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POSTER SESSION |
14:00 —16:00

Theme: Cellular Identity
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PERTURBATION PANEL PROFILING IDENTIFIES
TRANSCRIPTION FACTORS THAT ENHANCE
DIRECTED CHANGES OF CELL IDENTITY

Mellis, lan A - Genomics and Computational Biology, University
of Pennsylvania, Philadelphia, PA, USA

Edelstein, Hailey - Institute for Regenerative Medicine, University of
Pennsylvania, Philadelphia, PA, USA

Truitt, Rachel - Institute for Regenerative Medicine, University of
Pennsylvania, Philadelphia, PA, USA

Beck, Lauren - Department of Bioengineering, University of
Pennsylvania, Philadelphia, PA, USA

Dunagin, Margaret - Department of Bioengineering, University of
Pennsylvania, Philadelphia, PA, USA

Symmons, Orsolya - Department of Bioengineering, University of
Pennsylvania, Philadelphia, PA, USA

Goyal, Yogesh - Department of Bioengineering, University of
Pennsylvania, Philadelphia, PA, USA

Linares, Ricardo - Department of Medicine, University of
Pennsylvania, Philadelphia, PA, USA

Shah, Parisha - Department of Medicine, University of
Pennsylvania, Philadelphia, PA, USA

Yang, Wenli - Institute for Regenerative Medicine, University of
Pennsylvania, Philadelphia, PA, USA

Jain, Rajan - Department of Medicine, University of Pennsylvania,
Philadelphia, PA, USA

Raj, Arjun - Department of Bioengineering, University of
Pennsylvania, Philadelphia, PA, USA

It is extremely challenging to identify sets of genes whose
expression or suppression can modulate cellular identities in
a directed manner. Insightful prior work on identifying genes
that enable directed cell identity changes relied conceptually
on recapitulating normal cell type specification in development,
inferring specifically active transcription factors, or conducting
large-scale unbiased screens. However, the gene expression
changes associated with cell type phenotypic stability or
maintenance in the face of many different perturbations over
time have remained largely unexplored. We hypothesized that
gene expression responses to a wide array of perturbations
during cell identity maintenance would allow us to identify genes
that are useful in directed changes of cell identity. We developed
Perturbation Panel Profiling (P3) as an experimental and analytical
framework for perturbing cells in dozens of different conditions.
We subsequently profile their gene expression changes
transcriptome-wide and pick genes for use in directed changes
of cell identity. We applied P3 to human cardiac myocytes and

POSTER ABSTRACTS

found that transcription factors important for cardiac myocyte
development or for transdifferentiation to cardiac myocyte-like
states were more frequently up-regulated following perturbations
than other similarly highly expressed genes. Further, we found
that this gene expression responsiveness to perturbation was
more sensitive for identifying lineage-driving genes than tissue-
specificity of expression. Lastly, we applied P3 to a second
human cell type, dermal fibroblasts, and discovered several new
factors that are barriers to fibroblast reprogramming to iPSCs
in the set of genes that are highly perturbable in fibroblasts.
Taken together, our data demonstrate that responsiveness to
perturbation is a common feature of many key regulators of
cellular identity.

Keywords: reprogramming, cell identity maintenance,
perturbation
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NOVEL THERAPEUTIC TARGET FOR ATRIAL
FIBRILLATION USING HUMAN INDUCED
PLURIPOTENT STEM CELL DERIVED ATRIAL
MYOCYTES

Sirish, Padmini - Cardiology, University of California, Davis,
Davis, CA, USA

Ledford, Hannah - Internal Med, University of California, Davis,
Davis, USA

Yang, Jun - Entomology, University of California, Davis, Davis, USA
Zhang, Xiao-dong - Internal Med, University of California, Davis,
Davis, USA

Timofeyev, Valeriy - Internal Med, University of California, Davis,
Davis, USA

Young, J Nllas - Cardiology, University of California, Davis,
Sacramento, USA

Chen-lzu, Ye - Biomedical Engineering, University of California,
Davis, Davis, USA

Hammock, Bruce - Entomology, University of California, Davis,
Davis, USA

Chiamvimonvat, Nipavan - Cardiology, University of California,
Davis, Davis, USA

Atrial fibrillation (AF) represents one of the most common
arrhythmias seen clinically and is associated with a significant
increase in morbidity and mortality, yet, current treatment
paradigms have proven largely inadequate. One of the main
contributors to the pathophysiology for the initiation, progression
and persistence of AF is inflammation. Hence, reduction
of inflammation associated atrial remodeling represents
a novel therapeutic strategy for the treatment of AF. The
cytochrome P450 products, epoxyeicosatrienoic acids (EETSs),
are anti-inflammatory metabolites of arachidonic acid with
cardioprotective effects, however, EETs are rapidly metabolized
by the enzyme soluble epoxide hydrolase (sEH). Our team has
developed novel inhibitors of sEH (sEHIs) to prevent the catalysis
of EETs, thereby enhancing their cardioprotective activity.
To test the hypothesis that treatment with sEHIs will prevent
adverse atrial remodeling associated with AF, human induced
pluripotent stem cell-derived atrial myocytes (hiPSC-ACMs)
were embedded in a novel 3D-Cell-in-Gel elastic matrix. An
integrated approach using molecular biology, flow cytometry,
and electrophysiology were used in hiPSC-ACMs and
human atrial fibroblasts isolated from human atrial tissue.
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Analyses of chamber-specific markers from differentiated
hiPSC-ACMs showed a significantly higher expression of atrial
markers MYL7, NR2F2, TBX5, NPPA, and CACNAID and a
low expression of ventricular markers MYH7, MYL2 and IRX4.
HiPSC-ACMs in the 3D-Cell-in-Gel matrix made of a PVA
hydrogel were treated with sEHI and real-time contraction
and Ca2+ signals were recorded. Analysis of hiPSC-ACMs
stimulated with TNF-a showed a significant increase in the
phosphorylated ERK1/2 (pERK1/2) compared to the control.
Treatment of hiPSC-ACMs with sEHI significantly decreased
the pERK1/2 level and the reversal of the down-regulation of
the transient outward K+ current compared to non-treated cells.
Flow cytometric analyses of human atrial fibroblasts (Thy1.1+/
Lin—/ CD45-) showed an increase in proliferation and activation.
Our findings not only provide important mechanistic insights
into the roles of inflammation, fibrosis and electrical remodeling
in AF but also represent a proof-of-concept study for a novel
therapeutic target in the treatment of AF.

Funding source: AHA Career Development Award and Harold
Geneen Foundation

Keywords: Atrial Fibrillation, stem cell-derived atrial myocytes,
soluble epoxide hydrolase inhibitors
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DE NOVO HETEROCHROMATIN FORMATION
DURING THE TRANSITION FROM TOTIPOTENT
TO PLURIPOTENT STATE

Sebastian-Perez, Ruben - Centre for Genomic Regulation,
Barcelona, Spain

Aranda, Sergi - Centre for Genomic Regulation, Barcelona, Spain
Pesaresi, Martina - Centre for Genomic Regulation, Barcelona,
Spain

Nakagawa, Shoma - Centre for Genomic Regulation, Barcelona,
Spain

Di Croce, Luciano - Centre for Genomic Regulation, Barcelona,
Spain

Cosma, Maria Pia - Centre for Genomic Regulation, Barcelona,
Spain

Heterochromatin formation is key to ensuring proper
genome function during early development. However, the
molecular mechanisms underlying de novo heterochromatin
establishment remain largely unknown, mostly due to the
minuscule amounts of material available during embryogenesis.
Recently, exogenous overexpression of the transcription factor
Dux was reported to be sufficient to induce early embryonic-
like (2C-like) cells from pluripotent stem cells (PSCs). While
PSCs have defined heterochromatic foci, 2C-like cells lack
chromocenters. Therefore, the study of the exit from the 2C-like
state back to pluripotency could help decipher the mechanisms
of heterochromatin formation at the molecular level. Here, we
performed DNA-mediated chromatin pull-down to identify a
cluster of proteins that were selectively displaced from the
2C-like chromatome. Notably, this protein cluster was enriched
in cell cycle regulators and DNA replication-related factors.
Interestingly, compared to PSCs, 2C-like cells displayed a cell
cycle profile characterized by a shorter S and a prolonged G2/M
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phases; this further supported the hypothesis of the absence of
a chromatin-bound replication machinery. Additionally, cell cycle
arrest induced by epigenetic inhibitors and cell cycle checkpoint
modulators increased the fraction of 2C-like cells, suggesting
a strong relationship between cell cycle regulation and the
establishment of the 2C state. We are functionally validating
the most promising candidates from the chromatin pull-down
with a CRISPR-Cas9 loss-of-function screen to identify key
contributing factors acting in the exit from the 2C-like state back
to pluripotency. To summarize, our data suggests a fundamental
role of cell cycle regulators and DNA replication in both 2C-like
state emergence and heterochromatin formation. Importantly,
our results could explain both in vitro and in vivo observations
about mouse embryogenesis.

Funding source: This work is supported by the Generalitat de
Catalunya, European Social Fund and the EU Horizon 2020
Programme (Grant Agreement No. 686637).

Keywords: 2C-like cells, Heterochromatin, DNA replication
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IDENTIFICATION AND CHARACTERIZATION OF
LIN28 MOLECULAR COMPLEXES REGULATING
MRNA TRANSLATION IN MOUSE EMBRYONIC
STEM CELLS

Parisi, Silvia - Molecular Medicine and Medical Biotechnology,
University of Naples “Federico II”, DMMBM, Naples, Italy
Piscitelli, Silvia - Molecular Medicine and Medical Biotechnology,
University of Naples “Federico Il, Naples, Italy

Castellucci, Alessia - Department of Molecular Medicine and
Medical Biotechnology, University of Naples “Federico II”, Naples,
Italy

Melone, Viola - Department of Molecular Medicine and Medical
Biotechnology, University of Naples “Federico II”, Naples, Italy
Cascone, Emanuela - Department of Molecular Medicine and
Medical Biotechnology, University of Naples “Federico II”, Naples,
Italy

D’Ambrosio, Chiara - ISPAAM, National Research Council, Naples,
Italy

Russo, Tommaso - Department of Molecular Medicine and Medlcal
Biotechnology, University of Naples “Federico II”, Naples, Italy

RNA-binding proteins (RBPs) fulfill crucial roles in gene expression
regulation of a multitude of cellular processes and their altered
expression often leads to genetic diseases and cancer. The
RBPs Lin28A and B control pluripotent stem cell differentiation
as well as the establishment of induced pluripotent stem cells
(iPSCs) through the reprogramming of somatic cells. Lin28
proteins can act through two main different mechanisms: miRNA-
dependent and miRNA-independent. In biological contexts in
which the let-7 miRNAs are expressed, Lin28 proteins mainly
work to block the biogenesis of these miRNAs leading to the
upregulation of let-7 targets. Lin28A triggers the destruction
of let-7 precursors via recruitment of the redundant terminal
uridyltransferases TUT4 and TUT7. However, the Lin28 effect
seems to be context-dependent based on the availability of its
targets. In the establishment of epiblast-like cells (EpiLCs) from
embryonic stem cells (ESCs), where let-7 are poorly expressed,
Lin28A can directly bind hundreds of mRNAs and positively
and negatively regulates their translation through a miRNA-



independent mechanism. We have recently demonstrated that
during establishment of EpiLCs, Lin28A enhances the translation
of de novo DNA methyltransferase (Dnmt3a) and blocks that of
the chromatin architectural factor Hmga2. These observations
coupled with several papers from other groups strongly support
our working hypothesis: Lin28 mediates the interaction of many
mRNAs with different molecular machineries to enhance or block
translation allowing the exit from the naive state. How Lin28
fulfills this dual role remains to be determined. To address this
point, we have used proteomic approaches and massive mass
spectrometry coupled with functional screening in the model
system of mouse ESC differentiation into EpiLCs. We have
purified Lin28A-containing ribonucleoprotein complexes and
we have identified many candidate partners of Lin28A by mass
spectrometry. To analyze the functional interaction of Lin28A
and its partners we have employed an RNA interference-based
screening to find those partners that influence Lin28-dependent
regulation of Dnmt3a mRNA. Our results demonstrate that
Lin28A is part of an oligomeric machinery that finely regulates
mRNA translation in the formation of EpiLCs.

Funding source: PRIN 2017 number 2017CH4RNP, MUR

Keywords: RNA binding protein, epiblast-like cells, RNA
translation
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MODULATION OF STI1 EXPRESSION IMPACTS
STEMNESS AND PROTEOSTASIS IN MOUSE
EMBRYONIC STEM CELLS

Fernandes, Camila - Department of Cell and Developmental
Biology, University of Sao Paulo, Sao Paulo, Brazil

Iglesia, Rebeca - Department of Cell and Developmental Biology,
University of Sao Paulo, Séo Paulo, Brazil

Souza, Maria Clara - Department of Cell and Developmental
Biology, University of Sao Paulo, SGo Paulo, Brazil

Lackie, Rachel - Robarts Research Institute, Univeristy of Western
Ontario, London, ON, Canada

Beraldo, Flavio - Robarts Research Institute, Univeristy of Western
Ontario, London, ON, Canada

Prado, Vania - Robarts Research Institute, Univeristy of Western
Ontario, London, ON, Canada

Prado, Marco - Robarts Research Institute, Univeristy of Western
Ontario, London, ON, Canada

Lopes, Marilene - Department of Cell and Developmental Biology,
Univeristy of Sao Paulo, S&o Paulo, Brazil

Pluripotent stem cells have high rates of chaperones and co-
chaperones synthesis which are critical to the integrity of the
proteome and proper function of many regulatory proteins
involved in stemness. Stress-Inducible Protein 1 (STI1), a co-
chaperone essential for the formation of a functional complex
between the heat shock proteins HSP70 and HSP9O0, plays a
crucial role to proteostasis. Remarkably, complete depletion of
STI1 in mouse is lethal, with early degeneration of the embryo,
demonstrating a key unexplored function of this protein in initial
stages of development. Considering these findings, mouse
embryonic stem cells (MESCs) expressing different levels of STI1
were used as a system model to investigate the role of this co-
chaperone in pluripotency maintenance. Our results showed that
cells with decreased expression of STI1 have lower expression
of pluripotency markers, such as alkaline phosphatase and the

POSTER ABSTRACTS

core transcription factors OCT4, SOX2 and NANOG. In addition,
decreased levels of STI1 resulted in significant reduction
in proliferation, and increased levels of DNA-damage and
apoptosis markers. On the other hand, cells with higher STl
levels show an enhanced expression of pluripotency factors and
a substantial increase in proliferation rates, when compared to
both wild-type and cells with reduced levels of STI1. A protective
effect is observed in overexpressed STI1 cells since expression
levels of apoptosis and DNA-damage markers were reduced.
Furthermore, our data also demonstrate that STI1 may have an
impact on the differentiation capacity of mESCs, since embryoid
bodies expressing diminished STI levels have reduced
diameter and volume. Together, these results suggest that STI1,
a component of proteostasis network, plays a fundamental role
in pluripotency maintenance in mESCs. This work contributes
to the still recent understanding of posttranslational control to
pluripotency, helping to clarify possible central players, such as
ST and its partners, as masters post-genomic controllers of the
pluripotent phenotype.

Funding source: Supported by CAPES, CNPq and FAPESP.

Keywords: Pluripotency, Proteostasis, Mouse Embryonic Stem
Cells
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A MATURE SUBPOPULATION OF STEM CELL-
DERIVED 8 CELLS IS MORE STABLE IN VITRO
AND IN VIVO

Davis, Jeffrey C - Department of Stem Cell and Regenerative
Biology, Harvard University, Cambridge, MA, USA
Ryaboshapkina, Maria - Translational Science and Experimental
Medicine, Cardiovascular, Renal, and Metabolism,
BioPharmaceuticals R&D, AstraZeneca, Gothenburg, Sweden
Helman, Aharon - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Menon, Suraj - RDI Operations, AstraZeneca, Gothenburg, Sweden
Hammar, Marten - Translational Science and Experimental
Medicine, Cardiovascular, Renal and Metabolism,
Biopharmaceuticals R&D, AstraZeneca, Gothenburg, Sweden
Tyrberg, Bjorn - Translational Science and Experimental Medicine,
Cardiovascular, Renal and Metabolism, Biopharmaceuticals R&D,
AstraZeneca, Gothenburg, Sweden

Melton, Douglas - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Stem cell-derive B (SC-B) cells could provide an unlimited
source of human islet tissue for cell replacement therapies in
type 1 diabetes. In order to achieve this potential we must learn
more about the transcriptional programs underlying functional
maturation of SC-B cells in vivo, after their transplantation
into patients. To address this question we analyzed gene
expression before and after transplantation of SC- cells into
immunodeficient mice during their acquisition of a mature
glucose stimulated insulin secretion profile. We observed
dramatic up-regulation of 3 cell secreted peptides other than
insulin, including islet amyloid polypeptide (IAPP), correlated
with functional maturation. Further analysis revealed that IAPP
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is expressed in a small subpopulation of SC-B cells before
transplantation, in vitro. To functionally characterize IAPP-
expressing SC-f3 cells we generated a dual knock-in reporter line
for INS and IAPP expression and examined the characteristics
of this subpopulation. These studies revealed that IAPP marks
a more mature subpopulation of SC-$ cells in vitro defined by
gene expression, insulin secretion profiles, and insulin secretion
after transplantation. These IAPP-expressing SC- cells may
be the most clinically desirable differentiation product from
pluripotent stem cells for cell-based therapy toward a cure for
type 1 diabetes.

Funding source: This work was supported by grants from
the National Institutes of Health and the National Institute of
Diabetes and Digestive and Kidney Disease: UC4 DK104159
and UC4 DK104165

Keywords: SC-f3 cells, in vivo Maturation, Type 1 Diabetes
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LGR5+ TELOCYTES ARE A SIGNALING HUB AT
THE MOUSE INTESTINAL VILLUS TIP
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Telocytes are large mesenchymal cells that have recently
emerged as an important source of Wnt proteins, without which
intestinal stem cells cannot proliferate and support epithelial
renewal. Telocytes are heterogenous population of cells thatis in
contact with the entire epithelium. Here we combined single cell
RNA sequencing with single molecule RNA fluorescence in-situ
hybridization and mouse genetics to uncover a subpopulation of
telocytes that surprisingly, express Lgr5, a hallmark of epithelial
stem cells that unexpectedly located at the villus tip. Lgr5+ villus
tip telocytes (VTT) in contrast to crypt base epithelial stem cells
showed no proliferation capability and no active canonical Wnt
signaling. Nevertheless, VTT express both the Lgr5 receptor
and it’s ligand R-Spondin3 together with the non-canonical
Whnt ligand Wnt5a. To better understand the nature of VTT we
ablated Lgr5+ cells using the Lgr5-DTR-EGFP mouse model in
which Lgr5+ cells express diphtheria toxin receptor (DTR) and
EGFP. 24 hours following diphtheria toxin administration both
VTTs and crypt base stem cells were completely eliminated.
RNA sequencing on the epithelial cells 24 hours following
diphtheria toxin administration revealed that enterocyte genes
normally zonated towards the bottom of the villus were induced
upon VTT ablation whereas enterocyte genes zonated towards
the tip were repressed. Long-term experiments, following
intestinal tissue three weeks after VTT ablation demonstrate that
VTT re-appear over a time scale of a few weeks. Importantly,
at three week time frame some Vvilli are still devoid of VTT
and in those, epithelial tip expression programs remain down-
regulated. Pointing at VTT, telocyte sub-population, as master
regulators of enterocyte spatial expression programs along the
villus axis. Our findings of comparable levels of Lgr5 at villus tip
telocytes and the crypt base epithelial stem cells are essential
for interpreting the physiological effects of perturbations driven
by the Lgr5 promoter, such as lineage tracing, cell ablation and
conditional knock-outs. More importantly, this work indicates
that telocytes are master regulators of both stem cells and villus
enterocytes. The concept suggests a new angle for studying
spatial interactions between telocytes and epithelial cells in
multiple organs.

Keywords: mesenchyme-epithelial communication, epithelial
cell fate determination, intestine
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CO-REPRESSORS MTG8 AND MTG16 REGULATE
NICHE EXIT AND EARLY FATE DECISION OF
INTESTINAL STEM CELLS
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De Coppi, Paolo - Great Ormond Street Institute of Child Health,
University College London, London, UK
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Intestinal epithelium renews every five days, a process driven
by the intestinal stem cells (ISC) located at the crypt base.
ISCs divide and give rise to early progenitor populations at
the +4/5 cell position, where lineage specifications take place.
Notch signalling pathway is crucial in this process. Upon
niche exit, lateral Notch inhibition between early progenitors
at position +4/5 results in binary (secretory vs enterocyte)
lineage specification. Transcription factor Atoh1, repressed
by Notch in ISCs, specifies secretory lineage upon its de-
repression in ‘Notch-off’ progenitors. It remains unclear what
drives the ISC-to-progenitor transition, and how binary fate
decision is established. Expression profile analysis of stem cells
and progenitors identified the transcriptional co-repressors
Mtg8 and Mtg16 that were strongly enriched in +4/5 early
progenitors. We found that Mtg8 and Mtg16 were repressed
by Notch signalling indirectly via Atoh1. Deletion of Mtg8 and
Mtg16 induced crypt hyperproliferation and expansion of ISCs,
while enterocyte differentiation was impaired. ChlP-seq analysis
showed that Mtg16 bound to numerous stem cell-signature gene
promoters (e.g. Lgrb, Ascl2) for their transcriptional repression.
Importantly, the co-repressor also bound to many previously
reported Atohl-bound enhancer regions, including of delta-like
(DIl) Notch ligands and other secretory-specific transcription
factors. We propose that the co-repressors Mtg8 and Mtg16
play central roles in the earliest progenitors to repress the
ISC programme for exit from the niche and control binary fate
decision by repressing Atoh1 target genes. Unravelling stem cell
fate decisions in the progenitor population will help to better
understand ISC behaviour, not only in homeostasis but also in
models of injury and cancer.

Keywords: Lineage specification, Notch pathway,
Transcriptional regulation
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A SINGLE CELL ATLAS OF MOUSE
HEMATOPOIETIC ORGANS
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While the generation of hematopoietic progenitor cells from
pluripotent stem cells (hiPSCs) can readily be accomplished in
a dish, transgene free generation of long term reconstituting
hematopoietic stem cells (HSCs) remains a major challenge to
the field. In order to recapitulate definitive hematopoiesis in
vitro, we need a better understanding of the developmental
processes occurring during HSC emergence in vivo. Despite
having identified the origin of HSCs to be specialized
endothelium, termed hemogenic endothelium, we have yet to
fully characterize all distinct cell types which may play a role
during the process of endothelial-to-hematopoietic transition.
Here, we have utilized single cell RNA sequencing to profile
two major hematopoietic organs in the mouse. The aorta-
gonad-mesonephros (AGM) region was analyzed on embryonic
day (E)10.5, just prior to the first emergence of HSCs, and the
placenta on E11.5, prior to its peak of HSC potential. In addition
to capturing endothelial and nascent hematopoietic stem cells,
we also included cells of the surrounding embryonic tissue,
allowing us to computationally predict cell-cell interactions
based on ligand and receptor expression. This approach
validated previously described regulators of HSC emergence,
i.e. the recently published surface antigen CD44, while also
predicting additional signaling pathways, which have not been
implicated in HSC development so far. Using a morpholino
based knockdown screening approach in zebrafish, we tested
the effect of the predicted target ligand and receptor interactions
on the presence of runxlt+/cmyb+ cells in the aorta. Following
this approach, we were able to identify novel modulators of HSC
emergence in the AGM. Strikingly, direct comparison between
the AGM and placental dataset revealed a population of cells
within the placenta with a transcriptional signature highly similar
to AGM hemogenic endothelium. Functional validation of these
cells will test their ability to acquire hemogenic potential after in
vitro maturation in the presence of a supportive stromal layer.
Implementation of the transcriptional and cell-cell communication
findings will aid enhancement of hiPSC-derived hematopoietic
differentiation protocols toward the production of functionally
competent HSCs.

Funding source: Deutsche Forschungsgemeinschaft (DFG)

Keywords: Hemogenic endothelium, Endothelial-to-
hematopoietic transition, cell-cell communication
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IDENTIFICATION OF AN ALTRUISTIC STEM CELL
BASED INNATE DEFENSE MECHANISM AGAINST
CORONAVIRUS INFECTION IN THE LUNG OF
C57BL/6 MICE
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For Sick Children, Toronto, Canada

We speculate that similar to bacteria, stem cells may also exhibit
the altruistic defense mechanism to protect their niches; this
innate defense system may be exploited to develop novel
vaccines against emerging pathogens such as COVID-19. We
have identified the altruistic behavior of human embryonic
stem cells, where the stem cells reprogram to a state of self-
sufficiency, and sacrifice their own fithess to enhance group
fitness against oxidative stress (PMID: 22689594). We speculate
that this transient reprogramming mechanism of altruistic stem
cells (ASC) may function as a putative innate defense system
against invading pathogens as well as any factors that threaten
the identity of the stem cells residing in their niches (PMID:
28884113). Here, we provide preliminary data on ASC-based
defense against a mouse coronavirus MHV-1. In a mouse model
of stem cell mediated M.tuberculosis (Mtb) dormancy, a mutant
Mtb strain remains dormant intracellular to CD271+ MSCs in
BM and lung of C57BL/6 mice (PMID: 23363977). Intranasal
introduction of mouse coronavirus MHV-1 strain to these animals
led to MHV-1 viral load in lung, which was 300-fold lower than
the healthy control mice, suggesting the potential enhancement
of an anti-MHV-1 defense by Mtb. To find out whether CD271+
MSCs underwent ASC reprograming and exhibited anti-MHV-1
defense, we performed the following. Briefly, MSCs were
immunomagnetically sorted from 0-20 days infected mice
and subjected to phenotypic analysis for ASCs as described
previously (PMID: 22689594). Potential anti-MHV-1 activity of the
conditioned media of the sorted cells was assessed in the virus
infected primary type Il alveolar epithelial cells in vitro. We found
that the Mtb + MHV-1 infected group versus MHV-1 alone group
exhibited an 8-fold (p<0.02; n=4) higher ASC reprogramming
and 5-fold (p<0.001; n=3, student t test) higher anti-viral activity.
Moreover, the survival of the virus infected primary type Il alveolar
cells was increased in both groups significantly, although the
Mtb-infected group showed 4-fold greater survival than the
animals infected with MHV-1 alone. Conclusion: We suggest that
CD271+MSC derived ASCs secreted factors that targeted MHV-
1, and Mtb boosted this mechanism. Thus, we have identified a
putative ASC based innate defense against coronavirus.

Funding source: Department of Biotechnology, India, and
KaviKrishna USA Foundation, Lincoln, MA
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A SINGLE-CELL TRANSCRIPTOMIC META-
ANALYSIS OF MULTIPOTENT BONE MARROW
STROMAL CELLS
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Hopkins Medicine, Baltimore, MD, USA
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Multipotent bone marrow stromal cells (BMSCs) have been
traditionally defined by their in vivo and in vitro trilineage
potential. Although BMSCs have been the subject of intense
investigation since their discovery, many fundamental questions
have remained unanswered because of the lack of means to
prospectively isolate and map BMSCs in vivo. Recently, several
studies have sought to address this problem by determining
the transcriptional profile of BMSCs using single-cell RNA-Seq
(scRNAseq). Here, we performed a comprehensive meta-analysis
of 16 scRNAseq murine data sets to identify universal and study-
specific features of BMSC. We defined distinct populations in
bone marrow stroma by unsupervised clustering and cross-
study classification, and we inferred signaling pathways and
transcriptional regulators that govern fate transitions. Despite
the diverse origins, technologies, and means of BMSC isolation
across the studies in our meta-analysis, we were able to uncover
a substantial similarity in sub-populations, transition states, and
regulators across data sets. Moreover, our analysis revealed
a bi-directional dynamic transition between Cxcl12-abundant
reticular (CAR) cells and osteoprogenitors (OsP). Our findings
help to clarify the identity of multipotent BMSCs and will enable
the improved isolation and experimental exploration of BMSCs
in the future.

Funding source: R35GM124725 NIH/NIGMS

Keywords: Bone marrow stromal cell, Mesenchymal stem cell,
Single-cell RNA sequencing
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HELIX-LOOP-HELIX TRANSCRIPTION FACTOR
ASCL4 IS A MYOGENIC REPROGRAMMING
FACTOR FOR EMBRYONIC STEM CELLS
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The basic helix-loop-helix (bHLH) transcription factors play
central roles in developmental processes including cell fate
specification such as MyoD family for myogenesis and Achaete-
scute complex-like 1 (Ascll) for neurogenesis. Here, we found
that all Ascl family (Ascl1-5) has the ability to induce myogenic
program when overexpressed in embryonic stem cells (ESCs).
Among them, we noticed that Ascl4 expression is detected in
dermomyotome, a place for myogenic progenitor cells during
mouse embryogenesis. In ESCs, overexpression of Ascld
efficiently induces MyoD/Pax7-positive myogenic cells followed
by myosin heavy chain-positive terminally differentiated
myocytes when Ascl4 expression was withdrawn. Integrative
analysis of RNA-seq and ChiIP-seq data revealed that Ascl4 is
able to induce MyoD expression through the binding of novel
MyoD enhancer region located at 60 kb upstream of its start site.
In transgenic mice, overexpression of Ascl4 is able to expand
myogenic region during mouse embryogenesis. Together, these
findings imply that Ascl4 may mediate activation of MyoD as a
key regulator of somitic myogenesis.

Keywords: Myogenesis, Embryonic stem cell, MyoD
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MIR-690 ENHANCES OSTEOGENIC
DIFFERENTIATION IN MOUSE AND HUMAN
EMBRYONIC STEM CELLS
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Osteogenesis is a complex and critical process for the proper
development of vertebrates. The complexity of osteogenesis
resides in the multitude of pathways that embryonic stem cells
(ESCs)taketodifferentiateintoosteoblastsandtheintricategenetic
regulatory network, which controls this lineage development.
Adding to the complexity, osteogenic differentiation is induced
from either mesoderm or neural crest cells; both of which can
differentiate into mesenchymal cells and subsequently into
osteoblasts. This overlap of differentiation into mesenchymal cells
creates a convenient point at which to study osteogenesis, but
reduces the focus on the intermediate stages of differentiation.
Additionally, the role of microRNAs (miRNAs) in these stages
appears to be crucial for the fate of specific progenitors.
In this study we show that overexpression of a specific miRNA,
miR-690, upregulates osteogenesis through the direct targeting
of B-catenin. Additionally, the increased osteogenesis achieved
from miR-690 overexpression during differentiation is time
dependent, best achieved with a transfection during days 5-7
of differentiation. Furthermore, stable and transient transfection
of miR-690 result in morphological differences as well as a shift
in the calcification timeline possibly stemming from a shift in
the overall cell population origin. Both the transient and stable
transfection resulted in a change of the overall cell population
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origin producing more neural crest head mesenchyme/
prechordal mesenchyme as well as lateral plate mesoderm,
limb bud, and somatopleure. Additionally, these findings were
mimicked in human ESCs yielding increased calcification and an
alteration of cell fate origin. Together, our data indicate that miR-
690 supports osteogenesis and plays a role in early cell fate
decisions.

Funding source: Funding sources: Translational Centre
for Regenerative Medicine Researcher Starter Grant to D.
Kaniowska, and NIDCR RO1 RO1DE025330 to N.I. zur Nieden.

Keywords: mir-690, Stem Cell fate determination, osteogenesis
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DOPAMINERGIC NEURONAL DIFFERENTIATION
OF HUMAN EMBRYONIC STEM CELLS:
EXPRESSION PATTERNS OF CTCF,
TRANSCRIPTOMICS AND CHARACTERIZATION
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Embryonic stem cells are undifferentiated cells characterized
by their ability for self-renewal and differentiation into all
cell types from the three embryonic germ layers. Parkinson
disease is characterized for the progressive degeneration of
midbrain dopaminergic neurons. In vitro differentiation has
allowed the study of several aspects of dopaminergic induction.
High-order chromatin structures undergo remodeling during
cell differentiation, altering nuclear topology and contact
points between promoters and enhancers, which impact
gene expression. These changes are mediated by a group
of architectural proteins, such as CTCF. However, the role
of CTCF and the possible enhancer activation during human
dopaminergic neuron differentiation has not been evaluated
yet. Therefore, the aim of this project is to use ATAC-seq
and RNA-seq to determine putative enhancers, transcription
factors and long no-coding RNAs (IncRNAs) orchestrating the
differentiation of human embryonic stem cells to midbrain
dopaminergic neurons, and correlate them with CTCF protein
levels during this process. We found a decrease in CTCF protein
levels during days 14 (neural precursors), 21 and 60 (neurons),
with respect to day O (pluripotent stage); at day 28 there was a
transient inecrease in CTCF levels. We also observed greater
association of CTCF with heterochromatin at day 14 with respect
to days O and 28. Interestingly, 65 of the top 100 differentially-
expressed genes during the process where IncRNAs. Also, we
found several open chromatin regions overlapping with active
enhancer features. Combining TFs expression patterns and
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binding motif analysis on ATAC-seq peaks, we identified many
important enhancer binding sites for TFs, that might be important
for this differentiation process.

Funding source: CONACyT, 272815 PAPIIT, IN213719

Keywords: Neural differentation, Epigenetic regulation, Non-
coding elements
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UNDERSTANDING CELL TYPE IDENTITY IN
THE DEVELOPING HUMAN CORTEX AND
GLIOBLASTOMA

Bhaduri, Aparna - Regeneration Medicine, University of
California, San Francisco (UCSF), San Francisco, CA, USA

The human brain is composed of diverse cell types across
brain regions that enable unique capabilities. In the cerebral
cortex, the outer layer of the brain that provides for advanced
cognitive function, these cell types emerge from an initially
uniform neuroepithelia. Using single-cell sequencing, we have
characterized the differentiation, maturation and area-specific
trajectories of human cortical development. Interestingly, we
identify outer radial glia-like cells in single-cell sequencing from
primary glioblastoma tumor resections, and also validate these
observations with time-lapse imaging. These findings suggest
important preservation of developmental trajectories between
normal development and cancer development. Experimental
manipulation of these primary human cell populations will
require in vitro models; we have compared cell types from
primary developing human cortex to cerebral organoids. We
observe that in vitro models of cortical development strongly
recapitulate broader hierarchies of cell identity, but clearly do
not possess identifiers of cell subtypes that exist in normal
human development and up-regulate cellular stress pathways.
Moreover, the contrast to organoid cell types indicates that
broad cell type can be sufficiently directed in vitro, but that
subtype specification at the earliest stages of development is
regulated by conditions that are not present in the organoid.

Funding source: NIH K99NS111731

Keywords: Single-Cell RNA Sequencing, Human Cortical
Development and Organoids, Glioblastoma
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HIGH-THROUGHPUT SAMPLE PROCESSING FOR
EXOSOME ISOLATION.

Pernstich, Christian - Research and Development, Cell
Guidance Systems, Cambridge, UK

Jones, Michael - Commercial, Cell Guidance Systems, Cambridge,
UK

Botos, Laur-Alexandru - Research and Development, Cell
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Exosomes are extracellular vesicles (EVs) released by cells,
which are present in almost all biological fluids. They carry
proteins, small molecules, and genetic material, contributing
to cell-to-cell communication and taking part in a wide range
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of in-vivo functions. Thus, exosomes are of particular interest
in the study of biomarkers with high potential in therapeutic
applications. To study exosomes, their purification is a critical
step and multiple methods are already available on the market.
However, these methods are generally low-throughput, with
the ability to process only individual samples. This can become
laborious when scale-up of exosome isolation is desired. In this
poster, we are presenting a solution: Our latest size exclusion
chromatography (SEC) based method, which can purify up to
96 samples simultaneously. Here we present valuable data
including vyield, purity, consistency, and reproducibility results
using human blood (serum and plasma) samples demonstrate a
scalable, reproducible, and flexible high-throughput innovative
exosome isolation system. This product is convenient for the
purification of exosomes from several samples at once without
compromising reproducibility.

Keywords: High-throughput, Exosome isolation,
Reproductibility
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APPLICATION OF MITOCHONDRIAL TRANSFER
TO GENERATE DESIGNER STEM CELLS

Carlson, Natasha - Pathology, University of California Los
Angeles (UCLA), Tujunga, CA, USA

Although mitochondrial DNA (mtDNA) mutations are associated
with metabolic disorders, cancer and dramatically reduced
health spans, no treatments exist due to the inability to correct
detrimental mtDNA sequences. The replacement of mutant
mtDNA with healthy mitochondria and mtDNA represents a
potential path to overcome this roadblock. However, no transfer
technologies can stably introduce mtDNA into primary cells. We
developed a mitochondrial transfer approach to insert isolated
mitochondria from individuals of various ages, genders, and
ethnicities into neonatal dermal fibroblasts (NDFs) devoid of
endogenous mtDNA (p0) to determine the parameters required
for successful mitochondrial replacement. Cells that retain
exogenous mitochondria were isolated in uridine-deficient,
galactose media. Transfer of aged mitochondria into NDF pO
cells generated up to 30 colonies that stably retained exogenous
mtDNA. Mitochondrial function in the engineered cells were
characterized through the Seahorse extracellular flux analyzer,
immunohistochemistry, and quantitative PCR. Furthermore,
the engineered fibroblasts were reprogrammed into induced
pluripotent stem cells to quantify the role of mtDNA sequence
on fate transition. This work will provide further insights into the
interactions between the nuclear and mitochondrial genomes
and provide a potential avenue for generating engineered cell
lines for cell-based therapies.

Keywords: Mitochondrial transfer, Reprogramming, mtDNA
mutations
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ANALYSIS OF CHROMATIN ACCESSIBILITY
IN 152 IPSC LINES PROVIDES INSIGHTS INTO
EFFECTS OF REGULATORY VARIANTS
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Chromatin accessibility identifies active regions of the genome,
often at transcription factor (TF) binding sites, enhancers, and
promoters which contain regulatory genetic variation. Here,
we generated high quality ATAC-seq data for 152 iPSC lines
(from 134 individuals) utilizing a step-wise experimental design
(i.e. completed each experimental step for all samples before
proceeding to the next) to minimize batch effects, and a modified
protocol to minimize the number of mitochondrial reads.
Additionally, to enrich for non-nucleosome spanning reads
(less than 140 bp in length), we included a double size selection
purification step. Using this protocol across all samples, a total of
5.5 billion reads (mean 41 million per iPSC line), were generated.
We found that, compared to the original ATAC-seq protocol,
our modified protocol resulted in an average of 7.5% less
mitochondrial reads, 8.8% higher FRIiP, 8.4% more active reads,
and 41k more peaks per sample. We called over 1 million ATAC-
seq peaks and showed that they displayed known accessible
characteristics of regulatory elements by examining their
overlap and consistency with higher order chromatin structure
at low-resolution, chromatin states, and H3K27ac peaks. Using
50X WGS data for the 134 individuals we tested for associations
between the height of the accessible site and all genetic
variants within 100kb. We found 235k sites with an associated
genetic variant, which is consistent with previous estimates of
the fraction of accessibility that is explained by variation. We
next examined the chromatin states enriched at these sites,
and found an enrichment for non-promoter chromatin states,
suggesting that genetically associated sites were more likely
to be distal regulatory in nature than located at gene TSSes or
flanking chromatin. Overall, these analyses identify sites whose
total accessibility is genetically associated, and show that they
are more likely to occur at iPSC distal-regulatory elements.

Funding source: California Institute for Regenerative Medicine
(CIRM) grant GC1R-06673 and NIH grants HG0O08118-01,
HL107442-05, DK105541-03 and DK112155-01

Keywords: human iPSC, ATAC-seq, variants, genetics,
chromatin, co-accessibility
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A MIRNA-BASED STRATEGY TO EXPAND THE
DIFFERENTIATION POTENCY OF STEM CELLS
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Serrano, Rosa - Molecular Oncology, CNIO, Madrid, Spain
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Wang, Da-Zhi - Cardiovascular Research Division, Boston
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Zhong, Cuiqging - Gene Expression, Salk Institute, La Jolla, CA, USA

Full differentiation potential along with self-renewal capacity is
a major property of pluripotent stem cells (PSCs). However, the
differentiation capacity frequently decreases during expansion
of PSCs in vitro. We show here that transient exposure to a
single microRNA, expressed at early stages during normal
development, improves the differentiation capacity of already-
established murine and human PSCs. Short exposure to miR-
203 in PSCs (miPSCs) induces an early and transient expression
of 2C-markers that later results in expanded differentiation
potency to multiple lineages, as well as improved efficiency
in stringent assays such as tetraploid complementation and
human-mouse interspecies chimerism. Mechanistically, these
effects are at least partially mediated by direct repression of de
novo DNA methyltransferases Dnmt3a and Dnmt3b, leading to
transient and reversible erasing of DNA methylation. These data
support the use of transient exposure to miR-203 as a general
and single method to reset the epigenetic memory in PSCs, and
improve their effectiveness in regenerative medicine.

Funding source: M.S.R. was supported by the Asociacion
Espafiola contra el Cancer and a MICINN contract. Work in the
M.M. laboratory was supported by grants from the MICINN, the
iLUNG Programme from the Comunidad de Madrid, and the
MicroKin network.

Keywords: Stem cell differentiation, Epigenetic memory,
Regenerative Medicine
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CLONING, GENE EDITING AND EXPANSION
OF HIGH-QUALITY HUMAN PLURIPOTENT
STEM CELLS IMPROVED THROUGH MEDIUM
OPTIMIZATION
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Louis, Sharon - Research and Development, STEMCELL
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Specialized culture medium is required to maintain the self-
renewal and pluripotent properties of human pluripotent stem
cells (hPSCs). The majority of culture systems require time-
consuming daily medium changes to replenish the levels of
critical components and eliminate accumulated metabolic
waste. mTeSR™ Plus, based on the mTeSR™ formulation, was
specifically developed to provide a supportive environment—
enabling versatile feeding schedules—while maintaining quality
and workflow compatibility of hPSC cultures. FGF2 levels are
stabilized in mTeSR™ Plus over 72 hours at 37°C (83.6 = 7.3%
of fresh medium, n = 3), and buffering capacity is enhanced to
maintain pH > 7.0 for up to 72 hours without medium exchange.
Together, this supports versatile feeding schedules with excellent
cell quality and higher cell yields. Compared with hPSCs grown
in mTeSR™, hPSCs in mTeSR™ Plus have an increased plating
efficiency (1.3 + 0.2 fold increase, n =5 cell lines), and similar cell
division times (14.8 £ 1.9 and 14.3 £ 1.8 hours, respectively; n = 2
cell lines). Importantly, hPSCs maintained in mTeSR™ Plus with
reduced feeding for > 20 passages retained ideal morphology
features, high expression of OCT4 and TRA-1-60 (average 98.2
+ 2.1% and 93.5 + 3.1%, respectively), and were karyotypically
normal by G-banding and showed no common chromosomal
abnormalities during routine screening using the hPSC Genetic
Analysis Kit (n = 4 cell lines). Cultures maintained in mTeSR™ Plus
were also compatible with directed differentiation to 10 separate
cell types across the 3 germ layers, as well as established cloning
and gene editing workflows. hPSCs cultured in mTeSR™ Plus
demonstrated 59.7 + 6.2% gene knockout efficiency using the
ArciTect™ CRISPR-Cas9 genome editing system (n = 3) and 26.3
1 2.8% cloning efficiency when supplemented with CloneR™ (n =
4); these were similar to or better than results for hPSCs cultured
in mTeSR™. In summary, mTeSR™ Plus is an improved medium

SSCR

D)

#ISSCR2020

that promotes a more consistent cell culture environment,
enabling versatile workflows while maintaining high-quality
hPSCs that are fully compatible with established genome editing
and differentiation protocols.

Keywords: Pluripotency, hPSC Expansion, hPSC Cloning and
Gene Editing
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GROWTH-RESTRICTING PATHWAYS AND THEIR
RELATED MUTATIONS IN HUMAN PLURIPOTENT
STEM CELLS

Atzmon, Chen - The Azrieli Center for Stem Cells and Genetic
Research, Department of Genetics, The Hebrew University of
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Avior, Yishai - The Azrieli Center for Stem Cells and Genetic
Research, Department of Genetics, The Hebrew University of
Jerusalem, Jerusalem, Israel

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

Yilmaz, Atilgan - The Azrieli Center for Stem Cells and Genetic
Research, Department of Genetics, The Hebrew University of
Jerusalem, Jerusalem, Israel

Human pluripotent stem cells (hPSCs) hold a great promise
for studying human development, disease modelling and
regenerative medicine. These cells have the capacity to
differentiate into all cell types and the ability of self-renewal.
Although hPSCs can grow in feeder-free medium, we still lack
sufficient knowledge about the different pathways that control
their growth in culture. To this end, we performed a genome-wide
loss-of-function screen to identify growth-restricting pathways,
using CRISPR/Cas9-mediated mutagenesis targeting 18,000
genes with nearly 180,000 sgRNAs in haploid human embryonic
stem cells (hESCs). In this screen, the mutated cell population
was analyzed every 2 weeks for more than 100 days in order to
identify the enriched pathways after long-term culturing of the
cells. We could identify four pathways by gene-set enrichment
analysis: the TP53 target pathways BAX/NOXA and IGF1/mTOR,
the RHOA/ROCK pathway and the novel MAP3K7 pathway.
We then validated that chemical inhibition of MAP3K7 indeed
provides growth advantage to the cells, and showed that it
reduces the rate of apoptosis in cultured cells. Since disruption of
growth-restricting genes provides growth advantage to the cells,
we wondered whether spontaneous mutations in these genes
may already exist in culture-adapted hPSCs. We thus utilized
a previously-published methodology (developed in our lab) to
analyze RNA-sequencing data of two of the most commonly used
hESC lines in a high-throughput manner in order to find point
mutations in growth-restricting pathways. We identified RHOA/
ROCK as the pathway with the highest number of mutations,
while TP53 mutations exist in more samples. Genes belonging
to other pathways are also mutated but to a lesser degree. We
showed that these mutations are relatively pathogenic and that
some of them have high allelic fractions. Lastly, we showed that
the same genes mutated in hESCs are also mutated in iPSCs,
and that both types of hPSCs have a higher average number
of mutations per sample compared to mesenchymal stem cells,
highlighting the relevance of these pathways to pluripotent



cells. Finally, we suggest that our analysis should enable finding
medium supplements that will allow optimal growth of hPSCs
and minimize their mutation rate.

Keywords: Human Pluripotent Stem Cells, Genetic Screening,
Point Mutations
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AN INDUCIBLE CRISPR PLATFORM IN HUMAN
STEM CELLS IDENTIFIES NOVEL CELLULAR
PROCESSES CONNECTED TO HERV-H

Padmanabhan Nair, Vidya - institute of Virology, Helmholtz
Center Munich, Munich, Germany

Liu, Hengyuan - Department of Genome-Oriented Bioinformatics,
Technical University Munich, Munich, Germany

Frishman, Goar - Institute of Bioinformatics and Systems Biology,
Helmholtz Zentrum Miinchen, Munich, Germany

Mayer, Jens - Human genetics, Saarland University, Homburg,
Germany

Frishman, Dmitrij - Department of Genome-Oriented Bioinformatics,
Technical University Munich, Munich, Germany

Vincendeau, Michelle - Institute of Virology, Helmholtz zentrum
Munich, Munich, Germany

The human genome project delivered an astonishing discovery
that a remarkable portion (44%) of the mammalian genome
consists of retrotransposons. Among these, approx. 10% of
the human genome contains so-called “human endogenous
retroviral elements” (HERVs). However, the functional roles of
HERVs remain elusive. To this end, we generated an inducible
CRISPRactivation (CRISPRa) and CRISPRinterference (CRISPRI)
system in induced pluripotent stem cells (hiPSCs) and human
embryonic stem cells (hESCs) to identify cellular processes
that are actively regulated via long terminal repeats (LTRS)
of the HERV-H family. We used the inducible CRISPRa/i
system to transcriptionally activate and repress these LTRs in
hESCs and hiPSCs, respectively. Afterwards, we analyzed the
effects on gene regulation important for cellular processes
using whole genome RNAseq. We observed regulation of
gene networks involved in early developmental processes
and cell metabolism upon HERV-H transcriptional activation
or repression in hESCs as well as hiPSCs, respectively.
However, we also identified several gene networks driving
distinct cellular processes specific for either hiPSCs or hESCs.
Taken together, our study identified novel cellular processes in
hESCs as well as hiPSCs connected to HERV-H using an inducible
CRISPR platforms combined with whole genome RNAseq.

Keywords: Human Endogenous Retroviruses-H, Inducible
CRISPR activation and repression, Human Embryonic stem cells
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LINEAGE ANALYSIS OF CELLULAR STATES
PREDICTING REPROGRAMMING INTO HUMAN
INDUCED PLURIPOTENT STEM CELLS

Jain, Naveen - Department of Genetics, University of
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Mellis, lan - Department of Genetics, University of Pennsylvania,
Philadelphia, PA, USA

Raj, Arjun - Department of Bioengineering, University of
Pennsylvania, Philadelphia, PA, USA

The ability to generate induced pluripotent stem cells (iPSCs)
from differentiated somatic cells via ectopic expression of OCT4,
KLF4, SOX2, and MYC (OKSM) has enabled engineering of
cellular states for disease modeling and regenerative medicine.
However, only a small subset (<1%) of cells exposed to OKSM
actually become iPSCs. This low efficiency is observed even
when OKSM is integrated stably and clonally into the genome,
suggesting that this variability must be due to heterogeneity at
the cellular level instead of simply technical noise. Furthermore,
we still do not definitively know whether anything is different
about the rare cells that become iPSCs and when their ability
to reprogram successfully is established. Here, we show that
“primed” cellular states encoding for reprogramming success
exist before OKSM exposure and are heritable across cell
divisions when reprogramming human fibroblasts. These primed
states have not yet been characterized because of their rarity as
well as the conceptual and technical challenge of isolating them
before OKSM exposure even with newer single cell approaches.
To directly isolate and profile these rare primed cells we leverage
a novel method utilizing barcoding, sequencing, imaging, and
flow sorting called “Time Machine”. We show that Time Machine
can effectively distinguish between primed and unprimed
cells before OKSM exposure via unique and transcribed DNA
barcodes. We also show preliminary evidence of potential
markers of the primed states identified by Time Machine.
These markers are significantly upregulated in primed cells that
eventually become iPSCs and are associated with maintaining
pluripotency during development. Finally, we show preliminary
evidence that cells can be converted from unprimed states
to primed states with the use of reprogramming boosters to
increase overall reprogramming efficiency. This work is poised
to answer longstanding questions about the existence and
nature of rare cells primed for reprogramming. More broadly, it
will help us identify new pathways to modulate reprogramming
in predictable ways and reveal the molecular basis of plasticity
in seemingly differentiated cells.

Keywords: reprogramming, cell state, cell identity
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POYSEQ: THE CREATION OF A NEW POLYMER-
BASED LABELING SYSTEM FOR RAPID
HETEROGENEOUS MULTIPLEXING IN NEXT-
GENERATION SEQUENCING APPLICATIONS

Dunn, Andrew W - Gastroenterology, Cincinnati Children’s
Hospital, Cincinnati, OH, USA

Cai, Yuqi - Gastroenterology, Cincinnati Children’s Hospital,
Cincinnati, OH, USA
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Next-generation sequencing (NGS) provides a powerful tool
for unparalleled investigative depth into transcriptomic and
genomic profiles. Combined with single-cell techniques,
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NGS has revolutionized experimental investigation within the
biological sciences. Single-cell techniques offer the ability for
high-resolution analysis of a heterogeneous sample. However,
with the caveat of only one experimental condition per library
preparation, elevating the costs to run multiple samples as
the preparation of multiple libraries are therefore required.
During preparation, conveniently, there exists an opportunity
for sample-specific molecular barcoding. This barcoding
complements single-cell experimental power by allowing for
multiple samples to be mixed and prepared in parallel within a
single library, thereby presenting a time and cost savings while
simultaneously enhancing high-throughput potential. Here were
report the development of a polymer-based molecular barcode
labeling system, termed POLY-seq, synthesized with low cost,
commercially available reagents capable of binding standard
hashing oligos in 10 minutes. The POLYseq system achieved
functional barcoding within one hour using standard hashing
oligos, allowing for the correct identification of barcode labels
in 90 % of cells derived from a heterogeneous pool of hepatic
organoids prepared on the 10x Genomics single-cell RNA-seq
platform.

Keywords: POLYseq, single-cell, multiplexing
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NAIVE HUMAN EMBRYONIC STEM CELLS
READILY TRANSDIFFERENTIATE TO
TROPHOBLAST LINEAGE
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Canada
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Human embryonic stem cells (hESCs) readily differentiate to
somatic or germ lineages but have impaired ability to form
extra-embryonic lineages such as placenta or yolk sac. Here
we demonstrate that hESCs cultured in naive media conditions
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can be readily converted into cells that exhibit the cellular and
molecular phenotypes of human trophoblast stem cells (hTSCs)
derived from human placenta or blastocyst. The resulting
“transdifferentiated” hTSCs show reactivation of core placental
genes and the ability to differentiate to extravillous trophoblasts
and syncytiotrophoblasts, though some imprinted genes are
dysregulated. Their ability to form trophoblast-like cells indicates
that nalve hESCs have a broader differentiation capacity than
conventionally cultured primed hESCs. These results also
demonstrate a new way of generating hTSC lines and modeling
human trophoblast specification.

