualified reagents , in combination with comprehensive and
predictive characterization assays aids in easy transition of early
investigational work towards translational and clinical research.

W-3201

MAPPING DE-DIFFERENTIATION IN VIVO

Chondronasiou, Dafni - IRB, Barcelona, Spain
Real, Francisco — Molecular Oncology, CNIO, Madrid, Spain
Serrano, Manuel - IRB, Barcelona, Spain

The manipulation of cell fates through reprogramming is one of
the most exciting advances in recent years. The most important
breakthrough inthe field occurred when Yamanaka firstillustrated
the possibility to convert differentiated cells into pluripotent stem
cells by the ectopic expression of 4 transcription factors, Oct4,
Sox2, Kif4 and cMyc (4F). Our laboratory has demonstrated
that transient expression of these 4 factors leads to teratoma
formation in mice, indicative of in vivo reprogramming. We are
interested in deciphering de-differentiation induced by the 4F in
vivo. Using the reprogrammable mice, we test if de-differentiation
recapitulates intermediate phases of embryonic development in
reverse. For this purpose, we focused on pancreas which we
found to be the organ with the highest reprogramming efficiency
in vivo. We found that in vivo reprogramming of pancreas leads
to the loss of its acinar identity and the acquisition of an atypical
tubular morphology different from ductal cells. Interestingly,
these cells were characterized by KRT14 expression, a basal
marker that it is not normally expressed in pancreas. We also
observed that these atypical cells were able to contribute to
organoid formation, a hallmark of cells with stem-cell properties.
Moreover, these atypical KRT14 expressing cells were present
in many different tissues upon transient expression of 4F. We
believe that reprogramming in vivo may generate a type of
plastic cells with progenitor-like capacities distinct from those
already described during normal development and potentially
important for regeneration.

W-3203

EFFECT OF HUMAN STIMULATED-OOCYTE
EXTRACT ON INDUCING PLURIPOTENCY OF BONE
MARROW MESENCHYMAL STROMAL CELLS

Nagwa, El-Badri - Center of Excellence for Stem cells and
Regenerative Medicine (CESC), Zewail City of Science and
Technology, Giza, Egypt
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Alokda, Abdelrahman - Center of Excellence for Stem Cells
and Regenerative Medicine, Zewail City of Science and
Technology, Giza, Egypt

El-Gammal, Zaynab - Center of Excellence for Stem Cells
and Regenerative Medicine, Zewail City of Science and
Technology, Giza, Egypt

Mansour, Ragaa - Egyptian IVF Center, Cairo, Egypt

Reprogramming autologous adult cells to pluripotent cells allows
for relatively safe cell replacement therapy. This can be achieved
by nuclear transfer, cell fusion, or induced pluripotent stem
cell technology. However, the epigenetic memory of the cell
represents a formidable challenge for complete reprograming
using these methods. Mimicking physiological reprogramming
during fertilization by introducing oocyte-specific factors
into differentiated cells may thus represent a promising
reprogramming approach. However, earlier experiments
showed that lower species oocyte extract did not lead to stable
reprogramming. In this work, we present a novel technique
to reprogram somatic cells using human oocyte-extract.
Human Mil-phase stimulated-oocyte extract was applied at
different concentrations to reprogram human bone marrow
mesenchymal stem cells (BM-MSCs). Our data show that the
tested concentrations and treatment durations followed a bell
curve with peak level of pluripotency genes expression at 10ng/
ul and 4 days. After 4 days in culture, immature small and round
mitochondria with low numbers of swollen cristae were localized
proximal to the nuclei of the stimulated BM-MSCs. These cells
also showed higher expression of pluripotency genes, with
concomitant down-regulation of some mesenchymal-specific
genes. Morphological analysis and epithelial marker expression
failed to show evidence for mesenchymal-to-epithelial
transition. BM-MSCs treatment showed reprogramming of the
mitochondria into immature ones and entered the cells into the
initiation stage of the reprograming phases (initiation, maturation
and stabilization). These changes were optimally observed at
day 4, while no significant differences observed at day 1 and
day 7. The optimum concentration to induce pluripotency gene
expression was achieved at 10ng/ul, while significantly higher
proliferation and morphological changes were observed at the
higher concentration of 30ng/ul. This is further prooved by the
higher ability of the treated hBM-MSCs to form Embryoid bodies.
We conclude the success of human oocyte-extract to initiate
reprogramming of somatic BM-MSCs to pluriotency.

Funding Source: Science and Technology Development Fund,
Grant number 5300

W-3205

EFFICIENT DERIVATION, MAINTENANCE AND
CHARACTERIZATION OF HUMAN INDUCED
PLURIPOTENT STEM CELLS (HIPSCS) AT THE
CEDARS-SINAI IPSC CORE FACILITY

Gomez, Emilda - Regenerative Medicine Institute, Cedars-
Sinai Health System, West Hollywood, CA, USA

Panther, Lindsay - Regenerative Medicine Institute, Cedar-Sinai
Medical Center, Los Angeles, CA, USA
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Ornelas, Loren - Regenerative Medicine Institute, Cedars-Sinai
Medical Center, Los Angeles, CA, USA

Liu, Chunyan - Regenerative Medicine Institute, Cedars-Sinai
Medical Center, Los Angeles, CA, USA

Frank, Aaron - Regenerative Medicine Institute, Cedars-Sinai
Medical Center, Los Angeles, CA, USA

Trost, Hannah - Regenerative Medicine Institute, Cedars-Sinai
Medical Center, Los Angeles, CA, USA

Galvez, Erick - Regenerative Medicine Institute, Cedar-Sinai
Medical Center, Los Angeles, CA, USA

Perez, Daniel - Regenerative Medicine Institute, Cedars-Sinai
Medical Center, Los Angeles, CA, USA

Pinedo, Louis - Regenerative Medicine Institute, Cedars-Sinai
Medical Center, Los Angeles, CA, USA

Lei, Susan - Regenerative Medicine Institute, Cedars-Sinai
Medical Center, Los Angeles, CA, USA

Sareen, Dhruv - Regenerative Medicine Institute, Cedars-Sinai
Medical Center, Los Angeles, CA, USA

The Induced Pluripotent Stem Cell (iPSC) Core uses non-
integrating episomal reprogramming to expand and characterize
human iPSCs from blood of healthy and diseased subjects.
These iPSCs are differentiated into specific cells of the human
body for disease modeling and drug screening/toxicology
studies by researchers. Notably, we are also developing clinically
compatible methods for iPSC generation for development of
regenerative cell therapies. The Core has derived approximately
700 non-integrated iPSC lines from control subjects as well
as patients with diseases such as Spinal Muscular Atrophy,
Huntington’s Disease, and Amyotrophic Lateral Sclerosis.
Briefly, human peripheral blood mononuclear cells (PBMCs)
were isolated from individuals and cryopreserved in CryoStor
CS10. The PBMCs were then nucleofected using the Lonza
Amaxa 2D system and plated in 6-well plates. Individual
colonies with iPSC-like morphology appeared between day
25-32 and were mechanically isolated and transferred onto
12-well plates. The resulting clonal iPSC lines were further
expanded for characterization and distribution. iPSC pellets and
embryoid bodies were collected for self-renewal and germ layer
differentiation analysis, respectively, using hPSC Scorecard™
and cells were submitted to G-band karyotyping at early (p5-8)
and late (p18-22) passages. Based on our expansive karyotype
data, our cells lines report a 5% chromosomal abnormality rate.
This is significantly lower than previously published rates, which
would indicate that our cell lines are more karyotypically stable
than those derived from alternative methods. Once each line is
optimized and characterized, a distribution bank of ~25 vials is
made at late passage. The iPSC lines generated at the iPSC
Core are readily available for request. To date, we have shipped
over 1500 vials of characterized iPSCs to approximately 45
academic institutions and 25 commercial companies across
the globe. We have improved and optimized iPSC generation,
passaging and cryopreservation protocols. We have derived
excellent quality non-integrating iPSC lines while maintaining a
low rate of chromosomal abnormalities. Work is now underway
to transform our protocols into high-throughput and clinically
compatible iPSC generation platform.

W-3207

RESOLVING CELL FATE DECISIONS DURING
MOUSE SOMATIC CELL REPROGRAMMING BY
SINGLE-CELL RNA-SEQ

Chen, Jiekai - Cell Fate Decision Laboratory, Guangzhou
Institutes of Biomedicine and Health, Chinese Academy of
Sciences, Guangzhou, China

Guo, Lin - CAS Key Laboratory of Regenerative Biology,
Guangzhou Institutes of Biomedicine and Health, Chinese
Academy of Sciences, Guangzhou, China

Lin, Lihui - Guangzhou Institutes of Biomedicine and Health,
Chinese Academy of Sciences, CAS Key Laboratory of
Regenerative Biology, Guangzhou, China

Wang, Xiaoshan - CAS Key Laboratory of Regenerative
Biology, Guangzhou Institutes of Biomedicine and Health,
Chinese Academy of Sciences, Guangzhou, China

Gao, Mingwei - CAS Key Laboratory of Regenerative Biology,
Guangzhou Institutes of Biomedicine and Health, Chinese
Academy of Sciences, Guangzhou, China

Cao, Shangtao - CAS Key Laboratory of Regenerative Biology,
Guangzhou Institutes of Biomedicine and Health, Chinese
Academy of Sciences, Guangzhou, China

Kuang, Junqi - CAS Key Laboratory of Regenerative Biology,
Guangzhou Institutes of Biomedicine and Health, Chinese
Academy of Sciences, Guangzhou, China

Liu, He - CAS Key Laboratory of Regenerative Biology,
Guangzhou Institutes of Biomedicine and Health, Chinese
Academy of Sciences, Guangzhou, China

Liu, Jing - CAS Key Laboratory of Regenerative Biology,
Guangzhou Institutes of Biomedicine and Health, Chinese
Academy of Sciences, Guangzhou, China

Pei, Duanging - CAS Key Laboratory of Regenerative Biology,
Guangzhou Institutes of Biomedicine and Health, Chinese
Academy of Sciences, Guangzhou, China

Somatic cells can be reprogrammed into induced pluripotent
stem cells (iPSCs), which is a highly heterogeneous process.
Here we report the cell fate continuum during somatic cell
reprogramming at single-cell resolution. We first develop SOT
to analyze cell fate continuum from Oct4/Sox2/Klf4 or OSK
mediated reprogramming, and show that cells bifurcate into two
categories, reprogramming potential (RP) or non-reprogramming
(NR). We further show that Kif4 contributes to Cd34+/Fxyd5+/
Psca+ keratinocyte-like NR fate, and IFN-y impedes the final
transition to chimera competent pluripotency along the RP
cells. We analyze more than 150,000 single cells from both
OSK and chemical reprograming, and identify additional NR/
RP bifurcation points. Our work reveals a generic bifurcation
model for cell fate decisions during somatic cell reprogramming
that may be applicable to other systems and inspire further
improvements for reprogramming.
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W-3209

NEW POLYCISTRONIC TALENS GREATLY IMPROVE
GENOME EDITING

Bachiller, Daniel - Advanced Therapies Laboratory, CSIC,
Esporles, Spain

Palomino, Esther - Advanced Therapies Laboratory, CSIC,
Esporles, Spain

Martin, Jose Maria - R&D, KARUNA GCT, SL, Vitoria-Gasteiz,
Spain

Vallejo, Sara - Advanced Therapies Laboratory, CSIC,
Esporles, Spain

Sanchez, Aimudena - Advanced Therapies Laboratory, CSIC,
Esporles, Spain

Castresana, Monica - R&D, KARUNA GCT, SL, Vitoria-Gasteiz,
Spain

Fleischer, Aarne - R&D, KARUNA GCT, SL, Vitoria-Gasteiz,
Spain

Genome editing technologies have become some of the most
powerful tools in present day stem cell research. In spite of their
rapid acceptance and widespread use, there is still room for
improvement. In this communication we present data regarding a
new, more efficient, type of Transcription Activator-Like Effector
Nuclease (TALEN). Our group has generated polycistronic
genes in which classical TALEN coding sequences are linked by
2A elements to different fluorochromes. This structure results in
two proteins transcribed from the same plasmid, the second of
which (the fluorochrome) can be used as target for selection by
FACS. The use of these new TALEN-F genes allows for a rapid
enrichment of cells in which both members of the TALEN pair
are active and, thus eliminates the need for lengthily selection
in culture, and laborious characterization of a large number of
clones.

Funding Source: I1SCIII-P118/00334; MINECO: RTC2016-5324-
1 and PTQ-16-08496; Basque Government: HAZITEK STOP-
SIDA; European Fund for Regional Development (FEDER) and
European Social Fund (FSE).

W-3211

PRECONDITIONING OF DIMETHYLOXALYLGLYCINE
ENHANCES THE ANGIOGENIC EFFECT OF CANINE
ADIPOSE TISSUE-DERIVED MESENCHYMAL STEM
CELLS VIA HIF-1 ACTIVATION

An, Ju-Hyun - Department of Veterinary Internal Medicine,
Seoul National University, Seoul, Korea

Kim, Sang-Min - Seoul National University, Seoul, Korea

Li, Qiang - College of Veterinary Medicine, Seoul National
University, Seoul, Korea

Song, Woo-Jin - College of Veterinary Medicine, Seoul National
University, Seoul, Korea

Jeung, So-Young - College of Veterinary Medicine, Seoul
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National University, Seoul, Korea

Li, Jeong-Ha - College of Veterinary Medicine, Seoul National
University, Seoul, Korea

Park, Seol-Gi - College of Veterinary Medicine, Seoul National
University, Seoul, Korea

Rhew, Sung-Yong - College of Veterinary Medicine, Seoul
National University, Seoul, Korea

Chae, Hyung-Kyu - College of Veterinary Medicine, Seoul
National University, Seoul, Korea

Youn, Hwa-Young - College of Veterinary Medicine, Seoul
National University, Seoul, Korea

The paracrine function of mesenchymal stem cells (MSCs)
has been recently observed during transplantation, due to the
poor differentiation ratio. Dimethyloxalylglycine (DMOG) has
been used to promote angiogenesis in experimental animal
models, but comparable approaches for canine MSCs are not
sufficient. In the present study, we assessed whether DMOG
improves angiogenesis in canine adipose tissue-derived
mesenchymal stem cells (CAT-MSCs). cAT-MSCs were treated
with DMOG and their effect on angiogenesis was investigated
by cell proliferation assay, western blot, and tube formation
assay. Dimethyloxalylglycine preconditioning enhanced the
expression of vascular endothelial growth factor (VEGF) among
pro-angiogenic factors in cAT-MSCs via hypoxia-inducible
factor 1a stabilization. Dimethyloxalylglycine primed-cAT-
MSC-conditioned media increased angiogenesis with human
umbilical vein endothelial cells. These results suggest that
DMOG-conditioned cAT-MSCs augmented the secretion of
VEGF, which acted as a prominent pro-angiogenic factor during
angiogenesis. In clinical trials, DMOG primed cAT-MSCs might
induce more beneficial effects on ischemic diseases.

Funding Source: This study was supported by the Research
Institute for Veterinary Science, Seoul National University and
Basic Science Research Program of the National Research
Foundation of Korea.

W-3213

RAPID, EFFICIENT AND PRECISE GENE KNOCKIN
IN STEM CELLS

Beltran, Adriana S - Human Pluripotent Stem Cell Core,
Pharmacology Department, University of North Carolina at
Chapel Hill, NC, USA

Olivares, Felix - Pharmacology, University of North Carolina at
Chapel Hill, NC, USA

Purvis, Jeremy - Genetics, University of North Carolina at
Chapel Hill, NC, USA

Wolf, Sam - Genetics, University of North Carolina at Chapel
Hill, NC, USA

The targeting efficiency of knockin sequences in non-expressed
genes is generally low in human embryonic stem (hES) and
induced pluripotent stem (iPS) cells. To address this challenge,
we describe a method that uses either a single-stranded
DNA repair oligo or an enzyme-cut transgene donor with
asymmetrical arms. These components are electroporated
along with a recombinant Cas9 protein and single guide RNA
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into hES and iPS cells. Electroporated cells are cultured for 72
hours, then half of the cells are cryopreserved and half cells are
collected for genomic PCR and sequenced to predict screening
size. An allele-specific PCR was designed to screen transduced
clones, and selected clones were sequenced to ensure correct
incorporation of the donor DNA. Overall targeting efficiency
ranged from 30 to 70% for a repair oligo and 5 to 20% for the
double stranded donor. Modified cells were characterized and
able to differentiate into specific cell types. The high knockin
efficiency achieved, makes the proposed method suitable to
engineer isogenic stem cells and reporter systems, which can
provide new insights into the molecular mechanism of cell
differentiation or facilitate drug screening.

W-3215

ARTIFICIAL INTELLIGENCE IN THE REGENERATIVE
MEDICINE LANDSCAPE

Jakimo, Alan L - Regenerative Medicine Foundation, New
York, NY, USA

Since the 1950s, information science, benefiting from
the invention of the transistor, and life science, benefiting
from the elucidation of the structure of DNA, have become
increasingly entwined, with research and development in one
field inspiring research and development in the other. This
symbiotic relationship extends broadly across a landscape
that combines the functional activities within each field: R&D,
engineering, coding, manufacturing, diagnosis and treatment,
regulatory compliance, patient advocacy, marketing, and data
analysis. The growing linkages between artificial intelligence
and regenerative medicine presents the most recent set of
features in this dynamic landscape. We explore these features
along three dimensions: the life science pathway from discovery
and development to regulatory approval and commercialization
of innovative products; the disciplines that comprise artificial
intelligence (including machine learning, deep learning, image
processing, computational reasoning, natural language
processing, and expert systems); and the combined functional
activities mentioned above. The manifold formed by these three
dimensions enables us to map existing applications of Al to
regenerative medicine and to identify potential extensions of
these applications as well as opportunities for development
of novel applications. Existing applications, for example,
include machine learning for pluripotency screening and image
processing to study cell line differentiation. Opportunities for
innovation include development of natural language-based
predictive models for precision-oriented cell-based regenerative
therapies, and deep learning for discovery and development of
new therapies. Cell- and gene-based therapies will generate
unprecedented volumes of data, and we expect that the
processing, analysis and comprehension of this data will be
substantially facilitated with the Al toolset.

W-3217

IMAGE-BASED ASSESSMENT OF PSC QUALITY
DURING EARLY IPSC ESTABLISMENT

Choi, Alexander - Cell Biology Division, Thermo Fisher
Scientific, Solana Beach, CA, USA

Somatic reprogramming for the generation of induced
pluripotent stem cells (iPSC) has rapidly evolved with promising
applications in disease modeling and translational applications.
Genetically diverse iPSC derived from varying somatic sources
is enabled by foot-print free reprogramming methods under
different culture conditions. Despite these advances, early iPSC
identification and clonal expansion continues to be a tedious
and laborious process which needs to be further streamlined
for high throughput and automated workflows. Traditional
methods of morphological assessment are now complemented
with a combination of positive and negative markers albeit with
varying levels of success. Previously we had reported the use of
CD44 and SSEA1 to distinguish unreprogrammed and partially
reprogrammed cells from fully reprogrammed colonies. This and
other similar methods have been used to effectively identify and
select bona fide iPSC. Here, we extend this approach to monitor
subtle differences in early expanding iPSC clones to eliminate
unstable clones that have a higher propensity to spontaneously
differentiate. Using a panel of surface and intracellular markers
(OCT4, TRA-1-60, organelle markers, et al.), correlation of
morphology to the increase or decrease of specific markers were
measured using global transcriptome analysis and confirmed
using immunostaining . Additionally, cellular organization in
PSC colonies was dissected using organelle dyes. Combined
use of marker expression with cellular organization provides
a compelling avenue to explore the subtle and in most cases
unobservable morphological changes that can signal early
differentiation before it would otherwise become apparent.
This could benefit stem cell researchers by providing them with
greater confidence when picking freshly reprogrammed clones
to expand and invest in.

W-3219

DONOR-FREE MESENCHYMAL STEM CELLS
EXPANDED IN A CUSTOM MICROCARRIER
SYSTEM

Haskell, Andrew W - College of Medicine, Texas A&M Health
Science Center, Bryan, TX, USA

Rogers, Robert - College of Medicine, Texas A&M Health
Science Center, Bryan, TX, USA

Phinney, Phinney - Department of Biomedical Engineering,
Texas A&M University, College Station, TX, USA

Tahan, Daniel - Department of Economics, Texas A&M
University, College Station, TX, USA

Leong, Tiffany - Department of Biomedical Engineering, Texas
A&M University, College Station, TX, USA

Kaunas, Roland - Department of Biomedical Engineering,
Texas A&M University, College Station, TX, USA
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Gregory, Carl - College of Medicine, Texas A&M Health
Science Center, College Station, TX, USA

Mesenchymal stem cells (MSCs) are attractive candidate
cytotherapeutics for treatment of inflammatory disorders,
cancers, and musculoskeletal diseases. However, the ability to
generate clinically relevant quantities of MSCs is impaired by
several factors including donor-to-donor variation in cell quality,
expensive supplements such as fetal bovine serum (FBS) or
human platelet lysates (hPL) in cell culture media, and significant
time investments for production of large scale quantities. To
address issues with donor variability, we have developed
“donor-free” MSCs from a theoretically infinite source of
induced pluripotent stem cells (iPS-MSCs). Expansion of the
cells on custom gelatin methacrylamide (GelMA) microcarriers
permits reproducible and large-scale expansion of MSCs into
a potential therapeutic product, while dismissing many of the
current limitations with manufacture. Expansion of iPS-MSCs on
these microcarriers requires less than half of the standard FBS
or hPL used in monolayer culture while maintaining comparable
proliferation rates and maintenance of favorable therapeutic
attributes. Continuous morphological analysis of cultures permits
non-invasive assessment of culture quality and supplementation
of FBS or hPL can be applied as needed to maintain the quality of
the cells during expansion. The microcarriers can be loaded with
growth factors or attachment substrates during synthesis, and
can be digested by brief trypsin exposure to facilitate harvest.
Herein, we propose a sustainable source of reproducible MSCs
and a customizable platform for their large-scale expansion that
maintains culture quality and reproducibility while minimizing the
cost of media supplementation and harvest.

Funding Source: Grants from the Texas A&M X-Grant
Presidential Excellence Fund, NIAMS R0O1AR066033 and the
Cancer Prevention and Research Institute of Texas.

W-3221

REACTIVATION OF GENE EXPRESSION AFTER
CRISPRI KNOCKDOWN IN PLURIPOTENT AND
DIFFERENTIATED CELLS

Reinhardt, Anika - Department of Life Science Frontiers,
Center for iPS Cell Research and Application (CiRA), Kyoto
University, Kyoto, Japan

Lee, Suji - Department of Life Science Frontiers, Center for iPS
Cell Research and Application (CiRA), Kyoto University, Kyoto,
Japan

Braam, Mitchell J. S. - Department of Cellular and Physiological
Sciences, University of British Columbia, Vancouver, BC,
Canada

Kieffer, Timothy J. - Department of Cellular and Physiological
Sciences, University of British Columbia, Vancouver, BC,
Canada

Woltjen, Knut - Department of Life Science Frontiers, Center
for iPS Cell Research and Application (CiRA), Kyoto University,
Kyoto, Japan
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CRISPR-interference (CRISPRI) using nuclease-dead Cas9
(dCas9) is a widely employed tool for targeted gene knockdown.
Fusion of the KRAB repressor domain to dCas9 (dCas9-KRAB)
further improves gene repression by recruiting epigenetic
modifiers, and drug-regulated expression of dCas9-KRAB allows
for inducible and reversible CRISPRi. However, the long-term
effects of epigenetic modification on gene reactivation have not
been fully elucidated. In order to study target gene reactivation
in pluripotent and differentiated cells, we constructed a novel
human Tet-OFF CRISPRI induced pluripotent stem (iPS) cell line
that expresses dCas9-KRAB in the absence of doxycycline for
constitutive, yet drug-reversible, gene knockdown. As a model,
we selected sgRNAs targeting beta-2 microglobulin (B2M),
the common subunit of human leukocyte antigen class | (HLA
cl), resulting in iPS cells that lack HLA cl presentation. The
addition of low-concentration doxycycline completely blocked
dCas9-KRAB expression, permitting reactivation of B2M and
the return of HLA cl molecules to the surface of iPS cells. In
haematopoietic progenitor cells a robust B2M knockdown was
similarly achieved, but HLA cl presentation was not recovered
upon doxycycline-treatment, despite the lack of dCas9-KRAB.
These data suggest an altered capacity for erasing repressive
epigenetic marks in pluripotent versus differentiated cells, and
sheds new light on the reversibility of CRISPRi using dCas9-
KRAB.

Funding Source: We acknowledge Kakenhi Scientific Research
C for generous funding.

W-3223

DISSOLVABLE POLYGALACTURONIC ACID
MICROCARRIERS FOR HMSC GROWTH AND
EFFICIENT RECOVERY

Mogen, Austin Blake - Corning Incorporated, Corning, NY,
USA

Weber, Jennifer - Corning Incorporated, Corning, NY, USA
Scibek, Jeffery - Life Sciences Development, Corning
Incorporated, Corning, NY, USA

Two-dimensional cultureware and multi-stack vessels are used
frequently to scale-up adherent cells. Unfortunately, these lack
the ability to monitor and control the cellular environment, and
manipulation of multiple vessels can be labor-intensive and risk
culture contamination. Cell growth on microcarriers in closed-
system bioreactors can minimize the challenges associated
with these planar technologies. Bioreactors provide the ability to
remotely and non-invasively monitor and control the cell culture
environment in real time, and cell growth on microcarriers allows
theflexibility to optimize the total surface area, thereby maximizing
the cell yield per unit volume. Utilizing both technologies
enables efficient scale-up of cells for therapeutic applications.
Depending on cell type and density, cell release and separation
from microcarriers can be difficult. Effective cell recovery from
microcarriers often requires the use of concentrated enzymes,
extended treatment times, and continuous centrifugation/
filtration cycles, which can negatively affect cell health and
recovery yield. To address these challenges, we developed a
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calcium-crosslinked polygalacturonic acid (PGA) microcarrier
that can be dissolved during the cell harvest process. Microcarrier
dissolution requires EDTA to chelate calcium ions and pectinase
to degrade the PGA polymer. When a single cell solution is
desired, a standard cell culture protease (e.g. trypsin, accutase,
dispase) can be directly added to the EDTA/pectinase solution.
In contrast, when cell-cell and cell-ECM protein networks are
critical for cell pluripotency or differentiation capability, cells are
released as sheets as the microcarriers dissolve, and agitation
(i.e. shear) during microcarrier dissolution can control the cell
aggregate size. Here we demonstrate human mesenchymal
stem cell (hMSC) growth on dissolvable microcarriers in spinner
flasks and controlled bioreactor systems. Cells maintained their
respective phenotype and functionality after recovery from
microcarriers. In addition, we show cell passage via bead to
bead transfer and discuss best practices for optimization of
this type of passage method. As presented here, dissolvable
microcarriers in bioreactors enable efficient production and
recovery of a high-quality cell product.

W-3225

STRUCTURAL AND MOLECULAR-BASED
DIFFERENTIAL FEATURES BY LONG TERM-
INDUCED MESENCHYMAL STEM CELLS IN A RAT
MODEL OF PARKINSONS DISEASE

Song, Byeong-Wook - Department for Medical Sciences,
Catholic Kwandong University, Incheon, Korea

Kim, ll-Kwon - Institute for Bio-Medical Convergence, Catholic
Kwandong University, Incheon, Korea

Lee, Jiyun - Institute for Bio-Medical Convergence, Catholic
Kwandong University, Incheon, Korea

Kang, Misun - Institute for Bio-Medical Convergence, Catholic
Kwandong University, Incheon, Korea

Park, Jun-Hee - Institute for Bio-Medlical Convergence,
Catholic Kwandong University, Incheon, Korea

Choi, Jung-Won - Institute for Bio-Medical Convergence,
Catholic Kwandong University, Incheon, Korea

Kim, Sang Woo - Institute for Bio-Medical Convergence,
Catholic Kwandong University, Incheon, Korea

Lim, Soyeon - Institute for Bio-Medical Convergence, Catholic
Kwandong University, Incheon, Korea

Lee, Seahyoung - Institute for Bio-Medical Convergence,
Catholic Kwandong University, Incheon, Korea

Hwang, Ki-chul - Institute for Bio-Medical Convergence,
Catholic Kwandong University, Incheon, Korea

Adult stem cell is a therapeutic source for restoring neuronal
function in brain disease. To improve Parkinson’s disease (PD)
belonging to neurodegenerative disease, stem cell therapy
is known to functionally enhance nigrostriatal dopaminergic
neurons. Despite these functional recoveries, the long-term state
of stem cells in vivo and their relationship with surrounding cells
have not been clearly studied. In previous study, we examined
a three dimensional structure of intact brain tissue after bone
marrow mesenchymal stem cell (MSC) treatment at short-term
induction in PD. In this study, we investigated in vivo Proof-

of-concept and their microenvironment of MSCs 1 year after
transplantation into 6-hydroxydopamine hydrobromide-induced
rat PD model at the medial forebrain. One year after surgery,
amphetamine-induced rotation test was performed to evaluate
the degree of the dopaminergic lesion. For transplantation,
MSCs were injected into the femoral vein. One day after the final
behavior test, the rats were anaesthetized, and perfused with a
mixture of 4% paraformaldehyde, 4% acrylamaide, 0.05% bis-
acrylamide, 0.25 VA044 in PBS. Isolated brains were incubated
in 4°C for 2 days, and then temperature was increased to 37°C
to induce polymerization for 2.5 hours. Hydrogel-embedded
brains were plated in 10~60V organ-electrophoresis system,
circulating 200 mM sodium borate buffer with 4% SDS. For
three dimensional interface of graft-host axis, it was visualized
by immunofluorescence to MSC-positive cells (PKH26-labelled),
polysialylated neural cell adhesion molecule, and/or neuron-
specific class lll beta-tubulin or NeuN marker. At this site, we
analyzed RNA-Sequencing to confirm the change of gene
expression between PD and PD transplanted with MSC group.
Using Excel-based Differentially Expressed Gene Analysis
tool, we analyzed the categories related to cell migration and
neurogenesis between the two groups. Furthermore, GO and
Pathway and Network Analysis was mainly performed on
the specifically changed genes. Taken together, our results
demonstrate distinct pathophysiological and molecular patterns
of in vivo responses between PD and PD transplanted with
MSCs suggest structural and molecular-based differential
features as candidate tool for the evaluation of stem cell during
long-term therapy.

Funding Source: This study was funded by NRF-
2015R1C1A1A02037693 and NRF-2015M3A9E6029519.

W-3227

INTRODUCING THE CIRM STEM CELL HUB

Villarreal, Christopher - Genomics Institute, 444015, Santa
Cruz, CA, USA

The California Institute for Regenerative Medicine (CIRM) and
the Center of Excellence in Stem Cell Genomics (CESCQG) is
spearheading the investigation into how stem cells can be
used to treat disease. The CESCG funds projects at universities
and research institutes across California. These projects were
intended to interrogate a few different broad subjects such as
neurobiology, cardiac biology, blood stem cells and therapeutics,
and the molecular regulators of stem cells. The Stem Cell Hub
is the data warehouse for the data produced by the CESCG. It
houses primary data files such as DNA reads in fastq format,
as well as many types of files derived from mapping and other
analysis of the primary data, and other document files describing
protocols. It has a small but flexible system for associating
metadata with a file. Any CIRM-genomic associated lab can
submit data. Once submitted, data is treated as prepublication
human sequence data, and access is only allowed to authorized
users. The CIRM Stem Cell Hub contains nearly 60 terabytes of
data that covers a large variety of sequencing assays, including
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a vast amount of single-cell data. Researchers can compare
experiments with our visualization tools, using metadata terms
to color and arrange figures as a way of understanding which
genes are driving stem cell actions.

Funding Source: California Institute for Regenerative Medicine
grant GC1R-06673-C

W-3229

DEVELOPMENT OF A FEEDER-FREE PSC CULTURE
SYSTEM ENABLING TRANSLATIONAL and
CLINICAL RESEARCH

Kuninger, David - Biosciences Division, Thermo Fisher
Scientific, Frederick, MD, USA

Sangenario, Lauren - Biosciences Division, Thermo Fisher
Scientific, Frederick, MD, USA

MacArthur, Chad - Biosciences Division, Thermo Fisher
Scientific, Carlsbad, CA, USA

Johnson, Debra - Biosciences Division, Thermo Fisher
Scientific, Frederick, MD, USA

Lakshmipathy, Uma - Biosciences Division, Thermo Fisher
Scientific, Carlsbad, CA, USA

Newman, Rhonda - Biosciences Division, Thermo Fisher
Scientific, Frederick, MD, USA

Pluripotent stem cell (PSC) culture using the xeno-free Essential
8™ Medium/truncated recombinant human Vitronectin system
has been shown to support normal PSC properties and
provide a large pool of cells for disease modeling and drug
development. As research moves from translational to clinical
research, general regulatory guidance from the US Food and
Drug Administration (FDA) indicates that, cGMP manufactured,
or clinical grade reagents should be used whenever available
as ancillary reagents to minimize downstream risk to patients.
Thus, we sought to identify regulatory compliant, animal-
origin-free alternatives for growth factors contained within the
Essential 8™ Medium, producing a qualified ancillary system for
PSC expansion. Here we present data to support a seamless
transition from the xeno-free Essential 8™ Medium system to
the Cell Therapy Systems (CTS™) animal-origin free system.
Compatibility is shown with cGMP-manufactured CTS™
passaging and cryopreservation reagents, including CTS™
Versene Solution, CTS™ RevitaCell™ Supplement, and CTS™
PSC Cryomedium. Furthermore, we developed a completely
xeno-free workflow for derivation of pluripotent stem cells from
human dermal fibroblasts. Upon expansion of newly derived
or adapted clones, PSCs are shown to maintain normal PSC
properties, including morphology, pluripotency, karyotype, and
trilineage differentiation potential. Maintenance of normal PSC
properties are also shown to be maintained during expansion
up to 370 million cells from a 2-stack Nunc™ EasyFill™ Cell
Factory, indicating that this clinical grade ancillary system can
support large numbers of viable PSCs. Together these data
support that the CTS™ culture medium reagents provide a
consistent, feeder-free PSC culture system for translational and
clinical research.
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W-3231

REVEAL THE FULL COMPLEXITY OF CELLULAR
DIVERSITY WITH SINGLE CELL GENOMICS

Meer, Elliott - 70x Genomics, Pleasanton, CA, USA

Unraveling stem cell diversity and fate requires the ability
to identify individual gene expression profiles and cellular
subtypes, trace cellular lineage, and predict cellular potential.
Biased cellular analysis and pooled samples have limited
stem cell research and contributed to the masking of dynamic
cellular events that occur during cellular differentiation, cellular
transdifferentiation, reprogramming to pluripotency, and disease
modeling of stem cell derived 2D and 3D organoid in vitro culture
systems. Single cell analysis can provide novel insights into the
molecular mechanisms underlying both normal cellular function
and disease states, and is crucial in understanding the complex
interplay between cell lineages, transcription factors, and
signaling pathways. Single cell genomics technologies from 10x
Genomics provide comprehensive, scalable solutions for cell
characterization and gene expression profiling of hundreds to
tens of thousands of cells, without a need for prior knowledge of
cell types or markers. Explore our newest single cell technologies
such as the Single Cell ATAC Solution and Single Cell Gene
Expression Solution which enables simultaneous measurements
of cell surface proteins, CRISPR pooled gRNAs, and potentially
more “features”. Learn how multi-omic interrogations of your
sample and spatially resolved transcriptomic measurements
can help uncover cellular heterogeneity at high resolution.

W-3233

HIGH-LEVEL GENE AMPLIFICATION IN HUMAN
PLURIPOTENT STEM CELLS

Mcintire, Erik - Cytogenetics, WiCell Research Institute,
Madison, WI, USA

Leonhard, Kimberly - Cytogenetics, WiCell Research Institute,
Madison, WI, USA

Ludwig, Tenneille - Stem Cell Bank, WiCell Research Institute,
Madison, WI, USA

Nisler, Benjamin - Cytogenetics, WiCell Research Institute,
Madison, WI, USA

Larson, Anna Lisa - Cytogenetics, WiCell Research Institute,
Madison, WI, USA

Velazquez, Gustavo - Cytogenetics, WiCell Research Institute,
Madison, WI, USA

Schutter, Erica - Cytogenetics, WiCell Research Institute,
Madison, WI, USA

Anderson, Brenna - Cytogenetics, WiCell Research Institute,
Madison, WI, USA

Taapken, Seth - Cytogenetics, WiCell Research Institute,
Madison, WI, USA

Human pluripotent stem cells (hPSCs) share several unique
properties with cancer cells, including high growth rate, self-
renewal, and acquisition of recurrent genetic abnormalities that
confer a selective growth advantage. In hPSCs, these recurrent
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abnormalities can be acquired during routine cell culture,
and they present a potential safety concern for regenerative
medicine. Additionally, recurrent abnormalities endow the
aberrant hPSCs with additional cancer-like traits, namely
apoptotic resistance and reduced differentiation potential.
At present, gain of the BCL2L1 gene region on chromosome
20g11.21 is the most frequently acquired abnormality. We
describe a novel instance of focal, high-level amplification
(=8 total copies) of BCL2L1 in an hPSC line at high passage
number. High-level amplification of a recurrently acquired
abnormality is unreported in hPSCs, although it is prevalent in
cancer and correlates with poor prognosis and drug resistance.
We performed extensive cytogenetic characterization of this
hPSC line, including chromosomal microarray that revealed a
stepwise amplification pattern of increasing copy number gains
across the 888 kilobase region. Stepwise amplification typically
results from constant selection pressure, in which the repeatedly
gained amplicon narrows to only the driver gene (in this case,
BCL2L1) at the region’s apex. Such amplification patterns are
used for potential driver gene identification in cancer. These
findings demonstrate the same mapping utility of amplification
in hPSCs, since BCL2L1 has previously been confirmed as a
driver gene through other methods. Therefore, we apply this
mapping strategy to another recurrent abnormality with a known
minimal overlapping region: gain of chromosome 1q, refined to
cytoband 1g32.1. We performed microarray testing on hPSC
cultures with 1g32.1 gain; preliminary findings identified the
smallest measured size of the recurrent region at 1.9 megabases
and containing only 31 genes. The emergence of high-level
gene amplification in hPSCs is concerning as it is an additional
parallel with cancer. This strategy provides a new approach
to map driver genes, thereby enabling targeted screening and
providing insight into the functional consequences of recurrent
abnormalities in hPSCs.

W-3235

SCRAPER-FREE DETACHMENT METHOD USING
EDTA WITHOUT TRYPSIN FOR HUMAN INDUCED
PLURIPOTENT STEM CELLS CULTURED ON
LAMININ-511E8

Ebisu, Fumi - Institute for Protein Research, Osaka University/
Matrixsome Inc, Suita, Japan

Yamamoto, Ayano - Institute for Protein Research, Osaka
University/Matrixome Inc, Osaka, Japan

Taniguchi, Yukimasa - Institute for Protein Research, Osaka
University, Osaka, Japan

Onishi, Eriko - Institute for Protein Research, Osaka University,
Osaka, Japan

Abe, Junko - Institute for Protein Research, Osaka University,
Osaka, Japan

Sekiguchi, Kiyotoshi - Institute for Protein Research, Osaka
University, Osaka, Japan

Recombinant E8 fragment of laminin-511 (LM511E8) is used in
the culturing of human pluripotent stem cells (hPSCs) because it
sustains long-term single cell passaging, preserves pluripotency
and maintains cells in an undifferentiated state. LM511E8 is
a truncated form of laminin-511, and its ability to offer these
features comes from its binding activity with integrin a631, an
isoform predominantly expressed on hPSCs. However, because
of their strong interaction with each other, trypsinization followed
by scraping is required 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
detachment method for human induced pluripotent stem cells
(hiPSCs) cultured on LM511E8. By referring to the protocols
available to date, we examined whether incubation of hiPSCs
with 5 mM EDTA/PBS(-) at 37°C for 15 min enabled to detach the
cells with high efficiency. The inclusion of trypsin to EDTA/PBS(-
) was also tested to see if there were any additional 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
addition of trypsin decreased the detachment efficiency. This
decrease was rescued when enough trypsin inhibitor was added
to neutralize the enzyme, therefore the lowered detachment
rate must be a result of its proteolytic activity, suggesting an
ill-defined mechanism operating in hiPSCs to render them less
susceptible for cell detachment by depletion of divalent cations.

W-3237

SELECTION OF CARDIOMYOCYTE
DIFFERENTIATION POTENCY OF HUMAN INDUCED
PLURIPOTENT STEM CELLS BY TANTALUM OXIDE
NANODOT ARRAYS

Lu, Huai-En - iPS Cell Bank, Bioresource Collection and
Research Center (BCRC), FIRDI, Hsinchu, Taiwan

Su, Ming-Wen - iPS Cell Bank, Bioresource Collection and
Research Center (BCRC), FIRDI, Hsinchu, Taiwan

Lan, Kuan-Chun - Institute of Molecular Medicine and
Bioengineering, National Chiao Tung University, Hsinchu,
Taiwan

Syu, Shih-Han - iPS Cell Bank, Bioresource Collection and
Research Center (BCRC), FIRDI, Hsinchu, Taiwan

Chen, Po-Chun - Department of Materials and Mineral
Resources Engineering, National Taipei University of
Technology, Taipei, Taiwan

Lin, Yan-Ren - Department of Emergency Medicine, Changhua
Christian Hospital, Changhua, Taiwan

Chen, Wen-Liang - Department of Biological Science and
Technology, National Chiao Tung University, Hsinchu, Taiwan

Human iPSC-derived cardiomyocyte is a high potential source
for disease modeling, high throughput toxicity screening,
and cell-based therapies for cardiac disorders. However, not
all iPSC lines can differentiate into cardiomyocytes with the
consistent efficiency. In several reports, Nanotopography
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modulates cell fate in relating to the diameter of the nanodots.
In this study, we demonstrated how various nano-sized surface
modulate the gene profile of iPSC differentiation and attempt to
evaluate the cardiomyocyte differentiation potency of iPSCs by
using Tantalum Oxide (TO) nanodot arrays. A series of nanodot
arrays were fabricated in different dot diameter ranging from 10
to 200 nm. Four iPSC lines were cultured with EB medium on
these various nanodot arrays or on the flat surface (including
matrigel/ gelatin-coated flat surface) for 7 days. Pluripotent and
cardiac-related genes were examined by quantitative RT-PCR
(9PCR). Furthermore, differentiation efficiency of iPSC-derived
cardiomyocytes was confirmed by flow cytometry. The gPCR
results showed that gene expression of iPSCs cultured on the
TO nanodot surface was significantly enhanced compared with
those on flat surface. Flow cytometry analysis indicated that
the highest express level of two cardiac-related genes, NKX2.5
and GATA4, of iPSCs on 200 nm nanodot surface had positive
correlation to the high differentiation efficiency of iPSC-derived
cardiomyocytes. In conclusion, this 200nm nanodot arrays can
be applied as a selective platform to screen iPSC lines with high
efficiency of cardiomyocyte differentiation. Furthermore, we
hope that this platform can provide shortcut to select good iPSC
lines for differentiation to other cell types and overwhelm time
consuming of conventional protocol.

Funding Source: MOST 107-2218-E-080 -001
W-3239

CONTRAST AGENT FREE ACOUSTOFLUIDIC GENE
DELIVERY TO HUMAN HEMATOPOIETIC STEM AND
PROGENITOR CELLS

Belling, Jason N - Chemistry and Biochemistry, University of
California, Los Angeles, CA, USA

Heidenreich, Liv - Chemistry and Biochemistry, University of
California, Los Angeles, CA, USA

Tian, Zhenhua - Mechanical Engineering, Duke University,
Durham, NC, USA

Mendoza, Alexandra - Chemistry and Biochemistry, University
of California, Los Angeles, CA, USA

Chiou, Tzu-Ting - Pediatrics, University of California, Los
Angeles, CA, USA

Gong, Yao - Chemistry and Biochemistry, University of
California, Los Angeles, CA, USA

Chen, Natalie - Medicine and Human Genetics, University of
California, Los Angeles, CA, USA

Young, Thomas - Chemistry and Biochemistry, University of
California, Los Angeles, CA, USA

Wattanatorn, Natcha - Chemistry and Biochemistry, University
of California, Los Angeles, CA, USA

Scarabelli, Leonardo - Chemistry and Biochemistry, University
of California, Los Angeles, CA, USA

Chiang, Naihao - Chemistry and Biochemistry, University of
California, Los Angeles, CA, USA

Takahashi, Jack - Chemistry and Biochemistry, University of
California, Los Angeles, CA, USA

Young, Steven - Medicine and Human Genetics, University of
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California, Los Angeles, CA, USA

De Oliveira, Satiro - Pediatrics, University of California, Los
Angeles, CA, USA

Stieg, Adam - California NanoSystems Institute, University of
California, Los Angeles, CA, USA

Huang, tony - Mechanical Engineering, Duke University,
Durham, NC, USA

Weiss, Paul - Chemistry and Biochemistry, University of
California, Los Angeles, CA, USA

Jonas, Steven - Pediatrics, University of California, Los
Angeles, CA, USA

Advances in gene editing are inspiring innovative regenerative
medicine approaches and therapeutic interventions where
physicians are able to correct disease-causing mutations in
patients’ own cells to treat genetic diseases. One of the critical
limitations that precludes the clinical translation of these novel
treatments is the development of scalable technologies that can
engineer cells efficiently, safely, and economically. To address
this challenge, we are developing and applying a microfluidic
method to deliver biomolecular cargo intracellularly based
on the permeabilization of cell membranes using acoustic
induced shearing against the sidewall of a glass capillary. This
acoustofluidic-mediated approach achieves rapid and efficient
intracellular delivery of an enhanced green fluorescent protein
(eGFP)-expression plasmid to Jurkat cells at a throughput of 12
million cells/hour/channel, showing 62% eGFP-expression after
72 h post-acoustic treatment. Our data indicate the working
mechanism of acoustofluidic delivery includes cytosolic diffusion
across the plasma membrane, endocytic transport, and nuclear
membrane rupture. Following these observations, we tested
delivery to peripheral blood mononuclear cells and CD34+
hematopoietic stem and progenitor cells and showed positive
eGFP-expression in both cell types. Collectively, these results
demonstrate significant potential for this device to be utilized
for mechanistic studies of cell membrane repair that will inform
strategies for manufacturing gene-modified stem cell therapies
and cancer immunotherapies.