Funding source: New Frontiers in Research Fund, Canadian
Institutes of Health Research
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IN VITRO MATURED HESC-DERIVED
CARDIOMYOCYTES FORM GRAFTS WITH
ENHANCED STRUCTURE AND IMPROVED
ELECTROMECHANICAL INTEGRATION IN
INJURED HEARTS
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Human embryonic stem cell-derived cardiomyocytes (hESC-
CMs) have tremendous promise for application in cardiac repair,
but their immature phenotype greatly limits their translational
potential. The present study was designed to two hypotheses:
1) that previously reported methods to promote the maturation
of hESC-CMs by culture on soft polydimethylsiloxane (PDMS)
substrates can be upscaled to the quantities required for
transplantation studies; and 2) that PDMS-matured hESC-CMs
will stably engraft in injured hearts and form graft myocardium
with enhanced structural and functional properties. First, we
cultured hESC-CMs on either PDMS or tissue culture plastic (TCP)
for 20 and 40 days, then phenotyped the resultant populations.
All hESC-CMs were engineered to express the fluorescent
voltage-sensitive protein ASAP1 to facilitate in vitro and in vivo
electrophysiological studies. Relative to their counterparts
on TCP, hESC-CMs on PDMS at both time-points exhibited
increased cardiac gene expression as well as a more mature
structural and electrophysiological phenotype in vitro. Single-
cell transcriptomics confirmed enrichment of cardiac maturation




markers including gene pathways involved in cardiac contraction,
extracellular matrix organization, sarcomerogenesis, and adult
heart development in PDMS versus TCP cultures. Next, we
transplanted day 20 or 40 TCP vs PDMS ASAP1+ hESC-CMs into
injured guinea pig hearts. Recipient hearts were later analyzed
by ex vivo optical voltage mapping studies and histology.
While CMs from both substrates showed similar capacity for
engraftment, grafts formed with PDMS-matured myocytes had
more mature structural properties including enhanced alignment,
sarcomere lengths and maturation marker expression. Most
importantly, graft formed with PDMS-matured myocytes showed
improved electrophysiological properties including better host-
graft electromechanical integration and more rapid and uniform
propagation. We conclude that large quantities of matured hESC-
CMs can indeed be economically produced by these methods.
Moreover, PDMS-matured myocytes form large intramyocardial
grafts with enhanced cardiac structure and electrical function,
thereby establishing that maturation prior to transplantation
meaningfully improves outcomes in vivo.

Funding source: McEwen Centre for Regenerative Medicine,
the Peter Munk Cardiac Centre and the University of Toronto’s
Medicine by Design/Canada First Research Excellence Fund
initiative.

Keywords: hESC-derived cardiomyocytes maturation, Cardiac
regeneration, Graft electromechanical integration

EARLY EMBRYO

CA265

REVEALING THE ‘PRIMED’ CELLULAR
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Fifteen years after their discovery, induced pluripotent stem (iPS)
cells have revolutionized biomedical research but remain far
from clinical translation. One major concern is that differentiated
cell populations are far from pure; that is, profound variability
in cell fate exists even among clonal cells that “successfully”
traverse the differentiation protocol. For instance, distinct
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populations of atrial and ventricular cells arise within a single
well during cardiomyocyte differentiation. Could it be that there
are differences in initial iPS cell states that “prime” isogenic cells
to take on different fates during differentiation? If so, are these
primed states, and their mapping to distinct cellular fates, shared
between different differentiations? That is, what can we predict
about the iPS cells that are primed to differentiate in one protocol
given what we know about primed iPS cell states and their
linked fates in another protocol? To answer these questions, we
need to profile both the final and initial states of differentiating
cells and link them together. To this end, we will use Rewind,
a new method developed in our lab, to label individual initial
cells with unique DNA barcodes that are transcribed. After a few
cell divisions, we will randomly separate related cells carrying
identical barcodes to create a “carbon-copy” for immediate
single-cell RNA sequencing of the initial state, while their sibling
cells are differentiated for profiling of the final state. Using single-
cell RNA sequencing we can classify differentiated cells into their
final fates and, because the barcodes are transcribed, determine
which cellular lineages contribute to each fate. We will return to
the initial state data and examine how these barcode-marked
lineages clustered in iPS cell expression space, uncovering the
expression states that predispose cells to traverse particular
paths. Repeating this process, we can determine how those
paths might compare between differentiation protocols.
Successful completion of this work will significantly expand
our knowledge regarding the processes that underlie cell type
variability following differentiation, addressing longstanding
questions of purity and bringing us one step closer to the dream
of stem cell-based personalized medicine.

Funding source: NIH T32 DKO07780, F30HG010822
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Hepatic bioengineering technologies have been developed
aiming the future of human organs transplantation. New tissue
engineering tools have been designed to produce decellularized
organs (i.e. scaffolds) which could be recellularized with human
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cells. However, protocols for inducing better liver scaffolds
recellularization need to be ameliorated. The aim of the
present investigation is to improve the hepatic recellularization
by coating liver scaffolds with HepG2-conditioned medium
(HepG2-CM). Wistar rat livers were collected and cannulated by
portal vein (PV) and vena cava (VC). They were decellularized
by perfusion of 1% of Triton-X solution with 0.05% NaOH. The
samples were analyzed by immunohistochemistry, scanning
electronic microscopy (SEM), histology and proteomic assays.
Human iPSCs and differentiated cells were characterized by
immunofluorescence staining (IF), flow cytometry, RT-qPCR.
The anatomical organization of hepatic extracellular matrices
(ECM) was preserved after the decellularization procedure. The
liver scaffolds had no nuclei and cellular residues. Proteomic
analysis suggested that pre-coating liver scaffolds with HepG2-
CM enriched acellular liver ECM. Pre-coated decellularized livers
were recellularized with HepG2, hiPSCs-derived mesenchymal
stem cells (hiMSCs) and human aortic endothelial cells (HAEC)
for up to 5 weeks and an improved liver recellularization was
observed. Further studies are still needed but our preliminary
results suggest that pre-coating of livers-ECM significantly
improved recellularization, revealing the positive effects of liver
ECM and CM components association.

Funding source: Fapesp CNPq Ministry of Health
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Type 1 diabetes (T1D) is characterized by chronically elevated
blood glucose levels as a result of beta-cell dysfunction and
insulin deficiency. The efficacy of cell replacement therapy
for the treatment of T1ID has been demonstrated with islet
transplantation using the Edmonton Protocol. However, its
widespread implementation as a form of cell replacement
therapy is limited by the scarcity 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. Using embryonic stem cells (ESCs), we have developed
a differentiation protocol that generates pancreatic progenitor
aggregates comprising of >80% NKX6.1+/PDX1+. With further
differentiation, we make cell clusters capable of secreting insulin
in response to the incretin mimetic, exendin-4, in the presence of
16.7 mM glucose. The current differentiation protocol is initiated
in monolayer culture and then transitions into suspension
cultures following the aggregation of pancreatic progenitors. In

SSCR

| #ISSCR2020

order to enhance cell yields, we are optimizing the scalability
of the current process by addressing process parameters such
as seeding density, aggregate size, vessel format, and agitation
rate using ESCs. Various cell culture platforms with different
geometries were evaluated for aggregate formation efficiency,
growth kinetics and viability. PBS Mini, a vertical wheel bioreactor,
reproducibly generated clusters with a narrow size distribution
and >50% aggregation efficiency. The bioreactor agitation rate
was identified as a critical process parameter that determines
aggregate size. In spinner flask conditions, cluster size
distribution was broader. Clusters generated using rollerbottles
showed a wide range of aggregation efficiencies (8%-79%) and
cluster size distribution. Nevertheless, the identity of the ESC
aggregates was maintained based on gene expression and
protein levels regardless of the cell culture vessel tested. Insights
from these studies will help identify key critical process control
parameters that will guide the process development design to
minimize cell loss throughout the manufacturing process while
maintaining the identity and quality of the stem cell-derived
insulin-producing cells.

Keywords: Insulin-producing cells, Differentiation, Process
parameter development
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The liver is responsible for many metabolic, endocrine and
exocrine functions. Approximately 2 million deaths per year
are associated with liver failure. Modern 3D bioprinting
technologies combined with autologous induced pluripotent
stem cells (iPS)-derived grafts could represent a relevant tissue
engineering approach to treat end stage liver disease patients.
However, protocols that accurately recapitulate liver’s epithelial
parenchyma through bioprinting are still underdeveloped. Here
we evaluated the impacts of single cell dispersion (i.e. obtained
from conventional bidimensional differentiation) of iPS-derived
parenchymal (i.e. hepatocyte-like cells) as compared to iPS-
derived hepatocyte-like cells spheroids (i.e. three-dimensional
cell culture), both in combination with nonparenchymal cells
(e.g. mesenchymal and endothelial cells), into final liver tissue
functionality. Single cell constructs showed reduced cell survival
and hepatic function as well as unbalanced protein/amino acid



metabolism when compared to spheroid printed constructs
after 18 days in culture. In addition, single cell printed constructs
revealed epithelial-mesenchymal transition, resulting in rapid
loss of hepatocyte phenotype. These results supports the
advantage of using spheroid-based bioprinting contributing to
improve current liver bioprinting technology and liver physiology
aiming future regenerative medicine applications.

Funding source: FAPESP (2015/14821-1); FAPESP (2019/18469-1)
Keywords: Bioprinting, Liver, iPS
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COLLAGEN CHITOSAN , BONE MARROW
DERIVED MESENCHYMAL STEM CELLS AND
EXTRACELLULAR VESICLES ENRICHED
COLLAGEN CHITOSAN SCAFFOLDS IN THE
HEALING OF AN INDUCED SKIN WOUND (A RAT
MODEL )

Mehanna, Radwa - Medical Physiology, Center of Excellence
for Research in Regenerative Medicine and its Applications
(CERRMA), Alexandria University, Faculty of Medicine,
Alexandria, Egypt

Over the past ten years, an alternative for maxillofacial
reconstruction was offered through regenerative medicine. It
provided a new scope for improving the reconstruction of the
oral and maxillofacial structures whether they are hard tissues,
which include the teeth and bone, or the soft tissues like the oral
mucosa, skin, nerves and blood vessels. The aim of this study
is to evaluate the effect of the collagen chitosan scaffold alone
or supplemented with bone marrow derived mesenchyme stem
cells (BM-MSCs) and their secreted extracellular vesicles (EVs),
on the duration and quality of skin wound healing. A full thickness
skin wound was induced to the back of thirty-two adult male
Sprague-Dawley rats and then classified into control, scaffold,
scaffold + MSCs and scaffold + EVs groups where the different
treatment modalities were assessed on the duration and quality
of skin wound healing. All treated group showed accelerated
wound healing in comparison to the control group and with no
significant difference between them. Quality of healed skin was
significantly better in EVs, BM-MSCs and scaffold treated groups
respectively. These results were attributed to the better collagen
alignment and deposition and thus higher skin tensile strength
in these groups. In conclusion, the collagen chitosan can be
considered as an appropriate scaffold for MSCs or their EVs in
wound healing.

Keywords: Collagen chitosan scaffold in wound healing,
Mesenchymal stem cells, Extracellular vesicles
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PRE-CLINICAL APPLICATION OF TISSUE-
ENGINEERED HUMAN INDUCED PLURIPOTENT
STEM CELL-DERIVED AIRWAY GRAFTS

Varma, Ratna - Institute of Biomaterials and Biomedical
Engineering, University of Toronto, Toronto, ON, Canada
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University Health Network, Toronto, ON, Canada

Aoki, Fabio - Biomedical Engineering Laboratory, University of Sao
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Rostami, Sara - Latner Thoracic Surgery Research Laboratories,
Toronto General Hospital Research Institute, University Health
Network, Toronto, ON, Canada

Romero, David - Department of Mechanical and Industrial
Engineering, University of Toronto, Toronto, ON, Canada
Amon, Cristina - Department of Mechanical and Industrial
Engineering, University of Toronto, Toronto, ON, Canada
Waddell, Thomas - Latner Thoracic Surgery Research
Laboratories, Toronto General Hospital Research Institute,
University Health Network, Toronto, ON, Canada

Karoubi, Golnaz - Latner Thoracic Surgery Research Laboratories,
Toronto General Hospital Research Institute, University Health
Network, Toronto, ON, Canada

Haykal, Siba - Division of Plastic & Reconstructive Surgery,
Department of Surgery, University of Toronto, Toronto, ON,
Canada

Long-segment airway stenosis and disease require
transplantation, which primarily fails due to epithelial dysfunction
and epithelium-triggered immune rejection. We developed two
approaches for producing functional grafts using human induced
pluripotent stem cell (hiPSC)-derived airway progenitors (APs): 1)
direct re-epithelialization of de-epithelialized allograft tracheae in
a bioreactor; and 2) generation of fully differentiated biomaterials-
based epithelial grafts in vitro for application in airway defects.
We produced 65.61£2.4% P63+ APs and seeded 5-cm long de-
epithelialized pig tracheae in a perfusion-based bioreactor for 3
days. A uniform cell monolayer formed along the tracheal lumen
with P63-KRT5+KRT8+ expression, indicating an intermediate
cell differentiation stage at day 3. The next step for these
grafts is orthotopic pig tracheal transplantation. For our second
approach, we developed a Silk Fibroin and Collagen Vitrigel
Membrane (SF-CVM) biomaterial, which could be surgically
manipulated and allowed differentiation of APs into 64.6+7.8%
ciliated cells and 2.1+1.4% goblet cells in ALI. This differentiation
of ciliated cells was physiologically relevant, being comparable
to cell proportions present in human tracheae. We established a
pig airway defect model for implanting these differentiated SF-
CVM epithelial grafts to determine their integration and survival
across 3 days. A 2x4 cm tracheal defect was created, pig mucosa
was manually stripped and replaced with hiPSC-derived SF-CVM
epithelial graft (labeled with CMAC dye) prior to defect closure.
Ex-vivo evaluation of these grafts under ALl confirmed cell
viability and maintenance of ciliated and goblet cells on day 3. In
vivo studies demonstrated SF-CVM integration with surrounding
tracheal tissue, with the CMAC-labeled epithelium being intact
and alive 3 days post-operatively. This is the first pre-clinical
application of biomaterials-based airway grafts generated
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from hiPSCs. The development of non-immunogenic chimeric
tracheal grafts with recipient-derived epithelium will significantly
enhance the viability of tracheal transplants.

Funding source: 1. University of Toronto Medicine by Design
Initiative, funded by the Canada First Research Excellence Fund
2. Henry White Kinnear Foundation

Keywords: Biomaterials, Bioreactor, in vivo
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THE VIEWS OF PHYSICIAN SPECIALISTS AT
U.S. ACADEMIC MEDICAL CENTERS TOWARDS
UNPROVEN STEM CELL THERAPIES

Master, Zubin - Biomedical Ethics Research Program and
Center for Regenerative Medicine, Mayo Clinic, Rochester, MN,
USA

Smith, Cambray - Biomedical Ethics Research Program, Mayo
Clinic, Rochester, MN, USA

Crowley, Aidan - Department of Biological Sciences, University of
Notre Dame, Notre Dame, IN, USA

The unproven stem cell intervention (SCI) industry has been
growing globally with the largest market perhaps existing in the
U.S. This marketplace is replete with hype, misinformation, and
emotional appeals driving demand for unproven SCls. Although
most patients seek information online, physicians constitute
the first line of defense to counter misinformation surrounding
unproven SCls. However, little is known about physicians’
familiarity with and views toward unproven SCIs. We present
preliminary results of 25 interviews with physicians from U.S.
academic medical centers across 5 specialties (cardiology,
neurology, ophthalmology, orthopedics, and pulmonology)
who had experience addressing patient questions about SCls.
Our analysis indicates that many physicians were moderately
familiar with the marketplace. Their sources of information
included conferences, media, clinical society statements and
journal articles. Many physicians expressed strong views and
considered the unproven market to be highly problematic, citing
patient harms, deceptive marketing practices, lack of scientific
justification for marketing, and high out-of-pocket costs. All
physician specialists besides orthopedists deemed offering
unproven SCls outside a clinical study to be inappropriate; the
majority voiced a desire for robust clinical trials and regulatory
approval before offering SCls therapeutically. Orthopedists
expressed a desire for additional research, but some explained
that unproven SCls could be conditionally appropriate as
long as patients are provided accurate information about the
experimental nature and uncertain clinical outcomes of SCls.
A few participants expressed a willingness to consider real
world evidence or compassionate use pathways as options for
navigating solutions to unmet patient needs. Despite common
views of overall hesitancy toward unproven SCls, physicians
expressed enthusiasm for the future of research in regenerative
medicine. Our study shows that physicians at academic medical
centers are excited about regenerative therapies, know about
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the unproven market, and have strong views against unproven
SCls, although some orthopedists reported it may be appropriate
to offer regenerative interventions under certain conditions.

Keywords: physician perspectives, unproven stem cell
interventions, translation
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RESTORATION OF VISUAL FUNCTION IN MICE
WITH END-STAGE RETINAL DEGENERATION BY
TRANSPLANTATION OF HUMAN STEM CELL
DERIVED CONE PHOTORECEPTORS

Claudio Ribeiro, Joana F - Genetics, Institute of Ophthalmology,
University College London (UCL), London, UK

Procyk, Christopher - Genetics, UCL, London, UK
O’Hara-Wright, Michelle - Genetics, UCL, London, UK

Martins, Monica - Genetics, UCL, London, UK

Hare, Aura - Genetics, UCL, London, UK

Basche, Mark - Genetics, UCL, London, UK

Bainbridge, James - Genetics, UCL, London, UK

Smith, Alexander - Genetics, UCL, London, UK

West, Emma - Genetics, UCL, London, UK

Pearson, Rachael - Genetics, UCL, London, UK
Gonzalez-Cordero, Anai - Children’s Medical Research Institute,
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Ali, Robin - Genetics, UCL, London, UK

Age related macular degeneration (AMD) and hereditary
retinal diseases, which lead to photoreceptor loss, are major
causes of irreversible blindness in the western world. Current
treatments for macular degeneration require the presence of
photoreceptors, leaving a group of patients, in whom the retinal
degeneration is too advanced without any viable therapeutic
option. Despite being challenging, restoration of functional
connectivity following transplantation is a major goal for CNS
repair. The macula is an ideal area to explore the potential
of cell replacement as it is small and accessible. It is possible
to envisage that few transplanted cone photoreceptor cells
might be necessary to establish synapses with the host retina
in order to achieve clinical benefits. To date no robust proof of
functional synaptic connectivity between a pure population of
human cone photoreceptors and host end-stage degenerated
retinal has been shown. In this study human embryonic (E) SC-
derived cones were transplanted into mice with advanced retina
degeneration. Control sham transplants of human induced
pluripotent stem cell derived cones, containing mutation in
CNGB3 gene, were performed under the same conditions. The
CNGB3 mutation does not impair the development of cone
photoreceptors but is essential to phototransduction. This sham
control allows exclusion of rescue of function by material transfer
or neuroprotection of the few remaining host photoreceptors.
Following transplantation, immunohistochemistry data showed
that ESC-derived cones matured, developing outer segment-like
structures, and interacted with the host retina, with host bipolar
cells seeking out terminals of transplanted cones. Pre and post-
synaptic markers were seen in close proximity. Establishment
of synapses between transplanted cones and host retina were
further supported by Multielectrode Array (MEA). MEA analysis




showed presence of a variety cone-like responses to light.
Similar responses were absent in control retinas. Behavioural
data corroborates these findings, as treated animals displayed
different light-avoidance behaviour than control animals. This
data suggests that it is possible to restore functional synaptic
connectivity following transplantation, thereby rescuing visual
function of severely degenerated retinas.

Keywords: Stem cell-derived cones, Cell Transplantation,
Retina
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AMNIOTIC FLUID MESENCHYMAL STEM CELLS
AND THEIR SECRETED EXTRACELLULAR
VESICLES AS THERAPEUTIC TOOLS IN
EXPERIMENTAL PREMATURE OVARIAN
DYSFUNCTION: A POTENTIAL IMPLICATION OF
MIRNA-21

Thabet, Eman - Medical Physiology, Alexandria University,
Faculty of Medicine, San Francisco, CA, USA

Mehanna, Radwa - Medical Physiology, Alexandria University,
Alexandria, Egypt

Yusuf, Alaaeldin - Medical Physiology, Alexandria University,
Alexandria, Egypt

Abdelmonsif, Doaa - Medical Biochemistry Department, Alexandria
University, Alexandria, Egypt

Nabil, Iman - Histology and Cell Biology, Alexandria University,
Alexandria, Egypt

Chemotherapy induced premature ovarian dysfunction (POD) is
a major concern for female cancer survivors and is considered
irreversible once established. Chemotherapeutic agents damage
highly dividing somatic granulosa cells that are also essential for
survival of follicles. Amniotic fluid derived mesenchymal stem
cells (AFMSCs) have the potential to rescue fertility; however
the notion of stem cells regenerating into follicles is highly
controversial due to the finite ovarian reserve pool theory. Novel
underlying mechanisms remain to be unraveled.This study
investigates whether the secretion of extracellular vesicles
(EVs) rich in miRNA-21 from the amniotic fluid mesenchymal
stem cells can treat premature ovarian dysfunction through the
anti-apoptotic effects of the EVs on damaged granulosa cells.
Ninety female rats were randomly divided into four groups.
Cyclophosphamide (Cy) was administered once intraperitoneally
to seventy two rats to simulate POD. These treated rats were
further subdivided into an AFMSCs treated group (n=24), an
EVs treated group (n=24) and a POD untreated group (n=24).
The remaining 18 rats not treated with Cy were considered as
healthy controls. Rats were sacrificed at 24 hours, 7 days, and
2 months post-treatment and assessed for serum Anti-Mdillerian
hormone (AMH) levels, caspase-3 and PTEN proteins levels in
ovarian lysate, Haematoxylin and eosin staining was done to
ovarian sections to determine the total follicular count (TFC).
Functional assessment was performed as well by daily vaginal
smears and mating trials.Treatment with AFMSCs and their EVs
restored TFC, AMH levels, regular estrous cycles and fruitful
conception. Our findings illustrate that miRNA-21 expression
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in AFMSCs-derived EVs has anti-apoptotic potential, and may
serve as a novel therapeutic gene regulatory agent functioning
through PTEN to prevent POD.

Keywords: Premature Ovarian Dysfunction, Amniotic fluid
derived stem cells, Extracellular vesicles, miRNA-21
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BANKING OF CLINICAL GRADE HUMAN
PLURIPOTENT STEM CELLS: A VIEW FROM THE
UK STEM CELL BANK
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Raposo, Pedro - UK Stem Cell Bank, Potters Bar, UK
Konstantinidou, Chrysoula - UK Stem Cell Bank, Potters Bar, UK
Francis, Hannah - UK Stem Cell Bank, Potters Bar, UK

Perfect, Leo - UK Stem Cell Bank, Potters Bar, UK

Klair, Hanvir - UK Stem Cell Bank, Potters Bar, UK

Prince, Judith - UK Stem Cell Bank, Potters Bar, UK

Hawkins, Ross - UK Stem Cell Bank, Potters Bar, UK
Abranches, Elsa - UK Stem Cell Bank, Potters Bar, UK

The UK Stem Cell Bank (UKSCB) is a key partner of the UK
regenerative medicine infrastructure, focused on procuring,
banking, testing, and distributing human embryonic stem
cell (hESC) lines as seed stocks for research and clinical
applications. In addition, the UKSCB develops research focused
on standardisation, quality and safety of stem cells and stem
cell-derived products. The UKSCB repository comprises over
140 stem cell lines, of which 30 are currently available for
distribution. More than 300 shipments of hESC lines, mouse
fibroblasts and human induced pluripotent stem cells have
been completed worldwide since 2007. Currently available
UKSCB cell lines are primarily for research uses, but the UKSCB
is actively working on increasing numbers of EUTCD-compliant
cell lines (meeting the EU Tissue and Cell Directives (EUTCD)
criteria, as set out in Human Tissue Authority (HTA) regulations),
suitable for human applications. Much of our banking work has
focused on the adaptation of the feeder-dependent hESC lines
into feeder-free systems. This adaptation is associated with a
considerable reduction in banking time (from thawing) and thus
reduced usage of reagents, consumables, facilities and staff
time. At present, 21 cell lines from four UK derivation centres
have been successfully adapted to feeder-free conditions and
are either under quality control or final review stages (http://
www.nibsc.org/ukstemcellbank). UKSCB cell lines undergo a
rigorous and thorough quality control process prior to release.
In addition to viability, sterility, identity and genomic stability,
we measure cellular parameters such as pluripotency and tri-
lineage germ-layer differentiation. We are currently investigating
the effects of processing variables such as derivation centre,
cell-culture media and presence of feeder cells on these
cellular characteristics, using multivariate analysis. Results
will be informative both for optimisation of stem cell culture
processes and selection of optimal cell lines by customers for a
specific purpose. Through this programme of work, the UKSCB
offers increasingly high-quality, deeply-characterised hESC
lines, to support the regenerative medicine community in the
development of quality and safety-assured cell therapies.
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ANALYSIS OF CD34+ SUB-POPULATIONS FROM
BONE MARROW AND MOBILIZED PERIPHERAL
BLOOD SHOW DIFFERENTIAL TRANSDUCTION
AND ENGRAFTMENT POTENTIAL IN THE NSG
MOUSE MODEL
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Pierciey, Francis - Cellular Process Development, bluebird bio,
Cambridge, MA, USA

Bonner, Melissa - SGD Research, bluebird bio, Cambridge, MA,
USA

The success of ex vivo gene therapies depends on the efficient
transduction and engraftment of long-term hematopoietic stem
cells (LT-HSCs). Ex vivo gene therapy leverages lentiviral vector
(LVV) transduction of CD34+ cells enriched from bone marrow
(BM) or mobilized peripheral blood (mPB), both of which are a
heterogenous mix of hematopoietic stem and progenitor cells
(HSPCs). LVV integration across CD34+ cells is non-uniform, and
the contribution of these differentially transduced subpopulations
to engraftment is not fully understood. Here, to begin to address
this question, we characterized the transduction efficiency
and engraftment potential of different CD34+ subpopulations
from BM and mPB.CD34+ HSCPCs from mPB were transduced
with a GFP LVV, flow sorted on GFP expression levels, and
then characterized in vitro by quantifying vector copy number
(VCN) and colony-forming cells (CFC), and immunophenotyping
(CyTOF). The GFP-high cells with the highest VCNs were
biased toward a differentiated immunophenotype and had
2-fold lower CFC compared to the GFP-low cells. Moreover,
NSG mice transplanted with GFP-high cells had >100-fold
lower engraftment than mice transplanted with GFP-low cells.
BM-derived CD34+ cells are known to have bimodal CD34
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expression by flow cytometry: CD34dim cells can comprise
up to 25% of total CD34+ in healthy donor (HD) BM and up to
50% in sickle cell disease (SCD) BM. Experiments evaluating
HD BM found that CD34dim cells were more readily transduced
(1.3-2.0 fold higher VCN) and had diminished CFC (2.9-6.6 fold
lower) compared to donor-matched CD34bright cells. Similarly,
CD34dim cells derived from SCD BM showed diminished CFC
(19-140 fold-lower) and higher VCN (1.3-2.0 fold higher) compared
to donor-matched CD34bright cells. Consistent with the impact
on colony formation, transplant of CD34dim cells from a SCD
donor into NSG mice resulted in a 33-fold lower engraftment
compared to donor-matched CD34bright cells. Taken together,
these data demonstrate the varying potential of different CD34+
subpopulations in achieving robust engraftment. Moreover,
our data suggest that the most highly transducable CD34+
cells are not true LT-HSCs and do not contribute to long-term
hematopoiesis in the NSG model.
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AN EPIGENETIC QPCR ASSAY FOR IMMUNE
CELL IDENTITY AND PURITY TESTING OF
CELLULAR THERAPIES

Guzman, Jerry - Life Science Group, Thermo Fisher Scientific,
Carslbad, CA, USA

Lakshmipathy, Uma - Life Science Group, Thermo Fisher Scientific,
Carlsbad, CA, USA

Landon, Mark - Life Science Group, Thermo Fisher Scientific,
Carlsbad, CA, USA

Cell therapy is a technology where the power of immune cells
is harnessed to fight certain types of cancer. Development of
cell therapies require thorough testing for product release
during which contaminating byproducts may be present.
Characterization of these biological products thus becomes an
essential process which includes determination of biological
activity, identity, purity and impurities. Identity and purity
assays most commonly utilize cell surface markers or secreted
molecules which are measured by flow cytometry. Some of
the critical challenges experienced with flow cytometry is the
lack of standardization due to user and technical variability as
well as the need for live samples. PureQuant are cell specific
epigenetic qPCR-based assays and offer an alternative to
overcome the challenges with flow cytometry. Chimeric Antigen
Receptor (CAR) T cells generated using a second generation
(CD3C and 4-1BB) anti-CD19 CAR lentivirus were evaluated using
PureQuant methylation assays specific for CD3+, CD4+, CD8+
T cells, and contaminating B cells and monocytes. Enriched B
cells and monocytes were spiked in CAR-T cells of the same
donor at known cell numbers and interrogated using flow
cytometry and PureQuant assays to establish sensitivity and
accuracy. Each assay includes internal controls to check for
assay performance, assay-specific differences, and standards to
deduce copy number. The study results between flow cytometry
and PureQuant corroborate; however, PureQuant offers a direct
result reported as percent cell type without the need for gating
strategies and subjectivity.
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GENERATION OF IMMUNE CELLS FROM HUMAN
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SERUM-FREE CULTURES
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Human pluripotent stem cells (PSCs) offer a potentially unlimited
source of immune cells for disease modeling and development
of cell therapy applications. We developed two separate serum-
free, stroma-free culture systems to generate monocytes and
lymphocytes, respectively, from multiple PSC lines. To generate
monocytes, PSC colonies were passaged as clumps in mTeSR1
medium. After one day the medium was replaced with a
differentiation medium to induce mesoderm and then on days 3
and 7 to promote hematopoietic specification and differentiation
into CD14" monocytes. Continued culture allowed for prolonged
generation and repeated harvest of monocytes from the culture
medium between days 14 and 23. The average peak frequency
and yield of CD14" monocytes was 74% (range: 50 - 90%, n = 22
from WLS-1C, STiPS-MO0O01, H1 and H9 cells) and 6.2x10"6 (range:
1.8x10"6 - 1.7x10"7) per 6-well plate. The PSC-derived monocytes
also expressed CD11b, CD33, CD16, and CD68 and were further
able to differentiate into M1 and M2 macrophages and dendritic
cells. To generate T and NK cells, PSCs were aggregated in
AggreWell plates and cultured for 10 days to induce mesoderm
specification and hematoendothelial differentiation. Cell
aggregates were then dissociated into single cells and CD34+
cells were isolated and cultured under either NK or T cell
differentiation conditions for 4 weeks. NK cell differentiation
cultures produced CD56+ cells with an average frequency
of 86% (range: 57 - 98%, n = 24) and yield of 1.1x10"7 (range:
2.2x1075 - 4.5x10"7) per 5x10™4 input CD34+ cells. NK cells also
expressed NKp46 and CD16, when stimulated produced IFN-y
and were able to kill K562 cells in vitro. T cell cultures produced
CD4+CD8+ double-positive (DP) T cells at an average frequency
of 38% (range: 5 - 85%, n = 16) and yield of 2.7x10"6 (range:
7.3x1073 -1.9x10"7) per 5x10™4 input CD34+ cells. On average,
15% of DP cells co-expressed CD3 and TCRap (range: O - 57%).
Overall, we show that serum- and stroma-free culture conditions
support differentiation of PSCs into monocytes and NK cells that
are phenotypically and functionally similar to their counterparts
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from primary tissues. Current work is focused on differentiating
DP T cells into mature functional T cells. Overall, these cultures
systems will be valuable for basic and translational research on
immune cells.

Keywords: T cell, NK cell, Monocyte
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AN ADOPTIVE TRANSFER OF BONE-MARROW
DERIVED MACROPHAGES AS POSSIBLE
TREATMENT FOR NEONATAL HYPOXIA-
ISCHEMIA IN MICE
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Hypoxia-ischemia (HI) remains a major cause of perinatal brain
injury and long-term disabilities. While the primary cause of
HI may be diverse and often elude diagnosis, inflammation
is a common feature. Microglia and peripheral immune cells
infiltrating the brain through a disrupted blood brain barrier play
a pivotal role in this chain of events. In this study we investigated
the effects of an adoptive transfer of bone-marrow derived
macrophages after neonatal HI. Cx3criIGFP/+Ccr2RFP/+ mice
pups of both sexes were subjected to HI at P10 (postnatal day
10) via electrocoagulation of the right carotid artery and 60
minutes hypoxia. Either unpolarised (MO) or anti-inflammatory
(M2) macrophages were administered i.p. at P15 and the
behavioural activity evaluated three weeks post-HI with beam
walk, open field and rotarod tests. Mice were then sacrificed and
brain sections processed for immunohistochemical analysis. Our
results showed that mice treated with MO significantly worsened
their performance in the beam walk test and had bigger brain
injury. On the contrary mice treated with M2 showed a significant
functional recovery in the beam walk test even though no
alteration of the extent of the infarction size was detected. No
differences were observed in the open field or rotarod tests.
In conclusion, our results suggest that bone-marrow derived
M2 macrophages might be a possible therapeutic strategy to
treat neonatal HI. Further investigations are needed to verify
the molecular mechanism involved and if other sources of
macrophages offer similar protection.
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ACHIEVING CLINICAL SAFETY IN HUMAN
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Cell therapy shows promise as a therapeutic method for
Parkinson’s disease (PD) treatment. To ensure safety of human
ESC- or iPSC-based cell therapy, some risks must be minimized
including 1) assurance of karyotype and genomic integrity; 2)
elimination of proliferating undifferentiated stem cells from the
final product; 3) confirming absence of migration of implanted
cells away from the graft. To address these concerns, we
implemented a battery of tests to ensure a safety threshold
appropriate to clinical use. First, we confirmed genomic integrity
of iPSC-derived cells by karyotyping, whole exome sequencing,
and whole genome sequencing, and then applied bioinformatics
analyses to rule out presence of any known cancer-causing
mutations. Second, to eliminate completely any stem cells
remaining undifferentiated or bearing sub-clonal tumorigenic
mutations with proliferative or neoplastic potential, we developed
a chemical method using quercetin, a specific inhibitor of
BIRC5 (encoding survivin) uniquely expressed in hPSC, that
eliminates undifferentiated PSCs with >99.99% efficiency. Our
theoretical calculations based on gRT-PCR analyses of OCT4
expression predicts fewer than 0.0017 undifferentiated cells
per 10 million D28 dopaminergic progenitors, following this
quercetin treatment. Since the spontaneous incidence rate for
all types of glioma ranges from 4.67 to 5.73 per 100,000, risk of
tumor formation would thus be comparable to the spontaneous
incidence of gliomas in the target population. We next tested
the in vivo safety of this method using D14 or D28 differentiated
dopaminergic progenitors transplanted into striatum of
immunodeficient NOD SCID mice. No teratoma formation
was observed when D14 cells or D28 cells were transplanted.
However, grafts in animals treated with D14 cells showed rosette
formation while D28 cells did not, suggesting that D28 cells may
be safer. Finally, we tested the safety of D28 cells by assessing
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their bio-distribution. At 6 months following transplantation of
D28 cells into the striatum, genomic gPCR detected no human
DNA sequences in any central nervous system regions other
than the graft site, or in any peripheral organs. Taken together,
our study provides strong evidence of the clinical safety of this
product for potential future therapeutic use.

Funding source: This work was supported by NIH grants
(NSO70577, NS084869, and OD024622) and the Parkinson’s
Cell Therapy Research Fund at McLean Hospital.
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A NOVEL THREE DIMENSIONAL HUMAN

SKIN MODEL FOR THE STUDY OF CELL-CELL
INTERACTION AND EXTRACELLULAR MATRIX
SECRETION

Smith, Avi - Diagnostic Science, Tufts University School of
Dental Medicine, Boston, MA, USA

Watkins, Trishawna - Diagnostic Science, Tufts University School of
Dental Medicine, Boston, MA, USA

Huang, Mengqi - Molecular and Systems Biology, Geisel School of
Medicine at Dartmouth, Hanover, NH, USA

Burguin, Fiona - Diagnostic Science, Tufts University School of
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Baskin, Jeremy - Diagnostic Science, Tufts University School of
Dental Medicine, Boston, MA, USA

Garlick, Jonathan - Diagnostic Science, Tufts University School of
Dental Medicine, Boston, MA, USA

Three-dimensional (3D) tissue models of human skin harboring
primary stem progenitor cells have been used to better
understand disease phenotypes and to screen potential drugs.
However several factors have limited the value of these in
vitro 3D skin tissues in their utility as a testing platform. These
include: 1- The use of non-human, animal-sourced collagen in
the production of the extracellular matrix (ECM), 2- the relatively
low tissue throughput formats, and 3-the need for greater
cellular complexity. As a result, while current 3D tissue models
incorporate stem progenitors that create normal epithelial
tissue architecture, they do not fully recapitulate the cell-
cell interactions and ECM production typical of human skin
phenotypes seen in vivo. In this study, we present an approach
for the fabrication of 3D skin-like tissues that addresses these
limitations. Our study reveals that adult and neonatal fibroblasts
deposit an endogenous ECM de novo that serves as an effective
stroma to support full differentiation of epithelial stem cells and
complete epithelial tissue development. Immunohistochemical
staining for Type 1 and Type 3 collagens showed the presence
of immature and mature collagen fibers, and staining for K10
and Ki67 demonstrated a proliferative and differentiating
epithelium. We have successfully miniaturized these tissues to
a 24-well format for higher throughput analysis. In addition, we
have shown that blood monocytes can be incorporated into this
model and differentiate into tissue macrophages to increase
tissue complexity. Our humanized 3D- skin model constructed
with patient derived stem progenitors decreases dependency
on animal-derived products, thus increasing reliability of tissue




fabrication, while increasing tissue throughput and complexity
in ways that enable the study of inflammatory responses in
skin related diseases. This skin model has the potential to be
a reference point to assess the differentiation of iPSC derived
keratinocytes and fibroblasts, their cross-talk, and their ability to
recreate the structure of human skin.

Funding source: National Institute of Arthritis and
Musculoskeletal and Skin Diseases 2R44AR072170-02 National
Institute of Diabetes and Digestive and Kidney Diseases
5U24DK115255-02

Keywords: 3D tissue model, epithelial tissue differentiation,
Patient derived adult stem cells
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ENGINEERING A DRUG-INDUCIBLE CASPASE-9
SYSTEM IN HUMAN EMBRYONIC STEM CELLS
TO IMPROVE THE SAFETY OF CELL THERAPIES

Braam, Mitchell J.S. - Department of Cellular and Physiological
Sciences, The University of British Colombia (UBC), North
Vancouver, BC, Canada

Baker, Robert - Department of Cellular and Physiological Sciences,
Life Sciences Institute, University of British Columbia, Vancouver,
BC, Canada

Piret, James - Department of Chemical and Biological Engineering,
Michael Smith Laboratories, University of British Columbia,
Vancouver, BC, Canada

Kieffer, Timothy - Department of Cellular and Physiological
Sciences, Life Sciences Institute, University of British Columbia,
Vancouver, BC, Canada

Human pluripotent cell lines and their derivatives have great
potential as cell-based therapies to treat multiple diseases,
including type 1 diabetes. In attempt to add an additional layer of
safety, we have introduced a dual inducible-caspase-9/luciferase
transgene at the AAVS1locus of H1 human embryonic stem cells.
In the event of possible unfavourable outcomes following cell
administration to a host, the inducible-caspase-9 can initiate
implant-specific apoptosis when exposed to the AP20187
pro-drug. The luciferase can be used to monitor cell survival
post-implant into live animals and to visualize the efficiency
of induced cell death. Preliminary in vitro studies have been
performed to functionally test this system in two successfully
targeted hemizygous clones. The presence of luciferase was
confirmed by addition of D-luciferin and an AP20187 time course
experiment revealed that cell death could be detected within
the first hour of treatment, and over 99% of the cells were
eliminated within 24 hours. Notably, we observed several rare
genetic events in a small population of cells that prevented
them from responding to the pro-drug treatment. Differentiation
to pancreatic progenitors followed by the administration of
AP20187 revealed that the safety-switch still functioned in this
cell type. Implantation studies in mice are planned to test the
functionality of the safety-switch in vivo in teratomas and in a cell
therapy model for diabetes. Future iterations of this transgene
design are currently under investigation to target both AAVS1
alleles for functional redundancy and to target a region further
upstream within the locus that we predict will be less amenable
to potential silencing.
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DESIRABILITY PROFILING TO RANK
MESENCHYMAL STROMAL CELL 3D
AGGREGATES ACCORDING TO MULTIMODAL
MECHANISMS

Robb, Kevin P - Arthritis Program, University Health Network
(UHN), Toronto, ON, Canada

Rabani, Razieh - Arthritis Program, University Health Network,
Toronto, ON, Canada
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Mesenchymal stromal cells (MSCs) are being investigated for
treatment of osteoarthritis due to their chondroprotective, anti-
inflammatory, angiogenic, and anti-fibrotic properties. However,
insufficient potency and deficient knowledge on therapeutic
mechanisms can limit MSC treatment efficacy. The Viswanathan
lab has pioneered a novel, non-genetic, and proprietary strategy
to augment MSC anti-inflammatory functions through culture of
MSCsin 3D cell aggregates. Hypoxic culture has also been shown
to enhance MSC paracrine functions and chondrogenesis. Our
objective is to systematically characterize 3D and hypoxic MSCs
in terms of their chondrogenic, anti-inflammatory, angiogenic,
and anti-fibrotic properties, and to apply desirability profiling
to empirically rank the potency of the MSCs according to these
different properties. We expanded human adipose tissue-
derived MSCs using serum-free medium and performed 3D and
hypoxic (5% O2) culture for 24 h. 2D normoxic MSCs served as
controls. RT-gPCR and a NanoString 50-gene panel were used
to measure MSC gene expression, while microRNAs (miRs) were
examined by next generation sequencing. 3D MSCs showed
greater expression of immunomodulatory genes (e.g. TSG6,
IDO, with up to 10-fold increased expression vs. control) while
hypoxic MSCs had higher expression of angiogenic genes (e.g.
VEGF with 2-fold increased expression vs. control) by qPCR.
Investigation into miR expression revealed that 3D AT-MSCs had
a differential miR profile vs. controls with greater expression of
immunomodulatory and chondrogeneic miRs. In ongoing work,
these data are being analyzed using desirability profiling, and
additional functional read-outs will be performed using MSC
co-cultures with human chondrocytes, monocytes, endothelial
cells, or fibroblasts. In conclusion, MSCs act through multimodal
mechanisms that can be enhanced through 3D or hypoxic
cultures. Statistical modeling will be used to systematically rank
the MSC culture methods in terms of their chondroprotective,
anti-inflammatory, angiogenic, and anti-fibrotic functions in vitro,
and select methods will be validated within osteoarthritis mouse
models. Ultimately, this work will lead to methods for improved
MSC products with therapeutic profiles that are “fit-for-purpose.”
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OPTIMIZED ANIMAL COMPONENT-FREE
MEDIUM AND WORKFLOW FOR THE EXPANSION
OF HUMAN PLURIPOTENT STEM CELLS AS
AGGREGATES IN SUSPENSION CULTURES

Jervis, Eric - Research and Development, STEMCELL
Technologies, Vancouver, BC, Canada

Markwick, Karen - Research and Development, STEMCELL
Technologies, Inc., Vancouver, BC, Canada

Hukezalie, Kyle - Research and Development, STEMCELL
Technologies, Inc., Vancouver, BC, Canada

Eaves, Allen - Research and Development, STEMCELL
Technologies, Inc., Vancouver, BC, Canada

Louis, Sharon - Research and Development, STEMCELL
Technologies, Inc., Vancouver, BC, Canada

Suspension culture enables efficient scale-up of human
pluripotent stem cell (hPSC) manufacturing. However, the use
of media optimized for 2D adherent culture can result in low
volumetric productivity and laborious workflows when applied
to 3D culture. To overcome these limitations, we developed
TeSR™-E8"3D, an animal component-free kit optimized for
suspension culture of hPSCs as aggregates; the kit consists of
a seed medium and a fed-batch feed supplement. During media
development, 3 human embryonic (H1, H7, H9) and 2 induced
pluripotent stem cell lines were maintained as aggregates for
up to 35 days. Aggregates were passaged either by dissociation
into small clumps using Gentle Cell Dissociation Reagent or by
enzymatic dissociation into single cells, then re-seeded into fresh
medium with 10 uM Y-27632. Cultures were passaged with 3 day
cycles, 4 day cycles, or alternating 3/ 4 day cycles. Cultures were
fed daily using optimized fed-batch feed supplement, with a
50% media exchange on day 3 of 4 day cycles. The culture seed
medium and fed-batch feed supplement were optimized using a
novel iterative scheme thatimproved the base media formulation
to maintain target nutrient levels, increase growth rates and
retain cell quality. Screening experiments identified components
that affected cell growth and quality; multifactorial experiments
were conducted to determine the optimal formulations. The
feed supplement formulation was designed to minimize volume
changes following feeding cycles, which disrupts mixing during
cell culture. Results demonstrate that all passaging schedules
had equivalent growth and cell quality; however, passaging as
single cells increased the risk of karyotype abnormalities. The
optimized media and workflow resulted in >1.4-fold expansion
per day, >90% viability, >90% expression of OCT4 and TRA-1-
60, functional pluripotency as measured by in vitro trilineage
differentiation, and normal karyotypes (n=15). Suspension
culture-optimized TeSR™-E8"3D fed-batch media enables the
manufacture of hPSCs as aggregates with an efficient workflow,
high cell quality, and improved volumetric productivity.

Keywords: Fed-batch suspension culture, hPSC culture scale-
up, Media optimization
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A VERSATILE POLYPHARMACOLOGY
PLATFORM PROMOTES CYTOPROTECTION
AND VIABILITY OF HUMAN PLURIPOTENT AND
DIFFERENTIATED CELLS
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Clinical translation of human pluripotent stem cells (hPSCs)
requires advanced strategies that ensure safe and robust long-
term growth and functional differentiation. Pluripotent cells are
capable of extensive self-renewal, yet remain highly sensitive to
environmental perturbations in vitro, posing challenges to their
therapeutic use. Here, we deployed innovative high-throughput
screening strategies to identify a small molecule cocktail that
dramatically improves viability of hPSCs and their differentiated
progeny. We discovered that the combination of Chroman 1,
Emricasan, Polyamines, and Trans-ISRIB (CEPT) enhanced cell
survival of genetically stable hPSCs by simultaneously blocking
several stress mechanisms that otherwise compromise cell
structure and function. In proof-of-principle experiments we then
demonstrated the strong improvements that CEPT provided for
several key applications in stem cell research, including routine
cell passaging, cryopreservation of pluripotent and differentiated
cells, embryoid body and organoid formation, single-cell
cloning, genome editing, and new iPSC line generation. Thus,
CEPT represents a unique polypharmacology strategy for
comprehensive cytoprotection, providing a new rationale for
efficient and safe utilization of hPSCs. Conferring cell fitness
by multi-target drug combinations may become a common
approach in cryobiology, drug development, and regenerative
medicine.

Funding source: NIH Common Fund, NCATS Intramural
Research

Keywords: Cell survival, Single cell cloning, High-throughput
screening
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BIOSILK - A NEW 3D BIOMATERIAL THAT
COMBINES THE BIOLOGICAL INSTRUCTIVE
CUES FROM ECM LAMININS WITH THE
MECHANICAL AND TOPOLOGICAL SUPPORT
FROM SILK, ALLOWING, CONTROLLABLE AND
TUNABLE ORGANOIDS

Tran, Anh - BioLamina, Stockholm, Sweden

Xiao, Zhijie - BioLamina, BioLamina, Stockholm, Sweden
Eleuteri, Boris - BioLamina, BioLamina, Stockholm, Sweden
Kallur, Therese - BioLamina, BioLamina, Stockholm, Sweden

Cells in tissues are in contact with other cells and are embedded
and anchorage to ECM proteins, thereby receiving biological
instructive cues that regulate cell behavior. To be able to culture
authentic cells from which safe and therapeutically relevant
cells can be generated or real biological questions can be
answered, the cell culture environment must be designed to
finely replicate the architecture of the native tissue, where the
extracellular matrix (ECM) framework let the cells to adhere,
spread, proliferate, differentiate, and maturate, similarly to what
they do in vivo. Biosilk is a new biomaterial made of recombinant
silk, which is functionalized with human recombinant laminin
protein (Biolaminin™). Laminin proteins are a family of unique
heterotrimeric glycoproteins naturally present in all tissues
in the body. Laminins are tissue-specific and are essential for
maintaining the natural environment for all cell types, influencing
cell adhesion, differentiation, migration, phenotypic stability, and
cell functionality. The Biosilk biomaterial supports the integration
and proliferation of human pluripotent stem cells in vitro and
serves as a viable base for the development of subsequent
lineage-specific differentiation in a 3D format. Human PSCs (2
hESC and 2 hiPSC lines) seeded in the Biosilk scaffold integrate,
migrate, and form small colonies at day 1 post-seeding. Human
PSCs in the Biosilk scaffold express pluripotent markers,
generate all three tissues germ layers upon spontaneous
differentiation, and can be directly differentiated into different
cell fates. Furthermore, the Biosilk can be used to for organoid
culture, without the need of Matrigel. We also show how Biosilk
scaffolds reproducibly guide self-organization and maturation
of forebrain, midbrain and glia organoids with the expression of
correct regional specific markers, cell morphology, and layers.
Moreover, compared to Matrigel organoid structures, the internal
microscale of the Biosilk scaffold gives more perfused organoid
structures and better preserves the organoid viability. In sum,
Biosilk is a xeno-free and defined, biorelevant 3D system that
is biocompatible and biodegradable and is thus an ideal system
for more authentic cell culturing and many other biomedical
applications.

Keywords: Brain organoids, 3D culture, extracellular matrix
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A VERSATILE MICROENCAPSULATION
PLATFORM FOR DURABLE CELL
ENCAPSULATION OR FOR A SLOW-RELEASE
CELL DELIVERY SYSTEM

Ramachandran, Karthik - Executive Team, Likarda, LLC, Kansas
City, MO, USA

Hamilton, Megan - Bioengineering Graduate Program, University of
Kansas, Lawrence, KS, USA

Harrington, Stephen - Research and Development, Likarda, LLC,
Kansas City, MO, USA

Karanu, Francis - Research and Development, Likarda, LLC,
Kansas City, MO, USA

Cells as medicine to repair or replace tissue is a rapidly expanding
field with broad potential utility in the treatment of diseases
such as diabetes, cancer, heart disease and immune disorders.
However, the delivery of the cells has been a challenge with
IV administration leading to thrombosis and first-pass effects of
the lungs. Localized delivery of cells can be best accomplished
by first encapsulating the cells in hydrogels. While traditional
alginate microspheres suffer from poor biocompatibility,
microencapsulation using advanced hydrogels is challenging
due to their slow gelation rates. We developed a non-cytotoxic,
non-emulsion-based technology that can produce microspheres
from a wide variety of biocompatible hydrogel materials, Core
Shell Spherification™ (CSS). The purpose of this study was
to compare microparticles created using CSS from different
starting hydrogels that use either UV or chemical crosslinking:
polyethylene glycol diacrylate (PEGDA), methacrylated hyaluronic
acid (MeHA) or thiolated hyaluronic acid (ThHA). Microspheres
of MeHA had the greatest swelling ratio, the largest average
diameter, and the lowest diffusion barrier. In contrast, PEGDA
microspheres had the smallest diameters, the lowest swelling
ratio, and the highest diffusion barrier, while microspheres of
ThHA had characteristics that were in between the other two
groups. To test the ability of the hydrogels to protect cells while
preserving function, diabetic NOD mice received intraperitoneal
injections of PEGDA or MeHA microencapsulated canine islets.
PEGDA microspheres reversed diabetes for the length of the
study (up to 16 weeks). In contrast, islets encapsulated in MeHA
microspheres at the same dose restored normoglycemia, but
only transiently (3-4 weeks). Non-encapsulated canine islet
transplanted at the same dose did not restore normoglycemia
for any length of time. In conclusion, CSS provides a non-toxic
microencapsulation process compatible with various hydrogel
types.

Keywords: Diabetes, Encapsulation, Arthritis
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INVESTIGATING THE EXTRACELLULAR
MICROENVIRONMENT AS A POTENTIAL TARGET
TO MONITOR AND CONTROL LARGE-SCALE
DIFFERENTIATION BIOPROCESSES IN STEM
CELL-DERIVED THERAPIES
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Allogeneic stem cell-derived therapies are being investigated
for a number of rare and common indications and in many
cases require large cell numbers per dose. This has driven
manufacturing away from planar flask technologies towards
bioreactor systems, which can better support scale and
automation. Unlike traditional, pharmaceutical products, cell
therapies are inherently more prone to variability, increased
risk of batch failure and costs if processes are not sufficiently
controlled. This is exacerbated with pluripotent stem cells,
where lengthy culture periods and regular manipulation are
common. In-process analytics can help maintain control and
reduce risks of failure. However, it is difficult to apply analytics
that are used for monitoring expansion and differentiation in
planar flasks to bioreactor systems with the most common
analytical method in use being microscopy. The extracellular
microenvironment provides a potential target to determine the
impact of processing conditions on process outcome with the
myriad of molecules consumed and produced by cells during
differentiation alluding to cell state and potential cell fate. By
harnessing spent media from bioreactors, we can utilise process
analytical technologies (PAT) for the monitoring and control of



large-scale cell differentiation bioprocesses and enable the
control of critical processing parameters to maintain product
critical quality attributes without requiring cell-based analysis
to be conducted. Using two exemplar differentiation processes,
going from induced pluripotent stem cells to, either, definitive
endoderm or cardiomyocytes, we have characterised the cell
secretome with respect to metabolites and secreted proteins,
and performed multi-parametric analysis to determine potential
novel biomarkers for monitoring future large-scale differentiation
processes without the need to harvest cell, therefore using cost-
and time-effective PAT alternatives.

Keywords: secretome, microenvironment, process analytical
technologies
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APPLICABILITY OF EX-VIVO MSC THERAPY FOR
SEVERE COVID-19
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Coronavirus disease 19 (COVID-19), caused by SARS-CoV-2
was declared a pandemic in March 2020 and remains without
any approved treatments. After entering the cells, the virus
begins to replicate and viral antigen is presented to antigen
presenting cells (APCs), the cells that stimulate the body’s
normal anti-viral immune response. In severe cases however,
this immune reaction becomes dysregulated as evidence by
high levels of certain cytokines and chemokines in the blood,
a reaction known as cytokine storm. This results in a systemic
uncontrolled inflammatory state that triggers a violent attack
by the immune system to the body, causes acute respiratory
distress syndrome (ARDS) and multiple organ failure, leading to
death. Mesenchymal stromal cells (MSCs) are a unique source
of secreted factors that modulate an inflammatory response and
enhance the repair of injured tissue. MSCs have been extensively
studied in ARDS and other acute organ injuries. Sentien has
created a novel delivery approach to enable sustained exposure
to MSCs and their secreted factors, overcoming limits of cell
transplantation/infusion while preserving their broad acting and
dynamically responsive properties. Our lead product, SBI-101,
contains allogeneic human MSCs inoculated into a hollow-fiber
hemofilter, which enables communication with patient blood via
the semi-permeable membrane, while maintaining MSC viability.
Through this interplay, SBI-101 aims to restore balance to the
immune system by reprogramming the molecular and cellular
components of blood in patients with severe inflammation
and organ injury. Sentien’s Phase I/Il clinical study of SBI-101 in
critically ill patients with Dialysis-Requiring Acute Kidney Injury
(AKI-D) has produced data to support the therapeutic hypothesis
of SBI-101 as a potent immunotherapy. Consistent with MSC
biology, inflammatory markers, such TNFa and IFNg, were
shown to be modulated, suggestive of a shift from a pro- to an
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anti- inflammatory state in treated patients. Data obtained in our
AKI-D trial showed modulation of many biological molecules and
immune populations that are significantly correlated with severe
COVID-19 immunopathology. Here we make the case, using
our existing AKI-D trial data, that SBI-101 may be of therapeutic
benefit to severe cases of COVID-19.

Keywords: MSC, COVID-19, AKI

PLACENTA AND UMBILICAL CORD
DERIVED CELLS
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A NATIONWIDE AUTOLOGOUS UMBILICAL
CORD BLOOD BANK SUPPORTING CLINICAL
TRIALS IN CONGENITAL HEART DISEASE IS
FEASIBLE AND HAS A HIGH UTILIZATION RATE

Padley, Doug - Manufacturing Director, ReGen Theranostics
Inc., Rochester, MN, USA
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HLHS is a congenital heart disease (CHD) affecting about 1,000
US babies yearly. Treatment is a series of three surgeries
making the right ventricle into the primary pumping chamber.
Many patients go on to right ventricular heart dysfunction and
heart transplant. We have created an autologous umbilical cord
blood (UCB) banking program to support phase 1 and 2 trials
of intracardiac injection of autologous UCB mononuclear cells
(UCBMNC) during surgery for HLHS. After diagnosis of HLHS,
a UCB collection kit is mailed to the family, allowing the UCB
to be collected at any hospital. The mother requests her OB
provider to collect UCB after delivery. After UCB collection the
UCB is shipped to the manufacturing center via courier service.
UCBMNC are isolated by density gradient and frozen for
administration during the patient’s scheduled Glenn procedure,
the 2nd stage surgery for HLHS, which occurs at about 5
months of age. Patients receive their UCBMNC at one of the
participating consortium hospitals. One day prior to the planned
surgery frozen UCBMNC is transported on liquid nitrogen to the
participating site by study staff. The vial is thawed in the OR and
administered after the surgical procedure. Injection is into the
right ventricle with a 27 ga. needle at 0.1 mL/Kg. Total dose is
1-3 million nucleated cells per Kg. We have shipped >230 kits
to expectant mothers. 80% of kits were shipped at least 1 week
prior to the baby’s birth. Extra kits are maintained at consortium
sites to be used when labor begins before a kit is shipped. 209
UCB have been collected and manufactured. UCB have come
from 32 states, Germany, Lithuania and Canada. 46% and 90%
of UCB were manufactured within 24 and 36 hours of collection,
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respectively. 82% of products met all release criteria for purity,
potency and safety. Low cell count attributed to low cord blood
volume was the primary reason for failure. 51 patients have
been treated on the phase 1and a follow on phase 2 study. This
represents a utilization rate of approximately 30% of collected
UCB. An autologous UCB bank targeted for HLHS is feasible,
with a high utilization rate compared to both public and private
cord blood banks. Following a phase 1 pilot study we are
finishing a phase 2 study and actively planning a phase 3 trial
of UCB for HLHS. We are also expanding the indication for UCB
banking to include CHD. The clinical trial ID (clinicaltrials.gov):
NCTO03779711; IND 15343 administered by the US FDA.

Keywords: Umbilical Cord Blood, Hypoplastic Left Heart
Syndrome, Congenital Heart Disease
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ADIPOSE AND CONNECTIVE TISSUE

MDD101

A HUMAN STEM CELL MODEL TO CONFRONT
THE HAPLOINSUFFICIENCY AND DOMINANT
NEGATIVE MOLECULAR MECHANISMS OF
MARFAN SYNDROME
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Pereira, Lygia - Genetics and Evolutionary Biology, University of
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The FBN1 gene encodes the extracellular matrix (ECM) protein
fibrillin-1, the major structural component of the microfibrils
that form the elastic fibers. Mutations in this gene were related
to the occurrence of Marfan Syndrome (MFS), a pleiotropic
autosomal dominant connective tissue disorder whose clinical
manifestations include Dilated Cardiomyopathy (DCM),
Thoracic Aortic Aneurysm (TAA), bone overgrowth and thoracic
deformities. Although around 1,300 mutations have been
described for the syndrome, there are no well-established
genotype-phenotype correlations, with few exceptions, and two
molecular mechanisms have been proposed and validated to
explain its development: haploinsufficiency (HI — i.e. the lack of
the regularamount of wild-type fibrillin-1) and dominant-negativity
(DN —i.e. the disturbance of the ECM by an incorporated aberrant
protein), and differences between groups of patients classified
as Hl or DN have been reported. Because patients have different
genetic backgrounds, their derived human induced pluripotent
stem cell (hiPSC) models may not satisfactorily address the
questions about how HI and DN mutations lead to different
phenotypic manifestations at the molecular level. Also, the lack
of specific and KO validated anti-human fibrillin-1 antibodies
hinders the correct classification of identified mutations as HI
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or DN, especially if mMRNA levels are not affected. To overcome
these issues, we have successfully edited a hiPSC line from a
healthy donor using CRISPR/Cas9 to generate isogenic HI and
DN mutants for FBN1. We validated the mutations by using
homozygous (double KO or double DN) clones and showed
the predicted consequences at the mRNA and protein levels
for both groups of mutations. We also showed the specificity
of two commercially available antibodies (for Western Blot and
immunocytochemistry), by validating them using our double KO
mutant. Therefore, we can now take advantage of the plasticity
of these stem cell lines to better understand the pathogenesis of
Marfan Syndrome in different cell types.

Funding source: Fundacdo de Amparo a Pesquisa do Estado
de Sado Paulo (FAPESP)

Keywords: Marfan Syndrome, FBN1, hiPSCs



CARDIAC

MDD118

ANALYSIS OF GENE EXPRESSION OF NADPH
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Hypertensionis animportantrisk factor for various cardiovascular
diseases, such as stroke, acute myocardial infarction and chronic
kidney disease. It is a complex, multifactorial disease whose
cellular mechanisms are not well understood. Recently several
studies have focused on the role of oxidative stress regarding
the development of hypertension. Increasing evidence over the
last decades indicates an association between reactive oxygen
species (ROS) and arterial hypertension. ROS are essential
for cellular physiology, but in an unbalanced situation, an
exacerbated production of ROS can damage cellular components
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and trigger pathological processes. Among the different ROS
sources that are present in the heart, NADPH oxidases (NOXes)
are particularly important because they are involved in many
features of heart dysfunction. However, in humans the role of
NOXes in cardiac pathologies caused by hypertension and
the relation between NOX-derived ROS and hypertension are
poorly understood, the NOX5 mainly, which does not express
in the mouse. In this scenario, human induced pluripotent stem
cells (hiPSC) can be a potent tool for understanding cellular
mechanisms in response to oxidative stress in hypertension—
induced cardiomyocyte dysfunction. In the present work,
we propose to use hiPSC-derived cardiomyocytes from
normotensive, responsive and resistant hypertensive patients
as a source for the study of NOXes. We established a collection
of hiPSC from normotensive, hypertensive responsive and
hypertensive drug-resistant individuals. We show differential
expression of 18 genes related with hypertension condition
in undifferentiated cells. We also show that hiPSC-derived
cardiomyocytes were able to express NOX genes, and present
different patterns of NOX expression that can be binding to
hypertension phenotype. Thus, this collection of hiPSCs from
hypertension patients is a powerful tool to studies the role of
oxidative stress as a molecular mechanism of the disease.

Funding source: FAPESP, CNPq, BNDS, Capes
Keywords: hiPSCs, Hypertension, NOX
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University, Montreal, QC, Canada

Hébert, Terence - Pharmacology and Therapeutics, McGill
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Cardiovascular disease is one of the leading causes of morbidity
and mortality in North America. Numerous drugs aimed at
improving cardiovascular function are designed to modulate
the activity of G protein-coupled receptors (GPCRs) such as
B-blockers, ACE inhibitors and angiotensin Il receptor blockers.
As important therapeutic targets, GPCRs are conformationally
labile proteins whose agonist-induced conformation are
influenced by their tissue specific environment. Since adopted
conformations control downstream function, there is a need
to better understand how different cellular milieux affect
conformational flexibility. As a primary readout, we are interested
in exploring whether the conformation of a cardiac-relevant
GPCR, the human angiotensin Il type |, AT1 receptor (ATIR),
behaves differently when expressed in different cardiac cell
lineages. To assess GPCR conformation, we previously described
the engineering of FIAsH BRET-based conformation-sensitive
biosensors that report responses upon agonist stimulation or

HARVARD
STEM CELL INSTITUTE

HSG




POSTER ABSTRACTS

due to allosteric interactors. We showed that biosensors built into
different positions in the coding sequence of the receptor result
in agonist-specific conformational signatures when expressed
in HEK 293 cells. We are currently using our biosensors in rat
primary neonatal cardiomyocytes as they better mimic the
native AT1R environment. However, to understand more fully
the effect of cellular context on receptor conformation and
function, we are using inducible pluripotent stem cells (iPSCs)
differentiated towards the mesodermal lineage that faithfully
recapitulate human physiology with disease relevance. iPS cell
lines can be transduced with our biosensors of interest and
differentiated to give rise to cardiomyocytes, vascular smooth
muscle cells, cardiac fibroblasts as well as endothelial cells as
means to model the cardiovascular system. We predict that a
deeper understanding of cell-type specific receptor function and
signalling will advance rational drug design for the treatment of
cardiovascular diseases.

Funding source: This project is supported by the Canadian
Institutes of Health Research (CIHR).

Keywords: Cellular Signalling, Conformational Profiling, iPSC-
Cardiomyocytes, GPCRs, hAT1R
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Hypertrophic cardiomyopathy (HCM) is a thickening of the
ventricles that can lead to devastating conditions such as heart
failure and sudden cardiac death. HCM is linked to mutations
in genes encoding cardiac sarcomeric proteins, such as ACTC1
encoding for actin. Despite extensive study the mechanisms
mediating many of the associated clinical manifestations, such
as interstitial fibrosis, remain unknown and human models are
required. To address this, hiPSC lines were generated from
heart patients with a HCM associated ACTC1 mutation (E99K).
Isogenic controls were created for each line by correcting the
mutation using CRISPR/Cas9 gene editing technology. Isogenic
pairs were differentiated to cardiomyocytes and subjected to
electrical stimulation to capture the cells at a stress-inducing 3Hz
contraction frequency. Following 24 hours pacing, conditioned
medium was collected and exosomes isolated and characterised.
The pattern of release (size and quantity) of exosomes produced
by diseased cardiomyocytes was significantly altered compared
to isogenic control lines. Stressed conditioned medium,
containing exosomes, was shown to activate fibroblasts into a
more secretory active myofibroblast state. We hypothesise that
E99K mutant cardiomyocytes modify the release and content of
their extracellular vesicles, and are investigating whether this
causes activation of neighbouring cells to result in unexplained
disease phenotypes such as fibrosis.
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Human induced pluripotent stem cell-derived cardiomyocytes
(hiPSC-CMs) have advanced in vitro assays for disease modeling
and evaluation of cardiac safety risk, yet remain an immature
representation of human ventricular myocytes. Recent literature
has demonstrated a variety of techniques, ranging from electrical
pacing over chronic timescales to patterned substrates, to
mature aspects of hiPSC-CM structure and function. Here, we
characterize the contractile and electrophysiological maturation
of hiPSC-CMs elicited through a range of chronic pacing
protocols. The hiPSC-CMs were paced at 2Hz for 12 hours to
7 days. Electrical pacing was also compared to optogenetic
pacing. Microelectrode array (MEA) technology was used to
measure the cardiomyocyte action potential and excitation-
contraction coupling following the chronic pacing protocols. The
functional maturation, as measured by changes in repolarization
timing and the development of a positive “force-frequency”
relationship, was increased in a subset of wells within 24 hours
of chronic pacing. However, 48 hours of pacing was required
to observe changes in functional maturation consistently across
wells, and no further improvement was observed for longer
pacing protocols. Optogenetic pacing produced similar changes
in repolarization and the “force-frequency” relationship as
electrical pacing, but, notably, the optogenetic pacing caused a
cessation in spontaneous beating following the pacing protocol.
Using the optimized 48 hour electrical pacing protocol, the
“matured” cardiomyocytes displayed shortened repolarization
timing relative to measurements taken before chronic pacing
(baseline: 423 +/- 21 ms; “matured”: 316 +/- 15 ms), without
a significant change in beat period (baseline: 1255 +/- 40 ms;
“matured”: 1314 +/- 84 ms). The contraction beat amplitude
was sampled during spontaneous beating and in response
to increasing pacing rates (1, 1.2, 1.5, 2, and 2.5 Hz). Before
chronic pacing, the beat amplitude decreased as the pacing
rate increased, whereas the same wells displayed an increase in
beat amplitude as the pacing rate increased after the 48 hours
of chronic pacing. In summary, this abstract demonstrates that
some aspects of hiPSC-CM electrophysiology and contractile
function can be matured after 48 hours of chronic pacing.

Keywords: Electrophysiology, Cardiomyocyte, Maturation
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SINGLE CELL RNA-SEQ ANALYSIS OF

HUMAN PLURIPOTENT STEM CELL-DERIVED
CARDIOMYOCYTES TO STUDY MECHANISMS OF
DRUG-INDUCED CARDIOTOXICITY

Holmgren, Gustav - School of Bioscience, University of Skévde,
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Sartipy, Peter - School of Bioscience, University of Skévde, Skbvde,
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Synnergren, Jane - School of Bioscience, University of Skévde,
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The cardiotoxic side effects of the chemotherapeutic drug
doxorubicin is well-documented and extensively studied.
Nonetheless, a definitive picture of the cardiotoxic mechanisms
is still lacking and an efficient prevention against the induced
cardiotoxicity remains a challenge. Recent years advancements
in single cell isolation and analysis has opened up for studies
of genomics at a single cell resolution, including in-depth
mechanistical investigations of cellular events. In this study, we
investigated doxorubicin-induced cardiotoxicity in hPSC-derived
cardiomyocytes, using single cell RNA-Seq. The cardiomyocytes
were exposed to a low concentration of doxorubicin for 48
hours, followed by a 12 days wash-out period, with cell harvest
directly after exposure and after the wash-out. Approximately
1,500 single cardiomyocytes were isolated and processed for
sequencing using the SMARTer" ICELL8® Single-Cell System
(Takara Bio). More than 95% of the cells expressed cardiac
specific genes, such as Actin, Myosin, and Troponins. When
analyzing the different sample groups, we are able to identify
subpopulations of cells that differ in transcriptional profiles.
Marker gene analysis of the subpopulations from the sample
groups, indicate that the clusters of cells differ in their cellular
identity. The cluster analysis also reveals a separation between
the different sample groups. Especially the doxorubicin-treated
cells taken directly after exposure show a strong separation from
the other groups. One cluster, that contains cells from all sample
groups, show a significant upregulation of mitochondrial genes.
In addition, the control sample groups have a distinct cluster that
solely contains cells that are in G2M or S phase of the cell cycle.
Notably, the doxorubicin-treated sample groups contain cells
with a considerably lower percentage of cells in G2M or S phase.
Further analysis of key cell cycle regulatory genes indicates that
the exposed cells enter a stage of G1 arrest as a response to
the treatment, with elevated levels of e.g. p21 expression. In
conclusion, these results highlight the potential of using in vitro
models derived from hPSC to study drug-induced toxicity, and
together with single cell transcriptomics demonstrate the utility
for hPSC-derived cardiomyocytes as a tool for mechanistic
studies.

Funding source: This study was conducted under grants from
the Knowledge Foundation [2016/0330] and The Swedish Fund
for Research Without Animal Experiment [F2018-0007].

Keywords: Single cell transcriptomics, drug-induced
cardiotoxicity, hiPSC-derived cardiomyocytes
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CARDIOMYOCYTES IN CULTURE USING
BIOENGINEERING APPROACHES IMPROVES THE
PREDICTIVE POWER OF IN VITRO ASSAYS
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Seattle, WA, USA

Jiao, Alex - Science, NanoSurface Biomedical, Seattle, WA, USA
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USA

Gray, Kevin - Science, NanoSurface Biomedical, Seattle, WA, USA
Fine, Eli - Science, NanoSurface Biomedical, Seattle, WA, USA

iPSC-derived cardiomyocytes (CMs) exhibit fetal phenotypes
in culture. This immaturity is thought to be responsible for
their failure to recapitulate critical aspects of human biology.
For example, testing arrhythmogenic drugs on CMs in culture
demonstrates the misclassification of several compounds of
known effect. Considerable effort is directed at advancing
the maturity of these cells by recapitulating in vivo stimuli that
are known to be important in development, maturation, and
function. Electrical pacing, extracellular matrix engineering,
mechanical stretch, and other stimuli are known to advance
structural and functional maturation. However, these strategies
are challenging to perform on industry-standard assays and
instrumentation platforms as building increasingly intricate
artificial culture environments often drives decisions to trade
off biological complexity with experimental throughput. Here,
we utilized a combination of maturational stimuli to test whether
they can synergistically advance the maturation of CMs in
culture and improve assay predictivity. We used nanoscale
fabrication techniques to make 2D anisotropic cardiac syncytia
in SLAS/ANSI formats. We tested other maturation stimuli such
as electrical pacing, addition of hormones, and regulation of the
expression of key genes involved in CM maturation. We applied
these stimuli across well-characterized commercial cell lines
and found that this approach synergistically improves a variety
of structural and functional metrics. Further, we tested the effect
of these maturational stimuli with respect to the detection of the
arrhythmogenicity of known cardiotoxicants. Our data show that
these cues can impart these cells with the ability to properly
classify previously misidentified compounds, demonstrating that
cell maturity plays a critical role in assay fidelity. We conclude
that bioengineering techniques can enhance the predictivity and
maturity of CMs in culture without impacting throughput.

Funding source: NIH NHLBI
Keywords: Cardiomyocyte, Maturation, Bioengineering
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NETWORKS FOR CONGENITAL HEART DISEASE
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Haploinsufficiency of transcriptional regulators causes human
congenital heart disease (CHD). However, underlying CHD gene
regulatory network (GRN) imbalances are unknown. Here, we
define transcriptional consequences of reduced dosage of the
CHD-linked transcription factor, TBX5, in individual cells during
cardiomyocyte differentiation from human induced pluripotent
stem cells (iPSCs). We discovered highly sensitive dysregulation
of TBX5-dependent pathways— including lineage decisions
and genes associated with cardiomyocyte function and CHD
genetics—in discrete subpopulations of cardiomyocytes. GRN
analysis identified vulnerable nodes enriched for CHD genes,
indicating that cardiac network stability is sensitive to TBX5
dosage. A GRN-predicted genetic interaction between Tbx5
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and Mef2c was validated in mouse, manifesting as ventricular
septation defects. These results demonstrate exquisite
sensitivity to TBX5 dosage by diverse transcriptional responses
in heterogeneous subsets of iPSC-derived cardiomyocytes. This
predicts candidate GRNs for human CHDs, with implications for
quantitative transcriptional regulation in disease.

Keywords: Gene Regulatory Networks, Gene Dosage,
Congenital Heart Disease
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Endothelial cells (EC) in vivo are continuously exposed to a
mechanical microenvironment from blood flow, and fluidic shear
stress plays an important role in EC behavior. New approaches
to generate physiologically and pathologically relevant pulsatile
flows are needed to understand EC behavior under different
shear stress regimes. Here, we demonstrate an adaptable
pump (Adapt-Pump) platform for generating pulsatile flows from
human pluripotent stem cell-derived cardiac spheroids (CS) via
quantitative imaging-based signal transduction. Pulsatile flows
generated from the Adapt-Pump system can recapitulate unique
CS contraction characteristics, accurately model responses to
clinically relevant drugs, and simulate CS contraction changes
in response to fluidic mechanical stimulation. We discovered
that ECs differentiated under a long QT syndrome derived
pathological pulsatile flow exhibit abnormal EC monolayer
organization. This Adapt-Pump platform provides a powerful
tool for modeling the cardiovascular system and improving
our understanding of EC behavior under different mechanical
microenvironments.

Funding source: Morgridge Institute for Resaerch startup
funding. NSF for Cell Manufacturing Technologies (Grant EEC-
1648035)
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Heart disease is a leading cause of death worldwide, yet basic
processes of cell dysfunction or death due to disease remain
unknown. Cell models are needed to study how structure and
function are related in health and disease. Cardiomyocytes (CMs)
underlie the mechanical pumping function of the heart. Due to
the scarcity of primary human heart tissue, most of what we
know about CM physiology comes from animal models. Essential
differences between animal and human heart physiology have
limited the translatability of these models. Human induced
pluripotent stem cells (hiPSC) offer the potential to engineer
human CMs in vitro to better understand basic cardiac function
and disease progression. However, these models have been
limited by immature structure and function. Adult human CMs
have an elongated, cylindrical shape with average length-to-
width ratio of approximately 7:1 and highly aligned sarcomeres.
hiPSC-CMs are smaller and have an irregular shape and
disorganized sarcomeres, similar to fetal human CMs. Many
studies have investigated methods of inducing a mature
phenotype in hiPSC-CMs, including 2D cell patterning devices
to replicate cell-ECM adhesions. However, few studies have
considered 3D microenvironments and their effect on hiPSC-
CM maturity. In this work, we fabricated 3D microwells using
"10 kPa polyacrylamide hydrogels. We seeded microwells with
hiPSC-CMs modified with a GFP fluorophore labeling a-actinin, a
protein that facilitates actin crosslinking within the z-disc of the
sarcomere. We imaged these hiPSC-CMs to assess sarcomere
alignment, a key marker for CM maturity, and cell height, a
missing feature in 2D-patterned hiPSC-CMs. We observed
increased sarcomere alignment in hiPSC-CMs in microwells
compared to those on 2D patterned substrates. We also noted
an improvement in cell height when comparing cells seeded in
2D micropatterning systems and 3D microwells. The hiPSC-CMs
achieved a consistent average height of approximately 10 um
throughout the cell in 3D microwell. By increasing hiPSC-CM
maturity, we expand the potential for hiPSC-CMs as models of
human heart function and disease. In future work, we will further
evaluate maturity markers commonly measured in hiPSC-CMs
to quantify the improvement of maturity between 3D microwells
and 2D micropatterning technologies.

Keywords: hiPSC, cardiomyocytes, engineered
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Chronic Kidney disease (CKD) affects 1in 9 people worldwide.
Since common therapies such as dialysis and organ
transplantation carry substantial economic burden there exists
an unmet need for small molecule therapies that extend and
restore kidney function. Human iPSC-derived organoids are a
powerful model to understand human kidney development and
regeneration. To establish this model as a tool for drug target
validation and discovery, we implemented an automated quality
control (QC) pipeline to monitor gene expression during kidney
organoid production at scale using single cell RNA sequencing
(scRNAseq) and NanoString. SCRNAseq was assessed at eight
timepoints in triplicates over a 28-day differentiation time course.
In total, 204,748 single cells were profiled from 24 organoids. At
the endpoint of differentiation, podocytes and other kidney cell
types were recovered with only 6.7% off-target cells. Importantly
differences in cell proportions between organoids processed
on the same day was small (average Jensen—Shannon (J-
S) divergence: 0.001 + 0.001) compared to variation in cell
proportions across timepoints (average J-S divergence: 0.26 +
0.19). We further established NanoString as an assay to rapidly
measure multiplexed gene expression. From our scRNAseq data
3,082 genes were automatically selected that were specifically
expressed in a single cell cluster and developmental stage
(z-score > 2). Based on this data we curated a panel of 228
NanoString probes to measure gene expression in organoids
over the 28-day differentiation time course. NanoString gene
expression was concordant with scRNAseq data, allowing
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estimations of cell type proportions within organoids. Principal
component analysis (PCA) of combined NanoString data showed
more similarity between replicates than between timepoints
indicating reproducibility among organoids. Our QC pipeline is
embedded in a computational infrastructure that automatically
processes raw data, archives files in an AWS data lake, with a
customized visualization portal that allows interactive exploration
of the data. In summary, we have implemented an automated QC
pipeline that enables reproducible production and evaluation of
organoids which will form the basis of our discovery of novel
treatments for CKD.

Keywords: kidney organoid, drug discovery, scRNAseq
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Drug-induced liver injury (DILI) is the leading cause of safety-
related drug withdrawal. Conventional pre-clinical in vitro
and animal tests fall short of predicting hepatotoxicity with
confidence in humans, at least in part due to non-physiological
culture conditions or species-specific differences, respectively.
Compared to static 2D cultures, dynamic perfusion of 3D tissue
culture models generated with human hepatic cells may improve
the physiological relevance and predictiveness of in vitro DILI
models. To address this need, we have combined a novel
microfluidics-based bioprinting technology (RX1" Bioprinter,
Aspect Biosystems) with human iPSC-derived hepatocytes to
create hollow, perfusable hydrogel fibres containing embedded
hepatocytes with the goal of developing a scalable human cell-
based model for DILI testing. Bioprinted human iPSC-derived
hepatocytes demonstrated high viability when embedded in the
shell of the hollow fibres printed using an alginate-collagen-1
bioink (AGC-10™ Matrix, Aspect Biosystems). The bioprinted
hiPSC-hepatocytes were also shown to produce albumin in static
culture over an extended (14 day) time period, a key indicator
of hepatic functionality. We have also shown that human
umbilical vein endothelial cells (HUVECSs) are highly viable when
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embedded in a similar alginate-collagen bioink. In the future, we
aim to combine both hiPSC-hepatocytes and human endothelial
cells in these perfusable, hollow fibre tissue constructs, with the
goal of creating a vascularized hepatic tissue model that could
better mimic the metabolization of compounds within native liver
sinusoids.

Keywords: 3D bioprinting, human iPSC-derived hepatocytes,
drug-induced liver injury
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A MOLECULAR TRANSDIFFERENTIATION
APPROACH TO STUDY CANCER
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Cancer is a complex genetic disease with more than 250 genes
implicated in human tumors. Although several recurrently
mutated driver genes have been identified for each tumor
type, determining which specific mutations found in human
patients lead to tumorigenesis has proven to be difficult. The
goal of this project was to study the molecular determinants of
human cancer in a systematic manner, and to identify the set of
oncogenic drivers necessary and sufficient to transform normal
human cells. We developed a defined molecular approach for
cellular transformation by combining direct cell fate conversion
and oncogene activation. Specifically, we used lineage-
specific transcription factors FOXA3, HNF1A, and HNF4A to
transdifferentiate human fibroblasts to induced hepatocytes
(iHep), and exposed the iHeps to liver cancer-specific
oncogenic drivers during cell fate conversion. Importantly,
we identified a pool of oncogenes, i.e. constitutively active
b-catenin (CTNNB1T41A), MYC and TERT that, with or without
simultaneous TP53 inactivation, is able to transform iHeps to a
highly proliferative phenotype. In contrast, the same oncogenes
overexpressed in human fibroblasts or primary hepatocytes
induce cellular senescence. The transformed iHeps are
tumorigenic in nude mice, and bear gene expression signatures
of liver cancer. Temporal analysis of the tumorigenic program
using single-cell RNA-seq and RNA velocity analysis revealed
that the cells progress along a common path to transformation,
invariably acquiring liver progenitor cell identity prior to
expressing markers characteristic of liver tumor cells. These



results, together with analysis of chromatin accessibility using
ATAC-seq and NaNoMe-seq indicate that lineage-determining
factors act by defining a cell identity and associated chromatin
state that are permissive for transformation. In conclusion, we
have developed a novel approach to transform normal human
cells in a defined and controlled manner by combining cellular
reprogramming to oncogene transduction. Our results highlight
that tumorigenesis is triggered by a combination of three
elements: the set of driver mutations, the cellular lineage, and
the state of differentiation of the cells along the lineage.

Funding source: Academy of Finland
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COMBINING LIVE IMAGING AND SINGLE-CELL
TRANSCRIPTOME ANALYSIS TO UNDERSTAND
HUMAN PANCREATIC ENDOCRINE PROGENITOR
DIFFERENTIATION
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To gain dynamic information on the process of pancreatic
endocrine cell development in human, we constructed a
heterozygote hESC line harbouring a double reporter enabling
to monitor NEUROGS3 protein via fusion of tagRFP-T to the open
reading frame in the endogenous locus and a transcriptional
EGFP reporter. Our reporter enables to monitor the emergence of
endocrine progenitors, their proliferation and their differentiation
into endocrine cells using live imaging over several days. We
observe that some endocrine progenitors can proliferate, mostly
at the onset of differentiation and with a lower frequency than
pancreas progenitors. In addition, we observe heterogeneity in
the peak intensity of NEUROG3 expression, and we quantified
the half-life of the human NEUROG3 fusion protein. Live imaging
also reveals changes in the motility of differentiating cells over
time. In parallel, we performed indexed sorting of the cells in
the course of differentiation and performed deep single-cell
transcriptome analysis at the emergence point of endocrine
progenitors. This enables to match NEUROG3 expression level of
the cells to their transcriptome. Different steps of differentiation,
associated markers and pathways were thereby identified. This
includes surface markers that can potentially be used to isolate
specific cell populations. Notably, the transcriptome does not
reveal any sign of endocrine subtype allocation within 24 hours
of NEUROGS3 induction, such as differential gene expression
between cells becoming alpha, beta or other hormonal cell types.
Current attempts at correlating dynamic behaviours in movies
(such as cell motility) to the transcriptome will be presented. In
the future, our experiments can be extended to isolate endocrine
progenitors at specific stages and promote their proliferation in
vitro, possibly increasing the purity of endocrine cell production
and its efficiency for the purpose of diabetes therapy.

Funding source: PhD Fellowship: NNF1I6CC0020994
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FOR NEPHROTOXIC DRUG SCREENING
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Organoids are emerging to be an excellent tool for studying
human development and disease. Furthermore, organoids
hold great promise for drug discovery as they contain more
physiological relevant cell types compared to commonly used
transformed cell lines. To address the need for a miniaturized
organoid culture model system for kidney research, we
developed the STEMdiff" Kidney Organoid Kit, a serum-free kit
for the efficient differentiation of human embryonic and induced
pluripotent stem cell (PSC) lines into kidney organoids. To do
this, a panel of PSC lines (H1, H9, WLS-1C and STiPS-M0O01)
were seeded into Corning® Matrigel®-coated 96-well plates
in mTeSR™. One day after seeding, the adherent cells were
overlaid with an additional layer of Matrigel®, which promotes
the formation of cavitated PSC spheroids over the next 48 hours.
Differentiation of these spheroids was then initiated by switching
media from mTeSR™ to the STEMdIiff* Kidney Organoid Kit
media. During the next 18 days of differentiation, cells were
directed through stages of late primitive streak, posterior
intermediate mesoderm, and metanephric mesoderm to give
rise to convoluted kidney organoids that resemble segmented
nephron-like structures and are composed of podocytes,
proximal and distal tubules, with an associated endothelium and
mesenchyme. To investigate the use of these organoids for drug
screening, we exposed the cultures to gentamicin, an antibiotic
with known nephrotoxic side effects. Exposure to gentamicin
resulted in reduced cell viability in a dose-dependent manner, as
measured by using a quantitative, luminescence-based viability
assay. Next, organoids treated with either a sub-lethal dose
(2.5 mg/mL) of gentamicin or a vehicle control were analyzed
using immunocytochemistry and ELISA for the expression of
kidney injury molecule 1 (KIM-1), a specific biomarker expressed
in damaged tubules. KIM-1 was significantly upregulated with
1.5 + 0.2 (mean + SD; n = 5) fold higher expression in damaged
tubules of drug-treated kidney organoids compared to controls.
In summary, the STEMdiff" Kidney Organoid Kit supports the
highly efficient and reproducible differentiation of human PSCs
into kidney organoids in high-throughput-compatible microwell
plates, which can be used for nephrotoxic compound screening.

Keywords: Organoids, Drug screening, Direct differentiation
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INVESTIGATING THE ROLE OF MESENCHYMAL
R-SPONDIN2 DURING HUMAN LUNG
DEVELOPMENT
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Mammalian respiratory system development is regulated by
complex reciprocal signaling events that take place between the
epithelial cells lining the lung and the surrounding mesenchymal
cells. Despite the lung mesenchyme being home to cell types
that provide crucial signals during development, the identity and
function of specific cell types in the lung mesenchyme are poorly
defined, especially in the context of human development. To
interrogate mesenchymal cell heterogeneity in the developing
human lung, our lab has conducted single cell RNA sequencing
on multiple human lung samples spanning 8-22 weeks of
gestation. Using cell-clustering approaches, we identified a
mesenchymal cell population highly enriched for expression of
the WNT agonist R-Spondin2 (RSPO2). Strikingly, mutations in
this gene cause severe lung aplasia in humans. Co-fluorescent
in situ hybridization (FISH) and immunofluorescence (IF) data
from human lung tissue sections show that RSPO2 is expressed
adjacent to proliferating distal epithelial progenitor cells and that
the RSPO2 receptor, LGRS, is expressed almost exclusively in
the epithelial progenitor cells. These data suggest that RSPO2+
mesenchymal cells may have a critical role in regulating epithelial
progenitor cells during human lung development. We are
currently utilizing human in vitro organoid models and explant
culture systems to determine the functional role of RSPO2+
mesenchymal cells in the context of epithelial progenitor cell
regulation in the developing human lung.
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ROLE OF FAM13A IN HUMAN IPSC-DERIVED
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Chronic obstructive pulmonary disease (COPD) is a debilitating
disease affecting the lung epithelium. Recent studies show that
low lung function in adulthood precedes COPD development
and GWAS results demonstrate overlapping risk variants (e.g.
HHIP, FAM13A and DSP) associated with both COPD and low
lung function. However, how lung function variants contribute
mechanistically to lung function and/or epithelial dysfunction in
COPD is poorly understood. We aim to assess how lung function
genes associated with COPD susceptibility affect epithelial
cell function using human induced pluripotent stem cell (iPSC)-
derived type 2 alveolar epithelial cells (IAEC2s). In this study,
we focused initially on FAM13A as the function of this gene
has been poorly described in the human alveolar epithelium.
We used CRISPR to introduce frameshift mutations in FAM13A
in iPSCs. We also employed a CRISPR interference (CRISPRI)
system by targeting a tetracycline-inducible catalytically inactive
Cas9 construct (dCas9) to the AAVS1 locus in iPSCs. Using
established lung directed differentiation protocols, FAM13A
sufficient or deficient iPSCs were specified to lung progenitors
at which point NKX2-1+ cells were sorted and re-plated in media
to differentiate iIAEC2s. FAM13A deficient cells had drastically
reduced NKX2-1 expression and failed to induce markers of
IAEC2s. As FAM13A deficiency appeared to impair patterning
of the cells to appropriate lung progenitors, we next decided
to employ CRISPRi-targeted iPSCs to understand the cellular
function of FAM13A in specified iIAEC2s. FAM13A knock-down in
lung progenitors impaired subsequent differentiation to iIAEC2s.
Interestingly, knock-down of FAM13A in established iAEC2s did
not alter cell fate; however, loss of FAM13A perturbed maturation
ofthese cells. In summary, we have found that FAM13A deficiency
in iPSCs impairs directed differentiation to iIAEC2s. Moreover,
using CRISPRi we demonstrate that FAM13A is important in
deriving iAEC2s at specific stages of the differentiation. In
future studies we will employ CRISPRI to serially down-regulate




other genes of interest associated with lung function, following
differentiation to lung epithelium to determine their contribution
to cellular function.

Keywords: CRISPRI, type 2 alveolar epithelial cells, lung
disease modelling
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The circadian rhythm is a highly conserved timekeeper which
allows cells to coordinate activity in relation to internal and
external cues overa 24 hour period. This coordinationis governed
by a core molecular feedback mechanism that requires the non-
redundant clock gene BMAL1. Previous studies have implicated
circadian clock disruption in cancer. It has been shown that
mutations to core circadian clock genes are common in cancers,
and that mutated clock genes in normally functioning tissue can
lead to increased rates of tumour formation. However, it remains
unclear how and to what extent circadian rhythms contribute
to tumour initiation or progression. This study aims to identify
if and to what extent loss of BMAL1 influences factors which
affect the intestinal stem cell niche in mice, that might impact
cancer biology. APC is a tumour suppressor of the Wnt signalling
pathway, and its loss leads to aberrant growth in intestinal crypts
that initiates tumour formation in the intestinal epithelium. When
combined with a mutation to the APC gene, clock-deficient
BMAL1-/- mice exhibit twice as many intestinal tumours as control
BMAL1+/+ mice. Analysis of proliferation (Phosphohistone H3),
apoptosis (Caspase 3), Wnt signalling (B-catenin), and Paneth
cells (Lysozyme) reveal a significant decrease in the number of
apoptotic cells in BMAL1-/- mice, although proliferation and Wnt
signalling do not seem to be affected. Notably, there was also
a significant increase in the number of Paneth cells in BMALI1-
/- mice. Since Paneth cells are largely responsible for creating
and maintaining the intestinal stem cell niche, these findings
suggest there may be an expansion of the stem cell niche
beyond its normal confines in BMAL1-/- mice. Such a scenario
could lead to dysregulation of the stem cell niche, interfere with
proper differentiation, and ultimately be a contributing factor in
tumourigenesis. We posit the loss of stem cell regulation is a
potential link between circadian rhythm disruption and tumour
formation.
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The circadian clock assists in coordinating biological processes
by regulating gene activity based on time of day. The clock
comprises a 24-hour transcription-translation feedback loop
that is synchronized by external factors such as photoperiod,
hormones, and other physiological processes. When the
circadian clock is disrupted genetically or though repeated re-
entrainment, in the case of shiftwork, it will ceases to function as
a time keeper. Several studies have linked loss of circadian clock
function with increased risk for colorectal cancer. The majority
of colorectal cases have mutations in the gene, Apc, which is
modeled using the Apcmin mouse strain. Adenomas and healthy
tissue can be isolated from these mice and cultured as organoids
to observe the epithelium and its stem cells in an isolated
context. The role of circadian gene regulation in healthy and
adenoma organoids is unknown, and would help to understand
the cellular programs that might become dysregulated during
the transition from healthy tissue to neoplastic development. To
elucidate this gap in knowledge, we derived organoids from the
intestine of Apc+/+;Bmall+/+, (clock-wildtype) Apc+/+;Bmall-/-
(clock-dead) Apcmin/-;Bmall+/+(adenoma, clock-wildtype), and
Apcmin/-;Bmall-/- (adenoma, clock-dead) mice. We performed
a high resolution 24h RNA sequencing experiment to reveal
the differences in gene regulation of healthy and adenoma
organoids, that either have or lack a functional circadian clock,
due to the absence of the core circadian clock gene Bmall. Our
experiments reveal that the circadian clock regulates surprisingly
few genes in the intestinal epithelium autonomously, but some
of the genes it does regulate such as Nras, Ephb3, and Bmp3,
are known to be important for intestinal stem cell function. We
also found that adenoma organoids lacking a functioning clock
have increased levels of genes including, Pcna, ki67, and Hras,
suggesting that Apcmin/-; Bmall-/- tumour organoids are more
proliferative than those with a functioning circadian clock. Our
work shows the importance of considering time of day in gene
expression, and reveals processes regulated by the circadian
clock gene Bmallin the intestinal epithelium during homeostasis
and colorectal cancer.

Funding source: NSERC, CIHR, OGS, CIF, Seeds4Hope,
Crohn’s and Colitis Foundation, oirm
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HUMAN BENIGN AND MALIGNANT
ENDOMETRIAL ORGANOIDS RECAPITULATE
PARENT TISSUE PHENOTYPE AND EPIGENETIC
SIGNATURE
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3D organoid cultures are emerging as invaluable tools in
the realm of developmental studies and disease modelling
unveiling an infinite biomedical application spectrum, including
drug screening, gene engineering and cell transplantation.
The establishment and maintenance of benign and malignant
endometrial organoids using a chemically defined medium and
extracellular matrix scaffolding has only recently been described,
yet many questions regarding the physiological relevance of the
model remain unanswered. For a cell model to be considered
credible, phenotypical and genetic/epigenetic resemblance to
parent tissue is fundamental; otherwise, extrapolation of results
is rendered unreliable. In this regard, we recruited 14 patients
(12 patients with endometrial cancer of various histological types
and grades, 2 patients with benign uterine conditions), generated
endometrial organoids and investigated their histological,
immunohistochemical,immunofluorescent molecular marker and
DNA methylation (Infinium HumanMethylation450 BeadChip,
lllumina) kinship to original endometrial tissue. Our findings
aim to validate endometrial organoids as a credible cell-based
platform for endometrial cancer research.

Keywords: endometrial cancer, organoids, epigenetics
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Wilson, Andrew - Center for Regenerative Medicine, Boston
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Alveolar epithelial type 2 cells (AEC2s) are the facultative
progenitors of the distal lung epithelium and play a central
role in the pathogenesis of several poorly understood lung
diseases. Primary human AEC2s are challenging to study
due to their limited accessibility in vivo and poor proliferation
in ex vivo cell culture. The directed differentiation protocol of
human iPSC-derived AEC2s (IAEC2s) developed by our group
has created a renewable source of AEC2-like cells that can be
readily generated from patient samples. iAEC2s in 3D organoid
culture show some features that differ from adult primary AEC2
controls, such as high cytoplasmic glycogen content, suggesting
lack of full maturation. To promote further maturation of iAEC2s,
we have developed an air-liquid interface (ALI) culture system
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for iAEC2s. When cultured at ALI, iIAEC2s demonstrate retention
of AEC2-like identity based on transcript and protein-level
expression of the markers NKX2-1, the key lung epithelial
transcription factor, and SFTPC, a surfactant protein and an
AEC2-specific gene. IAEC2s also maintain their identity when
profiled transcriptomically by single-cell RNA sequencing and
compared to previously published transcriptomic datasets of
adult human AEC2s. ALI culture likewise promotes maturation of
IAEC2s relative to 3D culture. Our group has previously identified
a gene set associated with primary human AEC2 maturation by
RNA sequencing of second-trimester fetal lung samples and
adult AEC2s sorted on a specific marker known as HTII-280.
This gene set includes genes that encode proteins important in
known AEC2 functions, including surfactant proteins SFTPA1and
SFTPA2, the secreted protease inhibitor SLPI, and the protease
PGC. Based on single-cell RNA sequencing, iAEC2s significantly
upregulate this maturation gene set when cultured at ALl versus
3D. iIAEC2s at ALl also downregulate genes associated with
earlier developmental stages of human fetal lung, including the
lung epithelial progenitor transcription factor SOX9. In summary,
we report that air-liquid interface culture of IAEC2s allows
maintenance of AEC2-like identity, promotes maturation in vitro,
and results in downregulation of genes associated with earlier
fetal lung cells. This platform furthers our ability to study more
mature AEC2-like cells.

Keywords: Alveolar epithelial type 2 cells (AEC2, AT2), Air-
liquid interface culture, Maturation
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Crohn’s Disease (CD) is an inflammatory disorder of the
gastrointestinal tractincreasing in both incidence and prevalence
worldwide. It has a complex and multifactorial etiology
comprising of significant genetic and environmental factors. Prior
investigation has implicated a variety of both cell-intrinsic and
extrinsic environmental stressors in CD pathogenesis; aberrant
macrophage and T cell signaling have both been identified as
critical to the CD pathologic inflammatory response. Because
access to primary cells from patients is limited and animal
models fail to recapitulate the true pathophysiology of CD, we
decided to take advantage of patient-derived human induced
Pluripotent Stem Cells (iPSCs), as they represent a bona-fide tool
to study cell intrinsic macrophage defects and their potential
impact on intestinal epithelial dysfunction. Here, we report the
generation of a comprehensive, clinically relevant CD patient-
derived iPSC library. CD patients present with a wide range of
disease symptoms, which are broken up into four broad clinical



phenotypes: mild non-progressors, patients resistant to anti-TNF
therapy, patients with significant perianal disease, and fulminant,
rapid progressors who go on to require surgical intervention
soon after diagnosis. We have generated a CD iPSC library from
16 patients representing all four groups, and have differentiated
subsets of these patient cell lines into both macrophages (iMac)
and intestinal epithelial organoids (HIOs) using a novel protocol
that generates intestinal organoids devoid of mesenchyme.
We have analyzed patient iMacs and assessed their cytokine
secretion profile and response to canonical pro-inflammatory
stimuli, and have also generated patient HIOs in order to
determine the presence of an epithelial cell-intrinsic disease
signature. In summary, we report the generation of a large,
clinically relevant CD-iPSC library, and the successful directed
differentiation of CD iPSCs to iMacs and mesenchyme-free
HIOs. Using these tools, we have investigated CD macrophage
function in the context of normal homeostasis and have
established a robust, reductionist in vitro model of CD that can
elucidate molecular and cellular defects that hinder macrophage
and intestinal function, ultimately leading to the pathophysiology
seen in CD patients.

Keywords: Patient iPSC-based Disease Modeling, Organoid
Co-Cultures, Macrophages in Disease
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Airway basal cells serve as a resident multipotential stem cell
population within the airway. These cells have been isolated and
extensively utilized in in vitro studies, and are considered to be
a population with significant interest for future transplantation.
The derivation of tissue-specific stem cells from human induced
pluripotent stem cells (iPSCs) would overcome the limitation
of patient-derived resources and would enable applications
for regenerative medicine using autologous cells. In this
study, we focused on developing methods to derive airway
basal cells from iPSCs, and assessed their resulting biological
and functional properties. To facilitate the development of an
efficient differentiation protocol, we introduced NKX2.1 and
P63 fluorescent reporters within iPSCs using site-specific gene
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targeting. After careful molecular characterization of these
double reporter iPSCs, we then applied a lung epithelium-
directed differentiation protocol followed by a proximalization
protocol. These published approches led to emergence of
immature lung progenitors, evidenced by expression of the
lung-specific NKX2.1GFP reporter, followed by the development
of immature airway progenitors co-expressing NKX2.1GFP+
and P63tdTomato+, but not the adult basal cell surface marker
NGFR. We show here that these immature airway progenitors
upregulate NGFR expression in response to primary basal cell
culture medium; importantly, this NGFR+ population exhibits
the expected functional properties of airway basal stem cells,
including the capacity to clonally self-renew or terminally
differentiate into multilineage ciliated and secretory epithelial
cells in air-liquid interface (ALI) cultures. Furthermore, the well
differentiated airway epithelium generated in ALl cultures from
iPSC-derived basal cells (iBCs) yields significant levels of CFTR-
dependent chloride flux in Ussing chamber assays. Importantly,
both cryopreserved and extended cultured iBCs retain these
features. Thus, we demonstrate directed differentiation in vitro
of human iPSCs into an airway basal stem cell-like population,
which will facilitate disease modeling as well as offering the
potential for future regenerative therapies.

Keywords: Directed differentiation, Airway basal cells, Induced
pluripotent stem cells (iPSCs)
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DERIVATION OF MACAQUE LUNG PROGENITOR
CELLS FROM PLURIPOTENT STEM CELLS AS
THERAPEUTIC AGENT FOR LUNG INJURY
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University, Boston, MA, USA
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University, Boston, MA, USA

Thomas, Arianne - Center for Regenerative Medicine, Boston
University, Boston, MA, USA
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One goal of our research is to optimize the engraftment of lung
progenitor cells as therapeutic agents for lung injury. In addition
to ongoing studies in mice, we are developing “preclinical”
models of lung injury, repair and progenitor cell engraftment in
rhesus macaques. We have isolated and characterized primary
basal cells (BCs) from rhesus macaques (mmuBCs) (n=3) and
compared mmuBCs to murine basal cells by RT-PCR, ICC and
IHC. Despite structural differences between the airways of mice
and macaques, the basal cells of the two species displayed
molecular similarities. We sequenced 320 primary mmuBCs
(from 2D culture at passage 1) at the single cell level using the 10X
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Genomics platform. From these data, we conclude that mmuBCs
are arelativelyhomogenous populationthatexpresses highlevels
of Cytokeratins 5 (Krt5) and 14 (Krt14). Moreover, our dissociation
and enrichment protocol does not show contamination by basal
cell progeny such as ciliated or secretory cells. We further have
established protocols to maintain, manipulate and differentiate
mmuBCs. We are currently optimizing directed differentiation
protocols to generate lung epithelial lineages, including BCs,
from wild type and NKX2-1-GFP rhesus macaque iPSCs. We
have successfully induced ckitt, CXCR4+ endoderm from
mmulPSC that can be pushed towards a lung fate using dual
Smad inhibition followed by Wnt and BMP activation. We have
dissociated and replated these cultures as spheres that can be
further directed toward a proximal lung epithelial fate (9.0 1.7
% Nkx2.1+ and 40.910.6% spheres with a partial or full Krt5+
identity) after 14 days in differentiation. We will further optimize
these protocols and utilize proximal and distal lung progenitors
for proof-of-concept engraftment studies in rhesus macaques
after viral, bleomycin-induced and mechanical injury.

Keywords: macaque basal cells, lung-directed differentiation,
cell-based therapy
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DEREGULATION OF NEURO-DEVELOPMENTAL
GENES AND PRIMARY CILIUM CYTOSKELETON
ANOMALIES IN IPSC RETINAL SHEETS FROM
HUMAN SYNDROMIC CILIOPATHIES
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Research Centre, Universite de Montreal (UDEM), Montreal, QC,
Canada

Flamier, Anthony - Molecular biology, Whitehead Institute for
Biomedical Research, Boston, MA, USA

Hanna, Roy - Molecular biology, Universite de Montreal (UDEM),
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Héon, Elise - Surgery, Hospital for Sick Children, Toronto, ON,
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Freedman, Benjamin - Medicine, University of Washington School
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Bernier, Gilbert - neuroscience, Universite de Montreal (UDEM),
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Ciliopathies are heterogeneous genetic diseases affecting
primary cilium structure and function. Meckel-Gruber (MKS)
and Bardet-Biedl (BBS) syndromes are severe ciliopathies
characterized by skeletal and neuro-development anomalies,
including polydactyly, cognitive impairment, and retinal
degeneration. We describe the generation and molecular
characterization of human iPSC-derived retinal-sheets (RSs) from
controls, MKS (TMEM67) and BBS (BBS10) cases. MKS and BBS
RSs displayed significant common alterations in the expression
of hundreds of developmental genes and members of the WNT
and BMP pathways. Induction of crystallin molecular chaperones
was prominent in MKS and BBS RSs suggesting a stress
response to misfolded proteins. Unique to MKS photoreceptors
was the presence of supernumerary centrioles and cilia, and
aggregation of ciliary proteins. Unique to BBS photoreceptors
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was the accumulation of DNA damage and activation of the
mitotic spindle checkpoint. This study reveals how combining
cell reprogramming, organogenesis and next-generation
sequencing enables the elucidation of mechanisms involved in
human ciliopathies.