Funding Source: Alex’s Lemonade Stand Foundation for
Childhood Cancer Hyundai Hope on Wheels NHLBI/UC Center
for Accelerated Innovation

W-3241

CHEMICALLY DEFINED YEAST ALBUMIN
SUPPORTS ROBUST EXPANSION AND VIABILITY
OF DIFFERENT CELL LINES IN CULTURE

Chern, Jeffy - R&D, Albcura Co., New Taipei City, Taiwan
Hsu, Meng-Tsung - Business development, Albcura Co., New
Taipei City, Taiwan

Gupta, Tripti - R&D, Albcura, New Taipei City, Taiwan

Mammalian cell culture has played an important role in the
progression of the life sciences over many decades. More
recently, it has played a key role in the application of biomedical
research for the development of new therapeutic strategies.
Cell culture has been an important element in the discovery of
umpteen biological factors vital for the overall understanding of
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the whole animal at cellular and molecular level. Last decade
has seen an increase in the importance of cell culture in the
advancement of stem cell technology, drug discovery, cellular
therapy and vaccine production. Human serum albumin
(HSA) has long been an indispensable element of cell culture
methodology, as a supplier of hormones, growth and attachment
factor. Its unique intrinsic biochemical and biophysical properties
have been exploited in various fields of biologics. Current desire
for high quality and animal-free components has led to the
development of recombinant versions of albumin. Here, we
introduce our in house chemically defined yeast recombinant
albumin, namely deAlbumin. We employed a patent-pending
process to produce high purity of recombinant human serum
albumin formulated with a pool of defined chemicals found in
plasma derived albumin which shows most robust performance,
which delivers a secure supply of batch-to-batch consistent
materials. Moreover, we provide an established path through
the regulatory approval process, and customer assurance to
facilitate the safe and successful use of our product. Absence
of any animal-derived component makes deAlbumin an ideal
component for cell cultures. In addition to the above-mentioned
cell lines, upon request, customization of deAlbumin in different
cell types is being offered.

LATE-BREAKING ABSTRACTS

W-4001

SELECTIVE EXPANSION OF MYOGENIC STEM
CELLS FOR MUSCLE REGENERATION

Fang, Jun - Bioengineering, University of California, Los
Angeles, CA, USA

Li, Song - Bioengineering, University of California, Los Angeles,
CA, USA

Traumatic injury of skeletal muscle often leads to muscle loss and
dysfunction. Activation of resident stem cells or transplantation
of myogenic stem cells can be employed to regenerate muscle.
However, the limited availability of autologous myogenic stem
cells and the lack of an effective method to expand satellite
these cells for therapeutic use are major barriers for effective
therapies. Here we discovered a chemical cocktail which that
can selectively induce and expand induced a robust expansion
of myogenic stem cells (CiMSCs) with high efficiency from
both easily obtainable dermal fibroblast population and
skeletal muscle cells-like cells. Further Detailed in vitro analysis
showed illustrates that these selective expanded chemically-
induced myogenic stem cells (CiMSCs) are were mainly
dominantly originated derived from sparse Pax7+ positive
slow-adhesion cells in fibroblast-like cell populations. These .
We then show that the CiMSCs are were highly engraftable to
repair the cardiotoxin-injured tibialis anterior (TA) muscle upon
transplantation. Furthermore, a novel injectable drug-loaded
nanoparticle system was developed which enables to enable
the controlled and sustained release of the chemical cocktails.
Histological analysis and lineage-tracing unveil demonstrated
that the injection of drug- loaded nanoparticles into injured

muscle can significantly expanded localized resident satellite
cells and promoted in situ muscle regeneration. This work These
findings will lead to the development of novel thus presents
novel chemical induced in vitro and in situ stem cell engineering
approaches for effective skeletal muscle regeneration.

W-4003

SUPER-ACTIVATED PLATELET LYSATE AND ITS
APPLICATION IN TISSUE REPAIR

Zhang, Yi - R&D Department, National and Local Joint Stem
Cell Research and Engineering Center/Tian Qing Stem Cell
Co., Ltd., Harbin, China

Fu, Yinsheng - R&D Department, Tian Qing Stem Cell Co., Ltd.,
Harbin, China

Liu, Chunxiang - R &D Department, National and Local

Joint Stem Cell Research and Engineering Center for Aging
Diseases/Tian Qing Stem Cell Co., Ltd., Harbin, China

Liu, Yanqing - R&D Department, Tian Qing Stem Cell Co., Ltd.,
Harbin, China

Platelets contain a variety of growth factors, cytokines
and attachment factors that have a major role in stem cell
proliferation in vitro and in tissue repair in vivo. For many years
platelet-rich plasma (PRP) has been used in the treatment of
Orthopedic disorders, such as osteoarthritis, bone nonunion
and osteonecrosis. However there are many drawbacks of
PRP, such as platelets insufficient activation, white blood cell
contamination and difficulty in quality standardization. We
have obtained super-activated platelet lysate derived multiple
growth factor solution (sPL) by platelet enrichment, activation
induction and multiple freeze/thaw processes of the leukocyte-
depleted PRP to overcome these problems. Our results have
shown that the growth factors are effectively released into
sPL. The level of PDGF-AB, TGF-31, bFGF and VEGF in sPL
is significantly higher in comparison with PRP. While the level
of pro-inflammatory molecules such as TNF-a, IL-1 and IL-6 is
much lower compared to leukocyte containing PL. Several major
growth factors are specially activated and standardized in order
to meet certain needs of treatment. For preclinical and clinical
application, sPL has been manufactured in GMP-compliant
clean room. Quality tests for the total protein content, the level
of growth factors, microbial contamination and endotoxin are
performed before sample releasing. In vitro studies have proven
that sPL can promote expansion and migration of hUC-MSCs
and hFB. IL-1B-induced chondrocytes apoptosis is declined
when culture media contain sPL. Here we also demonstrate the
safety and efficacy of sPL in treating knee osteoarthritis, wound
and nonunion of rabbit. Our data suggest that sPL has huge
potentials as a regenerative medicine.
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W-4005

GROWTH FACTOR-FREE OSTEOCONDUCTIVE
ADHESIVE HYDROGEL WITH THE POTENTIAL TO
SUPPRESS OSTEOCLAST ACTIVITY

Pouraghaei Sevari, Sevda - School of Dentistry, University of
California, Los Angeles, Encino, CA, USA

Shahnazi, Faezeh - School of Dentistry, University of California,
Los Angeles, CA, USA

Hasani-Sadrabadi, Mohammad Mahdi - School of Dentistry,
University of California, Los Angeles, CA, USA

Ansari, Sahar - School of Dentistry, University of California, Los
Angeles, CA, USA

Moshaverinia, Alireza - School of Dentistry, University of
California, Los Angeles, USA

The ultimate goal of bone tissue engineering is the regeneration
of a construct that matches the physical and biological
properties of the natural bone tissue. Bone regeneration using
mesenchymal stem cells (MSC) is an advantageous therapeutic
option. Human Gingival mesenchymal stem cells (hGMSCs)
are of special interest as they are easily accessible in the oral
cavity and readily found in discarded dental biological tissue
samples. Osteoconductive hydrogels have been developed by
incorporating various growth factors (GFs), bioactive particles,
or without the use of any GFs. Whitlockite is one of the
important inorganic phases composing up to 20% weight of the
bone structure. It has been shown that WH microenvironment
encourages cellular proliferation/osteogenic  differentiation
better than hydroxyapatite (HAp). Additionally, WH particles
have proved to down-regulated osteoclast-specific genes.
To address the clinical need for a smart biomaterial for bone
regeneration, we propose to engineer an osteoconductive
hydrogel based on Alginate and WH microparticle (WHMPs)
with tunable physical properties and ability to direct hGMSCs
toward osteogenesis. Our in vitro studies showed that WHMPs
can induce osteogenesis of hGMSCs significantly better than
HAMPs by continuous supplying of Ca2+, PO43-, and Mg2+
along with the increased protein adsorption. The ICP and
mechanical properties studies suggest that the Ca2+ released
from WHMPs can act as an in situ cross-linking agent that
further reinforces the hydrogel structure. Our mechanistic
analysis confirmed that the higher elasticity in the Alg-WHMPs
can activate P38MAPK pathway which modulates several
osteogenic transcription factors in the encapsulated GMSCs.
The results of co-culture studies with osteoclasts demonstrate
that Alg hydrogel containing WHMPs encapsulating hGMSCs
suppressed the activity of the osteoclasts. The higher amount
of released Mg2+ ions from WHMPs along with higher secretion
of osteoprotegerin (OPG) from the hGMSCs resulted in down-
regulation of osteoclasts proliferation and activity. Altogether,
the results of the current study demonstrate that the developed
growth factor free hydrogel delivery system containing WHMPs
actively contributes to osteogenesis of the encapsulated
hGMSCs while suppresses the osteoclast activity
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W-4007

O-CYCLIC PHYTOSPHINGOSINE-1-PHOSPHATE
STIMULATES THERAPEUTIC POTENTIAL OF
MESENCHYMAL STEM CELLS THROUGH MTOR-
DEPENDENT HIF1a STIMULATION

Han, Ho Jae - College of Veterinary Medicine, Seoul National
University, Seoul, Korea

Lee, Hyun Jik - College of Veterinary Medicine, Seoul National
University, Seoul, Korea

Jung, Young Hyun - College of Veterinary Medicine, Seoul
National University, Seoul, Korea

Choi, Gee Euhn - College of Veterinary Medicine, Seoul
National University, Seoul, Korea

Kim, Jun Sung - College of Veterinary Medicine, Seoul National
University, Seoul, Korea

Chae, Chang Woo - College of Veterinary Medicine, Seoul
National University, Seoul, Korea

Lim, Jae Ryong - College of Veterinary Medicine, Seoul
National University, Seoul, Korea

O-cyclic phytosphingosine-1-phosphate (cP1P) is a novel
sphingosine metabolite derived from chemically synthesized
phytosphingosine-1-phosphate. cP1P has a structural similarity
to sphingosine-1-phosphate (S1P), but the its regulatory effect
on stem cell biology has been not reported yet. We investigated
the effect of cP1P on therapeutic potential of mesenchymal stem
cells (MSCs) and its regulatory mechanism. In this study, cP1P
suppressed mitochondrial dysfunction and apoptosis of MSC
under hypoxia. Metabolic data revealed that cP1P stimulated
glycolysis via up-regulation glycolysis-related genes. cP1P-
induced hypoxia-inducible factor 1 alpha (HIF1q) is plays a key
role in glycolytic reprogramming and transplantation efficacy of
MSC. Intracellular calcium-dependent PKCa/ mammalian target
of rapamycin (mTOR) signaling pathway triggered by cP1P
regulated HIF1a translation via S6K1, critical for HIF1 activation.
Furthermore, cP1P-activated mTOR pathway induced bicaudal
D homolog 1 expression leading to HIF1a nuclear translocation.
In conclusion, cP1P-activated mTOR signaling enhances
therapeutic potential of MSC through HIF1a translation and
nuclear translocation.

W-4009

SINGLE-CELL RNA-SEQ HIGHLIGHTS
HETEROGENEITY IN HUMAN PRIMARY WHARTON’
S JELLY MESENCHYMAL STEM/STROMAL CELLS
CULTURED IN VITRO

Zhang, Xi - Institute of SuperCells, BGI-Shenzhen, China

Sun, Changbin - Institute of SuperCells, BGI-Shenzhen, China
Wang, Lei - Institute of Precision Health, BGI-Shenzhen, China
Li, Guibo - Institute of Precision Health, BGI-Shenzhen, China

Huang, Tingrun - Institute of SuperCells, BGI-Shenzhen, China
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Mesenchymal Stem/Stromal cells (MSCs) are self-renewing,
multipotent cells with immunomodulation function, displaying
highly promising applications in regenerative medicine and
cell immunotherapy. However, MSCs derived from different
donors, different tissues, or even from the same tissue in a
population with similar genetic background still exhibited
functional heterogeneity, which may finally influence their clinical
applications. The precise underpinning molecular mechanisms
remain to be elucidated. Here, we investigated gene-expression
profile in human primary Wharton’s Jelly derived mesenchymal
stem cells (WJ-MSCs) isolated from three human umbilical
cord samples by single-cell RNA-seq. Total 6, 878 cells were
obtained, average 2, 293 cells for each sample, with 209,
769 mean reads, 38, 983 median unique molecular identifier
(UMI) counts and 6, 279 median genes per cell. After filtering
out low-quality cells, normalization, and scaling, we identified
1,129 highly variable genes (HVGs) based on expression and
dispersion. GO enrichment analysis showed that these HVGs
are significantly enriched in extracellular region with binding
function, involved in developmental process, signal transduction,
cellular component morphogenesis, cell communication, cell
proliferation, etc. biological process, indicating that different
single cell may exhibit different response to microenvironmental
change. Meanwhile, pathway analysis revealed that these
highly variable genes expressed among cells are associated
with functional characteristics of MSCs, such as inflammation
mediated by chemokine and cytokine signaling pathway, integrin
signaling pathway, p53 pathway, TGF-beta signaling pathway,
and angiogenesis being overrepresented. After regressing out
the cell cycle effect, several different subpopulations were
identified by dimensional reduction and clustering. These results
together implicated that genes highly varied among WJ-MSCs
culture in vitro play an important role in individual cell response
to the extracellular environment, which could eventually impact
on population differentiation behavior and immunomodulation
potency.

FundingSource:ThisworkwassupportedbyShenzhenMunicipal
Government of China (No.KQJSCX20170322143848413).

W-4011

REAL-TIME MONITORING SYSTEM FOR ANTI-
CANCER DRUGS: EFFECT OF ANDROGRAPHOLIDE,
CISPLANTIN, 5-FU AND CANNABIDOIL ON
CULTURED HUMAN TONGUE CANCER CELLS

Huang, Chun-Chung - Department of Biomedical
Engineering, National Yang-Ming University, Taipei, Taiwan
Lee, Shiao-Pieng - School Of Dentistry, National Defense
Medical Center, Taipei, Taiwan

Squamous cell cancers of the head and neck are often
considered together in oncology research. Because of their
similarities the cancer types, in incidence, pathological features
and prognosis. It is important to find a treatment for oral cancer.
Andrographolide (Andro) is an active diterpenoid compound
extracted from andrographis paniculata. It shows some
pharmacological activities, such as anti-inflammatory, and

anti-cancer effect. And best of all, it is also known as a nearly
non-toxic compound. Cannabidiol (CBD) which is extracted
from marijuana. But does not appear to have any psychotropic
effects which caused by A-THC. CBD has been reported that
it also has the ability of anti-cancer. The purpose of this study
is to investigate the cytotoxic effect of both Andro and CBD on
cellular morphology, proliferation, and migration on SCC-25. In
addition, we use these two extracts to compare the effects of
current anticancer drugs cisplantin and 5-fluorouracil (5FU). We
use the electric cell substrate impedance sensing (ECIS) system
to monitor the micro-motion such as migration, proliferation and
cytotoxic effect. Also, we used the Alamarblue, gPCR and the
western blot to observe the changes of morphology, viability and
apoptosis in SCC-25. Here, we report the chemotherapeutic
effects of these extracts in comparison to cisplantin and 5FU
through an impedance-based measurement and biochemical
assays. We monitored the cytotoxic effect of Andro, cisplantin,
CBD and 5FU on wound healing tests of SCC-25 with ECIS. Our
results demonstrated a dose-dependent decrease from 10 uM
to 300 uM concentrations. From the ECIS wound healing assay
we showed that 30 pM CBD and 56 pM Andro can effectively
inhibit the migratory rate of SCC-25. From the biochemical
assay, both CBD and Andro expressed apoptotic markers
and protein caspase-3, BAX, and PARP at a higher level in
comparison to cisplantin and 5FU, all drugs induced a decrease
in Bcl-2 which is anti-apoptotic. In conclusions, CBD and Andro
presented exceptional results in inhibiting cell migration and
motility. Moreover CBD and Andro both expressed high levels
of apoptotic markers and protein in comparison to cisplantin
and 5FU. Andro and CBD have the potential for curing tongue
cancer. ECIS is a powerful technique to identify potential
therapeutic agents.

W-4013

DOWN REGULATION OF GLI1 EXPRESSION
IN HUMAN PLURIPOTENT STEM CELLS
DIFFERENTIALLY AFFECTS LINEAGE
COMMITMENTS

Galat, Yekaterina - Regenerative Medicine, Ann and Robert
H. Lurie Children’s Hospital of Chicago, , USA

Gu, Haigang - Developmental Biology, Stanley Manne
Children’s Research Institute, Ann and Robert H. Lurie
Children’s Hospital of Chicago, USA

Perepitchka, Mariana - Developmental Biology, Stanley
Manne Children’s Research Institute, Ann and Robert H. Lurie
Children’s Hospital of Chicago, USA

Yoon, Joon Won - Developmental Biology, Stanley Manne
Children’s Research Institute, Ann and Robert H. Lurie
Children’s Hospital of Chicago, IL, USA

Walterhouse, David - Cancer Biology and Epigenomics,
Stanley Manne Children’s Research Institute, Ann and Robert
H. Lurie Children’s Hospital of Chicago, IL, USA

Galat, Vasil - Regenerative medicine, Ann and Robert H.

Lurie Children’s Hospital, Stanley Manne Children’s Research
Institute, Northwestern University, Northwestern University,
Feinberg School of Medicine, Chicago, IL, USA
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lannaccone, Philip - Developmental Biology, Ann and Robert
H. Lurie Children’s Hospital, Stanley Manne Children’s
Research Institute, Northwestern University, Northwestern
University, Feinberg School of Medicine, Chicago, IL, USA

GLI1 is one of three GLI family transcription factors that mediate
the Sonic Hedgehog (SHH) signal transduction pathway. The
pathway plays an important role in normal development and
cell differentiation. GLI1 is also a human oncogene with gene
targets that sustain proliferation, inhibit apoptosis, promote
angiogenesis, and promote tumor cell migration. GLI1 is highly
expressed in embryonic stem cells (ESCs), neural stem cells
(NSCs), and mesenchymal stem cells (MSCs). Over- expression
of SHH and GLI1 in stem cells enhances production of neural
progenitor and dopaminergic neurons. GLI1 can bind the
promotor of Nanog and activate its transcription for regulating
self-renewal of NSCs. However, Nanog binds GLI proteins in
ESCs and represses GLI1-mediated transcriptional activation.
The expression profiles of GLI1 during differentiation and its
function in human ES cells are not yet clear. To determine
the impact of GLI1 on stem cell differentiation, we utilized the
CRISPR/Cas9 genomic editing system to produce H1 hES
cell clones with 70% down-regulated Gli1 expression. For
homozygous editing we used electroporation to introduce
the donor plasmid, in which the puro gene was replaced with
BSD, into the heterozygous puro resistant H1 hES cell clones.
Homozygous clone selection was achieved using blasticidin. The
roles of the SHH pathway in the differentiation of human ESCs
were investigated by comparing the results of RNAseq, gPCR,
western blot, and immunocytochemistry analysis. Our data
demonstrated that GLI1 down regulation promoted mesodermal
and neural differentiation while inhibiting the endodermal
commitment during directed and spontaneous differentiation
experiments. Additionally, early stage of hematopoietic
differentiation was skewed toward the mesodermal component
(mesengioblast). The pluripotency marker expression was not
affected. These results indicate that SHH pathway has lineage
specific effects on the differentiation of embryonic stem cells.

W-4015

FUNCTIONAL RELEVANCE OF THE SONIC
HEDGEHOG RECEPTORSOME FOR
NEUROEPITHELIAL PATTERNING AND FOREBRAIN
SPECIFICATION

Marczenke, Maike - Molecular Cardiovascular Research, Max
Delbriick Center for Molecular Medicine, Berlin, Germany
Christ, Annabel - Molecular Cardiovascular Research, Max
Delbriick Center for Molecular Medicine, Berlin, Germany
Allen, Benjamin L. - Department of Cell and Developmental
Biology, University of Michigan, Ann Arbor, Ml, USA

Willnow, Thomas E. - Molecular Cardiovascular Research, Max
Delbriick Center for Molecular Medicine, Berlin, Germany

The mammalian forebrain arises from a single-layered sheet of
neural stem cells forming the neuroepithelium. Neuroepithelial
cells receive inductive signals from a set of morphogens to
form the neural tube that is further subdivided into the various
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parts of the embryonic central nervous system, including
the forebrain. Secreted by the prechordal plate (PrCP), the
morphogen sonic hedgehog (SHH) targets neuroepithelial cells
of the overlying forebrain organizer, the rostral diencephalon
ventral midline (RDVM), to establish the ventral midline identity
of the future forebrain. Besides the canonical SHH receptor
patched 1 (PTCH1) several additional cell surface proteins have
been identified as being essential for SHH signal reception in
the neuroepithelium. Jointly, they are referred to as the SHH
receptorsome and include the receptors LRP2, CDON, BOC,
and GAS1. How exactly these proteins modulate SHH signal
reception in the neuroepithelium remains speculative. Using
mouse models with single or combined receptor deficiencies as
well as iPSC-based in vitro models of the neuroepithelium, we
elucidate the interaction of SHH co-receptors during forebrain
specification. While mice deficient for Lrp2 or Gas1 show
distinct craniofacial and forebrain malformations reminiscent of
partial Shh deficiency, combined loss of both receptors results
in an aggravated phenotype resembling complete loss of SHH
activity. In the embryo, Lrp2 deficiency delays SHH signal
reception and mislocalizes SHH expression from the immediate
midline to more lateral regions of the RDVM. By contrast, SHH
expression in the RDVM of Gas1 mutants is induced normally
but lost with further development. Finally, SHH transcript and
protein are completely absent in the RDVM of mice with dual
receptor deficiencies. In iPSC-derived neural progenitor cells
(NPCs), loss of LRP2 impairs SHH binding and uptake whereas
GAS1 deficiency prevents induction of SHH target genes. Taken
together, our data show that LRP2 and GAS1 perform distinct
but complementary functions in SHH reception, stability, and
signal transduction in vivo and cultured NPCs. Further clarifying
these complex interactions will advance our understanding
of the regulatory processes that modulate SHH activities in
neuroepithelial development and forebrain formation.

W-4017

ENGINEERING STEM CELL SPHEROIDS TO
RESCUE MUSCULAR DENERVATION ATROPHY

Li, LeeAnn - Bioengineering, David Geffen School of
Medicine, University of California, Los Angeles CA, USA

Ding, Xili - Bioengineering, Medicine, University of California,
Los Angeles, CA, USA

Huang, Danny Wen-Chin - Bioengineering, Medicine, University
of California, Los Angeles, CA, USA

Hsueh, Yuan-Yu - Bioengineering, Medicine, University of
California, Los Angeles, CA, USA

Li, Song - Bioengineering, Medicine, University of California,
Los Angeles, CA, USA

Muscular denervation occurs intrauma and motor neuron disease
and can cause significant morbidities, but there is currently
no effective therapy nor clear mechanistic understanding.
Nerve regeneration still does not rescue function if the
muscle becomes atrophied and unreceptive to reinnervation.
Appropriate recapitulation of regenerative niche growth factors
(GFs) at the muscle could prevent atrophy and prolong the
regenerative period for functional recovery. Harnessing cells, as
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environmentally-responsive GF reservoirs, has advantages over
synthetic manipulation of complex, incompletely-understood
paracrine programs. Neural crest stem cells (NCSCs) are novel
and accessible, and may be uniquely advantageous by being the
natural precursors of the peripheral nervous (PN) system, and
by playing key roles in early muscle formation and maintenance
of skeletal muscle progenitors. Here we investigate whether
three-dimensional spheroidal culture, which in other cells
have promoted survival, preserved phenotype and enhanced
functionality, and may promote neuromuscular junction (NMJ)
assembly, could be used to optimize intramuscular NCSC
transplantation for rescuing muscular atrophy. A streamlined
protocol derives functional p75+ NCSCs from human iPSCs
generated without genome integration of reprogramming factors.
We showed for the first time that NCSCs can be formed into and
maintained as spheroids whose sizes are controlled by humber
of cells during seeding, and in which form enhance secretion
of GFs implicated in neuromuscular function— an advantage for
paracrine therapy to prevent muscle atrophy. NCSC spheroids
injected intramuscularly into a nude rat model of PN injury, in
turn, have significant effect on functional recovery after 4 weeks
via sciatic function index (p<0.02), and electrophysiology and
muscle wet weight. Mesenchymal SC spheroid injection, in
contrast, had insignificant effect, suggesting cell type specificity.
As a possible mechanism of benefit, treated denervated muscle
had higher relative NMJ area than PBS-injected controls. Here
we demonstrated that biophysical effects of spheroidal culture
on NCSCs could provide a distinct advantage for PN injury
therapy, and continue engineering therapeutic potential for
NCSCs uniquely relevant to nerve and muscle regeneration.

W-4019

STEMNET: A GENE NETWORK MODELING
APPROACH TO ENGINEERING OF HUMAN STEM
CELL-DERIVED HEPATOCYTE-LIKE CELLS

Nell, Patrick - Systems Toxicology/ Leibniz Research
Centre for Working Environment and Human Factors, (IfADo),
Dortmund, Germany

Feuerborn, David - Systems Toxicology, Leibniz Research
Centre for Working Environment and Human Factors,
Dortmund, Germany

Kattler, Kathrin - Genetics and Epigenetics, University
Saarland, Saarbriicken, Germany

Hellwig, Birte - Statistics, TU Dortmund, Germany

Sell, Thomas - Pathology, Charité Berlin, Germany

Edlund, Karolina - Systems Toxicology, Leibniz Research
Centre for Working Environment and Human Factors,
Dortmund, Germany

Godoy, Patricio - Investigative Safe, Roche, Basel, Switzerland
Kippers-Munther, Barbara - Cellartis/Cellectis, Takara Bio
Europe AB, Gothenburg, Sweden

Bliithgen, Nils - Medical Systems Biology, Charité Berlin,
Germany

Walter, Jorn - Genetics and Epigenetics, University Saarland,
Saarbriicken, Germany

Rahnenfihrer, Jorg - Statistics, TU Dortmund, Germany

Hengstler, Jan - Systems Toxicology, Leibniz Research Centre
for Working Environment and Human Factors, Dortmuna,
Germany

The differentiation of stem cells to hepatocyte-like cells (HLC)
offers the perspective of unlimited supply of human hepatocytes.
In our previous work we demonstrated that the gene expression
profile of HLCs includes prominent features of intestine, fibroblast
and stemness that negatively affect the degree of differentiation
in comparison to primary human hepatocytes. However, due to
the limitations of bulk transcriptomic analysis it remains unclear
whether HLCs represent homogenous populations of cells with
hybrid tissue identities or include subpopulations that arise from
uncontrolled signaling dynamics in the differentiation program.
We now employ an approach of single cell transcriptomics,
epigenetics and phospho-proteomics combined with advanced
statistical analysis to identify key components of non-liver
associated differentiation that currently prevent hepatic
maturation. In the BMBF network StemNet we will make use of
our insights to improve terminal differentiation of HLCs through
targeted interventions. Presenters: Patrick Nell, Graduate
Student. David Feuerborn, Graduate Student

Funding Source: This project is funded by the German Federal
Ministry of Education and Research (BMBF).

W-4021

SINGLE-CELL IMAGING REVEALS UNEXPECTED
HETEROGENEITY OF TELOMERASE REVERSE
TRANSCRIPTASE EXPRESSION ACROSS HUMAN
CANCER CELL LINES COMPARED TO IPSCS

Rowland, Teisha - Stem Cell Research and Technology
Resource Center, MCDB Dept., University of Colorado
Boulder, CO, USA

Dumbovi¢, Gabrijela - Biochemistry, University of Colorado
Boulder, CO, USA

Hass, Evan - Biochemistry, University of Colorado Boulder,
CO, USA

Rinn, John - Biochemistry, University of Colorado Boulder, CO,
USA

Cech, Thomas - Biochemistry, University of Colorado Boulder,
CO, USA

Telomeres, protective structures found at the ends of eukaryotic
chromosomes, are important for maintaining genomic stability.
In stem cells and early human development, chromosomal
telomere shortening that occurs due to the “end-replication
problem” during cell proliferation is normally compensated by
telomerase. After development, telomerase is inactivated in
somatic cells, leading to progressive telomere shortening until
a critical length triggers cell senescence. However, telomerase
is pathologically reactivated in approximately 80-90% of
malignant human cancers, where it is considered an early cancer
progression event and enables immortalization. Telomerase,
whichis aribonucleoprotein enzyme, requires telomerase reverse
transcriptase (TERT) for its activity; increased TERT expression
is associated with poorer patient prognoses for several cancer
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types. It is unclear how TERT becomes reactivated in cancer
cells, and how this pathological reactivation is different from
its normal activation in stem cells. Here we analyzed single-
cell TERT expression across 10 human cancer cell lines and a
human induced pluripotent stem cell (iPSC) line using single-
molecule RNA fluorescent in situ hybridization (FISH). These
cancer lines were previously classified as having monoallelic
or biallelic TERT expression, but we found this classification
to be oversimplified. Cancer lines exhibited substantial cell-
to-cell variation in both number of transcription sites and ratio
of transcription sites to gene copies (assessed using TERT
DNA FISH) compared to iPSCs, which typically had 2 actively
transcribing gene copies. The variance in the number of active
transcription sites increased with the number of transcription
sites, suggesting transcriptional bursting. While iPSCs were
TERT diploids, as expected, several cancer lines had amplified
TERT gene copies, which correlated with an increased number
of transcription sites. iPSCs maintained longer telomeres than
those of the telomerase-expressing cancer lines, which had
heterogeneous lengths with little correlation to TERT expression
levels. These data demonstrate an unappreciated heterogeneity
in TERT expression across human cancers compared to iPSCs,
which could help guide future cancer modeling and targeted
therapeutic efforts.

Funding Source: This work was funded by National Institutes of
Health grant R01 GM099705 to T.R.C. T.R.C. is an investigator
and J.L.R. is a faculty scholar of the Howard Hughes Medical
Institute.

W-4023

A NOVEL HIGH-THROUGHPUT PLATFORM FOR
HEAD AND NECK CANCER ORGANOIDS DRUG
SCREENING

Lowman, John - Business Development, Mimetas B.V.,
Leiden, Netherlands

Queiroz, Karla - Model Development, Mimetas, Leiden,
Netherlands

Driehuis, Else - R&D, Hubrecht Institute, Utrecht, Netherlands
Bonilla, Silvia - Model Development, Mimetas, Leiden,
Netherlands

Lanz, Henriette - Model Development, Mimetas, Leiden,
Netherlands

Clevers, Hans - R&D, Hubrecht Institute, Utrecht, Netherlands
Joore, Jos - Management, Mimetas, Leiden, Netherlands

Head and neck (HN) cancer is a broad category of tumor
types arising from various anatomic structures including the
craniofacial bones, soft tissues, salivary glands, skin, and
mucosal membranes. Treatment often involves an intensive
combination of surgery, radiotherapy and chemotherapy. Despite
this, tumour recurrence rates remain high and survival rates
are relatively poor. Here, we describe a novel high throughput
drug screening platform combining the OrganoPlate®, a
microfluidic based 3D-culture plate, and HN cancer-derived
organoids. MIMETAS develops Organ-on-a-Chip-based
models for evaluation of new medicines. Our unique microfluidic
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technology enables testing of compounds on miniaturized 3D
organ models in high-throughput. These models are expected
to show better predictivity as compared to laboratory animals
and conventional 2D cell culture models, without compromising
throughput or ease of use. Hereby we show the establishment
of HN cancer-derived organoids in 2-lane OrganoPlate®, and its
usefulness for phenotypic drug screenings. The aim of the study
is to evaluate the 2-lane OrganoPlate® as a platform for growing
HN cancer organoids and drug screening. Organoid lines (T2, T3
and T4) were embedded in the 2-lane OrganoPlate® as single
cells in an Extracellular Matrix gel. At day 3, cultures were treated
with Cisplatin or Carboplatin for 120 hours. Drug response was
evaluated by assessment of morphology (phase contrast), Cell
Viability (Alamar blue) and proliferation (EdU incorporation).
Organoids cultures grow well under perfusion in the 2-lane
OrganoPlate® and different sensitivity to cisplatin is captured
by the used readouts. The high-throughput, microfluidic 2-lane
OrganoPlate® platform offers an attractive method for growing
HN cancer-derived organoids, supporting development of
individualized tumour models for phenotypic drug screenings.

W-4025

ROBUST BONE REGENERATION THROUGH
ENDOCHONDRAL OSSIFICATION OF HUMAN
MESENCHYMAL PROGENITOR CELLS WITHIN
THEIR OWN EXTRACELLULAR MATRIX

Lin, Hang - Orthopaedic Surgery, University of Pittsburgh, PA,
USA

Liu, Yuwei - Orthopaedic Surgery, University of Pittsburgh, PA,
USA

Kuang, Biao - Orthopaedic Surgery, University of Pittsburgh,
PA, USA

Rothrauff, Benjamin - Orthopaedic Surgery, University of
Pittsburgh, PA, USA

Mesenchymal stem cells (MSCs) embedded in their secreted
extracellular matrix (mMECM) constitute an exogenous scaffold-
free construct capable of generating different types of tissues.
Whether MSC-mECM constructs can recapitulate endochondral
ossification (ECO), a developmental process during in vivo
skeletogenesis, remains unknown. In this study, MSC-mECM
constructs are shown to result in robust bone formation both
in vitro and in vivo through the process of endochondral
ossification when sequentially exposed to chondrogenic and
osteogenic cues. Of interest, a novel trypsin pre-treatment
was introduced to change cell morphology, which allowed
MSC-mECM constructs to undergo the N-cadherin-mediated
developmental condensation process and subsequent
chondrogenesis. Furthermore, bone formation by MSC-mECM
constructs was significantly enhanced by the ECO protocol, as
compared to conventional in vitro culture in osteogenic medium
alone, designed to promote direct bone formation as seen in
intramembranous ossification (IMO). The developmentally
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informed method reported in this study represents a robust
and efficacious approach for stem-cell based bone generation,
which is superior to the conventional osteogenic induction
procedure.

W-4027

PERIODONTAL LIGAMENT STEM CELLS
CONTRIBUTE PERIODONTAL REGENERATION VIA
IMMUNOMODULATION IN LIGATURE INDUCED
PERIODONTITIS

Chung, Yun Shin - Periodontology, College of Dentistry
Chonbuk National University, Jeonju, Korea

Jung, Yang-Hun - Periodontology, Chonbuk National
University, Jeonju, Korea

Ko, Seok-Young - Periodontology, Chonbuk National
University, Jeonju, Korea

Goh, Mi-Seon - Periodontology, Chonbuk National University,
Jeonju, Korea

Yun, Jeong-Ho - Periodontology, Chonbuk National University,
Jeonju, Korea

Periodontal ligament stem cells (PDLSCs) were recently
identified as mesenchymal stem cells (MSCs). However, it is
uncovered whether PDLSCs could regenerate periodontal
tissue via modulation of host immune responses in periodontitis
bearing rats. In this study, we investigated rat PDLSCs
(rPDLSCs) mediated periodontal regeneration, related to host
immune modulations in ligature-induced periodontitis bearing
rats. Characteristics of rPDLSCs were verified as expression of
MSC markers, colony forming abilities, adipogenic, osteogenic
and chondrogenic differentiation potentials. A 3-0 silk was tied
to induce periodontitis around the maxillary second molars
and rPDLSCs were injected onto palatal side of the maxillary
second molars of rats. No ligatured and no cell treated rats
were used as negative control. Rats were sacrificed to harvest
tissues for flow cytometry analysis and confocal microscopy on
1 day, for relative gene expression analysis on 7 days, for micro
computed tomography (micro-CT), histological and histometric
analyses at 8 weeks after rPDLSCs injection. The transplanted
rPDLSCs were detected in draining lymph nodes (dLNs) of
around oral cavity in ligature-induced periodontitis bearing rats.
Micro-CT, histological and histometric analyses revealed that
periodontal tissue regeneration was enhanced by the rPDLSCs
transplantation in ligature-induced periodontitis bearing rats.
The transplanted rPDLSCs appeared to function efficiently in
the local periodontal tissue of ligature-induced periodontitis
bearing rats. Flow cytometry profiles revealed that transplanted
rPDLSCs could decrease CD4+CD25+ T cells of gingiva and
increase CD4+PD-1+ T cells of dLNs in ligature-induced
periodontitis bearing rats. Relative gene expression analyses
showed that rPDLSCs transplantation could down-regulate the
levels of IL6, IL17a, Cxcl1 and Ccl2 in gingiva of ligature-induced
periodontitis bearing rats. Taken together, our results suggested
that rPDLSCs transplantation could have a therapeutic potential
for periodontal tissue regeneration, via modulation of CD4+ T
cells in ligature-induced periodontitis bearing rats.

Funding Source: This work was supported by the National
Research Foundation of Korea (NRF) grants (MSIT, NRF-
2015R1A2A2A01004589 and NRF-2017R1A6A3A11034402),
and by KHIDI grant of the Ministry of Health and Welfare,
Republic of Korea (HI17C0450).
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EARLY TISSUE GROWTH AND CELL FATE
DETERMINATION USING GFP TRANSDUCED
MESENCHYMAL STEM CELLS ON CELLSPAN
ESOPHAGEAL IMPLANTS IN A PORCINE MODEL

Paquin, Karissa - Cell Biology, Biostage, Holliston, MA, USA
Roffidal, Christina - Clinical, Biostage, Holliston, MA, USA
Sundaram, Sumati - Cell Biology, Biostage, Holliston, MA, USA
Fodor, William - Cell Biology, Biostage, Holliston, MA, USA

Esophageal disease may require resection and replacement of
the diseased tissue, often with poor clinical outcomes. Biostage’s
Cellspan™ Esophageal Implant (CEl) supports regeneration of
the esophagus using autologous adipose derived mesenchymal
stem cells (AD-MSCs) seeded on a polyurethane scaffold. The
timeline and mechanism of anastomotic growth as well as the
fate of the implanted AD-MSCs is unclear. To address this,
we have transduced autologous porcine AD-MSCs with green
fluorescent protein (GFP) prior to seeding and implantation, and
assessedtissueregrowthat 14,21, and 28 days postimplantation.
Here, we describe GFP transduction, CEl production, cell fate
and tissue regrowth determined by pathological and gross
observation using short term study. Briefly, pAD-MSCs from
9 adult pigs were transduced with lentiviral GFP constructs.
Cells were expanded and GFP expression confirmed. Cells
were seeded on scaffolds and grown in bioreactors for 6 days.
Glucose consumption was monitored every 2 days. On day 6
QC segments were analyzed for cell viability, penetration, and
DNA content. Expression of VEGFA, MMP2, IL-6, and IL-8
was confirmed by ELISA. CEls made using GFP transduced
MSCs displayed similar characteristics to CEls made using
non-transduced MSCs. A full-circumferential resection of 5cm
was performed in the esophagus and CEls were implanted into
each pig. All animals had esophageal lumen continuity at time
of necropsy as early as 14 days, with early epithelial regrowth
from both outer edges toward the center of the implant zone.
Microscopy revealed fibrovascular tissue at the implant site and
neovascularization on the adventitial side, with no discernable
differences in tissue reorganization between 14 and 28 days.
The majority of GFP+ cells were on the abluminal surface of the
esophagus, few GFP+ debris and cells on the mucosal side, and
little to no cells within the tissue. GFP+ cells were also found
surrounding capillaries at sites of angiogenesis. No GFP+ cells
were detected in the lymph nodes or on extruded scaffolds.
Morphometric analysis of the implant zone indicates increased
epithelial regrowth at day 28 compared to day 14. In conclusion,
these findings support fibrotic luminal continuity by day 14, with
neovascularization and epithelialization beginning as early as
day 14 post-implantation.
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MODELING HUMAN HEPATO-BILIARY-
PANCREATIC ORGANOGENESIS FROM THE
FOREGUT-MIDGUT BOUNDARY

lwasawa, Kentaro - Division of Developmental Biology,
Cincinnati Children’s Hospital and Medlcal Center, Cincinnati,
OH, USA

Koike, Hiroyuki - Division of Developmental Biology, Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH, USA
Ouchi, Rie - Division of Developmental Biology, Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH, USA
Maezawa, Mari - Division of Developmental Biology, Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH, USA
Giesbrecht, Kirsten - Division of Developmental Biology,
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH,
USA

Saiki, Norikazu - Advanced Medical Research Center,
Yokohama City University Graduate School of Medicine,
Yokohama, Japan

Ferguson, Autumn - Division of Developmental Biology,
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH,
USA

Kimura, Masaki - Division of Developmental Biology, Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH, USA
Thompson, Wendy - Division of Developmental Biology,
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH,
USA

Wells, James - Division of Developmental Biology, Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH, USA
Zorn, Aaron - Division of Developmental Biology, Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH, USA
Takebe, Takanori - Division of Developmental Biology,
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH,
USA

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 (Hematopoietically-expressed homeobox protein) and
PDX1 (Pancreatic and duodenal homeobox 1) expression is first
specified 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 transplant-
derived tissues were dominated by midgut derivatives, long-
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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.

Funding Source: This work was supported by Ono
Pharmaceutical Co., Ltd. Grant, Cincinnati Children’s Research
Foundation grant and PRESTO grant from Japan Science and
Technology Agency (JST)
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REGENERATIVE POTENTIAL OF LIMBAL
EPITHELIAL STEM CELL SHEET ACCORDING
TO DONOR’S AGE ON AMNIOTIC MEMBRANE
SCAFFOLDS

Lee, Hyun Jung - Biochemical Engineering, Seoul University,
Seoul, Korea

Cheon, Eun Jeong - Ophthalmology, The Catholic University of
Korea, Seoul, Korea

Yoon, Seul-Gi - Ophthalmology, The Catholic University of
Korea, Seoul, Korea

Chung, So-Hyang - Ophthalmology, The Catholic University of
Korea, Seoul, Korea

In patients with bilateral limbal stem cell deficiency (LSCD),
transplantation of cultivated limbal epithelial stem cell sheets from
limbal explants can restore the structural and functional integrity
of the corneal surface. Here we comparatively investigated the
optimized conditions on human amniotic membrane scaffolds
(HAMS) with xenofree medium for clinical application and the
efficiency of limbal epithelial sheet from donors of different age.
We evaluated limbal epithelial stem cell sheet size, expression
of stem/progenitor cell markers p63a and ABCG2, colony
formation efficiency (CFE), and differentiation marker CK12.
Human limbal explants from cadevaric donors of different age
(60 years) were set on human amniotic membrane with xenofree
medium for clinical application. The outgrowth sheet size, cell
yield, ABCG2 efflux activity, p63a and Ki67 expressions, and
CFE were increased in limbal epithelial sheets on HAMS. In
terms of stemness, outgrowth cells from aged donors (>60 years)
expressed less expression of stem/progenitor cell markers p63a
and ABCG2 and low CFE compared to other two groups. Our
results imply that donor less than 60 years are a better source
for limbal epithelial stem cell sheet generation on HAMS with
high regeneration potential.

Funding Source: This work was supported by the National
Research Foundation of Korea (NRF) grant funded by the Korea
government (No. 2018R1C1B6008748).
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A SNAPSHOT OF BORTEZOMIB-INDUCED
NEUROTOXICITY IN HUMAN PLURIPOTENT

STEM CELL-DERIVED SENSORY NEURONS
REVEALS EXTENSIVE CHANGES IN MICROTUBULE
DYNAMICS

Hrstka, Sybil - Neurology, Mayo Clinic, Rochester, NY, USA
Agac, Busranur - Neurology, Mayo Clinic, Rochester, NY, USA
Ankam, Soneela - Neurology, Mayo Clinic, Rochester, NY, USA
Hrstka, Ronald - Neurology, Mayo Clinic, Rochester, NY, USA
Klein, Jon - Neurology, Mayo Clinic, Rochester, NY, USA
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Theneurotoxic effects of the chemotherapeutic agent Bortezomib
are well documented, yet the mechanistic underpinnings that
governthese cellular processes remain incompletely understood.
In this study, system-wide proteomic changes were identified in
patient-derived induced pluripotent stem cell sensory neurons
(iSNs) exposed to a clinically relevant dose of Bortezomib.
Our disease-in-a-dish model involved the differentiation of
iPSCs created from 3 disease-unaffected individuals using an
established, directed approach with typical iSN yields of 60-
70%. At 21 days post-induction, iSNs were treated with 100nM
Bortezomib, DMSO, or left untreated for 48h. Label-free mass
spectrometry facilitated the identification of approximately
2800 differentially expressed proteins. A significant proportion
of these proteins affect the cellular processes of microtubule
dynamics, cytoskeletal and cytoplasmic organization, and
molecular transport, and pathway analysis revealed an
enrichment of proteins in signaling pathways attributable to the
unfolded protein response. Expression changes in microtubule-
associated proteins suggest a multifaceted relationship exists
between bortezomib-induced neurotoxicity and microtubule
cytoskeletal architecture, and MAP2 was prioritized as a topmost
influential candidate. We observed a significant reduction in the
overall levels of MAP2c in somata without discernable changes
in neurites. As MAP2 affects cellular processes including
axonogenesis, neurite extension and branching, and neurite
morphology, its altered patterns of expression are suggestive of
a central role in mitigating neurotoxicity.

Funding Source: The study was supported by Mayo Foundation
and the National Institutes of Health (KO8 CA169443 (NPS), K08
NS065007 (CJK), RO1 AGO034676 (Rochester Epidemiology
Project), and UL1 RR000135 (CTSA))
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Stem-cell based in vitro cardiotoxicity assays hold great
promise for mitigating the cost of drug development. These
assays have the potential to be more predictive of drug
arrhythmogenicity than contemporary screening methods
which rely on singe ion channel recordings. However, stem cell
assays have several important shortcomings when detecting
and classifying the risk profile of several known compounds.
One likely source of this error is the maturity of the cells; most
phenotypes are indicative of a fetal developmental stage. To
enhance the predictive power of stem-cell based assays, we
have implemented bioengineering techniques to control the
cell’s culture surface. We utilized standard photolithography
techniques to create nanoscale biomimetic grooves that mimic
the shape and structure of collagen on a polymer-coated
glass layer. The fabrication technique allows for generation of
this pattern on standard formats and permits use of high-NA
fluorescence microscopy. Using this approach we demonstrate
that biomimetic engineering enhances several structural and
biochemical phenotypes including sarcomere spacing, myofibril
alignment, and sarcomere width. We extended this technique to
pattern the surface of micro-electrode arrays, and demonstrate
that these ECM-based cues enhance the electrophysiological
response of cardiomyocytes to various drugs of known
action that fail to elicit in vivo responses to drugs in vitro and
recapitulated physiological IC50s when compared to traditional
assays.