Funding source: Foundation Fighting Blindness (FFB) Canada,
National Science and Engineering Research Council of Canada
, and Maisonneuve-Rosemont Hospital Foundation, Université

de Montréal, National Institutes of Health (NIH)

Keywords: cilia; ciliopathy; iPSC; photoreceptor;, retinal
degeneration; Bardet-Biedl Syndrome, Meckel-Gruber
syndrome; MKS; BBS
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GENE-CORRECTED INDUCED PLURIPOTENT
STEM CELL LINES AS A NEW PATIENT-SPECIFIC
MODEL TO STUDY LCA5-ASSOCIATED RETINAL
DISEASE

Afanasyeva, Tess - Department of Human Genetics, Donders
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Medical Center, Nijmegen, Netherlands

Perdigao, Pedro R.L. - Institute of Ophthalmology, UCL, London, UK
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Cheetham, Michael - Institute of Ophthalmology, UCL, London, UK
Roepman, Ronald - Department of Human Genetics & Radboud
Institute for Molecular Life Sciences, Radboud University Medical
Center, Nijmegen, Netherlands

Collin, Rob W.J. - Department of Human Genetics & Donders
Institute for Brain, Cognition and Behaviour, Radboud University
Medical Center, Nijmegen, Netherlands

Patient-specific iPSC-derived organoids offer new opportunities
for disease modelling and drug discovery. In the field of
inherited retinal diseases (IRDs), a genetically heterogeneous
group of progressive vision disorders, retinal organoids hold
great promise to mimic the pathophysiological mechanisms.
Leber congenital amaurosis (LCA) is a subtype of IRD that can
be caused by mutations in different genes, including LCAS that
encodes the protein lebercilin. This protein is regulating the
transport of phototransduction proteins to the photoreceptor
outer segments. We corrected both alleles of a homozygous
nonsense mutation in exon 5 of the LCA5 gene (c.835C>T;
p.Q279*), in patient-derived iPSCs via homology-directed
repair CRISPR-Cas9 gene editing using the ribonucleoprotein
delivery system. We validated the rescue of LCA5 expression
via RT-PCR, and are currently performing sequence analysis of
predicted off-target sites to exclude the introduction of unwanted
genetic variants. Currently, we are differentiating control and
patient cell lines into retinal organoids following an extensive
(>180 days) protocol. We will validate the emergence of the
photoreceptor layer with rudimentary outer segments using
rod and cone photoreceptor markers (OPN1SW, OPNIMLW, and
RHO). Expression and localization of lebercilin will be accessed
with qPCR and immunohistochemistry, respectively. We will
use this patient-specific cellular model to better understand
the molecular mechanisms underlying LCA5-associated IRD, as
well as for testing genetic or other treatments to slow down or
prevent the degeneration of photoreceptors in these blinding
disorders.



Funding source: This work was supported by TOP-subsidie
from NWO and by Proefdiervrij Foundation.
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A COMMUNITY RESOURCE OF PATIENT CELL
LINES FOR THE STUDY OF AGE-RELATED
MACULAR DEGENERATION
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Health, Bethesda, MD, USA

Reed, Amberlynn - The National Eye Institute, NIH, Bethesda, MD,
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Goetz, Kerry - The National Eye Institute, National Institutes of
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Miller, Sheldon - The National Eye Institute, NIH, Bethesda, MD,
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Chew, Emily - The National Eye Institute, National Institute of
Health, Bethesda, MD, USA
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USA

Age-related macular degeneration (AMD) is the leading cause of
vision loss in people over 60. While the loss of retinal pigmented
epithelial cells (RPEs) has been implicated in the disease, the
mechanisms driving degeneration remain elusive and vary
across patients, reflecting the complex underlying genetics.
While many AMD patient iPSC lines are available, large cohorts
are necessary to capture the complexity of this disease. Cohorts
can be assembled by combining cell lines made across multiple
labs, but these suffer from a large amount of technical variation
due to differences from lab to lab in cell culture processes and
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reagents. To mitigate this technical variation, NYSCF developed
the NYSCF Global Stem Cell Array®, a fully automated pipeline
for the generation of iPSCs and derivative cell types, capable
of producing hundreds of lines per month. Here we present a
large community resource for AMD research, including iPSC
and RPE progenitor lines generated from hundreds of blood
samples collected through the NEI's Age-Related Eye Disease
Study 2 (AREDS2; https://www.nei.nih.gov/research/clinical-
trials/age-related-eye-disease-study-2-areds2). This genetically
defined cohort was selected based on input received from
a vision community working group that prioritized genetic
mutations related to AMD pathogenesis. The cell lines have
been fully validated, meeting NYSCF’s rigorous quality control
standards as well as standard hallmarks of these cell types.
This collection of cell lines is accompanied by comprehensive
phenotypic metadata, including imaging studies, serving as
a large-scale resource for the community to advance AMD
research. Initial lines are now available for distribution from the
NYSCF repository (nyscf.org/repository) and the corresponding
patient data through the NIH Biomedical Research Informatics
Computing System (BRICS) (https://brics.nei.nih.gov/). NEI
expects these lines to be used by the research community for
drug screening and disease modeling and leveraged in the
future to advance our understanding of AMD and identify new
effective diagnostics, treatments or cures.

Keywords: AMD, iPSC, RPE
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AAV-DELIVERED GENE THERAPY FOR
DOMINANT CRX-LEBER CONGENITAL
AMAUROSIS USING PATIENT-DERIVED RETINAL
ORGANOIDS
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USA

Qu, Zepeng - NEI, NIH, Bethesda, MD, USA

Samanta, Ananya - NEI, NIH, Bethesda, MD, USA

Swaroop, Anand - NEI, NIH, Bethesda, MD, USA

CRX is a homeodomain transcription factor essential for
the differentiation and maturation of retinal photoreceptors.
Mutations in the CRX gene lead to distinct retinopathy
phenotypes, including autosomal dominant Leber congenital
amaurosis (LCA). No effective treatment is currently available
for CRX-retinopathies. In this study, we used retinal organoids
derived from iPSCs of CRX-LCA patients to examine
disease mechanism(s) and develop potential therapies.
Immunohistochemistry revealed impaired upregulation of rod
and cone opsin visual pigments and diminished formation
of outer segment-like structures in patient organoids. Bulk
and single cell transcriptomic analyses further demonstrate
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that patient organoids fail to upregulate key genes related to
visual signal detection, suggesting impaired maturation as the
underlying molecular pathology. Overexpression of the normal
CRX allele using an AAV vector partially restores expression
of the visual pigment Rhodopsin, which is severely reduced in
photoreceptors of patient retinal organoids. Our studies provide
a proof-of-concept for future development of gene therapy for
CRX-LCA and other CRX-retinopathies.

Funding source: National Institutes of Health Intramural
Program

Keywords: Gene therapy, Disease modeling, Retinal organoids
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DEPLETION OF SCFA-FERMENTING GUT
BACTERIA ALTERS THE EPIGENOME OF
HEMATOPOIETIC STEM AND PROGENITOR
CELLS
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Gut dysbiosis alters the development and severity of atopic
disease. We previously demonstrated that nursing dams and
newborn mice treated with low-dose vancomycin alters gut
microbial diversity with a marked loss of bacteria that produce
short-chain fatty acids (including butyrate). Vancomycin-induced
gut dysbiosis enhances the TH2 response to lung allergens
due to altered dendritic cell trafficking and activation in addition
to modifying the behavior of other mature leukocyte lineages.
Butyrate supplementation reversesthe vancomycin-induced TH2
pro-inflammatory phenotype. Butyrate is known to exert some of
its effects on target cells by inhibiting histone deacetylases with
consequent effects on gene expression. Consistent with a role
for epigenetic skewing of the hematopoietic compartment, we
found that engraftment of total bone marrow from dysbiotic mice
transferred enhanced TH2 proclivity in normobiotic recipients.
Strikingly, we found unique regulatory states (H3K27ac marks)
in purified hematopoietic stem and progenitor cells (HSPC)
of TH2-skewed recipient mice. Single-cell RNA sequence
analyses identified a distinct transcriptomic signature in HSPC of
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dysbiotic mice that were reversed by butyrate supplementation.
Together, these data suggest that the gut microbiome alters
gene expression in blood progenitor cells with long term
consequences on the immune response to peripheral allergens.

Keywords: Allergy and asthma, Microbiome, Epigenetics
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TRANSCRIPTOME MAPPING OF
HEMATOPOIETIC PROGENITORS IN SYSTEMIC
LUPUS ERYTHEMATOSUS REVEALS MYELOID
SKEWING AND ALTERNATIVE GRANULOPOIESIS
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Hematopoietic stem and progenitor cells (HSPCs) are
multipotent cells giving rise to both myeloid and lymphoid
lineages. HSPCs actively respond to inflammatory stimuli by
myeloid skewing which may result in exhaustion, decreased
function, increased risk for inflammation, decreased adaptive
immunity and increased cardiovascular mortality. Since most
cells participating in the pathogenesis of systemic lupus
erythematosus (SLE) originate from bone marrow (BM)-HSPCs,



we reasoned that the aberrancies of immune cells could be
traced back to HSPCs. To this end, global gene expression
map of BM-HSPCs was completed by RNA-seq followed by
pathway and enrichment analysis. Cell cycle and apoptosis
status of SLE HSPCs were monitored by flow cytometry while
DNA damage via immunofluorescence. Transcriptomic analysis
of Lin-Sca-1+cKit+ (LSK) hematopoietic progenitors from
diseased lupus mice demonstrated a strong myeloid signature
with expanded frequencies of common myeloid progenitors
(CMPs) -but not of lymphoid progenitors (CLPs)- reminiscent of a
“trained immunity” signature. CMP profiling revealed an intense
transcriptome reprogramming with suppression of granulocytic
regulators. This is indicative of a differentiation arrest with
downregulation of major regulators such as Cebpe, Cebpa and
Spil, and disturbed myelopoiesis. Despite the differentiation
arrest, frequencies of BM neutrophils were markedly increased
in diseased mice suggesting an alternative granulopoiesis
pathway. In SLE patients with severe disease, hematopoietic
progenitor cells (CD34+) demonstrated enhanced proliferation,
cell differentiation and transcriptional activation of cytokines and
chemokines that drive differentiation towards myelopoiesis thus
mirroring the murine data. Comparative transcriptomic analysis
between human and mouse reveals intense granulopoiesis
signature in active disease. Moreover, comparison with
published whole blood transcriptomic data suggests that BM-
HSPCs signature can be traced back to the periphery of patients.
Priming of HSPCs and aberrant regulation of myelopoiesis may
contribute to inflammation and risk for flare. Re-establishment of
the homeostatic myeloid versus lymphoid balance may improve
transplantability of HSPCs and restore immune function.

Funding source: This work was supported by FOREUM, ERC
(N0.742390) and European Commission under the H2020
Research Infrastructures (VI-SEEM/N0.675121). MG and AB are
financed by ESF-IKY (MIS-5000432/MIS-5001552).

Keywords: Systemic Lupus Erythematosus, Hematopoietic
stem cells, Transcriptomics
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THE UNEXPECTED INTERPLAY BETWEEN THE
STEM CELL FACTOR LIN28 AND INFLAMMATION
RESPONSE
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Futorian, Anna - The faculty of Life Science, Bar llan University,
Ramat Gan, Israel

Lin28 is a stem cell factor which is mainly expressed in stem and
progenitor cells and undergoes a significant downregulation
during cell differentiation. Ectopic expression of Lin28 is
associated with abnormal development, cell transformation and
tumor formation. We have previously found that specific Lin28
expression in the nephrons results in the formation of cystic
kidneys. To explore the mechanism by which Lin28 expression
leads to kidney damage we performed global gene expression
analysis by RNA seq. Strikingly, this analysis revealed a very
strong inflammation response in the transgenic kidneys. We
validated this finding by blood tests, FACS analysis, ELISA and
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H&E staining. This inflammation response did not appear in any
other organ that we analyzed. Moreover, Lin28 overexpression
in the stromal cells of the kidney did not lead to inflammation.
Therefore, we concluded thatthe inflammationis alocal response
that occurs upon Lin28 expression in specific cell types. Finally,
our preliminary results suggest that the inflammation is the cause
of the cystic kidney phenotype and not its result. To conclude,
while Lin28 has been studied so far mainly in the context of
embryogenesis, stem cells and tumor development, this study
demonstrates, for the first time, that ectopic expression of Lin28
plays a role also in inflammation development. Therefore, we
show that Lin28 has a broader effect on cell fate regulation than
has been suggested so far.

Keywords: Lin28, Kidney, Inflammation
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A NOVEL TARGETED APPROACH TO ACHIEVE
IMMUNE SYSTEM RESET: A SINGLE DOSE OF
CDA45-TARGETED ANTIBODY DRUG CONJUGATE
ENABLES AUTOLOGOUS HSCT AND HALTS
DISEASE PROGRESSION IN A MURINE ARTHRITIS
MODEL
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Resetting the immune system through autologous hematopoietic
stem cell transplant (autoHSCT) is a highly effective treatment
in selected patients with autoimmune diseases. AutoHSCT can
induce long-term remission with 80% progression free survival
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in multiple sclerosis patients (Muraro 2017, Burt 2019). Use
of autoHSCT in scleroderma patients has achieved superior
outcomes in two randomized studies compared to standard of
care (Tyndall 2014, Sullivan 2018). These impressive results are
achieved by a combination of the eradication of autoreactive
immune effector cells and re-establishment of self-tolerance, i.e.,
immune system reset. However, only a small fraction of eligible
patients undergo autoHSCT, largely due to toxicity associated
with current conditioning regimens. To explore a safer alternative
to enable immune reset, we generated a novel ADC targeting
murine CD45 and evaluated its ability to enable congenic HSCT
and eliminate pathogenic host-reactive cells in the context of
proteoglycan-induced arthritis (PGIA), a model that recapitulates
key features of rheumatoid arthritis with contributions from
both B and T effector lymphocytes. Inflammatory arthritis was
generated by immunizing Balb/c mice (CD45.2+) with the
recombinant human G1 core aggrecan in the adjuvant DDA 3
times over 42 days. Ten days after the third immunization, when
all animals had active disease and the mean clinical score was
half-maximal, mice were randomized and treated. Animals were
transplanted with 20x106 congenic (CD45.1+) bone marrow cells
48 hours after ADC administration. A single dose of 2 mg/kg of
CD45-ADC was well tolerated, enabled full donor chimerism
and halted disease progression. Disease control after CD45-
ADC conditioning and HSCT matched disease control obtained
by multiple infusion of anti-TNF mAbs. No chimerism or disease
modification was observed in animals conditioned with 2 mg/kg
isotyope ADC and HSCT. These results suggest that targeted
immune depletion with a single treatment of CD45-ADC can
result in effective auto-HSCT and halts disease progression.
Targeted CD45-ADCs may represent a safer and better tolerated
approach for conditioning patients prior to immune reset through
autoHSCT and significantly reduce the side effects associated
with current conditioning.

Keywords: Autoimmune Disease, Arthritis, Antibody Drug
Conjugate
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Muscle satellite cells (MuSCs) are skeletal muscle-specific
stem cells and play a key role in skeletal muscle regeneration
after injury. However, aging alters their regenerative capacity.
Interestingly, studies using parabiosis which makes two animals
sharing their blood circulations with a surgical technique,
demonstrated that circulating factors from young animals can
rejuvenate the regenerative capacity of aged animals. However,
due to the complexity of in vivo parabiosis, identifying putative
youthful factors has yet to be elucidated. To overcome this
challenge, we employed microengineering technologies and
developed a 3D vascularized muscle-on-a-chip (VMoC) circuit
with biophysical and biochemical properties similar to in vivo
MuSC niche, where FACS purified quiescent MuSCs are cultured
in between myofibers and 3D hydrogel (ECM mimetic) underneath
vascular endothelial cells. With the VMoC, we further integrated
it to model parabiosis by co-culturing cells/sera from young
and aged animals. By adding the serum from young, aged, and
Sod1-/- (oxidative stress model) mice to VMoCs, we demonstrate
distinct myogenic activities of young MuSCs; VMoCs with aged
and Sod1-/- sera showed significantly reduced myogenesis as
measured by fusion index. Next, we replicated heterochronic
parabiosis using our integrated chip-to-chip platform to assess
the rejuvenating effects of young serum/cells. Interestingly,
similartoin vivo parabiosis, when aged VMoCs were continuously
exposed to the young systemic environment, the myogenic
activity of aged MuSCs were significantly boosted. In addition,
genes regulating different steps of myogenesis (Desmin, MyoD,
and Myogenin) were upregulated in the aged VMoC exposed to
the young systemic environment. Furthermore, this rejuvenation
effect in myogenesis was correlated with increased VEGF,
which has been shown to play a crucial role in MuSC function in
parabiosis-VMoC. Collectively, our parabiosis VMoC will provide
a pre-clinical testing tool that will facilitate our understanding
of the dynamic regulation of circulating humoral factors and
potential drug discovery. More importantly, our approach can be
translated into human clinical studies by replacing the murine
cells with the corresponding human cells/serum.

Funding source: NIH R21AR072287 (YJ), NIH RO3AG062976
(YJ), and NIH DP2HL142050 (YK)

Keywords: Rejuvenation, Skeletal muscle, Parabiosis

NEURAL

MDD277

AN HIPSC-BASED GENETIC SCREENING SYSTEM
TO MODEL AGGREGATION OF TAU PROTEIN
ALLOWS THE IDENTIFICATION AND VALIDATION
OF POSSIBLE TARGETS FOR ALZHEIMER’S
DISEASE THERAPIES
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One of the hallmarks of Alzheimer’'s Disease (AD), as with
some other neurodegenerative diseases, is the misfolding
and aggregation of proteins, such as amyloid-beta and tau.
Tau pathology is also believed to propagate trans-synaptically
from neuron to neuron. Either prevention of propagation,
or the removal of aggregated tau, is a potential approach for
AD modification. Deubiquitinating enzymes (DUBs) maintain
ubiquitin homeostasis by removing ubiquitin modifications from
target proteins, thereby altering protein function, stability, and
signaling. We hypothesize that the modulation of the ubiquitin-
proteasome system with DUB inhibitors will lead to decreased tau
aggregation either directly (by inhibiting the removal of ubiquitin
from tau thereby increasing its degradation) or indirectly (via
modulation of other relevant pathways, like autophagy). To select
relevant DUBs, we developed a phenotypic assay to assess the
effect of knocking down 00 DUBs on the clearance of tau
aggregates in hiPSC — derived neurons, assayed using high
content image analysis. We show that addition of recombinant
tau seeds to hiPSC — derived cortical neurons expressing a
fluorescent tau reporter construct, leads to formation of tau
aggregates, which we can robustly and reproducibly reduce
by knocking down specific DUBs. The DUB enzymes revealed
in our phenotypic screen have been validated in confirmatory
studies and have the potential to become novel targets for the
treatment of AD. In collaboration with Mission Therapeutics
we will develop selective, potent DUB inhibitors for preclinical
target validation.

Funding source: The design, study conduct, and financial
support for the study were provided by Abbvie. Abbvie
participated in the interpretation of data, review, and approval
of the publication.
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Multiple Sclerosis (MS) is an autoimmune disease of the central
nervous system mediated by immune-cell induced demyelination
and axonal injury. In addition to loss of neurites, synaptic loss
is reported in MS patients in both lesion and normal-appearing
areas. The process of phagocytosis is tightly regulated via
a number of positive (“eat me”) and negative (“don’t eat me”)
signals that lead to proper uptake of damaged cells or foreign
molecules while preserving healthy cells. One of these “don’t
eat me” signals is mediated by the interaction between CD47
on target cells and its receptor SIRPA on phagocytes, which
has been shown to be involved in preventing excess synaptic
pruning by microglia in developmental stages. Although a
decrease in CD47 is observed in MS lesions, it is not clear how
CDA47 is reduced and if this reduction contributes to phagocyte-
mediated synaptic loss and myelin stripping in MS. Thus, we first
aimed to identify conditions that could mediate CD47 reduction.
To determine the effect of pro-inflammatory conditions on
neuronal CD47 expression, primary human neurons (HN),
and neurons differentiated from human induced pluripotent
stem cells (iPS-Nn) were incubated with activated human
lymphocyte supernatant (via CD3 and CD28 costimulation) or
specific inflammatory cytokines, IFNy and TNFa. We detected
an increase in CD47 levels, with a 2.66-fold increase (n=3) in
activated PBMC supernatant treated iPS-Nns (n=3), a 1.95-fold
increase (n=2) in activated PBMC supernatant treated HNs, and
a 4.36-fold increase in IFNy treated iPS-Nns (n=1) in CD47 mRNA
levels. TNFa did not affect CD47 expression at mRNA levels.
Next, we tested whether CD47-SIRPA interaction is important in
myelin debris and synaptosome uptake. Human myelin fractions
and synaptosomes isolated from iPS-Nn were labelled with a pH
sensitive dye, pHrodo, and phagocytosis was measured by flow
cytometry. CD47 blockade significantly increased both myelin
and synaptosome uptake by phagocytes. Overall, unexpectedly,
we have observed that under inflammatory conditions, neurons
upregulate CD47 expression, which might have protective
functions. Also, CD47 interaction with SIRPA is involved in
myelin debris uptake as its inhibition increases myelin uptake.
The role of CD47 expression in myelin stripping needs further
investigation.

Keywords: Neuroimmunology, phagocytosis, Inflammatory
conditions
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A MODEL OF HUMAN IPSC DERIVED MICROGLIA
TO STUDY ALZHEIMERS DISEASE

Cano, Carolina - Biology, San Diego State University, San Diego,
CA, USA

Miller, Karl - Tumor Initiation and Maintenance, SBP Medical
Discovery Institute, San Diego, CA, USA

Adams, Peter - Tumor Initiation and Maintenance, SBP Medical
Discovery Institute, San Diego, CA, USA

Research on the biology of aging strives to understand the
causes of increased disease vulnerability with age. Senescent
cells are abnormal cells that accumulate with age. They promote
inflammation as part of their senescence-associated secretory
phenotype (SASP). We have shown that inflammation associated
with SASP depends on a mitochondria-to-nucleus retrograde
signaling pathway. Senescence of glial cells in the brain has
been associated with inflammation in Alzheimer’s Disease
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(AD). However, the mechanism and cell type(s) involved are
incompletely understood. Here we show progress on models
of microglial senescence, including assays for markers of
senescence and inflammation using human induced pluripotent
stem cell (iPSC) approaches in vitro and animal models in vivo.
We are developing these cell lines as a novel model to screen
for drugs that block senescence-associated inflammation in
microglia, including drugs which are already clinically available.
This work can identify novel therapeutic targets for treatment
of AD and novel mechanisms of senescence that underlie age-
associated disease.

Funding source: California Institute for Regenerative Medicine,
National Institute on Aging
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Multiple sclerosis (MS) is an autoimmune neurological disorder
characterized by inflammation, demyelination and neural
degeneration. MS also affects neural progenitor cell proliferation
and differentiation capacity in the subventricular-zone as well
as glial cell number, among other things. However, the origin
and evolution of the disease are still poorly understood due to
relative inaccessibility of human brain tissues and inadequate
animal models to study MS. Recent advances in 3D cerebral
organoid cultures derived from induced pluripotent stem cells
(iPSC) provide new avenues to implement reproducible models
to study cell type- and stage-specific effects of MS. Cerebral
organoids contain ventricle-like structures aligned by neural
stem cells, progenitor cells in various stages of differentiation
and migration, and cortical neurons in a stereotypical inside-out
stratified layout. Moreover, it has been previously shown that
neurons present in c-organoids were able to get myelinated. We
propose here to develop an innovative model of MS using human
iPS derived cerebral organoids. We derived cerebral organoids
from iPS cells of patients suffering of primary progressive MS
and relapsing remitting MS. Stem cell proliferation, migration
and differentiation in neuronal and glial lineage, as well as
neuronal differentiation was assessed in the different type of MS
organoids and compared to control organoids. Size of cortical
structure in MS c-organoids was significantly smaller compared
to control c-organoids. Immunofluorescence for stem cell marker
SOX2 revealed that the stem cell pool localized in the VZ/SVZ,
was reduced in MS organoids compared to control. Further
investigations are needed to understand the mechanisms
involved. In parallel analysis of apoptosis marker CC3 showed
an increase of CC3+ cell numbers in MS organoids, particularly
in the neuroblast/neurons population. This study will give new
insight on the origin and evolution of the disease and will help
to identify potential target for therapeutic strategies designed to
promote myelin repair in the different types of MS.
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16P13.11 DELETION LEADS TO INCREASED
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DERIVED EXCITATORY NEURONS
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16p13.11 copy number variants (CNVs) are associated with
numerous neurodevelopmental and neuropsychiatric disorders,
including autism, intellectual disability, epilepsy schizophrenia
and psychosis. The majority of 16p13.11 deletions or duplications
occur within three well-defined intervals. Despite precise
mutations within intervals | - lll, the molecular mechanisms
that underlie commonly observed clinical phenotypes remain
largely unknown. Patient-derived induced pluripotent stem cells
(iPSCs) provide a platform for investigating the morphological,
electrophysiological and gene-expression changes that result
from 16p13.11 CNVs in human-derived neurons. We have
generated iPSCs from three probands with varying sizes of
16p13.11 deletions. Proband 1 comprises a micro-deletion within
interval 1 while probands 2 and 3 encompass larger deletions
spanning both intervals | and Il. In addition, we have generated
and characterized iPSCs from familial healthy controls. Here, we
show that 16p13.11 deletions result in increased neurite branching
of glutamatergic neurons. Additionally, immunocytochemistry
analysis shows an increase in overall synapse number in
16p13.11 deletion neurons when compared to healthy controls.
To determine functional consequences of changes in synapse
number, we conducted multi-electrode array (MEA) recordings
on neurons generated from deletion and control neurons.
Preliminary data demonstrates a significant increase in the
firing rate of glutamatergic neurons derived from probands,



compared to controls. Similarly, there were significant increases
in the number and frequency of network bursts. Intriguingly,
there was a decrease in overall network synchrony of neurons
derived from probands. Overall, these results indicate that
there are morphological and functional alterations as a result of
16p13.11 deletion in glutamatergic neurons in culture. In addition
to confirming these phenotypes in additional probands with
16p13.11 CNVs, comparing the common phenotypes between
neurons derived from probands with various 16p13.11 deletions
sizes will further assist in ascertaining common pathways and
targets that could be utilized for screening drug candidates.
These studies aim to improve identification of novel treatment
options for 16p13.11 deletion patients.

Funding source: Tommy Fuss Center, Boston Children’s
Hospital Neurodevelopment Institutional National Research
Service Award (NRSA), T32 MH 112510
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ABERRANT SIGNALING IN COPY NUMBER
VARIATION ASSOCIATED AUTISM
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Copy number variation (CNV) caused by deletion or duplication
in 16p11.2 chromosomal locus is the most common genetic
cause of autism. While both 16p11.2 deletion and duplication
patients exhibit common developmental, behavioral and social
impairment, they are associated with opposing structural
changes in brain size. While 16p11.2 deletion patients exhibit
macrocephaly, 16p11.2 duplication patients are associated with
smaller brain size or microcephaly. Mechanisms through which
16p11.2 CNVs lead to reciprocal changes in brain size during
early human development are unknown, and the contribution
of 29 genes present in the 16p11.2 locus to brain size changes
has yet to be investigated. Using neuronal progenitor cells
differentiated from induced pluripotent stem cells (iPSC)
reprogrammed from 16p11.2 CNV patient fibroblasts, we
employed quantitative phosphoproteomics to detect global
differences in phosphorylated proteins in patient derived
NPCs. Pathway analysis of differentially affected proteins might
contribute to our understanding of the neuropathology of autism
associated with CNVs.

Keywords: iPSC, Autism, Aberrant signaling
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Diseases that affect the central nervous system have limited
treatment alternatives due to the complexity of the tissue.
Tridimensional (3D) bioprinting has emerged as a promising
technology for tissue engineering due to its ability to construct
in vitro models using layer-by-layer deposition of cells and
biomaterials. In this work, we constructed a biomimmic
neural tissue by 3D bioprinting neurospheres from reactive
astrocytes-derived neural stem cells (NSC) and evaluated
viability and neuronal differentiation capacity. Briefly, newborn
mice astrocytes were isolated, cultured as a monolayer, and
activated by scratching a patch of cells off. After three days,
reactive astrocytes were detached by trypsinization and were
plated on non-adherent plates to induce the formation of
neurospheres. Dedifferentiated astrocytes-derived NSC formed
floating neurospheres and reached an average diameter of
™00 pm after three days. Neurospheres were mixed with a
bioink composed of gelatin-alginate blend, already tested for
printability, rheological, mechanical, and physical properties.
Neurospheres behavior in the 3D bioprinted tissue was
evaluated for viability, cell migration, and neuronal and astrocytes
differentiation. Results showed that the optimal gelatin-alginate
bioink composition is 5% gelatin-2.5% alginate, which presented
shear-thinning behavior, 50% of network porosity, and Young’s
modulus of 6.9 £ 0.2 kPa, within the range of in vivo neural
tissue. 3D bioprinted neurospheres in gelatin-alginate bioink
showed a higher percentage of living cells when compared to
dead cells after 7 days of culture of the bioprinted tissue. We
observed cells migrating out from the neurospheres, suggesting
that the biomaterial is a suitable substrate. Gene expression
of cells at day 14 in vitro was evaluated by gPCR, and results
showed expression of GFAP and MAP2, markers for astrocytes
and neurons, respectively, indicating the capacity of the NSC to
differentiate into neuronal lineages in the bioprinted structures.
In conclusion, our results show that it is possible to 3D bioprint
reactive astrocytes-derived neurospheres using gelatin-alginate
bioink. This suggests that we can fabricate neural tissue-like
models for in vitro studies on neural development, degeneration
and regeneration using 3D bioprinting.

Funding source: FAPESP 2018/12605-8 (Grant to MAP);
FAPESP 2018/23039-3 (Postdoc fellowship to BAGM); CAPES
001 (Fellowship to JCB); CNPq 465656/2014-5 (Grant to MAP)
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The spinal cord contains billions of neurons, with a huge
diversity of subtypes enabling sensory, proprioceptive, and
motor function. However, current human stem cell-based in vitro
models and prospective cell transplantation therapies fail to
reflect the significant regional specificity of spinal cells. Here we
describe methods to recapitulate the full diversity of spinal cell
types along both the rostrocaudal (R/C) and dorsoventral (D/V)
axes with chemically defined, scalable protocols using human
pluripotent stem cells (hPSCs). We first induce R/C patterning
to generate neuromesodermal cells from a defined anatomical
level, theninstruct these cells to become early spinal progenitors.
By providing appropriate D/V signaling, spinal progenitors can
be subspecified to generate tunable ratios of motor neurons
(MNs) and locomotor interneurons (INs) from the ventral spinal
cord, or TGF-B-dependent proprioceptive INs and TGF-3-
independent sensory INs from the dorsal spinal cord. Cultures
with over 95% neuronal yield can be generated in as little as 19
days, and these protocols can be used modularly to generate
phenotypes from different anatomical levels. Single-cell RNA-
sequencing reveals regionally-specified neurons with discrete
Hox gene profiles spanning the hindbrain through lumbar spinal
cord, representation of all major motor and somatosensory
spinal cell types, and the presence of human-specific cell
populations. Altogether, this dataset enables characterization
of the diversity of human spinal neurons for the first time. We
anticipate that access to these cells will advance a mechanistic
understanding spinal development, expand the potential and
accuracy of in vitro models, provide insight into novel region-
specific markers and therapeutic targets, and represent clinically
relevant populations for cell transplantation.

Keywords: Spinal cord, direct differentiation, Single Cell RNA-
sequencing
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We use human induced Pluripotent Stem Cells (iPSCs) to model
the motor neuron disease Amyotrophic Lateral Sclerosis (ALS).
Several RNA-binding proteins (RBPs) have been genetically
linked to ALS and we propose that an aberrant interplay
between the neural RBP HuD (also known as ELAVL4) and ALS-
linked RBPs, such as FUS and TDP-43, exists in ALS patients’
motor neurons. By analyzing the RNA interactome of wild-type
and mutant FUS (P525L) in human iPSC-derived motor neurons
(MNs), we have identified a number of novel RNA targets. In
particular, many transcripts are preferentially bound by mutant
FUS in the 3'UTR and neural ELAV-like RBPs, including HuD, are
among those targets. HuD is a RBP playing a role in neuron-
specific RNA processing, regulating the expression level of
genes involved in cell growth and differentiation. Mutant FUS
binding results in increased number of sites of translation,
leading to aberrant increase of HuD protein levels. These
findings have been confirmed in primary MNs from a FUS-
ALS mouse model. Moreover, HuD and mutant FUS interact
at the protein-protein level and co-localize in cytoplasmic
speckles with peculiar biomechanical properties. Interestingly,
upon oxidative stress both HuD and mutant FUS are engaged
in stress granules. Notably, in the spinal cord of FUS ALS
patients, HuD represents a neural-specific component of FUS-
positive cytoplasmic aggregates, whereas in sporadic patients
it co-localizes with phosphorylated TDP-43-positive inclusions.
Finally, we observed peculiar axon branching and regeneration
phenotypes in both human iPSC-derived MNs and mouse
primary MNs. These effects could be mediated by up-regulation
of two known HuD targets, NEURITIN and GAP43. In line with
this, mass spectrometry analysis revealed alteration of proteins
involved in the motor axon biology, including axogenesis, in FUS
mutant MNs. Collectively, these results suggest a possible novel
pathogenetic mechanism in ALS, triggered by FUS mutations
and involving the RBP HuD.

Funding source: Fondazione ltaliana di Ricerca per la Sclerosi
Laterale Amiotrofica (AriSLA); Istituto Pasteur ltalia - Fondazione
Cenci Bolognetti
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SMS is a rare neurodevelopmental disorder with a global
incidence of “1/15,000, characterized by variable presentations
including behavioral disturbances, circadian rhythm dysfunction,
distinctive facial features, and intellectual disability. In “90% of
cases, SMS is caused by an interstitial deletion of chromosome
17p11.2, while mutations in retinoic acid induced 1 (RAN), a
gene encoded by this region, underlie the basis for the rarer
non-deletion cases. Prior studies suggest that RAIl acts as a
transcription factor, but its function in human brain remains to be
fully defined. To investigate the role of RAI1 in the neurobiology
of SMS, we are conducting iPSC-based modeling studies. iPSCs
carry the replica of the donor’s genome and can be differentiated
into neural derivatives, permitting studies in disease-relevant,
renewable cells. In our preliminary work, iPSCs were generated
by reprogramming adult somatic cells of four unrelated SMS
cases, each carrying its unique, deleterious RAI1 mutation.
iPSCs from six gender-matched, unaffected controls were also
analyzed in this study. Differentiation into NPCs was checked
by immunostaining with neural stem cell markers, nestin and
PAX6. Transcriptome and methylation profiles in SMS- and
control-derived NPCs were analyzed through RNA sequencing
and lllumina EPIC methylation arrays, respectively. RNA-seq
detected significant differential expression of 35 genes unveiling
enrichment for biological processes that include cell adhesion,
extracellular matrix organization, cell motility, and signal
peptide secretion. Methylation profiles revealed 17 differentially
methylated CpG sites. Two genes showed an inverse relationship
between DNA methylation and gene expression in SMS-derived
NPCs. PHACTR3, shown in GTEX as most highly expressed in
various brain regions, was both under-expressed and hyper-
methylated. TNFAIP2, disclosed in prior studies to be a target
of retinoic acid, was both hypo-methylated and overexpressed.
Similar studies on CRISPR-derived isogenic lines would permit
analysis in greater depth, genotype-phenotype relationships
in SMS. Overall, these investigations may illuminate disrupted
neurobiological mechanisms that could reveal targets toward
the development of novel therapeutics.

Funding source: National Institute of Mental Health Intramural
Research Program
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Amyotrophic lateral sclerosis (ALS) is a devastating and fatal
neurodegenerative disease characterized by the massive
degeneration of motor neurons. Given that >30 genes contribute
tothe disease pathogenesis and 80% of ALS cases have unknown
mutations, we hypothesized that therapeutics that are effective
in one form of ALS may not be effective in other forms and
that screening patient-derived motor neurons may enable the
identification of therapeutics that target points of convergence
in multiple forms of ALS. To test this notion, we performed an
unbiased phenotypic screen of 2,000 FDA approved drugs and
1800 tool compounds to identify compounds that rescue the
survival of induced motor neurons (iMNs) generated from iPSCs
derived from multiple ALS patients with known or unknown
causal mutations. We found that targets whose perturbation is
broadly efficacious across iMNs from many ALS patients are
rare, providing experimental confirmation that patient-based
target identification tools are critical. One broadly-efficacious
target, PIKFYVE kinase, normally promotes autophagy.
Surprisingly, inhibition of PIKFYVE rescues neurodegeneration
mechanistically by blocking autophagosome-lysosome fusion,
which induces secretory autophagy to robustly clear misfolded
proteins that normally accumulate in the cytoplasm and drive
neurodegeneration. Moreover, antisense-mediated suppression
of PIKFYVE rescued motor deficits in a mouse model of ALS,
confirming the utility of this target in vivo. A second broadly-
efficacious target was SYF2, an RNA-binding protein. Antisense-
mediated knockdown of SYF2 abrogated the pathological
mislocalization of another RNA-binding protein, TDP-43, from
the nucleus to the cytoplasm, which occurs in most cases of ALS.
Our results demonstrate that convergent therapeutic targets in
ALS are relatively rare, but two ways to broadly rescue ALS motor
neuron degeneration include activating secretory autophagy
and modulating RNA-binding protein dynamics.
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Instable expanded G4C2 hexanucleotide repeats in the C9orf72
(C9) gene represent the most frequent genetic cause of
amyotrophic lateral sclerosis (ALS) and frontotemporal dementia
(FTD). Patients with C9-ALS/FTD typically carry between
hundreds to thousands of G4C2 repeats compared to fewer
than 23 repeats in healthy subjects. The molecular triggers and
cellular consequences of G4C2 repeat instability remain largely
unknown, chiefly for two reasons: 1. Current G4C2 repeat sizing
assays are hampered by low sensitivity, lack of accuracy, and
high error rate. 2. Tractable C9 experimental models such as
patient iPSC-derived neuronal cultures or transgenic BAC mice
display limited or no repeat instability. To begin to understand
the molecular triggers of G4C2 repeat instability, we generated
iPSC-derived cerebral organoids from five members of a British-
Canadian ALS/FTD family with pronounced repeat instability in
germline and somatic tissues. The father was unaffected by ALS
or FTD and carried a 70-repeat C9 allele; the mother showed
no C9 expansion. Four of the five children carried 1750 repeat
expansions in blood and one daughter showed normal repeat
size. To explore the cellular consequences of expanded G4C2
repeats, we analyzed fresh-frozen and formalin-fixed CNS and
peripheral tissues from family members autopsied at age 90
years (father) and 59 or 66 years (affected children). Mosaic
expansions of C9 repeats, RNA foci, and DPRs were found across
different CNStissues. Single nucleus RNA-Seq from frontal cortex
uncovered alterations in cell type composition between the
two affected family members and the two unaffected controls.
Furthermore, several pathways related to DNA damage and heat
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shock response were found to be dysregulated, in line with the
reported cytoplasmic mislocalization and aggregation of TDP43
in C9-ALS/FTD. In conclusion, cerebral organoids represent
a new promising model to better understand the molecular
triggers and cellular consequences of repeat instability in C9-
ALS/FTD path.

Funding source: This project was supported by a grant from
eRare3 (Repetomics). PMM is supported by the ALS Association
Milton Safenowitz Postdoctoral Fellowship.
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Pitt-Hopkins Syndrome (PTHS) is a rare and relatively
understudied autism spectrum disorder that is caused by
an autosomal dominant mutation or deletion in the gene
transcription factor 4 (TCF4). TCF4 is a basic helix-loop-helix
(bHLH) transcription factor that plays a critical role in neuronal
development through known interactions with other proneural
bHLH proteins. Through these bHLH protein interactions,
human TCF4 expression peaks during corticogenesis and
patients with TCF4 mutations have profound developmental
delays and autistic behaviors. We have previously reported
significant reduction in oligodendrocyte numbers and myelin in
our PTHS mouse models. To study the role of TCF4 in human
oligodendrocyte development, we have developed a platform
to differentiate PTHS patient and control induced pluripotent
stem cells into mature human oligodendrocytes (OLs) using a
2D and 3D culture system. We have reprogrammed iPSCs and
differentiated OLs from 6 control and 6 PTHS patients (4 with
a point mutation in the bHLH domain of TCF4 and 2 with large
truncations of TCF4). Over the course of 90 days (2D system)
and 160 days (3D system), we have identified key differences
between PTHS and controls. We are using gPCR to monitor OL
development and to identify differences in the expression of
maturation markers between patient and control lines, based on
the phenotypes observed in our mouse models. Moreover, we
are validating our expression profiles using immunofluorescence



to quantify the proportions of oligodendrocyte precursor cells
and mature oligodendrocytes produced by PTHS patient and
control lines. Lastly, we have optimized a magnetic-activated cell
sorting (MACs) protocol to improve our ability to make accurate
comparisons between PTHS patient and control lines. With this
stem cell-based platform, we aim to better understand the role of
TCF4 in oligodendrocyte development in a human context, and
to identify molecular mechanisms that underlie oligodendrocyte
pathophysiology in PTHS.

Keywords: Stem Cells, Oligodendrocytes, Pitt-Hopkins
Syndrome
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Mitochondrial dysfunction has been linked to numerous
neurodegenerative diseases. For instance, several disease-
associated mutations are harboured in genes involved in
mitophagy — the selective clearance of damaged mitochondria
by autophagy. This includes PINK1 and PRKN mutations in
Parkinson’s disease patients. To induce mitophagy, PINK1
and parkin interact with various autophagic adaptor proteins
including SQSTM1 (p62; gene mutations have been identified in
frontotemporal dementia patients). The specific role of SQSTM1
in mitochondrial quality control is currently unclear. We aimed to
elucidate the significance of its role in mitochondrial function and
clearance in human cortical neurons. To this end, we generated
human cortical neurons from induced pluripotent stem cell (iPSC)
lines with unedited or mutated SQSTM1 producing premature
termination of translation. We then assessed mitochondrial
function in neurons with or without SQSTM1 using high-content
screeningsystems(e.g.,OperaPhenixand Seahorse XF Analyzer).
We also established treatment regimens to induce mitochondrial
depolarisation and biochemical methods to detect mitophagy.
Cortical neurons generated from the SQSTM1-knockout (KO)
iPSCs were morphologically identical to those derived from the
unedited iPSCs, as judged by immunohistochemistry. SQSTM1
KO neurons displayed impaired autophagic flux. However,
mitochondrial membrane potential, distribution, respiration and
ATP production in iPSC-derived cortical neurons appeared to be
unaffected. Furthermore, mitochondrial PINK1 recruitment and
loss of mitochondrial proteins in iPSC-derived cortical neurons
occurred in the absence of SQSTM1 following mitochondrial
depolarization. In conclusion, SQSTM1 does not appear to be
essential for mitochondrial respiration, energy production and
mitophagy in our current human iPSC neuronal systems.

Keywords: SQSTM1, mitochondria, mitophagy
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Late-onset sporadic Alzheimer’s disease (AD) is the most
prevalent form of dementia, but its origin remains poorly
understood. The Bmil/Ringl protein complex maintains
transcriptional repression of developmental genes through
histone H2A mono-ubiquitination, and Bmi1 deficiency in mice
results in growth retardation, progeria, and neurodegeneration.
Here, we demonstrate that BMI1 is silenced in AD brains, but not
in those with early-onset familial AD, frontotemporal dementia,
or Lewy body dementia. BMI1 expression was also reduced in
cortical neurons from AD patient-derived induced pluripotent
stem cells but not in neurons overexpressing mutant APP and
PSEN1. BMI1 knockout in human post-mitotic neurons resulted
in amyloid beta peptide secretion and deposition, p-Tau
accumulation, and neurodegeneration. Mechanistically, BMI1was
required to repress microtubule associated protein tau (MAPT)
transcription and prevent GSK3beta and p53 stabilization, which
otherwise resulted in neurodegeneration. Restoration of BMI1
activity through genetic or pharmaceutical approaches could
represent a therapeutic strategy against AD.

Funding source: Canadian Institutes of Health Research,
National Science and Engineering Research Council of Canada,
Molecular Biology Program of Université de Montréal.
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Prevention of mother-to-child-transmission of HIV remains
a prominent global health priority. Antiretroviral drugs have
drastically reduced the incidence of vertical transmission but
evaluating the safety of specific drugs on fetal development
remains a challenge. Based on interim observations from a birth-
outcomes surveillance study in Botswana, the US Food and Drug
Administration and the European Medicines Agency released
warnings in 2018 that the antiretroviral drug dolutegravir may
increase the risk for severe neural tube deficits in newborns if it
is taken by the mother at the time of the conception or early in
pregnancy. An updated report in 2019 suggests a slightly higher
prevalence of neural tube defects with exposure to dolutegravir
at conception. Given these clinical observations, this project aims
to investigate the effect of dolutegravir on neural development
using 3D cortical forebrain organoids. Forebrain organoids
are derived from human induced pluripotent stem cells and
recapitulate the structural organization and cell type diversity
of early stages of cortical neurogenesis in a human-specific
context. These forebrain organoids are composed of nhumerous
neural rosettes in which neural progenitor cells are organized in
a distinctive radial orientation. To simulate prenatal exposure to
dolutegravir, we treated these organoids daily and observed a
robust phenotype after two weeks exposure to the drug in media.
Forebrain organoids exhibited a dose-dependent response
to dolutegravir resulting in a disruption of the neural rosette
structures, suggesting deficits in the function and organization
of early neural progenitor cells. Drug-exposed organoids also
appear smaller in overall size, with fewer and thinner rosettes
as compared to either vehicle-treated control organoids, or
organoids exposed to raltegravir, another antiretroviral integrase
inhibitor. Future studies will focus on identifying molecular and
cellular mechanisms of this phenotype by characterizing specific
pathways that are altered upon dolutegravir exposure. Moreover,
these findings add to a growing body of work demonstrating
the utility of forebrain organoid models as a platform for toxicity
screening and studying the neurodevelopmental effects of
prenatal drug exposure.

Funding source: NIH Grant R2IMH118037
Keywords: Organoids, iPSCs, Integrase inhibitors
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Retinal ganglion cells (RGCs) serve as the essential connection
between the eye and the brain, with this connection disrupted in
blinding disorders such as glaucoma. Human pluripotent stem
cells (hPSCs) can serve as powerful tools for the in vitro analysis
of human neurodegenerative diseases including glaucoma,
as well as a platform for pharmacological screening of these
diseased cells. Thus, the ability to derive RGCs from hPSCs was
applied to an in vitro model of glaucoma using cells derived
from a patient with an OPTN(E50K) mutation, as well as the use
of Crispr/Cas9 gene editing to generate appropriate isogenic
controls as well as new disease models. Using this system,
hPSCs were differentiated to generate three dimensional
retinal organoids, from which RGCs could be analyzed and
isolated. Upon differentiation, OPTN(E50K) RGCs exhibited
morphological changes including significant deficits in neurite
complexity as well as the demonstration of more highly excitable
properties by patch clamp analysis, suggesting a potential
role for excitotoxicity in the deficits observed in glaucomatous
RGCS. Subsequently, non-cell autonomous contributions to RGC
neurodegeneration were identified through co-cultures with
hPSC-derived astrocytes. Astrocytes derived from glaucoma
hPSCs exhibited dysfunction in the autophagy pathway and
altered mitochondrial dynamics compared to isogenic controls.
Furthermore, upon co-culture with hPSC-derived RGCs,
glaucomatous astrocytes exerted disease-related phenotypes
upon healthy RGCs, while healthy astrocytes were capable
of rescuing disease phenotypes in glaucomatous RGCs. The
results of the current study are the first of its kind to identify
neurodegenerative phenotypes in hPSC-derived RGCs from a
glaucomatous source, as well as identify a role for astrocytes
in the neurodegenerative process through non-cell autonomous
mechanisms.

Funding source: NIH Grants RO1EY024984 and R21EY031120,
Indiana State Department of Health Grants 15779 and 26343
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The E4 allele of apolipoprotein E (APOE) increases risk for many
diseases including Alzheimer’s disease (AD), yet its mechanism
of action remains poorly understood. Treatments addressing and
ameliorating the risks associated with APOE4 have not yet been
developed. APOE is best known to function as a lipid transport
protein. Dysregulation of lipids has emerged as a key feature
of several neurodegenerative diseases including AD, however
it is unclear if and how APOE4 perturbs the intracellular lipid
state. We have found that APOE4 disrupts the cellular lipidome
in human iPSC-derived astrocytes, resulting in increased
unsaturation of fatty acids and accumulation of lipid droplets.
Genetic and chemical perturbations of this phenotype resulted
in improved function, and suggest that it may be possible
to environmentally modify this phenotype. In particular, we
examined whether supplementation with a soluble phospholipid
precursor is sufficient to restore cellular lipidome and rescue
defects in an iPS and mouse model of APOE4. We find that
phospholipid precursor supplementation shows robust effects
in APOE4 iPS-derived astrocytes, reducing the accumulation of
lipid droplets and restoring lipid homeostasis and lipid buffering
capacity. We are currently examining dietary supplementation in
a mouse model of APOE4 in a 5xFAD background (E4FAD). Our
work suggests the simple application of a lipotropic molecule
that can restore lipid homeostasis in cells harboring the APOE4
allele.

Funding source: The Neurodegeneration Consortium, the
Robert A. and Renee E. Belfer Foundation, the Howard Hughes
Medical Institute, and NIH grants RF1 AG0O48029 and RF1
AG062377 (to L-H T.).
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Many neurodegenerative diseases (NDs) develop only later
in life, when cells in the nervous system lose their structure or
function. In genetic forms of NDs, this late onset phenomenon
remains largely unexplained. Analyzing single cell RNA
sequencing (scRNA-seq) from Alzheimer’s disease (AD) patients,
we find increased transcriptional heterogeneity in AD excitatory
neurons. We hypothesized that transcriptional heterogeneity
precedes ND pathologies. To test this idea experimentally, we
used juvenile forms (72Q; 180Q) of Huntington’s disease (HD)
iPSCs, differentiated them into committed neuronal progenitors,
and obtained single cell expression profiles. We show a global
increase in gene expression variability in HD. Autophagy genes
become more stable, while energy and actin-related genes
become more variable in the mutant cells. Knocking-down several
differentially-variable genes resulted in increased aggregate
formation, a pathology associated with HD. We further validated
the increased transcriptional heterogeneity in CHD8+/- cells, a
model for autism spectrum disorder. Overall, our results suggest
that although NDs develop over time, transcriptional regulation
imbalance is present already at very early developmental stages.
Therefore, an intervention aimed at this early phenotype may be
of high diagnostic value.

Keywords: Huntington’s disease, transcriptional heterogeneity,
stem cell model
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In neuronal circuit development, intracellular calcium plays an
essential role in processes like proliferation, differentiation,
migration, and synapse formation. While a great deal is known
about calcium’s role in development from work in model
systems, it remains unclear if the same roles for calcium function
are preserved in human neuronal development. For instance, in
human cortical neurons there are calcium-mediated dendritic
action potentials, which have not been observed in homologous
rodent neuronal types. These differences arise during
development, as both dendritic and spine maturation follow
different trajectories as circuits are being formed. Consequently,
an open question is what role intracellular calcium plays in the
development of human neural precursors (NPCs) and neurons.
To investigate this question, the development of methods and
tools for studying calcium dynamics in human cells is needed.
To address this, we used an in vitro platform for monitoring
both structural changes and calcium activity in human neural
precursors derived from induced pluripotent stem cells (iPSCs).
First, we determined the multiplicity of infection (5 vs 20) and
infection time (24 vs 48 hrs) necessary for a Lenti-CMV-GCaMP6f
viral vector to stably label Passage-6 (P6) NPCs with a calcium
indicator (N= 4 wells). Following this, we recorded spontaneous
calcium transients in NPCs (N=7 movies) and found that the
calcium transients were spatially and temporally heterogeneous.
The temporal patterns of calcium activity in NPCs were highly
variable and included brief transients as well as longer periods
of sustained calcium activity. Furthermore, there was no spatial
structure to the calcium activity as measured by correlations in
calcium activity between cells (N=221 cells). Finally, we were
able to monitor examples of NPCs where cell structure and
calcium activity varied over our recording period, opening
up the possibility that this approach will allow us to relate
structural changes observed in human NPCs with changes in
calcium activity that occur over development. Taken together,
our methods will allow for a better understanding of the role of
calcium in human NPCs and could provide insights into human
neural development.

Funding source: This work is supported by NIH grant
MH101634, NSF Career Award 1749772, and the Cystinosis
Research Foundation.
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Outer radial glial (oRG) cells are a population of neural stem
cells prevalent in the developing human cortex that contribute
to its cellular diversity and expansion. The mammalian Target
of Rapamycin (mTOR) signaling pathway is active in human
ORG cells and mTOR mutations are linked to a variety of
neurodevelopmental disorders, including autism and Fragile X
Syndrome, and cortical malformations such as Focal Cortical
Dysplasia and Tuberous Sclerosis. In our studies of mTOR
signaling in the developing human cortex we observed specific
activation and function in oRG cells, but not in other neural
progenitor types, during peak neurogenesis. Using multiple
human models of cortical development, including primary
human tissue samples and pluripotent stem cell-derived cortical
organoids, we identified unique roles for the mTOR signaling
pathway in oRG morphology and function. First, dysregulation
of mTOR signaling resulted in significant truncation of the oRG
primary process and disruption to the glial scaffold. Using
dynamic imaging of primary oRGs we additionally observed that
changes to morphology had consequences on cell behavior.
ORG cells have a characteristic division behavior called mitotic
somal translation (MST) where cells ‘jump’ prior to division.
After manipulation of mTOR signaling the MST ‘jump’ distance
significantly decreased and oRG cells migrated significantly
smaller distances than paired controls. To better understand
the changes to oRG morphology we evaluated differences in
cytoskeletal regulation and observed a significant decrease of
F-actin levels in oRG cells with dysregulated mTOR. We also
identified changes to the actin regulator and Rho GTPase,
CDC42, and its targets, Cofilin and Arp2/3, after manipulation
of the mTOR signaling pathway in primary human oRG cells.
Last, we rescued the truncation of the oRG basal process after
mTOR manipulation by using an activator of CDC42, confirming
the relationship between mTOR signaling and CDC42-mediated
actin regulation. Together, our studies conclude that mTOR
signaling regulates oRG cellular morphology and migration
behavior during normal human cortex development and
may provide insights into how dysregulation contributes to
neurodevelopmental disease.