W-4039

DEVELOPMENT OF NEW TYPES OF ALLOGENIC
GRAFT MATERIAL USING DEMINERALLIZED BONE
MATRIX(DBM) CONTAINING HUMAN UMBILICAL
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MEDIA
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In several decades, Allogenic demineralized bone matrix
(DBM) has been used widely for bone formation and bone
fusion because of their osteoinductive and osteoconductive
properties. Despite DBM has advantages for osteogenesis, due
to insufficient bone-inducing abilities, a variety of biomaterials
containing rhBMP-2 have been developed. The BMP-2 has
an excellent bone regeneration ability, however it has also
reported various side effects in many clinical trials (ectopic bone
formation and inappropriate adipogenesis etc.). Therefore, it is
necessary to development a new bone graft substitutes which
has an excellent bone regeneration effect with minimized side
effects. Human umbilical cord mesenchymal stem cellhUC-
MSC) conditioned media (CM) has been shown to be a novel
treatment for an efficacy and safety because CM contains
several major growth factors derived from human. Additionally,
there are various kinds of cytokines which involved highly in
bone regeneration (such as TGF-beta, PDGF, EGF etc.). In
this study, we developed a new types of bone graft material
for osteogenesis using osteoconductive and osteoinductive
properties. We produced DBM-CM which is a gel-type mixture
of DBM (DBM: Cancellous bone: Caboxy Methyl Cellulose=15
% :15 % :70 %) and hUC-MSC CM. Bone forming potential
of DBM-CM was simultaneously examined in vitro and in vivo
experiments by using osteoblast-like cell SaOS-2 and implanting
intra-muscularly in SD-rats respectively. We performed in vitro
experiments of cytotoxicity and calcium matrix deposition that
we co-cultured SaOS-2 with DBM or DBM-CM respectively. In
our data, DBM-CM has been showed non-cytotoxicity toward
Sa0S-2 cells and induced mineralized nodule production
compared with DBM and Control group. DBM-CM significantly
increased of new bone formation and bone augmentation in the
SD-rat afterimplantation. The bone augmentation was measured
with H&E staining and Micro CT after 4-weeks and 8-weeks. In
addition, various kinds of in vivo safety test have shown that
our newly developed bone graft materials safer than our former
graft materials. To the best of our knowledge, DBM-CM is the
first investigation of bone graft materials using CM which has
improved biocompatibility and bone formation efficiency.
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CONSORTIA FACTORS INDUCE DIFFERENTIATION
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Human adipose stem cells (ASCs) can differentiate to lineages
of mesenchymal tissues. However, recent evidence suggests
that these cells can also differentiate to non-mesenchymal cell
lineages. Our objective is to evaluate a set of consortia factors
(CFx) derived from human ASCs interactions with specific
plant extracts in the in vitro differentiation of ASCs to hair
follicle stem cells (HFSCs). ASCs were obtained from patient
lipoaspirates and isolated from human donors after enzymatic
treatment. These cells were expanded and treated with human
recombinant differentiation factors and selective plant extracts
to produce CFx. The CFx was then used to induce differentiation
of ASCs to HFSCs. The CFx was analyzed by cytokine multiplex
immunoassay and liquid chromatography mass spectroscopy
(LCMS). The expression of cytokeratin 15 was analyzed by
immunocytochemistry. The pattern and levels of secretory
factors released by ASCs treated with CFx was significantly
different compared to ASCs that grew in conventional hair
differentiation media (controls). Higher expression of cytokeratin
15 was found in ASCs treated with CFx in comparison to
controls. These results demonstrate for the first time that CFx
enhance the differentiation of ASCs to HFSCs in vitro and may
be benefit in hair regrowth.
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A HUMAN STEM CELL DERIVED MODEL OF WHITE
ADIPOSE TISSUE FOR TYPE 2 DIABETES AND
CARDIOMETABOLIC DRUG DISCOVERY.
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Type 2 Diabetes (T2D) and obesity are complex metabolic
disorders affecting hundreds of millions of individuals globally.
Whilst these diseases are characterised by multi-organ
dysfunction, a wealth of evidence including human genetics
implicates a role for white adipose tissue (WAT) in their
pathophysiology. Insulin resistant WAT is dysfunctional, with
corresponding WAT-secreted factors negatively influencing
other metabolic organs such as the liver. Understanding this
dysfunction is paramount to uncovering new disease biology
and novel therapeutic targets, however this discovery is
hampered by limited access to-, and functional and genetic
heterogeneity of-, primary human WAT. To overcome this issue,
we have generated a human WAT-like cell model via directed
differentiation of human mesenchymal stem cells (hMSCs). To
optimise this strategy, we studied the differentiation capacity
of hMSCs from varying origins (umbilical cord, bone marrow,
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and adipose tissue (AMSCs)). Differentiation efficiency was
quantified by evaluating lipid accumulation via Oil red O
staining, gene expression via gPCR, and protein expression via
immunocytochemistry (ICC). Approximately 90% AMSCs were
positive for Fatty acid binding protein 4 (FABP4) and lipids (n=3)
after 16 days of adipogenic differentiation. They also expressed
other adipose maturity gene markers such as Adiponectin
(ADIPOQ) and Lipoprotein lipase (LPL). Upon functional
characterization, AMSCs showed adipocyte-like function
including lipolysis upon forskolin stimulation (via enzymatic
colorimetric assay) and glucose uptake (quantified by detection
of 2-deoxyglucose-6-phosphate). AMSCs were sensitive to
insulin, decreasing lipolysis and increasing glucose uptake.
These cells were also sensitive to different nutrients, such as
fatty acids, which increased FABP4 and LPL expression, and low
glucose, which increased leptin (LEP) expression. In summary,
we have generated human WAT-like cells from AMSCs which
exhibit characteristics of human primary adipocytes, and after
further validation, will facilitate human disease modelling and
target discovery studies for T2D and obesity.
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CADHERIN-11 AND N-CADHERIN REGULATE
HUMAN MESENCHYMAL STEM CELL
DIFFERENTIATION
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The acquisition of specific cell fate is one of the core aims of
tissue engineering and regenerative medicine. The influence
of the cell-material interface on cell fate has been an area of
significant research, but comparatively little is currently known
about cell-cell interaction. Furthermore, while there is significant
evidence that three-dimensional (3D) cultures positively influence
fate decisions, the mechanisms underlying this are not known.
Human mesenchymal stem cells (nMSCs) from bone marrow
have the ability to differentiate into three lineages in vitro and are
an example of a cell type that has been shown to differentiate
more effectively in 3D culture. Here we study 3D spheroids of
hMSCs in vitro, in which we study cadherin expression and
signaling during proliferation and differentiation into different
lineages. We make a comparison to cells cultured in 2D. We
observe that proliferating hMSCs in 2D express N-cadherin

and undergo a switch to cadherin-11 over time, which was
not evident in the 3D cultures. This underlines a hypothesis
for the mechanism regulating the differentiation of cells in 3D
compared to 2D cultures. Furthermore, the importance of the
cadherins in regulating the differentiation of hMSCs is evident by
their knockdown. Knocking down cadherin-11 impeded hMSC
differentiation in 2D, but cells continued to differentiate in 3D.

Funding Source: The Dutch Province of Limburg
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AFRICAN SPINY MOUSE (ACOMYS)
REGENERATION FOLLOWING ACUTE, CHRONIC,
AND VOLUMETRIC MUSCLE LOSS INJURIES

Sandoval, Aaron Gabriel - Biology, University of Florida,
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Regeneration is the perfect regrowth and repair of damaged
tissue. It is nature’s ultimate solution to wound healing. The
African spiny mouse (Acomys) is the only mammal in the world
capable of scar-free skin regeneration as an adult. In order to
study ear skin regeneration, we punched holes in the ears of
Acomys as well as normal mice (Mus), which serve as non-
regenerating controls. We observed that Mus simply scarred,
whereas Acomys was able to regenerate hair, adipocytes,
cartilage, and, most interestingly, skeletal muscle. We sought
to further characterize Acomys’s ability to regenerate different
types of skeletal muscle. The Tibialis Anterior (TA) leg muscles
of the mice were injected with cardiotoxin and found that
regeneration occurs much faster in Acomys. Next, we sought
to determine the extent to which Acomys is able to regenerate
in response to repeated injury. Amazingly, even after chronic
insult Acomys was still able to regenerate its muscle perfectly.
We then looked to see whether Acomys could recover from
volumetric muscle loss (VML) in which a portion of the muscle is
removed. VML injuries are common in gunshot or car accident
victims. To simulate VML, hole punches were made in the TA
muscles of the mice. Preliminary data suggests that Acomys
shows improved regeneration following VML injury. The results
of continued study of Acomys could prove integral in gaining
a comprehensive understanding of the regenerative process.
Findings could ultimately improve the healthcare field by
allowing for the regeneration of muscle and other tissue types.
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SURVIVAL OF EMBRYONIC CHICK DORSAL ROOT
GANGLION NEURONS FOLLOWING CULTURE WITH
HUMAN DENTAL PULP STEM CELLS CONDITIONED
MEDIUM
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The dorsal root ganglion (DRG) consists of heterogeneous
population of sensory neurons that function to relay sensory
stimuli to the central nervous system (CNS). The sensory neurons
have been defined as the fully-differentiated cells which less
proliferation and self-renewal capacity. These characteristics
influence the ability of survival of sensory neurons. Moreover,
the culture of DRG neurons require the neurotrophic factors
to support the survival capacity. Therefore, we investigate the
cell source which provides the neurotrophic factors. Previous
studies reported that the human dental pulp stem cells (hDPSCs)
express a wide variety of neurogenic-associated markers and
produce several types of neurotrophic factors including brain-
derived neurotrophic factor (BDNF), glial -derived neurotrophic
factor (GDNF) and nerve growth factor (NGF) which associated
with survival capacity of neurons. The conditioned medium that
collected from the hDPSCs could provide the survival capacity
of neurons. Therefore, this study aims to investigate the survival
of embryonic chick dorsal root ganglion neurons following
culture with human dental pulp stem cells conditioned medium
(hDPSCs-CM). The embryonic chick dorsal root ganglion
neurons at embryonic day 8 (E8) were isolated and cultured for
4 weeks with 1:1 ratio of hDPSCs-CM/DMEM high glucose 10%
FBS 1% Penicillin/Streptomycin compared with control medium
(DMEM high glucose 10% FBS 1% Penicillin/Streptomycin).
The immunocytochemistry (ICC) staining with neurofilament-
low type (NF-L) and DAPI (nuclei staining) showed the survival
rate with 67.21% of the hDPSCs-CM group compared with
the control group (63.48%). The preliminary results indicated
that the human dental pulp stem cells conditioned medium to
support the survival of chick embryonic sensory neurons.
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DOWN-REGULATION OF NEURAL STEM CELL
SPECIFIC MICRORNA INDUCES APOPTOSIS IN
NEURAL STEM CELLS AND ASTROCYTES
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Neural stem cells (NSCs) have been defined as stem cells with
the ability to self-renew and generate all cell types of the nervous
system. It is important to understand an underlying mechanism
by which NSCs proliferate and differentiate for efficient
modulation of in vivo neurogenesis. MicroRNAs (miRNAs) are
small noncoding RNAs controlling gene expression concerned
in post-transcriptional control by blocking mRNA translation or
degrading mRNA. miRNAs play a role as control mechanisms in
accordance with matching target mRNAs. Recent studies have
discussed the biological mechanism of miRNAs regulation in
NSCs and neurogenesis. In this study, we screened out NSC
specific miRNAs using miRNome-wide analysis. Then, we have
induced downregulation by sponge against the specific miRNA
to evaluate the functional role of the miRNA in NSCs and NSC-
derived astrocytes. We found down-regulation of NSCs specific
miRNA induces apoptosis in NSC and NSC-derived astrocytes.
In our study, we have identified the new NSC specific miRNA
and found its role as apoptosis regulator in NSCs and astrocytes.
Overall our finding can provide us insight of potential roles of
NSC specific miRNAs in brain neurogenesis and possible usage
of the miRNAs for biomarker of neurodegenerative disease.

Funding Source: This research was supported by the
Technology Innovation Program (10063301) funded by Ministry
of Trade, industry and Energy and the National Research
Foundation of Korea grant (2018R1A2B6001072) funded by the
Korea government.
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Neural cell transplantation is thought to be one of the promising
strategies for treating brain damage. The aim of this study was to
investigate whether neuron transplantation and signal activation
through in paracrine manners would be associated with motor
function recovery in hemiplegic mice. Hemiplegic mice were
generated by cryoinjury of the motor cortex We dissected
the brains sequentially after the injury and then analyzed the
dissected brain. We examined whether endogenous Reelin
was expressed in the damaged motor cortex. At day -6 (1 day
after the cryoinjury), Reelin and Gfap were weakly expressed
and Nfm was not significantly expressed in the damaged motor
cortex. Reelin and Gfap expressing cells were observed in
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moderate amounts at day 0 and such the cells increased at day
7. Expression of Reelin in the damaged motor cortex elicited
gradual reduction at day 14. At day 28, the expression of Reelin
decreased somewhat whereas Gfap positive cells sustained
moderate abundance. It is possible that Gfap expressing cells
were somehow associated with Reelin producing cells in the
damaged cortex. Motor cortex without injury scarcely had Reelin
and Gfap expressions. We then examined the downstream
signaling molecules of Reelin in order to elucidate the molecular
mechanisms governing the histological regeneration and
functional recovery of the hemiplegic mice after transplantation
of neural stem/progenitor cells (NSPCs) from wild-type mice or
yotari mice (yot/yot genotype) having nonfunctional Dab1 by
a mutation of its gene. Neurospheres were induced from the
neonatal brain of WT/WT mice and yot/yot mice at day -7. At day
0, the neurospheres were disaggregated and the resulting single
cells as NSPCs were transplanted to the brain in the striatum
under the damaged motor cortex. The motor functions of the
hemiplegic mice having WT/WT NSPC transplantation improved
significantly compared with those of yot/yot NSPC transplanted
mice. The grafts derived from WT/WT mice migrated from
the striatum and reached the injured cortex 14 days after
transplantation. On the other hand, majority of the grafts from
yotari mice didn’t migrate and thus remained at the striatum.
Our findings support involvement of Reelin signaling pathway
for regeneration of motor cortex and subsequent functional
recovery in adult hemiplegic mice as well.
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DIRECT DIFFERENTIATION OF NEURON-LIKE
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Parkinson’s disease (PD) is a devastating aging-related
neurological disorder affecting about 1 million people in the US
and more than 6 million worldwide. Despite considerable efforts,
there is currently no cure for PD. Adult multipotent stem cells
(MSCs) hold great promise for the treatment of PD. These adult
stem cells possess major advantages over embryonic stem (ES)
cells or induced pluripotent stem (iPS) cells as they are derived
from human tissues at any age, do not form teratoma tumors,
and possess natural ability to differentiate and secrete factors
to promote tissue healing without genetic manipulation. MSCs
are present in tissues throughout the body and are capable of
proliferation and differentiation to promote tissue regeneration
and cellular replacement in disease conditions. Previous reports
indicate that MSCs derived from bone marrow (BM-MSCs)
can differentiate toward neural stem cells. However, unlike
with embryonic stem cells, it is not clear whether BM-MSCs
can develop into mature neurons. Moreover, they rapidly lose

proliferative and differentiation capacity, creating a critical barrier
for their use in clinical cellular therapy. We recently reported
the isolation of MSCs and the generation of 14 cell lines from
small biopsies of human palatine tonsils (T-MSCs). Our T-MSCs
have been shown to exhibit equivalent multipotency and marker
expression to those of BM-MSCs. We show that millions of
MSCs can be harvested from a sample as little as 0.6 g, which
can be collected in an outpatient setting without the need for
general anesthesia or hospitalization. Importantly, these cells
exhibit delayed senescence in culture, which could serve to
bypass the clinical barrier seen with BM-MSCs. In this study, we
demonstrate for the first time that tonsillar-biopsy derived stem
cells have a potential to differentiate into post-mitotic neuron-like
cells without genetic manipulation. Given that immature neural
cells have shown a superior therapeutic potential compared to
undifferentiated MSCs,our study has the potential for novel cell
therapies of PD and other neurodegenerative diseases.
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Spinal cord injury result in a variety of neurodegenerative
reactions, including motor neuron degeneration and death.
Currently there are no treatments to reverse associated
neurological deficits. The present study investigated the feasibility
of using human embryonic stem cell-derived motor neurons as
a potential replacement of degenerating spinal cord neurons in
a non-human primate model of conus medullaris/cauda equina
form of spinal cord injury. Female rhesus macaques (n=8) were
subjected to an L6-S3 ventral root avulsion (VRA) injury and
replantation of the L6 and L7 ventral roots into the spinal cord.
Approximately 250,000 cells were injected into the L5 spinal
cord segment. An immunossupression protocol was developed
and included anti-thymocyte globulin, tacrolimus, prednisone,
and anti-CD40. Spinal cord tissues were analyzed at 24
hours after surgery (n=1), 2 months post-surgery (n=3), and 7
months post-surgery (n=4). Morphological studies identified
the injection site and survival of human cells in all animals.
At 2 months post-surgery some transplanted cells formed
rosettes of neural progenitors expressing SOX2, and NESTIN.
Subsets of cells also showed labeling for motor neuron and
oligodendrocyte progenitors, such as OLIG2, but no markers
for astrocytes (GFAP) or microglial cells (IBA1) were identified.
At 7 months post-surgery no rosettes, astrocytes, or microglial
cells were identified, although oligodendrocyte progenitors were
readily identified. STEM 121 and BllI-tubulin markers confirmed
a neuronal phenotype among human cells at both 2 and 7
months post-surgery, and showed elongated fiber tracts in
the grey and white matter. A small group of transplanted cells
showed Ki-67 labeling, but no tumor formation was detected.
The integration of human cells in the primate spinal cord was
confirmed using pre-embedding immuno-gold labeling for
analysis of STEM121 labeling in the electron microscope.
Functional analysis showed a VRA-induced left leg weakness,
but preserved capability to use the affected limb for climbing,
balancing, and stepping. Cystometrogram and EMG recordings
showed preserved micturation reflexes. We concluded that our
new immunosuppression protocol was successful with human
cell survival and formation of neural circuits in the primate spinal
cord.

Funding Source: California Institute for Regenerative Medicine
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The strongest genetic risk factor for sporadic Alzheimer’s
disease (AD) is the E4 allele of the cholesterol transporter
apolipoprotein E (APOE4). There are multiple mechanisms
through which APOE4 may be increasing AD risk, with its
actions on neuroinflammation and glial function being a central
pathway. For example, APOE4 significantly alters the function
of microglia, the major immune cell type of the brain, whose
role in AD pathogenesis is well established. Recent findings
have shown a distinct transcriptional signature of microglia in
AD and other neurodegenerative diseases. However, the extent
to which APOE4 may affect microglial transcription, both in
healthy brain and in the context of AD is currently unknown. To
address this knowledge gap, we assessed the effects of APOE4
on microglial transcription profiles using both mouse models of
AD and human induced pluripotent stem cells (iPSCs). CD11b+
microglia were isolated from whole brain of mice carrying either
human APOE4, or human APOES3, the neutral risk allele. These
mice were either on a wildtype C57BL6/J background or crossed
with the 5xFAD mouse, which carries 5 familial AD mutations,
thus resulting in 4 groups: ESWT, E4AWT, ESFAD, and E4FAD.
Additionally, iPSCs from healthy, non-demented APOE3 and
APOEA4 carriers were differentiated into microglia. Both microglia
isolated from whole mouse brain and differentiated from human
iPSCs were analyzed by RNAseq. Our findings demonstrate that
APOEA4 is associated with a specific transcriptional signature in
microglia, both in the context of AD as well as in healthy, non-
AD backgrounds. Identifying how APOE4 affects microglial
transcription will be critical to understanding how this genetic
risk factor alters microglia function to drive neurodegeneration.

Funding Source: NIA RF1 AG058068
W-4061

MODELING SYNGAP1 TRUNCATING MUTATIONS IN
NEURODEVELOPMENTAL DISEASE USING IPSC-
DERIVED NEURONS

Xu, Jiazhen - Zilkha Neurogenetic Institute, University of
Southern California, Los Angeles, CA, USA

Coba, Marcelo - Zilkha Neurogenetic Institute, University of
Southern California, Los Angeles, CA, USA

Wilkinson, Brent - Zilkha Neurogenetic Institute, University of
Southern California, Los Angeles, CA, USA
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The synaptic Ras-GTPase activating protein, SYNGAP1, is one of
the most abundant proteins at the postsynaptic site of excitatory
neurons. SYNGAP1 plays a critical role in the organization of
a complex protein-protein interaction network at the synapse
with profound impact on the scaffold and structural functions
that shape dendritic spines and neuronal connections. De novo
mutations in SYNGAP1 are autosomal dominant are highly
prevalent in intellectual disability and have been associated
with autism spectrum disorders. Mouse models have showed
that mutations in SYNGAP1 alter neuronal morphology and
synaptic function. However the role and mechanisms altered by
mutations present in human neurons remains to be explored.
To study the mechanisms altered by mutations in SynGAP1 in
patients, we generated Induced pluripotent stem cells (iPSC)
from haploinsufficient patient samples (+/-) and differentiated
iPSC to induced excitatory neurons (iN). Mutation-corrected cell
line (+/+) were generated by CRISPR-Cas9 and differentiated
to iN. We analyzed the expression of SynGAP1 protein, the
morphology and electrical activity from patient and control cell
lines. Expression of SynGAP1 protein is restored in CRISPR-
corrected neurons. Patient derived neurons present abnormal
dendritic spines morphology together with alterations in bursts
and spikes frequencies in Multielectrode arrays recordings.
Here we show that the study of patient-derived neurons can
be used to study the role of mutations in components of the
postsynaptic synapse and help to understand their role in
neurodevelopmental disease.

W-4063

STUDY ON TRANSLATIONAL RESEARCH TRENDS
IN SPINAL CORD INJURY FROM CLINICAL TRIAL
REGISTRY; DISCUSSION ON THE DIFFERENCES
BETWEEN THE NUMBER OF RESEARCH ARTICLES
AND CLINICAL TRIALS

Maekawa, Hiromi - Department Regenerative Medicine,
School of Medicine, Fujita Health University, Toyoake, Japan
Negoro, Takaharu - International Center for Cell and Gene
Therapy, Fujita Health University, Toyoake, Japan

Okura, Hanayuki - International Center for Cell and Gene
Therapy, Fujita Health University, Toyoake, Japan

Yoshida, Satoru - Department Regenerative Medicine, School
of Medicine, Fujita Health University, Toyoake, Japan

Takada, Nozomi - Department Regenerative Medicine, School
of Medicine, Fujita Health University, Toyoake, Japan
Maehata, Midori - Department Regenerative Medicine, School
of Medicine, Fujita Health University, Toyoake, Japan
Matsuyama, Akifumi - Department Regenerative Medicine,
School of Medicine, Fujita Health University, Toyoake, Japan

We have previously analyzed and reported trends in
regenerative medicine clinical research using the clinical trial
registry in four disease areas. Here, we report on the analysis
concerning spinal cord injury (SCI). Articles containing “SCI”
and “stem cell” as MeSH terms were extracted using PubMed
and analyzed according to country and the number of articles.
Based on the results, the United States was at the top followed

by China, South Korea, Japan, and Canada. However, when
the number of clinical trials recorded in ClinicalTrials.gov (CTG)
and/or the International Clinical Trial Registry Platform (ICTRP)
were analyzed by country, the countries occupying the top two
positions were reversed, with China at the top followed by the
United States. India and Brazil also advanced to a higher rank
on the list, indicating that the number of articles did not reflect
the actual number of clinical trials reported in CTG and the
ICTRP. This discrepancy is presumed to be due to differences
in translation by country. The contributing factors are likely to be
the number of patients with the disease, the difficulty of obtaining
cell materials, ethics, policy, regulation, funding, development
companies, time lag to clinical trial stage, and difficulty of patient
recruitment. Among these factors, the analysis was conducted
by focusing on “cell material.” In the ladder chart analysis, most
of the cells used originated from the bone marrow (BM), followed
by adipose tissue (AD), and umbilical cord (UC). This reflects the
ease of obtaining available cell materials. On further analysis by
country, some specific characteristics were observed: various
cell materials including embryonic stem cells (ESCs) and neural
stem cells (NSCs) in the United States; UC in China; AD in South
Korea; only BM in Japan, India, and Brazil; UC and AD in Spain;
and BM and NSCs in Iran. Therefore, the results indicate that
while the translation focus in the United States, using ESCs
and NSCs, is relatively on a higher difficulty level, China has
promoted translation using UC. Furthermore, we predicted the
study focus of future reports on translational research trends
from each country.

Funding Source: This study was supported by the Highway
Program for Realization of Regenerative Medicine of The Japan
Agency for Medical Research and Development (AMED) under
Grant Number JP18bm0504009

W-4065

SPONTANEOUS CELL CYCLE REENTRY AND
THE SENESCENCE-ASSOCIATED SECRETORY
PHENOTYPE IN A 3D MODEL OF C90RF72
FRONTOTEMPORAL DEGENERATION-
AMYOTROPHIC LATERAL SCLEROSIS

Porterfield, Veronica - Cell Biology/School of Medicine,
University of Virginia, Charlottesville, VA, USA

Blanco, Isebella - Pharmacology, University of Virginia,
Charlottesville, VA, USA

Bloom, George - Biology, Cell Biology, Neuroscience,
University of Virginia, Charlottesville, VA, USA

Foff, Erin - Neurology, University of Virginia, Charlottesville, VA,
USA

Jayaraman, Sruthi - Pharmacology, University of Virginia,
Charlottesville, VA, USA

Kahn, Shahzad - Biology, University of Virginia, Charlottesville,
VA, USA

Koseoglu, Mehmet Mruat - Pharmacology and Fiske Drug
Discovery Laboratory, University of Virginia, Charlottesville, VA,
USA

Lazo, John - Pharmacology and Fiske Drug Discovery
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Laboratory, University of Virginia, Charlottesville, VA, USA
Lien, Eric - Pharmacology, University of Virginia, Charlottesville,
VA, USA

McConnell, Michael - Biochemistry and Molecular Genetics
and Neuroscience, University of Virginia, Charlottesville, VA,
USA

Sharlow, Elizabeth - Pharmacology and Fiske Drug Discovery
Laboratory, University of Virginia, Charlottesville, VA, USA

Frontotemporal degeneration (FTD) is the second most common
presenile dementia of individuals under the age of 65. Even
though clinically distinct from each other, it has been known
that a link between FTD and ALS exists, resulting in some
patients developing an overlap syndrome with features of both
disorders. One of the most recent advances of FTD-ALS was the
discovery that a large percentage of sporadic and familial ALS
and FTD and familial FTD-ALS carry a hexanucleotide repeat
expansion (GGGGCC)n in the first intron of COORF72. However,
few cellular models exist that faithfully delineate the mechanistic
and cellular responses associated with either disease or the
impact of the COORF72. Here we used inducible pluripotent
stem cell (iPS) populations derived from control and C9ORF72
(C9+) patients, and differentiated these cells into neuronal-
glial co-cultures using two- and three-dimensional (2D and
3D) culturing techniques. We hypothesized that an in vitro 3D
culture system would provide a powerful in vitro model for ALS/
FTD, one which more closely mimics native brain morphology
and pathology than standard two-dimensional cultures. Twelve
weeks after neuronal differentiation, the C9+ cells spontaneously
expressed cyclin D1 protein compared to control lines in the
3D culture systems, suggestive of aberrant reengagement of
cell cycle processes. Further analysis of cell cycle-associated
transcripts revealed a significant increase in cyclin dependent
kinase inhibitor 2A (CDKN2A), cyclin dependent kinase inhibitor
2B (CDKN2B) and a significant decrease in aurora kinase B
(AURKB) gene expression in the C9+ lines. Computational
analyses of these gene expression patterns suggest that multiple
cellular senescence signaling pathways may be activated in
C9+ lines associated with an aberrant reentry into the cell cycle.
Subsequent analysis of the culture supernatants from the C9+
lines indicated significant levels of CXCL8, CXCL1, IL13, IP10,
CX3CL1 and reactive oxygen species, which are components
of the senescence-associated secretory phenotype. Taken
together, the results from our in vitro 3D assay system suggest
spontaneous neuronal cell cycle reentry and senescence-
associated secretory phenotype could be an underlying
component of ALS and FTD in C9ORF72.

Funding Source: Fiske Drug Discovery Fund (J.S.L.), the
Owens Family Foundation (E.F., J.S.L., G.B.), NIH RF1 AG51085
(G.S.B.), NIH R0O1 GB10683 (E.R.S.), Hartwell Foundation (E.F.)
and the Cure Alzheimer’s Fund (G.B., J.S.L, E.R.S.).
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GENOME-WIDE CRISPR SCREEN FOR ZIKA VIRUS
RESISTANCE IN HUMAN IPSC-DERIVED NEURAL
CELLS

Muffat, Julien - Neurosciences and Mental Health, Hospital for
Sick Children, Toronto, ON, Canada

Li, Yun - DSCB, The Hospital for Sick Children, Toronto, ON,
Canada

Omer-Javed, Attya - Biology, Whitehead Institute, Cambridge,
MA, USA

Keys, Heather - Biology, Whitehead Institute, Cambridge, MA,
USA

Gehrke, Lee - IMES, MIT, Cambridge, MA, USA

Sabatini, David - Biology, Whitehead Institute/MIT, Cambridge,
MA, USA

Jaenisch, Rudolf - Biology, Whitehead Institute/MIT,
Cambridge, MA, USA

The brain was once thought to be largely isolated from the
immune system. This view is changing, as recent data suggest
that peripheral and resident immune cells play complex roles
in brain disorders. We devised human models of microglia-
neuron interactions, and are using these models to understand
how inflammatory triggers affect brain function. We worked to
recreate microglial ontogeny in the dish, from human pluripotent
stem cells, generating primitive macrophages resembling
early microglia. Using novel tissue-engineering approaches
including 3D co-cultures and cerebral organoids, we showed
that their transcriptional profile and physiological behavior could
approximate different stages of development, leading to their
ability to dynamically survey the neuro-glial environment, and
respond to injury orimmune stimulation. We have focused on the
role of microglia in the early dissemination of the Zika virus to the
fetal nervous system, and performed an unbiased CRISPR screen
for host factors necessary for lethal infection of neural stem cells.
Zika virus (ZIKV) is a neurotropic and neurovirulent arbovirus that
has severe detrimental impact on the developing human fetal
brain. To date little is known about the factors required for ZIKV
infection of human neural cells. We comprehensively identified
ZIKV host genes in human pluripotent stem cell-derived neural
progenitors (NPs) using a genome-wide CRISPR/Cas9 knockout
screen. Mutations of host factors involved in heparan sulfation,
endocytosis, endoplasmic reticulum processing, Golgi function
and interferon activity conferred resilience towards ZIKV of the
Uganda strain, and a current endemic American isolate. ZIKV
host genes identified in human NPs also provided low level of
protection, when targeted in isogenic human astrocytes, against
ZIKV and Dengue. This result emphasizes the need to study viral
mechanisms in biologically relevant cells. Our findings illuminate
host-dependent mechanisms for ZIKV infection in the highly
vulnerable human neural stem cells, and indicate molecular
targets for potential therapeutic intervention.
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Funding Source: NIH, Simons Foundation, International
Rett Syndrome Foundation, Brain and Behavior Research
Foundation, Canada First Research Excellence Fund, European
Leukodystrophy Association, Canada Research Chairs Program,
HHMI and ACS.

W-4069

EXOSOMES: A NEW BIOMARKER FOR
NEURODEGENERATIVE DISEASES.

Milliex, Julia - Commerce and R&D, Cell Guidance Systems,
Cambridge, UK

Botos, Laur-Alexandru - Senior Researcher, Cell Guidance
Systems, Cambridge, UK

Exosomes can pass the blood-brain barrier. This property
makes exosome research attractive for areas such as biomarker
discovery for neurodegenerative diseases and also drug delivery.
To study these fields, efficient methods for isolating exosomes
from small volumes of biofluids such as serum, plasma and
cerebrospinal fluid (CSF) need to be identified. Three different
exosome isolation systems were compared using serum,
plasma and CSF as starting samples in order to identify the best
approach. Among other factors, yield, purity as well as structural
integrity of the generated samples have been analysed as part
of this comparison. Analyses such as NTA, exosome protein to
particle ratio, WB and TEM were used to generate comparative
data.
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PLACENTA AND UMBILICAL CORD DERIVED
CELLS

W-2002

IMMUNOMODULATORY PROPERTIES OF
CANINE PLACENTA-DERIVED MESENCHYMAL
STEM CELLS: POTENTIAL APPLICATION FOR
INFLAMMATORY BRAIN DISEASE

Clark, Kaitlin C - Surgery, University of California, Davis,
Sacramento, CA, USA

Martins Amorim, Rogerio - Veterinary Clinics, Sdo Paulo State
University, Sdo Paulo, Brazil

Julio de Mesquita Filho , UNESP, Botucatu, Brazil

Walker, Naomi - Pathology, Microbiology and Immunology,
University of California, Davis, Davis, CA, USA

Kumar, Priya - Surgery, University of California, Davis,
Sacramento, CA, USA

Long, Connor - Surgery, University of California, Davis,
Sacramento, CA, USA

Lankford, Lee - Surgery, University of California, Davis,
Sacramento, CA, USA

Farmer, Diana - Surgery, University of California, Davis,
Sacramento, CA, USA

Borjesson, Dori - Pathology, Microbiology and Immunology,
University of California, Davis, Davis, CA, USA

Wang, Aijun - Surgery, University of California, Davis,
Sacramento, CA, USA

Autoimmune diseases of the central nervous system (CNS) are
characterized by infiltration of reactive immune cell subsets into
the brain and spinal cord. The pathophysiology of naturally-
occurring diseases in veterinary species may better recapitulate
human diseases and serve as superior models for evaluation
of therapeutics. Dogs specifically suffer from inflammatory
brain disease (IBD). Mesenchymal stem cells (MSCs) could be
a promising therapy for autoimmune CNS diseases based on
their ability to inhibit T-cell proliferation, alter B-cell function
and inhibit dendritic cell maturation and differentiation. In this
study we evaluated the immunomodulatory attributes of canine
adipose-derived MSCs (ASCs) and placenta-derived MSCs
(PMSCs) to provide potency information to determine the optimal
MSC source to treat IBD. We also compared mechanisms of
immunoregulation by canine and human PMSCs to demonstrate
that the canine is a useful model to evaluate cell therapy for
IBD. Our study emphasized immunoregulation of MSCs by
showing secretion profiles of anti-inflammatory cytokines and
their capacity to inhibit lymphocyte proliferation in vitro. MSCs
were activated directly with interferon gamma and tumor
necrosis factor alpha or indirectly by co-culture of MSCs with
mitogen induced peripheral blood mononuclear cells (PBMCs).
Activated canine ASCs and PMSCs secrete high concentrations
of indoleamine 2,3 dioxygenase (IDO) and prostaglandin E2
(PGE2) after both direct and indirect stimulation. ASCs and
PMSCs inhibit PBMC proliferation when co-cultured in contact
with stimulated PBMCs. However, PMSCs inhibited PBMC
proliferation significantly more than ASCs. Blocking studies
revealed PGE2 is critical for ASC inhibition of PBMC proliferation.
ASCs inhibit lymphocyte proliferation via cell cycle arrest in GO/
G1, while PMSCs induce lymphocyte apoptosis. Our results
have demonstrated that ASCs and PMSCs are both potential
targets for cell therapies for IBD; however, PMSCs more potently
inhibited lymphocyte proliferation by inducing apoptosis. These
data suggest that the mechanism by which ASCs and PMSCs
downregulate PBMC proliferation differs. These findings provide
critical preclinical data assessing PMSCs for treatment of
neurological diseases moving toward human clinical trials.

W-2004

SUSPENSION HYALURONAN INDUCES A
MITOCHONDRIAL FUNCTIONAL SWITCH IN FAST-
PROLIFERATIVE HUMAN MESENCHYMAL STEM
CELLS

Solis, Mairim A - Research and Technological Development,
Gorgas Memoirial Institute of Health Studies, Panama

Huang, Lynn - Department of Biotechnology and Bioindustry
Sciences, National Cheng Kung University, Tainan
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Hyaluronan preserves the proliferation and differentiation
potential of mesenchymal stem cells. Supplementation of low
concentration hyaluronan (SHA) in medium suspension for
culturing stem cells increases their proliferative rate, whereas
coated hyaluronan (CHA) on the tissue culture surface
maintains cells in a slow-proliferative mode. We have previously
demonstrated that in CHA, stem cells’ metabolic status during
a reduced proliferative state is influenced by upregulating
mitochondrial biogenesis and function. However, the effect
of SHA on stem cells’ mitochondrial energetic metabolism
remained unknown. In this study, we demonstrated the effect
that low concentration SHA at 0.001 mg/ml (SHA0.001) and
high concentration SHA at 5 mg/ml (SHA5) exerts on stem
cells’ mitochondrial function compared to CHA and non-
coated tissue culture surface (control). Fast-proliferative human
placenta-derived mesenchymal stem cells (PDMSCs) cultured
on SHAO0.001, when compared to slow-proliferative PDMSCs
cultured on CHA at 5.0 (CHA5) or 30 pg/cm2 (CHA30), was
found to have lower mitochondrial mass, lower mitochondrial
DNA copy number, and lower oxygen consumption rate. The
reduced mitochondrial biogenesis observed in SHAO0.001
was accompanied by a 2-times higher ATP content and
lactate production, suggesting that hyaluronan-induced fast-
proliferative PDMSCs may rely less on mitochondrial function
as an energy source and induce a mitochondrial functional
switch to non-mitochondrial pathways. Both, PDMSCs cultured
on CHA and SHA had a decrease in reactive oxygen species
levels. Results from this study clarify our understandings on
the influence of hyaluronan in stem cells and provide important
insights into the effect of distinct supplementation method used
during cell therapies.

Funding Source: NSC 99-3111-B-006-002; NSC 102-2325-
B-006-012; and MOST-105-2622-8-006-010-TB1, from the
Ministry of Science and Technology of Taiwan.

ADIPOSE AND CONNECTIVE TISSUE
W-2006

ENGRAFTMENT POTENTIAL OF MATERNAL
ADIPOSE-DERIVED STEM CELLS FOR FETAL
TRANSPLANTATION

Kawashima, Akihiro - Obstetrics and Gynecology, Showa
University School of Medicine, Tokyo, Japan

Yasuhara, Rika - Division of Pathology, Department of Oral
Diagnostic Sciences, Showa University School of Dentistry,
Tokyo, Japan

Mishima, Keniji - Division of Pathology, Department of Oral
Diagnostic Sciences, Showa University School of Dentistry,
Tokyo, Japan

Sekizawa, Akihiko - Obstetrics and gynecology, Showa
University School of Medicine, Tokyo, Japan
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In utero stem cell transplantation is a promising medical tool for
many genetic disorders, but graft rejection caused by maternal T
cells as the main barrier to engraftment limits clinical outcomes.
As maternal T cells are trafficking in the fetus during pregnancy,
we hypothesized that using maternal adipose-derived stem cells
(ADSCs) for in utero transplantation can develop maternal-fetal
chimerisminthe undeveloped fetalimmune system, thus lowering
the risk of graft rejection. Herein, fetus brain engraftment using
maternal or allogeneic grafts was examined via in utero stem cell
transplantation. ADSCs were purified using the mesenchymal
stem cell markers PDGFRa and Sca-1 via fluorescence-
activated cell sorting. Neuronal differentiation of ADSCs was
induced by three-dimensional aggregation culture, and mature
neuronal markers were detected. Fetal brain grafts grew for at
least 1 month after in utero allogenic ADSC transplantation.
Furthermore, maternal ADSCs reduced immune cell infiltration
and suppressed the innate immune response, preventing the
infiltration of CD8-positive, CD45-positive lymphocytes into the
graft. Thus, in utero maternal ADSC transplantation is beneficial
for the treatment of congenital CNS diseases because of the
ability of the cells to differentiate into neuronal lineages and
reduce immune responses.

W-2008

COMPARATIVE ANALYSIS OF HUMAN

CARTILAGE DERIVED MESENCHYMAL STEM/
PROGENITOR CELLS FROM OSTEOARTHRITIS AND
RHEUMATOID ARTHRITIS PATIENTS

Bairapura Manjappa, Akshay - Nitte University Centre for
Stem Cell Research and Regenerative Medicine (NUCSReM),
Nitte, Mangalore, India

Rao, Shama - Nitte University Centre for Stem Cell Research
and Regenerative Medicine (NUCSReM), Nitte (Deemed to be
University), Mangaluru, India

Nitilapural, Narendra - Nitte University Centre for Stem Cell
Research and Regenerative Medicine (NUCSReM), Nitte
(Deemed to be University), Mangaluru, India

Shetty, Siddharthl - Department of Orthopaedics, Nitte
(Deemed to be University), Mangaluru, India

Shetty, Veena - Nitte University Centre for Stem Cell Research
and Regenerative Medicine (NUCSReM), Nitte (Deemed to be
University), Mangaluru, India

Shetty, Ananthram - Faculty of Health and Wellbeing,
Canterbury Christ Church University, Kent, UK

Shetty, Shantharam - Nitte University Centre for Stem Cell
Research and Regenerative Medicine (NUCSReM), Nitte
(Deemed to be University), Mangaluru, India

Mohana Kumar, Basavarajappa - Nitte University Centre for
Stem Cell Research and Regenerative Medicine (NUCSReM),
Nitte (Deemed to be University), Mangaluru, India

Arthritis is one of the leading causes of disability around the
world affecting different age groups. It has recently been
evident that articular cartilage harbours a viable pool of stem/
progenitor cells and has led to reinvent the potentiality of
these cells to stimulate endogenous reparative mechanisms to
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regenerate articular cartilage. The objective of this study was to
compare stem/progenitor cells in the context of osteoarthritis
(OA) and rheumatoid arthritis (RA) cartilage tissue, since there
is very limited evidence in the literature. Mesenchymal stem/
progenitor cells (MPCs) were isolated from OA and RA cartilage
samples and compared based on their morphology, viability,
growth kinetics, senescence associated (-galactosidase (SA
B-gal) activity, colony forming ability, cytogenetic stability,
alkaline-phosphatase (ALP) activity and sterility. Phenotypic
characteristics of MPCs were analysed using markers, such as
CD73, CD90, CD105, CD146, CD166, CD34, CD45 and HLA-
DR. The isolated MPCs were plastic adherent and displayed
a spindle-shaped fibroblast-like morphology. This consistency
in phenotype was maintained up to passage 10 (P10). The cell
viability was observed more than 95% and the proliferation was
comparable in both OA and RA derived MPCs. The population
doubling time of MPCs from OA was 51.33+8.67 hrs, whereas
that of RA was 76.51+33.31 hrs. SA 3-gal activity was absent in
early passage, but present in a few cells in late passages. Colony
forming ability analyses showed no noticeable differences
between OA and RA samples. ALP activity was observed in the
MPCs with or without osteogenic induction. MPCs expressed
the mesenchymal markers, but not the hematopoietic markers,
and no marked difference in expression was observed between
OA and RA samples. Upon induction, MPCs were differentiated
along osteogenic, adipocytic and chondrocytic pathways. This
was further evidenced by the expression of genes involved in
osteogenesis (RUNX2 and osteocalcin), adipogenesis (PPAR-y2
and lipoprotein lipase) and chondrogenesis (collagen type I,
SOX9 and aggrecan). Based on the findings, it is envisaged that
the characterized human cartilage derived MPCs could be a
suitable choice of cell type for progressing cell-based therapies
to repair or regenerate cartilage tissue in OA and RA patients.

Funding Source: This work was supported by Nitte (Deemed to
be University), Mangaluru, India.
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NOTCH SIGNALING ENHANCES STEMNESS BY
REGULATING METABOLIC PATHWAYS THROUGH
MODIFYING P53, NF-KB, AND HIF-1ALFA

Moriyama, Hiroyuki - Pharmaceutical Research and
Technology Institute, Kindai University, Higashi-Osaka, Japan
Moriyama Mariko - Pharmaceutical Research and Technology
Institute, Kindai University, Higasho-Oska, Japan

Ozawa, Toshiyuki - Department of Dermatology, Graduate
School of Medicine, Osaka City University, Osaka, Japan
Tsuruta, Daisuke - Department of Dermatology, Graduate
School of Medicine, Osaka City University, Osaka, Japan
Hayakwa, Takao - Pharmaceutical Research and Technology
Institute, Kindai University, Higashi-Osaka, Japan

Human adipose-derived mesenchymal stromal cells (hASCs)
are attractive for regenerative medicine, but their limited in
vitro life span limits their therapeutic applicability. Recent data
demonstrate that hypoxia may benefit the ex vivo culture of stem
cells. Such cells exhibit a high level of glycolytic metabolism

under hypoxic conditions. However, the physiological role of
glycolytic activation and its underlying regulatory mechanism are
incompletely understood. We have shown that when activated
under conditions of 5% 02, Notch signaling dramatically
increases the rate of glycolysis, improves proliferation efficiency,
prevents senescence, and maintains the multipotency of
hASCs. In the present study, we found that activated Notch1
enhanced nuclear p65 levels, resulting in an increase in glucose
metabolism through the upregulation of glycolytic factors,
including GLUT3. Notch signaling was also involved in glucose
metabolism through p53 inactivation. We also found that NF-
KB signaling was regulated by p53. These data suggest that
Notch-HES1 signaling enhances the glycolytic pathway through
p53 and NF-kB. Our data also revealed that activated Notch1
markedly increased the transcriptional activity of hypoxia-
inducible factor 1 (HIF-1). Knockdown of HIF-1a significantly
attenuated glycolysis induced by activated Notch1, indicating
that the glycolysis pathway is regulated by the coordination of
Notch signaling and HIF. Overall, our observations provide new
regulatory mechanisms for the glycolysis by Notch signaling to
maintain the stemness of hASCs.

MUSCULOSKELETAL TISSUE
W-2012

PERFORMANCE-BASED AUTOMATED SELECTION
AND EXPANSION OF CLONAL POPULATIONS
DERIVED FROM HUMAN ARTICULAR CARTILAGE
TO IMPROVE CELL THERAPY STRATEGIES

Mantripragada, Venkata R - Biomedical Engineering,
Cleveland Clinic, Cleveland, OH, USA

Carson, Edward - Biomedical Engineering, Case Western
Reserve, Cleveland, OH, USA

Piuzzi, Nicolas - Orthopaedics, Cleveland Clinic, Cleveland,
OH, USA

Muschler, George - Orthopaedics, Cleveland Clinic, Cleveland
Clinic, OH, USA

Native tissue sources contain highly heterogeneous populations
of progenitors with the capacity to proliferate and differentiate
into one or more connective tissues. The clones derived from
these founding cells exhibit wide variation in their biological
potential (proliferation and differentiation). When unselected cells
are placed into culture stochastic variation in the dominance of
one clone over the other can result in enormous changes in
the biological performance of culture-expanded progeny. We
hypothesize that purposeful control over the starting population
will provide greater control over the variation in quality and
biological potential of the end product. This would provide greater
safety and efficacy - and reduce the cost, by limiting investments
made in inferior starting materials. The goal of this study is to
identify the attributes of cartilage-derived progenitors that are
predictive of both high expansion potential and in vitro expression
of chondrogenic markers. Articular cartilage (Outerbridge
grade 1-2) obtained from six knee arthroplasty patient’s were
enzymatically digested to isolate cells for 2-D cell culture assay.
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Using standardized large field of view image analysis, 24 clonal
populations from each patient were identified and “picked” using
Cell X Automation Platform. Of these, 12 clonal colonies were
expanded to 20 doublings for trilineage differentiation assay and
RNA sequencing analysis. Colony founding cells demonstrated
wide variation in initial morphology: [circularity (median:
0.665; range:0.15-0.93), area (median: 116.4um2; range:51.9-
204.2pm2)]. Clonal progeny also demonstrated large variation in
performance: [doubling time (median:32.9h; range:26.9-41.2h)
and colony density (median:6.5%;range:2.3-20.7%)]. Wide
variation in differentiation potential and patterns of RNAseq
expression are present. Trilineage differentiation in vitro and
RNAseq data collection is pending and will be used to define
attributes that are most closely associated with the presence
or absence of chondrogenic markers. These data will enable
prospective assessment of the value of automated selection or
removal “weeding” of clonal populations based on quantitative
morphological or performance parameters that can be detected
non-invasively.

Funding Source: Lisa Dean Moseley Foundation
W-2014

LINEAGE TRACING REVEALS A SUBSET OF MOUSE
MUSCLE RESERVE STEM CELLS CAPABLE OF
CLONAL EXPANSION UNDER STRESS
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Stem cell heterogeneity is recognized as functionally relevant
for tissue homeostasis and repair. The identity, context-
dependence, and regulation of skeletal muscle stem cell subsets
remain poorly understood. We identify a minor subset of Pax7+
satellite cells (SCs) that is indelibly marked by an inducible
Mx1-Cre transgene in vivo, enriched for Pax3 expression and
has reduced ROS (Reactive Oxygen Species) levels. Mx1+
SCs possess potent stem cell activity upon transplantation, but
minimally contribute to endogenous muscle repair, due to their
relative low abundance. In contrast, a dramatic clonal expansion
of Mx1+ SCs allows extensive contribution to muscle repair
and SC niche repopulation upon selective pressure of radiation
stress, consistent with reserve stem cell (RSC) properties. Loss
of Pax3 increased ROS content, diminished RSC survival and
stress tolerance. Human muscle stem cells also have a subset
of SCs capable to tolerate radiation stress. These observations
demonstrate that the Pax7+ SC pool contains a discrete
population of radio-tolerant reserve stem cells (RSCs) that
undergo clonal expansion under severe stress.
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MODULATION OF SMALL MOLECULES FOR
EFFICIENT 3D-CHONDROGENIC DIFFERENTIATION
OF TISSUE-SPECIFIC AND INDUCED PLURIPOTENT
STEM CELL (IPSC)-DERIVED HUMAN
MESENCHYMAL STEM CELLS (HMSCS)
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Human mesenchymal stem cells (MSCs) are post-natal stem
cells considered as excellent cell sources for tissue engineering
of cartilage, a tissue without the capacity for regeneration or
repair but often injured in activity and with aging. Among them,
induced pluripotent stem cell (iPSC)-derived MSCs (iMSCs) are
a novel source of MSCs which are strongly proliferative and can
be designed to be patient-specific. We therefore studied the
use of iIMSCs for therapeutic use in cartilage-related diseases.
And investigating how 3D culture conditions mechanistically
modulate MSC chondrogenesis for discovery of targets on
which small molecules can be applied to enhance the efficiency
of the process. Our preliminary data demonstrate that one pair
of small-molecule agonist/antagonist X and Y, respectively,
which could cause opposing effects on MSC chondrogenic
differentiation. Furthermore, drug Y was able to induce MSC
chondrogenesis in the absence of TGF-f, which upregulated
a-SMA expression. We are continuing to understand how these
small molecules interact in the 3D culture environment to induce
more efficient chondrogenesis in iIMSCs.
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SKELETAL STEM CELLS EXHIBIT ALTERED GENE
EXPRESSION IN DISUSE OSTEOPENIA
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Disuse osteopenia (DO) is a complication of prolonged
mechanical unloading of the skeleton which results in
pronounced bone loss and a concomitant increase in marrow
adiposity. This skeletal involution is most severe in astronauts
during spaceflight, but also occurs due to prolonged bed rest or
limb immobilization. While studies have implicated dysregulated
osteoblast and osteoclast activity in the pathophysiology of
DO, the cell types do not account for the profound changes in
marrow adipose accumulation. Skeletal stem cells (SSCs) are
precursors of bone and adipose tissue in adult bone marrow
and SSC bifurcation into bone and fat in culture is known to
be affected by mechanical forces acting upon cells. Using the
hindlimb unloading (HU) model of DO in mice coupled with
RNA-Seq analysis of Leptin Receptor positive (LepR+) SSCs
sorted directly from bone marrow, we have demonstrated
that 6 and 12 weeks of HU results in significant alterations
in the transcriptome of SSCs as compared to ambulatory
controls. Gene ontology analysis revealed significant changes
in genes related to cell division, cytoskeletal organization,
RNA catabolism, glycogen synthesis, and long chain fatty acid
metabolism. Many of the genes changed are also predicted to be
targets of the transcription factor TWIST1, a negative regulator
of SSC bifurcation whose transcription was upregulated in SSCs
in response to HU. Importantly, TWIST1 has been implicated as
a mechanosensor in other systems. Analysis of serum markers
indicated that HU did not result in metabolic derangements in
mice, while microCT confirmed skeletal involution. Together,
these data indicate that SSCs have a cell-autonomous response
to mechanical unloading of the skeleton in vivo and their
dysfunction may contribute to the DO phenotype.
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Articular cartilage due to low self-regenerative capacity is
very sensitive to trauma or degenerative diseases such as
osteoarthritis, whereas mesenchymal stem cells (MSCs),
appear to be promising candidates for cartilage engineering and
regeneration. Since hypertensionis acommon disease in patients
with OA, the use of antihypertensive drugs such as nifedipine may
affect the course of OA. These molecules regulate intracellular
Ca2 + levels and therefore modulate various cellular functions.
Aim of this study was to evaluate the effects of nifedipine and
L-type calcium channel agonist BayK8644 on chondrogenic
differentiation of human bone marrow (BM)-MSCs and mature
chondrocytes. For that human BM-MSC and chondrocytes
were incubated with nifedipine and BayK8644, and evaluated
for chondrogenesis and intracellular calcium levels, as were
measured with calcium dye Cal-520 (flow cytometry). Explants
of human cartilage tissue were incubated with nifedipine and
BayK8644 with / without mechanical load (Flexcell compression
system). Chondrogenic differentiation and cartilage responses
were assessed by immunohistochemistry (Safranin-O staining
and anti-collagen Il antibodies) and gene expression assays.
We observed reduction of proliferation in BM-MSCs and
chondrocytes by nifedipine. Flow cytometry analysis showed
different models of intracellular Ca2 + oscillations in both cell
types under incubation with L-type calcium channel regulators.
More depolarised resting membrane potential in chondrocytes
than in BM-MSC was observed by patch clamp. Both nifedipine
and mechanical load modulated the expression of collagens |
and Il, SOX9 and CaV1.2 in cartilage explants. Ca2+ channel
blocking reduced mitochondrial respiration and ATP production
in MSCs and chondrocytes but increased glycolysis reserve only
in chondrocytes (determined by the Seahorse Agilent). Nifedipine
and Bay-K8644 stimulated the production of extracellular matrix
in both cell types. In summary, nifedipine regulates energy
metabolism of human BM-MSCs and chondrocytes and has
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beneficial effects on their chondrogenic differentiation, which
implies that long-term use of L-type Ca2+ channel inhibitors
for cardiovascular disease can modulate cartilage regenerative
capacity.

Funding Source: This research is funded by the European Social
Fund according to the activity ‘Improvement of researchers’
qualification by implementing world-class R&D projects’ through
Measure No. 09.3.3-LMT-K-712; 2017-2021
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MYF6/MRF4 PREVENTS EXHAUSTION OF THE
MOUSE MUSCLE STEM CELL POOL BY A FEED-
FORWARD MYOKINE SIGNALING PATHWAY
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The myogenic regulatory factors Myf5, MyoD, Myogenin
and Myf6/MRF4 play a crucial role in the execution of a
temporally regulated myogenic differentiation program during
skeletal myogenesis. We show that Myf6/MRF4 establishes
communication between differentiated myotubes and their
associated muscle stem cells through myokine signaling.
Chromatin immunoprecipitation sequencing (ChlP-seq) in
differentiated myotubes revealed that Myf6 not only regulates
muscle differentiation genes, but also unexpectedly controls
the expression of a vast array of myokines like LIF, EGF, OSM
and VEGFA. Myf6-deficient mice are born visibly normal and
without any obvious muscle phenotype. However, further
immunostaining and genetic analyses revealed that muscle stem
cells from these mice exhibit impaired activation of canonical
signaling pathways such as EGFR and STAT3 and readily break
quiescence, leading to a reduction in MuSC numbers. Together,
our data identifies a novel function for Myf6 in sustaining the
muscle stem cell pool by a feed-forward myokine signaling loop
originating from the myofiber.
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CARDIAC TISSUE AND DISEASE
W-2024

SINGLE CELL TRANSCRIPTOMIC AND
FUNCTIONAL ANALYSIS OF HUMAN INDUCED
PLURIPOTENT STEM CELL DERIVED VENTRICULAR
CARDIOMYOCYTES FROM PULMONARY ATRESIA
WITH INTACT VENTRICULAR SEPTUM PATIENTS
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Pulmonary atresia with intact ventricular septum (PA-IVS), a
rare form of congenital heart disease (CHD), is characterized
by an atretic right ventricular outflow, hypoplastic right ventricle
and various degrees of tricuspid valve and coronary artery
anomalies. To date, no genetic mutation has been consistently
identified. We report the use of bioengineered cardiac tissues
from human induced pluripotent stem cell derived ventricular
cardiomyocytes (hiPSC-VCMs) to explore intrinsic functional
phenotype of PA-IVS cardiomyocytes and single cell RNA
sequencing to decode the functional anomalies at the
transcriptomic level. Human ventricular cardiac tissue strips
(hvCTS) constructed from PA-IVS hiPSC-VCMs consistently
demonstrated reduced contractility when compared with those
from healthy controls, caused by downregulation of cardiac
contractile apparatus transcripts (ACTA1, MYL2, CSRP3,
SORBS2) in PA-IVS hiPSC-VCMs. This is consistent with the
clinical observation of impaired right ventricular contraction
fraction in PA-IVS patients. Human ventricular cardiac
anisotropic sheets (hvCAS) constructed from PA-IVS hiPSC-
VCM s did not demonstrate any electrophysiological differences
when compared with those from healthy controls, which is
consistent with the uncommon clinical occurrence of cardiac
arrhythmias in PA-IVS. Single cell sequencing of hvCAS reveals
this platform provides a hypertrophic stimulus to hiPSC-VCMs
with upregulation of associated genes (NPPB, HOPX, PDLIM3).
PA-IVS hvCAS however did not express such genes but instead
aberrantly re-expressed immature cardiac contractile isoforms
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(MYH®6) and cardiac progenitor genes (ISL1, MEF2C, SMYD1)
via the canonical Wnt pathway (PSMB9, FRZB, DACT1). We
conclude that bioengineered cardiac tissues are capable of
capturing the intrinsic functional abnormalities of sporadic
CHDs in the absence of secondary remodelling in vivo to the
structural alteration.
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AN EXPERIMENTAL FRAMEWORK FOR
IDENTIFYING AND CHARACTERIZING THE
PROXIMATE EFFECTS OF FETAL-SPECIFIC
CARDIAC REGULATORY VARIANTS ON
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Tofullyunderstand the contributions of genetic regulatory variants
to human health and disease, it is essential to characterize their
proximate effects in both adult and fetal developmental stages.
Here, we used iPSCORE (a bank of hundreds of iPSC lines
generated from individuals of multiple ethnicities) to characterize
molecular phenotypes (RNA-seq, ATAC-seq, ChIP-seq for
H3K27ac) in 180 “fetal-like” cardiovascular progenitor cell
(iPSC-CVPC) samples derived from 139 individuals. We used
single cell RNA-seq to examine eight iPSC-CVPCs and found
they were comprised of two distinct cell types, that showed
both transcriptional and chromatin states consistent with being
cardiomyocytes (CMs) and epicardium derived cells (EPDCs).
We established CM-specific and EPDC-specific expression
signatures and used them to deconvolute the bulk RNA-seq data
for the 180 iPSC-CVPCs, determining the relative ratios of both
cell types in all samples. We have leveraged these deconvoluted
expression data in combination with whole-genome sequences
to perform expression quantitative trait loci (€QTLs), resulting
in the discovery of cell-type specific and developmental stage
(fetal) specific gene expression regulatory variants that are
associated with cardiac disease. Specifically, we normalized
the expression of 16,156 expressed genes, adjusted them
for multiple covariates (age, sex, ancestry and cell population
distribution) and detected eQTLs for 3,163 eGenes, of which
210 were associated with the cell-type. We next investigated if
fetal-CM and fetal-EPDC eQTLs provide the same associations
between genetic variation and gene expression as adult cardiac
tissue eQTLs. We performed a colocalization analysis on all
eGenes with eQTL data from GTEx cardiac tissues, and found

that 1,570 (49.6%) of the eGenes were not shared with adult
tissues. To assess whether fetal-specific eQTLs are associated
with complex cardiac traits measured in adult individuals, we
colocalized eQTLs with summary statistics from cardiac GWAS,
and found 25 fetal-specific eGenes associated with cardiac
disease traits. These results show that analysis of the eQTLs
in iPSC-CVPCs identifies cardiac disease GWAS regulatory
variants that are active in the fetal heart, but not in adult heart
tissues, suggesting that they play a role in development.

Funding Source: CIRM grant GC1R-06673, NIH grants
HG008118-01, HL107442-05, DK105541-03, DK112155-01,
P30CA023100. M.K.R.D. was supported by the National Library
of Medicine Training Grant T15LM011271.
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Human induced pluripotent stem cell-derived cardiomyocytes
(hiPSC-CMs) in combination with CRISPR/Cas9 genome editing
provide unparalleled opportunities to study cardiac biology
and disease. However, sarcomeres, the fundamental units of
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myocyte contraction, are immature and nonlinear in hiPSC-CMs,
which technically challenges accurate functional interrogation of
contractile parameters in beating cells. Furthermore, existing
analysis methods are relatively low-throughput, indirectly assess
contractility, or only assess well-aligned sarcomeres found in
mature cardiac tissues. We aimed to develop an analysis platform
that directly, rapidly, and automatically tracks sarcomeres in
beating cardiomyocytes. The platform should assess sarcomere
content, contraction and relaxation parameters, and beat rate.
We developed SarcTrack, a MatLab software that monitors
fluorescently-tagged sarcomeres in hiPSC-CMs. The algorithm
determines sarcomere content, sarcomere length (SL), and
returns rates of sarcomere contraction and relaxation. By rapid
measurement of hundreds of sarcomeres in each hiPSC-CM,
SarcTrack provides large datasets for robust statistical analyses
of multiple contractile parameters. We validated SarcTrack by
analyzing drug-treated hiPSC-CMs, confirming the contractility
effects of compounds that directly activate (CK-1827452)
or inhibit (MYK-461) myosin molecules or indirectly alter
contractility (verapamil and propranolol). SarcTrack analysis
of hiPSC-CMs carrying a heterozygous truncation variant in
the myosin-binding protein C (MYBPC3) gene, which causes
hypertrophic cardiomyopathy (HCM), recapitulated seminal
disease phenotypes including cardiac hypercontractility and
diminished relaxation, abnormalities that normalized with MYK-
461 treatment. SarcTrack provides a direct and efficient method
to quantitatively assess sarcomere function. By improving
existing contractility analysis methods and overcoming technical
challenges associated with functional evaluation of hiPSC-CMs,
SarcTrack enhances translational prospects for sarcomere-
regulating therapeutics and accelerates interrogation of human
cardiac genetic variants.

Funding Source: Support for this study was provided by the
Wellcome Trust, the Fondation Leducq, the National Science
Foundation, the National Institutes of Health, and the Howard
Hughes Medical Institute.
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Congenital heart disease (CHD) affects ~1% of live births and
remains the leading cause of mortality in infants. While large-
scale genetic studies have uncovered genes associated with
CHD, distinguishing variants that confer risk from the background
noise of inconsequential variants remains a challenge. Causative
mutations in transcription factors (TF) essential for cardiovascular
development, such as NKX2-5, GATA4 and TBX5, have been
identified in familial cases of CHD, however they are rare. To
expand our understanding of their molecular function and to test
whether their interacting proteins may be enriched for variants
associated with CHD. we defined the protein-protein interaction
(PPI) network of NKX2-5, GATA4 and TBX5 using unbiased
mass spectrometry in human iPSC-derived cardiac progenitors
(iPS-CPs). This approach yielded a network of 172 proteins. An
interdependent gene-regulatory role has been reported at the
DNA-binding level for these 3 TF during cardiac development,
and we also found interdependent protein interactomes where
loss of one TF affected the interactome of the the others.
Interactomes for each were enriched in proteins involved in
similar biological processes, such as chromatin remodeling
and gene regulation, or previously unrelated processes such
as splicing and mRNA transport. Integration of the iPS-CP-PPI
network with the CHD-associated damaging variants found
in the Pediatric Cardiac Genomics Consortium whole-exome
sequencing cohort revealed statistically significant enrichment
in the GATA4 interactome for de novo missense variants. In
contrast, neither the TBX5 or NKX2-5 PPIs were enriched for
either de novo missense or rare damaging variants. Finally, we
developed a framework to rank PPIs with reported damaging
variants for functional validation studies. Overall, this work
identified novel protein interactors of TFs essential for cardiac
development, offering new insights regarding their regulatory
roles and the mechanisms through which they may cause CHD.

Funding Source: Barbara Gonzalez Teran has a AHA
Postdoctoral Fellowship. AHA Reference :18POST34080175
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Differentiation of stem cells into cardiomyocytes holds
great promise for the field of cardiac tissue regeneration.
We investigated the effect of elastin like polypeptides
(ELPs) on cardiomyocyte differentiation and proliferation of
mouse embryonic stem cells (ESC). ELPs possess unique
thermoresponsive and elastin-mimicking properties. We
hypothesized that these properties might enhance stem cell
differentiation. To test this hypothesis, we recombinantly
synthesized ELPs. mESC-derived embryoid bodies (EBs) were
suspended in culture for 4 days in the presence or absence of
ascorbic acid (AA) as the differentiation factor, and the EBs were
next transferred to a gelatin or ELP-coated culture dish with a
fresh differentiation medium to induce further differentiation for
10 days. ELPs were coated on the culture dish either by simple
adsorption (non-crosslinked), or by crosslinking the ELPs using
an enzyme (crosslinked). To determine the cardiac differentiation
efficiency we measured the beating rate in each group on day
9, and on day 14 the cardiac gene and protein expression
was analyzed by gqRT-PCR and immunocytochemistry. In the
gelatin control group, addition of AA improved cardiomyocyte
differentiation, led to larger cardiomyocyte colony clusters that
exhibited proliferative spreading as opposed to small beating
colonies when AA was not added. When ELPs were used in non-
crosslinked form, the percentage of beating colonies were lower,
however, the colonies showed greater sarcomere branchings.
When ELP was crosslinked, a significant enhancement in
cardiomyocyte beating colony was observed, and the beating
colonies had a larger area beating in unison as compared to
gelatin control. Furthermore, crosslinked ELP group showed
higher myocardial related gene expression including Brachury,
isl1, GATA4, TBX5, cTNT2 and MLC2a. These findings suggest
that crosslinked ELPs could be useful for differentiation of ESCs
in to cardiomyocytes for regenerative medicine.
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Differentiation of human pluripotent stem cells (hPSCs) to the
cardiac lineage represents a potentially unlimited source of
cardiomyocytes (CMs) for research and clinical applications.
However, their immature, embryonic-like developmental state,
heterogeneity and poorly defined phenotype greatly limits their
use. Using a unique strategy for proteomics profiling, we identified
proteins on the surface of hPSC-CMs. Our dataset revealed an
association between the expression of late protein 1 (LP1), a
surface protein involved in metabolism, with a more advanced
differentiation stage. CMs positive for this maturation marker are
more adult-like in their mitochondrial gene expression pattern,
morphology and functions, and are more sensitive to oxidative
stress. We next showed that LP1+ CMs can be utilized to study
adult disease phenotypes involving mitochondrial dysfunction.
LP1+ CMs uniquely recapitulate the effect of cardiotoxic agents
and are a significant improvement upon existing hPSC-CMs
and animal models. Our work provides important proof-of-
principle for the isolation, characterisation and application of
mature and defined hPSC-CM subpopulations, and will greatly
advance the use of hPSC-derivatives for disease modeling and
drug screening.
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Ventricular fibrillations stemming from ventricular tachycardia
and abnormal heartbeat may lead to sudden death. In the
pediatric or adult cases, fatal and sustained tachycardia are
diagnosed based on recording more than 120 beats per
minute (BPM) for a defined period. However, it remains elusive
whether Ca2+ dynamics and beating capacity of iPSC-derived
cardiomyocytes (iPSC-CM) could be developed to recapitulate
sustained tachycardia, which could require strong excitability
and contractility patterns comparable to adult cardiomyocytes.
Therefore, to evaluate the potential to model sustained cardiac
tachyarrhythmia, we generated iPSC-CM from two patients from
the same family, of whom the son was clinically diagnosed with
both junctional ectopic and fascicular ventricular tachycardia,
and the mother depicted ventricular extra systoles. Genetic
analysis of patients by exome sequencing revealed dominant
inheritance of a novel missense mutation at the SCN5A gene.
Gene expression and immunostaining analysis did not imply any
significant change in mMRNA expression or a trafficking defect
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of the mutant SCN5A protein. Interestingly, electrophysiological
analysis of the patient-specific iPSC-CM by animpedance based
hybrid electrode system revealed spontaneous contraction
frequency of 150-250 BPM that is sustainable for months,
whereas iPSC-CM from healthy subjects exhibited between 45
to 95 BPM. Furthermore, firing rates of patient-specific iPSC-
CM could be observed from 180 to a maximum of 355 BPM
with shapeless and unrecognizable T-waves for several hours,
suggesting that the culture have switched to an intermittent
fibrillation-like state reminiscent of the clinical phenotype.
Importantly, frequent beating rates and field potential spike
amplitude could be significantly and exclusively attenuated by
application of Flecainide, a Class 1C sodium channel blocker;
in strike contrast to the administration of Mexiletine, the Class
1B antiarrhytmic drug, or a betablocker, atenolol, both of which
did not trigger any phenotypic change. To our knowledge, this
is the first study specifically recapitulating sustained ventricular
tachycardia both singly and accompanied with intermittent
fibrillation-like activity in iPSC-CM, as well as mimicking the
drug response of patients to the in vitro setting.

Funding Source: This study is supported by TUBITAK under
1003 Scientific and Technological Research Projects Funding
program with Project number 2135192,
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IPSC-DERIVED CARDIOMYOCYTES: ESTABLISHING
CHARACTERIZATION PARAMATERS IN A
3-DIMENSIONAL CULTURE SYSTEM

Secreto, Frank J - General Internal Medicine, Mayo Clinic,
Rochester, MIN, USA

Hirai, Masako - HLHS, Mayo Clinic, Rochester, MN, USA
Weston, Anne - HLHS, Mayo Clinic, Rochester, MIN, USA
Perez Medina, Israel - HLHS, Mayo Clinic, Rochester, MN,
USA

Arendt, Bonnie - RS-Lab Med and Pathology, Mayo Clinic,
Rochester, MN, USA

Biendarra-Tiegs, Sherri - MPET, Mayo Clinic, Rochester, MN,
USA

Karagaran, Kobra (Parisa) - General Internal Medicine, Mayo
Clinic, Rochester, MN, USA

Rasmussen, Boyd - HLHS, Mayo Clinic, Rochester, MIN, USA
Oommen, Saji - HLHS, Mayo Clinic, Rochester, MN, USA
Cantero Peral, Susana - HLHS, Mayo Clinic, Rochester, MN,
USA

Theobald, Genevieve - HLHS, Mayo Clinic, Rochester, MN,
USA

Nelson, Timothy - General Internal Medicine, Mayo Clinic,
Rochester, MN, USA

Translating iPSC-derived tissue remains a daunting task, given
the lack of definitive process-development standards. Our
laboratory is engaged in determining characterization standards
for human iPSC-derived cardiomyocyte-lineage cells (iPSC-CL)
produced via a 3-dimensional (3D) culture system. We began by
selecting assays capable of identifying an iPSC-derived product
as “cardiomyocyte-like”. Five iPSC clones were selected based
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upon data obtained from 2-dimensional (2D) culture: Three
clones capable of producing spontaneously beating iPSC-
CL, one “marginal” clone, and one clone incapable of cardiac
differentiation. DNA fingerprinting confirmed identification;
G-banding revealed 4/5 clones exhibited a normal karyotype.
MitoSort analysis of mtDNA revealed no detrimental mtDNA
heteroplasmy in any of the five lines. Additionally, we treated
iPSC-CL with 50 nM of etoposide for 24 hr as a “failsafe” method
to eliminate contaminating pluripotent cells. Flow analysis
confirmed iPSC-CL post-thaw viability was > 70% for all five
products, 3/5 expressed troponin isoform levels > 70% and 4/5
exhibited a proliferation rate < 5%. RT-PCR analyses revealed
significant expression of MYH-6 and -7 RNA in 3/5 lines, while
pluripotent gene expression was undetectable in all samples,
regardless of etoposide treatment. Isoproterenol stimulation
resulted in a dose-dependent -adrenergic response in 3/4 cell
lines tested, and all four lines capable of generating 3D iPSC-
CL exhibited maximum respiration rates normally observed in
healthy cardiomyocytes. Finally, 3/4 beating iPSC-CL displayed
an APD90/APD50 ratio < 1.4, typical of a ventricular-like
cardiomyocyte subtype. Our results demonstrate that 2D culture
is largely predictive of cardiomyocyte differentiation potential in
a 3D culture system, and importantly, the differentiation process
alone eliminated the presence of pluripotent cells. Moreover,
our 3D-iPSC-CL were highly energetic and exhibited sufficient
maturity to positively respond to B-adrenergic stimulation. In-
process animal studies will provide the ultimate validation of the
safety and potency of our 3D iPSC-CL product.

Funding Source: Todd and Karen Wanek Family Program for
Hypoplastic Left Heart Syndrome

ENDOTHELIAL CELLS AND
HEMANGIOBLASTS

W-2042

RESTORING THE MITOCHONDRIAL PERMEABILITY
TRANSITION PORE IN IPSC-DERIVED
ENDOTHELIAL CELLS INDUCES SURFACE
GLYCOCALYX FORMATION AND ALIGNMENT TO
FLOW

Tiemeier, Gesa L - The Einthoven Laboratory for Vascular
and Regenerative Medicine, Department of Internal Medicine,
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Leiden, Netherlands

Wang, Gangqi - The Einthoven Laboratory for Vascular and
Regenerative Medicine, Department of Internal Medicine,
Division of Nephrology, Leiden University Medical Center,
Leiden, Netherlands

Dumas, Sébastien - Laboratory of Angiogenesis and Vascular
Metabolism, Vesalius Research Center, VIB, KU Leuven,
Leuven, Belgium

Sol, Wendy - Laboratory of Angiogenesis and Vascular
Metabolism, Leiden University Medical Center, Leiden,
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Section Electron Microscopy, Leiden University Medical
Center, Leiden, Netherlands

Van den Berg, Cathelijne - Department of Internal Medicine,
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Leiden University Medical Center, Leiden, Netherlands

van den Berg, Bernard - The Einthoven Laboratory for Vascular
and Regenerative Medicine, Department of Internal Medicine,
Division of Nephrology, Leiden University Medical Center,
Leiden, Netherlands

Carmeliet, Peter - Laboratory of Angiogenesis and Vascular
Metabolism, Vesalius Research Center, VIB, KU Leuven,
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Mummery, Christine - Department of Anatomy and
Embryology, Leiden University Medical Center, Leiden,
Netherlands

Rabelink, Ton - Department of Internal Medicine, Division
of Nephrology, Leiden University Medical Center, Leiden,
Netherlands

Human induced pluripotent stem cells (iPSCs) are widely
used to study organogenesis and disease modelling, and are
being developed for regenerative medicine. iPSCs have been
differentiated into many cell types, including endothelium;
however maturation and stabilization of iPSC-derived endothelial
cells ((IPSC-ECs) remains challenging. Here, we demonstrate that
prolonged exposure to shear stress alone or in combination with
pericyte co-culture fails to induce flow alignment and structural
maturation of iPSC-EC when compared to microvascular EC.
Furthermore, these have a reduced luminal glycocalyx, critical
for vasculature homeostasis, shear stress sensing and signalling.
We found that iPSC-EC have a dysfunctional mitochondrial
permeability transition pore, resulting in reduced mitochondrial
function and increased release of reactive oxygen species
(ROS). Closure of this mitochondrial membrane transition pore
by cyclosporine-A, improves EC mitochondrial function, restores
the glycocalyx and subsequent allows for the alignment to flow.
These findings indicate that mitochondrial maturation is required
for proper iPSC-EC functionality.

W-2044

GENERATION OF A BIPOTENT HEMANGIOGENIC
PROGENITOR FROM HUMAN PLURIPOTENT STEM
CELLS

Vargas-Valderrama, Alejandra - INSERM U1197, French
National Institute of Health and Medical Research (Inserm),
Villejuif, France

Clay, Denis - INSERM UMSS33, French National Institute of
Health and Medical Research (INSERM), Villejuif, France
Uzan, Georges - INSERM U1197, French National Institute of
Health and Medical Research (INSERM), Villejuif, France
Guenou, Hind - INSERM U1197, French National Institute of
Health and Medical Research (INSERM), Villejuif, France
Mitjavila-Garcia, Maria Teresa - INSERM U1197, French

National Institute of Health and Medical Research (INSERM),
Villejuif, France

The close temporal-spatial relationship between hematopoietic
and endothelial cells during early embryonic development has
led to the hypothesis of a common ancestor, the hemangioblast.
Here we explored human pluripotent stem cells (hPSCs)
endothelial and hematopoietic differentiation via a bipotent
progenitor, an in vitro equivalent of the hemangioblast. hPSCs
were differentiated into hemangiogenic mesoderm through
embryoid body (EB) formation under serum-free culture
conditions. After 3,5 days of differentiation, a population positive
for CD309 (VEGFR-2), CD144 (VE-Cadherin), CD143 (ACE) and
CD34 was isolated based on the expression of CD144 and
cultured either under endothelial or hematopoietic conditions.
A homogeneous population of functional CD144+CD31+
(PECAM-1) CD34+ and vWF+ endothelial cells was obtained
after 4 days of endothelial differentiation. These cells upregulated
ICAM upon adding TNF-a, endocytosed acetylated-LDL,
expressed eNOS and formed tubular networks when cultured
on amatrigel layer. Additionally, passaging and cryopreservation
were possible without modifying their phenotypic and functional
characteristics. Furthermore, CD144+ EB sorted cells generated
blast colonies (BCs) after 4 to 6 days grown in methylcellulose
supplied with growth factors. BCs expressed hematopoietic
markers such as CD43, CD45 and CD41 and gave rise to in
vitro hematopoietic cells under colony forming cell (CFC)
assay conditions. Interestingly, we observed an intermediate
population at day 4-6 of BC formation expressing both CD144+
and CD45+ suggesting the hemangioblast-like progenitor may
undergo an endothelial-hematopoietic transition. These results
suggest the existence of an early, isolable and cryopreservable
hemangioblast like-progenitor derived from hPSCs. Further
experiences aiming to confirm the bipotency of this population
in vivo should be carried on in order to assess its potential in
future regenerative medicine.

W-2046

TRANSMEMBRANE SCF WITH NANOCARRIERS
ENHANCES REVASCULARIZATION IN ISCHEMIA
AND INDUCES CD34-/CD133+ ENDOTHELIAL
PROGENITOR CELLS

Takematsu, Eri - Biomedical Engineering, University of Texas
at Austin, TX, USA

Auster, Jeff - Chemical Engineering, University of Texas at
Austin, TX, USA

Chen, Po-Chih - Chemical Engineering, University of Texas at
Austin, TX, USA

Canga, Sophia - Biomedical Engineering, University of Texas at
Austin, TX, USA

Singh, Aditya - Biomedical Engineering, University of Texas at
Austin, TX, USA

DeGroot, Andre - Biomedical Engineering, University of Texas
at Austin, TX, USA

Sherman, Michael - Biochemistry and Molecular Biology,
Sealy Center for Structural Biology and Molecular Biophysics,
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Galveston, TX, USA

Stachowiak, Jeanne - Biomedical Engineering, University of
Texas at Austin, TX, USA

Dunn, Andrew - Biomedical Engineering, University of Texas at
Austin, TX, USA

Baker, Aaron - Biomedical Engineering, University of Texas at
Austin, TX, USA

Diabetes mellitus affects approximately 371 million people
worldwide, and one out of every three people with diabetes over
the age of 50 have peripheral artery disease. Soluble stem cell
factor (SCF) was a promising therapeutic for treating ischemia
and stroke but failed clinical trials due to adverse effects including
mast cell activation. SCF also exists in a transmembrane form
(tmSCF) that has different properties from the soluble form of
SCF. We aimed to develop therapeutics based on tmSCF
encapsulated in nanocarriers to enhance its activity and maintain
solubility in solution. We developed formulations of recombinant
tmSCF embedded in the lipid membranes of liposomes and
nanodisc (NDs). We validated the creation of these constructs
using cryo-EM and dynamic light scattering. We found that both
tmSCF proteoliposome (tmSCFPLs) and tmSCF nanodiscs
(tmSCFNDs) enhanced revascularization in mice with hind
limb ischemia in comparison to control for both WT and ob/ob
mice. Histological analysis showed significantly higher number
of CD34+VE-cadherin+ cells in the calf and thigh muscle
treated with tmSCFNDs after hind limb ischemia surgery. We
performed an endothelial progenitor cell (EPC) colony formation
assay on bone marrow cells (BMCs) and BM mononuclear cells
(BMMNCs) and found a significantly higher number of large EPC
colonies in tmMSCFPL/ND treated groups. We also incubated
BMCs with the tmSCF formulations, quantified the result by flow
cytometry, and found a significantly higher numbers of CD34-
CD133+CD146+ cells in the tmSCFPLs/NDs treated BMCs.
From this result, we hypothesized that tmSCFPLs/NDs act on
BMCs and stimulate them to be more like CD34-CD133+EPCs.
We further examined the mobilization of CD34-CD133+EPCs to
the peripheral blood by subcutaneously injecting our treatments
into mice for consecutive 4 days. Flow cytometry analysis
revealed that tmSCFND treated mice had significantly higher
number of CD34-CD133+EPCs in their blood. An Evan’s blue
dye assay for vascular leakage in mice demonstrated that the
lipid formulations of tmSCF had minimal activation of mast
cells in comparison to soluble SCF. In conclusion, our results
demonstrate novel therapeutics based on tmSCF that can be
used to treat peripheral ischemia without mast cell activation.

Funding Source: American Heart Association (17IRG33410888),
DOD CDMRP (W81XWH-16-1-0580; W81XWH-16-1-0582),
and National Institutes of Health (1R21EB023551-01;
1R21EB024147-01A1; 1RO1HL141761-01).
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NON-CODING GENOMIC VARIANTS INDUCE
FUNCTIONAL DEFICITS IN IPSC-DERIVED HUMAN
ENDOTHELIAL CELLS

Teng, Evan L - Bioengineering, University of California, San
Diego (UCSD), La Jolla, CA, USA

Placone, Jesse - Bioengeering, University of California, San
Diego, La Jolla, CA, USA

Fung, Jessica - Biology, University of California, San Diego
(UCSD), La Jolla, CA, USA

Ngo, Brenda - Biochemistry, University of California, San Diego
(UCSD), La Jolla, CA, USA

Kumar, Aditya - Bioengineering, University of California, San
Diego (UCSD), La Jolla, CA, USA

Baldwin, Kristen - Molecullar and Cellular Neuroscience, The
Scripps Research Institute, La Jolla, CA, USA

Engler, Adam - Bioengineering, University of California, San
Diego (UCSD), La Jolla, CA, USA

Genome-wide association studies have correlated single
nucleotide polymorphisms (SNPs) in the 9p21 locus with
coronary artery disease (CAD). Homozygous carriers, which
account for 23% of the US population, have a 60% increased
risk of CAD, yet mechanisms are poorly understood as 9p21
variants occur outside of protein-coding sequences. To better
understand how non-coding variants affect CAD, we created
and differentiated induced pluripotent stem cells (iPSCs)
into endothelial cells (ECs) from patients homozygous for the
risk (R/R) or non-risk haplotype (N/N); to account for patient
variability, the locus itself was deleted to produce isogenic
knockouts (KOs). iPSC-VECs cultured in monolayer show ZO1
and VE-cadherin peripheral localization consistent with tight
junctions independent of risk haplotype, but despite this, R/R
VEC monolayers were 1.25- to 2.5-fold more permeable than
their isogenic or non-risk counterparts, respectively. Moreover
addition of the inflammatory cytokine TNFalpha increased
permeability independent of risk but disproportionately affected
R/R VECs. iPSC-VECs cultured in perfusion bioreactors in
the presence of acute high stress further confirm functional
deficits associated with risk where cells with the risk haplotype
disengage from both adjacent cells and basement membrane,
leading to enhanced vessel permeability and consistent with
CAD phenotypes. Functional deficits are reflected by differences
in signaling within the non-coding locus, in particular with
changes in the long non-coding RNA, ANRIL. These data further
substantiate our previous results indicating that pathologically
relevant stress conditions can exacerbate existing differences
caused by 9p21 SNPs to lead to disease including CAD.

Funding Source: This research was made possible in part by
NIH T32HL 105373.
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HEMATOPOIESIS/IMMUNOLOGY
W-2050

FUNCTIONAL NK CELLS GENERATED FROM
HUMAN IPS CELLS WITH 3D-BIOREACTOR FOR
IMMUNO-ONCOLOGY

Feng, Qiang - HebeCell Corp, Natick, MA, USA
Lu, Shi-Jiang - HebeCell Corp, Natick, MA, USA
Zhang, Miao-yun - HebeCell Corp, Natick, MA, USA

NK cells are cytotoxic cells critical for innate immune system.
Early investigation using CAR-NK cells have shown promising
antitumor activities. CAR-T therapy requires either autologous or
MHC matching cells to avoid graft-verse-host disease (GVHD),
whereas allogeneic NK cells showed substantial anti-tumor
activity without GVHD. Therefore, NK population is regarded
as the ideal Off-The-Shelf immune cell therapy products. The
NK-based immunotherapy, however, has been limited by
unsatisfactory sources of NK cells. Human induced pluripotent
stem cells (iPSCs) offer unlimited source for manufacturing NK
cells. Previously NK cell derivation from hPSCs used feeder
cells with multiple scale-up limited processes. In this study we
described a novel 3D-bioreactor platform that can continuously
generate highly pure NK cells with strong cytotoxic activity. First,
undifferentiated human iPS cells were cultured as 3D-spheres
with mesoderm inducing conditions, which converted 60-
70% iPS cells into hemogenic endothelial progenitor (HEP,
CD31+CD144+CD34+) in a week. HEP cells were then cultured
under NK cell differentiation condition for up to 40 days. Starting
from day 20, NK cells were started to release from these
3D-spheres which can be harvested daily. These iPS-NK cells
can be cryopreserved. Human iPS-NK cells display a distinctively
homogenous morphology. Over 95% of collected cells express
CD56, NKG2D, NKp44 and NKp46 markers; Approximately
30-50% of CD56+ iPS-NK cells express KIR2DL/DS1 and
KIR2DS4 receptors; CD56+ PSC-NK cells do not express TCR
and CD3, and CD19, which are specific markers for T and B
cells, respectively. Surprisingly, we discovered that over 80%
CD56+ iPS-NK cells also expressed CD8 as compared to ~30%
of peripheral blood CD56+ NK cells, the increase of which is
associated with disease regression in AIDS patients. More
importantly, when iPS-NK cells and K562 leukemia cells were
mixed together, over 80% of k562 cells were killed within hours
as demonstrated both by FACS analysis and time-lapse movie.
With the establishment of master iPS-CAR cell lines, our novel
technology platform will provide inexhaustible cell sources for
the generation of truly off-the-shelf CAR-NK cells suitable for
treatment of a large numbers of patients, which can revolutionize
the immuno-oncology field.
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GENOMICS AND PROTEOMICS PROFILING OF
PRIMITIVE HSC SUBSETS IN HUMAN BONE
MARROW SAMPLES: A MOVE TOWARDS
PRECISION MEDICINE
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Development of novel methods in genomics and proteomics
will aid in comprehending the biology of primitive hematopoietic
stem cells (HSC) and has important implications for precision
medicine as well as for basic research. Both CD34+ and
CD34- fractions of HSCs exist in murine and human long
term repopulating (LTR) in lineage-negative (Lin-CD34low/-).
Characterization of the early HSC in BM and identification of an
unequivocal marker will facilitate their selection; proliferation and
propagation in large scale for clinical usage. In this study Lin-
CD34-CD38 Low/- and Lin—-CD34+CD38Low/- HSC, were
sorted and their molecular and cellular characterization was
compared by morphological, gene expression, and proteomics
profiling. Around 10 BM discarded units by our blood bank as
their recipients were deceased were allocated for this study.
Phenotypic study was done by flow cytometry and their ability to
differentiate into multi lineages was assessed by colony forming
unit (CFU). Gene expression and proteomics technology were
applied to compare similarities and differences. Our results
showed that CD34+ and CD34- subsets were present in BM
samples in variable proportions and their ratios estimated to
be 1:2. Furthermore, colonogenic ability as established by
CFU assay and measured to be less in CD34- than in CD34+
which gave rise to several hematopoietic cell lineages including
CFU-E, BFU-E, CFU-G, CFU-M, CFU-GM, and CFU-GEMM.
Additionally, both HPSC subsets expressed pluripotency/
stemness genes i.e. Oct4, Nanong, TERT as quantified by
real time PCR. Proteomics analysis revealed that similar spots
were aberrant in both HPSCs compartments and more analysis
is underway to decipher these spots. In conclusion, distinct
biological characteristics of CD34- compared to CD34+
HSC segment and hopefully further analysis will facilitate in
the discovery of a universal marker(s) which will facilitate their
selection for medical applications.
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Funding Source: This study was approved and funded by King
Abdul-Aziz City for Science and Technology, Riyadh, Saudi
Arabia, as part of grant number » (=-36-136 and by RAC # 2140
003, King Faisal Specialist Hospital and Research Centre.
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THE ROLE OF VENTX HOMEOBOX GENE DURING
HUMAN HAEMATOPOIETIC DEVELOPMENT
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Childrens Research Institute, Melbourne, Australia

Ng, Elizabeth - Blood Cell Development and Disease, MCRI,
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Stanley, Ed - Stem Cell Technologies, MCRI, Melbourne,
Australia

Elefanty, Andrew - Blood Cell Development and Disease,
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The Ventx genes are non-clustered homeobox transcription
factors that confer a ventral phenotype on mesodermal cells in
the developing embryo. Ventx genes are conserved in vertebrates
but have been lost in rodents. In the human haematopoietic
system, VENTX promotes myeloid differentiation and is
expressed in some acute myeloid leukaemias (AML). Using a
DOX (Doxycycline) inducible VENTX expression system, we
found that VENTX overexpression in hPSC impaired mesoderm
formation, but VENTX enforced expression after mesoderm
commitment resulted in the emergence of an increased
percentage of immature blood cells that co-expressed CD90
and CD34. These cells displayed high clonogenic capacity
in methylcellulose, but only after DOX was removed from the
media. This suggested that VENTX expression held cells in
a non-proliferative state. Transcriptional profiling revealed
increased expression of HOXA genes in haematopoietic cells
following VENTX induction, consistent with their immature
phenotype. Conversely, genes involved in myeloid differentiation
were downregulated during VENTX overexpression, as were
genes involved in proliferation, such as MYC and MYB.
ATAC-sequencing demonstrated that VENTX closes selected
chromatin loci, in particular areas targeted by HOXB13 and
CDX transcription factors. We hypothesise that VENTX might
act as a transcriptional suppressor during haematopoietic
differentiation and we are currently investigating the genomic
targets of VENTX, combining ATAC-seq and ChlIP-seq with the
transcriptional profiling. In summary, VENTX overexpression
generated immature blood cells in a quiescent state, preventing
their proliferation and differentiation into myeloid lineages.
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DEVELOPMENT OF A NEW SEMI-SOLID MEDIA
FOR HUMAN HEMATOPOIETIC PROGENITOR CELL
CHARACTERIZATION
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Hematopoietic progenitor cells (HPCs) are a heterogeneous
population of progenitor cells that give origin to all the mature
blood cell types. The human colony forming cell (CFC) assay
is a well-established in vitro function assay used to quantify
and characterize the subpopulations of HPCs. lIts role in the
analysis of differentiation and proliferation patterns of myeloid
stem cells has been applied in drug safety and toxicity testing,
graft selection, and disease diagnosis. It is considered the
gold standard assay for in vitro HPC characterization in the
hematological field; therefore, the development of cGMP-
manufactured methylcellulose-based CFC media that can
be used reliably to characterize HPC colonies under serum-
free conditions is essential. Media development at FUJIFILM
follows a rational design approach. Our extensive expertise
and this approach have led to the development of a serum-
free semi-solid solution for HPC characterization, with equal
or better performance than other commercially available offers
while being cGMP grade. During media development we have
identified critical factors that impact the survival and phenotypic
characteristics of each HPC-derived lineage. We have found
that components present in basal media selection determine
the timing of erythrocyte colony pigmentation and growth.
The source and grade of albumin play an important role in the
maintenance of colonies within the culture, and addition of other
serum-replacement components is beneficial to the number
and distribution of all HPC colonies. FUJIFILM Irvine Scientific
has previously developed a xeno-, serum-free media for HPC
expansion (PRIME-XV® Hematopoietic Cell Basal XSFM). The
development of a complete serum-free semi-solid media for CFC
HPC characterization will provide a complete serum-free cGMP
solution for HPC expansion and downstream characterization.
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HUMAN MESENCHYMAL STEM CELL BASED
THERAPY FOR MARROW FAILURES WITH
INTRINSIC NICHE DEFECT
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Aplastic anemia (AA), with an estimated incidence of 2-3 per
million per year, is a serious and life-threatening disorder.
Though immunosuppressive treatments can resolve cytopenia
in many patients, 30-40% of these responders’ relapse, and
25% show no response. Thrombocytopenia, a major cause
of morbidity and mortality in AA is caused by diminished
hematopoietic stem cell (HSC) number resulting in decreased
megakaryocytes (MK) and impaired platelet generation. Patients
with loss-of-function mutations in THPO develop marrow
failure and are unresponsive to bone marrow (BM) transplant,
suggesting the role of extrinsic factors in the development of this
type of AA. Under these circumstances, cell therapies which can
generate THPO and facilitate a microenvironment supportive
of HSC and platelet generation would be of great clinical
benefit. We have recently demonstrated in an animal model,
that stromal cells enriched in N-Cadherin+ near the endosteal
surface of bone are immature mesenchymal stem cells (MSCs)
and can differentiate into different mesenchymal lineages. More
importantly, these cells functionally support the most drug-
resistant reserve hematopoietic stem cells (HSC) population.
To investigate if N-Cadherin+ cells of similar property exist in
human bone marrow MSC, we FACS sorted N-Cadherin+ and
N-Cadherin- from cultured BM-MSCs, transduced with GFP
and tracked their property in vivo by intrafemorally transplanting
them into immunodeficient NSG mice. Here, we show that
huBM-MSC have a small proportion of N-Cadherin+ MSCs.
These cells when intrafemorally xenotransplanted, had were
able to engraft and differentiate into osteoblast adipocytes and
chondrocytes. The transplanted cells survive long-term, migrate
and trans-differentiate into functional hepatocyte-like cells in the
liver. Additionally, N-Cadherin+ MSCs had a greater potential
to generate huTHPO in liver, bone marrow and blood. More
importantly there was a significant increase in hematopoietic
stem, progenitor and MK progenitors in mice transplanted with
N-Cadherin+ cells. Single cell RNA seq revealed expression
of factors that support hematopoiesis and mesenchymal cells
differentiation. Altogether our studies demonstrate the clinical
relevance of different routes of MSC transplantation for marrow
failure.
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PROSTAGLANDIN E2 INDUCES ENHANCER
ACCESSIBILITY AND ACTIVITY THROUGH HISTONE
VARIANT H2A.Z ACETYLATION IN HUMAN
HEMATOPOIETIC STEM CELLS
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Harvard University, Cambridge, MA, USA

Muhire, Brejnev - Department of Molecular Biology,
Massachusetts General Hospital, Boston, MA, USA

Manning, Margot - Department of Stem Cell and Regenerative

Biology, Harvard University, Cambridge, MA, USA

Kingston, Robert - Department of Molecular Biology,
Massachusetts General Hospital, Boston, MA, USA
Tolstorukov, Michael - Department of Molecular Biology,
Massachusetts General Hospital, Boston, MA, USA

Zon, Leonard - Stem Cell Program and Division of Hematology/
Oncology, Children’s Hospital Boston, Boston, MA, USA

Cell fate decisions are regulated by transcriptional activation in
response to external signals such as the inflammatory mediator
Prostaglandin E2 (PGE2). The stable derivative 16,16-dimethyl-
PGE2 (dmPGE2) enhances hematopoietic stem and progenitor
cell (HSPC) engraftment and is currently in its fourth clinical trial to
improve HSPC transplantations. To understand the mechanism
of action of dmMPGE2, we investigated chromatin reorganization
and gene expression changes in primary human CD34+
HSPCs after 2 hours of dmMPGEZ2, the time period of treatment
in the clinical trials. We mapped genome-wide changes in
nucleosome positions and occupancies using micrococcal
nuclease sequencing (MNase-seq) and open chromatin regions
by ATAC-seq. Surprisingly, we found that dmPGE2 specifically
increases accessibility at enhancers yet nucleosomes are
retained at these regions upon dmPGE2 treatment. As histone
variants improve chromatin accessibility locally and could be
present at these dmPGE2-induced enhancers, we compared
H2A.Z deposition and binding of downstream transcription
factor phospho-CREB (pCREB) at enhancers using ChIP-seq.
This revealed that pCREB binds directly to H2A.Z-rich labile
nucleosomes which show increased levels of H2A.Z acetylation
after dmPGE2 treatment. Direct interaction between pCREB
and H2A.Z was validated through co-immunoprecipitation in
dmPGE2-responsive U937 cells. We showed that the observed
changes in chromatin accessibility at enhancers are not
caused by displacement of linker histone H1. This suggests
that acetylation of labile nucleosomes provides sufficient
DNA access to allow for binding of pCREB at enhancers.
By performing RNA-seq, we correlated enhancers to gene
expression changes. Enhancer-associated genes that display
significant transcriptional changes after dmPGE2 stimulation
include known regulators of self-renewal and migration such as
NR4A2, EGR1 and CXCR4. Taken together, our data suggests
that dmPGE2 induces specific binding of pCREB to and
acetylation of H2A.Z-rich accessible nucleosomes at enhancers
of genes that promote HSPC fate. The deposition of variant
histones at enhancers during development followed by their
acetylation and interaction with transcription factors regulates a
rapid response to environmental cues that impact cell fate.