Keywords: Human Cortex, Radial Glia, Organoid
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Substantial evidence indicates microglial dysfunction plays a
role in autism spectrum disorder (ASD). Microglia are the resident
immune cells of the brain derived from the embryonic yolk
sac that play a role in immune responses, brain homeostasis,
neuronal differentiation, and synapse maintenance. ASD has
been associated with increased microglial activation, deficits in
synaptic connections, and a reduction in functional connectivity.
However, the mechanistic contribution of microglial dysfunction
in ASD pathology remains unclear. The histone demethylase
KDMB6B has been associated with ASD and shown to play a role



in the switch of microglial activation states and is predominantly
expressed in microglia. As mice fail to recapitulate hallmark
features of human brain development, there is focus on
human pluripotent stem cells (hPSCs) to model human specific
features. hPSCs can be directed to form 3D structures termed
brain organoids that recapitulate transcriptional, structural,
and functional properties of the human fetal brain (Watanabe
et al. 2017). However, current brain organoid models lack cell
types such as microglia. This study aimed to optimize the
production of hPSC-derived microglia, demonstrate hPSC-
derived microglia are functional, and then integrate these cells
into the organoid system to then probe the function of KDM6B
in brain development. hPSCs were differentiated to microglia
using a modified version of a published protocol (McQuade et al.
2018) and KDMB6B activity was modified using the highly specific
inhibitor GSK-J4. Expression of microglia marker genes was
confirmed by FACS and gPCR analysis. hPSC derived microglia
responded to inflammatory stimuli and phagocytosed pHrodo-e.
coli bioparticles and showed altered activity with addition of
GSK-J4. Lastly, hPSC-derived microglia integrated into brain
organoids and survived up to six weeks in culture. Future
studies aim to develop assays to measure microglial activity
inside the organoids, and create disease specific mutations to
better understand disease mechanisms and screen for novel
therapeutics.

Funding source: This study was supported by funding awarded
to Jessie Buth by the UCLA Broad Stem Cell Research

Center (BSCRC) Training Program and grants awarded to Dr.
Novitch from the BSCRC, Rose Hills Foundation, and NINDS
(ROINS072804).
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USA

Newman, Rhonda - Cell Biology, Thermo Fisher Scientific,
Frederick, MD, USA

Sagal, Jonathan - Cell Biology, Thermo Fisher Scientific, Frederick,
MD, USA

Shin, Soojung - Cell Biology, Thermo Fisher Scientific, Frederick,
MD, USA

Culture systems for PSC expansion enable generation of a
nearly unlimited pool of cells for downstream differentiation,
disease modeling, drug discovery, and therapeutic applications.
While two-dimensional (2D) feeder-free expansion of PSC is
well established, the scale at which PSCs and subsequent
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PSC-derived cell types can be efficiently manufactured using
traditional methods is limited without a significant increase
in hands-on time, as well as a potential risk of contamination.
Therefore, to fully realize the potential of PSCs in downstream
applications where large numbers of cells are required, such
as cell therapy and high-throughput screening applications,
alternative expansion methodologies may be beneficial. Here
we describe a new system for highly scalable expansion of
human hPSC as three-dimensional (3D) spheroids in suspension,
followed by rapid conversion of hPSC spheroids to functional
neurons by forced expression of a single transcription factor
NGN2 (hPSC-iN). Generation of hPSC-iNs is traditionally done in
2D and can produce highly pure neurons from PSC in <10 days.
While expansion potentialis animportant parameter for assessing
afitfor purpose medium system (i.e., 2D vs. 3D), anotherimportant
consideration is compatibility with downstream differentiation
protocols. In recent years, 3D aggregate cell culture has been
gaining traction as an enhanced culture technique which
provides more physiologically relevant cell-cell interactions over
the traditional 2D culture protocols. When determining whether
to move from 2D to 3D culture environments, a number of
considerations need to be made; including the quantity of desired
cell type(s) required for downstream applications, compatibility
of reagents and experimental endpoints designed for 2D, and
importantly, how cells derived using 2D and 3D methodologies
compare and contrast to each other. Here, we demonstrate
the feasibility of generating hPSC-iN’s from expanded hPSC
3D spheroids. Key parameters for both hPSC expansion and
hPSC-iN generation are presented and discussed, which include
scalability, neuronal yield, and differentiation efficiency. Notably,
conversion in 3D resulted in significantly higher yield of iN’s
compared to standard 2D method. Finally, the impact of 2D vs
3D induction on iN maturation will be presented.

Keywords: 3D, Large-scale, Neural
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DEVELOPMENT OF IPSC-DERIVED HUMAN
NEUROPROGENITOR CELLS (NPCS), NEURONS,
AND ASTROCYTES FROM LYMPHOBLASTOID
CELL LINES (LCLS) OF GUAM PARKINSON-
DEMENTIA COMPLEX (PDC) PATIENTS

Chlebowski, Anna - COMP-Northwest, Western University of
Health Sciences, Lebanon, OR, USA

Yang, Yi - Feinberg School of Medicine, Northwestern University,
Chicago, IL, USA

Siddique, Nailah - Feinberg School of Medicine, Northwestern
University, Chicago, IL, USA

Siddique, Teepu - Feinberg School of Medicine, Northwestern
University, Chicago, IL, USA

Spencer, Peter - Department of Neurology, School of Medicine,
and Oregon Institute of Occupational Health Sciences, Oregon
Health Sciences University, Portland, OR, USA

Steele, John - Department of Medicine, Guam Memorial Hospital,
Tamuning, Guam

Kisby, Glen - COMP-Northwest, Western University of Health
Sciences, Lebanon, OR, USA

The Parkinsonism-Dementia Complex (PDC) is one phenotype
of a disappearing neurodegenerative disease (Guam ALS-
PDC) that shows clinical and neuropathological relationships
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with amyotrophic lateral sclerosis (ALS), atypical parkinsonism
and Alzheimer’s disease. ALS-PDC has been linked with both
genetic and environmental factors (i.e., certain metal ions,
cycad plant neurotoxins), but evidence from human and animal
studies is inconclusive. Patient-specific induced pluripotent
stem cells (iPSCs) that generate neural progenitor cells (hNPCs),
neurons, and astrocytes provide a powerful in vitro system to
explore the underlying cause of PDC. We derived iPSC lines
from lymphoblastoid cell lines (LCLS) of a PDC-affected Guam
Chamorro female patient and an age- and gender-matched
healthy Chamorro from Saipan using the protocol developed
by Barrett et al. (2014). iPSCs were cultured for a minimum of
10 passages and characterized with established pluripotency
markers (Oct4, SSEA-4, TRA-1-60, Sox2) prior to the generation
of hNPCs. Protocols for development of both Chamorro iPSC-
derived hNPCs and neurons matched those for the NIH-
established iPSC line ND50031 (healthy control). An embryoid
body protocol (STEMCELL™ Technologies) was used to derive
hNPCs from the iPSC lines and the BrainPhys™ hNPC Neuron Kit
(STEMCELL™ Technologies) was used to differentiate the hNPCs
into neurons. hNPCs from both iPSC lines were immunoprobed
with established neuroprogenitor markers (nestin, Sox2), and
neurons immunoprobed for markers of maturing neurons
(B-tubulin, Map2, doublecortin, synaptophysin). hNPCs and
neurons from the ND50031and Chamorro lines were comparable
based on the morphology and expression of neural markers.
hNPCs from both Chamorro-derived iPSC lines were also
differentiated into astrocytes that expressed markers (GFAP,
S-10083, vimentin, GLAST, AQP4) similar to those observed in
mature astrocytes from a commercial source (Axol Biosciences).
Studies are underway to differentiate the Chamorro-derived
hNPCs into neurons and astrocytes to determine their response
to metal ions and cycad toxins, the environmental chemicals
implicated in the etiology of Guam PDC. These studies should
help clarify the role of environmental factor(s) in ALS-PDC and
possibly other related neurodegenerative diseases.

Funding source: Funding from NIH 1R41ES026225-01 and an
Intramural Grant from Western University of Health Sciences

Keywords: neurodegeneration, Lymphoblastoid cell lines
(LCLs), Neural stem cells
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OPTOGENETIC INSTRUCTION OF SHH
INDUCES SYMMETRY BREAKING EVENTS THAT
POLARIZED NEURAL STRUCTURES IN-VITRO,

A TOOL TO SYSTEMATICALLY STUDY EARLY
EVENTS DURING DORSAL-VENTRAL BRAIN
PATTERNING

De Santis, Riccardo - Laboratory of Stem Cell Biology and
Molecular Embryology, The Rockefeller University, New York,
NY, USA

Moreu, Sandra - Laboratory of Stem cell Biology, and Molecular
Embryology, The Rockefeller University, New York, NY, USA
Etoc, Fred - Laboratory of Stem cell Biology, and Molecular
Embryology, The Rockefeller University, New York, NY, USA
Brivanlou, Ali - Laboratory of Stem cell Biology, and Molecular
Embryology, The Rockefeller University, New York, NY, USA
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Embryonic development requires both spatial and time
orchestration of fate acquisition and morphogenesis. These
events are strictly related to correct positioning along the body
axes and their relative distance from morphogens sources. In the
forebrain, structures like the neural ridge, cortical hem, and pre-
cordal plate secrete in a polarized fashion, morphogens, such
as BMPs, WNTs, FGFs and SHH, that are responsible for neural
tube development and patterning. We are taking advantage
of a light induced gene expression system to control SHH
expression in a spatiotemporal regulated fashion. We paired this
optogenetic set up with hPSCs in order to systematically obtain
Dorsal-Ventral like polarized neural structures in vitro. We are
taking advantage of this system to describe and dissect in-vitro
the networks involved in the earliest stages of ventral forebrain
development.

Keywords: Neural development, Optogenetics, SHH
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EFFECT OF GENETIC BACKGROUND ON
OUTCOME IN A STROKE MODEL USING MOUSE
EMBRYONIC STEM CELL-DERIVED CORTICAL
NEURONS

Cortes-Perez, Daniel - The Jackson Laboratory, The Jackson
Laboratory, Bar Harbor, ME, USA

Pera, Martin - Research, The Jackson Laboratory, Bar Harbor, ME,
USA

Stroke is the sudden loss of neuronal function, local or
generalized, associated with infarction or hemorrhage in the
brain, spinal cord, or retina. Stroke ranks second as a cause
of mortality and third in disability-adjusted life-years. Human
studies to address the genetic cause of clinical variation in
stroke outcomes require high statistical power. Limited reports
in animal models have demonstrated a strong influence of
genetic background on stroke morbidity, though such studies
typically only examine a few strains. The Collaborative Cross was
designed to generate mice emulating human diversity on a large
scale, but it is difficult for many labs to apply this tool because
of the number of animals required. However, mouse embryonic
stem cells have been derived from genetically diverse strains,
and can be used as a faster initial screen to study stroke in ESC-
derived neurons. Nonetheless, no protocols were available to
differentiate mESC into neurons other than 129 strain. Therefore,
we developed a novel protocol to differentiate the eight mESC
strains representing the founding strains of the Collaborative
Cross. into neurons. We also developed a stroke model in vitro
that emulates a mild and a severe stroke, to enable us to identify
the most susceptible and resilient strains. Mature neurons were
subjected to the stroke model, and phenotypical differences
were analyzed. Cell, survival, apoptosis, cytotoxicity, oxidative
stress, mitochondrial dysfunction, caspase activation, glial
reactivity, and electrical activity were measured. As expected,
we found neuronal cells from certain strains were extremely
susceptible, and others quite resilient, while the rest of them lay
somewhere in between. We are conducting single-cell RNAseq
to evaluate what gene expression patterns are associated with
these two phenotypes. This in vitro neurogenetics platform will
help us understand how genetic diversity impacts the outcome
of a stroke and might lead to discovery of new therapeutic
approaches.



Funding source: JAX scholar grant

Keywords: stroke, genetic diversity, brain injury

NEW TECHNOLOGIES
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APPLICATION OF HIGH EFFICIENCY GENOME
ENGINEERING PLATFORMS FOR GENERATION
OF CONDITIONAL HUMAN IPSC MODELS OF
PEDIATRIC SARCOMA

Becklin, Kelsie L - Pediatrics, Veterinary Medicine, University of
Minnesota, Minneapolis, MN, USA

DeFeo, Anthony - Pediatrics, University of Minnesota, Minneapolis,
MN, USA

Moriarity, Branden - pediatrics, University of Minnesota,
Minneapolis, MN, USA

Webber, Beau - pediatrics, University of Minnesota, Minneapolis,
MN, USA

Pediatric sarcomas are composed of highly heterogeneous
subtypes and the two most prevalent pediatric sarcomas are
Osteosarcoma (OS) and Ewing sarcoma (ES) which, despite being
rare are in desperate need of new therapeutic options because
survival rates have remained steady for the last 40 years. OS
is thought to originate from osteoblasts and driven primarily
by mass genomic instability from loss of tumor suppressor
genes such as P53 or overexpression of oncogenes such as
c-MYC. Whereas ES does not have a known cell-of-origin and
is largely driven by a single translocation between EWSR1 and
FLI1 (EWS/FLI). Despite their contrasting genetics, both OS and
ES are dependent on developmental stage and timing of the
oncogenic events, something human tumor cell lines are unable
to recapitulate. To overcome this, we are taking a new approach
to sarcoma modeling through the use of human induced
pluripotent stem cells (iPSC) and CRISPR/Cas9-based genome
engineering. Although developmentally regulated conditional
gene expression systems are well described in mice, installing
similarly complex systems in human iPSC remains prohibitively
inefficient. To overcome this limitation we have implemented two
new approaches for targeted gene insertion in human iPSC; one
based upon short-homology directed integration (GeneWeld)
that excels at large cargo integration (>4kb), and one based
on the use of recombinant adeno-associated virus (rAAV) that
is limited by cargo size but affords high efficiency (>80%). We
first demonstrate the utility of GeneWeld over traditional HR for
the creation of conditional reporter systems by selection-free
targeting of a T2A-GFP-P2A-ERT2-CRE-ERT2 construct into
three sarcoma related genes, namely OSX, PDGFRa, and PTHLH.
In a separate approach we leverage the high efficiency of rAAV-
based targeting to install a conditional gene trap cassette within
a CRISPR/Cas9-induced EWS/FLI1 translocation, thus allowing
developmental control over expression of the fusion transcript.
The activity of these systems during iPSC differentiation into
mesenchymal stromal cells (MSC) and osteoblasts (OB) is
currently being assessed. Future efforts will focus on timing of
Cre induced genetic manipulation as an effort to precisely model
the initiation and early development of OS and ES.

Keywords: iPSC based models of pediatric sarcomas, CRISPR/
Cas9, Site specific homologous recombination
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A NOVEL, MASSIVELY PARALLEL SYSTEM

TO DISSECT DE NOVO NEOPLASTIC
TRANSFORMATION USING HUMAN
PLURIPOTENT STEM CELL DIFFERENTIATION TO
TERATOMAS

Parekh, Udit - Electrical and Computer Engineering, University
of California San Diego, La Jolla, CA, USA

McDonald, Daniella - Biomedical Sciences Graduate Program,
University of California, San Diego, La Jolla, CA, USA

Wu, Yan - Bioengineering, University of California, San Diego, La
Jolla, CA, USA

Tipps, Ann - School of Medicine, University of California, San
Diego, La Jolla, CA, USA

Zhang, Kun - Bioengineering, University of California, San Diego,
La Jolla, CA, USA

Mali, Prashant - Bioengineering, University of California, San Diego,
La Jolla, CA, USA

Understanding the molecular mechanisms behind neoplastic
transformation and cancer progression are longstanding goals in
oncology. Accurate models can help unravel the biology of cancer
progression, inform the development of early detection methods,
guide clinical practice and choose therapeutic targets. Human
models of transformation have historically drawn on knowledge
of aberrant genes from clinical samples but have typically been
investigated in low throughput and rely on the availability of
healthy cells. To overcome these challenges, we present here
a novel approach that leverages the teratoma as a multi-lineage
source of primary human cells to enable massively parallel in
vivo multi-lineage screens. Towards this, first, we introduce a
barcoded open reading frame lentiviral overexpression library
of 51 key cancer drivers into human pluripotent stem cells
which are then injected into immunodeficient mice to form
teratomas. Next, we assay the effects of these cancer drivers
via single cell RNA-seq, profiling >40,000 teratoma-derived
cells spanning >20 cell types across all three germ layers. Via
this we multiplex analyze cell type populations, lineage-specific
driver enrichment and transcriptomic shifts driven by these
oncogenic perturbations. Finally, to enrich tissue-specific drivers
and validate tumorigenicity, we further proliferate the tumors
by serial dissociation and re-injection for two additional rounds
in immunodeficient mice, leading to robust hits for neoplastic
transformation demonstrating the hallmarks of malignancy.
Given the embryonic nature of teratoma derived cells, we
then assess transformation potential in a pediatric context.
For instance, we find that c-MYC alone or in tandem with
myristoylated AKT1 is a potent driver of proliferation in neural
lineages, especially progenitors, and leads to development of
an embryonal tumor phenotype similar to medulloblastomas.
Taken together, our approach provides a powerful new platform
to dissect the cascading genetic and epigenetic changes driving
cellular transformation, enabling systematic study of cancer
formation and evolution, and we anticipate thus derived new in
vivo cancer models will enable the rational design of therapies
and the discovery of new therapeutic targets.

Keywords: De novo transformation, Single cell screening,
Cancer systems biology
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A STRESS-FREE STRATEGY TO REPAIR A POINT
MUTATION IN PATIENT IPS CELLS

Cai, Jingli - Department of Neuroscience, Thomas Jefferson
University, Philadelphia, PA, USA

Kropf, Elizabeth - Department of Neuroscience, Thomas Jefferson
University, Philadelphia, PA, USA

lacovitti, Lorraine - Department of Neuroscience, Thomas Jefferson
University, Philadelphia, PA, USA

When people use the patient specific iPS cells as a disease
model, the ideal control would be the isogenic line with a
repaired point mutation rather than iPS cells from siblings or
other healthy subjects. CRISPR-Cas9 technology is widely
used for its convenience and high efficiency for such tasks.
However, repairing the point mutation in iPS cells is not easily
accomplished even with CRISPR-Cas9. Finding a suitable Cas9
cutting site as close as possible to the point mutation to increase
efficiency, introducing silent mutations to generate a restriction
enzyme site for screening, sequencing the genomic DNA of a
large number of clones to ensure no additional changes exist
around the cutting sites, are all possible obstacles. Here we
report a strategy that will make the Cas9 “knock-in” method
both hassle-free and error-free. Instead of choosing the Cas9
recognition site close to the point mutation, we used sites
located in the nearest intron. We constructed a donor template
with the fragment containing the corrected point mutation as
one of the homologous recombination arms flanking a PGK-
PuroR cassette. After selection with puromycin, positive clones
were identified and further transfected with a CRE vector to
eliminate the PGK-PuroR cassette. We successfully repaired the
point mutation G2019S of LRRK2 gene in a PD patient iPS line,
and will use the line for future neuroprotection studies.

Funding source: RO1-NS0758390-06A1
Keywords: CRISPR-Cas9, isogenic line, iPSC
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NUCLEOLAR PHENOTYPES DETECTED BY FACS
ENABLE A CRISPRI POOLED SCREENING IN
HUMAN IPS CELLS

Gunawardane, Ruwanthi - Allen Institute for Cell Science, Allen
Institute, Seattle, WA, USA

Kampmann, Martin - Department of Biochemistry and Biophysics
and Institute for Neurodegenerative Diseases, University of
California, San Francisco, CA, USA

Samelson, Avi - Department of Biochemistry and Biophysics
Institute for Neurodegenerative Diseases, University of California,
San Francisco, San Francisco, CA, USA

The Allen Institute for Cell Science is creating a dynamic
visual model of human induced pluripotent stem cell (hiPSC)
organization. We use CRISPR/Cas9 to fluorescently tag genomic
loci whose products localize to specific organelles, enabling
the study of stem cell states. hiPSC lines, plasmids, images, and
other tools are available at allencell.org. Among the structures
tagged, we included the nucleolus, a non-membranous nuclear
organelle central for ribosome biogenesis. We double-tagged
a hiPSC line for nucleophosmin (NPM1-mTagRFP-T) and
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fibrillarin (FBL-mEGFP), illuminating the granular and the dense
fibrillar nucleolar components, respectively. To systematically
investigate genomic perturbations to the nucleolus, we inserted
a constitutively expressed CAG-dCas9-KRAB-TagBFP construct
into the CLYBL safe harbor of the double-tagged line, creating a
platform for CRISPRi screens. Since large-scale arrayed genomic
screens using microscopy are expensive, we employed a flow
cytometry-based phenotypic sorting strategy to enrich for
changes in fluorescence distribution within single cells. The
strategy is based on the signal pulse width of NPM1-mTagRFP-T
and FBL-mEGFP fluorescent tags. The diffuse nucleolar
phenotype displays a wide signal pulse, while the condensed
nucleolar phenotype displays a narrow signal pulse. We
performed a pooled CRISPRi screen of a nuclear-focused sgRNA
library targeting ¥2,300 genes. We sorted hiPSCs into diffuse or
condensed nucleolar phenotypes based on NPM1-mTagRFP-T
signal pulse width and used next-generation sequencing to
determine sgRNA enrichment. We detected distinct patterns
of perturbed genes in the different phenotypic bins. ENRICHR
analysis revealed that genes related to histone biogenesis were
enriched in the diffuse phenotype bin, while positive regulators
of transcription were enriched in the condensed phenotype
bin. We plan to perform a secondary hit validation for nucleolar
disruption for a subset of individual genes by flow cytometry
and microscopy. In summary, a flow cytometry binning strategy
successfully captured phenotypic differences associated with
genomic perturbations to the nucleolus, demonstrating that
fluorescently-tagged proteins in combination with flow cytometry
can shed light into hiPSC nucleolar states.

Keywords: CRIPSRI, Nucleolus, hiPSCs
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A RETROSPECTIVE ANALYSIS OF CYTOGENETIC
CHANGES SEEN IN HUMAN PLURIPOTENT STEM
CELL CULTURES
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Over a 10-year span (Jan 2009- Jan 2019), we performed routine
G-banded karyotype analysis on 2,665 human embryonic stem
cell (hESC) cultures and 12,479 human induced pluripotent stem
cell (hiPSC) cultures. Our data reveal several new recurrent
abnormalities (including presence of isochromosome 7p, gain of
chromosome 14, gain of chromosome Y) as well as confirming
earlier findings that the overall rate of acquiring a cytogenetic
abnormality was similar between both hESC (23%) and hiPSC
(21%) cell types. However, there are clear differences in the
rate of particular cytogenetic abnormalities between cell types,
such as gains on chromosomes 4, 10, 15, and 16, which are
seen in hiPSCs and not hESCs. hESCs displayed fewer types
of cytogenetic abnormalities while hiPSCs displayed a wider
range of cytogenetic events, possibly due to fewer hESC lines
in existence and therefore less genetic diversity in that starting
material. In addition, we did not find any statistically significant
correlation between increasing passage number and the
presence of cytogenetic abnormalities in our data set.

Keywords: pluripotent stem cells, recurrent abnormalities,
G-banded karyotype
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MULTIPLEXED AUTOMATED ASSAYS FOR
NEUROTOXICITY EVALUATION USING INDUCED
PLURIPOTENT STEM CELL-DERIVED NEURAL 3D
CELL MODELS

Sirenko, Oksana - R&D, Molecular Devices, San Jose, CA, USA
Zanella, Fabian - R&D, Stemonix, San Diego, CA, USA

Crittenden, Carole - Drug Discovery, Molecular Devices, San Jose,
CA, USA

Chapa, Jared - Communication, Molecular Devices, San Jose, CA,
USA

Carromeu, Cassiano - R&D, Stemonix, San Diego, CA, USA

Cell-based phenotypic assays have become an increasingly
attractive alternative to traditional in vitro and in vivo testing
in pharmaceutical drug development and toxicological
safety assessment. The effectiveness of automated imaging
assays combined with the organotypic nature of human
induced pluripotent stem cell (iPSC)-derived cells opens new
opportunities to employ physiologically relevant in vitro model
systems to improve screening for new drugs or potential
chemical toxicities. In our studies, we used human iPSC-derived
neural cultures to test functional and morphological end points
for toxicity evaluation in a multi-parametric assay format.

Forneurotoxicity assessmentwe employediPSC-based 3D neural
platform composed of mature cortical neurons and astrocytes.
Neural spheroids generated spontaneous synchronized calcium
oscillations. We used fast fluorescence kinetic imaging to
measure the patterns and frequencies of the Ca2+ oscillations.
Characterization of oscillation profiles was recorded by
performed through multi-parametric analysis presenting more
than 15 read-outs including frequency, amplitude, characterized
primary and secondary peaks, peak width, and waveform
irregularities. In addition, cellular and mitochondrial toxicities
were assessed by high-content imaging. The assay was
optimized for high throughput screening in 384-well plates
and displayed a highly consistent performance. We evaluated
neuroactive and neurotoxic profiles of more than 120 compounds,
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including set of neuromodulators with known mechanisms of
action, set of various pharmaceutical drugs, sample library of
cannabinoids, and a library of neurotoxic chemicals including
flame retardants, pesticides, and poly-aromatic hydrocarbons.

Our results show that the iPSC-derived 3D neurospheroid assay
platform is a promising biologically-relevant tool to assess the
neuroactive and neurotoxic potential of pharmaceutical drugs
and environmental toxicants.

Funding source: none

Keywords: compound screening, high content imaging, toxicity
assessment
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ADIPOSE AND CONNECTIVE TISSUE
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HUMAN DERMAL AND ADIPOSE TISSUE
MESENCHYMAL STROMAL CELLS VERSUS THEIR
CORRESPONDING CONDITIONED MEDIA: A
COMPARATIVE STUDY OF SKIN WOUND HEALIN

Trentin, Andrea G - Department of Cell Biology, Embryology
and Genetics, Universidade Federal de Santa Catarina,
Florianopdlis, Brazil

Zomer, Helena - Cell Biology, Embryology and Genetics,
Universidade Federal de Santa Catarina, Florianopolis, Brazil
(Current affiliation: University of lllinois)

Jeremias, Talita - Cell Biology, Embryology and Genetics,
Universidade Federal de Santa Catarina, Florianopolis, Brazil

Extensive wounds can lead to death if not quickly stabilized.
Besides, the healing process restores tissue homeostasis but not
its functionality. Thus, new strategies in tissue engineering are
needed to accelerate wound closure and improve the quality of
healing. Previously, we demonstrated that mesenchymal stromal
cells (MSCs) derived from the dermis and adipose tissue (DSCs
and ASCs, respectively) isolated from human abdominoplasty
discards remained stable overtimein culture with alow frequency
of nuclear alterations and were overall equivalent in promoting
in vivo cutaneous wound healing in mice. Considering the
paracrine effects of MSCs, here, we comparatively investigated
DSCs or ASCs with their corresponding conditioned media (CM;
DSC-CM and ASC-CM, respectively) in the healing of skin wounds
in vitro and in vivo. Although DSC-CM was more efficient than
ASC-CM in promoting wound closure in dermal fibroblast and
keratinocyte monolayers by scratch assay and vessel formation
using HUVEC cell line, both were superior than the untreated
condition. Proteomic analysis of DSC-CM and ASC-CM revealed
95% of similarity including the expression of TSG-6 and VEGF,
involved in tissue repair. However, DSC-CM presented higher
levels of angiopoietin-1 and decreased expression of TGF-beta,
MMP-9, and TIMP-1in comparison with the ASC-CM, which could
explain dissimilar results. MSCs and their CMs were associated
with IntegraTM dermal template as a scaffold and used in the
treatment of cutaneous wounds in C57BL/6 mice. Clinical and
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histopathological evaluations of the healing process (3 to 21 days
after surgery) revealed that DSC and ASC treatments were more
efficient in promoting skin wound closure than empty Integra
(control), reducing inflammation, promoting angiogenesis (vessel
number) and remodeling the extracellular matrix (collagen I/l
and elastin), thus improving scar quality. DSC-CM and ASC-CM
were equivalent although less efficient than DSCs and ASCs
concerning the maturation and general quality of healing. Taken
together, our findings suggest that MSCs act by additional
mechanisms besides paracrine signaling and/or improvements
in the current protocols for CM obtaining and/or administration
need to be developed to increase the efficiency and applicability
of DSC-CM and ASC-CM in cutaneous repair.

Funding source: Ministério Ciéncia, Tecnologia, Inovagdes

e Comunicacgdo, Conselho Nacional de Desenvolvimento
Cientifico e Tecnolégico, Coordenacdo de Aperfeicoamento de
Pessoal de Nivel Superior (Brazil)

Keywords: Cutaneous repair, Secretome, wound closure
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UVC RADIATION DECREASES HUMAN
MESENCHYMAL STEM CELL-DERIVED SMALL
EXTRACELLULAR VESICLES REGENERATIVE
PROPERTIES

Luzzani, Carlos - Stem Cells Lab, Fleni, Escobar, Argentina
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Lombardi, Antonella - Stem Cells Lab, Fleni, Escobar, Argentina
Norris, Alessandra - Stem Cells Lab, Fleni, Escobar, Argentina
Bucci, Paula - Centro de Investigacion y desarrollo Criotecnologia
de Alimentos, CONICET CCT-La Plata, La Plata, Argentina
Moro, Lucia - Stem Cells Lab, Fleni, Escobar, Argentina

La Greca, Alejandro - Stem Cells Lab, Fleni, Escobar, Argentina
Montanari, Jorge - GBEyB, CONICET CCT-La Plata, La Plata,
Argentina

Miriuka, Santiago - Stem Cells Lab, Fleni, Escobar, Argentina

Small Extracellular Vesicles (sEV) range from 30 nm to 150
nm that originate from the endosomal pathway. They contain
proteins, lipids, and nucleic acids, suggesting a possible role
in cellular communication. Perturbing the cellular homeostasis
provides a way to study how this transmitted message can
change. In our study, we sought to elucidate the effect genomic
damage provoked by UV-C may have on the exosomal
secretion of human mesenchymal stem cells derived from
induced pluripotent stem cells (hiPS-MSC). Here, hiPS-MSC
were irradiated with three different UV-C intensities (0,001 J/
cm2, 0,01 J/cm2, and 0,1 J/cm2) and the expression of genes
involved in the sEV biogenesis pathway was evaluated by
RT-gPCR. TSAP6, ALIX, Syntenin, and Rab27a did not show
a significant difference in the three conditions. Given these
results, sEV secreted by irradiated and not irradiated hiPS-MSC
were isolated from conditioned media using a Size Exclusion
Chromatography column and the concentration of extracellular
vesicles was measured by Tunable Resistive Pulse Sensing.
No significant differences were shown between conditions. To
assess if there is a change in intercellular communication due to
a distinct exosome content, functional assays were performed.
A wound-healing assay showed that cells incubated with not
irradiated hiPS-MSC derived exosomes had significantly more
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wound closure than those incubated without exosomes, and
the effect is lost when cells were incubated with irradiated hiPS-
MSC derived exosomes. To examine a likely change in exosome
content, proteomic analysis has been performed. Preliminary
results indicate enrichment in proteins involved in cell migration
in non-irradiated hiPS-MSC, which is lost under the effect of
genomic stress. Taken together, our results suggest that, while
genes of the sEV biogenesis pathway and the number of total
SEV secreted by irradiated and non-irradiated hiPS-MSC do
not show differences, sEV composition could be altered due to
genomic damage caused by UV-C.

Keywords: Mesenchymal Stem Cells, Extracellular Vesicles,
DNA Damage
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SIMULTANEOUS 2D AND 3D CULTURE OF
SINGLE DONOR PRIMARY ADIPOSE-DERIVED
STROMAL CELLS

Murray, John - Plastic Surgery, University Florida (UF) Health
Jacksonville, Jacksonville, FL, USA

Mynampati, Bharani - Ophthalmology, University of Florida at
Jacksonville, Jacksonville, FL, USA

scott, Edward - Microbiology and Molecular Genetics, Univesity of
Florida at Gainesville, Gainesville, FL, USA

Yap, Chelsea - Surgery, University of Florida at Jacksonville,
Jacksonville, FL, USA

Complex soft tissue regeneration requires simultaneous
regeneration of cells within both 2-dimensions (2D) and
3-dimensions (3D). For example, breast regeneration will require
simultaneous regeneration of epithelial ductal lining (2D) and
mesenchymal adipose (3D). As adipose-derived stromal cells
(ASCs) differentiate across germ layer pathways, they may
satisfy these simultaneous 2D and 3D structural requirements.
Herein we present a technique for the simultaneous culturing of
single donor ASCs in both 2D and 3D. This is an observational
descriptive study. Human adipose-derived stromal vascular
fraction (SVF) was isolated from lipoaspirate using a standardized
Kit (Reviticell, Inc.). 300,000 SVF cells were added to 6 mls of
ASC-defining media and 2 mls of the media / SVF suspension
were added to each of three attachment substrate-treated wells
of a 6 well plate and then cultured in humidified 5% CO2. On
culture day 5, 1 ml of the supernatant was transferred to the three
non-attachment substrate-treated wells to develop spheroids
(supernatant spheroids). 1ml of fresh media was added to all
of the wells. All cells were then cultured for the next five days
and morphologic features were then assessed. Spheroids were
compared to ASC spheroids simultaneously developed from
SVF with a hanging drop method (300,000 SVF cells: 18 drops,
16,500 SVF cells per drop). ASCs exhibited typical 2D branching
patterns and became confluent by day 8, with adherent
spheroids developing by day 10. The supernatant developed
spheroids by culture day 5, as did the spheroids developed by
the hanging drop method. 2D cultured spheroids measured 900
um, supernatant spheroids 807 um, and hanging drop spheroids
810 um. From the initial 300,000 suspended SVF cells, the 2D
method yielded 1.5M adherent ASCs and 4.5 spheroids and the
respective supernatant yielded 7.5 spheroids, for a total of 12
spheroids. The hanging drop yielded 27 spheroids. This study
reveals that single donor ASCs may be cultured simultaneously



in 2D and 3D. Further research will explore the reason that
supernatant spheroids only developed once the suspended
ASCs were passaged. We suspect cross talk between adhering
ASCs and suspended ASCs was occurring. Such crosstalk may
be necessary for self-organization of complex soft tissues using
ASCs.

Keywords: adipose derived stromal cells, spheroids, tissue
regeneration
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AMPK-MEDIATED SIRTUIN ACTIVATION
REGULATES HUMAN IPSC-DERIVED
CARDIOMYOCYTE DIFFERENTIATION

Sarikhani, Mohsen - Harvard University, Harvard Stem Cell
Institute, Cambridge, MA, USA

Garbern, Jessica - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Lee, Richard - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Sereda, Rebecca - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

The application of stem cell-derived cardiomyocytes (CMs)
for cardiac disease modeling, drug screening, and potential
clinical therapies is highly dependent on production of mature
cardiomyocytes. Based on recent studies, metabolic maturation
may be the key for improving overall maturation of iPSC-derived
CMs; however, the mechanism underlying metabolic maturation
is not well described. AMP-activated protein kinase (AMPK) is
a master regulator of metabolic activities, and we investigated
whether AMPK regulation participates in iPSC-CM maturation.
We observed that AMPK phosphorylation at Thr172 increased
at day 9 of differentiation but then decreased after day 11 of
differentiation. Chemical inhibition of AMPK with Compound
C (also known as dorsomorphin) resulted in reduced mean
fluorescence intensity of TNNT2 by flow cytometry (p<0.005) and
significantly reduced mRNA (p<0.001) and protein expression of
TNNI3 and TNNT2 by gPCR and western analysis, respectively
(p<0.005). Moreover, sustained activation of AMPK using AICAR
from day 9-14 increased fluorescence intensity of TNNT2 by flow
cytometry (p<0.005) as well as TNNI3 and TNNT2 by both mRNA
and protein levels. We characterized the effect of AMPK activation
on sarcomere length using TNNT2 and a-actinin antibodies and
AICAR treated cells and showed sarcomere length increased
from 1.59 (£0.16) to 2.31 (+0.17) um (p<0.001). AMPK can interact
with the SIRTUIN family, NAD+ class 3 histone deacetylases that
can act as metabolic sensors. We observed that AMPK activation
enhances SIRTUIN activation by increasing cellular NAD+ levels
post differentiation in day 9-16 significantly (p<0.002). We also
found that AICAR decreased acetylation of Histone3 at lysine 9
and 56 and histone 4 at lysine 16 (which are the known target
sites for nuclear localized SIRTUIN (SIRT1and SIRT6)), suggesting
that AMPK activation enhances SIRTUIN activity. We used DAPI
intensity as hallmark for heterochromatin status and found that
DAPI intensity was significantly higher in AICAR-treated versus
control cells (P<0.001) by imaging and flow cytometry. Thus,
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AMPK-induced SIRTUIN-mediated deacetylation of histone
proteins may regulate chromatin accessibility and condensation
and consequently enhance differentiation.

Keywords: Cardiomyocytes, AMPK, SIRTUIN
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DIFFUSION TENSOR MRI REVEALS MYOCARDIAL
ARCHITECTURE AFTER STEM CELL-DERIVED
CARDIOMYOCYTE TRANSPLANTATION IN
GUINEA PIG MODEL OF INFARCTION

Cook, Moses P - Department of Medical Biophysics, University
of Toronto, Toronto, ON, Canada

Dhahri, Wahiba - McEwen Stem Cell Institute, University Health
Network, Toronto, ON, Canada

Wright, Graham - Department of Medical Biophysics, University of
Toronto, Toronto, ON, Canada

Laflamme, Michael - McEwen Stem Cell Institute, University Health
Network, Toronto, ON, Canada

Ghugre, Nilesh - Department of Medical Biophysics, University of
Toronto, Toronto, ON, Canada

Heart regeneration using human pluripotent stem cell-derived
cardiomyocytes (hPSC-CMs) have presented as a novel
mechanism for cardiac repair after myocardial infarction (MI). In
vivo response assessment, therapy efficacy and the associated
mechanisms of repair are challenging to probe and warrant
the development of advanced imaging methods. The objective
of our study was to develop a comprehensive high-resolution
Magnetic Resonance Imaging (MRI) protocol to localize and
characterize structural changes after hPSC-CMs transplantation
in an ex vivo guinea pig model of MI. Guinea pig hearts were
cryoablated to induce infarction and scar regions were injected
either with hPSC-CMs (n = 4) or vehicle (n=2) 10 days later. Hearts
were harvested 28 days post-transplantation and perfusion
fixed. Ex vivo MRl was performed on a 7T Bruker MRI system. We
utilized 3D Diffusion Tensor Imaging (DTI, resolution 0.3x0.3x0.3
mm) to quantify myocardial structure parameters such as
fractional anisotropy (FA, directionality) and mean diffusivity
(MD, water mobility). Contrast enhancement (CE, resolution =
0.2x0.2x1 mm) was used to distinguish infarcted from healthy
tissue via accumulation of the gadolinium agent. A double dose
of gadolinium was injected pre-sacrifice to ensure contrast
accumulation during ex vivo imaging. Cell therapy subjects
demonstrated a higher level of tissue anisotropy FA within the
engraftment (0.23 +/- 0.02) compared to the infarction (0.12 +/-
0.07, p < 0.0001), and approached that of remote tissue (0.31
+/- 0.09, p < 0.0001). Similarly, MD was not significantly different
in graft versus remote tissue (1143 pm2s-1+/- 230 vs. 1140 pm2s-
1 +/- 180, respectively) and was improved compared to infarct
(1580 pm2s-1 +/- 240, p<0.0002). hPSC-CM engraftment was
in agreement between CE-MRI and histology (8.6% vs.10.1%
relative to infarct). Overall, the DTI measures within graft tissue
were indicative of greater structural organization within the
infarct zone (close to remote tissue) due to the presence of
hPSC-CMs. Our findings show that MRI serves to be a valuable
non-invasive method for graft localization and myocardial
architecture characterization and thus, evaluate therapy efficacy
after MI. Future studies can incorporate in vivo MRI sequences
to perform serial response to therapy.
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PPAR DELTA SIGNALING INDUCES METABOLIC
MATURATION IN PLURIPOTENT STEM CELL-
DERIVED CARDIOMYOCYTES THROUGH
ENHANCED FATTY ACID OXIDATION

Wickramasinghe, Nadeera M - Cell, Developmental and
Regenerative Biology, Icahn School of Medicine at Mount Sinai,
New York, NY, USA

Turnbull, Irene - Medicine, Icahn School of Medicine at Mount
Sinai, New York, NY, USA

Sachs, David - Medicine, Icahn School of Medicine at Mount Sinai,
New York, NY, USA

Dhanan, Priyanka - Pharmacological Sciences, Icahn School of
Medicine at Mount Sinai, New York, NY, USA

Torre, Denis - Pharmacological Sciences, Icahn School of Medicine
at Mount Sinai, New York, NY, USA

Raimo, Serena - Children’s Hospital of Philadelphia Research
Institute, Philadelphia, PA, USA

Mayourian, Joshua - Medicine, Icahn School of Medicine at Mount
Sinai, New York, NY, USA

Hansen, Arne - University Medical Center Hamburg-Eppendorf,
Hamburg, Germany

Eschenhagen, Thomas - University Medical Center Hamburg-
Eppendorf, Hamburg, Germany

Ischiropoulos, Harry - Children’s Hospital of Philadelphia Research
Institute, Philadelphia, PA, USA

Ma’ayan, Avi - Pharmacological Sciences, Icahn School of
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New York, NY, USA
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Icahn School of Medicine at Mount Sinai, New York, NY, USA

Pluripotent stem cell-derived cardiomyocytes (PSC-CMs) provide
a powerful approach for regenerative therapies, drug discovery
and disease modeling. One caveat, however, is that PSC-CMs
remain functionally and structurally immature, resembling first
trimester fetal heart cells. In vivo heart development involves a
postnatal metabolic switch from anaerobic glycolysis in the fetal
heartto fatty acid oxidation (FAO) in the adult heart, and this switch
coincides with an increase in PPAR signaling activity. Here we
show that inducing PPAR signaling in vitro in PSC-CMs induces
the metabolic switch observed in vivo, resulting in enhanced
PSC-CM maturation. PPAR delta (PPARd) signaling activation
resulted in PSC-CM structural maturation through improved
myofibril organization, reduced circularity standard deviation and
increased binucleation. However, no difference in contractility
was observed in either 2D or 3D culture formats. Interestingly,
PPARd activation upregulated genes involved in long chain fatty
acid (LCFA) metabolism and inhibition of glycolysis-dependent
oxidative  phosphorylation. Accordingly, PPARd-activated
PSC-CMs showed increased expression of LCFA membrane
transporters (CD36) and FAO enzymes (ACADVL), resulting in
increased LCFA uptake and processing. PPARd induction also
increased mitochondrial content, mitochondrial size, maximal
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respiration rates and FAO flux rates, confirming FAO induction
in PSC-CMs. PPARd-mediated metabolic maturation can be
induced in various culture protocols, including 3D Engineered
Heart Tissues or after metabolic selection, indicating broad
reliability for this mechanism. In summary, we identify a role
for PPARd signaling activation in enhancing PSC-CM metabolic
maturation by inducing a metabolic switch to FAO, with no effect
on contractility, thus uncoupling a metabolic prerequisite from
contractile maturation during early heart development.

Funding source: NYSTEM-C32561GG

Keywords: PPARdelta signaling, Metabolic maturation,
Enhanced Fatty Acid Oxidation

EARLY EMBRYO

TSC134

A NEW APPROACH TO AN OLD
PROBLEM: ILLUMINATING EARLY HUMAN
MORPHOGENESIS USING OPTOGENETICS

Merk, Markus - BMSE, University of California Santa Barbara,
Goleta, CA, USA

In comparison to fully differentiated somatic cells, stem cells
have an enormous range of cell fates which they can potentially
access. This enormous decision space underlies both the
promise and difficulty of utilizing stem cells in a therapeutic
context. Thus, understanding and ultimately controlling, how
stem cells undergo cell fate transitions promises to herald
the therapeutic potential of Regenerative Medicine. Here we
employed photo-switchable proteins from plants to control the
signaling flux of critical developmental pathways, including the
Wnt and BMP signaling pathways, to dissect the early cell fate
decision underlying human gastrulation. By virtue of our ability
to precisely pattern light in both space and time, we are using
these novel tools to both dissect how signaling dynamics are
decoded into cell fates and how spatial patterns of signaling
activity organize the collective behavior of stem cells during
gastrulation. In addition, we have developed a user-friendly set
of live-cell, fluorescent reporters of cell state to observe these
decisions in real-time. In the future, we hope to connect these
cell state outputs with our optogenetic inputs to develop an all-
optical feedback-controlled platform for guiding stem cell fate
choices.

Keywords: Morphogenesis, Optogenetics, Human
development
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WNT SIGNALING IN HUMAN INDUCED
PLURIPOTENT STEM CELLS AND
DIFFERENTIATED HEPATOCYTE-LIKE CELLS

Kanwal, Bushra - Centre of Stem Cells and Regenerative
Medicine, King’s College London, London, UK

Ahmed, Aamir - Centre for Stem Cells & Regenerative Medicine,
King’s College London, London, UK

Whnts are secreted glycoproteins that activate an intracellular
signaling cascade with intracellular free calcium (Ca®(i)) and
B-catenin as major transducers. The Wnt pathway is important
for stem cell self-renewal and differentiation. We have
developed a Wnt signaling readout using a ratiometric assay
(with Ca** dyes; Fluo4 and FuraRed) and confocal microscopy to
measure Wnt-induced Ca?(i) release in real time. By using this
assay, we reported Wnt-induced Ca?(i) release by multiple Wnt
ligands in various mammalian cells and proposed a convergent
Wnt model, indicating synergy between Ca*(i) release and
B-catenin stabilisation. We asked the question whether Wnt-
induced Ca®(j) release occurs in human induced pluripotent
stem cells (hiPSCs) and whether levels of Wnt signaling alter
as hiPSCs differentiate? To address this question, we used a
human iPS cell line (CGT-RCiB-10) derived from peripheral blood
mononuclear cells and hiPSC-derived hepatocytes (hiHeps) at
different stages of hepatic differentiation and measured Ca?'(j)
release in response to Wnt9B. We observed that peripheral and
medial cells of the hiPSC colonies differ in their basal Ca?(i)
levels. Addition of Wnt9B (400 ng/mL) activated Ca?(i) release
in hiPSC colonies; the time kinetics of the Ca?!(i) waveform was
segmented into rise, dwell and fall time (19.29 + 1.27 s, 20.09 +
1.23 s and 36.03 * 1.91 s respectively, n=130). Interestingly, Wnt-
induced Ca?(i) release in hiPSCs caused a change in the surface
area of these cells that appeared to be inversely proportional to
Ca*(i) release. Initially, the surface area of the cells reduced from
210.04 £ 13.82 um to 197.83 £ 13.94 pm with about 2-fold rise
in the amplitude of Ca?'(i) waveform (n=20). We also observed
a difference in Wnt-induced Ca?'(i) release as hiPSCs progress
through differentiation with significantly (P < 0.0001, Mann-
Whitney U test) reduced dwell time for the Ca?(i) in hiHeps (13.20
+1.62 s, n=56) when compared to hiPSCs (20.09 +1.23 s, n=130).
To our knowledge, this is the first study to report Wnt-induced
Ca?!(i) release in hiPSCs and differentiated hiHeps.

Funding source: This work is sponsored by Punjab Educational
Endowment Fund (PEEF), Government of Pakistan via Chief
Minister Merit Scholarship 2016 awarded to B.Kanwal.

Keywords: Induced pluripotent stem cells, iPSC-derived
hepatocytes, Wnt/Ca?' signaling
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STEM CELL DERIVED FUNCTIONAL PANCREATIC
ISLETS FOR TREATMENT OF TYPE 1 DIABETES
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(CLINTEC), Karolinska Institute, Stockholm, Sweden

Type 1 Diabetes is a rapidly expanding endocrine disease
affecting millions of people worldwide. Type 1 diabetes can be
treated with transplantation of cadaveric pancreatic islets, but
this approach is limited by shortage of donor islets and low
viability of islets after transplantation. Transplantation of human
pluripotent stem cell derived pancreatic islets (SC-islets) into
the anterior chamber of eye (ACE) can potentially solve these
problems by utilizing a renewable cell source and the possibility
of non-invasive longitudinal evaluation post transplantation.
Here in this study, we generated islets-like aggregates from
hESCs and then incorporated them into 3D porous scaffolds
made of recombinant spider silk protein. The aggregates
containing scaffolds were injected into ACE of a large-eyed
pre-clinical animal model. Our results show that the injected
aggregates were integrated onto the iris tissue and became
vascularized one month after transplantation. The aggregates
closely resemble human islets in both size and morphology, and
contain mainly mono-hormonal endocrine cells expressing either
insulin, glucagon or somatostatin. Because successful stem cell
therapy for type 1 diabetes relies on production of clinical-grade
functional islets, we optimized protocol for in vitro differentiation
into functional SC-islets. The SC-islets were able to increase
insulin secretion by 10-folds in response to high glucose
stimulation in vitro. The functionality of the SC-islets was also
evaluated by transplantation into ACE of diabetic animal model.
Together these results indicate that transplantation of functional
SC-islets into ACE could be the ideal solution for treatment of
type 1 diabetes in the future.

Funding source: This work is supported by Sweden’s
innovation agency Vinnova.

Keywords: Stem cell derived functional beta cells,
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ENHANCED IN VITRO HIPSC-DERIVED
HEPATOCYTE-LIKE CELLS MATURATION

Telles-Silva, Kayque A - Department of Genetics and
Evolutionary Biology, University of SGo Paulo, SGo Paulo, Brazil
Caires-Junior, Luiz - Genetics and Evolutionary Biology, University
of Sao Paulo, S&o Paulo, Brazil

Goulart, Ernesto - Genetics and Evolutionary Biology, University of
Sao Paulo, SGo Paulo, Brazil

Zatz, Mayana - Genetics and Evolutionary Biology, University of
Sao Paulo, Séo Paulo, Brazil

The liver is a crucial organ regarding metabolic, immune and
homeostatic regulation. Chronic and acute liver diseases,
genetically determined or acquired, account for approximately 2
million deaths per year. The only therapeutic options to severe
liver diseases are partial or total liver transplantation. Hepatic
tissue engineering, combined with human induced pluripotent
stem cells (hiPSCs) technology, offers an alternative to
traditional therapeutic procedures. Hepatocytes differentiation
protocols, nevertheless, result in hepatocytes with fetal
phenotype, hampering the comprehension about adult liver
cells mechanisms of regeneration, potential tissue engineering
approaches, in vitro disease modeling and drug development
applications. Here we show that the application of a formulation
composed of cell death inducer molecules in hiPSC-derived
hepatocytes (HLCs) for 24 h contributed for induction of hepatic
maturation, which was confirmed through gene (RT-gPCR) and
protein (immunofluorescence and flow cytometry) expression
analyses. Mature hepatocyte differentiation markers, such as
ALB, G6PC and TDOZ2, were overexpressed in the treated group,
which also secreted significantly more albumin in culture. Finally,
KRT7 and KRT19, hepatic biliary duct cells (i.e. cholangiocytes)
related genes showed reduced expression. This new formulation
may enhance current in vitro liver development assays, increase
the accuracy of liver diseases modeling and of hepatotoxicity
assays and improve current stem cell-based bio-artificial liver
engineering.

Funding source: This study is supported by grants from
FAPESP (2019/19380-4)
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DECELLULARIZED URETERAL SCAFFOLD

(PIG URETER) LOADED WITH ADIPOSE
MESENCHYMAL STEM CELLS (SHEEP ADIPOSE
TISSUE) PROMOTES URETER REGENERATION IN
A XENOTRANSPLANT MODEL (SHEEP URETER)
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Chuluyan, Eduardo - Facultad de Medicina, Departamento de
Microbiologia, Parasitologia e Inmunologia and Universidad de
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Ureteral injuries account for about 3% of urogenital traumas.
Decellularized tissues have emerged as an alternative to ureteral
repair, but the available protocols have failed in functional host
integration. The aim of this study was to develop and validate in
vivo a ureteral graft from a porcine ureteric scaffold, seeded with
adipose mesenchymal stem cells (aMSCs). Ureteral samples from
healthy pigs were used. Tissues were decellularized using Triton
X-100 1% and SDS 0.1% under continuous intraluminal perfusion
in a bioreactor designed by our group. Decellularization and
structural integrity were characterized by histological analysis,
B-actin western blot, residual DNA content, and scanning electron
microscopy. Extracellular matrix (EMC) proteins and VEGF were
studied by immunohistochemistry. Furthermore, 41 growth
factors were analyzed by protein array. Recellularization was
performed with aMSCs extracted from sheep adipose tissue, and
it was evaluated histologically. Ureteral grafts were implanted
into seven host sheep, and the functionality was analyzed by
ureterography. At ten weeks, the implant was extracted, and
integration was evaluated by histologically. Decellularized grafts
showed high structural integrity and low DNA contamination
and B-actin levels. EMC proteins and VEGF were observed.
After cellularization with aMSC, the grafts showed the presence
of groups of cells, and 32 growth factors were differentially
detected. Sheep implants showed peristaltic movements and
the regeneration of all ureteral tissue components. These
results indicate that the protocol used is successful in achieving
a decellularized ureter with an intact native architecture and
recellularization with aMSCs. Also, the porcine ureteral scaffold
seeded with aMSCs showed a high functional integration with
the host tissue. Therefore, this type of graft may be a suitable
alternative to ureteral regeneration.