W-2062

ANTIBODY CONDITIONING ENABLES MHC-
MISMATCHED HEMATOPOIETIC STEM CELL
TRANSPLANTS AND ORGAN GRAFT TOLERANCE

George, Benson M - ISCBRM, Stanford University, Palo Alto,
CA, USA

Burnett, Cassandra - Department of Blood and Marrow
Transplantation, Stanford University, Stanford, CA, USA
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Cajuste, Devon - ISCBRM, Stanford University, Stanford, CA,
USA

Chen, Angela - ISCBRM, Stanford University, Stanford, CA,
USA

Chhabra, Akanksha - Department of Blood and Marrow
Transplantation, Stanford University, Stanford, CA, USA
Hoover, Malachia - ISCBRM, Stanford University, Stanford,
CA, USA

Kao, Kevin - ISCBRM, Stanford University, Stanford, CA, USA
Kwon, Hye-Sook - Department of Blood and Marrow
Transplantation, Stanford University, Stanford, CA, USA

Le, Alan - Department of Blood and Marrow Transplantation,
Stanford University, Stanford, CA, USA

Loh, Kyle - ISCBRM, Stanford University, Stanford, CA, USA
Poyser, Jessica - Department of Blood and Marrow
Transplantation, Stanford University, Stanford, CA, USA
Shizuru, Judith - Department of Blood and Marrow
Transplantation, Stanford University, Stanford, CA, USA
Velasco, Brenda - Department of Blood and Marrow
Transplantation, Stanford University, Stanford, CA, USA
Weissman, Irving - ISCBRM, Stanford University, Stanford, CA,
USA

Replacing a patient’s diseased blood system by hematopoietic
cell transplantation (HCT) can treat or cure genetic disorders of
the blood and immune system, including leukemia, autoimmune
diseases and immunodeficiencies. In HCT, a patient’s blood and
immune system are typically ablated using toxic “conditioning
regimens” (chemotherapy and/or radiation) and then replaced
with donor tissue containing hematopoietic stem cells (HSCs) to
regenerate a healthy blood system. While HCT is a foundational
treatment, its use and safety are hindered by graft vs. host
disease and lethal toxicities caused by the conditioning regimens.
Therefore, a decisive goal is to achieve HCT conditioning with
more specific and safer agents (e.g., monoclonal antibodies),
obviating the need for toxic chemotherapy or radiation, while
preventing GvHD by engrafting purified HSCs devoid of T-cells.
Here we show that a combination of six monoclonal antibodies
can safely and specifically deplete host HSCs, T cells and NK
cells of immune-competent mice and permit MHC-mismatched
(allogeneic) HSC engraftment. The engrafted donor HSCs were
either mismatched at half (haploidentical) or all the MHC genes,
and in both cases generated donor blood and immune systems
that stably co-existed with host blood cells. These chimeric
immune systems were functional: the haploidentical recipients
tolerated heart tissue from the same HSC donor strain, while
rejecting 3rd party hearts, and the full MHC mismatch recipients
were able to develop antibody responses to nominal antigens.
These proof-of-concept mouse studies suggest that antibody
conditioning can facilitate purified HSC transplantation, and in
turn foreign organ transplants and the treatment of diverse, non-
malignant blood and immune system disorders.

Funding Source: California Institute for Regenerative Medicine,
Stanford-UC Berkeley Siebel Stem Cell Institute, the Ludwig
Cancer Foundation, NIH, and anonymous donors.
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W-2064

DECIPHERING HETEROGENEOUS
DIFFERENTIATION OF HEMATOPOIETIC
STEM CELLS BY MAPPING SINGLE CELL
TRANSCRIPTOMES WITH SINGLE CELL
FUNCTIONS IN MICE

Jiang, Du - Department of Stem Cell and Regenerative
Medicine, University of Southern California, Los Angeles, CA,
USA

Lu, Rong - Department of Stem Cell and Regenerative
Medicine, University of Southern California, Los Angeles, CA,
USA

Recent studies have suggested that individual hematopoietic
stem cells (HSCs) produce different amounts of blood
cells and exhibit distinct preferences in producing different
types of blood cells. However, little is known about how the
heterogeneous differentiation of individual HSCs is regulated.
Although population level studies have identified regulatory
factors that control overall blood production, intercellular
differences between HSCs might be regulated by new classes
of mechanisms that are undetectable at the population
level. To understand how individual HSCs are differentially
regulated, we used a genetic barcode tracking technology to
monitor differentiation activities of individual HSCs during serial
transplantation in mice. Our data have shown that individual
HSCs derived from the same ancestor HSC exhibit similar
differentiation characteristics in different mice. This suggests
that the specific differentiation program of an individual HSC
is not stochastic, but cell autonomous and regulated by HSC
intrinsic factors. It also allows us to infer single HSCs’ behavior
from the genetic barcode based clonal tracking analysis. To
identify genes that modulate the functional differences between
individual HSCs, we have developed a novel library construction
strategy and bioinformatic pipeline to integrate droplet-
based single-cell RNA sequencing with our barcode tracking
technology. We have successfully mapped hundreds of HSCs
across the two datasets, and have identified genes whose
expressions are associated with specific self-renewal and
differentiation programs of a subset of HSCs. We showed that
these genes are significantly enriched for distinct, and in some
cases unexpected, biological functions and pathways. Their
mutants often cause hematopoietic defects. We have employed
CRISPR/Cas9 technology to test the functions of these genes in
competitive transplantation. Our new experimental system that
integrates single cell gene expression and single cell behavior
can be applied to other tissues and organs to identify genes
regulating a distinct behavior of a cellular subpopulation without
physically isolating these cells.
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PANCREAS, LIVER, KIDNEY
W-2066

UTILIZATION OF A PERFUSION BIOREACTOR
FOR DECELLULARIZATION OF RAT LIVERS
AND RECELLULARIZATION WITH HUMAN
MESENCHYMAL STEM CELLS

Pranke, Patricia - Hematology And Stem Cells Laboratory,
Universidade Federal do Rio Grande do Sul, Porto Alegre,
Brazil

Felisberto Borges, Mauricio - Hematology and Stem Cells
Laboratory, Universidade Federal do Rio Grande do Sul, Porto
Alegre, Brazil

Maurmann, Natasha - Hematology and Stem Cells Laboratory,
Universidade Federal do Rio Grande do Sul, Porto Alegre,
Brazil

Orthotopic liver transplantation is the only definitive treatment
for hepatic failure, but there is a great deficit between the total
number of donated organs and patients in need of them. Tissue
engineering presents itself for producing viable alternatives to
eliminate this deficit. Organ decellularization and recellularization
is a technique that creates a natural and acellular scaffold
maintaining the native characteristics of the utilized organ and
making them ideal for the reseeding of cells. Mesenchymal
stem cells (MSCs) are a great option for the reseeding of organs
as they have the capacity of differentiating into hepatocytes
and have a high proliferation rate. In this work, stem cells
from human exfoliated deciduous teeth (SHED) were used to
recellularize the decellularized extracellular matrix from rat livers
using a perfusion bioreactor constructed in the laboratory. The
liver decellularization was made with a 0.5% solution of SDS
for 24 hours. Sterilization of the scaffold was made with a
0.1% solution of peracetic acid in 4% ethanol for 3 hours. The
matrix was washed in PBS with antibiotics. Recellularization
was made with 108 SHED and cultivated for 7 days. Functional
and structural analyses were made in both matrices. Four
decellularized livers and five recellularized livers were used.
The decellularized matrices showed an absence of DNA while
preserving collagen and glycosaminoglycans quantities, thus
confirming the efficiency of the process. The recellularization
was carried with 97% retention of the inserted cells. The cells
continued to produce albumin and urea at the same levels as the
cells cultivated in the culture plates, as shown by the colorimetric
enzymatic assay. A rise in LDH levels occurred in the first days
of the culture, suggesting that there is cell death immediately
after recellularization, though they stabilized on the 7th day.
Histological analysis showed conservation of the collagen web
and some groups of cells next to the vessels. The construction
and use of a bioreactor in the laboratory to decellularize and
recellularize the rat livers with SHEDs was successful. The livers
were able to survive and be metabolically active during the 7
days in culture. The liver recellularization was carried out with
success, creating a new line of research in the laboratory to
produce organs in vitro.

Funding Source: MCTIC, FINEP, CNPq and IPCT

W-2068

MOLECULAR DISSECTION OF HUMAN PODOCYTE
DEVELOPMENT REVEALS NOVEL GLOMERULAR
ENDOTHELIAL AND MESANGIAL ORGANIZING
SIGNALS

Kim, Albert D - Eli and Edythe Broad CIRM Center for
Regenerative Medicine and Stem Cell Research, University of
Southern California, Los Angeles, CA, USA

Lake, Blue - Bioengineering, University of California San Diego,
La Jolla, CA, USA

Zhang, Kun - Bioengineering, University of California San
Diego, La Jolla, CA, USA

McMahon, Andrew - Eli and Edythe Broad CIRM Center for
Regenerative Medicine and Stem Cell Research, University of
Southern California, Los Angeles, CA, USA

The kidney is essential for metabolic waste excretion, the
homeostasis of tissue fluids (water, salt and pH), blood
pressure and cell composition, and bone development and
metabolism. Filtration is performed within the renal corpuscle by
a highly structured cellular device. This comprises a convoluted
fenestrated glomerular endothelium supported by mesangial
myofibroblasts which releases a plasma filtrate that enters
the nephron between slit diaphragms generated by the foot
processes of tightly adherent podocytes. Establishment of
the glomerular filter is initiated by a stereotypic recruitment of
pioneering endothelial cells to the developing podocytes followed
secondarily by interstitial cells into the glomerular cleft of and
sequential capillary formation. Podocytes support development
and maintenance of the glomerular vasculature via VEGFA
while endothelial-derived PDGFB signals promote mesangial
development prior to RC maturation. Single gene mutations
resulting in end stage renal disease cluster in genes showing
podocyte-enriched expression, highlighting the central role of
podocytes in normal kidney function. To better understand the
underlying developmental processes that establish the human
RC, we employed single-nucleus droplet-based sequencing
to capture thousands of single nuclei from the human fetal
kidney cortex. This enabled the identification of distinct cell
types of the nephron (podocytes), interstitial (mesangial cells)
and vascular (glomerulus) lineages that together generate the
renal filter. Computational trajectory analysis identified transient
gene expression signatures in the developmental progression of
these cell types, predicting early or mature podocytes secrete
FBLN2, BMP4 or NTN4, in conjunction with recruitment,
differentiation, and modeling of vascular and mesangial cell
types into a functional filter. In vitro studies provide evidence
these factors exhibit angiogenic or mesangial recruiting and
inductive properties consistent with a key organizing role for
podocyte precursors in kidney development. Together these
studies define a spatiotemporal developmental program for
the primary filtration unit of the human kidney and provide
novel insights into cell interactions regulating co-assembly of
constituent cell types.
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Funding Source: Supported by NIH grants DK107350,
DK094526, DK110792, and 5F32DK109616-02, CIRM grant
LA1-06536, and the USC Stem Cell postdoctoral fellowship
from the Hearst Foundation.

W-2070

APPLYING MOUSE DEVELOPMENTAL PRINCIPLES
IN HUMAN PLURIPOTENT STEM CELLS TO PURELY
OBTAIN PANCREATIC PROGENITORS

Lo Nigro, Antonio - Diabetes and Beta Cell Regeneration,
Hubrecht Institute, Utrecht, Netherlands

Wilson, Liam - Diabetes and Beta Cell Regeneration, Hubrecht
Institute, Utrecht, Netherlands

Giovou, Alexandra-Eleni - Diabetes and Beta Cell
Regeneration, Hubrecht Institute, Utrecht, Netherlands
Karanatsoiu, Peggy - Diabetes and Beta Cell Regeneration,
Hubrecht Institute, Utrecht, Netherlands

Juksar, Juri - Diabetes and Beta Cell Regeneration, Hubrecht
Institute, Utrecht, Netherlands

De Koning, Eelco - Diabetes and Beta Cell Regeneration,
Hubrecht Institute, Utrecht, Netherlands

Type | diabetes (T1D) is caused by a lack of insulin producing
beta cells in the islets of Langerhans, which are destroyed
by an auto-immune response. Administration of exogenous
insulin (i.e. injection) to T1D patients is considered to be a life-
saving therapy but does not fully recapitulate the endogenous
fine-tuned and stable glycemic control achieved by beta cells.
Clinical evidence obtained from whole pancreas and islet
transplantations has shown that cellular replacement is an
effective solution for T1D patients. Unfortunately, the required
widespread use of similar therapies is limited by the shortage
and the quality of the available organs. In principle, human
pluripotent stem cells (hPSC), including embryonic stem cells
(hESC) and induced pluripotent stem cells (hiPSC) hold the
potential to provide an unlimited source of insulin-producing
cells, as shown by the capability of hPSC-derived pancreatic
progenitors (PP) to give rise to insulin-producing cells in vivo
and in vitro. However, the efficiency of PP generation in vitro
remains highly variable among labs and cell lines (possibly as
a consequence of unexpected divergences between mouse
and human development) and this may negatively impact
their clinical use. Based on pioneering developmental studies,
involving knock-out animals, and available published protocols,
we selected and manipulated several signaling pathways
in a time-controlled manner during hPSC differentiation.
In order to monitor the effect of each signaling or combination
of signals, we evaluated the efficiency by which hPSC generate
different intermediate stages, essential for the formation and
development of the pancreas (using FACS analysis, live-imaging
and time-course gRT-PCR). Our work suggests that the timely
and fine-tuned control of a combination of signals allows the
generation of a nearly pure population of PP, from all hPSC
lines, so far tested (using a defined and xenofree extracellular
matrix and differentiation medium — GMP compatible protocol).
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We believe that our protocol will facilitate the production of PP
from hPSC for cellular therapies while also shedding light on
human endocrine development (endocrine specification and
subsequent differentiation into the five endocrine subtypes).

Funding Source: This work is supported by the partners of
Regenerative Medicine Crossing Borders (RegMed XB), a
public-private partnership that uses regenerative medicine
strategies to cure common chronic diseases.

W-2072

AN INDUCED PLURIPOTENT STEM CELL (IPSC)
MODEL TO STUDY MECHANISMS OF NON-
ALCOHOLIC FATTY LIVER DISEASE ASSOCIATED
WITH PNPLA3 POLYMORPHISMS IN HUMAN
HEPATOCYTES

Alani, Bana - Department of Cellular and Molecular Medicine,
Sanford Consortium for Regenerative Medicine, El Cajon, CA,
USA

Ordonez, Paulina - Pediatrics, University of California San
Diego/Rady Children’s Hospital, San Diego, CA, USA
Goldstein, Lawrence - Dept of Cellular and Molecular Medicine,
Dept of Neurosciences, UC San Diego Stem, La Jolla, CA,
USA

Storroesten, Hanna - Biology, San Diego State University, San
Diego, CA, USA

Alcoholic fatty liver disease (NAFLD) is a prominent cause of
chronic liver disease and a major indication for liver transplant.
Despite a dramatic rise in prevalence, there has been little
progress in the pharmacological management of NAFLD.
Factors contributing to lack of a specific therapy include current
suboptimal disease models and the gap in our knowledge of
mechanisms of susceptibility to chronic fatty infiltration of
the liver. Our research bridges this gap by using human stem
cell and gene editing technology to study the most important
genetic susceptibility factor involved in NAFLD progression; the
risk variant polymorphism of PNPLA3. The variant of PNPLAS3
is highly associated with hepatic fat content, as well as more
severe biochemical and histological features of NAFLD. Using
TALEN technology, we generated a set of isogenic lines
from human induced pluripotent stem cells of known genetic
background with the variant and wildtype homozygous alleles
of PNPLA3. We have validated this model by showing that
variant hepatocytes have abnormal lipolysis as evidenced by
accumulation of triglyceride-rich lipid droplets (LDs), and produce
pro-inflammatory cytokines involved in NAFLD progression.
To further understand the link between fat accumulation and
inflammation that determines progression of NAFLD, we are
characterizing the morphology, lipid and protein composition
of LDs. This aim is motivated by the increasing evidence that
LDs are not merely fat reservoirs, but rather metabolically active
organelles that can affect cellular function based on their lipid
and protein composition. We profile LD number and size by
microscopy and flow cytometry, and lipid composition of purified
LDs by mass spectrometry to measure amount and subtypes of
triglycerides, sterol esters and fatty acids. Our data suggest that
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abnormal lipolysis induced by the variant allele of PNPLA3 causes
remodeling of LDs, which disrupts bioactive lipid and protein
composition. LDs are also involved in compartmentalization
and amplification of eicosanoid synthesis, and LD remodeling
may induce a pro-inflammatory state via enhanced activity of
lipid-derived inflammatory mediators. To test this hypothesis,
we are measuring levels of LD- associated bioactive lipids that
are known to serve as substrates or mediators of inflammation.

W-2074

GENE-EDITING ENABLES NONINVASIVE IN VIVO
TRACKING OF HIPSC-DERIVED LIVERBUDS

Ashmore-Harris, Candice - Centre for Stem Cells and
Regenerative Medicine, King’s College London, UK
Ayabe, Hiroaki - Department of Regenerative Medicine,
Yokohama City University, Yokohama, Japan

Yoshizawa, Emi - Department of Regenerative Medicine,
Yokohama City University, Yokohama, Japan

Arisawa, Tetsu - Department of Radiology, Yokohama City
University, Yokohama, Japan

Takada, Yuuki - Department of Radiology, Yokohama City
University, Yokohama, Japan

Rashid, Tamir - Centre for Stem cells and Regenerative
Medicine, King’s College London, UK

Fruhwirth, Gilbert - Department of Imaging Chemistry and
Biology, King’s College London, UK

Takebe, Takanori - Department of Regenerative Medicine,
Yokohama City University, Yokohama, Japan

Human induced pluripotent stem cell (hiPSC)-derived
hepatocytes (HLCs) have clinical transplantation potential.
Preclinically, variations in transplantation site, cell format and
stage of differentiation are reported with no standard protocol for
HLC transplantation. Whole-body in vivo imaging would enable
transplanted cell survival and/or expansion to be monitored
non-invasively over time, allowing robust comparisons between
technologies and transplant modalities. Radionuclide imaging
is ideal for this purpose, offering high sensitivity compared to
other imaging modalities, quantification of deep tissue signals
and direct applicability to the clinic. The human sodium iodide
symporter (hNIS) can be exploited as a radionuclide reporter
gene for positron emission tomography (PET) or single photon
emission computed tomography (SPECT)-afforded whole body
in vivo cell tracking. We used transcription activator-like effector
nuclease gene-editing to incorporate a hNIS-GFP fusion gene
within the AAVS1 safe harbour locus of a cGMP compliant hiPSC
line, enabling constitutive hNIS-GFP expression in hiPSCs and
their differentiated progeny. hNIS-hiPSCs retained comparable
pluripotency and HLC-differentiation capacity to parental cells
(shown by gPCR and immunostaining). Subsequently, they were
used to produce multilineage liver buds (LBs) by combining
three differentiated liver progenitor populations (immature
HLCs, endothelial cells and septum transverse mesenchyme).
LBs were transplanted into kidney capsules of NOD SCID and
TK NOG mice and PET imaged in vivo at various timepoints
post-transplant. Cells retained their differentiated function
as demonstrated by human albumin presence in mouse sera

and immunostaining of human: CD31, CD144, CK18 and
albumin. This study is the first to show hNIS-expressing hiPSC
progeny retain their differentiated function and can be tracked
noninvasively in vivo by PET. LBs were chosen for tracking as
scalability to clinically relevant capacity has been previously
demonstrated, their use with a clinically applicable radiotracer
and imaging modality highlights the potential for this strategy to
answer wider questions in the HLC field.

Funding Source: Japan Society for the Promotion of Science;
Guy’s and St Thomas’ Charity
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ROLE OF PRMT1 IN HUMAN ESCS DURING
DIFFERENTIATION INTO PANCREATIC ENDOCRINE
CELLS IN VITRO

Gahyang, Cho - Biological Sciences, KAIST, Yuseong, Korea
Han, Yong-Mahn - Biological Sciences, KAIST, Daejeon, Korea
Kim, Hail - Graduate School of Medical Science and
Engineering, KAIST, Daejeon, Korea

Neurogenin 3 (NGN3) is an essential transcription factor that
determines the fate of endocrine cells in developing pancreas.
It has been reported that protein arginine methyl transferase
1 (PRMT1) knockout (KO) mouse embryos show abnormal
expression of NGN3 and pancreas hypoplasiafrom E14.5 days to
postnatal period. PRMT1 is a major asymmetric arginine methyl
transferase for cellular arginine methylation in mammalian cells.
However, the exact mechanism of how PRMT1 regulates NGN3
still remains elusive. To understand the relationship between
NGN3 and PRMT1, human embryonic stem cells (hESCs)
were differentiated into pancreatic endocrine cells by using a
stepwise protocol. The hESCs were first induced to definitive
endoderm (DE), and then subsequently differentiated pancreatic
endoderm (PE), endocrine progenitor (EP), and endocrine cells
(EC). NGNS is transiently expressed in EP and disappears in the
process of development to the ECs. The protein level of PRMT1
was highest in DE and gradually decreased during subsequent
differentiation to ECs. To explore the role of PRMT1 on the NGN3
expression, the vector that contains CRISPR-Cas9 components
using tet-ON system was constructed to knockout PRMT1 by
treatment with doxycycline. It was confirmed that infection of
PRMT1-KO lentivirus decreased the PRMT1 protein level in
293T cells. When the PRMT1-KO lentivirus was infected into
hESC-derived EPs, the PRMT1 protein level was reduced and
the NGN3 expression was upregulated. Our results represent
that PRMT1 may regulate the expression of NGN3 in hESCs
during pancreatic development.

Funding Source: This research was supported by the BK21
funded by the Ministry of Education.
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EPITHELIAL TISSUES
W-2078

HUMAN STEM CELL-DERIVED ALPHA 2-HS
GLYCOPROTEIN (FETUIN) AND ITS EFFECT ON
SKIN AGING

Poole, Aleksandra - Research and Development, AIVITA
Biomedical, Inc., Irvine, CA, USA

Keirstead, Hans - Research and Development, AIVITA
Biomediical, Inc., Irvine, CA, USA

Nistor, Gabriel - Research and Development, AIVITA
Biomedical, Irvine, CA, USA

Daily expose to environmental stressor, including ultraviolet
(UV) light and pollution, increases oxidative stress and leads
to decline in restorative properties of the skin. The idea to use
stem cell-derived growth factors was based on the premise
that the extrinsic aging process of skin is like that of a wound
healing and it can be mitigated using topical growth factors and
proteins. The studies presented here examine the effect of stem
cell-derived skin lineage precursor secretions on human cells in
culture and on aged skin in the clinical setting, using a simple
topical formulation. Human stem cells cultivated in balanced
conditions were differentiated into skin lineage precursors
and shown to secrete large amounts of fetuin as well as
multiple growth factors beneficial for human skin development
and maintenance. The effects of these cell secretions were
investigated in an IRB-approved 12-week human trial that
included 25 subjects in each group. Subjects were examined
at 2, 4, 8, and 12 weeks by a dermatologist to evaluate safety,
trans- epidermal water loss, wrinkles, firmness, radiance, texture,
softness, and overall appearance. A sub-group of subjects from
each group consented for biopsies for histological analyses.
Clinical investigation demonstrated significant amelioration of
the clinical signs of intrinsic and extrinsic skin aging, findings
that were confirmed by significant changes in skin morphology,
filaggrin, aquaporin 3, and collagen | content. This data strongly
supports the hypothesis that topical application of stem cell-
derived skin lineage precursor secretions containing fetuin
and growth factors is beneficial for human skin development
and maintenance, due to clinical and histological evidence of
amelioration of the intrinsic and extrinsic signs of skin aging.

W-2080

REGULATION OF LUNG PROGENITOR CELLS
DIFFERENTIATION BY THE LIN28A/LET-7 PATHWAY

Urbach, Achia - The Faculty of Life Sciences, Bar llan
University, Jerusalem, Israel

Komarovsky Gulman, Nelly - The Faculty of Life Sciences, Bar
llan University, Ramat Gan, Israel

Shalit, Tali - The Mantoux Bioinformatics Institute of the Nancy
and Stephen Grand Israel National Center for Personalized
Medlcine, Weizmann Institute of Science, Rehovot, Israel
Armon, Leah - The Faculty of Life Sciences, Bar llan University,
Ramat Gan, Israel
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Lin28 is a RNA binding protein that regulates gene expression
via inhibition of the Let-7 microRNA maturation or by Let-7
independent mechanism. In vertebrates, Lin28A and its paralog
Lin28B are highly expressed in stem and progenitor cells of
the early embryo, and play important roles in the balance
between self-renewal, proliferation, and differentiation. Lin28
is also one of the “reprogramming factors” and overexpression
of Lin28 has been detected in many malignancies. We have
shown previously that global Lin28A overexpression during
mouse embryogenesis results in perinatal lethality. However,
the reason for this early lethality has not been elucidated. Here
we show that Lin28A overexpression and the resulting Let-7
downregulation prevent normal lung development, thus causing
the perinatal lethality. Notably, we found that the Lin28A/Let-
7 pathway delays the transition between one developmental
stage of the lung epithelial progenitor cells to another but does
not completely abrogate their differentiation capacity. Using the
Cre-Lox system for tissue specific overexpression we show that
Lin28A expression in the embryonic lung mesenchymal cells is
sufficient to recapitulate the epithelial lung phenotype derived
by global Lin28A overexpression while its expression in the
epithelial progenitor cells results in a much milder developmental
phenotype. Finally, we defined the specific time window wherein
Lin28A expression exerts its effect on the development of the
lung and showed the relevance of our findings also for human
lung development. To conclude, our findings define the Lin28/
Let-7 pathway as a heterochronic regulator of the lung progenitor
cells’ differentiation. While the precise molecular mechanism
of this heterochronic regulation is yet to be determined, we
identified several pathways that might play a critical role in this
process.

W-2082

CLAUDIN-18 REGULATES AIRWAY PROGENITOR
CELL HOMEOSTASIS AND DIFFERENTIATION
FOLLOWING INJURY
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Division of Pulmonary, Critical Care and Sleep Medicine,
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Shen, Hua - Hastings Center for Pulmonary Research and
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Department of Medicine, Keck School of Medicine, University
of Southern California, Los Angeles, CA, USA

Stripp, Barry - Department of Medicine and Biomedical
Sciences, Cedars-Sinai Medical Center, Los Angeles, CA, USA
Zhou, Beiyun - Hastings Center for Pulmonary Research and
Division of Pulmonary, Critical Care and Sleep Medicine,
Department of Medicine, Keck School of Medicine, University
of Southern California, Los Angeles, CA, USA

Ryan (Firth), Amy - Hastings Center for Pulmonary Research
and Division of Pulmonary, Critical Care and Sleep Medicine,
Department of Medicine, Keck School of Medicine and
Department of Stem Cell Biology and Regenerative Medicine,
University of Southern California, Los Angeles, CA, USA
Borok, Zea - Hastings Center for Pulmonary Research and
Division of Pulmonary, Critical Care and Sleep Medicine,
Department of Medicine, and USC Norris Comprehensive
Cancer Center and Department of Biochemistry and Molecular
Medicine, Keck School of Medicine and, University of Southern
California, Los Angeles, CA, USA

The epithelium lining the internal surface of the lung varies in
cellular composition along its proximal-distal axis. The proximal
airway epithelium is comprised of three putative progenitor
populations, basal cells (BC), pulmonary neuroendocrine cells
(PNEC) and club cells, and two non-progenitor cell populations
namely goblet and ciliated cells. The alveolar epithelium is
comprised of alveolar epithelial type 2 (AT2) cells which serve as
progenitors and more terminally differentiated type | (AT1) cells.
Claudin-18 (Cldn18) is a tight junction protein that maintains
epithelial barrier properties. The lung-specific isoform, Cldn18.1,
is highly expressed in alveolar epithelial cells. We recently
reported that Cldn18 deletion in knockout (KO) mice leads to
dramatic AT2 progenitor cell expansion and proliferation. In the
current study, we investigated effects of Cldn18 deletion on
airway progenitor cell homeostasis at baseline and in response
to injury. Surprisingly, despite only sparse expression of Cldn18
in ciliated cells and not progenitor cells in airways of wild type
(WT) mice, Cldn18 KO mice demonstrated expansion and

ectopic localization of all airway progenitor cell populations.
Following naphthalene (NAP, 225 mg/kg intraperitoneally) injury,
WT mice showed the expected depletion of club cells by day
3 with spreading of ciliated cells to cover the epithelial surface.
Repopulation of the airways by variant club cells (not susceptible
to NAP) was completed by day 21, with the epithelium being
reconstituted with club and ciliated cells. In contrast, Cldn18
KO mice developed marked goblet cell hyperplasia with
airway cells expressing markers for both club (CC-10) and
goblet (MUCS5AC) cells. Given that Cldn18 is only sparsely
expressed at baseline in airway epithelium and predominantly
in ciliated cells, these findings suggest that the observed
changes in club cell differentiation are mediated through cell-
cell communication. These results demonstrate a novel role for
Cldn18 in regulation of airway progenitor cell homeostasis and
specification. Given that Cldn18 is downregulated in asthma, a
disease characterized by goblet cell hyperplasia, modulation of
Cldn18 and its downstream pathways may be beneficial in the
treatment of airway diseases.

Funding Source: American Lung Association,
Foundation, NIH
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W-2084

EZH2 AND INTESTINAL STEM CELLS ARE
INVOLVED IN THE PATHOGENESIS OF
NECROTIZING ENTEROCOLITIS

Li, Bo - Translational Medicine, Hospital for Sick Children,
Toronto, ON, Canada

Minich, Adam - Translational Medicine, The Hospital for Sick
Children, Toronto, ON, Canada

Lee, Carol - Translational Medicine, The Hospital for Sick
Children, Toronto, ON, Canada

Miyake, Hiromu - Translational Medicine, The Hospital for Sick
Children, Toronto, ON, Canada

Cadete, Marissa - Translational Medicine, The Hospital for Sick
Children, Toronto, ON, Canada

Pierro, Agostino - Translational Medicine, The Hospital for Sick
Children, Toronto, ON, Canada

Necrotizing enterocolitis (NEC) is characterized by a reduction in
actively-proliferating Lgr5+ intestinal epithelial stem cells (ISCs),
which is linked to impaired intestinal regeneration. Enhancer of
zeste homologue 2 (Ezh2) regulates ISCs by supressing gene
expression through histone methylation, promoting stemness
and limiting their differentiation. We have previously demonstrated
that Ezh2 is impaired in experimental and human NEC. The aim
of this study is to determine whether Ezh2 ablation in Lgr5+ ISCs
leads to NEC-like injury. In vivo study, to conditionally knockout
Ezh2 in Lgr5+ ISCs, experiments were performed on Lgr5-
GFP-IRES-CreERT2;Ezh2f/f mice (LgrSAEzh2) and Ezh2+/+
controls. All mice were administered tamoxifen once/day via
oral gavage on postnatal days 3-5 (P3-5). Mice were sacrificed
on P9 and morphology of ileal sections were analyzed blindly
using a specific scoring system. Lgr5AEzh2 mice showed
higher injury scores compared to controls, indicating greater
intestinal injury. They also had decreased Lgr5 expression and
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Ki67+ cells/crypt. Ex vivo study, Intestinal epithelial crypts were
isolated from Lgr5AEzh2 and control terminal ileal tissue and
were grown into intestinal organoids in Matrigel domes. Growth
and differentiation were compared by analyzing organoid size
and budding after 7 days. Similar to NEC organoids, intestinal
organoids grown from Lgr5AEzh2 crypts were smaller in size, had
more buds, and reductions in Ezh2, Lgr5, and Ki67 expression.
We demonstrated that eliminating Ezh2 from intestinal stem
cells induces NEC-like intestinal injury. These data suggest that
Ezh2 and intestinal stem cells are important in the pathogenesis
of neonatal intestinal NEC, indicated a potential target to offset
the NEC injury.

W-2086

DEFINING CELL FATE SPECIFICATION OF MOUSE
MAMMARY STEM CELLS IN 4D

Carabana Garcia, Claudia - Genetics and Developmental
Biology Department, Institut Curie, Paris, France

Fre, Silvia - Genetics and Developmental Biology Department,
Institut Curie, Paris, France

Lloyd-Lewis, Bethan - Genetics and Developmental Biology
Department, Institut Curie, Paris, France

The remarkable capacity of the mammary gland for rapid
growth and regeneration has been attributed to the presence
of mammary stem cells (MaSCs). Our recent results showed
that, while multipotent MaSCs exist in the early stages of
mammogenesis, all embryonic mammary cells become
lineage restricted at embryonic day E15.5, coinciding with
remarkable epithelial remodelling during the first morphogenetic
events that establish the mammary ductal network. We
also found that constitutive Notch1 activation imposes a
premature differentiation to multipotent embryonic MaSCs
and, remarkably, ectopic Notch expression in BCs can also
lineage convert committed unipotent adult cells, implying that
similar mechanisms control embryonic cell fate determination
and adult cell plasticity. However, these signalling circuits are
poorly defined and their coordination with cell migration and
organisation during branching morphogenesis is unknown. To
address this, and to further characterise epithelial cell dynamics
and lineage specification during mammary gland development,
we combine multicolor lineage tracing approaches with 4D
imaging of embryonic mammary explant cultures. Using a
method to grow embryonic mammary placodes in culture, the
fate of individual labelled embryonic MaSCs during branching
morphogenesis can be followed in real time by time-lapse
confocal microscopy. These experiments allow us to delineate
the relationship between the initial sprouting events during
mammary morphogenesis and the precise timing of stem cell
commitment. In addition, we aim to apply this powerful tool
to investigate the impact of aberrant activation of oncogenic
signaling on cell migratory dynamics, morphological changes,
proliferation, cell death and rearrangements during branching
morphogenesis. Conditional mutant transgenic models will be
used to study the role of Wnt and Notch signaling, key pathways
in mammary development and fate allocation. Through real time
imaging of mutant embryonic mammary placodes in culture,
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the lineage potential of targeted mutant cells can be correlated
with their migratory dynamics and behaviour during branching
morphogenesis. This approach will provide fundamental insights
into the mechanisms governing mammary cell fate decisions
during both normal and pathological development.

W-2088

INDUCED PLURIPOTENT STEM CELL DERIVED
BASAL CELLS PROVIDE A NOVEL SOURCE OF
MULTI-LINEAGE AIRWAY EPITHELIAL CELLS

Quiroz, Erik J - Department of Medicine and Department of
Stem Cell and Regenerative Medicine, University of Southern
California, Los Angeles, CA, USA

Calvert, Ben - Department of Medicine, University of Southern
California, Los Angeles, CA, USA

Gao, Jinghui - Department of Medicine, University of Southern
California, Los Angeles, CA, USA

Petraki, Sophia - Department of Medicine and Stem Cell and
Department of Regenerative Medicine, University of Southern
California, Los Angeles, CA, USA

Elteriefi, Reem - Department of Medicine, University of
Southern California, Los Angeles, CA, USA

Magallanes, Jenny - Department of Medicine and Stem Cell
and Regenerative Medicine, University of Southern California,
Los Angeles, CA, USA

Ryan (Firth), Amy - Department of Medicine and Stem Cell and
Regenerative Medicine, University of Southern California, Los
Angeles, CA, USA

Engraftment of gene-corrected autologous cells is a potential
therapy for genetic respiratory disorders such as cystic fibrosis
and primary ciliary dyskinesia. Basal cells are critical stems
for repair and maintenance of the respiratory epithelium.
Differentiation of isolated basal cells at an air-liquid interface
(ALl) is the gold-standard model for human respiratory
epithelium, yet use of these cells for study of genetic disease
is limited due to inherent difficulties in procurement, expansion,
and genetic manipulation. iPSC derived basal cells (iBasal) offer
a potentially unlimited source of readily manipulated patient
specific cells for both in vitro disease modeling and autologous
cell therapy. Building on our airway differentiation protocol, we
have derived a strategy for generation, isolation and expansion
of iBasal, improving the efficiency of generating respiratory
epithelium from iPSC. Our modified cell culture protocol directs
differentiation of iPSC to Nkx2.1 expressing lung progenitors,
purified based on a CD47hi/CD26lo expression profile. Isolated
lung progenitors are subsequently cultured in the presence of
SMAD inhibitors and evaluated over 5 passages for basal cell
marker expression, clonogenicity, and differentiation capacity
in both ALl and spheroid cultures. iBasal transcriptomes were
compared to those of primary basal cells by single cell RNAseq.
iBasal form lung tracheospheres as well as single cell colonies on
NIH3T3-J2 feeders. Flow cytometry and immunofluorescence
characterization indicates that single cell derived colonies
express epithelial calmodulin (EpCAM) and basal cell markers
cytokeratin 5 (krt5), p63, integrin alpha 6 (IGTA6), and nerve
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growth factor receptor (NGFR) when passaged. Furthermore,
iBasal have the capacity for differentiation into a functional, tight
junction forming epithelium containing both mucus secreting
and motile multiciliated cells at the ALl. We have generated
iBasal from four independent iPSC lines, with marker expression
and differentiation capacity akin to that of primary basal cells.
iBasal, therefore, provide the opportunity to generate sufficient
functional and gene-corrected autologous basal cells to
develop patient specific, high throughput screening platforms
overcoming the current limitations.

Funding Source: AR is funded by the Cystic Fibrosis Foundation
Therapeutics FIRTH17XX0, NIH:NHLBI RO1HL139828-02 and
the Hastings Foundation

EYE AND RETINA
W-2090

DIABETIC VASCULAR PROGENITORS
DIFFERENTIATED FROM HUMAN NAIVE IPSC
DISPLAY IMPROVED GENOMIC INTEGRITY AND
AUGMENTED ENGRAFTMENT AND MIGRATION
INTO ISCHEMIA-DAMAGED RETINA

Park, Tea Soon - Pediatric Oncology, Johns Hopkins School
of Medicine, Baltimore, MD, USA

Zimmerlin, Ludovic - Pediatric Oncology, Johns Hopkins
School of Medicine, Baltimore, MD, USA

Kanherkar, Riya - Pediatric Oncology, Johns Hopkins School of
Medicine, Baltimore, MD, USA

Evans-Moses, Rebecca - Pediatric Oncology, Johns Hopkins
School of Medicine, Baltimore, MID, USA

He, Alice - Pediatric Oncology, Johns Hopkins School of
Medicine, Baltimore, MD, USA

Thomas, Justin - Pediatric Oncology, Johns Hopkins School of
Medicine, Baltimore, MD, USA

Lutty, Gerard - Ophthalmology, Johns Hopkins School of
Medicine, Baltimore, MD, USA

Zambidis, Elias - Pediatric Oncology, Johns Hopkins School of
Medicine, Baltimore, MD, USA

Human induced pluripotent stem cells (hiPSC) could provide
unlimited amounts of embryonic vascular progenitors (eVP) to
repair ischemic diabetic tissue. We have demonstrated that
highly prolific CD31+CD146+CXCR4+ eVP differentiated from
patient-specific hiPSC can repair damaged adult retinal blood
vessels in a humanized NOD-SCID ischemia/reperfusion (I/R)
model. We also established naive hiPSC (N-hiPSC) stably
reverted to a preimplantation epiblast-like pluripotent state
following culture with a novel cocktail of LIF-2i supplemented
with the tankyrase inhibitor XAV939 (LIF-3i). LIF-3i-reverted
N-hiPSC possessed enhanced multi-lineage differentiation
potential compared to isogenic conventional hiPSC and
eliminated interline variability. To test the functionality of
N-hiPSC-derived eVP, we reprogrammed skin fibroblasts of
type-l diabetic patients using an episomal system. These diabetic
hiPSC (D-hiPSC) were reverted to a naive state using LIF-3i.

Isogenic primed D-hiPSC and N-D-hiPSC were differentiated
in parallel to the vascular lineage to compare endothelial
function and in vivo regenerative capacity in the I/R model. N-D-
hiPSC acquired markers of naive pluripotency (e.g., p-STAT3,
DNMT3L, TFCP2L1), global reduction of DNA CpG methylation,
increased 5-hydroxymethylation, and decreased H3K27me3 at
bivalent promoters. N-D-hiPSC differentiated without re-priming
into CD31+CD146+ eVP more efficiently than isogenic primed
D-hiPSC, and possessed higher proliferation, more efficient
acetylated-Dil-LDL uptake, and improved tube formation in
Matrigel. N-D-hiPSC eVP expanded with reduced senescence
and lower sensitivity to DNA damage. Injection of N-D-hiPSC
eVP into I/R-damaged mouse retinas resulted in dramatically
higher frequencies of engraftment of human-specific (HNA+)
cells than primed controls up to 4 weeks following intra-vitreal
injections. One week after injection, CD34+ human N-D-hiPSC
eVP were detected throughout the ganglion cell layer and up to
the inner nuclear layer of the retina. In contrast, isogenic D-hiPSC
eVP displayed poor migration, and remained in the superficial
retinal layers. These studies demonstrate that N-hPSC-derived
eVP with improved genomic integrity possessed improved
functionality compared to eVP generated from conventional
hiPSC.

Funding Source: TEDCO 2014-MSCRFE-118153 (TSP),
UO1HL099775, NIH/NEI RO1EY023962, NIH/NICHD
R01HD082098, TEDCO 2013-MSCRFII-0032, Novo Nordisk
Diabetes and Obesity Science Forum Award (all ETZ), EY001765
(Wilmer Core Grant for Vision Research)

W-2092

IDENTIFICATION OF SPECIFIC CELL SURFACE
MARKERS FOR RETINAL PIGMENTED EPITHELIAL
CELLS AND ESTABLISHMENT OF A XENOFREE
AND DEFINED MONOLAYER HPSC-RPE
DIFFERENTIATION METHODOLOGY

Plaza Reyes, Alvaro - Clinical Science, Intervention and
Technology, Karolinska Institutet, Stockholm, Sweden
Petrus-Reurer, Sandra - Clinical Neuroscience, Karolinska
Institutet, Stockholm, Sweden

Padrell Sanchez, Sara - Clinical Science, Intervention and
Technology, Karolinska Institutet, Stockholm, Sweden

Kumar, Pankaj - Clinical Science, Intervention and Technology,
Karolinska Institutet, Stockholm, Sweden

Douagi, lyadh - Department of Medicine, Center for
Hematology and Regenerative Medicine, Karolinska Institutet,
Stockholm, Sweden

Kvanta, Anders - Clinical Neuroscience, Karolinska Institutet,
Stockholm, Sweden

Lanner, Fredrik - Clinical Science, Intervention and Technology,
Karolinska Institutet, Stockholm, Sweden

Recent clinical trials have suggested that transplantation of
human pluripotent stem cell (hPSC) derived retinal pigment
epithelial (RPE) cells could be used to replace the tissue lost
in the degenerative form of macular degeneration. However,
differentiation protocols still rely on the manual selection and
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expansion of hPSC-RPE cells over other unsought cell types
that can emerge along the way, which impairs the large-scale
production of these cells and also complicate their clinical
implementation. Aiming to overcome such limitations, we sought
to identify unique cell surface markers for the hPSC-RPE cells.
For that purpose, we screened hPSCs and hPSC-RPE cells
against an antibody library recognizing 240 different cell surface
markers. From this screening and subsequent validation, we
identified a set of unique cell surface markers that were able to
discriminate hPSC-RPE cells from the bulk of cells that emerged
after hPSC differentiation, as well as markers that could be used
to evaluate the degree of maturation of the hPSC-RPE in culture.
Subsequently, our identified cell surface proteins were used to
quantitatively asses the performance of alternative hPSC-RPE
differentiation protocols, proving to be useful in identifying hPSC
lines with poor differentiation outcomes. Finally, through scRNA-
seq analysis, we demonstrate that a higher degree of purity of
the final hPSC-RPE cell product could be achieved through cell
enrichment using our selected cell surface markers. Altogether,
we foresee that the implementation of our novel xeno-free
2D hPSC-RPE differentiation protocol combined with the use
of the set of surface markers identified will have important
implications for the development of a safe, robust and scalable
cell replacement therapy for macular degeneration.

W-2094

NANOCONJUGATE-BASED GENE THERAPY
NORMALIZES HUMAN CULTURED STEM CELL-
ENRICHED DIABETIC LIMBAL EPITHELIAL CELLS
AND ORGAN-CULTURED CORNEAS

Kramerov, Andrei - Board of Governors Regenerative
Medicine Institute, Cedars-Sinai Health System, Culver City,
CA, USA

Shah, Ruchi - Regenerative Medicine Institute, Cedars-Sinai
Medical Center, Los Angeles, CA, USA

Ding, Hui - Neurosurgery, Cedars-Sinai Medical Center, Los
Angeles, CA, USA

Turjman, Sue - Regenerative Medicine Institute, Cedars-Sinai
Medical Center, Los Angeles, CA, USA

Ghiam, Sean - Regenerative Medicine Institute, Cedars-Sinai
Medical Center, Los Angeles, CA, USA

Ljubimova, Yulia - Neurosurgery, Cedars-Sinai Medical Center,
Los Angeles, CA, USA

Saghizadeh, Mehrnoosh - Regenerative Medicine Institute,
Cedars-Sinai Medical Center, Los Angeles, CA, USA
Ljubimov, Alexander - Regenerative Medicine Institute, Cedars-
Sinai Medical Center, Los Angeles, CA, USA

Diabetic corneas have persistent epithelial defects and impaired
wound healing, which may be caused by the dysfunction of
limbal epithelial stem cells (LESC). We developed gene therapy
for delivery of antisense oligonucleotides (AON) targeting
diabetes-associated genes, using novel polymalic acid
(PMLA)-based nanoconjugates carrying AONs to cathepsin
F (CF) and to miR-409 that would activate c-met expression.
Nanoconjugates contained cell targeting antibody to transferrin
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receptor, and morpholino AONs (at 5 uM each) to CF and to
miR-409-3p that targets c-met proto-oncogene, or a scrambled
AON (control). Healing of scratch wounds in limbal epithelial
cell (LEC) cultures and of heptanol-induced corneal epithelial
wounds was monitored. Apoptosis was assessed with AnnexinV
staining. Previously, we showed that organ-cultured corneas
were safely transduced with adenoviral (AV) constructs carrying
c-met or CF shRNA. However, AV transduction of cultured LEC
even at low 80 pfu/cell caused significant cell rounding and
apoptosis. Conversely, nanoconjugate with AON miR+CF at
5-30 uM AON showed no increase in cultured LEC of AnnexinV-
positive apoptotic cells (<5%) from untreated or control
nanoconjugate-treated LEC. As expected, this nanoconjugate
caused an increase of its target c-met and a decrease of CF
in diabetic LEC and organ-cultured diabetic corneas. This
treatment also upregulated stem cell markers ABCG2 and
keratin 15 in diabetic LEC. Similarly, stem cell (ABCG2, keratin
17 and ANp63) and diabetic (integrin a3f1 and nidogen-1)
markers were upregulated, and wound healing was significantly
accelerated after nanoconjugate treatment of organ-cultured
diabetic corneas. Treatment also normalized the expression of
activated/phosphorylated signaling intermediates, EGFR-Akt
and p38 in organ-cultured diabetic corneas. Overall, non-toxic
nanoconjugates provide a new alternative to viral gene therapy
in normalizing diabetic limbal epithelial stem cells and organ-
cultured corneas.

Funding Source: NIH EY013431
W-2096

PURIFICATION AND MOLECULAR
CHARACTERIZATION OF MOUSE RETINAL STEM
CELLS

Coles, Brenda L - Molecular Genetics, University of Toronto,
Toronto, ON, Canada

Labib, Mahmoud - Faculty of Pharmacy, University of Toronto,
Toronto, ON, Canada

Poudineh, Mahla - Faculty of Pharmacy, University of Toronto,
Toronto, ON, Canada

Innes, Brendan - Molecular Genetics, University of Toronto,
Toronto, ON, Canada

Bader, Gary - Molecular Genetics, University of Toronto,
Toronto, ON, Canada

Kelley, Shana - Faculty of Pharmacy, University of Toronto,
Toronto, ON, Canada

van der Kooy, Derek - Molecular Genetics, University of
Toronto, Toronto, ON, Canada

Retinal stem cells (RSCs) are a rare, multipotent population
of quiescent cells residing in the pigmented layer of the adult
ciliary epithelium at the retinal periphery. While scarce, RSCs
preserve regenerative potential within the eye: RSCs give
rise to all cell types within the neural retina, as well as retinal
pigmented epithelial cells. Unfortunately, RSCs can be identified
only retrospectively through in vitro colony-forming assays as
no RSC-specific markers have been discovered. To find such
markers, we sought to purify the RSC population. This was
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accomplished via a microfluidic chip and magnetic nanoparticle
antibody selection process. Various cell surface antigens known
to identify other stem cell populations or to influence RSC
behaviour in vitro were screened. This approach established
that a combination of Frizzled 1, ABCG2, and Notch 1 (FAN)
significantly enriches RSCs to approximately 1 in 2 cells from
primary retinal dissection. Single cell RNA Sequencing was
performed on the FAN-enriched RSC population, leading
to the discovery of novel cell surface markers: Cnri1, Grm?7,
II15ra and Nptxr. Most important, these new markers purify
RSCs comparable to the FAN enrichment. These antigens
were validated by in vivo expression patterns: only a small
percentage of cells within the ciliary epithelium were positive for
each marker as assessed by antibody staining. In addition to
highlighting these markers, unsupervised clustering identified
5 cell populations with significantly different gene expression
patterns. Only two of the clusters (2 and 4) contained the clonal
sphere forming cells, that is the RSCs, while the other three
clusters contained markers that indicated that we had isolated
cells from the cornea, endothelium and trabecular meshwork
in the primary tissue dissection. The differential expression of
transcription factors of each cluster suggested that Cluster 2
may contain quiescent RSCs while the other may contain RSCs
more poised to proliferate. Indeed, cell surface sorting of cluster
2 versus 4 revealed 3 fold more sphere forming cells from cluster
4 cells. The molecular signature of retinal stem cells may be
useful in understanding the mechanisms by which stem cells
retain quiescence.

Funding Source: Canada First Research Excellence Fund,
CIHR and Ontario Institute for Regenerative Medicine (OIRM)
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IPS-DERIVED MESENCHYMAL STEM CELLS
TRANSFER MITOCHONDRIA TO CORNEAL
ENDOTHELIAL CELLS

Jiang, Dan - Laboratory for Stem Cell and Retinal
Regeneration, The Eye Hospital, Wenzhou Medical University,
Wenzhou, China

Pan, Shao-Hui - Laboratory for Stem Cell and Retinal
Regeneration, The Eye Hospital, Wenzhou Medical University,
Wenzhou, China

Jin, Zi-Bing - Laboratory for Stem Cell and Retinal
Regeneration, The Eye Hospital, Wenzhou Medical University,
Wenzhou, China

Since corneal endothelial cells (CECs) cannot regenerate itself
under normal physiological conditions, loss of CECs lead to
devastating consequences in the patients, including severe
vision loss. Currently, corneal transplantation is the only
recognized therapy for such disease conditions. In this study,
we sought to investigate whether mitochondrial uptake of
CECs from healthy neighboring cells preserves their function
from degeneration in vitro. CECs with mitochondrial complex |
inhibitor, rotenone, induced stress were co-cultivated with human
induced pluripotent stem cell (iPSC)-derived mesenchymal
stem cells (MSCs). Extracellular oxygen consumption rate (OCR)

was performed to test the mitochondrial function of CECs.
Immunofluorescence (IF), transmission electron microscope
(TEM) analysis, confocal microscopy imaging, transwell assay,
and RNA-Seq were conducted to investigate mitochondrial
transfer from healthy cells to stressed CECs. The results
revealed CECs could uptake mitochondria from adjacent cells
via tunneling nanotubes (TNT) -like structures. Furthermore,
the donated mitochondria effectively protected against CECs
death and largely preserved cell function with rotenone stress.
Importantly, the effects of mitochondrial donation from iPSC-
MSCs to damaged cell were associated with F-actin expression
under using of Y-27632/ROCK inhibitor. iPSC-MSCs can
effectively donate functional mitochondria to CECs and protect
against cell loss in stressed condition. Our study uncovered a
critical role of promoting of mitochondrial donation in protection
of CEC from early degeneration, and highlight a viable
therapeutic strategy by mitochondrial donation for the treatment
of CEC degeneration.

W-2100

LEVELS OF WNT6 DIFFERENTIALLY REGULATE
HUMAN LIMBAL STEM/PROGENITOR CELLS

Oh, Denise - Stein Eye Institute, University of California, Los
Angeles, CA, USA

Deng, Sophie - Ophthalmology, University of California Los
Angeles, CA, USA

Mei, Hua - Ophthalmology, University of North Carolina Chapel
Hill, NC, USA

Visual acuity is reliant on limbal stem/progenitor cell (LSC)
mediated corneal regeneration. Continuous regeneration is
critical to corneal transparency, and a lack or loss of LSCs
results in corneal hazing and deteriorating vision. Previously, we
have found that activation of the Wnt signaling pathway with
lithium chloride increased LSC proliferation in vitro in addition to
maintaining LSC characteristics. Of the 19 known Wnt ligands, 4
were found to be highly expressed in the limbus with one being
Wnt6. Expansion of freshly isolated limbal epithelial cells (LECs)
on Wnt6 overexpressing 3T3 feeder cells (Wnt6-3T3) maintained
stem/progenitor characteristics and increased proliferation of
LSCs under high levels. Short term exposure to Wnt6, under
1 hour, revealed that both canonical (B-catenin) and non-
canonical (RhoA, CamKiIl) pathways were activated. Signaling,
quantified by protein levels, was detected within minutes, but
the level of activation within specific pathways varied with Wnt6
concentration and colony density. Characterization of long
term Wnt6-LSC cultures showed that although colony forming
efficiencies (CFEs) remained similar between all groups, high
levels of Wnt6 increased proliferation of LSCs by 17.1% (p<0.05).
Medium and high levels of Wnt6 also increased the percentage
of small cells by 10.8% and 20.4%, respectively. In parallel, the
percentage of cells expressing K14 was between 91.4% and
92.1%, however, the expression of K12 was reduced by 40.6%
and 54.6%, in medium and high Wnt6 cultures. Wnt6 control of
LSCs appears to demonstrate dynamic regulation of both the
canonical and non-canonical pathways as the concentration of
Wnt6 appears to have varying effects on human LECs in vitro.
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High levels of Wnt6 support increased proliferation and better
maintains the stem/progenitor phenotype while low levels
tend to differentiate LECs. Wnt6 regulation appears to require
tight control of both canonical and non-canonical pathways to
regulate LSC expansion and phenotype.

Funding Source: This work was supported by National Eye
Institute grants 1RO1EY021797 and by a California Institute for
Regenerative Medicine Early Translational Award TR2-01768
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DISTINCT CONE MATURATION FEATURES IN
FETAL AND HESC-DERIVED RETINAE

Shayler, Dominic - USC Stem Cell, University of Southern
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Lee, Sunhye - Opthalmology, Children’s Hospital Los Angeles,
CA, USA

Stachalek, Kevin - PIBBS, University of Southern California,
Los Angeles, CA, USA
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Singh, Hardeep - Opthalmology, Children’s Hospital Los
Angeles, CA, USA

Bay, Maxwell - USC Stem Cell, University of Southern
California, Los Angeles, CA, USA

Thornton, Matthew - Obstetrics and Gynecology, University of
Southern California, Los Angeles, CA, USA

Grubbs, Brendan - Obstetrics and Gynecology, University of
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Bonaguidi, Michael - USC Stem Cell, University of Southern
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Cobirinik, David - Opthalmology, Children’s Hospital Los
Angeles, CA, USA

The human retina resembles that of other vertebrates in that
it develops centrally to peripherally and generates retinal
cell types in a biased order. However, animal models do
not recapitulate some human retina features such as foveal
structures, expression of a cone precursor proliferation-related
program, and the cone precursors’ proliferative response to RB
loss. Human stem cell-derived retinal organoids may be used to
interrogate human development and disease, yet their accurate
portrayal of human-specific features has not been evaluated.
Here, we assessed the verisimilitude of retinal organoid cone
photoreceptor development by comparing the cone precursors’
response to RB loss, proliferation-related protein expression,
and single cell transcriptomic states in human fetal retina and
in retinal organoids produced using three methods. In contrast
to maturing cones in the fetal retina, maturing cones in retinal
organoids did not proliferate in response to RB1 depletion.
They also showed divergent timing, intensity and localization
of proliferation-related proteins when compared to fetal retinal
tissue. Single cell RNA-sequencing performed on photoreceptor
precursors enriched from retinae (gestational weeks 15 - 21)
and from retinal organoids (culture days 55-140) by CD133+/
CD44,49blow FACS vyielded transcriptomes of rod, cone, and
retinal progenitor cell populations from both tissues. However,
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clustering and trajectory analyses indicate that organoid cone
and rod photoreceptors traverse early maturation states that do
not exist in fetal retina samples, prior to forming more mature
photoreceptors that cluster together with their fetal counterparts.
These data suggest that photoreceptor maturation in current
organoid systems differs from that of fetal tissue, yet the
photoreceptors that are ultimately produced are comparatively
similar to fetal photoreceptors and thus might be valuable for
modeling retinal development and diseases that manifest after
photoreceptor differentiation.

STEM CELL NICHES
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INTRA-ARTICULAR DELIVERY OF MESENCHYMAL
STEM CELLS REPAIRS THE DAMAGED CARTILAGE
IN AN EXPERIMENTAL MONKEY OSTEOARTHRITIS
MODEL
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Osteoarthritis (OA) is the most common type of degenerative
arthritis  affecting humans worldwide, caused by the
inflammation, breakdown, and eventual loss of cartilage in the
joints. However, there is no cure for OA and no medication
can reverse the damaged cartilage. There is unmet needs
to develop new therapeutics which can restore the damaged
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cartilage of joints. Stem cell therapy is the rapidly growing and
most promising strategy for curing OA. In this work, human
mesenchymal stem cells (MSC) were intra-articular delivered
into the knees of experimental rhesus macaques OA model to
investigate the efficacy of MSC treatment for OA.Experimental
OA was induced surgically in the knees of 12 rhesus macaques
by bilateral anterior cruciate ligament transection (ACLT) and
a complete radial transection of the medial meniscus. A single
dose of 2.5x107 MSC were intra-articular delivered in the OA
joint and the cell medium was used as the control 8 weeks from
the surgery. Eight weeks after MSC injection, knee MRI was
performed to evaluate the volume of knee cartilage. Cartilage
and synovial histological sections were stained with HE and
Safranin O/fast green to assess the severity of the pathology. The
expression of extracellular matrix molecules, such as collagen
I and Il, inflammatory markers, such as tumor necrosis factor-
a (TNF- a) and IL-1, were detected by immunohistochemistry.
The volume of the knee cartilage analyzed by MRI was
significantly increased after the treatment in animals received
MSC injection (215.8 + 9.0 vs 229.4 +13.3, p < 0.01) while there
was no significant difference after MSC medium treatment
(209.6 £14.3 vs 205.1 +15.5). Pathology analysis showed that
intra-articular MSC administration reversed the damage of the
cartilage. Immunohistochemistry results indicated increased
collagen Il expression and decreased collagen | staining. MSC
also attenuated the inflammation evidenced by the decreased
expression of TNF- a and IL-1 in the animals treated with MSC.
MSC promoted cartilage repair and attenuated inflammatory
events in OA. intra-articular MSC administration may be a
promising therapy for inhibiting the progression of OA.
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CELL DELIVERY VEHICLE FOR HUMAN
EMBRYONIC STEM-CELL REGENERATION
THERAPY IN THE INNER EAR: UTILIZATION OF
HYDROGEL-ENCAPUSULATED OTIC NEURONAL
PROGENITOR SPHEROIDS
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The effectiveness of neuronal differentiation from human
pluripotent stem cells (hPSCs) and poor post-transplantation
survival of single suspended cells has long remained an
obstacle for clinically applicable stem cell replacement therapies

in the inner ear. Here, we proposed two novel vehicles for cell
delivery: otic neural progenitor (ONP) spheroids and hydrogel
microspheres. Both methods share the common goal of
increasing cell-to-cell interactions and signaling to mimic in vivo
conditions. Human ESC-derived ONPs were generated based
on a protocol developed in our laboratory using StemFit (Nacalai
USA). Microspheres were created with a laminar flow patterning
device. A low adhesion EZSPHERE plate (Nacalai USA) was
also used for the growth of isolated spheroids in 3-D culture.
Growdex (UPM Biomedical) and PODS (Cell Guidance Systems)
were also used to support a stem cell niche. Both spheroids and
microspheres were characterized using immunocytochemistry.
NeuroFluor NeuO (Stemcell Technologies) live neuronal assay
was also used for neuronal characterization. The laminar flow
patterning device was able to successfully create uniform
microspheres. The NeuroFluor NeuO dye showed that our
hydrogel microspheres were capable of differentiating mid-stage
ONPs to a neuronal state. Immunocytochemistry shows that
our late-stage ONP spheroids are positive for the ONP markers
(Nestin, Beta-lll Tubulin, and PAX8). Hydrogel encapsulated
microspheres and spheroids derived from hPSCs present a
viable option for transplanting single cell suspensions with the
possibility of increasing cell survival due to protection from
shear forces and increased paracrine signaling. In addition to
microspheres, the production of hPSC derived ONP spheroids
is a feasible method for cell transplantation. The spheroids
are small enough to be transplanted into mouse cochlea, yet
durable enough to be manipulated using a negative pressure
microinjector. Further testing is needed to determine the ability
of hESC-derived ONPs to differentiate into auditory neurons
within the mouse cochlea.

Funding  Source: The Department of Defence
(W81XWH-18-1-0752), NIH (NIDCD) K08 ((K08DC01382910),
and the Triological Society/American College of Surgeons
Clinician Scientist Award.
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HUMAN UMBILICAL CORD PROVIDES A

RELIABLE SOURCE FOR IMMUNE-INHIBITORY
MESENCHYMAL STROMAL CELLS OVER SEVERAL
MONTHS
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Mesenchymal stromal cells (MSCs) are used in hundreds of
clinical trials for tissues replacement, trophic support, anti-
tumor therapy and immune inhibition. Bone marrow is the most
frequently used source for MSC, followed by umbilical cord
(UC). Generally, UC-MSCs are harvested by the cultivation of
tissue pieces, which leads to the continuous outgrowth of MSCs
over a period of several months. For clinical use, only the first
outgrown MSC culture is expanded and applied in patients.
Here, we characterized consecutively generated MSC cultures,
taken from different time points within several months after
UC preparation. First, we analyzed the clonal composition of
consecutive MSC-EMs, since long-term culture and subsequent
clonal dominance raised concerns regarding transformation.
With an improved preparation technique, we efficiently
transduced whole UC pieces by lentiviral vectors harboring a
genetic barcode and observed sustained polyclonality after
several months of induction. We furthermore analyzed the
transcriptome of early (first MSC culture) and late (two months
post UC preparation) induced cultures, and observed only minor
changes. In contrast, upon activation with IFN-y and TNF-a, the
transcriptome drastically, but similarly changed for early and late
cultures. Analysis of the secretome with a cytokine 27-plex assay
showed higher production of cytokines for later induced MSC
cultures. To test whether the different cytokine levels were in a
therapeutically relevant range, we used conditioned medium in
an in vivo killing assay. We observed a higher immune-inhibitory
capacity of the conditioned medium (CM) from late compared
to early induced MSC cultures. Thus, our results indicate that
cultured UC maintains a microenvironment for the generation
of polyclonal MSC initiating cells. Since transplantation of cell-
free CM was sufficient to mediate an immunomodulatory effect,
there was no risk associated with the long-term-culture of UC-
MSCs. Most importantly, the cultures induced 2 months after the
UC preparation were at least as capable to inhibit the immune
system as the first induced MSC culture. Since hundreds of
clinical trials rely on the immune inhibitory function of MSC, our
suggested technique could drastically increase the amount of
therapeutic MSC for a substantial amount of patients.

Funding Source: This work was supported by the Deutsche
Forschungsgemeinschaft (DFG grant RO 5102/1-1; Cluster
of Excellence REBIRTH Exc 62/1, SFB 738) and the
Niedersachsische Krebsgesellschaft e.V..
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A DYNAMIC WNT-SECRETING NICHE REGULATES
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REGENERATION
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The proximal airways play a vital role in host defense via a
specialized mucociliary epithelium that arises from airway basal
stem cells (ABSCs). Dysregulated repair can lead to ABSC
hyperplasia and squamous lung cancer (SLC), warranting
understanding of airway homeostatic mechanisms. The
subepithelial intercartilaginous zone (ICZ) of the airway harbors
diverse cell types that comprise an intricate ABSC niche.
However, interactions between ABSCs and the ICZ regulating
homeostasis are poorly understood. Using transgenic mouse
and pharmacologic studies, we found that B-catenin signaling
within ABSCs was essential for repair post-injury in vivo,
mediated by B-catenin phosphorylated at tyrosine 489. ABSCs
and PDGFRa+ fibroblasts in the ICZ niche are induced to
transiently secrete Wnt ligand post-injury concomitant with
ABSC proliferation. To directly examine the role of different
cellular compartments on Wnt-driven repair, we employed
transgenic mouse models to selectively prevent Wnt secretion
from either ABSCs or ICZ fibroblasts. We demonstrated that
ABSC autocrine Wnt signaling was dispensable while the
mesenchymal Wnt-secreting niche was sufficient to drive airway
regeneration, underscoring the importance of this dynamic
niche. The ICZ niche is dynamic during repair, but also displays
striking changes during aging. Subepithelial Wnt-secreting cells
persist in the uninjured aged ICZ, indicating a primed, actively
signaling niche at baseline. Constitutively active (-catenin
in young mice was sufficient to promote formation of age-
related glandular structures in the ICZ that contribute to airway
epithelial repair post-injury. Further, there is an emergence of
a mesenchymal Wnt-producing niche in human patients with
SLC, implicating its role in disease pathogenesis. These studies
collectively elucidate a novel proximal airway niche that exhibits
tremendous dynamism, appreciable during normal injury
repair, temporally across the aging spectrum and with disease
progression.

Funding Source: Funding for this work was provided by the
UCLA Eli and Edythe Broad Center of Regenerative Medicine
and Stem Cell Research Training Grant and the NIH/NCI Grant
1R01CA208303-01.
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THE MOUSE FETAL LIVER STROMA: SIGNALS FOR
HSC EXPANSION
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During development, hematopoietic stem cells (HSCs)
encounter different microenvironments known to be critical
for cell fate decisions. Whereas the adult bone marrow (BM)
niche has been associated with maintenance of semi-quiescent
HSCs, the fetal liver (FL) microenvironment is assumed to
support proliferation being the only organ that accommodates
HSC expansion. In the BM the factors essential for expansion
and differentiation of hematopoietic cells are largely produced
by mesenchymal and endothelial cells, however very limited
data is available on the nature of the FL niche. Aiming at
analyzing the stromal compartment of the FL and its function
in regulating hematopoiesis we performed 16-color cytometric
analysis of FL cells from E10 to newborn, which allowed
the identification of endothelial, mesenchymal, hepatic and
hematopoietic populations. The majority of Ter119-CD45- cells
are Myb-dependent erythroid progenitors of yolk-sac origin
that persist up to E14. Our analysis of the FL further reveals
that only around 5% of the cells are non-hematopoietic. From
the latter, NG2+ pericytes are the main source of the Cxcl12
chemokine and hepatoblasts the major producers of Scf, Tpo
and differentiation signals, emphasizing the crosstalk between
the progenitors of two different systems, the hepatic and the
hematopoietic. Concurrently we have been analyzing these
populations in situ by 15-color imaging mass cytometry, which
enables identification of different hematopoietic populations and
stromal FL cells within the same tissue section. Ultimately, the
use of animal models in which specific hematopoietic cytokines
are deleted in hepatoblasts will validate the role of these cells in
HSC expansion. The identification of the cues driving HSCs self-
renewal would bring new insights for ex vivo HSC expansion
and reshape the future of the most well established stem cell-
based therapy.
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MICRORNAS AS PROGNOSTIC MARKERS FOR
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Multipotent Mesenchymal Stromal Cells (MSCs) are a
heterogeneous population of cells with varying chondrogenic
potency. Biomarkers predicting the chondrogenic potential
of MSCs would allow for more time- and cost-effective
identification of MSC cultures suitable for cartilage repair
strategies compared to current post-chondrogenic induction
determination of potency. MicroRNAs (miRNAs) are involved
in the regulation of many cell functions and are often secreted
by the cells. The miRNAs may be useful as biomarker to
determine the chondrogenic potential of undifferentiated
MSCs. We hypothesized that equine Cord Blood derived
MSC (eCB-MSC) cultures exhibiting variable chondrogenic
potency are associated with differential expression of miRNAs.
The objective of this study is to assess the prediction value of
miRNAs for chondrogenic potential of eCB-MSC cultures. In
this study, ten eCB-MSC donors were initially evaluated for their
ability to produce neocartilage using standard chondrogenic
differentiation assay consisting of 3D pellet cultures in the
presence of TGF-beta-3. The chondrogenic differentiation
potential was scored based on histological matrix formation,
quantitative  glycosaminoglycan deposition and mRNA
expression levels of chondrogenic marker genes. Subsequently,
total RNAs were isolated for determination and differential
expression of a panel of microRNAs (miR-34a, miR-140, miR-
148a, miR-199a, miR-410) and their target genes between
eCB-MSC cultures with high and low chondrogenic potential.
Three eCB-MSC cultures out of 10 exhibited low chondrogenic
potential, whereas 3 showed high and 4 moderate chondrogenic
potential. Expression analysis of candidate microRNAs and
their target genes, previously implemented in chondrogenesis,
did not show a consistent pattern between highly and lowly
chondrogenic eCB-MSC cultures. In conclusion, miRNA profiling
of eCB-MSC cultures showed differential miRNA expression
among eCB-MSC cultures although no miRNA consistently
distinguished between cultures with high or low chondrogenic
potential. An unbiased approach to microRNA profiling, using
next generation sequencing (NGS), is ongoing and may reveal
novel transcripts with predictive value.

Funding Source: This project was supported by the Equine
Guelph and Partners (T.G.K.), NSERC-DG (T.G.K)), and the
Dean’s Office, Ontario Veterinary College (H.A, PhD scholarship).
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IPSC-BASED SCREEN REVEALED AN IMPACT OF
DISREGULATED NFKB ACTIVITY IN AML1-ETO
RELATED LEUKEMIA
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Onset of acute myeloid leukemia (AML) has been accounted
for by cooperation between multiple genetic alterations
inducing abnormal control of cellular pathways. However, the
detailed mechanisms of how they work in the early stages of
leukemogenesis and what unknown “cooperative ” cues function
in those periods remain unclear. From this viewpoint, in order
to identify novel cellular molecules involved in the acquisition
of leukemic phenotypes, we have conducted the gene-trap
strategy-based phenomic screen in the use of pluripotent
stem cell (PSC)-derived hematopoietic culture. Through the
gene-trap strategy-based phenomic screen in the use of PSC-
based hematopoietic culture, we found that the knockdown
of NSFL1c, a gene negatively regulates NFkB pathways by
reducing IKK activities, enhanced the leukemic properties of
hematopoietic progenitor cells harboring AML1-ETO (AE) fusion
gene: Cells differentiated from AE-PSCs which have additionally
the poly A trapping sequence inserted in NSFL1c locus showed
doubled efficiency in engraftment into immunodeficient NOG
mice than cells without trapping (3.1% v.s. 1.3%, 16 weeks
after intra bone marrow transplantation), and also showed the
significantly higher colony replating efficacy in methylcellulose
colony forming assay. Interestingly, those activities were
cancelled in the absence of AE expression. In AML, elevated
NF-kB pathways have been detected in more than 30% of
patients. Although NF-kB signaling networks have proved
induced by inflammatory and immune signals, and previous
studies showed their abnormal activities make leukemia cells
escape from cell death and go into abnormal proliferation, the
detailed mechanisms, in particular at the very early stages of
the leukemogenesis, are well not defined. Our data indicate the
novel mechanisms behind the deviation of progenitor cell fate
from normal to abnormal pathway leading to the emergence
of leukemic initiating cells, and suggested the myeloid-biased
leukemogenic potentials.
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The heterogeneity of glioblastoma (GBM) causes more people
to die than any other brain tumors despite existing alkylating
chemotherapy. GBM stem-like cells (GSCs) contributes to
the complexity of GBM and their chemoresistance. Yet, it
remains challenging to identify adequate GSCs or factors
controlling their activity. Here, we identified a specific GSC
subset and described that their activity is regulated by methyl
CpG binding domain 3 (MBD3). CK1a and B3-TrCP E3 ubiquitin
ligase binds to MBD3, triggering MBD3 degradation through its
phosphorylation and ubiquitinylation. Mbd3 loss or degradation
induced by CK1a activator, pyrvinium pamoate (Pyrpam), leads
to GSC differentiation and inhibition of tumor growth in xenograft
model of GBM resistant to TMZ chemotherapy. Pyrpam blocks
recruitment of the repressive MBD3/NuRD complex at the
neural differentiation-associated gene loci, leading to increased
acetyl histone H3 activity and GSC differentiation. Our work
demonstrates that targeting CK1a/B-TrCP/MBD3/NuRD axis
inhibits GSC activity and hence chemoresistant GBM.

Funding Source: This research was funded by grants from the
NIH (5R01NS06721305 to B.S.M. and W.L.) and a grant from the
CIRM (No. TG2-01161 to B.S.M.)

W-2120

INHIBITION OF DYNAMIN TARGETS
LEUKEMIA STEM CELLS AND OVERCOMES
CHEMORESISTANCE

Tremblay, Cedric S - Australian Centre for Blood Diseases
(ACBD), Monash University, Melbourne, Australia

Chau, Ngoc - Cell Signalling Unit, Children’s Medical Research
Institute, Sydney, Australia

Curtis, David - Australian Centre for Blood Diseases (ACBD),
Monash University, Melbourne, Australia

Jane, Stephen - Australian Centre for Blood Diseases (ACBD),
Monash University, Melbourne, Australia

McCluskey, Adam - Chemistry, Centre for Chemical Biology,
University of Newcastle, Callaghan, Australia

Robinson, Phillip - Cell Signalling Unit, Children’s Medical



POSTER ABSTRACTS

Research Institute, Sydney, Australia

Saw, Jesslyn - Australian Centre for Blood Diseases (ACBD),
Monash University, Melbourne, Australia

Sonderegger, Stefan - Australian Centre for Blood Diseases
(ACBD), Monash University, Melbourne, Australia

Chiu, Sung - Australian Centre for Blood Diseases (ACBD),
Monash University, Melbourne, Australia

The hierarchical model posits that acute leukemias arise
from leukemia stem cells (LSCs), which display stem cell-like
properties that include long-term self-renewal and differentiation
to generate the heterogeneity observed in the tumor at
diagnosis. Elimination of LSCs and their ancestral clones, pre-
leukemic stem cells (pre-LSCs), is critical for long-term cure as
they are the source of relapse following chemotherapy. How
these cells survive high-dose chemotherapy remains poorly
defined, but may include quiescence and pro-survival signals
provided by the microenvironment. Strategies to interfere with
specific growth factor-induced signals from the niche have
shown promising results, but may be subject to compensatory
mechanisms due to the inherent plasticity of relapse-inducing
cells. The signalling network downstream of many of these
growth factors is controlled by receptor-mediated endocytosis,
a generic process dependent on the Dynamin family of large
GTPases. Given the important role of the microenvironment for
relapse-inducing cells, we postulated that inhibition of Dynamin
might impair their stem cell-like properties and sensitize them
to chemotherapy. Here, we show that the Dynamin small
molecule inhibitor Dynole 34-2 simultaneously blocks multiple
signalling pathways in pre-LSCs and LSCs by preventing
receptor-mediated endocytosis. Using the Lmo2-transgenic
mouse model of T-cell acute lymphoblastic leukemia (T-ALL),
we found that Dynole 34-2 impairs self-renewal of pre-LSCs
and sensitizes relapse-inducing cells to chemotherapy. We
also found that inhibition of receptor-mediated endocytosis by
Dynole 34-2 delayed leukemia onset in mice treated with high-
dose therapy. Treatment of different patient-derived xenografts
of human T-ALL revealed that that inhibition of Dynamin activity
with Dynole 34-2 represents an effective therapeutic strategy for
different subtypes of human T-ALL. In summary, our finding that
Dynamin activity is essential for the maintenance and therapeutic
resistance of relapse-inducing cells in acute leukemia paves the
way for novel therapeutic strategies.
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Ovarian cancer will be responsible for an estimated 13,980
women deaths in the US alone in 2019. Current chemotherapy
regimens for late stage ovarian cancer often have limited benefits
and are not well-tolerated by the majority of patients. Several
promising studies have demonstrated increased efficacy with
combination oncoviral and immunotherapies. Treatment with
replication-competent oncolytic viruses followed by checkpoint
inhibitors (e.g., PD-1/PD-L1) may result in improved clinical
efficacy. This is attributed to the ‘unmasking’ of tumor antigens
exposed following oncolytic tumor cell lysis. Here, we used an
HLA Class Il negative, tumor-tropic neural stem cell (NSC) line to
deliver a chimeric orthopoxvirus (CF33) to ovarian tumors. Using
the NSCs as a virus delivery vehicle also provides protection from
neutralizing Abs. CF33 is deficient for thymidine kinase, a protein
necessary for viral replication that is overexpressed by cancer
cells. As a result, CF33 selectively replicates in cancer cells while
also inducing an anti-tumoral immune response that may be
potentiated by checkpoint inhibitors. In vitro studies with CF33-
producing NSCs (CF33-NSCs) and murine or human ovarian
cancer cell lines at a ratio of 1:1000 demonstrated increased
tumor cell expression of PD-L1 after 1 day. We thus hypothesized
that CF33-NSCs would infect tumor cells in vivo, causing
increasing expression of PD-L1 and cell lysis. We postulated
that blocking T cell PD-1 receptors would lead to further anti-
tumor activity in CF33-NSC treated mice. In vivo experiments in
immunocompetent murine models of intraperitoneal (IP) ovarian
metastases consisted of 3 weekly IP injections of CF33-NSCs,
free CF33 or PBS starting 1 week post-tumor implantation. A
single IP administration of PD-1 Ab was given 2 days before,
after, or concurrently with the first CF33-NSCs, free CF33 or PBS
injection. Weekly bioluminescence imaging (BLI) was conducted
to monitor tumor growth/regression, as mice were followed for
long-term survival. Mice receiving concurrent CF33-NSCs and
PD-1 Ab combination therapy exhibited the lowest BLI tumor
signal and highest long-term survival rate vs. groups receiving
PD-1 Ab before or after. These data warrant further investigation
for potential clinical translation and improved outcomes for
ovarian cancer patients.

Funding Source: The Anthony F. and Suan M. Markel
Foundation, the Rosalinde and Arthur Gilbert Foundation,
CIRM, the Alvarez Family Charitable Foundation, NIH/NCI RO1
CA197359 01.
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REGULATE CANCER STEM CELLS SELF-RENEWAL
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Harnois, Thomas - STIM (Signalisation et Transports loniques
Membranaires) Laboratory, University of Poitiers, France
Arnault, Patricia - STIM (Signalisation et Transports loniques
Membranaires) Laboratory, University of Poitiers, France
Cousin, Laétitia - STIM (Signalisation et Transports loniques
Membranaires) Laboratory, University of Poitiers, France
Vallette, Frangois - CRCINA (Centre de Recherche en
Cancérologie et Imnmunologie Nantes Angers), University of
Nantes, France

Constantin, Bruno - STIM (Signalisation et Transports loniques
Membranaires) Laboratory, University of Poitiers, France
Coronas, Valérie - STIM (Signalisation et Transports loniques
Membranaires) Laboratory, University of Poitiers, France

Gliomas are primary brain tumors whose most aggressive
and lethal form is glioblastoma. Despite multimodal treatment,
glioblastoma tumors recur in more than 90 % of patients and
the average life expectancy does not exceed 15 months. Within
the tumor, a cell subpopulation called cancer stem cells (CSC) is
more resistant to radiation and chemotherapy and therefore may
be responsible for tumor relapse. A growing body of experimental
and clinical data supports that glioblastoma CSC may arise, at
least partly, from neural stem cells with whom they share several
features. Calcium channels produce spatiotemporal fluctuations
of intracellular concentrations of calcium ions. Expressed by both
excitable and non-excitable cells, the store-operated calcium
channels (SOC) transduce extracellular signals in an intracellular
calcium response in numerous cell types. SOC control various
cellular functions including cell proliferation, differentiation and
migration. In a previous work, we found that SOC regulate neural
stem cells activation and self-renewal in mice. Although some
previous studies suggest that alterations in SOC may represent
a proximal cause associated with cancer, their potential role in
CSC has not been investigated yet. Accordingly, we assessed
the expression of SOC in eight patient-derived cell cultures
grown in a cell culture medium used for CSC and evaluated SOC
functions in CSC by using three different pharmacological SOC
inhibitors. We studied the involvement of SOC in glioblastoma
cell proliferation, and in CSC ability to self-renew. We found
that glioblastoma cells derived from patient expressed core
components of SOC supporting store-dependent calcium
entries. Pharmacological inhibition of SOC reduced proliferation
of glioblastoma cells. Moreover, we found that CSC in these
cultures expressed SOC, and that SOC inhibition reduced CSC
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ability to self-renew. Our data showing the presence of SOC in
CSC and their requirement for CSC self-renewal pave the way
for a strategy to target the cells that convey resistance to cancer
treatment.

Funding Source: “La Ligue Contre le Cancer” Comités de la
Vienne et des Deux Sévres Région Nouvelle-Aquitaine Co-
funded by the European Union

W-2126

NEURAL STEM CELL DELIVERED CONDITIONALLY
REPLICATION-COMPETENT ONCOLYTIC
ADENOVIRUS (CRAD-SPARC-PK7) FOR THE
TREATMENT OF GLIOBLASTOMA

Ngai, Hoi Wa - Developmental and Stem Cell Biology, City of
Hope, Duarte, CA, USA

Batalla-Covello, Jennifer - Developmental and Stem Cell
Biology, City of Hope, Duarte, CA, USA

Mooney, Rachael - Developmental and Stem Cell Biology, City
of Hope, Duarte, CA, USA

Hammad, Mohamed - Developmental and Stem Cell Biology,
City of Hope, Duarte, CA, USA

Flores, Linda - Developmental and Stem Cell Biology, City of
Hope, Duarte, CA, USA

Gonzalez Pastor, Rebeca - Department of Radiation Oncology,
Washington University, St. Louis, MO, USA

Lopez, Veronica - Molecular and Cellular Therapy, Fundacion
Instituto Leloir-CONICET, Buenos Aires, Argentina

Podhajcer, Osvaldo - Molecular and Cellular Therapy,
Fundacion Instituto Leloi-CONICET, Buenos Aires, Argentina
Curiel, David - Department of Radiation Oncology, Washington
University, St. Louis, MO, USA

Aboody, Karen - Developmental and Stem Cell Biology, City of
Hope, Duarte, CA, USA

Oncolytic virotherapy is a promising treatment approach for
refractory glioblastoma (GBM) given that oncolytic viruses can
lyse even quiescent tumor cells and, secondarily, expose tumor
antigens that can stimulate an anti-tumor immune response.
To address current challenges of oncolytic virus distribution
to distant tumor foci, our lab has demonstrated that a clinically
relevant tumor-tropic neural stem cell (NSC) line (HB1.F3.CD21)
can deliver virotherapy agents to multiple tumor sites, improving
efficacy. A first-in-human newly diagnosed GMB patient trial
assessing the safety of intracranial NSC-delivered CRAd-
Survivin-pk7 (NSC.CRAd-S-pk7) in combination with radiation
and chemotherapy is ongoing. Replication of the CRAd-S-pk7
virus is driven by survivin, which is upregulated in glioma cells
in response to radiation. While the use of NSCs overcomes
key barriers of virotherapy distribution to tumor sites, it has
been recognized that the tumor-associated stroma and
microenvironment represent another barrier to amplification
and spread of oncolytic viruses. To address this, Dr. Curiel's
lab has defined a novel promoter element, SPARC, which is
overexpressed in both tumor cells and stroma, and contains
enhancer elements which facilitate viral replication in hypoxic
and inflammatory tumor microenvironments. The objective of
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this work is to perform comparative efficacy studies of NSC-
mediated delivery of one of two viral payloads: CRAd-SPARC-
pk7 vs. CRAd-S-pk7. To compare the relative CRAd potencies,
a fiber knob modification was performed on CRAd-SPARC-
pk3/5 to create CRAd-SPARC-pk7. The viral uptake and lysis
kinetics of NSC-producing CRAd-SPARC-pk7 (NSC.CRAd-
SPARC-pk7) were then optimized in vitro. CRAd-SPARC-
pk7 tumor cytolysis was confirmed using multiple murine and
human glioma cells. In vivo efficacy studies comparing NSC.
CRAd-S-pk7 to NSC.CRAd-SPARC-pk7 are in progress. Thus
far, we have observed increased NSC.CRAd-SPARC-pk7
distribution and spread in tumors, tumor-associated stroma
and tumor microenvironments. Given the prominent stroma
component within GBMs, ongoing experiments are expected
to demonstrate improved anti-tumor efficacy of CRAd-SPARC-
pk7, resulting in extended long-term survival.

Funding Source: Ben and Catherine Ivy Foundation, Alvarez
Family Charitable Foundation, Jeanne and Bruce Nordstrom

W-2128

UNFOLDED PROTEIN RESPONSE PROMOTES
GLIOBLASTOMA STEM CELL SURVIVAL AND
PROLIFERATION

Jamieson Morris, Isabella C - Department of Medicine,
University of California, San Diego (UCSD), La Jolla, CA, USA
Prager, Briana - Department of Medicine, University of
California San Diego, San Diego, CA, USA

Xie, Qi - Department of Medicine, University of California San
Diego, San Diego, CA, USA

Rich, Jeremy - Department of Medicine, University of California
San Diego, San Diego, CA, USA

Glioblastoma is the most common primary malignant brain
tumor with a median survival of only 12-15 months. Glioblastoma
stem cells (GSCs) drive chemoresistance and radioresistance
and are capable of thriving in harsh environments characterized
by nutrient deprivation, DNA damage and high reactive oxygen
species. GSC resistance to environmental stress, such as
that induced by therapeutic challenge, is in part driven by
upregulation of heat shock proteins (HSPs) and the unfolded
protein response (UPR). Inhibition of these pathways impairs
GSC survival and induces chemoresistance. To identify novel
potential drivers of glioblastoma maintenance, we performed
an in silico analysis utilizing The Cancer Genome Atlas
(TCGA). Genes were prioritized that were overexpressed in
glioblastoma relative to normal brain tissue and informed poor
patient survival. Next, further selection of molecular targets
that might specifically regulate the GSCs focused on genes
overexpressed in GSCs relative to neural stem cells. The top in
silico hits underwent functional validation using an in vitro cell
viability assay. Mediators of UPR emerged as the most critical
mediator of GSC survival, with knockdown inducing rapid and
widespread cell death. The UPR was activated through HSP
binding with UPR mediators marked by a GSC-specific histone 3
lysine 27 acetylation peak at its promoter absent in differentiated
glioblastoma cells, suggesting a stem cell-specific regulatory

mechanism. Ongoing studies are defining the upstream
regulatory mechanisms through which the UPR is specifically
regulated in GSCs with functional validation in inherent stem cell
phenotypes. Thus, targeting the UPR may be a novel sensitizing
mechanism to prevent GSC escape of existing chemo- or radio-
therapeutic modalities.