Funding source: Fundacion Cientifica Felipe Fiorellino, Ciudad
Auténoma de Buenos Aires, Grant number: intramural funding.
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CIRCADIAN REGULATION OF REGENERATION
IN THE INTESTINE OF DROSOPHILA
MELANOGASTER

Parasram, Kathyani - Biological Sciences, University of Windsor,
Windsor, ON, Canada
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Lei, Katelyn - Biological Sciences, University of Windsor, Windsor,
ON, Canada
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Windsor, ON, Canada

The circadian clock is a 24-hour molecular transcription-
translation feedback loop that drives rhythms in behaviours and
physiological processes. Following injury, the circadian clock
can regulate the timing of mitosis in the intestine of Drosophila
melanogaster. The intestine of Drosophila melanogaster is a
pseudostratified epithelium consisting of intestinal stem cells that
divide into progenitors which differentiate into absorptive and
secretory cells. The wide variety of genetic tools, and its striking
similarity to the mammalian gut make the Drosophila intestine
a useful model for biomedical research. We have previously
shown that the circadian clock is active in the intestinal stem
cells, progenitors and absorptive cells and that it is active during
regeneration. However, the mechanism for circadian regulation
of stem cell activity remains unknown. We hypothesize that,
in stem cells, the circadian clock may regulate differentiation
and proliferation thereby gating regeneration to specific times
of day. Jak/STAT signaling, one of the key pathways involved
in intestinal stem cell differentiation and proliferation in the
Drosophila intestine, is conserved in mammals and it is involved
in a number of diseases including inflammatory bowel disease
and cancer. We sought to uncover if Jak/STAT signaling shows
a circadian rhythm and if there is a time-of-day difference in
regenerative response. Using a reporter of Jak/STAT activity we
show that clock mutants have altered Jak/STAT signaling and
that there is a time-of-day difference in Jak/STAT activity when
irradiated. We tested a candidate Jak/STAT regulator, IPK2 that
we have previously shown to be regulated by the circadian clock,
and found that it increases Jak/STAT activity. Furthermore, clonal
loss of IPK2 in stem cells results in a failure of maintenance.
Together these results suggest that the circadian clock may play
a role in regulating a circadian rhythm in regenerative response
of the intestine through IPK2.

Funding source: NSERC, CFI, Government of Ontario,
University of Windsor

Keywords: Intestine, Circadian Clock, Jak/STAT
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THE CLOCK GENE BMAL1 AFFECTS
REGENERATION OF INTESTINAL EPITHELIAL
CELLS IN MICE WITH INFLAMMATORY BOWEL
DISEASE
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Wang, Huaqging - Department of Pathology and Molecular
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The circadian clock is a highly conserved molecular system that
drives the oscillation of biological rhythms with a 24 hour period.
These rhythms are achieved through a core clock mechanism
involving CLOCK and BMALT1 transcription factors that positively
regulate the expression of CRY1/2 and PER1/2/3, their negative
regulators. Disruption of the circadian clock has been shown to
cause an increased risk of Inflammatory Bowel Disease (IBD).
Patients with IBD experience chronic inflammation along with
impaired regeneration of intestinal epithelial cells. Inflammation
and regeneration are closely linked. Recently, inflammatory
factors have been shown to activate regenerative pathways (ie.
YAP, Notch) using IBD models in mice. We tested the role of
the clock in IBD with an emphasis on the epithelial regenerative
response using BMAL1+/+ (wild type) and BMAL1-/- (null mutant)
mice. Dextran Sulfate Sodium (DSS) was applied to induce acute
colitis in mice, acting as an effective model for ulcerative colitis:
one of the two categories of IBD. We observe a drastic decrease
in the survival of mice lacking functional BMAL1 that were treated
with 4% DSS over 7 days. Disease activity and cytokine analyses
reveal time-dependent severity in inflammatory response that is
worse in BMAL1 mutants. To test the circadian rhythm of IBD,
we performed a 24 hour analysis comparing epithelial cell
proliferation and cell death, and inflammation in colon tissue.
Our results indicate a significant rhythmic expression of mitosis
throughout the day in BMAL1+/+ mice while mitosis in BMAL1-/-
mice is arrhythmic and at lower levels. Based on these results,
poor regeneration during IBD is in part attributed to decreased
and arrhythmic regeneration. To determine the relative
contribution of inflammation and epithelial regeneration in IBD
severity, a conditional intestinal knockout of BMAL1 in these
tissues will be examined. These data will provide insight into
how the core clock affects the inflammatory and regenerative
abilities of intestinal epithelial cells as well as surrounding blood
cells.

Funding source: University of Windsor, Government of Ontario,
CIHR, Crohn’s and Colitis Canada, NSERC
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EXTRACELLULAR VESICLES DERIVED FROM
AMNIOTIC FLUID STEM CELLS ATTENUATE
INTESTINAL EPITHELIAL INJURY OF
EXPERIMENTAL NECROTIZING ENTEROCOLITIS

Li, Bo - Translational Medicine, Hospital for Sick Children,
Toronto, ON, Canada

Lee, Carol - Translational Medicine, Hospital for Sick Children,
Toronto, ON, Canada

O’Connell, Joshua - Translational Medicine, Hospital for Sick
Children, Toronto, ON, Canada

Alganabi, Mashriq - Division of General and Thoracic Surgery, The
Hospital for Sick Children, Toronto, ON, Canada

Pierro, Agostino - Translational Medicine, Hospital for Sick
Children, Toronto, ON, Canada

Necrotizing enterocolitis (NEC) is one of the most devastating
intestinal diseases in preterm neonates, with a high incidence and
mortality rate. We have shown that the Wnt/B-catenin pathway
and intestinal regeneration were impaired in NEC. Amniotic fluid
stem cells (AFSC) can improve the intestinal injury in experimental
NEC but their administration is potentially problematic and
consequently we focused on their extracellular vesicles (EV). We
hypothesize that EV derived from AFSC attenuate the intestinal
injury of NEC by activating the Wnt pathway. Experimental NEC
was induced from post-natal day (P) 5-9 by gavage feeding of
hyperosmolar formula four times daily, hypoxia for 10 minutes
prior to feeds, and lipopolysaccharide administration. AFSC
administration rescued intestinal stem cell (ISC) impairment and
restored epithelial regeneration in experimental NEC, however,
Whnt-deficient AFSC were unable to. Organoids derived from
NEC intestine were smaller in size and had more budding due
to lack of Wnt signaling. Supplementing the culture media with
Whnt reversed these changes. Administration of EV derived from
AFSC induced similar morphological changes in organoids to
those exposed to Wnt. Intestinal proliferation and intestinal stem
cell were rescued by EV administration either before or after
experimental NEC induction. However, the beneficial effects of
EV administration were only achieved if EV were administered
during the progression of NEC injury. EV derived from AFSC
exert significant beneficial effects in NEC by stimulating the Wnt
pathway. Most importantly for translational clinical application,
the intestinal injury observed in NEC is attenuated by EV
administration as a rescue strategy but not for prevention of the
disease.

Funding source: This project was supported by CIHR
Foundation Grant 353857 and the Robert M. Filler Chair from
The Hospital for Sick Children.

Keywords: intestinal epithelial regeneration, necrotizing
enterocolitis, extracellular vesicles
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USING A THREE-DIMENSIONAL GELATIN MATRIX
TO SUPPORT TYPE Il ALVEOLAR EPITHELIAL
CELL DIFFERENTIATION FROM HUMAN
INDUCED PLURIPOTENT STEM CELLS

Thanabalasingam, Thenuka - Anaesthesia, St. Michael’s
Hospital, Toronto, ON, Canada

Kim, Ryungrae - Anaesthesia, St. Michael’s Hospital, Toronto, ON,
Canada

Jerkic, Mirjana - Anaesthesia, St. Michael’s Hospital, Toronto, ON,
Canada

Chen, Ya-wen - Keck School of Medicine, University of Southern
California, Los Angeles, CA, USA

Zhang, Haibo - Anaesthesia, St. Michael’s Hospital, Toronto, ON,
Canada

The type Il alveolar epithelial cell (AECII) has been recognized
as the alveolar stem cell, capable of proliferating and
transdifferentiating into terminal type | alveolar epithelial cells
(AECIs) that function in gas-exchange. This renders AECIIs
as an attractive candidate for use in exogenous cell therapy
for lung injury. However, the isolation of primary AECIls for
alveolar regeneration is precluded by technical challenges,
including slow turnover and the inability to maintain the AECII
phenotype ex vivo. Induced pluripotent stem cells (iPSCs) can be
differentiated into lung progenitor cells and subsequently into
AECIIs in vitro with the step-wise addition of developmentally-
relevant signaling factors in culture. We differentiated iPSCs
into lung bud organoids (LBOs) that were then inoculated onto
a three-dimensional gelatin matrix to facilitate further AECII
differentiation. We observed that the inoculated cells remained
viable and proliferated on the matrix. Additionally, cells acquired
expression of both epithelial cell adhesion molecule and the
AECIl-specific marker, pro-surfactant protein C, indicating that the
gelatin matrix supports the differentiation of lung progenitor cells
into AEClIs. Furthermore, when cells grown on the matrix were
sub-cultured onto two-dimensional tissue culture plates, they
exhibited a squamous AECI-like morphology. This phenotype
was not observed in cells that were differentiated in the absence
of the gelatin matrix, which remained cuboidal in morphology
after transitioning to 2D culture. In depth characterization of
these putative AECIs is currently underway. Taken together, our
results point to the feasibility of supporting AECII differentiation
with this gelatin matrix.

Funding source: Canadian Institutes of Health Research (CIHR)
grants awarded to Haibo Zhang

Keywords: Induced pluripotent stem cells, Type Il alveolar
epithelial cells, cell therapy
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3D-PRINTED HUMAN ABCB5-POSITIVE STEM
CELLS FOR THE TREATMENT OF CORNEAL
BLINDNESS

Lee, Catherine A - Division of Genetics, Department of Medicine,
Brigham and Women'’s Hospital, Harvard Medical School,
Boston, MA, USA

Kunes, Jennifer - Department of Radiology, Brigham and Women’s
Hospital, Harvard Medical School, Boston, MA, USA

Lee, Wonhye - Radliology, Brigham and Women’s Hospital,
Harvard Medical School, Boston, MA, USA
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Hospital, Harvard Medical School, Boston, MA, USA

Sasamoto, Yuzuru - Department of Medicine, Brigham and
Women’s Hospital, Harvard Medical School, Boston, MA, USA
Wilson, Brian - Department of Nephrology, Boston Children’s
Hospital, Harvard Medical School, Boston, MA, USA

Ksander, Bruce - Massachusetts Eye & Ear Infirmary, Harvard
Medical School, Schepens Eye Research Institute, Boston, MA,
USA

Frank, Markus - Department of Nephrology, Boston Children’s
Hospital, Harvard Medical School, Boston, MA, USA

Yoo, Seung-Schik - Department of Radiology, Brigham and
Women’s Hospital, Harvard Medical School, Boston, MA, USA
Frank, Natasha - Department of Medicine, Brigham and Women’s
Hospital, Harvard Medical School, Boston, MA, USA

Limbal stem cells (LSC) residing at the edge of the cornea
continually repopulate the corneal epithelium. Limbal stem cell
deficiency (LSCD) occurs when these LSC are damaged (due
to infection, burns, or other trauma) or missing (due to genetic
conditions). Patients with LSCD are unable to regenerate the
corneal epithelium, resulting in blindness due to invasion of the
conjunctiva and concomitant neovascularization. For patients
with unilateral LSCD, transplantation of autologous limbal tissue
or ex vivo expanded limbal cells from the unaffected eye can
be successfully used to treat LSCD. However, patients with
total, bilateral LSCD have no source of autologous LSC and
must rely on allograft transplantation, which is associated with
poor outcomes. Such patients would greatly benefit from an
alternative autologous source of stem cells for ocular surface
reconstruction. We previously demonstrated thathuman ABCB5+
LSC were capable of restoration of the corneal epithelium in an
immunodeficient mouse model of LSCD. We found that ABCB5
is also expressed by dermal stem cells (DSC )and hypothesized
that these ABCB5+ DSC could provide an alternative source of
stem cells for corneal epithelial regeneration. We tested this by
subjecting ABCB5+ DSC to corneal differentiation conditions in
vitro and saw significant induction of the corneal markers PAX6
and KRT12. Transplantation of ABCB5+ DSC to immunodeficient
recipient mice with mechanically induced LSCD resulted in clear
corneas. We are currently working on a method to 3D print
ABCB5+ DSC in fibrin gel using our custom-designed droplet-
based bioprinter to increase the efficiency of turning dermal
stem cells into limbal stem cells. Our results reveal the potential
of unmodified ABCB5+ DSC for corneal regeneration in the
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setting of experimental LSCD and set the stage for the use of
ABCB5+ DSC as an alternative autologous source of stem cells
to regenerate the corneal epithelium in patients with bilateral
LSCD.

Funding source: Grant support: HSCI, NIH/NEI, NIH/NCI, NIH/
NINDS, NIH/NIBIB, Department of Veteran Affairs, Organ
Design and Engineering (ODET) T32 EB016652-05

Keywords: Limbal stem cells, 3D printing, ABCB5
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INVESTIGATING THE ROLE OF PTEN IN
REGULATING MURINE MULLER GLIA
REGENERATION IN THE RETINA

David, Luke A - Laboratory Medicine and Pathobiology,
University of Toronto, Toronto, ON, Canada

Touahri, Yacine - Biological Sciences Platform, Sunnybrook
Research Institute, Toronto, ON, Canada

Hanna, Joseph - Biological Sciences Platform, Sunnybrook
Research Institute, Toronto, ON, Canada

Prokopchuk, Oleksandr - Biological Sciences Platform, Sunnybrook
Research Institute, Toronto, ON, Canada

Schuurmans, Carol - Laboratory Medicine and Pathobiology,
University of Toronto, Toronto, ON, Canada

While recent advances have been made in stem cell
transplantation for vision repair in humans, their effectiveness
is limited, and these technologies have not yet been translated
to the clinic. An attractive alternative strategy is to activate
endogenous stem cells for self-repair. Miller glia are endogenous
glial cells in the retina that act as stem cells in teleost fish and
amphibians; wherein they can differentiate and recover any
lost retinal cell types in response to injury or degeneration,
essentially self-healing a damaged eye. In contrast, mammalian
Mdiller glia have lost this ability to self-heal and instead activate a
negative cytotoxic process known as reactive gliosis, that serves
to limit the spread of injury. In teleost fish and amphibians,
where Miller glia have a proliferative response, the first step in
Mdiller glia activation is delamination of glial cell bodies into the
outer nuclear layer, where photoreceptors reside. This initiating
event for Miller glia regeneration is poorly understood at the
molecular level. Phosphatase and tensin homolog (Pten) deletion
or knockdown has emerged as a powerful strategy to promote
axonal regeneration in the central nervous system, including in
the retina, but a potential role in cellular regeneration has yet to
be reported. Using a tamoxifen inducible Muller glia specific Cre
driver, Sox9CreERT2, we deleted exons 4 and 5 in Pten fl/fl; Rosa-
zsGreen mice and analyzed adult retinas at 1, 3, 7- and 21-days
post tamoxifen induction. We traced the lineage of Miller glia
usingthe zsGreenreporterand showed that Miller glia cell bodies
delaminate into the outer nuclear layer where photoreceptors
reside, which is the initiating event of regeneration in teleost fish
and amphibians. We are in the process of conducting bulk RNA-
seq analysis of the transcriptomes of Pten conditional knock-
out retinas to identify differentially expressed genes that may
provide molecular insights into how Pten regulates this first step
of Muller glia regeneration. By identifying these latent regulators,
we will be better positioned to design gene therapies that could
be used to activate Miiller glia for regenerative purposes in the
clinic
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Funding source: This work was funded through an NSERC
Discovery Grant to CS. CS holds the Dixon Family Chair in
Ophthalmology research. LAD holds a University of Toronto
Vision Science Research Program award and a University of
Toronto Fellowship.
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MAGNETIC RESOLUTION OF MOUSE RETINAL
STEM CELLS REVEALS QUIESCENT VERSUS
PRIMED TO PROLIFERATE POPULATIONS

Coles-Takabe, Brenda L - Molecular Genetics, University of
Toronto, Toronto, ON, Canada
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Toronto, ON, Canada
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Toronto, ON, Canada

Gomis, Surath - Electrical and Computer Engineering, University of
Toronto, Toronto, ON, Canada

Wang, Zongjie - Institute of Biomaterials and Biomedical
Engineering, University of Toronto, Toronto, ON, Canada

Bader, Gary - Molecular Genetics, University of Toronto, Toronto,
ON, Canada

Sargent, Edward - Electrical and Computer Engineering, University
of Toronto, Toronto, ON, Canada

Kelley, Shana - Pharmaceutical Sciences, University of Toronto,
Toronto, ON, Canada

Van Der Kooy, Derek - Molecular Genetics, University of Toronto,
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The adult mammalian eye contains quiescent stem cells located
within the pigmented ciliary epithelium (1:500 cells) with the
potential to make all the cell types in the retina, however they
do not regenerate damaged adult tissue in vivo. The lack of
validated markers or strategies to prospectively identify these
rare cells within the retina in order to target them for potential
therapeutic purposes has remained a significant challenge. We
used a microfluidic platform that uses magnetic resolution to
facilitate efficient sorting to enrich and capture retinal stem cells
(RSCs) using cell surface biomarkers to enrich the stem cells to
approximately 1:4. We combined the microfluidic platform with
single-cell RNA sequencing and identified 5 clusters of cells in
a tSNE plot of which 2 contain RSCs. Through this analysis we
discovered 4 novel cell surface markers that when combined in
the microfluidic platform yielded an even higher 1:2 enrichment
of RSCs. We also analyzed the transcription factors that are
differentially expressed in the 2 RSC clusters which based on
gene expression may indicate that Cluster 2 RSCs may be in a
super quiescent state, while Cluster 4 RSCs may be in a more
primed to proliferate state. In support of this hypothesis, sorted
Cluster 4 cells had a 3 times greater probability of forming clonal
RSC spheres in vitro than Cluster 2 cells. The Creb1 gene is
highly expressed in the two RSC clusters. Indeed, we found that
although homozygous Creb1 hypomorphic mice have normal
size eyes, they have 50% reduction in the absolute number
of adult RSCs as assayed by clonal sphere formation in vitro.
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Knock-down of Creb1 in vitro using siRNAs in wildtype primary
ciliary epithelial cells was able to recapitulate this 50% decrease
in RSC number with a significant decrease in their ability to self-
renew. Bioinformatic re-analysis of only the two RSCs clusters
revealed the appearance of a third significant separate sub-
cluster of RSCs, which may be a transitional population between
the more quiescent and the poised to proliferate RSCs. This may
indicate that all three RSC clusters may be a single population
of RSCs, but in three different states — a super quiescent state, a
second transitional state, and a primed to proliferate state.

Keywords: enrichment, ciliary epithelium, retinal stem cell
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A CD45-TARGETED ANTIBODY DRUG
CONJUGATE ENABLES ALLOGENEIC
HEMATOPOIETIC STEM CELL
TRANSPLANTATION (ALLO-HSCT) AS A SINGLE
AGENT IN MICE
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Pearse, Brad - Magenta Therapeutics, Magenta Therapeutics,
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Cambridge, MA, USA

Sarma, Ganapathy - Magenta Therapeutics, Magenta
Therapeutics, Cambridge, MA, USA

Allo-HSCT is a potentially curative treatment for malignant and
non-malignant blood disorders. However, current conditioning
regimens are associated with significant conditioning-related
toxicities. As a result, many patients are not able to undergo
this potentially curative therapy. To pursue a safer alternative
conditioning strategy, we developed a novel antibody drug
conjugate (ADC) targeting mouse CDA45, engineered for rapid
clearance, to provide a translatable approach that may be
fully myeloablative as a single agent. We used a tool ADC to
evaluate the feasibility of conditioning mice for autologous and




allogeneic HSCT. In a congenic model of autologous transplant,
we established that a single dose of CD45-ADC (3 mg/kg) was
fully myeloablative and enabled complete donor chimerism. We
further evaluated this tool CD45-ADC in two murine models of
allo-HSCT. In a minor histocompatibility antigen mismatch model
of allo-HSCT, a single dose of CD45-ADC (3 mg/kg) enabled
full multilineage donor chimerism (>95% at 16 weeks) in DBA/2
(CD45.2+, H-2d) mice) following transplant with 2x107 bone
marrow (BM) cells from Balb/c congenic mice (H-2d, CD45.1+).
The donor chimerism was comparable to myeloablative TBI (9
Gy). A matched dose of isotype-ADC (Iso-ADC) had no effect.
In a fully mismatched model, a single dose of CD45-ADC (3 mg/
kg) enabled partial, transient chimerism (V27%) at 4 weeks in
C57BL/6 mice (H-2b, CD45.2+) transplanted with 2 x107 BM cells
from Balb/c CD45.1 mice (H-2d, CD45.1+). In the same model,
CD45-ADC (3 mg/kg) supplemented with TBI (2 Gy) enabled
durable, multiineage donor chimerism >95% over 16 weeks,
comparable to 9 Gy TBI. A matched dose of Iso-ADC had no
effect. These data demonstrate that single agent CD45-ADC
enables transplant in a mouse model of matched unrelated
donor transplant and CD45-ADC supplemented with low dose
TBI enables full allo-transplant. This targeted and translatable
approach for safer conditioning could improve the risk-benefit
profile for allogenic and haploidentical HSCT and may allow the
curative potential of HSCT to more patient.

Keywords: HSCT, CD45, ADC
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TAILORING FOR DEVELOPMENT: A TRANSIENT
WAVE OF HSC-DERIVED INNATE LYMPHOID
PROGENITORS COLONIZES AND SHAPES THE
MOUSE EMBRYO THYMIC ARCHITECTURE.
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Successive waves of hematopoietic progenitors from fetus to
adults generate different immune cell subtypes with distinct
function and tissue homing capacity. In line with this view, the
perinatal thymus is colonized by two distinct waves of thymic
settling progenitors (TSP) where they contribute to thymic
organogenesis and homeostasis. However, it has remained
unclear what is the developmental program by which embryonic
TSP waves are produced and what is the relative contribution
of each wave to shaping the embryonic thymic architecture.
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We found that the first wave TSP are generated through a
unique developmental program initiated in hematopoietic stem
cells (HSCs) derived lympho-myeloid primed progenitors that
transiently exist in the fetal liver between embryonic day (E) 11.5
and E15.5. These progenitors lose myeloid and B cell potential
and further migrate to the thymus to give rise to embryonic
T cell receptor-invariant T cells like Vy5 y& T cells beside
differentiating into innate lymphoid cells (ILC) with bias towards
the lymphoid tissue inducer (LTi) lineage. Moreover, transcripts
that define the molecular signature of ILC, and more precisely
the LTi lineage, are upregulated exclusively in the first wave TSP
on the single-cell level. At later developmental stages, adaptive
T lymphocytes are derived from lympho-myeloid progenitors
that colonize the thymus and retain B-cell, ILC and myeloid
potential. Temporally controlled TSP removal reveals the tissue-
inducing potency of the first wave TSP progeny represented
in their indispensable role in the differentiation of autoimmune
regulator (Aire)-expressing medullary thymic epithelial cells
(MTEC) during embryogenesis and shortly after birth. The
crosstalk between the first wave TSP progeny and Aire+ mTEC
prior to a8 T-cell positive selection, ensures that they are in
place to induce tolerance in the nascent a8 T cell repertoire.
Collectively, our work unravels the distinctions of early versus
late thymopoiesis and the dominance of innate development
gene programs during embryonic thymopoiesis. This sequence
of events highlights the impact of developmental timing on the
emergence of different lymphoid subsets tailored to the distinct
developmental age of the animal.

Keywords: Thymus, Hematopoietic Stem Cells, Lymphopoiesis
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ADULT HEMATOPOIETIC STEM CELL (HSC)
CLONALITY IS DETERMINED BY EMBRYONIC
MACROPHAGE SENSING OF CALRETICULIN ON
HSCS

Wattrus, Samuel J - Stem Cell Program, Boston Children’s
Hospital, Boston, MA, USA

Hagedorn, Elliott - Stem Cell Program, Boston Children’s Hospital,
Boston, MA, USA

Smith, Mackenzie - Stem Cell Program, Boston Children’s Hospital,
Boston, MA, USA

Zon, Leonard - Stem Cell Program, Boston Children’s Hospital,
Boston, MA, USA

In development, local signals induce hematopoietic stem cell
(HSC) emergence, trafficking, and division, and thereby dictate
the number of HSC clones that ultimately support long-term
hematopoiesis. Using a brainbow color barcoding system, we
have previously demonstrated that zebrafish produce 20-30
HSCs in the developing aorta. Using spinning disk confocal
microscopy, we imaged runx1+23:mCherry+ HSPCs in the
fetal niche and found surprising interactions with mpegl:GFP+
primitive macrophages. From 56-96 hours post fertilization (hpf),
macrophages contacted newly lodged HSPCs and scanned the
cell surface for 30-45 minutes, whereupon they either took up
a portion of membrane and cytoplasm or engulfed the entire
cell. To evaluate the effect this may have on HSC clonality, we
depleted embryonic macrophages in our brainbow labeling
system and raised fish to 2-3 months. Embryonic macrophage
depletion via the irf8 morpholino or clodronate liposome injection
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significantly reduced the number of HSC clones present in
adulthood with an average of 14 clones vs 24.6 in sibling controls
(p = 0.0002). To better characterize the interaction between
niche macrophages and HSPCs we performed single-cell RNA
sequencing and low-cell input proteomics. Macrophages that
had recently engaged HSPCs were FACS purified via mCherry
protein taken up from runx1+23:mCherry+ HSPCs. Proteomic
analysis identified 416 differentially enriched peptides present in
recently-engaged macrophages, which included three isoforms
of calreticulin. Normally ER bound, previous work in cancer
biology has shown that calreticulin may become surface bound
under stress conditions, and that surface bound calreticulin
can act as a ‘come-eat-me’ signal for macrophage mediated
clearance of tumor cells. Antibody staining confirms surface
calreticulin on HSPCs and scRNA-seq identifies the canonical
receptor for calreticulin in recently-engaged macrophages.
Morpholino knockdown of calreticulin reduces the prevalence
of macrophage-HSPC interaction from 29% to 13% (p = 0.0058).
Together, our data support a model in which the environmental
stimuli that induce HSCs also result in variable surface display
of calreticulin, leading to either macrophage grooming or
phagocytosis, which ultimately regulates HSC clonality.

Keywords: Hematopoiesis, Clonality, Macrophage
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IDENTIFICATION OF NOVEL SURFACE MARKERS
OF EXPANDED HUMAN HEMATOPOIETIC STEM
CELLS

Ansari, Unain - Molecular Biology Department, University

of Montreal, Institute for Research in Immunology & Cancer,
Montreal, QC, Canada

Tomellini, Elisa - Molecular Genetics of Stem Cells, Institute for
Research in Immunology & Cancer, Montreal, QC, Canada
Sauvageau, Guy - Molecular Genetics of Stem Cells, Institute for
Research in Immunology & Cancer, Montreal, QC, Canada

With the advent of genetically engineered hematopoietic stem
cells (HSCs) being used as part of therapeutic strategies for
the treatment of multiple hematological diseases, the ex vivo
expansion of HSCs represents a thriving avenue of interest. Our
laboratory has identified the molecule UM171 that promotes the
expansion of HSCs in vitro and we recently reported the clinical
benefits of transplantation of cord blood grafts expanded with
this molecule for the treatment of hematological malignancies.
The expanded HSC immunophenotype remains to be precisely
defined, as known HSC markers become unreliable when
HSCs are introduced in culture, hampering the study of these
cells. Our group previously identified 2 culture compatible HSC
surface markers: the endothelial protein C receptor (EPCR) and
integrin a3 (ITGA3). In order to further define expanded HSC
immunophenotype, we performed RNA-sequencing of EPCR+
and ITGA3+ cell populations isolated from UM171-expanded
CB cells combined with surface proteomic analysis of EPCR+ to
identify novel culture compatible HSC markers. Comparison of
cell populations expressing EPCR and ITGA3 with their negative
counterparts led to the identification of Carcinoembryonic
Antigen Related Cell Adhesion Molecule 1 (CEACAM1) and
Glycoprotein A33 (GPA33) as a new markers of long-term HSCs.
CEACAM1+ cells show multi-lineage differentiation potential in
vivo and serial reconstitution ability in immunocompromised
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mice. Elevated GPA33 expression also associates with long-term
reconstitution ability in vivo and GPA33+ cells show multi-lineage
potential. Further characterization of these markers is currently
ongoing. Defining the expanded HSC immunophenotype is the
first step to better characterize these cells. The identification of
CEACAM1 and GPA33 contributes to this endeavor to ultimately
facilitate the design of improved strategies to manipulate HSCs
for therapeutic purposes.

Funding source: This research is funded by a CIHR grant.

Keywords: Hematopoietic stem cells (HSCs), Surface markers,
Umbilical cord blood cells

TSC232

CLONAL TRACKING UNCOVERS BARRIERS AND
VALIDATES NEW STRATEGIES TO ENHANCE
GENE EDITING IN HUMAN HEMATOPOIETIC
STEM CELLS
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Gene editing (GE) by programmable nucleases holds great
therapeutic promise by allowing in situ gene correction and
function restoration with physiological expression. However, low
efficiencyofhomology-directedrepair(HDR)inhematopoieticstem
cells (HSCs) has constrained its perspective clinical applications
in several diseases. We recently showed that delivery of DNA
double-strand break by nucleases and transduction by Adeno-
Associated Vector (AAV) carrying the HDR-template in human
HSCs trigger a p53-dependent DNA damage response delaying
proliferation and decreasing hematopoietic reconstitution after
xenotransplantation. Suppression of this response by transient
expression of a dominant negative p53 released cell cycle block



and rescued hematopoietic reconstitution. Yet, the underlying
biology remained unknown as well as the impact of GE on clonal
dynamics of HDR-edited HSCs upon transplantation. Here, we
devised a novel technology (BAR-seq) which enables clonal
tracking of individual HDR-edited HSCs by introducing a unique
heritable barcode (BAR) in the HDR-template. Deep sequencing
of integrated BARs in human hematochimeric mice showed that
only few (5-10) dominant HDR-edited HSCs robustly contributed
to the hematopoietic graft long-term after transplant. Transient
p53 inhibition during GE substantially increased polyclonal
graft composition without altering individual HSC output, thus
explaining the improved engraftment and highlighting the
p53-mediated response as culprit of an otherwise oligoclonal
hematopoiesis. Importantly, BAR-seq provided the first direct
evidence that human HDR-edited HSCs maintain multilineage
potential and undergo multiple rounds of symmetric and
asymmetric divisions in primary and secondary xenogeneic
hosts. We then overcame HSC constraints to HDR by forcing
cell cycle progression and concomitantly upregulating the HDR
machinery through transient expression of the Adenovirus5-
E4orf6/7 protein. Combined E4orf6/7 expression and p53
inhibition enhanced >50% HDR efficiency within human graft
and preserved all essential stem cell properties. Altogether,
we expect that the substantial gains obtained in HDR efficiency
and polyclonal repopulation by our improved protocol will now
enable safe and effective clinical translation of HSC GE.

Keywords: Hematopoietic stem cell, Gene editing, Clonal
tracking
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S100A6 IS A CRITICAL REGULATOR OF
HEMATOPOIETIC STEM CELLS
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The fate options of hematopoietic stem cells (HSCs) include
self-renewal, differentiation, migration and apoptosis, but how
precisely intracellular Ca2+ (Cai2+) signals are transduced
to regulate fate options in normal hematopoiesis is unclear.
HSCs self-renewal divisions in stem cells are required for
rapid regeneration during tissue damage and stress. S100A6
is members of the EF-hand family of calcium-binding proteins
and is found increased when quiescent cells are stimulated to
proliferate. SIO0A6 expression is known to be upregulated in
mixed-lineage leukemia (MLL)/AF4 positive leukemia cells with
poor prognosis. However, as therapeutic toward S100A6 is
being developed to target leukemia, it is important to understand
how loss of SI00A6 affects normal blood development and the
role of S1I00A6 in HSC maintenance. Therefore it is important to
explore how S100A6 regulates HSCs fate options under normal
physiological condition. Our murine model of SI00A6 knockout
(KO) HSCs have reduced total cell numbers in HSC compartment,
a decreased of myeloid output and accompanied by anincreased
necrotic HSCs number in steady state. Importantly, SIOOA6KO
HSCs have impaired self-renewal and regenerative capacity,
fail to respond to stressor 5FU. Intriguingly, SIO0OA6KO HSCs
show a decreased of Akt and Hsp90 levels, with an impairment
of mitochondrial oxidative phosphorylation and a reduction of
mitochondrial Ca2+ levels. We unravel the mechanistic insights
into how S100AG6 regulates intracellular and mitochondria Ca2+
buffering of HSC. We demonstrate that Akt activator SC79
reverts the levels of intracellular and mitochondrial Ca2+in HSC.
Reduced colonies forming capacity and the decreased Hsp90
activity of SIO0A6KO are rescued through Akt pathway. Our
transcriptomic and proteomic profiling suggest that S100A6
is a critical HSC regulator and Akt is the prime downstream
mechanism of S100A6 in the regulation of HSC self-renewal
with specifically governing mitochondrial metabolic function and
Hsp90 protein quality. Our work describes the impact of the loss
of S100A6 in the blood system and indicates the importance
of this pathway in normal hematopoietic development. We
anticipate investigating the true therapeutic window to target
S100A6 in MLL/AF4 simultaneously to preserve the normal
HSCs.

Funding source: Knut and Alice Wallenberg Foundation (S.K.),
the Swedish Cancer Society (S.K.), the Swedish Childhood
Cancer Foundation (S.K.), and the Royal Physiographic Society
(T.H.M.G). The Sigurd and Elsa Goljes Minne Foundation
(T.HM.G).
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A HUMAN IN VITRO MODEL FOR TYPE-1
DIABETES REVEALS GENE EDITING TARGETS
FOR IMMUNE PROTECTION OF STEM CELL
DERIVED BETA CELLS
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Type 1 diabetes (T1D) is an autoimmune disorder leading to
the destruction of insulin-producing B-cells in the pancreas.
Despite recent scientific advances, questions remain regarding
the initial trigger and the downstream mechanisms of disease
progression. Human induced pluripotent stem cells (hiPSCs)
provide new opportunities for cell replacement therapy
of T1D. Therapeutic quantities of human stem cell-derived
B-cells (SC-B) can be attained in vitro following a stepwise
differentiation protocol. Yet, preventing immune rejection of
grafted cells, without the use of life-long immunosuppressants,
remains a major challenge. Using T1D patients’ hiPSC derived
B-cells (iPSC-B), we developed a human in vitro platform in an
autologous setting that recapitulates aspects of the effector/
target interactions in an autoimmune response. A donor-
matched (-cell-specific response was achieved by co-cultures
with perihelial blood mononuclear cells (PBMCs) derived from
the same donors’ blood. We performed a droplet based single-
cell RNA sequencing (scRNA-seq) of T1D iPSC-3 co-cultured with
their autologous PBMCs. scRNA-seq data analysis of co-cultured
cell populations identified upregulated genes that contribute to
the inflammatory microenvironment of a T1D pancreatic islet.
Subsequent co-culture experiments have shown that CRISPR-
depletion of such genes in SC-3, can reduce activation of T-cells
and increase (-cell survival. These results provide insights into
the nature of immune destruction of B-cells during T1D and
suggest a path to prevent it in cell replacement approaches.

Funding source: Juvenile Diabetes Research Foundation
Sigma Millipore

Keywords: Autoimmunity of type-1 diabetes, Human induced
pluripotent stem cells, Beta cells
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GLUCOSE PROMOTES MESENCHYMAL STEM
CELL PARACRINE FUNCTIONS PERTINENT TO
ANGIOGENESIS BY REGULATING UNFOLDED
PROTEIN RESPONSE

Luo, Guotian - Laboratory of Osteoarticular Biology,
Bioengineering and Bioimaging (B30A), The National Center for
Scientific Research (CNRS), Paris, France

Denoeud, Cyprien - B3OA, CNRS, Paris, France

Larochette, Nathanael - B3OA, CNRS, Paris, France

Potier, Esther - B3OA, CNRS, Paris, France

Petite, Hervé - B3OA, CNRS, Paris, France

Mesenchymal stem cells, also referred to as multipotent stromal
cells (MSCs), are a promising source of cells for a wide range
of tissue engineering and regenerative medicine applications
because they possess the capacities to differentiate into various
tissues of mesodermal origins as well as to secrete paracrine
growth factors including angiogenesis. The low MSC retention
rate within the injured tissue upon transplantation in vivo, caused
by disruption of nutrient and oxygen supplies, however, has been
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a major roadblock for MSC use in therapeutic applications. Our
previous studies established that the lack of glucose (but not of
oxygen) is fatal to human MSCs (hMSCs) because it acts as a pro-
survival molecule for hMSCs upon transplantation. The aim of this
study is to provide further insights about the effects of glucose
on hMSCs paracrine function pertinent to angiogenesis in vitro
and in vivo. We found that conditioned media (CM) collected
from hMSCs cultured with 1 or 5 g/L glucose for 3 days in severe
hypoxia promoted significant (p < 0.05) increased HUVECs
migration when compared to the ones collected from hMSCs
cultured without glucose. In fact, h(MSCs cultured in the presence
of glucose released significantly (p < 0.05) higher amounts of
Angiogenin, VEGF-A, a VEGF-C, Angiopoietin-1, Endostatin, and
CCL2 when compared to hMSCs cultured without glucose. Most
importantly, implanted hMSC-containing hydrogels loaded with
either 5, 10, and 20 g/L glucose exhibited a 2.4-, 2.8-, and 2.4-
fold increase (p < 0.05) in the volume of newly-formed blood
vessels when compared to hMSC-containing hydrogels without
glucose, respectively(n=8). The volume of newly-formed blood
vessels in cell-containing hydrogels without glucose and in cell-
free hydrogels loaded with glucose were similar and minimal.
Mechanistically, inhibition of protein synthesis, mediated by
the unfolded protein response via PERK, due to failure to
provide glucose to hMSCs exposed to near anoxia in vitro may
be responsible for the limited paracrine function pertinent to
angiogenesis observed. These data demonstrate that glucose
promotes hMSC paracrine functions pertinent to angiogenesis
via regulation of unfolded protein response.

Keywords: Mesenchymal stem cell, Tissue regeneration,
Glucose
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OPTIMIZING IN VITRO OSTEOGENESIS IN
CANINE AUTOLOGOUS AND IPS-DERIVED
MESENCHYMAL STROMAL CELLS WITH
DEXAMETHASONE AND BONE MORPHOGENIC
PROTEIN (BMP)-2
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The dog is an excellent translational model for cell-based
orthopedic treatments. However, ideal sources of canine
mesenchymal stromal cells (cMSCs) (i.e. autologous vs iPS-
derived) and optimal osteogenic culture conditions remain



undetermined. The objective of this study was to evaluate early-
and late-stage in vitro osteogenesis of autologous and iPS-
derived cMSCs cultured with varying concentrations of BMP-2
and dexamethasone. Autologous cMSCs were isolated from
bone marrow aspirates of skeletally mature dogs, while iPS-
derived cMSCs were generated from adult canine fibroblasts.
Osteogenic cultures were evaluated for early-stage osteogenesis
at day 7 using alkaline phosphatase (ALP) activity and real-time
quantitative PCR assays. Cells were evaluated for late-stage
osteogenesis at day 21 using the alizarin red (ALZ) staining assay.
Data were reported as mean +/- SD and analyzed using two-way
ANOVA with Tukey’s post hoc test. Significance was established
at p<0.05. BMP-2 was required to induce robust ALP activity,
whereas inclusion of dexamethasone decreased ALP activity in
the presence of BMP-2. Inclusion of dexamethasone reduced
Runx2 and osterix expression in autologous cMSCs. However,
inclusion of BMP-2 increased expression of osteocalcin and
osterix in autologous cMSCs. In contrast to early-stage results,
inclusion of dexamethasone and BMP-2 in late-stage osteogenic
assays produced the greatest monolayer mineralization for
autologous cMSCs. However, dexamethasone was inhibitory
to mineralization of iPS-derived cMSCs. This is the first study
to extensively evaluate osteogenesis of iPS-derived cMSCs.
While autologous and iPS-derived cMSCs respond similarly to
early-stage osteogenic media, they exhibit unique responses
to dexamethasone and BMP-2 in late-stage assays. Results
of this study indicate that the in vitro osteogenesis of cMSCs
can be modulated by varying the timing and concentration of
osteogenic stimuli. However, conditions that drive robust late-
stage monolayer mineralization are inhibitory to early-stage
osteogenic differentiation, suggesting that optimal conditions
for early- and late-stage in vitro differentiation are not identical.
The results of this study will prove useful for investigators
considering cMSCs for translational bone regeneration studies.

Funding source: Funded by the AKC-CHF, the Bone & Joint
Fund, and NIH 5T320D011083-09 (SG).
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CYCLIC MECHANICAL LOAD REGULATES SINGLE
CELL REGENERATIVE DIFFERENTIATION STAGE
IN MOUSE OSTEOPROGENITORS VIA CDKN1A

Almeida, Eduardo - Space Biosciences Division, NASA Ames
Research Center, Moffett Field, CA, USA

Juran, Cassandra - Space Biosciences Division, Universities Space
Research Association at NASA Ames Research Center, Moffett
Field, CA, USA

Forces generated by gravity loading are thought to stimulate
tissue stem cell-based regenerative processes. Conversely,
with profound tissue mechanical unloading in microgravity
mesenchymal and hematopoietic precursors have decrease
regeneration with increased stemness and differentiation
markers as well as higher p21/CDKN1a levels. Interestingly,
when p21/CDKN1a is knocked out, it results in a mouse with
a regenerative phenotype. These findings suggest that
mechanical loading may regulate tissue stem cell regenerative
progression decisions via p21/CDKN1a. In this work we tested the
hypothesis that cyclic mechanical loading differentially regulates
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primary mouse osteoprogenitor proliferation and differentiation
progression at specific cell cycle stages via p21/CDKN1a. Mouse
bone marrow cells from Cdknla-/- (null) or wildtype mice were
cultured unloaded under osteogenic conditions for 7-days,
then subjected to 48-hours of cyclic stretch or static control.
After 48-hours loading, we used a 10X Genomics controller to
generate bar-coded single cell lllumina libraries and performed
single cell RNAseq for 6,000 static control and 6,000 cyclic
stretch cells of each genotype. Using osteogenesis markers and
single cell expressome analyses, we identified osteoprogenitor,
early osteoblast, and late mineralizing osteoblasts populations.
We found that Cdknla-/- osteogenic cultures without loading
contain more differentiated late stage osteoblasts with fewer
progenitors, and that cyclic stretch further promotes the
conversion of progenitors to osteoblasts in both wildtype and
Cdkn1a-/- backgrounds. The proportion of cells identified as late
mineralizing osteoblasts doubled in Cdknla-/- cultures relative to
wildtype but is not affected by load. Finally, single cell expression
of Cdkn1a in wildtype cells, is most suppressed by cyclic stretch
both in early and late osteoblasts, and minimally expressed or
suppressed in progenitors. Collectively, our results support the
hypothesis that Cdknla suppresses tissue stem cell regeneration
in the absence of mechanical loading during late differentiation,
and that loading reverses this effect by suppressing p21/CDKN1a
expression. These studies suggest a novel molecular target to
counter tissue degeneration caused by disuse on earth and in
space.

Funding source: NASA Space Biology Grant to E. Almeida
Keywords: Cyclic loading, Regeneration, CDKN1A
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A NOVEL SELF-ASSEMBLING BIOMATERIAL TO
ENHANCE HUMAN NEURAL STEM CELL-BASED
REGENERATION AFTER SPINAL CORD INJURY

Ahuja, Christopher S - Institute of Medical Science, University of
Toronto, Toronto, ON, Canada

Khazaei, Mohamad - Genetics & Development, University Health
Network, Toronto, ON, Canada

Fehlings, Michael - Neurosurgery, University Health Network,
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Human iPSC-derived neural stem cells (hiPS-NSCs) are an
exciting therapeutic approach for regeneration after traumatic
spinal cord injury (SCI). Unfortunately, most patients are in the
chronic phase of injury where ex vacuo microcystic cavitations
form a formidable barrier to regenerative cell migration and
neurite outgrowth. QL6 (K2(QL)6K2) is a novel, biodegradable,
peptide biomaterial which self-assembles into an extracellular
matrix (ECM)-like lattice in vivo. It has previously been shown to
reduce inflammation and support endogenous and exogenous
mouse cell survival. However, its ability to support translationally-
relevant hiPS-NSCs continues to be a critical knowledge gap.
Nonvirally-derived hiPS-NSCs were cultured on QL6 biomaterial
versus a Geltrex ECM control. The mechanism of adhesion
was assessed by EDTA assay and gPCR. hiPS-NSC survival,
proliferation, and neurosphere formation were extensively
characterized in vitro through immunohistochemistry and
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scanning electron microscopy techniques. T-cell deficient
RNU rats (N=60) capable of supporting a human graft were
given a clinically-relevant C6-7 clip-contusion injury or sham
surgery. In the chronic injury phase, animals were randomized
to: (1) vehicle, (2) hiPS-NSCs, (3) QL6, or (4) QL6+hiPS-NSCs. All
rats received delayed daily treadmill rehabilitation. A subset
of animal cords underwent high throughput single-cell RNA
sequencing (scRNAseq). hiPS-NSCs proliferated robustly on
self-assembled QL6 vs control as demonstrated by Ki67+/DAPI+
immunocytochemistry (29%vs6%; p<0.01). EDTA adhesion assay
demonstrated that human NSC binding to QL6 is largely driven
by calcium-independent mechanisms. Importantly for NSCs,
QL6 enhanced the formation of adherent neurospheres, the
native conformation of NSCs. SEM imaging demonstrated an
interwoven human NSC-biomaterial interaction in vitro. Blinded
sensorimotor assessments of transplanted rats are ongoing with
a 22-week post-injury endpoint. Early scRNAseq differential
gene expression analyses demonstrate enhanced mature
oligodendrocyte marker expression (MBP, MAG) by the graft
when co-transplanted with QL6. 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: We thank the Canadian Institutes of Health
Research (CIHR) for providing operating funds and a 5-year
postdoctoral research fellowship to CSA. We also thank the
Krembil Foundation, Phillip and Peggy DeZwirek and Wings for
Life,
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Disruptions in GABAergic interneurons have been implicated
in several neuropsychiatric disorders, yet their development in
the human brain is poorly understood. We show that the human
medial ganglionic eminence (hMGE) is organized into unique
DCX+ cell-enriched aggregates (DEAs), which are not observed
in the mouse MGE. DEAs form as early as 14 gestational weeks
(GW) and persist as late as 39 GW in post-mortem samples.
These cell-dense aggregates also express SOX2, DLX2, and the
proliferation marker Ki-67, suggesting that this microstructure
provides a long-lasting neurogenic niche for young GABAergic
interneurons. In support of DEAs as persistent neurogenic
regions, transplantation of hMGE cells into the neonatal mouse
cortex re-established the highly proliferative DCX+ aggregates.
At later stages, transplanted hMGE cells further differentiated
into functionally mature GABAergic interneurons. Our study
identifies a novel hMGE-specific organization and diversity of
neural progenitors. This persistent gestational structure could
underlie the expanded production and diversity of interneurons
needed to populate the human brain.

Keywords: GABAergic Interneurons, Ganglionic Eminence,
Neurodevelopment
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RAPID NON-INVASIVE TEST FOR ROUTINE
DETECTION OF RECCURENT GENETIC
ABNORMALITIES IN HUMAN PLURIPOTENT
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Preserving the genetic integrity of human pluripotent stem
cells (hPSCs) is essential to guarantee the accuracy of disease
models and the safety of downstream clinical applications.
Because genetic abnormalities can accumulate at critical stages
of the hPSC workflow such as hPSC generation, amplification
or during genome editing, the genome of hPSCs should be
frequently monitored. However, the current methods to assess
hPSC genomic integrity are not optimized for regular screenings



as these approaches are often limited in term of resolution,
flexibility, cost or processing time. Our aim is to improve and
facilitate the procedure of hPSC genome integrity quality
control. Based on a large meta-analysis compiling hPSC genetic
abnormalities reported in more than 100 publications, we were
able to exhaustively identify recurrent genetic abnormalities
occurring in hPSCs. We then developed a rapid test (iCS-digital)
that can detect more than 90% of hPSC-specific recurrent
genetic abnormalities. This technology, based on digital PCR, is
able to process DNA extracted directly from culture supernatant
samples.This test was successfully used to detect copy number
variations that arose during prolonged culture or after critical
hPSCs stages such as gene editing. By enabling frequent
monitoring of hPSC genomic integrity, the iCS-digital test
contributes to secure many phases of the hPSC workflow, while
minimizing time and financial losses associated with the use of
abnormal hPSC lines.

Keywords: Human pluripotent stem cells, Genetic
abnormalities, Quality control
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STORAGE AND SHIPMENT OF HUMAN IPSC-
DERIVED CORTICAL NEURONS AT ROOM
TEMPERATURE USING WELLREADY
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Human iPSC-derived neural progenitor cells are matured for
at least 2 weeks before dispatch to customers at 37°C. This
necessitates the use of sophisticated storage and shipping
mechanisms to maintain the cells in a viable condition during
transport to the customer. Atelerix has developed a hydrogel-
based technology (WellReady™) capable of preserving biologics
at room temperature and also protecting them from the adverse
effects of mechanical forces that occur during shipment. This
allows the convenient transportation of cells, whilst avoiding
the known problems associated with cryopreservation and
subsequent thawing, as well as those arising from shipping in
liquid media. iPSC derived cortical neurons were stored for 24
hours at 15°C before being shipped a distance of 230 miles by
courierin Controlled Room Temperature (CRT) packaging, stored
overnight and returned. The total time for storage and transit was
3 days. Neuronal cultures that had no WellReady™ protection
were greatly damaged during transit with considerable shearing
of cells from the culture substrate and a total viable cell recovery
approximately 40% of the non-stored control. Cells protected
with WellReady", on the other hand, exhibited no decrease in
viable cell recovery compared to the non-stored control. The
protection exhibited by WellReady™ represented a 2.6+0.7-fold
increase over those cultures that were not protected. Even after
7 days of storage at 15°C, cell viability was maintained. Cells
exhibited a morphology similar to that of the non-stored control
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with axonal connections also being preserved. WellReady™ offers
a quick, convenient method to protect, store and ship fragile
high value cell cultures in 384-, 96-, 48-, and 24-well plates.

Keywords: Cortical Neurons, Room Temperature Storage,
Shipment
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ASSESSING QUALITY OF PLURIPOTENT STEM
CELLS (PSCS) EXPANDED IN 3D SUSPENSION
CULTURE
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Hursh, Deborah - CBER, FDA, Silver Spring, MD, USA

Human pluripotent stem cells (PSCs) due to their capacity to self-
renew and ability to differentiate into multiple cell types, are an
invaluable source for cell therapy and regenerative medicine.
PSC-based therapeutic products require large numbers of cells
and large-scale expansion. In addition, it is important to maintain
quality and purity of cells during expansion. Conventionally, stem
cells are grown as colonies in 2-dimensional (2D) culture. These
methods are convenient, easy to maintain and homogeneous.
However, 2D methods have limited scale and are not ideal for
mass production. Further, 2D systems do not mimic cell growth
or function in vivo. Three-dimensional (3D) suspension culture
systems offer a great advantage of enhanced surface to volume
ratio making scale-up of PSCs more feasible. 3D cultures provide
cell-cell interactions in all directions, perhaps closely mimicking
the in vivo situation. PSCs can be grown in suspension as
multicellular aggregates or on extracellular matrix-coated
microcarriers either in low adherent cell culture vessels or in
dynamic suspension in spinner flasks or bioreactors. Although
other studies showed adequate expansion of PSCs using
different 3D systems, not much is known about the quality of
the cells. Culturing cells in 3D could result in morphological,
metabolic and epigenetic changes that could be different from
2D cultured cells. These changes could ultimately affect cellular
function and lead to safety issues, such as genomic instability.
Our plan is to test different culture parameters and expansion
methods that promote adequate growth of PSCs in spinner
flasks, vertical bioreactors and in perfusion-enabled bioreactor
systems. We will use these culture systems to gain understanding
of the effect of 3D suspension culture conditions on different cell
quality parameters, including but not limited to, stem cell and
pluripotency markers, replication rate, mitochondrial dynamics,
and genetic and epigenetic changes.