NEURAL DEVELOPMENT AND
REGENERATION

W-3002

HUMAN OLIGODENDROCYTE PROGENITOR CELL-
BASED ASSAYS FOR DRUG DISCOVERY: EFFECTS
OF BMP INHIBITORS ON DIFFERENTIATION AND
MYELINATION

Izrael, Michal - Neurodegenerative Diseases Department,
Kadimastem LTD, Rehovot, Israel

Chebath, Judith - Neurodegenerative Diseases Department,
Kadimastem Ltd, Nes-Ziona, Israel

Hasson, Arik - Neurodegenerative Diseases Department,
Kadimastem Ltd, Nes-Ziona, Israel

Itskovitz-Eldor, Joseph - General, Kadimastem Ltd, Nes-Ziona,
Israel

Revel, Michel - Neurodegenerative Diseases Department,
Kadimastem Ltd, Nes-Ziona, Israel

Slutsky, Shalom Guy - Neurodegenerative Diseases
Department, Kadimastem Ltd, Nes-Ziona, Israel

Mechanistic studies of human oligodendrocyte differentiation
and functional myelination have been hindered by the lack of
in vitro human specific oligodendrocyteculture system. Here we
describe the development of a robust in vitro protocol for the
derivation of human oligodendrocytes from pluripotent stem
cells (hPSC). Under this protocol, hPSCs are differentiated
toward glial restricted cell (hGRC) population, which are then
sorted for enrichment in oligodendrocyte precursor cells
(hOPC) using O4 antibody. The hOPCs are further expanded
and kept frozen as cell banks. Upon thawing, hOPCs efficiently
differentiate into mature and functional oligodendrocytes. We
set up a high-throughput and high content screening platform
using hOPCs to analyze the activity of potential compounds
on hOPC proliferation, differentiation and myelination. We
tested escalating doses of Noggin (an antagonist of bone
morphogenetic protein (BMP) -family cytokines) on hOPC
culture. We found that Noggin significantly increased the
number of Olig2 and O4 positive cells, number of processes per
cell, total length of the processes and branching of processes
in a dose-dependent manner. The 50% effective dose (EC50)
of Noggin was found to be 1.57 nM. The assay’s robustness
was confirmed by a significant Z’ factor (Z’>0.3). Based on
these results we screened several small molecules with a
known inhibitory activity on BMP family cytokines. Among these
molecules we found that LDN-193189 (inhibitor of Alk2, 3, and 6)
promoted oligodendrocyte differentiation and myelination (IC50
30nM) in a co-culture system of hOPCs with rodent dorsal root
ganglia (DRGs) neurons. The effect of LDN-193189 was further
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evaluated in vivo, in an EAE-MOG animal model. We found
that the combination of LDN-193189 and Methylprednisolone
ameliorated diseases symptoms, as compared to control
groups. This new human OPC cell-based assay platform creates
new opportunities to discover compounds with a therapeutic
potential for the treatment of demyelinating diseases and
disorders.

Funding Source: This work was supported by the National
Multiple Sclerosis Society (through the Fast Forward LLC) and
the Israel Innovation Authority National Natural (grant No. 49154).
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EFFECTS OF ROS LEVELS IN HUMAN OPCS
GROWTH AND MALIGNANCY

Gerami, Amir - Psychiatry, University of California, Los
Angeles, Northridge, CA, USA

Harteni, Mineli - Psychiatry, University of California, Los
Angeles, Northridge, CA, USA

Ludwig, Kirsten - Psychiatry, University of California, Los
Angeles, CA, USA

Alvarado, Alvaro - Psychiatry, University of California, Los
Angeles, CA, USA

Condro, Michael - Psychiatry, University of California, Los
Angeles, CA, USA

Malone, Cindy - Biology, California State University, Northridge,
Northridge, CA, USA

Kornblum, Harley - Psychiatry, University of California, Los
Angeles, CA, USA

Human oligodendrocyte progenitor cells (OPCs) can give rise to
different glial cell types such as astrocytes and oligodendrocytes.
OPCs can be used to create a humanized glial microenvironment
in mice to model brain tumors and investigate the interaction
between human glia with neurological diseases. Recently,
we have successfully generated human OPCs from induced
pluripotent stem cell (iPSC) and embryonic stem cell (ESC)
cultures. However, one disadvantage of using human OPCs
to model brain tumors is their slow rate of differentiation and
proliferation. It has been shown that environmental factors and
intracellular signaling pathways may play key roles in neural stem
cell (NSC) proliferation and self-renewal. Recent studies have
suggested that hypoxia can increase the endogenous reactive
oxygen species (ROS) levels by activating the NOX pathway in
NSCs. Additionally, ROS can play roles as second messengers
and activate cellular processes such as the PIBK/Akt/mTOR
pathway via reversible inactivation of the PTEN protein. In this
study, we sought to determine whether altering exogenous or
endogenous ROS levels in OPCs affects cell proliferation and
survivalrate. Thus, we tested this hypothesis by targeting the NOX
pathway via culturing the OPCs in hypoxia and by administering
apocynin as a NOX inhibitor. Our preliminary in vitro findings
suggest that hypoxic condition induces proliferation in OPCs by
regulating processes other than the NOX pathway. Hydrogen
peroxide treatment of the human OPCs caused no significant
change in cell count. We speculate that this is because of the
inactivation of the hydrogen peroxide prior to the experiments.
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Funding Source: Funded by EDUC2-08411 CSUN-UCLA Stem
Cell Scientist Training Program
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DISSECTING THE ROLES OF STORE-OPERATED
CALCIUM ENTRY DURING DEVELOPMENT OF THE
MAMMALIAN CEREBRAL CORTEX

Arjun, Arpana - Developmental and Stem Cell Biology
Graduate Program, University of California, San Francisco, CA,
USA

Launer, Sasha - Eli and Edythe Broad Center of Regeneration
Medicine and Stem Cell Research, University of California, San
Francisco, CA, USA

Tong, Jonathan - Eli and Edythe Broad Center of Regeneration
Medicine and Stem Cell Research, University of California, San
Francisco, CA, USA

Petrova, Ralitsa - Department of Biochemistry and Biophysics,
University of California, San Francisco, CA, USA

Dua, Poorvi - Eli and Edythe Broad Center of Regeneration
Medicine and Stem Cell Research, University of California, San
Francisco, CA, USA

Khan, Yasmeena - Eli and Edythe Broad Center of
Regeneration Medicine and Stem Cell Research, University of
California, San Francisco, CA, USA

Panagiotakos, Georgia - Department of Biochemistry and
Biophysics, University of California, San Francisco, CA, USA

Calcium signaling has been reproducibly implicated in a variety
of developmental processes in the embryonic brain, including
neural induction, neural progenitor cell (NPC) proliferation,
neuroblast migration and differentiation. In the embryonic rodent
cortex, agonist-induced calcium waves, mediated by the release
of intracellular calcium stores, propagate through the germinal
zones to modulate aspects of NPC proliferation. It is unclear,
however, how internal calcium stores are regulated in cortical
neural progenitors and how they are linked to the regulation of
progenitor cell function. Store operated calcium entry (SOCE),
a mode of calcium influx tied to depletion of intracellular ER
calcium stores, has been shown to regulate proliferation of NPCs
in vitro, but its role in the embryonic cortex remains unknown.
Here, using a combination of pharmacology and in utero gain-
and loss-of-function approaches, we interrogate specific roles
for SOCE in NPCs of the embryonic cortex. We have found
that functionally distinct splice isoforms of the STIM family of
endoplasmic reticulum (ER) calcium sensors are dynamically
regulated during neuronal differentiation, such that an inhibitory
isoform of Stim2 that suppresses SOCE is upregulated in
young neurons. This observation is in line with previous work
demonstrating that robust SOCE responses in NPCs in vitro are
abolished upon differentiation into neuroblasts. We have also
found that manipulating the levels of Stim2 splice variants using
in utero electroporation at embryonic day 13 (E13) bidirectionally
regulates cell cycle exit in dividing cortical NPCs. We are further
exploring this finding using live imaging approaches, single cell
RNA sequencing, and a variety of molecular and biochemical
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assays. Collectively, our data suggests that dynamic regulation
of SOCE mediators and downstream calcium signaling plays
essential roles in the regulation of proliferation and differentiation
in the developing cortex.

Funding Source: UCSF Program for Breakthrough in
Biomedical Research, Sandler Foundation; UCSF Resource
Allocation Program Pilot Grant for Junior Investigators

W-3008

FOXP1 PROMOTES NEURAL STEM CELL SELF
RENEWAL IN THE DEVELOPING MOUSE CORTEX.

Pearson, Caroline A - Department of Neurobiology, University
of California, Los Angeles, CA, USA

Moore, Destaye - Department of Neurobiology, University of
California, Los Angeles, CA, USA

Tucker, Haley - Molecular Biosciences, University of Texas at
Austin, TX, USA

Hu, Hui - Department of Microbiology, University Of Alabama,
Birmingham, AL, USA

Miquelajauregui, Amaya - Institute of Neurobiology, University
of Puerto Rico, San Juan, Puerto Rico

Novitch, Bennett - Department of Neurobiology, University of
California, Los Angeles, CA, USA

The laminar architecture of the mammalian neocortex depends
on the orderly generation of distinct neuronal subtypes by apical
radial glia (@RG) during embryogenesis. Here we identify critical
roles for Foxp1 in promoting self renewal thus maintaining
aRG identity and gating the temporal competency for early
neurogenesis. High levels of Foxp1 are associated with early aRG
and are required to promote proliferation, influence cell division
symmetry and promote self renewal, favoring aRG expansion
and production of early born neurons. The potent pro-progenitor
functions of Foxp1 are further revealed by our demonstrating
its ability to preserve a population of aRG cells throughout
development that have the potential to generate early born
neurons. Furthermore, Foxp1 promotes the formation of cells
resembling basal radial glia, a progenitor group implicated in the
increased size and complexity of the human cortex. Consistent
with this role, we show that FOXP1 is associated with the initial
formation and expansion of bRG during human corticogenesis.

W-3010

NESTED OSCILLATORY DYNAMICS IN CORTICAL
ORGANOIDS MODEL EARLY HUMAN BRAIN
NETWORK DEVELOPMENT

Trujillo, Cleber A - Department of Pediatrics, University of
California San Diego, La Jolla, CA, USA

Gao, Richard - Department of Cognitive Science, University of
California San Diego, La Jolla, CA, USA

Negraes, Priscilla - Department of Pediatrics, University of
California San Diego, La Jolla, CA, USA

Voytek, Bradley - Department of Cognitive Science, University
of California San Diego, La Jolla, CA, USA

Muotri, Alysson - Department of Pediatrics, University of
California San Diego, La Jolla, CA, USA

Structural and transcriptional changes during early brain
maturation follow fixed developmental programs defined by
genetics. However, whether this is true for functional network
activity remains unknown, primarily due to experimental
inaccessibility of the initial stages of the living human brain.
Here, we developed cortical organoids that spontaneously
display periodic and regular oscillatory network events that are
dependent on glutamatergic and GABAergic signaling. These
nested oscillations exhibit cross-frequency coupling, proposed
to coordinate neuronal computation and communication.
As evidence of potential network maturation, oscillatory
activity subsequently transitioned to more spatiotemporally
irregular patterns, capturing features observed in preterm
human electroencephalography. These results show that
the development of structured network activity in the human
neocortex may follow stable genetic programming, even in
the absence of external or subcortical inputs. Our approach
provides novel opportunities for investigating and manipulating
the role of network activity in the developing human cortex.

W-3012

GPNMB NEGATIVELY REGULATES NEURAL STEM
CELL DERIVED OLIGODENDROGENESIS

Radecki, Daniel - Comparative Biosciences, University of
Wisconsin-Madlison, WI, USA

Samanta, Jayshree - Comparative Biosciences, University of
Wisconsin - Madison, WI, USA

Neural stem cells residing in the subventricular zone (SVZ) of
adult brains are a source of remyelinating oligodendrocytes. In
particular, a subset of these cells which express the transcription
factor Gli1 in the ventral SVZ, have been shown to migrate to
demyelinating lesions and differentiate into oligodendrocytes in
the corpus callosum. However in the healthy brain, these cells
do not generate oligodendrocytes, instead they differentiate into
neurons in the olfactory bulb. Using a transcriptomic analysis of
neural stem cells, we identified a type-1 trans-membrane protein,
glycoprotein nonmetastatic melanoma protein B (GPNMB) as
one of the genes responsible for the inhibition of oligodendrocyte
generation in the adult brain. Our data shows that GPNMB is
expressed in neural stem cells and not in the oligodendrocyte
progenitor cells in the adult brain. Further, in vitro overexpression
of GPNMB in the adult neural stem cells inhibits the generation
of oligodendrocytes. These results suggest that GPNMB inhibits
the differentiation of oligodendrocytes from adult neural stem
cells and may help guide efforts to enhance remyelination.

Funding Source: National Multiple Sclerosis Society, New York
STEM, Wisconsin Alumni Research Foundation
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W-3014

XENO-FREE DERIVATION OF NEURAL CREST STEM
CELLS FROM HUMAN PLURIPOTENT STEM CELLS
USING A SIMPLE AND DEFINED MEDIUM

Hwang, Dong-Youn - Department of Biomedical Science,
CHA University, Seongnam, Korea

Kim, Seong-hyun - Department of Biomedical Science, CHA
University, Seongnam, Korea

Noh, Hye Bin - Department of Biomedical Science, CHA
University, Sungnam, Korea

Neural crest stem cells (NCSCs) retain unique characteristics
including multipotency to become derivatives of neuroectodermal
and mesodermal lineages. Many protocols to derivate NCSCs
from human pluripotent stem cells (hPSCs) so far have been
using blockers of BMP, Activin/Nodal, and WNT signaling
pathways. In this study, we established a novel protocol to
generate NCSCs from hPSCs using a simple, defined, and
xeno-free medium. The resulting NCSCs were shown to retain
multipotency and became peripheral neural cells as well as
mesodermal cells in response to proper culture conditions.
In conclusion, our study provides a platform to generate xeno-
free NCSCs and will be used to facilitate clinical applications of
NCSCs to treat many incurable 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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IN VIVO REPROGRAMMING FACTOR OCT4
EXPRESSION ALLEVIATES MYELINOPATHY IN A
MOUSE MODEL OF HUNTINGTON DISEASE

Cho, Sung-Rae - Department & Research Institute Of
Rehabilitation Medicine, Yonsei University College of Medicine,
Seoul

Kim, MinGi - Rehabilitation Medicine, Yonsei University College
of Medlcine, Seoul, Korea

Nam, Bae-Geun - Rehabilitation Medicine, Yonsei University
College of Medicine, Seoul, Korea

Seo, Jung Hwa - Rehabilitation Medicine, Yonsei University
College of Medicine, Seoul, Korea

Yu, Ji Hea - Rehabilitation Medicine, Yonsei University College
of Medicine, Seoul, Korea

Introduction: Huntington’s disease (HD) is an incurable
neurodegenerative disorder. Recent studies reported that
white matter atrophy is an early symptom of HD. Therefore, this
study investigated the effects of overexpressing the octamer-
binding transcription factor 4 (OCT4) reprogramming factor
in vivo as a treatment for dysmyelination in HD. Methods:
Adeno-associated virus serotype 9 (AAV9) was used as a
vector for OCT4 overexpression in mice. Each group of R6/2
mice was injected with AAV9-OCT4, phosphate-buffered saline
(PBS), or AAV9-Null on both sides of the lateral ventricles. The
groups were compared by performing behavioral tests such
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as rotarod test and grip strength test, and histochemistry
analyses. Results: The behavioral tests such as rotarod test
and grip strength test showed that the AAV9-OCT4 group
displayed significantly improved performance compared to the
control groups (PBS and AAV9-Null). The subventricular zone
in the AAV9-OCT4 group had significantly higher numbers of
BrdU+Nestin+, BrdU+NG2+ and BrdU+OQlig2+ cells than the
control groups. The AAV9-OCT4 group had significantly higher
expression levels of PDGFRa, WNT3, myelin regulatory factor
(MYRF), and glial-derived neuroprotective factor (GDNF) in the
striatum and the frontal cortex. The myelin basic protein (MBP)
level was significantly higher in the frontal cortex of the AAV9-
OCT4 group than in the control groups. In addition, striatal
DARPP32+ GABAergic neurons significantly increased in AAV9-
OCT4 group compared to the control groups. Conclusions:
These results suggest that oligodendrogenesis was induced
by in vivo overexpression of the reprogramming factor OCT4
in the subventricular zone, thereby attenuating dysmyelination.
GDNF released by oligodendrocyte progenitor cells might exert
neuroprotective effects on striatal GABAergic neurons, which
explains the behavioral improvement in R6/2 mice treated with
AAVO-OCT4. Taken together, in vivo reprogramming factor
OCT4 expression could be a therapeutic strategy for alleviating
disease progression in HD.

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

NEURAL DISEASE AND DEGENERATION
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IDENTIFICATION OF POTENTIAL THERAPEUTIC
AGENTS FOR IMPAIRED MITOPHAGY IN
PARKINSON'’S DISEASE
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Inoshita, Tsuyoshi - Department of Treatment and Research
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Research in Multiple Sclerosis and Neuro-intractable Disease,
Juntendo University Graduate School of Medicine, Bunkyo-ku,
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University School of Medicine, Bunkyo-ku, Japan
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Akamatsu, Wado - Center for Genomic and Regenerative
Medicine, Juntendo University Graduate School of Medicine,
Bunkyo-ku, Japan

Parkinson’s disease (PD) is a neurodegenerative disease caused
by selective loss of midbrain dopaminergic (DA) neurons.
Although more than 90% of PD cases are sporadic without any
identified causative genes, iPSC-based models of familial PDs
with specific cellular defects are useful for disease modeling
and drug screening. We have established and reported disease-
specific iPSCs from two types of the familial PDs, PARK2,
caused by PRKN mutation, and PARKG6, caused by PINK1
mutation, with impaired mitochondria clearance. Then, several
PD-related phenotypes, including impaired mitophagy, ROS
accumulation, and increased apoptosis in PARK2 and PARK6
dopaminergic neurons were quantified automatically by using IN
Cell Analyzer. We performed library screening (320 compounds)
and identified 4 compounds that improve multiple phenotypes
observed in PARK2/PARK6 DA neurons. These candidates
showed enhancing mitochondrial clearance and anti-apoptotic
effect against CCCP-induced mitochondrial damage in dose-
dependent manner. We also found that 3 of 4 compounds
rescued PARK2/6 DA neurons from apoptosis in the regular
culture conditions, without artificial mitochondrial damage. We
then confirmed that these candidate drugs could recover PD-
phenotypes of PARK6 fly models and apoptotic phenotypes in
iPSC-derived neurons derived from sporadic PD patients. This
high-throughput phenotype detection system is an effective tool
for drug screening to explore disease-modifying drugs in PD.

W-3020

MODELING VARIANTS OF LATE-ONSET
ALZHEIMER'’S DISEASE BY GENERATING ALLELIC
SERIES OF GENETIC RISK FACTORS IN HUMAN
PLURIPOTENT STEM CELLS

Sproul, Andrew - Taub Institute for Research on Alzheimer’s
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Ashok, Archana - Taub Institute for Research on Alzheimer’s
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Kaufman, Maria - Taub Institute for Research on Alzheimer’s
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Mayeux, Richard - Taub Institute for Research on Alzheimer’s
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Alzheimer’s disease (AD) is the leading cause of dementia
worldwide, and there is no effective treatment which reverses
or halts disease pathology. The societal and economic burdens
resulting from AD make the development of novel therapeutic
strategies of paramount importance. AD has traditionally been
divided into two categories: rare early-onset (EOAD, often familial)
and more common late-onset (LOAD, defined age 65 and above,
> 95% of cases) subtypes. The majority of animal and cellular
models have focused on EOAD, in particular by using autosomal
dominant mutant forms of the amyloid precursor protein (APP) or
presenilins (PSEN1/2) that cleave APP to form Abeta and other
toxic proteolytic fragments. Therapeutic strategies attempting
to either block Abeta generation or promote its clearance via
monoclonal antibodies have failed thus far in the clinic. While
some of these approaches may prove to be more efficacious if
given prophylactically before the appearance of AD symptoms,
another possibility is that LOAD reflects a broader spectrum
of disease states. In this model, particular sub-variants of
LOAD may respond better to therapeutics targeting pathways
dysregulated by specific LOAD genetic risk factors. In order
to begin addressing this possibility, we have generated allelic
series of LOAD risk factors in the same genetic background
by using CRISPR/Cas9 to knockin disease-relevant variants
into a control iPSC backbone. This includes the SORL1 E270K
and ABCA7 rs142076058 (44 bp deletion) mutations, which
were identified in Caribbean Hispanic and African American
populations respectively. We have also generated patient-
specific iPSCs for each of these mutations, and are in the
process of gene-correcting them. LOAD mutants and isogenic
controls are being differentiated into neurons, microglia, and
multicellular cortical organoids. Unbiased transcriptomic and
other omics profiling will be conducted to identify key pathways
dysregulated in mutant cells, in addition to functional assays
including, but not limited to, APP processing in neurons and
phagocytosis/cytokine assays in microglia. Preliminary results
will be presented.

Funding Source: This work is supported by the Ludwig
Foundation and the Henry and Marilyn Taub Foundation.

W-3022

ADULT HIPPOCAMPAL NEUROGENESIS IN HUMAN
MESIAL TEMPORAL LOBE EPILEPSY

AmmothumKandy, Aswathy - Department of Stem Cell
Biology and Regenerative Medicine, University of Southern
California, Los Angeles, CA, USA

Bay, Maxwell - Department of Stem Cell Biology and
Regenerative Medicine, University of Southern California, Los
Angeles, CA, USA

Zhang, Naibo - Department of Stem Cell Biology and
Regenerative Medicine, University of Southern California, Los
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Angeles, CA, USA

Ravina, Kristine - Neurorestoration Center, Keck School of
Medicine, University of Southern California, Los Angeles, CA,
USA

Yu, Pen-Ning - Department of Biomedical Engineering,
University of Southern California, Los Angeles, CA, USA

Kim, Hugo - Department of Psychiatry and The Behavioral
Sciences, University of Southern California, Los Angeles, CA,
USA

Wolseley, Victoria - Department of Physiology and Biophysics,
University of Southern California, Los Angeles, CA, USA
Souaiaia, Tade - Department of Psychiatry and The Behavioral
Sciences, University of Southern California, Los Angeles, CA,
USA

Chow, Robert - Department of Physiology and Biophysics,
University of Southern California, Los Angeles, CA, USA
Knowles, James - Department of Psychiatry and The
Behavioral Sciences, University of Southern California, Los
Angeles, CA, USA

Berger, Theodore - Department of Biomedical Engineering,
University of Southern California, Los Angeles, CA, USA
Nune, George - Neurorestoration Center, Keck School of
Medicine, University of Southern California, Los Angeles, CA,
USA

Russin, Jonathan - Neurorestoration Center, Keck School of
Medicine, University of Southern California, Los Angeles, CA,
USA

Liu, Charles - Neurorestoration Center, Keck School of
Medicine, University of Southern California, Los Angeles, CA,
USA

Bonaguidi, Michael - Department of Stem Cell Biology and
Regenerative Medicine, University of Southern California, Los
Angeles, CA, USA

Adult neurogenesis is a dramatic form of brain plasticity in
which new born neurons and astrocytes modify existing neural
circuitry. Alterations in adult neurogenesis can initiate disease, as
evidenced in epilepsy models, or slow disease progression, as
shown in Alzheimer’s disease models. While adult neurogenesis
is generally conserved across mammals, its existence in humans
is currently controversial. We used histology, multielectrode
array (MEA), single cell RNA-sequencing (scRNA-Seq) and
cell culture to comprehensively analyse adult neurogenesis in
hippocampal resections from Mesial Temporal Lobe Epilepsy
(MTLE) patients. Convergence from these approaches identify
new born granule neurons in the human dentate gyrus (DG) of
MTLE patients. Yet, the number of newly generated granule
neurons drastically decreases to undetectable levels during
epilepsy progression. Meanwhile, new born astroglia continue
to be generated in the DG and increase in number with disease
progression. These cells remarkably display both neuronal and
astroglial characteristics. Newborn astroglia are responsive to
the excitation levels of local circuits, which influence migration to
the hilus and molecular layer. This study provide more definitive
evidence of rare adult new born neurons in human tissue and
indicates the human adult neurogenesis process is greatly
impacted by epilepsy progression.
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W-3024

DEVELOPMENTAL ASPECTS OF AMYOTROPHIC
LATERAL SCLEROSIS: FINDINGS IN HUMAN
INDUCED PLURIPOTENT STEM CELL-DERIVED
MOTOR NEURONS WITH A4V AND G93A
SUPEROXIDE DISMUTASE 1 MUTATIONS

Kim, Byung Woo - Pathology / School of Medicine, Johns
Hopkins University, Baltimore, MD, USA

Ryu, Jiwon - Pathology, Johns Hopkins University, School of
Medicine, Baltimore, MD, USA

Martin, Lee - Pathology, Johns Hopkins University, School of
Medicine, Baltimore, MD, USA

Amyotrophic lateral sclerosis (ALS) is a progressive
neurodegenerative disorder characterized by the gradual
degeneration and elimination of motor neurons (MNs) and
skeletal muscles leading to paralysis, respiratory insufficiency,
and death. While ALS presents clinically in adults, the pathogenic
onset and true disease duration are unknown. Specifically, it
is not known when ALS begins mechanistically, functionally,
and pathologically and how the central nervous system might
compensate. Some familial ALS is linked to mutations in copper,
zinc superoxide dismutase 1 (SOD1) and its mutant forms are
believed to acquire an adverse property. However, underlying
therapeutically relevant mechanisms on how mutant SOD1s
cause neurodegeneration are also unknown. Here, using human
induced pluripotent stem cells (iPSCs) with heterozygous A4V
or G93A mutations, we studied their directed differentiation
into spinal motor neurons and identified neurodevelopmental
defects when compared to the wild-type. These abnormalities
include smaller colony size, less number of colonies, and
decreased total cell numbers in pluripotent stem cell (PSC) and
neuroepithelial progenitor (NEP) stages. Our study suggests a
new concept of understanding the disease course, particularly
possible non-clinical latent phases. This idea could lead to
the identification of novel mechanisms of ALS pathogenesis
masked by long periods of biological compensation, and could
be therapeutically relevant for effective mechanism-based
therapies.

W-3026

NEURAL CREST-DERIVED HUMAN CRANIAL
PERICYTES MODEL PRIMARY FOREBRAIN
PERICYTES AND PREDICT DISEASE-SPECIFIC
CRANIAL VASCULATURE DEFECTS

Griffin, Casey - Center for Craniofacial Molecular Biology,
University of Southern California, Los Angeles, CA, USA
Bajpai, Ruchi - Center for Craniofacial Molecular Biology,
University of Southern California, Los Angeles, CA, USA

Forebrain pericytes are critical players in the blood-brain barrier
(BBB). Defects in or loss of functional forebrain pericytes leads
to compromised microvessel function and ultimately breakdown
of the integrity of the BBB, causing leakage of toxins and
pathogens into the brain and aggrevating neuroinflammation.
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Defective blood vessels and leakiness of the BBB has recently
been found to play a part in numerous neurodegenerative
diseases, most notably Alzheimer’s disease (AD), and tortuous
vessels have been detected prior to onset of dementia in AD
patients and carriers of AD risk alleles. Despite their importance,
little is known about forebrain pericytes and what makes this
population of pericytes both able to maintain the BBB and
become prone to damage with aging and disease. Utilizing a
method to generate in vitro-derived cranial pericytes, | have
been able to identify a set of defects inherent in pericytes in AD.
My project focuses on taking steps toward understanding the
molecular mechanisms underlying the defects in AD pericytes.
| plan to incorporate epigenomic profiling with in vivo AD rat
studies to further characterize the AD pericytes and identify what
regulates their dysfunction with aging. These approaches will
help the field of pericyte biology to gain a better understanding
of forebrain pericytes, as well as open the door for potential
therapeutic avenues to delay or stem the onset of AD.

W-3028

MESENCHYMAL STEM CELL TRANSPLANTATION
PROMOTES FUNCTIONAL RECOVERY THROUGH
MODULATING ASTROGLIOSIS AFTER SPINAL
CORD INJURY

Kim, Choonghyo - Neurosurgery, Kangwon National
University, Chuncheon, Korea

Kim, Jae Hyun - Neurosurgery, Kangwon National University,
Chuncheon, Korea

Yang, Seran - Thoracic and Cardiovascular Surgery, Kangwon
National University, Chuncheon, Korea

Lee, Seung Tae - Animal Life Science, Kangwon National
University, Chuncheon, Korea

Kim, Hee Jung - Neurosurgery, Kangwon National University,
Chuncheon, Korea

Kim, Jiha - Neurosurgery, Kangwon National University,
Chuncheon, Korea

Lee, Hanbyeol - Thoracic and Cardiovascular Surgery,
Kangwon National University, Chuncheon, Korea

Lee, Hyun - Animal Life Science, Kangwon National University,
Chuncheon, Korea

Lee, Seung Jin - Neurosurgery, Kangwon National University,
Chuncheon, Korea

Park, Byeung Ju - Neurosurgery, Seoul National University,
Seoul, Korea

Chung, Chun Kee - Neurosurgery, Seoul National University,
Seoul, Korea

Waui, Seong-Hyun - Neurosurgery, Seoul National University,
Seoul, Korea

Treatment with mesenchymal stem cells (MSC) in spinal cord
injury (SCI) has been highlighted as therapeutic candidate for
SCI. Although astrogliosis is a major phenomenon after SCI,
the role of astrogliosis is still controversial. In this study, we
determined whether acute transplantation of MSC improves
the outcome of SCI through modulating astrogliosis. Bone
marrow derived rat MSCs were transplanted one week after the

induction of acute SCI rat model. Spinal cords were harvested,
and matrix metalloproteinase (MMP) and neuro-inflammatory
pathway was analyzed for acute astrogliosis at 1, 3 and 7 d after
SCI. Functional outcome was analyzed serially at postoperative
one day and weekly for 4 weeks. Histopathologic analysis was
undertaken at 7 and 28 d following injury. Transplantation of
MSCs decreased IL-1a, CXCL-2, CXCL-10, TNF-a and TGF-8
in a rat model of contusive SCI. Protein level of NF-kB p65
was slightly decreased while level of STAT-3 was increased.
In  immunohistochemistry, MSC transplantation increased
astrogliosis whereas attenuated scar formation with sparing
white matter of spinal cord lesions. In RT-PCR analysis, mRNA
levels of MMP2 and MMP9 were significantly increased in MSC
transplanted rats. In BBB locomotor scale, the rats of MSC
treated group exhibited improvement of functional recovery. In
conclusion, transplantation of MSC reduces the inflammatory
reaction and modulates astrogliosis via MMP2/STAT3 pathway
leading to improve functional recovery after SCl in rats.

Funding Source: This work was supported by National
Research Foundation (NRF) of the Korean government
(2017R1D1A1A02019187, NRF-2017R1A2B4006197).

W-3030

JC VIRUS PROPAGATION IS POTENTIATED BY
GLIAL REPLICATION AND IS ACCELERATED
BY DEMYELINATION-ASSOCIATED GLIAL
PROLIFERATION

Li, Cui - Neurology, University Rochester Medical Center,
Rochester, NY, USA

Bates, Janna - Neurology, University Rochester Medical
Center, Rochester, NY, USA

Goldman, Steven - Neurology, University Rochester Medical
Center, Rochester, NY, USA

Shanz, Steve - Neurology, University Rochester Medical
Center, Rochester, NY, USA

Windrem, Martha - Neurology, University Rochester Medical
Center, Rochester, NY, USA

Progressive multifocal leukoencephalopathy (PML) is a
demyelinating infection of the brain of immunosuppressed
individuals, mediated by the gliotropic polyomavirus JCV. JCV
replicates in mitotically-competent human glial progenitor cells
and astrocytes, which are triggered to divide in the setting of viral
T antigen-mediated cell cycle entry, allowing viral replication;
the death of mitotically-incompetent oligodendrocytes occurs
secondarily, largely through T antigen-mediated apoptosis. This
observation suggested that JCV infection might be potentiated
by astrocytic replication, and hence accelerated in the setting
of mitotic gliogenesis. To test this hypothesis, we tagged
dividing human glia in vitro with bromodeoxyuridine (BrdU), then
infected them with JCV MAD1, and confirmed that proliferating
human astrocytes are more supportive of JCV propagation than
mitotically quiescent cells. In vitro, scratch assays confirmed
that viral propagation was greatly enhanced in peri-scratch
regions of dividing glia. Mice were neonatally-implanted with
human pluripotent stem cell-derived glial progenitor cells,
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which then colonized their host brains so as to yield human glial
chimeras. JCV infection in human glial chimeras established
that infection was greatly accentuated by cuprizone-mediated
demyelination, which was associated with increased glial
progenitor cell proliferation. JCV infection in vivo was associated
with caspase3-defined death of uninfected as well as infected
oligodendrocytes, suggesting the contribution of bystander
death to JCV-associated demyelination. These results suggest
that JCV propagation in PML may be potentiated by glial cell
division, and that the accentuated glial cell division and hence
DNA replication attending acute demyelination might provide
an especially favorable environment for JCV propagation and
PML progression. These data thus argue for the aggressive
prevention of new demyelinating events in patients at risk for
PML, while providing a humanized model by which therapeutics
targeting human-specific infectious diseases of the brain may
be evaluated in vivo.

Funding Source: PML Consortium
W-3032

DEVELOPING A NOVEL HUMANIZED MOUSE
MODEL WITH TRANSPLANTED HIPSC-GLIAL
ENRICHED PROGENITOR CELLS/HESC-
OLIGODENDROCYTE PROGENITOR CELLS

Hatanaka, Emily A - Department of Neurology, University of
California, Los Angeles (UCLA), Los Angeles, CA, USA
Meadow, Michael - Molecular, Cell and Developmental
Biology, UCLA, Los Angeles, CA, USA

Ryan, Kaitlin - Neurology, UCLA, Los Angeles, CA, USA
Malone, Cindy - Biology, CSUN, Northridge, CA, USA
Lowry, William - Molecular, Cell and Developmental Biology,
UCLA, Los Angeles, CA, USA

Carmichael, S. Thomas - Neurology, UCLA, Los Angeles, CA,
USA

Llorente, Irene - Neurology, UCLA, Los Angeles, CA, USA

White matter stroke (WMS) accounts for 30% of all stroke
events and is caused by the development of ischemic lesions in
the connecting regions of the brain, designated the white matter
tracts. After a WMS occurs there is very limited motor and
cognitive recovery. A main aspect of WMS is the damage to glial
cells such as astrocytes and oligodendrocytes, resulting in the
loss of myelin. These neural glial cells are vital in maintaining the
central nervous system (CNS) and without them deficits occur.
To develop new treatments for this disease, it is important to
determine how these human glial cells react to a WMS. We
first developed a mouse model with human astrocytes and
oligodendrocytes. This was done by deriving glial enriched
progenitor cells (GEPs) from human induced pluripotent stem
cells (hiPSC) and oligodendrocyte progenitor cells (OPCs) from
human embryonic stem cells (hES). After differentiating the stem
cells into GEPs and OPCs they were transplanted into 2 day old
mice. Data indicate that transplanted GEPs and OPCs populate
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the mouse brain with human cells and create a humanized
environment. This can serve as to better study human glial cells
in a humanized mouse model and in the future be used as a cell
based therapy for WMS.

Funding Source: CIRM
W-3034

TRANSCRIPTOMIC AND PROTEOMIC ANALYSES
OF IPSC-DERIVED IBMPFD/ALS DISEASED CELLS

Wang, Feng - Pediatrics, LA BioMed at Harbor-UCLA,
Torrance, CA, USA

Li, Shan - Pedlatrics, LA Biomed at Harbor-UCLA, Torrance,
CA, USA

Lopez, George - Pediatrics, LA Biomed at Harbor-UCLA,
Torrance, CA, USA

Cheng, Kai-Wen - Pediatrics, LA Biomed at Harbor-UCLA,
Torrance, CA, USA

Chou, Tsui-Fen - Pediatrics, LA Biomed at Harbor-UCLA,
Torrance, CA, USA

IBMPFD/ALS (inclusion body myopathy, Paget’s disease of
bone, frontotemporal dementia/amyotrophic lateral sclerosis) is
an untreatable and fatal neurodegenerative disease. Pathogenic
p97/NVCP (valosin-containing protein) mutants are clearly
causative proteins of IBMPFD/ALS diseases in humans, thus
making them to be potential therapeutic targets. Among 45
known p97 mutations, R155H is the most common mutation and
accounts for 50% of the clinical prevalence. To design rational
therapies, we must first define the pathogenic mechanisms
by which R155H-p97 causes the disease. To perform our
experiments in disease relevant cells, we reprogrammed
fibroblasts from 10 patients with heterozygous p97 mutation-
R155H and 3 unaffected family members with WT p97 into
iPS cells. Next we used CRISPR to edit iPS cells to generate
isogenic controls. After that, all iPS cells are differentiated into
motor neurons. Quantitative RT-PCR and immunofluorescence
are used to monitor expression of specific markers for each
stage of differentiation. From our preliminary RNA-seq data,
43 interesting genes were identified by comparing the derived
motor neurons of four patients to their isogenic controls. These
differentially expressed genes will be further analyzed and
confirmed by RT-gPCR to explain the altered cellular functions.
Meanwhile, we will use mass spectrometry to identify the
total proteome in diseased and normal cells and compare the
protein-protein interaction profiles between R155H and WT p97
proteins, identifying any alterations. Overall, we hope to reveal
the role of p97 mutation in neurodegenerative disease and
overcome the critical barrier to find treatment for IBMPFD/ALS
patients who have p97 mutations.
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W-3036

CHARACTERIZATION OF HUMAN IPSC-DERIVED
MICROGLIA-LIKE CELLS FOR THE STUDY OF
AMYOTROPHIC LATERAL SCLEROSIS

Limone, Francesco - HSCRB, Harvard Stem Cell Institute,
Cambridge, MA, USA

Smith, Janell - Harvard Stem Cell and Regenerative Biology,
Harvard University, Cambridge, MA, USA

Burberry, Aaron - Harvard Stem Cell and Regenerative Biology,
Harvard University, Cambridge, MA, USA

Ghosh, Sulagna - Harvard Stem Cell and Regenerative Biology,
Harvard University, Cambridge, MA, USA

Smith, Kevin - Harvard Stem Cell and Regenerative Biology,
Harvard University, Cambridge, MA, USA

Mello, Curtis - HMS, Harvard University, Boston, MA, USA
MccCarroll, Steve - HMS, Harvard University, Boston, MA, USA
Eggan, Kevin - Harvard Stem Cell and Regenerative Biology,
Harvard University, Cambridge, MA, USA

Microglia, the resident macrophages of the brain, play a
pivotal role in several mechanisms underlying development,
homeostasis and disorders of the Central Nervous System
(CNS). In this study, we present an adapted method to robustly
derive human microglia-like cells (hMg) from embryonic and
induced pluripotent stem cells (hESC/hiPSC) for the study
of neurodegenerative diseases (Abud et al., 2017). hiPSC-
Mg present similar morphology to primary microglia cultured
in vitro and express markers of CNS-resident myeloid cells.
hiPSC-Mg are highly motile and are able to phagocytose
fluorescently-labelled beads in vitro. Co-culture of these
cells with mixed hiPSC-derived neuro-astroglial populations
increases ramication of hiPSC-Mg and conrms their tendency
to be highly motile and form numerous cell-to-cell contacts with
the neuro-astroglial cultures, similar to microglial behaviour in
the CNS. Moreover, single cell RNAseq analysis demonstrated
how hiPSC-Mg present gene expression proles that resemble
those of in vitro cultured human primary microglia and allowed
their stratication into different hiPSC-Mg sub-populations in
vitro. We hope to utilise this platform to widen our knowledge
in human microglial functions, responsiveness as well as their
ability to support neuronal health and further investigate their
misregulation in neurodegenerative diseases like Amyotrophic
Lateral Sclerosis (ALS).

W-3038

CHARACTERIZING CELLULAR DISTRIBUTION OF
AMYLOID PRECURSOR PROTEIN IN HUMAN IPSC-
DERIVED NEURONS PROVIDES INSIGHTS INTO APP
TRAFFICKING AND PROTEOLYTIC PROCESSING

Olivarria, Gema M - Biology, California State University, San
Marcos, Spring Valley, CA, USA

Almenar-Queralt, Angels - Department of Cellular and
Molecular Medicine, UCSD, La Jolla, CA, USA

Das, Utpal - Department of Cellular and Molecular Medicine,

UCSD, La Jolla, CA, USA
Goldstein, Lawrence - Department of Cellular and Molecular
Medicine, UCSD, La Jolla, CA, USA

Alzheimer’s disease (AD)is adevastating, fatal neurodegenerative
disorder pathologically characterized by the presence of
extracellular amyloid beta (AB) plagues and intracellular
neurofibrillary tangles (NFTs) in the brain. AR peptide, the primary
component of these AR plaques and potential contributor to
development of NFTs, is produced by the sequential proteolytic
cleavage of the transmembrane amyloid precursor protein (APP).
There is extensive research in the field examining the modulatory
effects of APP, its AD-associated mutations, and enzymatic
cleavage variations on the generation of AR peptides, however,
there is no existing research establishing endogenous cellular
levels and distribution of APP and its amyloidogenic fragments
in naive human neurons. Creating a steady-state profile of APP in
a normal-expression system is essential to providing a basis for
determining differential expression, processing and trafficking of
APP. Therefore, in this study, we utilized a non-artificial system
expressing APP endogenously to analyze full-length APP and
its amyloidogenic fragments’ cellular distribution and trafficking
using control Craig Venter (CVB) human iPSC-derived neurons.
First, through a combination of immunocytochemistry and
classic biochemical techniques we systematically assessed and
quantified APP levels and localization in different cellular and
sub-cellular compartments; secondly, we utilized a time-course
dependent uptake assay using fluorescently-tagged endogenous
APP to characterize its endocytosis, trafficking and degradation
trajectory. Our analysis yielded a dynamic distribution of APP,
varying from the biosynthetic to endosomal compartments. This
investigation allows us to determine the endogenous localization
and distribution of APP in a physiologically relevant model of
AD, which will hopefully provide a basis for further analysis of the
molecular mechanisms underlying the generation of AB in AD.

ORGANOIDS

W-3042

FUNCTIONAL AND MECHANISTIC NEUROTOXIC
PROFILING USING HUMAN IPSC-DERIVED NEURAL
SPHEROID 3D CULTURES

Sirenko, Oksana - R&D, Molecular Devices, San Jose, CA,
USA

Crittenden, Carole - R&D, Molecular Devices, San Jose, CA,
USA

Carromeu, Cassiano - R&D, Stemonix, San Diego, CA, USA
Gordon, Ryan - R&D, Stemonix, San Diego, CA, USA

Environmental toxins, air pollution, and medications have all
been implicated in the development of neurologic disorders and
diseases. While the mechanisms of action and outcomes are
known for some of these chemicals, many remain a mystery. To
speed up the development of more effective and safer drugs,
there is an increasing need for more complex, biologically
relevant, and predictive cell-based assays for drug discovery
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and toxicology screening. We have used 3D neural culture assay
platform containing human iPSC-derived functionally active
cortical glutamatergic and GABAergic neurons. The impact of
various compounds onthe patterns of neural spontaneous activity
was monitored by changes in intracellular Ca2+ oscillations
measured by fast kinetic fluorescence with calcium-sensitive
dyes. Advanced image analysis methods were implemented to
provide multi-parametric characterization of the Ca2+ oscillation
patterns. In addition, we used high content imaging methods
to characterize compound effects on morphology, viability, and
mitochondria potential of neural cells. This phenotypic assay
allows for the characterization of parameters such as oscillation
frequency, amplitude, peak width, rise and decay times, as well
as cell viability and morphological characteristics. Here, we report
on application of the 3D neurospheroid assays for neurotoxicity
profiing of a library of compounds that contained drugs,
pesticides, flame retardants, polycyclic aromatic hydrocarbons
(PAH)s, and industrial chemicals. Spheroids were exposed to
each of chemicals and calcium oscillations and cellular and
mitochondrial toxicity were quantified. Our results showed that
56% of the compounds significantly impacted calcium handling
in the spheroids, compared to only 21 and 26% of the chemicals
exhibiting effects in the cytotoxicity assays. After accounting for
mechanism of actions, the sensitivity of assays using calcium
handling as a neurotoxicity screening biomarker increased
to 61%, with pesticides (91%), flame retardants (84%) and
drugs (53%) showed the greatest sensitivity in this model. Our
results show that microBrain 3D is a promising, biologically-
relevant tool for assessing the neurotoxic potential of drugs and
environmental toxins.

W-3044

SINGLE CELL ANALYSIS OF HUMAN FETAL RETINA
WITH STEM CELL-DERIVED RETINAL ORGANOIDS
REVEAL CONSERVATION OF DEVELOPMENTAL
TIMING, BUT NOT CELLULAR COMPOSITION

Sridhar, Akshayalakshmi - Biological Structure, University of
Washington, Seattle, WA, USA

Dai, Li - Biology, University of Washington, Seattle, WA, USA
Eschenbacher, Kayla - Biology, University of Washington,
Seattle, WA, USA

Chitazan, Alex - Biochemistry, University of Washington,
Seattle, WA, USA

Hoshino, Akina - Biological structure, University of Washington,
Seattle, WA, USA

Haughan, Alex - Biology, University of Washington, Seattle,
WA, USA

Reh, Thomas - Biological Structure, University of Washington,
Seattle, WA, USA

Human stem-cell derived retinal organoids represent a
highly accessible and amenable system for studies of retinal
development and disease. They can accurately mirror early
stages of human retinogenesis in a stepwise, temporal sequence,
and the organization and expression of major classes of retinal
neurons is recapitulated. Organoids have been especially
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successful in facilitating the differentiation and maturation of
photoreceptors, which acquire the initial stages of outer segment
morphology and phototransduction protein-expression in long-
term 3D cultures. However, development and maturation of
inner layer retinal neurons such as bipolar and ganglion cells
are limited in organoids. Additionally, it is not clear if organoids
can reproduce the cellular composition, diversity and genesis of
the human fetal retina, as direct comparisons of organoids with
the fetal retina have been limited. This is particularly relevant,
since the human retina develops along a large spatial-temporal
gradient, where the central retina is accelerated by several weeks
compared to the periphery, and it is not known if retinogenesis
in organoids recapitulates the developmental axis of the retina.
Therefore, we used single cell RNAseq (10x Genomics) analysis,
Immunostaining and RNA seq analysis to compare organoids
to analogous stages of the fetal retina. Our results demonstrate
for the first time that organoids follow similar pseudotime retinal
lineages as the fetal retina, but differ in their cellular composition
and maintenance of inner retinal organization at later stages.
To test if this lack of organization in organoids is due to culture
conditions, we compared the morphology and single cell
RNAseq data of organoids with fetal retina tissue maintained
in vitro. Our analyses show that inner retinal cell types, such
as bipolar cells, amacrine and horizontal cells develop well in
cultured fetal retina but not in organoids, indicating that culture
conditions alone do not account for the deficiencies seen in
retinal organoids. Overall, these experiments represent the first
direct single cell analysis comparisons of organoids to fetal
tissue, and will help to identify strategies to better facilitate
organoids for translational studies of the retina.