Funding source: Intramural FDA Advanced Manufacturing
Grant
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A SINGLE IV DOSE OF PLINABULIN INDUCES
SUSTAINED MOBILIZATION OF CD34+ CELLS

IN HUMANS THROUGH A MECHANISM OF
ACTION (MOA) INDEPENDENT FROM G-CSF OR
CXCR4 AND WITHOUT CAUSING BONE PAIN OR
THROMBOCYTOPENIA

Mohanlal, Ramon - Research and Development, BeyondSpring
Pharmaceuticals Inc, New York, NY, USA

Huang, Lan - CEO, BeyondSpring Pharmaceuticals, Inc., New York,
NY, USA

Stem Cell Therapy and Gene Therapy rely on stem cell generation
such as bone marrow derived CD34+ cells. G-CSF is the standard
of care for CD34+ cell mobilization from bone marrow, but has
limitations. Firstly, CD34+ cell yield can be too low. Secondly,
G-CSF causes bone pain in the majority of patients (pts), as well
as thrombocytopenia. Thirdly, a regimen of daily injections with
short-lasting filgrastim, may impose inconvenience to patients.
Plinabulin (Plin) is a novel small molecule immune-enhancer,
given as one single infusion for 30 minutes and is in Phase (Ph)
3 trials for the prevention of chemotherapy-induced neutropenia
(CIN). Plin boosts the number of progenitor stem cells in bone
marrow with a MOA different from G-CSF and CXCR4, and has
a faster onset of action for CIN, and does not cause bone pain
or thrombocytopenia. To-date, Plin has been administered to
> 600 pts worldwide and exerts a favorable tolerability and
safety profile. We previously reported from the CIN Ph2 study
BPI-2358-105 (NCT03102606) in Lung Cancer pts that single
agent Plin increased CD34+ counts to clinically and statistically
(P<0.001) significant levels, under myelosuppressive conditions,
since all patients also received the chemotherapy Docetaxel
(Blayney ASH 2018). In contrast to Peg, Plin did not cause bone
pain or thrombocytopenia. Since Plin and G-CSF have a different
MOA, we also evaluated the effects on CD34+ cell mobilization
with combining Plin with pedfilgrastim (Peg, at 6 mg (full) dose,
and at lower doses of 3mg and 1.5 mg) in study BPI-2358-106
(NCT03294577), a Ph2 trial in Breast Cancer pts receiving
taxotere, doxorubicin, cyclophosphamide (TAC). The data shows
that combining Plin with low dose Peg produces statistically
significant CD34+ cell count increases (P<0.03) to values that
are comparable or numerically higher than with full dose 6mg
Peg alone under severe myelosuppressive conditions (TAC use).
Bone pain in the Plin/Peg combinations was almost eradicated
compared to the full dose Peg alone group. In each comparison
we had 7 to 9 patients with CD34+ data per treatment arm. CD34+
counts were obtained by centralized FACS analysis (Covance
Laboratories). Thus, Plin as single agent may represent a safe,
potent, convenient and well-tolerated alternative to G-CSF for
CD34+ cell mobilization, or could be combined with Peg.

Keywords: Bone Marrow CD34+ mobilization, Gene Therapy,
Stem Cell Therapy
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A DYNAMIC HEMATOPOIETIC
MICROENVIRONMENT: LIVE IMAGING OF
STEM CELL EXPANSION AND BONE MARROW
VASCULAR ARCHITECTURE IN ASSOCIATION
WITH BONE REMODELING

Yeh, Shu-Chi A - The Wellman Center for Photomedicine,
Massachusetts General Hospital, Boston, MA, USA

Miyamoto, Yoshiyuki - Oral and maxillofacial surgery, Tokyo
University, Tokyo, Japan

Haase, Christa - The Wellman Center for Photomedicine,
Massachusetts General Hospital, Boston, MA, USA
Christodoulou, Constantina - Human hematopoietic stem cells
gene/cell therapy, Novartis Institute for Biomedical Research,
Cambridge, MA, USA

Milosevic, Jelena - Center For Regenerative Medicine,
Massachusetts General Hospital, Boston, MA, USA

Sykes, David - Center for Regenerative Medicine, Massachusetts
General Hospital, Boston, MA, USA

Camargo, Fernando - Department of Stem Cell and Regenerative
Biology, Boston Children’s Hospital, Boston, MA, USA

Lin, Charles - The Wellman Center for Photomedicine,
Massachusetts General Hospital, Boston, MA, USA

Endosteal and vascular niches have been considered as two
major compartments that regulate fate determination of normal
and leukemic stem cells. Based on intravital tracking of the
newly developed MDS1GFP/+ FLT3-Cre transgenic mouse
model, our recent work confirmed the dual endosteal-vascular
localization of native long-term hematopoietic stem cells (LT-
HSCs). However, although sharing similar niches, their clonal
proliferation behaviors are heterogeneous and only occur within
a subset of bone marrow cavities while other LT-HSCs remain
as singlets. Given that bone formation precedes hematopoiesis,
and the endosteal surface is constantly undergoing remodeling,
we reason that different stages of bone turnover may impose a
degree of heterogeneity on the bone marrow microenvironment
that has so far been overlooked. To visualize bone remodeling
in vivo, we have developed an intravital labeling technique and
identified distinct bone marrow cavities based on the features
of local bone deposition and resorption. It relies on sequential
administrations of spectrally-distinct dyes that label the bone
fronts 48 hours apart and intravital imaging immediately after the
second dye injection. The dye administered at 48 hours prior to
imaging serves to delineate where the old bone front has been
partially eroded via bone resorption while the dye administered
on the day of imaging marks the new bone surface. Therefore,
3D quantification of Dyel/Dye2 ratio enabled us to classify
the bone marrow cavities into deposition (D), mixed (M), and
resorptive (R) types. With this strategy, we observed that both
LT-HSCs and HoaxA9-Meis1 leukemic cells expanded almost
exclusively in a subset of M-type cavities. To further determine
the remodeling dynamics over time, we added a third dye after
an additional 48-hour interval. Longitudinal analysis of the Dyel/
Dye2 and Dye2/Dye3 ratios from the same animal showed that
a majority of bone marrow cavities underwent active turnover
that resulted in substantial changes in dye ratios. Moreover, the
spatial organization of arteriole vessels was found to be closely
associated with such remodeling dynamics. These findings point



to the importance of live imaging techniques for characterizing
the spatially heterogeneous and temporally dynamic aspects of
the bone marrow microenvironment.

Keywords: Intravital imaging, Bone remodeling, Hematopoietic
stem cells
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3 NOVEL RODENT ES CELL LINES INCLUDING
FEEDER-INDEPENDENT, GERMLINE
TRANSMISSIBLE MOUSE NOD ES CELLS

AND THE FIRST ES CELLS FROM ACOMYS, A
REGENERATIVE RODENT

Wakenight, Paul - Cibr, Seattle Children’s Hospital Research
Center, Seattle, WA, USA

Aldinger, Kimberly - CIBR, seattle childrens hospital research
center, Seattle, WA, USA

Bammler, Theo - Environmental and Occupational Health
Sciences, University of Washington, Seattle, WA, USA

MacDonald, James - Environmental and Occupational Health
Sciences, University of Washington, Seattle, WA, USA

Millen, Kathleen - CIBR, seattle childrens hospital research center,
Seattle, WA, USA

Oukka, Mohamed - immunology, University of Washington, Seattle,
WA, USA

Timms, Andrew - cdbrm, seattle childrens hospital research center,
Seattle, WA, USA

Zwingman, Theresa - CIBR, seattle childrens hospital research
center, Seattle, WA, USA

Embryonic stem (ES) cells remain central to genome engineering
strategies in rodents. Yet ES cell lines are not available for
important mouse genetic backgrounds or emerging model
systems. We established three feeder-independent ES cell
lines that will be broadly useful to the scientific community.
Obviating the need for feeder cells, our new ES cell lines allow
for simplified transfection, selection, and subcloning. The first ES
cell line was derived from a F1 (C57BL/6J x Black Swiss) cross,
which combines a desired genotype (C57BL/6J) with a strain
that displays robust fecundity (Black Swiss) and is compatible
with CD1 4-8-cell injections. This F1 line is extremely robust. For
example, on average, for every 10 CD1 embryos injected and
transferred, we obtained 2 100% chimeras and subsequent
germline transmission of more than 50 mutant alleles. The
second ES cell line is a stable, feeder-free NOD ES cell line. As a
model of Type | diabetes, the NOD mouse strain has enabled the
study of immune and environmental factors influencing the onset
of diabetes. However, genetic analysis has been hampered by
the absence of genetically pure (non F1) NOD ES cells. To date,
we have also transmitted two targeted alleles from this line.
The third ES cell line is derived was from Acomys cahirinus -
the first ES cell line established for this rodent model. Acomys
is an emerging rodent model of mammalian regeneration and
are the only mammal known to retain extensive regenerative,
non-fibrotic wound healing as adults. This Acomys ES cell line
shares multiple transcriptomic features with the robust mouse
F1 (C57BL/6J x Black Swiss) line. Experiments are ongoing to
generate both mousel a Acomys interspecific chimeras and
Acomys chimeras.

Funding source: NIH R210D023838 and the Keck Foundation
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A GENETIC/EPIGENETIC-BASED METHOD
FOR HUMAN IPSC/ESC LINE AND SUB-
LINE AUTHENTICATION TO IMPROVING
THE STANDARD FOR DATA SHARING AND
REPRODUCIBILITY

Garcia-Bassets, lvan - Medicine, University of California, San
Diego (UCSD), La Jolla, CA, USA

del OImo, Bernat - Medicine, University of California, San Diego
(UCSD), La Jolla, CA, USA

Merkurjev, Daria - Medicine, University of California, San Diego
(UCSD), La Jolla, CA, USA

Pinsach-Abuin, Mel.lina - Medicine, University of California, San
Diego (UCSD), La Jolla, CA, USA

Almenar-Queralt, Angels - Cellular and Molecular Medicine,
University of California, San Diego (UCSD), La Jolla, CA, USA

Reproducibility (here understood as consistency in the results
obtained afterrepeating experiments using the same procedures/
analytical methods and the same cell line) is a major concern in
the field of human induced pluripotent stem cells (hiPSCs) and
human embryonic stem cells (hESCs). Sources of reproducibility
failure include mislabeling and cross-contamination (which can
occur when growing multiple lines side by side), and the intrinsic
instability and heterogenicity of these lines (which may lead to
the adoption of distinct cell populational features when a single
cell or a small subpopulation is intentionally or unintentionally
segregated from the parental hiPSC/hESC culture during genome
editing or sub-culturing, respectively). The gold-standard
analysis for cell authentication is genetic profiling of polymorphic
short-tandem repeat (STR) loci, combined with selective PCR
genotyping when using genome-edited lines. Rarely, however,
these analysesare performedon cultures ofthe same hiPSC/hESC
line over time (i.e., repeatedly), or contemporarily to experiments
included in publications. Critically, also, STR/PCR analyses
cannot distinguish clonal/sister cultures generated in the same
reprogramming or CRISPR-editing event, which are often used to
support data reproducibility. Here, we describe a method based
on H3K4me3 chromatin immunoprecipitation sequencing (ChlP-
seq) for robust hiPSC/hESC (sub)line authentication. It relies on
the integration of genetic variation (single-nucleotide variants,
SNVs) and stable epigenetic features (H3K4me3). This approach
can also be incompletely implemented with RNA-seq, ATAC-
seq, and non-H3K4me3 ChIP-seq data. A major advantage of
our method is that it can be applied retroactively to provide (sub)
line authentication contemporary to next-generation sequencing
(NGS) data generated in the past. We propose that our method
to authenticating hiPSC/hESC cultures could be a requirement
for depositing NGS datasets in public repositories (GEO-NCBI,
SRA-ENA, or DRA-DDBJ), at least as a quality test for datasets
that then become suitable for integration in meta-analyses; or
when hiPSCs are aimed for disease modeling, drug screening,
or regenerative medicine purposes, with the goal of improving
the standard for data sharing and reproducibility.

Funding source: Department of Defense (DoD), Convergence
Science Research Award, W81XWH1910315

Keywords: hiPSC/hESC, Cell authentication, Reproducibility

HSG

HARVARD
STEM CELL INSTITUTE




POSTER ABSTRACTS

PLACENTA AND UMBILICAL CORD
DERIVED CELLS

TSC363

EPITHELIAL CELL DIFFERENTIATION OF
HUMAN MESENCHYMAL STROMAL CELLS IN
DECELLULARIZED DERMIS SCAFFOLDS

Correa, Luz S - Unidad de Terapias Avanzadas, Instituto Distrital
de Ciencia, Biotecnologia e Innovacion en Salud - IDCBIS,
Bogotd, Colombia

Camacho, Bernardo - Unidad de Terapias Avanzadas, Instituto
Distrital de Ciencia, Biotecnologia e Innovacion en Salud, Bogota,
Colombia

Silva, Ingrid - Unidad de Terapias Avanzadas, Instituto Distrital de
Ciencia, Biotecnologia e Innovacion en Salud, Bogota, Colombia
Salguero, Gustavo - Unidad de Terapias Avanzadas, Instituto
Distrital de Ciencia, Biotecnologia e Innovacion en Salud, Bogota,
Colombia

Mesenchymal stem cells (MSC) represent an attractive tool to
improve engineered skin constructs as therapeutic strategy for
cutaneous lesions, given their cell plasticity and production of
beneficial paracrine factors. The ability of MSC to differentiate
into epithelial lineage following culture under epithelial induction
conditions has been previously reported. However, little is known
about the impact on epithelial cell differentiation when MSC are
combined with skin scaffolds. Here, we studied the ability of MSC
from Wharton jelly (WJ-MSC) to repopulate and differentiate
into epithelial-like cells after culture on human acellular dermis.
Acellular skin scaffolds were generated from human skin grafts
obtained at the institutional Tissue Bank. After decellularization,
green fluorescent protein (GFP)-expressing WJ-MSC and wild
type WJ-MSC were seeded on skin scaffolds using an air-liquid
interface cell system. Viability, cell proliferation and epithelial
differentiation was monitored by fluorescence microscopy. WJ-
MSC attached and proliferated on the dermis scaffold. Cells
were able to differentiate towards epithelial-like cells as shown
by expression of the epithelial markers plakoglobin, filaggrin
and involucrin. Moreover, WJ-MSC displayed keratinocyte-like
morphology, consistent with morphology patterns observed
for HaCaT control cells. Finally, WJ-MSCs showed significant
reduction of the mesenchymal marker vimentin. Together this
data points to the potential capacity of WJ-MSC to differentiate
toward epithelial-like phenotype and opens a new venue to use
MSC as cell resource for skin tissue engineering.

Funding source: Departamento Administrativo de Ciencia,
Tecnologia e Innovacién Code: 681580763539

Keywords: Mesenchymal stromal cells, Ephitelial differentiation,
Acellular skin scaffolds
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SECRETED RESPONSES OF UMBILICAL CORD
MESENCHYMAL STROMAL CELLS TO FULL
THICKNESS SWINE BURNS ARE REFINED BY THE
ZONE OF INJURY

Braid, Lorena R - Aurora BioSolutions Inc., Medicine Hat, AB,
Canada

Wiese, Danielle - Aurora BioSolutions Inc., Medicine Hat, AB,
Canada

Wood, Catherine - Aurora BioSolutions Inc., Medicine Hat, AB,
Canada

Mikler, John - Casualty Management Section, Defence Research
& Development Canada, Suffield Research Centre, Medicine Hat,
AB, Canada

Ford, Barry - Casualty Management Section, Defence Research
& Development Canada, Suffield Research Centre, Medicine Hat,
AB, Canada

Primary treatment of battlefield burns is often inadequate due
to delayed field evacuation or limited care in mass casualty
incidents. Untreated burns expand in depth and surface area
and elicit a hyper-immune response until the damaged tissue is
removed. Third degree (full-thickness) burns penetrate the dermis
and comprise 3 concentric zones of injury. The central zone of
coagulation is irrevocably damaged while the surrounding zone
of stasis is at risk. Tissue in the outermost zone of hyperemia can
be saved despite an acute inflammatory response and increased
perfusion. Mesenchymal stromal cells (MSCs) reportedly improve
outcomes as post-surgical burn treatments. We assessed in vitro
whether MSCs may also benefit burn sequelae if applied prior
to surgical intervention. Nine anaesthetized swine received 3rd
degree burns on the inner flank by a heated brass bar. After
30 minutes, the burn was excised 1 cm outside the zone of
hyperemia. Control (unburned) samples were also excised. The
burn center (zones of coagulation and stasis) and margin (zone
of hyperemia) were isolated by dissection. Human umbilical
cord MSCs (UC-MSCs), were co-incubated with 0.4 +/- 0.005g of
tissue using a 6-well Transwell system for 24, 48 or 72 hours (h) in
xeno-free media. Secreted proteins were assessed by multiplex
ELISA of 115 analytes. Within 24h of exposure to any burn tissue,
UC-MSCs increased output of inflammation mediators including
fractalkine, GCP-2, GRO-f3, 1-309, IL-19, MCP-3, MIP3-a, MMP-2
and TSLP. IL-2Ra and MIG were specifically elevated in response
to the necrotic center tissue, followed by B-NGF and IL-3 at
48h and SCF and SCGF-3 at 72h. Intriguingly, the burn margin
stimulated production of wound healing molecules in addition to
inflammation mediators. G-CSF, HGF, IL-183, IL-1IRA, LIF and TECK
increased significantly at 24 hours, followed by IL-20, IL-35, MDC,
sCD163 and sTNF-R1 at 72h. Thus, UC-MSCs exhibit refined
soluble responses that may improve outcomes for severe burn
patients that initially receive sub-optimal treatment and delayed
definitive care. The observed zone-specific responses suggest
that the molecular mechanisms of MSC treatments may differ if
the cells are applied before or after surgical debridement and
depending on their localization within the wound.

Keywords: umbilical cord MSC, full-thickness (3rd degree) burn,
paracrine response
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CELL-TYPE-SPECIFIC TRANSCRIPTOME AND
CHROMATIN ACCESSIBILITY DYNAMICS IN A
MODEL OF HUMAN HEART DEVELOPMENT AND
MATURATION

Hu, Peng - Department of Genetics, University of Pennsylvania,
Philadelphia, PA, USA

Qiu, Qi - Department of Genetics, University of Pennsylvania,
Philadelphia, PA, USA

Kang, Xiangjin - Department of Genetics, University of
Pennsylvania, Philadelphia, PA, USA

Wu, Hao - Department of Genetics, University of Pennsylvania,
Philadelphia, PA, USA

Human pluripotent stem cells (hPSCs) have the potential to
generate virtually any cell type, as such, can be used to study
human development, model diseases and even hold the promise
of enabling cell replacement therapies. However, further
development and application of human PSC-based technologies
have been severely hampered by the heterogeneity and
immature nature of differentiated cells derived from these
stem cells. To chart the cell-type-specific regulatory network
underlying human heart development and maturation, we
generated single-cell transcriptome and chromatin accessibility
profiling along directed cardiac differentiation in vitro. We
sampled from pluripotent states to terminal differentiated
cultures over 9 months. Active chromatin regions and enriched
transcription factors (TFs) expression identified in human
primary heart tissues were observed in different cell types at
different developmental stages. We used this resource to map
genetic risk for congenital heart disease at cardiac progenitor
stages. Moreover, we integrated chromatin accessibility with
transcriptomics to identify putative enhancer-gene linkages and
transcription factors that regulate human heart development and
maturation. Overall, this resource provides molecular insights
into gene-regulatory dynamics at previously inaccessible stages
of human heart development, including epigenomic signatures
of congenital heart disease.

Keywords: Single cell RNA-seq, Single cell ATAC-seq, Cardiac
differentiation
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DO MITOCHONDRIAL DYNAMICS CONTROL
MATURATION OF CARDIOMYOCYTES DERIVED
FROM HUMAN INDUCED PLURIPOTENT STEM
CELLS?

Garbern, Jessica - Department of Cardiology, Boston Children’s
Hospital, Boston, MA, USA

Sereda, Rebecca - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Conde, Jeffrey - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Ahmed, Aishah - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Sarikhani, Mohsen - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Escalante, Gabriela - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Lee, Richard - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Current protocols to differentiate cardiomyocytes from human
induced pluripotent stem cells (iPSCs) inadequately recapitulate
cardiomyocyte maturation during development. We recently
identified that inhibition of the mechanistic target of rapamycin
(MTOR) pathway with Torin1 can enhance maturation of iPSC-
derived cardiomyocytes (iPSC-CMs) via induction of cellular
quiescence. Unexpectedly, we had found that although
oxygen consumption rate is increased, indicative of metabolic
maturity, we found a decrease in the mitochondrial to nuclear
DNA ratio, suggesting that the more mature cardiomyocytes
have fewer or smaller mitochondria. Although mitochondria
are best known for their role in energy production, changes in
mitochondrial morphology can also control stem cell fate and the
quiescent state. We sought to investigate whether Torin1 alters
mitochondrial morphology and function and whether this affects
quiescence. We performed transmission electron microscopy
to quantify mitochondrial size. We evaluated expression of
mitochondrial fission and fusion proteins via western blotting. We
quantified mitochondrial membrane potential with MitoTracker
Red CMXRos dye. Vehicle-(DMSO)-treated iPSC-CMs had
hyperelongation of mitochondria, which was prevented with
Torin1 treatment (200 nM x 7 days), with significantly decreased
mitochondrial width, length, and area versus control (p<0.001 for
each).We observedthat Torin1lincreased expression of Parkinand
decreased protein expression of mitofusins 1 and 2, suggesting
increased mitochondrial fission and decreased mitochondrial
fusion, respectively. We found that Torinl-treated iPSC-CMs
had a significantly increased mitochondrial membrane potential
(p<0.05), suggesting removal of dysfunctional mitochondria.
Torinl-treatment significantly decreased superoxide and total
reactive oxygen species production compared to vehicle control
(p<0.01), consistent with a quiescent phenotype. These results
suggest that Torinl-treatment inhibits mitochondrial fusion and
promotes mitochondrial fission, with retention of more mature
mitochondria. Ongoing work will quantify whether Torin1-induced
mitochondrial quality control mechanisms are responsible
for supporting a quiescent state and directing cardiomyocyte
maturation.

Funding source: J.C.G. is funded by an NIH T32 fellowship
(T32HLO07572).
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DERIVATION OF FORMATIVE-LIKE PLURIPOTENT
STEM CELLS FROM MAMMALIAN EMBRYOS
Yu, Leqian - Molecular Biology, University of Texas

Southwestern, Dallas, TX, USA
Jun, Wu - Molecular biology, UT southwestern, Dallas, TX, USA

Two phases of pluripotency, naive and primed, have been
captured in vitro and studied in detail. A third “formative phase”
was recently proposed to exist between naive and primed
phases. Formative pluripotency entails permissiveness for direct
primordial germ cell (PGC) induction and chimera competency,
and is characterized by molecular features intermediate of naive
and primed pluripotency. To date, however, stable pluripotent
stem cells (PSCs) harboring formative features have not been
derived from early mammalian embryos. Here, we developed
a method that enabled the derivation and long-term culture of
stable formative-like embryonic stem cells (ESCs) from mouse
blastocysts, which not only shared transcriptional similarity with
E5-6 epiblast and formative epiblast like cells (EpiLCs), but were
also capable of direct entry into the germline and contributing
to blastocyst chimeras. The same culture system supported the
generation of embryonic stem cells (ESCs) and transgene-free
induced pluripotent stem cells (iPSCs) from a large domestic
mammal, the horse, which lacks stable PSCs. Formative-like
horse PSCs (ESCs/iPSCs) could efficiently chimerize horse,
mouse, goat, sheep and pig early embryos. Stable formative-like
PSCs will be invaluable for studying mammalian pluripotency
and early PGC development, and our method may be broadly
applicable for the derivation of analogous stem cells from other
mammalian species.

Keywords: Pluripotent stem cells, Formative state, PGC-LC
induction
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ESTABLISHING INTEGRIN ALPHAG6 (CD49F)
AS A RELIABLE BIOMARKER THAT DEFINES
FUNCTIONAL MESENCHYMAL STEM CELLS

Timilsina, Suraj - Biological Sciences, Oakland University,
Rochester, MI, USA

Villa-Diaz, Luis - Biological Sciences, Oakland University,
Rochester, MI, USA

Mesenchymal stem cells (MSCs) are isolated from many tissues
and can be derived from differentiation of human embryonic
stem cells (hESCs). MSCs are characterized by their self-
renewal potential and multi-lineage differentiation into bone,
fat and cartilage. Success of MSC-based therapies has been
confounded by population heterogeneity and by use of non-
standardized methods for their definition and characterization.
Integrin a6, also known as CD49f, is a biomarker that has been
identified in all stem cell populations, including MSCs. We and
others have shown that CD49f plays an important role in self-
renewal of different stem cell populations. We hypothesized that
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the expression of CD49f can be used to identify a functional
MSCs. For this, we derived MSCs from H1 and H9 hESCs,
and we cultured these cells from passage 1 through 8, and
perform characterization of these cells in term of expression of
biomarkers by flow cytometry, capacity to in vitro differentiation,
and self-renewal by colony forming units (CFU) assays. While
we observed that the expression of commonly used biomarkers
such as CD70, CD90 and CDO0105 remained highly expressed
from early to late passages, the expression of CD49f remained
high until passage 3 and declined in subsequent passages. At
early passages, the cells were functionally active- defined by
active osteogenic and adipogenic differentiation capability, and
CFU; these characteristics declined drastically at late passages.
Subsequently, we used magnetic beads sorting to separate
passage 3 MSCs into CD49f positive and negative cells. These
populations were analyzed for their functional characteristics
based on CFU, osteogenic and adipogenic differentiation
potentiality. Our results show that the CD49f+ cells have
significantly higher capabilities for CFU and osteogenic and
adipogenic differentiation. In conclusion, our results indicate
that integrin a6 is a reliable biomarker to identify and define
functional MSCs.

Funding source: OU’s CBR REF

Keywords: Mesenchymal Stem Cells, Integrin Alpha6,
Biomarkers
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DETERMINING THE ROLE OF FOCAL ADHESION
KINASE IN THE NUCLEUS OF HUMAN
PLURIPOTENT STEM CELLS

Kirsch Mangu, Thea - Biological Sciences, Oakland University,
Sterling Heights, Ml, USA

Villa-Diaz, Luis - Biological Sciences, Oakland University,
Rochester, MI, USA

Focal Adhesion Kinase (FAK) is a protein tyrosine kinase that
regulates proliferation and migration of cells. In somatic cells,
FAK resides in the cytoplasm and focal adhesion sites, while
we have demonstrated that in undifferentiated pluripotent stem
cells (PSCs) FAK resides in the nucleus, and is translocated
to the cytoplasm once phosphorylated during differentiation.
Interestingly, in the nucleus of PSCs, FAK interacts with the
transcription factors Oct4 and Sox2, suggesting involvement in
regulation of PSC self-renewal. Our aim is to determine the role
of FAK in the nucleus of PSCs. We hypothesize that nuclear FAK
acts as scaffold promoting the physical interaction between p53
and the ubiquitinase MDM2, which results in p53 degradation.
To test this, PSCs are treated with 0.5mM of manganese chloride
(Mn2+) to promote the nuclear exportation of FAK, while control
cells are treated with 0.50 mL of PBS. Immunocytochemistry
(ICC), Western Blot analysis, PCR analysis, and ELISA tests are
performed to test the activity of MDM2, FAK, and the expression
and activity of p53. Based on current analyses, Mn2+ treatment
induces FAK nuclear exportation, which led to the accumulation
of p53 in the nucleus, expression of its downstream target -p21-,
and to decrease of MDM2 and Oct4 nuclear expression. Using
ImageJ analysis on ICC images, we were able to observe almost
a 50% increase in p53 accumulation in the nucleus while there
was approximately a 40% decrease in MDM2 nuclear expression.
We have verified that there is an increase in the expression of



p53 and a decrease in MDM2 expression using Western Blot
analysis. After analyzing the Western Blot films using ImageJ,
we have observed the increased expression of p21, and double
expression of p53 after treatment, while a 40% reduction in
MDM?2 expression and 50% reduction of Oct4. We will perform
co-IP assays to demonstrate the direct binding between FAK/
p53/MDM2. Thus far, our results support our hypothesis and
will shed light in novel mechanisms by which p53 is regulated
in PSCs.

Funding source: OU’s CBR REF

Keywords: human pluripotent stem cells, Self-renewal, FAK
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CONTIGUOUS EROSION OF THE INACTIVE X
CONCLUDES WITH AN IMPAIRED EPIGENOME IN
HUMAN PLURIPOTENCY

Pinter, Stefan - Genetics and Genome Sciences, University of
Connecticut, UConn Health, Farmington, CT, USA

Bansal, Prakhar - Genetics and Genome Sciences, University of
Connecticut, UConn Health, Farmington, CT, USA

Human pluripotent stem cells (hPSCs) tend to exhibit instability
of DNA methylation in specific imprinted genes, as well as the
inactive X chromosome (Xi). This process of X chromosome
erosion (XCE), typically initiates with repression of XIST, the
long non-coding RNA responsible for silencing the Xi, followed
by irreversible loss of key epigenetic features of the Xi that
culminates in the reactivation of previously silenced genes.
While XCE has been suggested to be driven by upregulation
of specific Xi-linked genes that provide a selective advantage
for female hPSCs in culture, and has been described as ranging
from sporadic to chromosome-wide, the scale, dynamics and key
transition events of this process have remained almost entirely
unclear. To address this knowledge gap, provide guidance on
staging XCE in female hPSCs, and assess how this progressive
X reactivation phenomenon may impact female-specific hPSC
epigenome instability, we performed an integrated DNA
methylation and expression analysis across ™~ 400 published
hPSC lines. Differential methylation across the eroding X (Xe)
enables ordering female hPSCs across a trajectory of XCE
from initiation to terminal stages. Our analysis incriminates cis-
regulatory sites that reflect XIST repression, trace contiguously
growing domains of reactivation to a few euchromatic origins on
the Xi, and suggest the late-stage Xe may act as an epigenetic
contagion that impairs DNA methylation genome-wide. These
results are relevant to understanding and staging the epigenetic
fidelity of female hPSC disease models, and implicate species-
specific differences that may predispose the human Xi to
reactivation.

Funding source: This work was supported by NIH grant
R35GM123926 to SP.

Keywords: X chromosome inactivation, DNA methylation, Sex-
specific gene dosage
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CHANGING THE WADDINGTON LANDSCAPE TO
CONTROL MESENDODERM COMPETENCE

Huang, Roya - Kundu, Sharmistha - Department of Molecular
Biology, Massachusetts General Hospital, Boston, MA, USA
Venkatasubramanian, Divya - Department of Molecular and
Cellular Biology, Harvard University, Cambridge, MA, USA
Kingston, Robert - Department of Molecular Biology,
Massachusetts General Hospital, Boston, MA, USA
Ramanathan, Sharad - Division of Applied Physics, Harvard
University, Cambridge, MA, USA

As pluripotent human embryonic stem cells progress along
the developmental trajectory towards one differentiated fate,
they lose competence to adopt other fates. This process can
be pictured as a classical Waddington landscape in which a
differentiating cell rolls down a hill and enters one of several
“valleys” that constrain its fate choice. Here, we show that the
loss of competence for alternative fates occurs at a specific
point along the developmental trajectory along this landscape
and that this point can be moved using genetic perturbations.
We first show that competence to adopt mesendoderm-derived
fates in response to BMP4 and Activin A signal exposure is lost
during ectoderm-directed differentiation. By monitoring each
cell’s progression along its developmental trajectory, we can
prospectively predict that cell's mesendoderm competence.
We then exploit this predictive ability using RNA-seq and ATAC-
seq to identify and validate candidate transcription factors that
can modulate mesendoderm competence. These factors exert
their effects by controlling the cell’s progression along the
developmental trajectory, by tuning its competence to form
mesendoderm at any given point along that trajectory, or by
altering both of these aspects. In the Waddington landscape,
these effects correspond to changing the cell’s location on
the landscape and altering the location of the barrier between
fates, respectively. The ability of the underlying gene regulatory
network to modulate these two aspects of the developmental
landscape could allow separate control of the dynamics of
differentiation and tissue size proportions.

Funding source: Support provided by The Hertz Foundation;
the NSF GRFP; the NSF-Simons Center for Mathematical and
Statistical Analysis of Biology at Harvard, award #1764269; the
Harvard MRSEC (DMR-1420570); and NIH RO1GM131105- O1.

Keywords: cell fate decisions, mesendoderm competence,
Waddington landscape
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HEPARAN SULFATE REGULATES CELL FATE
DECISIONS OF HUMAN EMBRYONIC STEM
CELLS

Syangtan, Deepsing - Chemistry, Massachusetts Institute of
Technology (MIT), Cambridge, MA, USA

Masuko, Sayaka - Chemistry, Massachusetts Institute of
Technology, Cambridge, MA, USA

Mahbuba, Deena-Al - Chemistry, Massachusetts Institute of
Technology, Cambridge, MA, USA

Li, Qiao - Chemistry, Massachusetts Institute of Technology,
Cambridge, MA, USA
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Kiessling, Laura - Chemistry, Massachusetts Institute of
Technology, Cambridge, MA, USA

All mammalian cells, including human embryonic stem (hES)
cells, are decorated with heparan sulfate, a highly sulfated
polysaccharide. Heparan sulfate can influence communication
between stem cells and their microenvironment by modulating
growth factor assembly and interactions. Although studies
in mouse embryos indicate that heparan sulfate is essential
for mammalian development, the biological roles of heparan
sulfate in human cell fate commitment are largely unknown. To
address this knowledge gap, we engineered a heparan sulfate-
deficient hES cell line by CRISPR-mediated targeting of EXT1, a
glycosyltransferase required for heparan sulfate biosynthesis.
Using RNA-seq analysis, embryoid body formation assays, and
directed differentiation assays, we found that EXT1-/- cells can
self-renew but their abilities to differentiate into mesoderm and
endodermlineages are severely compromised. We also identified
defects in the Nodal signaling pathway, a critical developmental
process, which is a plausible cause of the impaired primitive
streak formation. EXT1-/- cells can differentiate into ectoderm
lineage, yet the resulting neural cells have arrested axonal
extensions, suggesting a role for heparan sulfate in proper
neurodevelopment as well. In summary, our findings highlight
the significance of cell surface glycans in human development
and diseases.

Keywords: Heparan sulfate, Primitive streak, EXT1
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PRPF6 SAFEGUARDS GENOME STABILITY AND
SELF-RENEWAL OF HUMAN EMBRYONIC STEM
CELLS THROUGH RNA M6A MODIFICATION AND
ALTERNATIVE SPLICING

Zhang, Lingling - Shanghai Institute of Nutrition and Health,
Shanghai Institutes for Biological Sciences, University of Chinese
Academy of Sciences, Chinese Academy of Sciences, Shanghai,
China

Jin, Ying - Shanghai Institute of Nutrition and Health, Shanghai
Institutes for Biological Sciences, University of Chinese Academy
of Sciences, Chinese Academy of Sciences, Shanghai, China

Human embryonic stem cells (hESCs) are widely used for
basic research and hold great potential for regenerative
medicine due to their capacities to self-renew unlimitedly and
to differentiate into all cell types of the human body. However,
the potential genomic instability hampers the maintenance and
full application of hESCs. Understanding molecular mechanisms
underlying hESC genomic stability is critical to achieve a more
qualified hESC culture for further applications. Here, we report
that PRPF6, a member of the basal spliceosome, is essential for
the maintenance of hESC self-renewal. PRPF6 knockdown (KD)
by RNA interference reduces hESC survival, while cell cycle and
proliferation remained unchanged. Concomitantly, we observe
DNA damage enhancement, as indicated by increased gamma
H2A.X level and longer comet tail at an early time point after
PRPF6 KD, and DNA damage-induced apoptosis, as evidenced
by elevated cleaved Caspase-3 and Caspase-9 levels. These
results suggest that PRPF6 may play a genome stability-
safeguarding role in hESCs. Our RNA-seq analysis demonstrates
that many genome stability-related genes are aberrantly spliced
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in PRPF6 KD hESCs, suggesting that PRPF6 may function
through an alternative splicing mechanism to maintain hESC
genome stability and self-renewal. Moreover, our IP/MS data
analysis shows that PRPF6 interacts with RNA m6A modification
writers, consistent with our finding that PRPF6 KD decreases
RNA m6A level in hESCs. Furthermore, functional assays show
that KD of either RNA m6A modification writers or one RNA
m6A reader also induces DNA damage in hESCs. Collectively,
RNA m6A modification may be involved in the regulation of
genomic stability of hESCs by PRPF6. Multi-omics analyses are
being performed to study how PRPF6 regulates the alternative
splicing of genomic stability- related genes through RNA m6A
modification, thereby stabilizing hESC genome stability. Our
finding provides novel insights into how hESC genome stability
and self-renewal are maintained.

Keywords: human embryonic stem cell, genome stability, RNA
m6A
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COPPER SUPPLEMENTATION DURING IN VITRO
MATURATION OF PORCINE OOCYTE AFFECT
TRANSCRIPT LEVELS RELATED TO APOPTOSIS
AND DEVELOPMENTAL COMPETENCE

Choi, Hyerin - Laboratory of Veterinary Embryology and
Biotechnology (VETEMBIOQ), Veterinary Medical Center and
College of Veterinary Medicine, Chungbuk National University,
Cheongju, Korea

Hyun, Sang-Hwan - Laboratory of Veterinary Embryology and
Biotechnology (VETEMBIO), Veterinary Medical Center and
College of Veterinary Medicine, Chungbuk National University,
Cheongju, Korea

Copper acts as a cofactor of enzymes related to respiration,
radical, detoxification, iron metabolism since it has a redox
activity. However, excess copper can be toxic to cells due
to accumulation of hydrogen peroxide. In this study, we
investigated the effect of copper treatment during in vitro
maturation (IVM) of porcine oocytes on various transcript levels
related to apoptosis and developmental competence. Copper
chloride was supplemented to maturation media (TCM199-
PVA) and its concentrations were 0, 0.7, 1.4, and 2.8ug/ml each
group. After 40-42 h of IVM, we evaluated transcript levels of
apoptosis, proliferative, developmental and copper transport
related genes in oocyte and cumulus cells by using real-time
PCR (polymerase chain reaction). As a first result, Nrf2 and Bax
levels in cumulus cells were significantly decreased in all copper
treatment groups compared to control. On the other hands,
copper supplementation increased Has2 level in cumulus cells.
In oocytes, PCNA mRNA level increased in 0.7ug/mL Cu group
compared to control. In addition, there were significant increases
of apoptosis related genes, Bax and Bcl-2, in 0.7 and 2.8ug/mL
Cu group. However, the ratio of Bax/Bcl-2 mRNA expression
shows significant decrease apoptosis rate in 0.7 and 1.4ug/mL Cu
group. Copper supplementation also improved maternal effect
genes, Zarl and NPM2 in 0.7 and 2.8ug/mL Cu group compared
to control. In case of copper transport related genes, there was
only a decrease of Ctr1 gene as copper concentration increased
in cumulus cells. CTR1 is a protein involved in Cul+ transport
process However, the mRNA levels of Sod1 which known as a
antioxidative enzyme were significantly high in 0.7 and 1.4ug/



mL Cu group than that of control. Although further studies are
required to evaluate nuclear and cytoplasmic maturation rate,
these results demonstrate that copper supplementation during
IVM decrease apoptosis rate in both cumulus cells and oocytes.
In addition, copper treatment increases developmental related
genes.

Funding source: This work was supported by “Korea Institute
of Planning and Evaluation for Technology in Food, Agriculture,
Forestry and Fisheries(IPET) (grant number: 819029-2)”

Keywords: copper, porcine oocyte, in vitro maturation
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CYTOSKELETAL REGULATION OF HUMAN
PANCREATIC CELL FATE

Hogrebe, Nathaniel J - Division of Endocrinology, Metabolism,
and Lipid Research, Washington University in St Louis, St. Louis,
MO, USA

Augsornworawat, Punn - Biomedical Engineering, Washington
University in St. Louis, Saint Louis, MO, USA

Millman, Jeffrey - Division of Endocrinology, Metabolism, and Lipid
Research, Washington University in St. Louis, Saint Louis, MO, USA

Recent progress has been made in the differentiation of
pancreatic 3 cells from human pluripotent stem cells, providing
a potentially unlimited supply of insulin-producing cells for
treating diabetes. This differentiation methodology relies on
the stepwise addition of growth factors and small molecules to
recreate stages of in vivo development, though physical cues
from the cells’ microenvironment have often been overlooked
during this process. Here, we report that the state of the actin
cytoskeleton in pancreatic progenitors is critical to cell fate
selection during this directed differentiation protocol. By
manipulating cytoskeletal state via cell arrangement (two- vs.
three-dimensional), substrate stiffness, or directly with chemical
treatment, we demonstrate that a polymerized cytoskeleton in
pancreatic progenitors inhibited NEUROG3-induced endocrine
differentiation. In particular, the high stiffness of tissue culture
polystyrene increased actin polymerization enough to prevent
premature endocrine induction in planar culture, facilitating
the expression of the crucial B cell transcription factor NKX6-
1. Subsequent differentiation of these NKX6-1+ pancreatic
progenitors to stem cell-derived beta (SC-B) cells in planar culture,
however, required timed cytoskeletal depolymerization with the
compound latrunculin A. Inappropriate cytoskeletal signaling
promoted by either omitting latrunculin A during endocrine
induction or adding it at the incorrect time led to drastic increases
in markers associated with other endodermal lineages, including
liver, intestine, and pancreatic exocrine. These results highlight
how physical culture conditions such as substrate stiffness and
dimensionality can influence endodermal cell fate choice during
the SC-f3 cell protocol and indicate why all successful protocols
have included some form of three-dimensional cell aggregation
during the endocrine induction step. These new insights into
how the microenvironment and cytoskeletal signaling influence
endodermal fate selection facilitated adaptation of suspension-
based protocols for generating highly functional SC-B cells to a
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planar format, providing an easier methodology that enhances
differentiation reproducibility and SC-B cell function across
multiple human cell lines.

Funding source: This work was funded by the NIH
(5RO1DK114233, T32DK108742), JDRF (5-CDA-2017-391-A-N),
and the Washington University-Centene Personalized Medicine
Initiative.

Keywords: stem cell-derived beta cells, endodermal
differentiation, mechanotransduction
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CHARTING AND NAVIGATING HUMAN IN VITRO
BETA CELL DIFFERENTIATION USING SINGLE-
CELL RNA SEQUENCING AND GENOME-WIDE
CRISPR PERTURBATION SCREENS

Veres, Adrian - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Faust, Aubrey - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Bushnell, Henry - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Schissler, Luke - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Melton, Douglas - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

In vitro directed differentiation of human beta cells promises
to cure Type | diabetes by replacing endogenous cells lost to
autoimmune injury. Current protocols modulate cellular signaling
pathways in a stepwise manner, starting from human pluripotent
stem cells to first produce pancreatic progenitors and next
glucose-responsive stem-cell-derived (SC-) beta cells. We first
apply single-cell RNA sequencing to comprehensively map cell
fates produced during SC-beta differentiation and, in turn, apply
whole-genome CRISPR-based perturbation screening to identify
genes that can modulate this process. Through sequencing of
>100,000 cells from various stages of the protocol, we identify
progenitor states and two other endocrine cells types produced
alongside beta cells in vitro: glucagon-producing alpha and
serotonin-producing enterochromaffin cells. Leveraging 3D
culture conditions that scale to >1 billion cells, we carried out
a whole-genome CRISPR knock-out screen to identify genetic
perturbations that control the balance between these stem-cell
derived endocrine cell types. Notably, numerous transcription
factors (TFs) are amongst the top screen hits. Among others,
we readily recapitulate the known importance of TFs such as
PDX1, NEUROG3, TCF7L2 and PAX4. Our unbiased genome-
wide screen also identifies novel regulators of beta cell identity,
ranging from ATOH1, a known regulator of neuroendocrine
differentiation not previously connected to pancreatic islets, to
currently uncharacterized zinc-finger TFs. Correlating with our
single-cell map, we note that while many hits are dynamically
expressed during SC-beta differentiation, many significant
hits are instead relatively stable. This observation highlights
the continued importance of perturbational experiments to
complement expression profiling of developmental processes.
Our work paves the way to creating bespoke human cell
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lines whose pluripotency is intentionally curtailed by targeted
modification in order to restrict the emergence of undesired
fates.

Funding source: Harvard Stem Cell Institute, Helmsley
Charitable Trust, JDR, JPB Foundation, Human Islet Research
Network (HIRN, RRID:SCR_014393; UC4 DK104165-04 and UC4
DK104159-03), NIH T32GM007226

Keywords: beta cells, diabetes, directed differentiation

D)
R

SSCR

| #ISSCR2020

EPITHELIAL

Cl204

EPIGENETIC MECHANISMS TRIGGERING
DIFFERENTIATION AND PLASTICITY IN THE
DEVELOPING MOUSE ORGAN OF CORTI

Trecek, Talon - Development, Stem Cells, and Regenerative
Medicine, University of Southern California (USC), Alhambra, CA,
USA

Tao, Litao - Development, Stem Cell and Regenerative Medicine,
University of Southern California, Alhambra, CA, USA

Yu, Haoze - Development, Stem Cell and Regenerative Medicine,
University of Southern California, Los Angeles, CA, USA

Llamas, Juan - Development, Stem Cell and Regenerative
Medicine, University of Southern California, Los Angeles, CA, USA
Segil, Neil - Development, Stem Cell and Regenerative Medicine,
University of Southern California, Los Angeles, CA, USA

Sensory hair cell loss caused by loud noise, ototoxins or
other environmental insults is the primary cause of hearing
loss. While sensory hair cells in non-mammalian vertebrates
can be readily regenerated from adjacent supporting cells,
mammalian supporting cells lose regenerative potential during
early development. The molecular mechanisms underlying the
limited plasticity of nascent supporting cells remain unknown. By
interrogating genome-wide histone modification changes during
the differentiation of hair cells and supporting cells, we identified
an intermediate cell type that has yet to undergo fate selection
as a hair cell and supporting cell, but which is “epigenetically
primed” to be permissive for hair cell and supporting cell
differentiation. In progenitors, both hair cell and supporting cell
gene regulatory networks are repressed by histone 3 lysine
27 trimethylation (H3K27me3); while the primed progenitor
has lost much of its H3K27me3 character, and acquired the
epigenetic mark typical of primed enhancers, H3K4mel. The
reduction of H3K27me3 occurs at both hair cell and supporting
cell-specific regulatory elements in the transition from de facto
progenitor (E13) to the primed progenitor intermediate (E14.5).
Meanwhile, low-level cell type-specific transcriptional activation
at both hair cell and supporting cell-specific genes occurs in
all the intermediate cells, and this plastic state is subsequently
resolved by the onset of Notch-mediated lateral inhibition.
Transition to the hair cell fate is driven by acquisition of cell type-
specific H3K27 acetylation (H3K27ac). Our findings suggest that
the intermediate primed progenitor may represent a required
metastable state, that can subsequently be resolved by Notch-
mediated lateral inhibition. Understanding the epigenetic basis
for the transdifferentiation potential of nascent supporting cells
will provide insights into hearing restoration attempts through
hair cell regeneration.
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GENERATION OF A PITX2-EGFP REPORTER
LINE OF HUMAN INDUCED PLURIPOTENT STEM
CELLS ENABLES ISOLATION OF PERIOCULAR
MESENCHYMAL CELLS.

Okubo, Toru - Basic Research Development Division, Rohto
Pharmaceutical Co., Ltd., Kizugawa, Japan

Hayashi, Ryuhei - Department of Stem Cells and Applied Medicine,
Osaka University Graduate School of Medicine, Suita, Japan
Shibata, Shun - Department of Stem Cells and Applied Medicine,
Osaka University Graduate School of Medicine, Suita, Japan
Kudo, Yuji - Department of Stem Cells and Applied Medicine,
Osaka University Graduate School of Medicine, Suita, Japan
Ishikawa, Yuki - Department of Ophthalmology, Osaka University
Graduate School of Medicine, Suita, Japan

Inoue, Saki - Department of Ophthalmology, Osaka University
Graduate School of Medicine, Suita, Japan

Kobayashi, Yuki - Department of Ophthalmology, Osaka University
Graduate School of Medicine, Suita, Japan

Honda, Ai - Department of Ophthalmology, Osaka University
Graduate School of Medicine, Suita, Japan

Honma, Yoichi - Department of Stem Cells and Applied Medicine,
Osaka University Graduate School of Medicine, Suita, Japan
Kawasaki, Satoshi - Department of Ophthalmology, Osaka
University Graduate School of Medicine, Suita, Japan

Nishida, Kohji - Department of Ophthalmology, Osaka University
Graduate School of Medicine, Suita, Japan

PITX2 (Paired-like homeodomain transcription factor 2) plays
important roles in asymmetric development of the internal
organs and symmetric development of eye tissues. During
eye development, cranial neural crest cells migrate from the
neural tube and form the periocular mesenchyme (POM). POM
cells differentiate into several ocular cell types, such as corneal
endothelial cells, keratocytes, and some ocular mesenchymal
cells. In this study, we used transcription activator-like effector
nuclease technology to establish a human induced pluripotent
stem cell (hiPSC) line expressing a fluorescent reporter gene
from the PITX2 promoter. Using homologous recombination,
we heterozygously inserted a PITX2-IRES2-EGFP sequence
downstream of the stop codon in exon 8 of PITX2 Cellular
pluripotency was monitored with alkaline phosphatase and
immunofluorescence staining of pluripotency markers, and the
hiPSC line formed normal self-formed ectodermal autonomous
multizones. Using a combination of previously reported methods,
we induced PITX2 in the hiPSC line and observed simultaneous
EGFP and PITX2 expression, as indicated by immunoblotting
and immunofluorescence staining. PITX2 mRNA levels were
increased in EGFP-positive cells, which were collected by cell
sorting, and marker gene expression analysis of EGFP-positive
cells induced in self-formed ectodermal autonomous multizones
revealed that they were genuine POM cells. Moreover, after 2
days of culture, EGFP-positive cells expressed the PITX2 protein,
which co-localized with forkhead box C1 (FOXC1) protein in the
nucleus. We anticipate that the PITX2-EGFP hiPSC reporter cell
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line established and validated here can be utilized to isolate
POM cells and to analyze PITX2 expression during POM cell
induction.

Funding source: This work was supported in part by the Project
for the Realization of Regenerative Medicine of the Japan
Agency for Medical Research and Development.

Keywords: Periocular mesenchyme (POM), PITX2, TALEN
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IDENTIFICATION OF MEIOTIC GERM CELL-
SPECIFIC MGA SPLICE VARIANT THAT
FUNCTIONS AS A NEGATIVE REGULATOR
OF NON-CANONICAL PRC1LEADING TO THE
PROMOTION OF MEIOTIC ONSET

Kitamura, Yuka - Biomedical Sciences, Saitama Medical
University, Hidaka-shi, Japan

Uranishi, Kousuke - Biomedical Sciences, Saitama Medical
University, Hidaka-shi, Japan

Hirasaki, Masataka - Biomedical Sciences, Saitama Medical
University, Hidaka-shi, Japan

Nishimoto, Masazumi - Biomedical Sciences, Saitama Medical
University, Hidaka-shi, Japan

Suzuki, Ayumu - Biomedical Sciences, Saitama Medical University,
Hidaka-shi, Japan

Okuda, Akihiko - Biomedical Sciences, Saitama Medical University,
Hidaka-shi, Japan

Non-canonical Polycomb Suppressor Complex 1 (PRC1.6) has
been shown to suppress precocious meiotic entry in germ cells.
Therefore, itis conceivable that germ cells disrupt PRC1.6 function
at the timing or prior to their true meiotic onset. However, how
germ cells inactivate this complex remains largely obscure. Our
careful inspection of publicly available RNA-sequence data of
genes encoding either one of 14 components of PRC1.6 complex
led to the identification of a splice variant of Mga with extra-
sequence derived from a portion of 18th intron. Interestingly,
further analyses revealed that this variant is generated
rather specifically in germ cells that are either in process of
or immediately after the meiosis. MGA is a large scaffolding
protein and constitutes a DNA binding domain of the complex
by dimerizing with MAX (also a component of PRC1.6) through
their common bHLH-LZ domains. However, the MGA isoform
derived from this variant lacks this domain due to premature
termination codon (PTC) in the newly inserted sequence. Like
Mga splice variant, mMRNAs with PTC are in general subjected to
rapid degradation with the RNA surveillance mechanism known
as non-sense-mediated mRNA decay (NMD). However, since it
is known that germ cells at meiotic stage are rather defective
in NMD, we hypothesized that Mga variant mRNA exists rather
stably in meiotic germ cells and is translated into a mutant MGA
protein that lacks bHLH-LZ domain. Then, the translated mutant
MGA protein functions as a dominant negative factor against
the construction of PRC1.6 complex. In line with this hypothesis,
we found that Mga variant levels in spermatocytes were not
influenced by the treatment of NMD inhibitor, i.e., cycloheximide
and we could detect MGA mutant protein with nuclear extract
from testis. Next, we examined the consequence of forced
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expression of Mga variant in embryonic stem cells (ESCs),
since disruption of PRC1.6 in ESCs has been shown to provoke
meiotic onset ectopically. In accordance with our expectation,
our analyses revealed that overexpressed Mga variant led to
the induction of ectopic meiosis in ESCs that is assessed by
upregulation of meiosis-related genes. Taken together, our
data indicate that germ cells generate dominant negative MGA
mutant against PRC1.6 with exquisite use of special situation of
NMD-impaired background.