Funding Source: Funding Sources: ISCRM training grant, Paul
G. Allen Family Foundation (Reh and Wong brain grant 11856),
and NEI grant EY021482
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GENERATION OF 3D CORTICAL MODELS BY
BIOPRINTING HUMAN IPSCS-DERIVED NEURONS

Rosa, Alessandro - Center for Life Nano Science (CLNS@
Sapienza), Istituto Italiano di Tecnologia, Rome, Italy

Salaris, Federico - Center For Life Nano Science (CLNS@
Sapienza), Istituto Italiano di Tecnologia, Rome, Italy

Colosi, Cristina - Center For Life Nano Science (CLNS@
Sapienza), Istituto Italiano di Tecnologia, Rome, Italy

Brighi, Carlo - Center For Life Nano Science (CLNS@Sapienza),
Istituto Italiano di Tecnologia, Rome, ltaly

Soloperto, Alessandro - Center For Life Nano Science (CLNS@
Sapienza), Istituto Italiano di Tecnologia, Rome, Italy

de Turris, Valeria - Center For Life Nano Science (CLNS@
Sapienza), Istituto Italiano di Tecnologia, Rome, Italy
Benedetti, Maria Cristina - Center For Life Nano Science
(CLNS@Sapienza), Istituto Italiano di Tecnologia, Rome, Italy
Di Angelantonio, Silvia - Center For Life Nano Science (CLNS@
Sapienza), Istituto Italiano di Tecnologia, Rome, Italy
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Conventional 2D cell cultures fail to represent the complexity of
the brain and novel 3D systems are emerging as more realistic
and representative models. 3D bioprinting is a biofabrication
method that uses as an ink a combination of biocompatible
non-living materials and cells (bioink). This technique provides
the possibility to combine cells in a controlled way, to build
structures that closely mimic natural tissues. A number of
possible biomedical applications have been proposed for 3D
bioprinting, ranging from regenerative medicine to disease
modeling. However, only recently 3D bioprinting has been
applied to build 3D models using human induced Pluripotent
Stem Cells (iPSCs) as the building block. Here we report the
generation of 3D cortical models generated from iPSC-derived
neural cells by bioprinting. We have used a custom 3D extrusion
bioprinter developed in-house. This instrument incorporates
a microfluidic printing head that allows the deposition of
multimaterial and/or multicellular bioink within a single scaffold,
thus providing control on the relative position of different cell
types within the 3D construct at the micrometer scale with
increased reproducibility. Post-printing, we observed high
survival rate of cortical neurons in the 3D construct, a reticulum,
which allowed optimal perfusion of culture medium without
the need of a bioreactor. Neuronal cells projected their axons
and dendrites both within and across the fibers. Marker and
functional analysis (sodium and potassium currents; calcium
transients) suggested that, compared to conventional 2D
cultures, acceleration of neuronal in vitro maturation may occur
in the 3D model. Collectively, these preliminary data provide the
basis for a novel field of application of bioprinting: creation of
a variety of 3D models of the human nervous system, starting
from neural (and possibly non-neural) cells derived from iPSCs.

W-3048

FUSION BRAIN ORGANOIDS DEMONSTRATE
COMPLEX NEURAL NETWORK AND OSCILLATORY
ACTIVITIES

Kurdian, Arinnae - Department of Neurobiology, University of
California, Los Angeles, Northridge, CA, USA

Miranda, Osvaldo - Neurobiology, University of California, Los
Angeles, Northridge, CA, USA

Samarasinghe, Ranmal - Neurology, Ronald Reagan UCLA
Medical Center, Los Angeles, CA, USA

Malone, Cindy - Microbiology, CSUN, Northridge, CA, USA
Novitch, Bennett - Neurobiology, University of California, Los
Angeles, Northridge, CA, USA

Human brain organoids are a 3D culture system where brain-
like structures are created from human embryonic or induced
pluripotent stem cells (hESCs or hiPSCs). This compelling
new platform recapitulates unique aspects of human brain
development and cytoarchitecture and has already provided
novel insights into human neurological disease. However, much
of the current literature on brain organoids has focused on
utilizing the anatomical and cytoarchitectural characteristics of
the organoid to model brain diseases that impact neurogenic
development and has not focused on the physiological activity

or network architecture of these remarkable structures. Here,
we leveraged recent advances in organoid culture that have
permitted the formation of cerebral cortex-ganglionic eminence
“fusion” organoids in which excitatory and inhibitory neuron
populations integrate to generate organoids with complex
oscillatory and network events. Using two photon based calcium
imaging and unbiased post imaging algorithmic analyses, we
show that excitatory-inhibitory fusion organoids have unique
patterns of calcium network activation not seen in control
organoids. We next used traditional extracellular recording
of local field potentials and showed that the fusion organoids
have sustained low frequency oscillations that are not seen in
controls. Together, these data suggest that excitatory-inhibitory
fusion organoids have unique and complex neural circuit
activities. Further understanding of the underlying mechanism
of these physiological activities may allow fusion organoids to
provide novel insights into human brain disease.

Funding Source: Grants to B.G.N. from NINDS (RO1NS089817),
CIRM (DISC1-08819), UCLA BSCRC and Jonsson
Comprehensive Cancer Center, and the Ablon and Steffy
Foundations. A.K., O.A.M, and C.M. supported by the CIRM
Bridges program (EDUC2-08411)
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ESTABLISHMENT OF EXPERIMENTAL PARADIGM
FOR GENERATION OF FUNCTIONING ENTERIC
NEURONS FROM HUMAN PLURIPOTENT STEM
CELLS USING SINGLE CELL TRANSCRIPTOMICS
AND HUMAN INNERVATED COLONIC ORGANOIDS

Lau, Cynthia - Dr. Li Dak Sum Research Centre and
Department of Surgery, The University of Hong Kong, Hong
Kong

Li, Zhixin - Surgery and Dr. Li Dak Sum Research Centre, The
University of Hong Kong, Hong Kong

Lai, Frank Pui-Ling - Surgery and Dr. Li Dak Sum Research
Centre, The University of Hong Kong, Hong Kong

Lui, Kathy Nga-Chu - Surgery, The University of Hong Kong,
Hong Kong

Li, Peng - Surgery, The University of Hong Kong, Hong Kong
Munera, Jorge - Division of Developmental Biology, Cincinnati
Children’s Hospital Research Foundation, Cincinnati,
Cincinnati, OH, USA

Mahe, Maxime - Division of Pediatric General and Thoracic
Surgery, Inserm UMR 1235 - TENS, INSERM, Cincinnati
Children’s Hospital Research Foundation, and University of
Nantes, Cincinnati, OH, USA

Wells, James - Cincinnati Children’s Hospital Research
Foundation, Division of Developmental Biology, Cincinnati, OH,
USA

Ngan, Elly Sau-Wai - Surgery and Dr. Li Dak Sum Research
Centre, The University of Hong Kong, Hong Kong

Generation of fully-functioning cells from human pluripotent stem
cells (hPSCs) remains challenging. In this study, we performed
single-cell RNA sequencing (scRNA-seq) to systematically
analyze the lineage commitment process after the hPSCs exist
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their pluripotent state and the timing of various differentiation
cues underlying the generation of neural crest (NC) and their
subsequent neuronal lineage differentiation and established
a hPSC-derived innervated colonic organoid (HCOs) model
for appraising the function of hPSC-derived enteric neurons.
scRNA-seq analysis revealed five main clusters of cells from the
pool of hPSC-derived NC, each cluster of cells exhibited unique
expression pattern resembling NCs at different developmental
stages in vivo. In particular, we found that HEDGEHOG (HH)
pathway is activated in the post-migratory NC-like cells. Using
chemical- and gene-targeting-mediated modulation of HH
signaling, we further defined the critical treatment window for
HH to increase the NC-yield from hPSC. By profiling the single
cell transcriptomes of hiPSC-derived NC cells and their neuronal
progenies, we further delineated how HH alters the topology of
the neuronal differentiation path of NC and primes NC toward
the neurogenic lineage. Subsequent in vitro differentiation
assay further indicated that activation of HH signaling during
the hPSC-to-NC transition can greatly improve the subsequent
neuronal lineage differentiation of NC. More importantly, we
established a differentiation protocol for the generation of a
human innervated HCOs model and used them for assessing
the functional competency of hPSC-derived enteric neurons.
Our innervated HCOs model contained defined crypts, colonic
epithelium, various types of colon cell (e.g. Goblet- and
endocrine-like cells) as well as functional enteric nervous system.
With our innervated HCOs model, we further demonstrated
that activation of HH during NC induction can greatly improve
the functional competency and the neuromuscular coupling of
hPSC-derived enteric neurons with high reproducibility across
hPSC lines. In summary, we established an experimental
paradigm to systematically optimize the differentiation protocol
for the generation of functioning NC in a systematic way.

Funding Source: The work was supported by TRS T12C-714/14
from the Research Grant Council, HMRF 03143236 from the
Health Department of HKSAR and LDS Seed Funding for Stem
Cell and Regenerative Medicine Research (LDS-1S-2016/17).
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INVESTIGATING SOX2 AND SOX9 FUNCTION IN
HUMAN FETAL LUNG PROGENITOR CELLS

Sun, Dawei - The Gurdon Institute, University of Cambridge,
UK

Rawlins, Emma - The Gurdon Institute, University of
Cambridge, UK

The human lung is a complex organ whose primary function
is gas exchange. This is fulfiled by a tree-like epithelium
terminating at numerous gas exchange units known as alveoli.
Our current understanding of human lung development comes
mostly from intensive mouse research. We have previously
shown that during human lung development, the fetal epithelial
tip progenitors are analogous to those of the developing mouse
lung and both self-renew and differentiate into all lineages of
pulmonary epithelial cells. However, SRY-related HMG-box
(SOX) family proteins-SOX2 and SOX9, which are essential for
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mouse lung development, have a different expression pattern
in the developing human lung epithelium compared with
the mouse. Here, we investigate the role of SOX2 and SOX9
specifically in human lung development using our human fetal
lung tip organoid culture system. We have developed efficient
methods for genetic manipulation in our lung organoid platform,
including for gene-targeting. We systematically optimised the
efficiency of CRISPR-Cas9 mediated gene-targeting in this
system by targeting the highly expressed endogenous ACTB
locus to generate an ACTB-GFP fusion protein. Delivery of
Cas9 ribonucleoprotein (RNP) complex by nucleofection was
identified as the most efficient method for organoid genomic
engineering. Thereafter, the SOX2 endogenous locus was
correctly targeted with the auxin inducible degron (AID) system
to down-regulate SOX2 protein. By contrast, inducible SOX2
and SOX9 overexpression were achieved using the PiggyBac
transposon system and lentivirus. Preliminary results suggest
that SOX2 overexpression leads to self-renewal breakdown,
whereas SOX9 overexpression does not interfere with progenitor
self-renewal.

Funding Source: The Wellcome Trust and the Medical Research
Council
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INVESTIGATION OF THE ROLE OF CHDS IN
HUMAN BRAIN DEVELOPMENT AT SINGLE-CELL
RESOLUTION
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Kedaigle, Amanda - Stanley Center, Broad Institute,
Cambridge, MA, USA

Talkowski, Michael - Massachusetts General Hospital,
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Arlotta, Paola - SCRB, Harvard University, Cambridge, MA,
USA

The ATP-dependent chromatin-remodeling factor CHD8 is
one of the most commonly mutated genes in sporadic autism
spectrum disorder (ASD), and is associated with a high
prevalence of macrocephaly. Limited information is available on
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the cell-type specific cellular and molecular defects induced by
CHD8 mutation in human brain cells. To address this question,
we used pluripotent stem cell (PSC) lines heterozygous for a
CHDS loss of function mutation to generate different 3D brain
organoids. Whole-brain organoids gave rise to many cell
types of the endogenous human forebrain. Interestingly, these
CHD8+/- organoids recapitulate the macrocephaly phenotype
observed in several of the ASD patients carrying this mutation.
In order to gain information on specific cell types affected by
the CHD8 mutation, we initially performed single-cell analysis on
cells taken from 4 month old CHD8 mutant and control whole-
brain organoids using the 10X Genomics Chromium system.
Clustering and differential gene expression analysis revealed
that some clusters are well represented by both genotypes, and
that the differentially expressed genes from these reproducible
clusters showed overlap with known risk associated genes
for ASD and schizophrenia. However, certain clusters of
ventral origin had only control cells. To investigate whether we
could rescue these cells, and generate inhibitory neurons, we
ventralized the whole-brain protocol and successfully made
significant numbers of ventral cell-types. However, both whole-
brain protocols are still subject to some heterogeneity in the
cell-types produced. To increase the reproducibility, we used a
dorsal patterned protocol and found, at the single cell level, more
consistent replicate contribution to cell-type clusters. Next, we
patterned for ventral forebrain organoids, but while significantly
more reproducible than whole-brain organoids, the patterned
ventral protocol still gave some heterogeneity across cell-
type clusters. However, we find that both patterned protocols
allow us to reliably make certain cell types of the dorsal and
ventral forebrain. Further analysis of these data should provide
the first insights into cell-type specific cellular and molecular
abnormalities associated with CHD8 mutation during human
brain development.

W-3056

HUMAN RETINOBLASTOMA IN RETINAL
ORGANOIDS DERIVED FROM EMBRYONIC STEM
CELLS WITH TARGETED RB1 MUTATIONS
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Visual Science, National Center for International Research in
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University, State Key Laboratory for Ophthalmology,
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Neurogenetics, Wenzhou Medical University, Wenzhou, China

Retinoblastoma (Rb) is a primary intraocular cancer in children
caused by biallelic inactivation of the retinoblastoma 1 (RB1)
gene. Nowadays the ‘cell origin’, tumorigenesis of Rb remain
elusive due to the unavailability of human Rb models. Human
embryonic stem cells (hESCs)-derived retinal organoids
provide an extraordinary platform for retinal disease modeling,
allowing us to develop an ideal in-dish Rb model called human
Rb organoids (hRORs). RB1-mutant (RB1Mut/Mut) and -null
(RB1-/-) hESCs were generated by CRISPR/Cas9 mediated
genome-editing, its genetic integrity, pluripotency were
evaluated to confirm their differentiation capacity into retinal
organoids. Stepwise differentiation of RB1Mut/Mut and RB1-
/- hESCs into hRORs in vitro were carried out. The molecular,
cellular, histopathologic, and morphometric characteristics
of hRORs were identified by RNA sequencing (RNA-seq),
single-cell RNA-seq, whole-genome bisulfite sequencing
(WGBS), assay for transposase-accessible chromatin with
high throughput sequencing (ATAC-seq), transmission electron
microscopy (TEM), immunostaining, and subretinal engrafting
in SCID mice. We generated the RB1Mut/Mut (c.958C>T;
p.R320%) and RB1-/- hESCs remained in an undifferentiated
state, which were successfully differentiated into hRORs.
Developing hRORs progressed through molecular, cellular,
histopathologic, and morphometric stages that were nearly
identical to the tumorigenesis and development of primary Rb.
Subretinal engrafting of hRORs further validated its proliferative
capacity similar to the Rb tumor cell line (Y79). We observed
Rb initiation from cone precursors which are more sensitive
to RB1 inactivation, and ARR3+ cells were primarily present
in cultured hRORs. The PISK/AKT pathway was found to be
aberrantly regulated in hRORs, indicating a therapeutic target.
We also demonstrated that hRORs are suitable for evaluation of
drug effects in the treatment of Rb. We successfully developed
a novel hROR in-dish model, and reported the development of
hRORs for the study of human Rb tumor initiation, progression,
and response to perturbation. Our developed hRORs will provide
a valuable complement to the current basic and preclinical
models for mechanism study and drug screening.
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HUMAN CEREBRAL ORGANOIDS ESTABLISHED
USING URINARY EPITHELIAL CELLS ISOLATED
FROM URINE

Hu, Jiangnan - Department of Pharmaceutical Sciences,
University of North Texas Health Science Center, Fort Worth,
TX, USA

Lin, Victor - Department of Pharmaceutical Sciences, University
of North Texas Health Science Center, Fort Worth, TX, USA
Goldberg, Mark - Department of Neurology and
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Wang, Yu-Chieh - Department of Pharmaceutical Sciences,
University of North Texas Health Science Center, Fort Worth,
TX, USA

The potential of organoids developed from human pluripotent
stem cells (hPSCs) for basic science research and clinical
applications have been increasingly noticed. We reason that
cerebral organoids can be derived from cells sourced from human
urine samples and present with cellular plasticity that could be
leveraged to form either cerebral or non-cerebral neural tissue.
The development of such organoids began with the collection of
urinary epithelial cells (UECs) from urine samples of individuals
with distinct ethnicity and ages. We have obtained multiple lines
of human UEC-derived induced pluripotent stem cells (hUEC-
iPSCs) by cell reprogramming. Cerebral organoids (COs) were
generated from hUEC-iPSCs using a protocol optimized by
our group. To comprehensively characterize the cellular and
molecular features of our COs, we collected samples at different
developmental time points for analysis. The hUEC-iPSC-
developed COs exhibit normal development with neurogenesis
and maturation of neuronal cells forming brain layers. Notably,
these COs produce neurotropic and anti-inflammatory factors
that are presumably critical for neurogenesis and repair of
injured neural tissues. Several metalloproteases that may
facilitate cell migration and microenvironment rearrangement
are also present. After transplantation into the mouse cerebrum,
vascularization develops quickly around and in the implanted
COs, suggesting their viability and ability to interact with the
environment. To gauge cellular plasticity of hUEC-iPSC-
developed COs along their development, we subjected the
COs that were developed using three different protocols to
culture media containing FGF2 and FGF19 and harvested
them at distinct time points. Multiple markers of the developing
hindbrain were highly upregulated in COs initially committed to
telencephalic development, indicating that they retain plasticity
and could be reprogrammed into non-cerebral neural tissue
upon optimized stimuli. Overall, our work begins to reveal the
promise of generating personalized COs from cells that are
isolated from urine samples. These COs present with cellular
plasticity that permits the possibility to generate neural tissue of
various brain regions by converting telencephalic organoids into
a mesencephalic or rhombencephalic fate.
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Funding Source: This work has been supported by the funding
from the American Heart Association, NIH, and UNT Health
Science Center.

TISSUE ENGINEERING
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HOW TO BUILD A SYNTHETIC TISSUE: ACTIVATION
OF TRANSGENES FROM A MATERIAL SURFACE
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Since the earliest days of medical science scientists have
dreamt of building replacement organs for patient specific tissue
replacement. Current approaches to generate multicellular
structures in vitro are not able to control spatial organization
at the cellular scale. Synthetic biology has generated in recent
years novel receptor-transgene mechanisms to turn on/off genes
based on communication signals from engineered cell types.
The advent of technologies, such as synthetic notch (synNotch),
that tie specific cell inputs to user-defined cellular responses are
providing novel modular molecular mechanisms for engineering
and testing induction pathways. We expanded this technology by
using synNotch to build a scaffold-cell communication platform.
Now for the first time, we have developed a series of methods
for spatially controlled activation of engineered transgenes using
material-bound ligands. Here we demonstrate a novel ligand-
driven communication network which bridges the gap between
extracellular matrix materials and engineered cells. In our
experiments, we have been able to demonstrate activation of
both a reporter gene and a transdifferentiation-inducing master
transcription factor (myoD) from ligands presented on a spatially
patterned material surfaces, in both 2D and 3D models. Our
technology allows for the activation of transgene cassettes in
a subpopulation of cells within a greater population. This yields
two distinct spatially defined populations of cell within a larger
population. Starting with embryonic fibroblasts, we can generate
patterned differentiation into multinucleated, alpha-actinin
positive myotubes. We anticipate that when this technology will
be used within more mature in vitro differentiation technologies
like organoids and tissue engineering, it will contribute to
generate tissue-constructs with enhanced cellular precision,
paving the way for a new class of synthetic multicellular tissue
to be used as developmental models, drug discovery tools, and
patient-specific engineered simple tissue replacement.
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ENGINEERING OF MULTICELLULAR
ORGANIZATION AND MORPHOGENESIS OF
HUMAN PLURIPOTENT STEM CELLS USING
AUTOMATED PREDICTION
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Embryonic morphogenesis is a critical determinant of tissue
generation, yet many regulatory mechanisms remain elusive
due to the complex nature of multicellular interactions, and
the limited tools to manipulate these systems at single cell
resolution. Similarly, morphogenesis of pluripotent stem cell
derived organoids proceeds largely through self-organized
pattern formation that crudely mimics organogenesis. Controlling
specific morphogenic processes would greatly enhance our
ability to create bona fide human tissue; however, robustly
directing morphogenesis requires novel control approaches.
The objective of this work was to develop an in vitro system
to interrogate multicellular organization within human induced
pluripotent stem cell (hiPSC) colonies. To achieve this, we
combined CRISPR technologies with computational modeling,
machine learning, and pattern optimization to control hiPSC
self-organization. Since many morphogenic processes require
changes in adhesion properties, we engineered hiPSCs
expressing an inducible CRISPR interference system to silence
regulators of cellular mechanics: Rho-associated coiled-
coil containing kinase-1 (ROCK1) and E-cadherin (CDH1).
Knockdown of ROCK1 or CDH1 in a sub-population of hiPSCs
induced symmetry breaking (a pre-requisite of morphogenesis),
resulting in cell sorting and multicellular organization in 2D and
3D. Combining a Cellular Potts-based computational model and
a pattern recognition framework, we created an in silico system
to predict specific experimental parameters to generate desired
patterns, such as a Bullseye, where one centrally located cell
population is surrounded by a second cell population. Executing
the in silico derived experimental setup in vitro resulted in
multicellular organization that remarkably reflected the in silico
predictions in both frequency and extent of pattern formation.
Furthermore, differentiation of patterned hiPSC colonies resulted
in divergent cell fate commitment, indicating that directed
multicellular organization impacts lineage co-emergence. These

results demonstrate that we can predict morphogenic dynamics
in silico to accurately manipulate hiPSCs in vitro producing
desired morphogenetic events, a critical first step towards
engineering human organoids and tissues.
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GENE AND STEM CELL THERAPY FOR LUNG
INJURY: IN VIVO REPROGRAMMING OF ALVEOLAR
EPITHELIAL CELLS
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Lung is a vital organ with highly complex architectural
structure and contains a variety of cell populations. Lung
diseases, such as acute respiratory distress syndrome
(ARDS) or chronic obstructive pulmonary disease (COPD), are
both major public health problems but currently without any
effective pharmacologic approach for the treatment. Stem cell
therapy based on transplantation of in vitro propagated stem/
progenitor cells has been proposed as a potential solution to
restore lung functions. However, due to the complexity of cell
source and lung microenvironment, whether transplanted
cells have differentiated for reconstitution of airway/
alveolar epithelium were questioned. Furthermore, safety
issues have raised concerning the use of stem cells in vivo.
Our lab has focused on in vivo gene delivery of stemness
genes in somatic lung epithelial cells using PEI nanoparticles
for lung injury treatment. In mouse model of elastase-induced
emphysema or bleomycin-induced fibrosis, we found that
the transient gene delivery of a gene (indicated as COP-X1
here) in alveolar epithelial cells post-injury induced efficient
regeneration of alveolar epithelium and improved pulmonary
function. The regenerated regions showed normal alveolar
epithelial phenotype and extracellular matrix components,
without the symptoms of neoplasia. The COP-X1 target cells,
including alveolar epithelial cells type 1 and 2, were sorted and
cultured in vitro, which formed alveolar-like spheroids more
efficiently than control cells. These cells were also analyzed for
transcriptome and epigenetic profiles using NGS to verify the
potential in vivo reprogramming mediated by the stemness gene
delivery. In summary, our study suggests that in vivo delivery of
stemness genes in somatic cells in pathologic loci could be a
feasible approach for tissue regeneration. The target cells could
transiently acquire the stemness property, which proliferate and
differentiate for tissue regeneration more efficiently due to the
native identity and microenvironment. In vivo gene delivery thus
holds promise for the future treatment of lung diseases such as
ARDS or COPD in clinic.
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3D BIOPRINTING TOOLS FOR ENGINEERING
COMPLEX HUMAN NEURAL TISSUES FROM STEM
CELLS

Kapyla, Elli - Aspect Biosystems Ltd., Canada

Wadsworth, Samuel - Aspect Biosystems

de la Vega, Laura - Mechanical Engineering, University of
Victoria, Victoria, BC, Canada

Abelseth, Emily - Mechanical Engineering, University of
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Neurological drugs entering clinical trials fail over 90% of the
time due to lack of efficacy or unforeseen toxicity. Better pre-
clinical tools for predicting the effectiveness and toxicity of
potential drug targets would significantly lower the chance
of drug failure during clinical trials, reducing the cost of drug
development and decreasing healthcare costs. Microfluidic 3D
bioprinting technology from Aspect Biosystems provides a way
to generate novel 3D multicellular neural tissue models from
human induced pluripotent stem cells (hiPSCs). These tissue
models can recapitulate the features of neurodegenerative
diseases, serving as a convenient drug screening tool with
increased physiological relevance. Here we demonstrate that
the low-shear conditions of this unique microfluidic printing
technology enable hiPSC-derived neural progenitors to be
bioprinted into functional 3D neural tissues without triggering
hiPSC death (~81% viability post printing) when used in
combination with a novel, fibrin-based bioink developed by our
team. Bioprinting also did not induce premature differentiation as
evidenced by maintained expression of the pluripotency marker
SSEA-4 in iPSCs post-printing. After printing, we treated these
tissues with a set of small molecules to induce mature neuronal
differentiation. We then validated that these tissues mimic the
properties of native human brain tissue using flow cytometry
and immunohistochemistry. These bioprinted neural tissues
expressed the neuronal marker Beta-tubulin-lll (45 + 20.9%)
after 15 days of culture and markers associated with spinal cord
(SC) motor neurons (MNSs), such as Olig2 (68.8 + 6.9%), and HB9
(99.6 + 0.4%) as indicated by flow cytometry. The bioprinted
neural tissues also expressed the mature MN marker, ChaT,
after 30 days of culture as indicated by immunocytochemistry.
We have also printed 3D tissues with hiPSC-derived neural
aggregates, which were bioprinted for the first time by our team,
and human glioblastoma cells while maintaining high levels of
viability (>90% post printing) not previously observed.
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THE THERAPEUTIC EFFECTS OF SPHERICAL
HUMAN ADIPOSE-DERIVED STEM CELLS ON
SKELETAL MUSCLE OF MDX MOUSE
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The Duchenne muscular dystrophy (DMD) is a recessive
X-linked form of muscular dystrophy caused by a mutation in
the dystrophin gene in male infants. For the treatment of DMD,
stem cell therapy is one of the essential strategies for repairing
degenerative muscles. Here, we prepared and transplanted
human adipose-derived stem cell (hADSC) spheroid or single
cells in hind limb muscle of mdx mice. The transplantation
of hADSC spheroid in mdx mice was showed to recover the
expression of dystrophin gene through the paracrine secretions
at 4 weeks. After 4 weeks, we confirmed that hADSC spheroid
group was significantly reduced the percentage of central nuclei
and enhanced diameter of myofiber compared to transplantation
of hADSC single cells. Also, hADSC spheroid group showed
higher neovessel formation via capillary and arterioles staining.
Furthermore, an expression of dystrophin, hADSC spheroid
group was showed a significantly higher number of dystrophin-
positive fibers compared to single cell treatment. We confirmed
that human nucleus antigen was appeared to be merged
with dystrophin-positive fibers. These findings suggest that
hADSC spheroid promote the regeneration and survival of host
muscle cells by paracrine secretion, thereby alleviating muscle
degeneration in mdx mice.

Funding Source: This research was supported by the Bio and
Medical Technology Development Program of the National
Research Foundation (NRF) funded by the Korean government
(MSIT) (No. 2018M3A9E2023259)
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NEURAL STEM/PROGENITOR CELLS ON
COLLAGEN WITH ANCHORED BASIC FIBROBLAST
GROWTH FACTOR AS POTENTIAL NATURAL
NERVE CONDUITS FOR FACIAL NERVE
REGENERATION

Zhu, Jianhong - Neurosurgery Department, Huashan Hospital,
Fudan University, Shanghai, China

Introducing neural stem/progenitor cells (NS/PCs) for repairing
facial nerve injuries could be an alternative strategy for nerve gap
reconstruction. However, the lack of success associated with
current methods of applying NS/PCs to neurological disease is
due to poor engraftment following transplantation into the host
tissue. In this work, we developed rat-tail collagen-based nerve
conduits to repair lengthy facial nerve defects, promoting NS/PC
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proliferation in the natural nerve conduits with anchored bFGF to
improve the therapeutic effects of cell transplantation. In vitro
studies showed that heparinized collagen prevented leakage
of bFGF and NS/PCs expended in the rat-tail collagen gel with
the anchored bFGF. The natural nerve conduits were implanted
to connect 8-mm facial nerve defects in rats. The repair
outcomes including vibrissae movements, electrophysiological
tests, immunohistochemistry and remyelination analysis
of regenerated nerve were evaluated. At 12 weeks after
implantation, only natural nerve conduits treated group showed
Hoechst labeled NS/PCs. Besides, the natural nerve conduit
significantly promoted functional recovery and nerve growth,
which was similar to those of the gold standard, an autograft.
The animal experiment results suggesting that the natural nerve
conduits were valuable for facial nerve reconstruction.

Funding Source: This work was supported by grants
(2018YFA0107900,31771491) from the National Nature Science
Foundation and Ministry of Science and Technology of China
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OLDER PERIODONTITIS MODEL MICE SHOWED
SEVERER BONE DEFECTS AND SPARSER
MESENCHYMAL STEM CELLS DISTRIBUTION WITH
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Medicine, Graduate School of Medicine, Dentistry and
Pharmaceutical Sciences, Okayama University, Okayama,
Japan

Akiyama, Kentaro - Oral Rehabilitation and Regenerative
Medicine, Graduate School of Medicine, Dentistry and
Pharmaceutical Sciences, Okayama University, Okayama,
Japan

Maekawa, Kenji - Oral Rehabilitation and Regenerative
Medicine, Graduate School of Medicine, Dentistry and
Pharmaceutical Sciences, Okayama University, Okayama,
Japan

Kuboki, Takuo - Oral Rehabilitation and Regenerative Medicine,
Graduate School of Medicine, Dentistry and Pharmaceutical
Sciences,Okayama University, Okayama, Japan

Periodontal disease is one of the common causes of tooth loss,
characterized by both inflammation and alveolar bone loss. The
prevalence and its related tissue destruction increase along with
aging. On the other hand, Mesenchymal stem cells (MSCs) play
a role in the repair and the regeneration of damaged tissues
and the control of inflammation. Aging-induced deterioration
of MSCs functions might contribute to the pathophysiology of
the various aging-associated disorders. Here, we examined
the correlation in the number of the tissue specific MSCs and T
lymphocytes with severity of bone destruction of periodontitis in
young verses old mice. A ligature- induced periodontitis model
was developed at mandibular 1st molar of young (5-week)
and old (50-week) in C57BL/6J mice (N=3 each). Mice were
sacrificed at 0, 3 and 10 day after ligation. In the micro CT image,
bone defect area in the furcation area was measured by Image-J
software. To check the distribution of MSCs and T lymphocytes,

the PDGFRa and CD3 positive cells were counted respectively
in the immunohistochemical staining image of the furcation area
of the 1st molar. The bone defect area was significantly higher
in the old mice compared to young mice (p<0.01, one-way
ANOVA/ Turkey) at 10 day after ligation. In addition, the bone
destruction could be observed even in 3 day after ligation in the
old mice while the young mice showed no bone resorption. In
the histological analysis, the old mice showed lower number of
PDGFRa positive cells (112+21.13, 169+17) compared to the
young mice (178+16.8, 257+80) at 3 day and 10 day after ligation
respectively. The number of CD3 positive cells in the old mice
(232.67+42, 466+54.4) was also increased when compared to
the young mice (63+9.2, 122.67+23) on 3 day and 10 day after
induction of periodontitis. In this study, we found that severe
bone defect and fewer number of MSCs in the old age group.
More importantly, greater number of T cells was infiltrated around
furcation area in the old age periodontitis group compared to the
young age group, indicating less number of MSCs might fail to
inhibit T cell proliferation at the site of inflammation. These data
suggested that there might be some correlation between tissue
deterioration in periodontal disease and the decreased number
of tissue specific MSCs associated with aging.

Funding Source: JSPS, Grant-in-Aid for Scientific Research (B)

ETHICAL, LEGAL AND SOCIAL ISSUES;
EDUCATION AND OUTREACH

W-3074

CELL-BASED MEAT: HOW A NEW GENERATION OF
STEM CELL SCIENTISTS CAN SHAPE A CHANGING
PUBLIC PERCEPTION OF STEM CELLS

Swartz, Elliot - Science and Technology, The Good Food
Institute, Los Angeles, CA, USA

The utilization of animal stem cells to grow muscle and fat tissues
in vitro for consumption, dubbed “cell-based meat,” offers an
unprecedented opportunity to transform animal agriculture
and produce meat in a humane and sustainable way. This
technology now puts the public face-to-face with stem cells in
new ways, casting society’s ingrained perceptions of stem cell
ethics and legal frameworks in a new light together with external
considerations such as food systems and climate change. Here,
we discuss how recent decisions suggest that many of the legal
frameworks used in the production of biologics and cellular
therapies will be used by the FDA to regulate the cell-based
meat industry and how we can best approach public education
and outreach as it pertains to the use of stem cells and the
technologies used to grow these cells. Lastly, we discuss how a
new generation of stem cell scientists can have an impact in this
fast-growing nascent industry.

Funding Source: The Good Food Institute is a 501(c)3 nonprofit
funded entirely by philanthropic donors.
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HUMAN-ANIMAL NEUROLOGICAL CHIMERAS:
“HUMANIZED” ANIMALS?

Crane, Andrew - Neurosurgery, University of Minnesota,
Minneapolis, MN, USA

Voth, Joseph - Neurosurgery, University of Minnesota,
Minneapolis, MN, USA

Shen, Francis - School of Law, University of Minnesota,
Minneapolis, MN, USA

Low, Walter - Neurosurgery, University of Minnesota,
Minneapolis, MN, USA

In 2015, the National Institutes of Health (NIH) issued a notice
regarding a moratorium on funding research projects involving
injection of human stem cells into pre-implantation animal
embryos, a method central to blastocyst complementation
which can help mitigate the need for human tissues and organs
in regenerative medicine. A major concern by the NIH was the
contribution of human cells to the brain of animals thus creating
“humanized” animals. We attempted to address this concern
through an in-depth review of the neural transplantation literature
to determine how the integration of human cells into the non-
human neural circuitry has altered the behavior of the host. We
analyzed the outcomes of 150 transplantation studies in 112
peer-reviewed publications where human cells were targeted to
the mammalian CNS. From each study, we ascertained whether
the transplanted human cells enhanced the cognitive/behavioral
function of the host to levels above wild-type animals. Nearly
all studies showed survival of the implanted human cells, and
differentiation into various neuronal cell phenotypes. Some
provided evidence of transplant-to-host nerve fiber innervation.
Some studies demonstrated restoration of lost functions in
animal models of neurological disorders. However, none of
the 150 transplantation studies provided evidence to suggest
humanization of the animal host. In summary, we found that
concerns over humanization should not prevent research
on blastocyst complementation to continue. We suggest
proceeding in a controlled and transparent manner, however,
and include recommendations for future research with careful
consideration for how human cells may contribute to the animal
host nervous system.

W-3078

SCOPE OF TRAINING OF PHYSICIANS OFFERING
UNAPPROVED STEM CELL TREATMENTS

Smith, Cambray - Biomedical Ethics Research Program,
Mayo Clinic, Rochester, MIN, USA

Fu, Wayne - Albany Medical College, Albany, NY, USA

Fojtik, Joseph - lllinois Department of Financial and
Professional Regulations, lllinois Department of Financial and
Professional Regulations, Chicago, IL, USA

Turner, Leigh - Center for Bioethics, School of Public

Health, and College of Pharmacy, University of Minnesota,
Minneapolis, MN, USA

Pacyna, Joel - Biomedical Ethics Research Department, Mayo

INTERNATIONAL SOCIETY
FOR STEM CELL RESEARCH

B 1SSCR

Clinic, Rochester, MN, USA
Master, Zubin - Biomedical Ethics Research Program, Mayo
Clinic, Rochester, MIN, USA

In the US, over 700 clinics advertise unlicensed stem cell-
based interventions (SCBIs) for a wide range of conditions.
Various physical harms, high costs and misleading marketing
practices have been reported. While many studies examine
marketing claims of SCBI businesses, little is known about the
providers at these clinics. To address this gap, we investigated
the professional backgrounds of SCBI providers in 3 states with
the greatest number of clinics. Using clinics previously reported,
we included 91% (N=166) of the businesses and identified
the backgrounds of 608 providers. Most clinics employed
only 1 (40%) or 2-3 providers (27%). While the majority of
providers listed were physicians (66%), others included PAs
(9.0%), nurses (6%), podiatrists (5%), physical therapists (3%),
chiropractors (3%), MS/PhD scientists (2%), and dentists (1%).
Among physicians, most were men (92%) with a mean age of 55
years; the majority completed medical training in the US (81%).
Most trained in orthopedic (31%), anesthesiology (16%), PM&R
(11%), or family medicine (10%) residencies. The most frequent
fellowships included orthopedics (28%), sports medicine
(24%), and pain medicine (22%). We also examined whether
businesses employed at least one physician with residency or
fellowship training relevant to the clinic’s marketed SCBIs. We
found that half of the clinics (52%) had at least one physician
practicing within his or her scope of training. Orthopedics-
focused clinics were more likely to have at least one physician
offering SCBIs within their scope of training compared to non-
orthopedic focused clinics (77% vs. 19%, p<0.0001). Similarly,
businesses with at least one fellowship-trained physician were
more likely to offer treatments within their scope of training
compared to those having none (63% vs. 32%, p=0.0002).
When investigating possible regulatory non-compliance, state
medical boards may wish to prioritize businesses advertising
SCBI for non-orthopedic conditions given the higher prevalence
of out-of-scope practice. However, practicing within one’s
scope of training is no guarantee of adherence to state and
federal regulations. Regulators therefore need to consider scope
of training as one of numerous factors when making decisions
to allocate resources and initiate investigations.

Funding Source: Federation of State Medical Boards
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FACTORS DETERMINING TARGET-SPECIFIC
PROJECTIONS AND APPROPRIATE SYNAPTIC
INPUTS OF HUMAN ESC-DERIVED DOPAMINERGIC
GRAFTS IN A RAT MODEL OF PARKINSON'S
DISEASE

Adler, Andrew F - Experimental Medical Science, Lund
University, Lund, Sweden

Cardoso, Tiago - Experimental Medical Science, Lund
University, Lund, Sweden

Nolbrant, Sara - Experimental Medical Science, Lund
University, Lund, Sweden

Mattsson, Bengt - Experimental Medical Science, Lund
University, Lund, Sweden

Hoban, Deirdre - Experimental Medical Science, Lund
University, Lund, Sweden

Wahlestedt, Jenny - Experimental Medical Science, Lund
University, Lund, Sweden

Grealish, Shane - Experimental Medical Science, Lund
University, Lund, Sweden

Bjorklund, Anders - Experimental Medical Science, Lund
University, Lund, Sweden

Parmar, Malin - Experimental Medical Science, Lund
University, Lund, Sweden

Human embryonic stem cell (hESC)-derived ventral midbrain-
patterned progenitors grafted into the dopamine-depleted
adult rat brain survive long-term, mature into dopamine
neurons, integrate synaptically with host neurons, and extend
dopaminergic axons to fill functionally-appropriate target
structures and reverse motor deficits. In the clinical setting,
midbrain-patterned cells are grafted heterotopically into the
striatum, rather than homotopically into the substantia nigra.
To determine the factors dictating the appropriateness of graft
integration into the host basal ganglia, we have compared
the axonal outgrowth from and synaptic inputs to midbrain-
and forebrain-patterned cells placed either in the striatum
or the substantia nigra of dopamine-depleted host rats. We
found that graft-derived axonal outgrowth to dopamine target
regions depended on midbrain patterning of the transplanted
cells, whereas the anatomical location of host cells making
monosynaptic contact with graft neurons depended on the
location of the transplant. Moreover, there was a significant
anatomical and phenotypic overlap with regions known to
regulate the function of intact midbrain dopamine neurons.
These results suggested that grafts placed in the clinical
location — heterotopically in the striatum — may nevertheless
receive input from the brain regions in the host that project to
the endogenous midbrain dopamine neurons in the substantia
nigra. Conventional retrograde tracing performed concurrent to
graft-initiated rabies tracing confirmed that grafts placed in the
striatum in fact received synaptic input from individual neurons
that maintained simultaneous collateral projections to the

substantia nigra. In summary, our data shows that functionally-
appropriate subtypes of host neurons provide monosynaptic
input to grafts, regardless of clinically-analogous heterotopic
graft placement into the striatum.

Funding Source: ERC, Swedish Research Council, Swedish
Brain Foundation, NYSCF, Knut and Alice Wallenberg
Foundation. MP is a NYSCF Robertson Investigator.
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HUMAN AMNIOTIC EPITHELIAL CELLS
TRANSPLANTATION FOR PATIENTS OF
PREMATURE OVARIAN INSUFFICIENCY

Lai, Dongmei - International Peace Maternity and Child Health
Hospital, Shanghai Jiaotong University, Shanghai, China

Premature ovarian insufficiency (POI)/Premature ovarian
failure (POF) affects about 1% of women below the age of
40. As for the vital role of healthy ovarian function for women,
the consequences of POI consist of infertility, worse sexual
performance, cardiovascular diseases, cognitive dysfunction
and so on. So far, there is still no cure for POI. Herein, we
presented the study of human amniotic epithelial cells(hAECs)
transplantation therapy for POI patients which was approved
by the ethics review committee of International Peace Maternity
and Childhealth Hospital (IPMCH), which has registered at
clinicaltrials.gov. (NCT02912104). Patients provided written
informed consents. The clinical-grade hAECs was prepared and
the phenotype of hAECs were characterized by flow cytometry.
Then the patients underwent right femoral artery puncture with
Seldinger technique under local anesthesia and a 4F sheath
(Cook Medical) was inserted. 3x107 of hAECs in 10 ml NS
(Normal Saline, NS) were separately and slowly injected along
the microcatheter (Cook Medical) to the ovarian artery under
fluoroscopy. The two cases follow-up hitherto did not exhibit
any infectious complications or intolerance to cellular treatment.
Then patients were followed up 14 months after treatment. We
observed that the serum estrogen level elevated, FSH level
deceased, however, LH level changed little, especially. The
ultrasonographic examination revealed that the endometrial
thickness increased, from 4-5mm to 10-15mm and follicle
developing to 1.8-2 cm was found by ultrasonography at 5 and
11 months after hAECs transplantation. The women'’s subjective
improvement was determined by using the menopausal KI. Total
Kl scores before and after treatment ranged differently in these
two cases. Two month after transplantation, Kl scores was
significantly reduced by 60-70%. Further significant reductions
in Kl scores occurred over the next 12 months. The relief
symptoms including hot flushes, insomnia, fatigue and vaginal
dryness showed the most significant reduction. This present
study showed hAECs transplantation via bilateral ovarian
artery is safe and feasible. The primary efficacy of ameliorating
perimenopausal syndrome suggesting hAECs is a promising
cell source for stem cell therapy for POI patients.

Funding Source: This study was funded by Shanghai Municipal
Education Commission-Gaofeng Clinical Medicine (No.
20152236).
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MACROPHAGES-PRIMED ADIPOSE-DERIVED
STROMAL CELLS DECREASE INFLAMMATION
AND MULTIPLE ORGAN LESIONS TO IMPROVE
SURVIVAL AFTER SEPSIS IN MICE

Varin, Audrey - STROMALab, Université de Toulouse, France
Prevost, Alice - STROMALab, Toulouse, France

Jeunesse, Elisabeth - STROMALab, Toulouse, France
Girousse, Amandine - STROMALab, Toulouse, France
Sengenes, Coralie - STROMALab, Toulouse, France

Casteilla, Louis - STROMALab, Toulouse, France

Raymond, Isabelle - STROMALab, Toulouse, France

Sepsis is a life-threatening illness and a public health issue
due to its high frequency, its high annual cost and the increase
of bacterial resistance to antibiotics. Sepsis results from an
overwhelming inflammatory host response to infection that can
lead to organ failure. Attenuation of the inflammation could be a
new therapeutic approach. In the last few years, mesenchymal
stromal cells (MSCs) and in particular adipose-derived
mesenchymal stromal cells (ASCs) have been considered
as a new therapeutic for sepsis. Indeed, ASCs modulate
immune response and therefore could decrease general
inflammation. Our recent study demonstrated that contact
with pro- (M1-Mg) or anti-inflammatory (M2-M¢p) macrophages
modulate the immunosuppressive capacities of MSCs in vitro
(Espagnolle et al, 2017). Therefore, the objective of this study
was to determine the effect of different Mg-primed ASCs in a
model of sepsis induced by cecal ligation and puncture (CLP)
in C57BL/6 mice.The intraperitoneal injection of Meg-primed
ASCs and especially M1-primed ASCs significantly increases
the survival rate compared to unprimed-ASCs. Indeed, 70% of
the M1-ASCs-treated mice survived 5 days post-CLP whereas
30% survived in the PBS-treated group. Moreover, injection of
Meo-primed ASCs decrease organ damage that is associated
with the modification of recruited immune cells in the organs.
Me-primed ASCs also modified the immune response in the
peritoneal cavity, maintaining macrophage population in the
cavity. Finally, M1-primed ASCs restore normal plasma level
of lactate and decrease general inflammation. Altogether, our
results suggest that M@-primed ASCs modulated modifies the
immune response after sepsis and are more protective than
the injection of unprimed ASCs. Therefore, Mg-primed ASCs,
associated to antibiotics, could improve the clinical outcomes in
patients with sepsis.

GERMLINE, EARLY EMBRYO AND
TOTIPOTENCY

W-3088

MODELLING EARLY EMBRYOGENESIS WITH STEM
CELLS

Cox, Andy - Department of Physiology, Development, and
Neuroscience, University of Cambridge, 