Keywords: meiosis, alternative splicing, PRC1.6
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CDX4 REGULATES THE EXPRESSION OF
HEMATOPOIETIC AND CARDIOGENIC GENES
WITHIN EARLY MESODERM

Creamer, J. Philip - Division of Hematology, Washington
University in St Louis, Saint Louis, MO, USA

Dege, Carissa - Division of Hematology, Washington University in
St. Louis, Saint Louis, MO, USA

Luff, Stephanie - Division of Hematology, Washington University in
St. Louis, Saint Louis, MO, USA

Sturgeon, Christopher - Division of Hematology, Washington
University in St. Louis, Saint Louis, MO, USA

Toachieveefficient,reproducibledirecteddifferentiationofhuman
pluripotent stem cells (hPSCs) towards specific mesodermal
cell types, we must not only understand the origins of each
lineage, but also the underlying genetic processes regulating
their specification. In turn, this will enable the development of a
unique, powerful platform for disease modeling and future cell
replacement strategies. To this end, our lab aims to generate
hematopoietic stem cells (HSCs) from hPSCs. By utilizing stage-
specific WNT signal modulation to obtain exclusively extra-
embryonic-like or exclusively intra-embryonic-like (definitive)
hematopoietic progenitors from hPSCs, we recently identified
that CDX4, expressed within definitive hemogenic mesoderm,
is a critical regulator of definitive hemogenic endothelium
specification. In order to mechanistically study CDX4-mediated
hematopoietic development, we utilized an engineered
iCDX4;CDX4Y/- hPSC line to precisely identify its transcriptional
targets. Paired RNA/ChIP sequencing revealed that CDX4 was
both binding and upregulating 73 gene targets, including the
hematopoietic regulators HOXA3/5/7 and LMO2, consistent with
a role in definitive hematopoietic development. Interestingly,
CDX4 also bound and repressed the expression of 37 genes,
including TBX20, suggesting it may also simultaneously play role
in suppressing cardiomyocyte development. Critically, we found
that CDX4 expression inversely correlated with cardiogenic
capacity. In the presence of stage-specific CDX4 expression,
definitive hematopoietic specification occurred normally, but
when placed under cardiogenic-promoting differentiation
conditions, cultures yielded very few (“12%) CD90negcTNT+
cells. Conversely, in the absence of CDX4 expression, definitive
hematopoietic specification is reduced, but cardiac-promoting
conditions exhibited increases (V2-fold) in GATA4, TBX5, and
TBX20 expression and led to a significant increase (V3-fold) in
CD90negcTNT+ cells. Collectively, these results suggest that
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CDX4 rapidly promotes hematopoietic development, while
simultaneously repressing cardiomyocyte specification, within
early mesoderm. These insights will ultimately improve hPSC-
derived regenerative medicine applications.

Keywords: Hematopoiesis, Cardiogenesis, Mesoderm
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CELL SIZE DETERMINES STEM CELL POTENTIAL
DURING AGING

Lengefeld, Jette - Koch Institute for Integrative Cancer
Research, Massachusetts Institute of Technology (MIT),
Cambridge, MA, USA

Amon, Angelika - Koch Institute, Massachusetts Institute of
Technology, Cambridge, MA, USA

A remarkable feature of stem cells is their small size, with
human hematopoietic stem cells (HSCs) measuring a mere 7
um in diameter. Whether a small size is important for stem cell
function was not known. We show that HSCs increase in size
under conditions known to decrease their function such as
irradiation. Remarkably, inhibiting cellular enlargement during
irradiation is radioprotective. Naturally large HSCs and intestinal
stem cells also exhibit decreased stem cell potential indicating
that large size is a characteristic of exhausted stem cells under
physiological conditions. We further show that the accumulation
of cell cycle inhibitors prevents large HSCs from proliferating.
Finally, we demonstrate that murine and human HSCs enlarge
during aging; preventing this enlargement preserves their
proliferative capacity. We conclude that small cell size is critical
for stem cell function and propose that increased stem cell size
contributes to the functional decline observed during damage
and aging.

Funding source: Howard Hughes Medical Institute, Jane Coffin
Childs Memorial Fund, Swiss National Science Foundation,
Glenn Foundation for Medical Research

Keywords: Cell size, mTOR, Aging
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GENE EDITING FOR COMMON VARIABLE
IMMUNE DEFICIENCY

Elms, Portia R - Department of Inmunology, University of
California Los Angeles (UCLA), Los Angeles, CA, USA
Bradford, Kathryn - Department of Hematology and Oncology,
UCLA, Los Angeles, CA, USA

Common variable immune deficiency (CVID) is the most common
primary immune deficiency in humans. This disorder usually
presents in later childhood, adolescence, or adulthood. CVID
resultsinawide spectrum of disease that varies greatly in severity,
organ involvement, and requirement for therapy. TNFRSF13B, a
gene that encodes the B-cell surface receptor TACI, is mutated in
"10-15% of cases of CVID, though there is incomplete penetrance
of disease within cohorts of families with TNFRSF13B mutations.
In our study, we will silence TNFRSF13B in hematopoietic stem
cells through lentiviral-driven short hairpin RNA (shRNA), which




we predict will decrease B-cell TACI expression. Then, we will
introduce corrective codon-optimized cDNA into TACI-deficient
CD34+ cells using CRISPR/Cas9, which will result in B-cell TACI
expression, as the codon optimized sequence will differ at the
DNA and RNA levels from endogenous TACI, while the amino
acid sequences will be identical to the endogenous protein.
Our work has demonstrated suppression of TACI expression
through the use of a 10 hairpin construct driven by a MNDU3
promoter. Additionally, flow cytometry demonstrated expression
of site-specific integrated mCitrine when using an exon 1 donor
with ribonucleoprotein targeting Crispr/Cas9-induced double
strand breaks within exon 1. These preliminary efforts target
the creation of a gene therapy modality for common variable
immune deficiency

Funding source: Supported by California Institute for
Regenerative (CIRM) CSUN-UCLA Bridges to Stem Cell
Research Program (CIRM TB1-01183).

Keywords: Common Variable Immune Deficiency, TACI
expression, gene editing
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EPIGENETIC CROSSTALK THROUGH KDM4A
AND KDM4C SUSTAIN AN ONCOGENIC
TRANSCRIPTIONAL AND SIGNALING STATES
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USA

Zhang, Cheng Zhang - Molecular Pharmacology & Experimental
Therapeutics, Mayo Clinic College of Medicine and Science,
Rochester, MN, USA

Cell fate specification is critically dependent on the coordination
between cellular signaling and transcriptional regulation,
processes frequently misregulated in cancers. Regulators of
chromatin structure and function are mutated, misexpressed,
amplified or deleted in several cancers. Here we show that cancer
cells rely on the prototypical histone H3 Lysine 9 (H3K9me2/3)
demethylases— KDM4A and KDM4C for their in vitro and in
vivo maintenance. Mechanistically, inhibition of KDM4A and
KDMAC cells results in a preferential increase of H3K9me2/3
over endogenous retro-elements (EREs), which are repressed
by these modifications. Incidentally, these EREs are enriched
for motifs recognized by Wnt-beta catenin effector transcription
factors (e.g. LEF1, ETV6, and ETS2) and lineage-specific TFs (IRF8
and IRF4). Local increases in H3K9me2/3 represses H3K9me2/3
methyltransferases (SETDB1, SUV39H1, and SUV39H2) and the
H3K9me2/3-dependent repressor TRIM28/KAP1. Consequently,
there is global hyper-acetylation which results in the activation
of inflammatory transcription factors, IRF1, IRF7, and IRFO.
Importantly, analysis of transcriptomic data from cancer patients
revealed that a small subset of genes, identified based on
epigenetic and transcriptional mechanisms uncovered here, can
risk stratify DLBCL and colorectal patients. Consistently, dual
loss of KDM4A/AC reduces the viability of colorectal cancer lines
suggesting a tissue-agnostic regulation of Wnt/beta-catenin
signaling by KDM4A/KDMA4C through epigenetic modulation of
Wnt effector TFs. Our results highlight the benefit of targeting
mechanisms that regulate global transcriptional networks and
establish KDM4A and KDMA4C as viable therapeutic targets in
lymphomas and Wnt-driven tumors.

Keywords: epigenetics, histone modifications, cancer
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DETERMINING CORRELATES OF
REPROGRAMMING EFFICIENCIES IN T CELLS
THROUGH FLOW CYTOMETRIC PROFILING

MacArthur, Chad C - Cell Biology, Thermo Fisher Scientific,
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Landon, Mark - Cell Biology, Thermo Fisher Scientific, Carlsbad,
CA, USA

Hernandez, Melissa - Cell Biology, Thermo Fisher Scientific,
Carlsbad, CA, USA

Lakshmipathy, Uma - Cell Biology, Thermo Fisher Scientific,
Carlsbad, CA, USA

iPSCs can be derived from a range of different somatic cell types,
however iPSC derived from T-cells (T-iPSC) are unique in that
they will retain the gene encoding the specific T-cell receptor.
This means that upon differentiation of T-iPSC to T-cells, they
will express that same TCR. Thus, T-iPSCs can be used to
generate an endless supply of antigen specific T-cells which
could be used as treatment against cancers and viral infections.
Alternatively, for other cell types derived from T-iPSC used in
regenerative medicine, this unique TCR sequence can be used
as means of cell tracking post-engraftment. T cells can be
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difficult to reprogram successfully, which is compounded by the
large amount of variability from donor to donor that is dependent
on a variety of factors including age, genetics, and disease
status. The ability to predict upfront which donor’s cells can be
successfully reprogrammed would save much time and effort.
Here, we have developed a means of predicting reprogramming
efficiency of T-cells, based on the expression signature of a set
of markers that are typically associated with T-cell exhaustion.
This predictive method was consistent across multiple donors
tested and allowed us to optimize the reprogramming workflow
to maximize chances of generating T-iPSCs.

Keywords: Reprogramming, iPSC, T-Cells
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EPIGENOME EDITING FOR ENDOGENOUS
ACTIVATION OF TENDON TRANSCRIPTION
FACTORS

Ricupero, Christopher L - Center for Dental and Craniofacial
Research, Columbia University, New York, NY, USA

Skelton, Michelle - Center for Dental and Craniofacial Research,
Columbia University, New York, NY, USA

Martin, Charlotte - Center for Dental and Craniofacial Research,
Columbia Univeristy, New York, NY, USA

Tarafder, Solaiman - Center for Dental and Craniofacial Research,
Columbia Universtiy, New York, NY, USA

Lee, Chang - Center for Dental and Craniofacial Research,
Columbia University, New York, NY, USA

Tendon trauma, accounting for about half of the 33 million
musculoskeletal injuries in the U.S., does not spontaneously heal.
Scar-like tissue is formed with high cellularity and disarrayed
collagen fibers, failing to restore structural integrity, mechanical
properties or functionality. Enhanced tendon regeneration
using stem cell/progenitor cells remains an attractive approach.
Proper lineage programming into tenocytes or tendon stem/
progenitor cells has been elusive and will likely require multi-
gene transcriptional regulation to achieve a sufficient lineage
populations. Transcription factors Scleraxis (Scx) and Mohawk
(Mkx), are extensively involved in tendon development, identity
and healing. We take a multiplexed approach to precisely target
and endogenously activate both tendon master regulators using
genomic epigenetic editing with a dCas9-VPR CRISPR activation
system. We hypothesize that robust endogenous activation of
Scx and Mkx will activate downstream lineage pathways toward
tenogenic differentiation. Four gRNAs per gene were designed,
targeting the upstream region of each transcription factor, and
then screened for the best performing gRNAs with HEK-293T
cells. We observed sustained and increased gene expression
at 24 and 48 hours and the best performing gRNAs targeting
Scleraxis and Mohawk, produced a >100 and 4 fold increase
in the target gene expression, respectively. Best gRNAs were
then multiplexed together (10 ng) to achieve endogenous
activation of both transcription factors concurrently, achieving
a 43 and 2.6 fold increase of Scx and Mkx respectively (n=3).
To further improve Mkx upregulation, we applied increasing
gRNA concentrations and improved the Mkx expression up
to 10 fold, suggesting a modular capability of our epigenetic
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activators. Future experiments with biologically relevant iPS or
bone marrow derived mesenchymal stem cells include single-
cell transcriptomics to characterize the lineage programming. In
summary, we have established a cell fate engineering approach
to epigenetically edit multiple tendon transcription factors
using dCas9-VPR. To achieve proper lineage programming,
a transcriptional network approach endogenously regulating
multiple genes simultaneously may be necessary for enhanced
tendon regeneration and future therapeutics.

Funding source: This project is supported by NIH/NIAMS
5R01AR071316-02 & 5R01AR065023-05 to C.H.L

Keywords: CRISPRa, Epigenome, Tendon
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CELL BEHAVORS DURING MUSCLE INJURY AND
REPAIR
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Vojnits, Kinga - Center Stem Cell For Regenerative Medicine,
University of Texas, Houston, TX, USA
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Rapids, Ml, USA

Injuries result in micro-environmental changes and influences
the release of niche factors that govern resident stem cell
behavior during muscle healing. Our previous study suggests
that cellular reprogramming can be initiated by strong stimuli
in injured skeletal muscles. In injured muscles, we discovered
cells fundamentally different from the normal muscle satellite
cells and termed then injury-induced muscle-derived stem
cells (iMuSCs). After isolating them and running experiments,
we discovered that they had multipotent behaviors such as the
increased capacity for migration and differentiation. However,
the mechanism behind the reprogramming of muscle cells to
iMuSCs is largely unknown. This prevents our understanding
of the basic biology behind injury and limits our therapeutic
strategies in repairing injured muscles. Studies have shown
that epigenetic modifications such as histone methylation can
control the fate and behavior of stem cells during development
and regulate stem cell-mediated regeneration of adult tissues.
Therefore, we hypothesize that the injured milieu influences
cellular reprogramming through epigenetic pathways and
regulates the process of muscle healing. During our analysis
of iMuSCs, we discovered that Msh homeobox (Msx1, a
developmental musculoskeletal gene) is upregulated in iMuSCs
compared to regular muscle satellite cells. Msx1 also is a histone
methyltransferase involved in the locating of the transcriptionally
repressive H3K27me3 at target sites. After initiating a hypoxic
environment simulating the injured milieu, we discovered that
global levels of H3K27me3 increased relative to the control.
Additionally, the increased expression of Msx1 suggests that the
injury environment initiated the reprogramming of muscle cells.



These findings are significant as they implicate epigenetics in
the reprogramming of muscle cells during injury. This can lead
to further research studying the involvement of epigenetics in
maintaining stem cell homeostasis and function, thus regulating
muscle healing.

Funding source: NIH

Keywords: Epigenetic regulations, Muscle injury, Stem cells
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GENERATING CORTICAL NEURONS BY DIRECT
INDUCTION OF INDUCED PLURIPOTENT STEM
CELLS

DelleTorri, Olivia M - University of California San Diego,
Department of Pathology, California State University San
Marcos, San Diego, CA, USA

Hevner, Robert - Pathology, University of California San Diego, San
Diego, CA, USA

Shigyo, Michiko - Pathology, University of California San Diego,
San Diego, CA, USA

While previous studies have shown that specific neuron
subtypes can be produced from induced pluripotent stem cells
(iPSCs), efficient methods for producing excitatory glutamatergic
neurons positively stained for transcription factor TBR1 remain
to be developed. The production of TBR1+ neurons could
be useful in developing potential therapeutic strategies for
neuronal replacement in disorders such as stroke or Alzheimer’s
disease (AD); in which, entorhinal cortex (EC) layer 2 neurons
degenerate at early stages. Previously, TBR1+ neurons have
been generated from human iPSCs via Neuroepithelial-like cells
(NES) cells. However, alternative approaches may streamline
development of these neurons for patient treatment. Recently, a
direct induction protocol has been reported to generate cortical
neurons from iPSCs, though it is not clear if TBR1 is expressed.
To determine if TBR1+ neurons can be generated more
efficiently, we used direct induction and evaluated the genesis
of TBR1+ neurons, then we compared the efficiency with the
NES cell differentiation method. In the direct induction protocol,
mouse or human feeder free iPSCs were infected with lentivirus-
Neurogenin 2 using a doxycycline and puromycin selection
system and cultured on astrocyte feeder layers. For comparison,
we used an embryoid body and rosette formation protocol to
produce NES from iPSCs, followed by differentiation into cortical
neurons using Wnt3a, BMP4, and cyclopamine. All generated
neurons were analyzed by immunocytochemistry, Western blot,
and gqPCR to examine markers for cortex-specific progenitor and
neurons. We also screened these cells for EC-specific markers
because our ultimate goal is generation of specific neurons for
transplantation. Then, we used single nuclei RNA sequencing
for transcriptome-wide gene expression analysis of individual
neurons. Our data will lay a foundation for efficiently generating
cortical neurons of TBR1+ fate and provide a starting point for
optimization of generating EC neuron subtypes. We believe
that the production of specific neuron types will be an important
feature of future cell therapies, particularly if the generated
neurons can integrate into host cortex and reconstitute neuronal
circuits.
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THE ANALYSIS OF GENE EXPRESSION LEVELS
FROM PRIMARY BRAIN TUMOR CELL LINES

So, Kyoung-Ha - College of Veterinary Medicine, Chungbuk
National University, Cheongju-si, Korea

Park, Young Seok - Department of Medical Neuroscience, College
of Medicine and Department of Neurosurgery, Chungbuk National
University Hospital, Chungbuk National University, Cheongju,
Korea

Hyun, Sang-Hwan - College of Veterinary Medicine, Chungbuk
National University, Cheongju, Korea

Glioblastoma multiforme (GBM) represents the most common
and most aggressive primary brain tumor despite a multimodal
therapy including a radio-chemotherapy and surgical removal of
the tumor, the overall survival time is still only 12 to 15 months.
Glioma stem cells (GSCs) are responsible for the formation,
expansion, recurrence, and the treatment resistance of GBM that
the identification of specific GSC markers may help to develop
targeted therapies. We were isolated primary GBM cell from
surgical removed tumor tissues and performed the expression
analysis of stem cell marker such as CD133 and CD44. And
transcriptome was analysis with commercial cell line, U87-MG.
From result, we’ve got dataset (2,246/20,809 gene expression,
P<0.05) which consist with up-regulate and down-regulate 1,108
genes (5.32%) and 1,138 genes (5.47%), each. In GBM, brain
tumor related gene was elevated such as NF2, TRAF7, IDH1,
ATRX, Sparc, ELF4, CD44, and Nestin with oncogene, SMO
and AKT1. whereas GFAP expression was not changed. This
expression was correlated with PI3K-Akt Signaling Pathway,
Signaling Pathways in Glioblastoma, Focal Adhesion-PI3K-Akt-
mTOR-signaling pathway, Ras Signaling, Integrated Breast
Cancer Pathway, TGF-beta Signaling Pathway, VEGFA-VEGFR2
Signaling Pathway, EGF/EGFR Signaling Pathway, and Oxidative
Damage. In summary, we found that several potential stem cell
and differentiation markers in stem-like GBM cells which is their
expression levels correlated with patients’ variation that need to
further studied in different subtype.

Funding source: This research was supported by the National
Research Foundation of Korea(NRF) funded by the Ministry of
Education [2015H1D3A1066175(KRF), 2016R1D1A1B03933191,
2017R1A2B4002546 and 2019R111A1A01059554].
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COMPREHENSIVE TRANSCRIPTOMICS AND
PROTEOMICS OF HUMAN-IPSC DERIVED
NEURONS FOR DRUG DISCOVERY
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Kleiman, Robin - Translational Cellular Sciences, Biogen,
Cambridge, MA, USA

Markov, Anna - Translational Cellular Sciences, Biogen,
Cambridge, MA, USA

Micozzi, Jack - Translational Cellular Sciences, Biogen, Cambridge,
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Zavodszky, Maria - Genome technologies & Scientific Computing,
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To build a credible chain of translation in which the in vitro model
captures the molecular mechanism of the clinical condition, it is
necessaryto have human physiologically relevant cellmodels that
can be produced in a robust and reproducible manner. Literature
reports have shown that over-expression of critical transcription
factor, neurogenin 2 (NGN2), can reset the epigenetic state of
induced pluripotent stem cells (iPSC) to rapidly generate highly
pure populations of cortical excitatory glutamatergic neurons.
This method allowed us to produce neurons with high yield
and minimal batch-to-batch variation. A healthy control iPSC
was engineered to inducibly express NGN2, a transcription
factor critical for driving endogenous neuronal differentiation.
7189L-NGN2-H2 iPSCs were differentiated into neurons for
three days and cryopreserved. Five batches of neurons were
thawed, matured, and characterized for consistency by gene
expression (RNA-seq), protein expression (nLC-MS/MS) and
function by microelectrode array technology (MEA). Both
proteomics and RNA-seq analyses showed that the batch-to-
batch variation was minimal, and the neurons became more
mature with time. More than 11,000 proteins were identified in
proteomics study, spanning an abundance range of over seven
orders of magnitude. Proteomics data showed that upregulation
of proteins associated with neuronal function such as synapse
formation and neurotransmitter production throughout the
time course. RNA-seq study showed that axonal guidance
and synaptogenesis were most enriched gene sets in a time-
dependent manner. MEA studies showed robust network activity
of the neurons after 28 days of maturation and confirmed the
presence of AMPA dependent network bursting, consistent with
excitatory neurons. We have established a robust, reproducible,
scalable protocol to generate human cortical neurons which
were fully characterized by proteomics and transcriptomics for
disease modeling and assay development.

Keywords: Human iPSC-derived neurons, Transcriptomics,
Proteomics
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REGULATION OF NEURAL DIFFERENTIATION
THROUGH MRNA METHYLATION IN HUMAN
STEM CELLS

Heck, Adam - Clinical Research Division, Fred Hutchinson
Cancer Research Center, Seattle, WA, USA

Russo, Joseph - NA, Pfizer, St. Louis, MO, USA

Wilusz, Jeffrey - Microbiology, Imnmunology and Pathology,
Colorado State University, Fort Collins, CO, USA

Osborne Nishimura, Erin - Biochemistry and Molecular Biology,
Colorado State University, Fort Collins, CO, USA

Wilusz, Carol - Cell and Molecular Biology, Colorado State
University, Fort Collins, CO, USA

Stem cells are able to differentiate into any cell type in the body,
a property known as pluripotency that enables them to initiate
early growth and development. In order to maintain a pluripotent
state, yet rapidly differentiate in response to external signals,
stem cells need to exert tight control over expression of lineage-
specific factors. However, the mechanisms by which this occurs
are poorly characterized. N6-methyladenosine (m6A) RNA
methylation is an abundant post-transcriptional modification
that influences RNA structure and association of RNA-binding
proteins and miRNAs. RNA methylation is important for the
establishment and maintenance of pluripotency, but the role
of m6A-binding proteins is less clear. In this study, we show
the RNA-binding protein YTHDF2 contributes to pluripotency
by targeting a group of mRNAs encoding factors important for
neural development. The down-regulation of YTHDF2 during
neural differentiation is consistent with increased expression
of neural factors during this time. Based on our results, we
propose that stem cells are primed for rapid differentiation by
transcribing low levels of mMRNAs encoding neural factors that
are subsequently targeted for degradation, in part by YTHDF2,
until differentiation is induced. This model illuminates the role
of another factor involved in the complex regulatory pathways
utilized to tightly control gene expression in stem cells. Our
study expands the knowledge of how stem cells regulate gene
expression, and identifies avenues to optimize use of stem cells
in personalized medicine.

Keywords: RNA decay, m6A methylation, induced pluripotent
stem cells
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ELUCIDATING DYNAMIC GENE NETWORK
REGULATION FROM SINGLE-CELL
TRANSCRIPTOMIC DATA VIA EPOCH
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Elucidating regulatory relationships between transcription factors
(TFs) and target genes is fundamental to understanding how
cellular identity is established and maintained. Computational
gene regulatory network (GRN) reconstruction methods aim to
map this control by inferring relationships from transcriptomic
data. However, such methods suffer from several drawbacks
including high false positive rate and low sensitivity, which
results in imprecise networks. Moreover, many methods are
computationally burdensome, which limits a users’ ability to
hone analysis through iterative application. Finally, the networks
reconstructed by these methods are typically static, and it
may not be apparent how they transition from one topology
to another. Here we present Epoch, a computational GRN
reconstruction tool that leverages single-cell transcriptomics to
efficiently infer dynamic network structures. Epoch leverages
pseudotemporal ordering to extract dynamically expressed
genes for reconstruction. Epoch groups genes by temporal
expression patterns, making it possible to trace dynamic changes
in network topology. Finally, Epoch optionally refines networks
by weighting interactions by lag time (peak-time distance)
between temporal expression profiles of TFs and target genes.
We benchmarked Epoch against commonly used reconstruction
methods using single cell data from a developmental system with
well characterized regulatory programs and synthetic single cell
data generated using the Dyngen package. Based on area under
the precision-recall curve, Epoch out performs original versions
of CLR and GENIE3 and is on par with GENIE3 reconstruction
limited to dynamically expressed genes. Importantly, Epoch has
the additional benefit of running substantially faster than GENIE3.
We applied Epoch to reconstruct the dynamic networks guiding
early cell fate decisions, including germ layer specification, in
day O through day 8 of in vitro directed differentiation of mouse
ESCs across 4 protocols. Our analysis identified both novel and
previously reported regulatory relationships, such as Pou3fl
and Sox11 in promoting neural fate commitment, and revealed
the dynamic topological changes from a pluripotency network
through in vitro equivalents of primitive streak, endoderm,
mesoderm, and neurectoderm.

Funding source: This work was supported by the National
Institutes of Health under grant R35GM124725 to P.C. and the
National Science Foundation Graduate Research Fellowship
under grant no. 1746891 to E.S.

Keywords: gene regulatory networks, single-cell
transcriptomics, directed differentiation
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Cellular reprogramming technologies hold the promise that
personalized disease models, tailored drug evaluation for
individual patients, and regenerative therapies could become a
reality in clinical settings for a range of diseases. To reach this
goal cell fate conversions need to be efficient, fast, scalable, and
can reproducibly produce fully functional cells. Our group has
utilized protein engineering and directed molecular evolution in
mammalian cellstoidentify potent, artificially evolvedtranscription
factors (eTFs) based on the scaffolds of endogenous proteins.
To benchmark screens with pooled eTF libraries and phenotypic
selection, we used the scaffold of Pit-Oct-Unc (POU) factors and
the generation of induced pluripotent stem cells (iPSC). Using
an iterative screening approach we identified an enhanced POU
factor (ePOU) that substantially outperform wild-type Oct4 in
terms of speed, efficiency, synergizes with re-engineered Sox
factors, and remains active in two-factor cocktails. To reveal the
molecular mechanism that endows the ePOU with its enhanced
capacity we performed a detailed analysis of its biochemical as
well as biophysical properties and studied genome-wide binding,
regulation, and chromatin dynamics. Here, | will show how DNA
binding, chromatin association and opening, gene regulation,
protein stability, and partner factor interactions can contribute
to the enhanced capacity of the ePOU in reprogramming. We
anticipate that the conceptual framework provided by this
work will open avenues for the engineering of factors in more
challenging direct transdifferentiation systems and for the
tailoring of cellular phenotypes with potential applications in
vitro as well as in vivo.

Funding source: National Natural Science Foundation of China
(Grant No. 31771454, 31471238, 31611130038), Research Grants
Council of Hong Kong General Research Fund (RGC/GRF)
project number 17128918, Health and Medical Research Fund
(06174006)
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Engineering
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BIOPHYSICAL REGULATION OF IN-VITRO
GASTRULATION USING HUMAN INDUCED
PLURIPOTENT STEM CELLS

Srivastava, Pallavi - School of Medical Sciences/ School of
Chemistry, University of New South Wales, Sydney, New South
Wales, Australia

Kilian, Kristopher - School of Chemistry/School of Materials Science
and Engineering, University of New South Wales, Sydney, New
South Wales, Australia

In-vivo embryogenesis demonstrates a flawless example of a
self-organized system which uses a combination of diffusible
morphogens and the effect of physical stress of the endometrial
constraint as inducers for germ layer differentiation and their
organization. Modulating various physical environmental factors
has supported the growth and development of a pre-gastrulation
mouse embryo in in-vitro studies. Although a lot of information is
available on how diffusible morphogens affect gene expression
and signalling dynamics for germ layer differentiation, the
mechanistic role of the physical environment in inducing these
events is poorly understood. Due to ethical and physiological
limitations of studying human embryos, in-vitro models present
a better platform to understand the contribution of mechanical
stress towards the differentiation and self-organization capacity
of pluripotent stem cells. Previous studies have demonstrated a
role of colony geometry in germ layer organization of embryonic
stem cells in response to exogenous BMP4 induction. Here, we
presentanin-vitro gastrulation model, which uses polyacrylamide
hydrogels to toggle and combine physical factors like substrate
stiffness and geometry and create a self-sufficient system for
differentiation and spatial organization using induced pluripotent
stem cells, without the need of using exogenous induction.
We demonstrate that in response to substrate stiffness and
colony geometry, iPS cells differentiate into and organize a
SOX17+ endodermal population along with the appearance of
a T/Brachyury+ population which represents primitive streak/
mesoderm without using any exogenous chemical morphogens.
These micro-colonies control the orientation of cell packing and
the confinement causes cytoskeleton mediated nuclear shape
alterations, inducing the signalling dynamics to create these
gastrulation-like events. This model presents a simple approach
to understand how pluripotent cells interpret the intricacies
of their physical microenvironment to alter cell identity and
mediate spatial organization, which better represents the in-vivo
environment.

Funding source: This work was supported by the Australian
Research council Grant # FT180100417

Keywords: Micropatterning, mechanics, hydrogel, in-vitro
gastruation, spatial organization, iPSCs, tri-lineage, primitive
streak
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MACHINE LEARNING MESENCHYMAL
STEM CELL EFFICACY FOR CARTILAGE
REGENERATION

Oh, Steve K - Stem Cell Group, Bioprocessing Technology
Institute, Singapore, Singapore

Liu, Yu Yang, Fredrick - Cavendish Lab, Cambridge University,
Cambridge, UK

Lu, Yin - Stem Cell Group, Bioprocessing Technology Institute,
Singapore, Singapore

Conduit, Gareth - Cavendish Lab, Cambridge University,
Cambridge, UK

Cartilage injury is unfortunately common due to tears,
accidents and arthritis. It often leads to joint pain, stiffness,
and inflammation. Cartilage disorders affect millions of people
worldwide, including 52.2 million adults in US, and more than 10
million in UK. In particular, osteoarthritis alone affects more than
200 mil- lion people globally. The inconsistency of mesenchymal
stem cell’'s (MSC) efficacies for regenerative medicine has been
seen in many clinical trials. Precise prediction on the therapeutic
outcome of a MSC therapy based on the patient’'s conditions
would provide valuable references for clinicians to decide the
treatment strategies. In this article, we perform a meta-analysis
on MSC therapies for cartilage repair using machine learning.
The unique features of our machine learning model in handling
missing data and computing prediction uncertainties have
enabled precise prediction of post-treatment cartilage repair
scores with the coefficient of determination of 0.637 + 0.005,
using a small database generated from published in vivo
and clinical studies. From this model, we identify defect area
percentage, defect depth percentage, implantation cell number,
body weight, tissue source, and the type of cartilage damage as
critical properties that would significant impact cartilage repair. A
dose of 17-25 million MSCs has been identified to achieve optimal
cartilage repair in human. Further, critical thresholds at 6% and
64% of cartilage damage in area, and 22% and 56% in depth
have been identified to significantly diminish the efficacy of MSC
therapy. This study demonstrates a machine learning approach
to predict patient-specific cartilage repair post MSC therapy.
This machine learning model can be applied to identify and
investigate additional critical factors involved in MSC-induced
cartilage repair, and adapted for other clinical indications.

Funding source: Agency for Science Technology and Research
(A*STAR)

Keywords: Machine Learning, Cell Therapies, Mesenchymal
Stem Cells
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CHEMICAL CYTOPROTECTION AS A NOVEL
STRATEGY FOR EFFICIENT AND SAFE GENOME
EDITING IN HUMAN PLURIPOTENT STEM CELLS
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The CRISPR-Cas9 and induced pluripotent stem cell (iPSC)
technologies are among the most important scientific
breakthroughs and hold great promise to transform disease
modeling, drug discovery, and development of new cell and
gene therapies. However, low editing efficiencies and poor cell
survival of dissociated iPSCs has limited the full potential of both
technologies. Here, we report improved single cell cloning as
well as significantly increased gene editing efficiency in human
iPSCs by using a newly developed small molecule cocktail
termed “CEPT”. First, using advanced microfluidics-based cell
dispensing technologies, we demonstrated that single cell
cloning of iPSCs was significantly enhanced in the presence
of CEPT versus the commonly used ROCK inhibitor Y-27632.
Hence, identification of correctly edited clones was dramatically
improved in comparison to current strategies. Second, we
discovered that ordinary single cell dissociation of iPSCs caused
DNA double-strand breaks as shown by the Comet assay
and Western blotting against gamma-H2AX and other marker
proteins. Importantly, the use of the CEPT cocktail supported
the structural integrity of dissociated cells and prevented DNA
damage as compared to Y-27632 or the commercially available
reagent CloneR. Third, taking advantage of the cytoprotective
effects conferred by CEPT, we could demonstrate increased
gene editing efficiencies using various genetic and biochemical
assays, thereby providing novel insights into DNA repair
mechanisms in human pluripotent cells. In summary, we propose
that the chemically defined CEPT cocktail will become an
essential tool for improved and safer genome editing for basic
research and clinical applications.

Funding source: NIH Common Fund Regenerative Medicine
Program
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Diabetes mellitus is a chronic metabolic disorder affecting
humans as well as several species of domestic pets. Among
the veterinary species, spontaneous diabetes is a very common
disorder diagnosed in dogs and cats. Diabetes in dogs most
closely matches human Type 1 diabetes with very similar clinical
signs and pathophysiology. The long-term clinical management
of the condition is also similar between species with the need for
insulin injections. One of most commonly prescribed formulation
of insulin in dogs is the human form (Humulin). Traditionally
research dogs served as an important translational model for
the research and management of diabetes in humans. Dogs
with spontaneous diabetes can provide a better match to human
disease and offer a very useful pre-clinical translational model
of therapies on the path to humans. We developed a novel
technology for microencapsulation of cells using biocompatible
hydrogels including polyethylene glycol and hyaluronic acid.
We have completed safety and efficacy studies in diabetic
research dogs, and safety studies in spontaneously diabetic
dogs using allogeneic canine islets transplantation. Without
immunosuppression, the islet cells were protected from a foreign
body response in research dogs. Insulin requirements prior to the
transplant ranged from 10 - 17 units of insulin per day and dropped
to insulin independence following the microencapsulated islet
transplant. Normoglycemia was maintained through the study,
while blood and urine chemistry were within reference ranges.
A subsequent safety study in spontaneously diabetic dogs was
conducted at sub-threshold cell doses. Like in the research
dogs, the animals with spontaneous disease had no adverse
events and blood chemistry was normal, with the exception of
blood glucose. Following the transplants, some spontaneously
diabetic dogs showed insulin independence for a short period
of time, even with the sub-threshold dosing, although most
dogs required a lower dose of exogenous insulin. We are
now working on encapsulation of a scalable source of insulin-
producing cells derived from induced pluripotent stem cells. The
data demonstrate the use of spontaneous animal diseases in
a manner that can benefit translation of preclinical studies for
human therapies.
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There are thousands of patients currently waiting to receive liver
transplants and demand is growing due to increasing rates of
chronic liver disease and declining availability of suitable donors.
Blastocyst complementation is one emerging methodology of
regenerative medicine with the potential to meet this urgent
need. The purpose of the present study is to investigate the
potential to generate exogenic liver tissue in mice and pigs
through complementation of blastocysts edited to knockout
HHEX, a gene necessary for proper liver development. CRISPR/
Cas9-mediated knockout (KO) of HHEX was accomplished
by electroporation delivery of one-gRNA in mouse zygotes or
microinjection delivery of two-gRNAs in pig zygotes, resulting in
an efficient and large deletion in exon 2 in both species. Transfer
of KO embryos into surrogate mice or pigs resulted in a severe,
embryonic lethal HHEX KO phenotype with an absence of liver
tissue. Transcriptomic and histological analyses of mouse and
pig HHEX KO fetuses demonstrated significant developmental
defects particularly in liver-specific expression of alpha-
Fetoprotein, Transthyretin, and Albumin. We next investigated
whether intraspecies blastocyst complementation of mouse and
pig HHEX KO embryos with pluripotent stem cells (PSCs) could
restore liver formation. Intraspecies complementation of mouse
HHEX KO embryos with GFP+ mouse iPSCs resulted in chimeric
fetuses surviving past the stage of HHEX KO embryonic lethality.
Histological analysis indicated the presence of donor cell-
derived liver tissue co-expressing GFP and albumin. Similarly,
intraspecies complementation of pig HHEX KO morula with GFP+
pig blastomeres resulted in chimeric fetuses with GFP+ liver
cells expressing liver-specific proteins. Finally, we investigated
interspecies complementation of pig HHEX KO embryos with
GFP+ marmoset ESCs overexpressing pro-survival protein
BCL2. We observed several interspecies chimeras with donor
derived GFP+ cells surviving and proliferating in different fetal
tissues. This work demonstrates that loss of liver development
in the HHEX KO can be rescued through intraspecies blastocyst
complementation in mice and pigs, although additional studies
are still needed to enhance contribution to liver formation by
xenogeneic cells.

Funding source: NIDDK RO1 DK117286

Keywords: Blastocyst complementation, Gene editing, Liver
development

D)
R

SSCR

| #ISSCR2020

EPITHELIAL

CA131
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Neurosensory hearing loss is associated with degeneration of
hair cells (HCs) in the inner ear. In mammals, this degenerative
process is irreversible. Cell therapy for the inner ear would
require a better understanding of factors and signals that direct
differentiation of stem cells into HCs. The work presented here
proposes a rapid and efficient in vitro strategy to generate
HCs from human induced pluripotent stem cells (hiPSCs). We
also present results of transplantation of hiPSC-derived otic
progenitors into an in vivo model of neurosensory hearing loss.
Our findings provide a new tool for cell-based therapies in the
inner ear. Our goals were to generate human otic progenitor cells
(hOPCs) from hiPSCs and to explore their in vivo engraftment
after injection in the adult ototoxin-damaged cochlea.The
hOPCs were generated from the induction of hiPSCs in a
monolayer culture system as previously reported [Lahlou et
al., 2018]. The differentiation of hOPCs was monitored by the
expression of a comprehensive panel of otic lineage markers
by gPCR and immunocytochemistry. Partially differentiated
hOPCs were labeled with the fluorescent lipophilic tracer-Dil
and transplanted into the cochlea of ototoxin-treated guinea
pigs through a cochleostomy. The hOPCs migrated throughout
the cochlea, engrafted in non-sensory regions and survived up
to four weeks post-engraftment. Some of the engrafted hOPCs
responded to environmental cues within the damaged cochlear
sensory epithelium and displayed molecular markers of HCs and
supporting cells. We further extended these results by delivering
HC progenitors derived from Atoh1-GFP mice [Lopez-Juarez
et al.,, 2019]. The ability of otic progenitors to migrate, engraft,
and initiate sensory cell differentiation in the damaged auditory
epithelium is a key step towards developing stem cell-based cell
therapies for the treatment of neurosensory hearing loss.

Funding source: Supported by the European Commission,
under the FP7-health-innovation-otostem project
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Recent work suggests that mouse Sox9+ embryonic lung
epithelial tip cells cultured in vitro can engraft and differentiate
in injured mouse lungs, providing a potential method for cell-
based therapy of lung injury. However, the use of primary
embryonic donor cells severely limits the clinical applicability of
this approach. Directed differentiation of mouse pluripotent stem
cells (MPSCs) may provide an alternative source of donor cells,
but current protocols do not produce Sox9+ progenitor cells
comparable to those generated by primary culture. Here we
describe an optimized protocol for the directed differentiation
of mPSCs into distal tip-like cells. The resulting cells express
high levels of distal tip markers, maintain low levels of mature
alveolar markers, and can be expanded in culture, similar to
cultured primary embryonic tip cells. Through optimized serum-
free directed differentiation of mPSCs we prospectively isolate
the Nkx2.1+/EpCAM+ source cells that give rise to these tip-like
progenitors, define their global transcriptomic programs through
RNA-Seq, and develop conditions for their differentiation and
expansion as “epithelial-only” spheres in 3D culture. In parallel,
we have successfully transplanted cultured primary Sox9+ tip-
like progenitor cells into injured mouse lungs, where these cells
give rise to both Sftpct+ and Pdpn+ cells. In order to perform
similar transplant experiments using mPSC-derived cells, we
have generated an isogenic iPSC line marked with ubiquitous
luciferase and GFP. Having developed these tools, we can now
directly compare the in vivo functionality of primary and mPSC-
derived tip-like progenitors through isogenic competitive lung
transplantation assays.

Funding source: 2 T32 HL 7035-41 A11F32 HL149263-01
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Cultured autologous oral mucosal epithelial cell sheet
(CAOMECS) have proven to be an effective cell source for
the treatment of limbal stem cell deficiency. CAOMECS was
produced to reconstruct the epithelium of the ocular surface.
However, cell culture conditions/reagents used to produce
CAOMECS were not xeno-free and feeder free nor approved
for clinical grade application. The aim of the present research
was to produce a multilayered cell sheet grown with GMP-grade
surface and extracellular matrix. Rabbit oral mucosal epithelial
cells (OMECS) were isolated and seeded on GMP-certified 6
multi-well plate (6EMWP), coated with clinical grade extracellular
matrix, CTS™ CELLstart™ and Biolaminin™ 521-CTG to examine
their effect on cell attachment and growth to form a multilayered
cell sheet. We also evaluated the effect of a newly designed cell
culture medium that is xeno-free and clinical grade to culture
OMECS and differentiate it toward corneal epithelial cells. Both
humanized substrates, CELLstart™ and Biolaminin™ 521 promoted
OMECS attachment to treated 6MWP surface. CELLstart™
substrate showed higher cell attachment and confluence as
compared to Biolaminin™ 521 for OMECS, as shown by live
imaging during microscopic examination. Cells showed typical
epithelial morphology with several colony forming units that
helped the cells grow and form a monolayer in less than 10
days, and a multilayered cell sheet in less than 3 weeks. Cell
sheets were harvested using GMP grade collagenase treatment
supplemented with calcium chloride. Western blot analysis
showed stronger expression of deltaNp63 (a progenitor stem cell
marker), integrin beta 4 and keratin 3 in cell sheets grown with
CELLstart™, compared to cell sheets cultured with Biolaminin™
521. These results suggest that our designed clinical grade cell
culture conditions successfully produced oral mucosal epithelial
cell sheets that qualify for safe grafting onto the ocular surface
of patients with limbal stem cell deficiency.

Funding source: Support by Emmaus Medical, Inc.

Keywords: Oral mucosal epithelial cell sheet, Cornea, Limbal
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Induced pluripotent stem cells (iPSCs) can be differentiated
to form all key cell types (beta cells, hematopoietic stem and
progenitor cells (HSPCs), and thymic epithelial cells) that mediate
the initiation and progression of type | diabetes (T1D), and
therefore hold great promise for the modeling and mechanistic
studies of T1D. However, the generation of engraftable HSPCs
that are capable of reconstituting the immune system has
proven difficult. T cells can be differentiated from iPSCs in vitro,
but the process is similarly inefficient, and the function and
gene expression profile of iPSC-derived T cells are not identical
to those of mature peripheral blood T cells. To explore how to
improve efficiency and T cell function, we have generated HSPCs
and T cells from human iPSCs via two different strategies. In the
first strategy, iPSCs were directly differentiated into hemogenic
endothelium, followed by cell fate conversion to HPSCs through
the treatment of a combination of small molecules/growth
factors that recapitulate the endothelial-to-hematopoietic
transition (EHT). During EHT the cells were transduced with a
cocktail of 5 transcription factors (RUNX1, ERG, LCOR, HOXAS,
HOXAD9) to further enhance the production of definitive, adult-
type HSPCs with the capacity of engraftment and lymphoid
repopulation in irradiated mice. In a second strategy, iPSCs
were first differentiated into committed CD34+CD45+ myelo-
erythroid precursors that can be stably propagated in vitro by
virtue of conditional immortalization with a distinct cocktail of 5
doxycycline-inducible transcription factors (HOXA9, ERG, RORA,
SOX4, and MYB). These precursors were then differentiated to
T cells via co-culture on OP9 stroma expressing Notch ligands.
After 5 weeks of culture, CD4/CD8 single positive T cells that
express CD3 and TCRa were detected. Additionally, in order
to further facilitate the generation and maturation of T cells,
iPSCs were differentiated to form thymic epithelial cells (iPSC-
TECs) and co-cultured with iPSC-derived T progenitors. Our
result showed that co-culture with iPSC-TECs significantly
enhanced the production of CD3+ T cells. In conclusion, we
have developed new platforms that allow us to more efficiently
generate functional HSPCs and T cells from iPSCs.

Keywords: iPSC, T cell differentiation, Hematopoietic stem and
progenitor cell
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Autologous modified T-cell progenitors looks attractive sours for
a treatment of immunodeficiencies. To date, T-cell progenitors
have been successfully obtained from umbilical cord blood. The
use of hiPSCs to produce T-cell progenitors is promising strategy,
since these cells will be autologous to the patient that will remove
the immunocompetence barrier, also hiPSC can be successfully
edited and tested for offtargeted effects. We have developed
a protocol for obtaining T-lymphocyte progenitors from hPSCs.
The Protocol includes two stages. In the first stage, we obtain
hematopoietic progenitors under fully characterized serum- and
feerder-free conditions. The second stage of differentiation
involves specialization in T-lymphocytes. We described in detail
the dynamics of early T-cell differentiation and specialization
and identified pre-T, pro-T1 and pro-T2 stages, characterized
by expression of CDRA45+CD34+CD7+, CDRA45+CD34-
CD7+CD5-, CDRA45+CD34-CD7+CD5+ respectively. We
showed that under in vitro conditions, our progenitors can
reach DP CD4+CD8+CD3+ stage and successfully rearrange
TCRab giving rise to polyclonal CD8ab cells. We have selected
conditions that allow us to obtain T-progenitors in quantities
that allow us to use these cells for transplantation experiments
in animals and for RNA sequencing, which will further help us
to check their thymus homing activity and compare them with
T-cell progenitors from umbilical cord blood.

Keywords: T-lymphocyte progenitors, Fully defined
differentiation conditions, Homing to thymus
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Multiple sclerosis (MS)is an autoimmune-mediated demyelinating
disease of the CNS. Patients with progressive MS experience a
steady worsening of neurologic function attributed to chronic
demyelination and axonal loss. A novel regenerative therapy
utilizing autologous mesenchymal stem cell-derived neural
progenitors (MSC-NP) is currently under clinical investigation in
patients with progressive MS. MSC-NPs are thought to promote
neural repair though the paracrine release of trophic and
immuno-modulatory factors. Recent results from a phase | trial
demonstrated reversal of established disability after repeated
intrathecal MSC-NP injections into patients with MS. A phase Il




randomized double-blind placebo-controlled trial is underway
to confirm the efficacy of this approach. As this autologous cell
therapy moves into clinical use, there is a need to better define
and characterize MSC-NPs in order to better understand the
mechanisms underlying therapeutic potency. The objective of
this study was to define the transcriptional profile of MSC-NPs
from secondary progressive MS (SPMS), primary progressive
MS (PPMS), and non-MS donors in order to better understand
their functional characteristics and therapeutic potential. Bone
marrow MSCs were derived from 10 donors (SPMS n=4; PPMS
n=4; non-MS n=2). MSCs were transferred to neural progenitor
maintenance medium to generate MSC-NPs. The transcriptional
profile of each MSC/MSC-NP pair was determined by RNA
sequencing analysis. MSCs derived from SPMS, PPMS, or
controls demonstrated minimal differential gene expression
despite differences in disease type, duration, and donor age.
Compared to MSCs, MSC-NPs exhibited significant differential
gene expression with 1,924 and 1,310 genes upregulated and
downregulated, respectively. Upregulation of novel gene
candidates of trophic/immunoregulatory mechanisms of action
of MSC-NPs were identified and validated, including HGF,
TGFR, TIMP1, MMP14, SERPINF1, and SPP1. Characterization of
the transcriptional profile of MSC-NPs has revealed potential
pathways that mediate therapeutic mechanisms of this novel
cell therapy in MS. These studies form the basis of marker-
based potency assays that may be used to better predict the
therapeutic efficacy of individual batches of autologous MSC-
NPs.

Keywords: mesenchymal stem cells, multiple sclerosis, cell
therapy
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The wuse of autologous human iPSC-derived midbrain
dopaminergic progenitors (mDAPs) for cell replacement
therapy of Parkinson’s disease (PD) is a promising therapeutic
strategy. Toward this goal, we established an efficient platform
to generate clinical grade hiPSCs and to differentiate them into
authentic and functional mDAPs free of undifferentiated cells.
For the successful clinical application of this cell manufacturing
approach we sought to establish that cryopreserved mDAPs
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are as effective as freshly harvested one. In order to assess
this, we used the 6-OHDA hemi lesioned athymic rat models.
Using clinical grade freshly isolated and cryopreserved mDAPs
we transplanted cells into the striatum of the lesioned animals
and assessed the impact on graft survival and behavior
recovery using a battery of motor tests such as drug-induced
rotation as well as corridor, cylinder and stepping tests. Here,
we present transplantation results of our hiPSC-derived mDAPs
showing robust and long-term restoration of motor dysfunction
and reinnervation of host brains. Our data strongly suggest
that using cryopreserved mDAPs is suitable for the successful
implementation of personalized autologous cell replacement
therapy for PD.

Funding source: This work was supported by NIH grants
(NSO070577, NS084869, and OD024622) and NRF Grants
2017R1A2B4008456, as well as the Parkinson’s Cell Therapy
Research Fund at McLean Hospital and Massachusetts General
Hospital.
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Schizophrenia is a highly heterogeneous disorder in both its
symptoms and risk factors, but metabolic compromise affecting
the development and function of particular brain circuits has been
repeatedly implicated. One of the strongest of the genetic risk
factors for schizophrenia (SZ) is the hemizygous microdeletion at
chromosome 22g11.2 (22g11DS), that confers a 25-fold increased
risk. Six of the roughly 40 genes directly disrupted in 22g11DS
encode for mitochondrial-localizing proteins. Recently, we tested
the hypothesis that stem cell-derived neurons from subjects
with the 22q11DS and schizophrenia have mitochondrial deficits
relative to typically developing controls (Li et al., 2019). Human
iPSCs from 4 lines of affected subjects and 5 lines of controls,
were differentiated into forebrain-like excitatory neurons (iNrns)
by transient overexpression of Neurogenin 2. In the patient
group, we found significant reductions of ATP levels that appear
to be secondary to reduced activity in oxidative phosphorylation
complexes | and IV. Protein products of mitochondrial-encoded
genes were also reduced. As one of the genes deleted in the
22gM1.2 region is MRPL40, a component of the mitochondrial
ribosome, we generated a heterozygous mutation of MRPL40
in a healthy control iPSC line. Relative to its isogeneic control,
this line showed similar deficits in mitochondrial DNA-encoded
proteins, ATP level, and complex | and IV activity. These results
suggested that in the 22q11DS MRPL40 heterozygosity leads
to reduced mitochondria ATP production secondary to altered
mitochondrial protein translation. We are now extending these
results to new set of IPSCs lines, this time including those from
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22q11DS both with and without SZ. Initial studies show similar
reductionsin ATP levels between iNrns from 22q11DS+SZ relative
to controls. Remarkably, iNrns from 22qgDS (-) SZ do not appear
to show this deficit. Studies to understand the mechanisms
underlying these differences are ongoing.

Keywords: 22q11.2 deletion syndrome, iPSC, schizophrenia,
mitochondria, excitatory neuron
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Human induced pluripotent stem cells (hiPSCs) have the
ability to differentiate into a variety of cells and to self-renew
in vitro. Because of these two characteristics, hiPSCs have
been expected to provide new applications for regenerative
medicine/cell therapy. Although various in vitro differentiation
protocols have been developed for efficient derivation of
specific cell types, hiPSC lines vary in their ability to differentiate
into specific lineages. Therefore, surrogate markers that
accurately predict the differentiation propensity of hiPSCs could
be helpful for the development and manufacture of hiPSC-
derived cells for therapies or in vitro assays. In the previous
study, we have identified the SALL3 gene as a marker predictive
of differentiation propensity, using the rank correlation method
and analysis of ten hiPSC lines. The SALL3 expression correlates
positively with ectoderm differentiation and negatively with
mesoderm/endoderm differentiation. In this study, we tried
identifying the genes that potentially predict the differentiation
propensity of hiPSCs into neural progenitor cell (NPC). Using
the same 10 hiPSC lines as in the previous study, we performed
NPC-differentiation by two types of differentiation methods
(suspension and adhesion culture). Subsequently, genes
showing a significant correlation between the gene expression
profile of undifferentiated hiPSCs obtained in the previous study
and the propensity for differentiation into neural progenitor cells
were extracted. As a result, we identified 37 genes and 198 genes
significantly correlated with differentiation using the suspension
and adhesion culture methods, respectively. Furthermore, some
genes identified in common between the two differentiation
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methods could be functionally involved in induction of neural
differentiation. Our findings provide a practical method for
selecting appropriate hiPSC lines in clinical-grade cell banks,
allowing for the prediction of differentiation capacity toward
desired cells.

Keywords: Human induced pluripotent stem cell, Neural
progenitor cell, Differentiation propensity
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FLOWFECT(TM) TRANSFECTION OF IPSCS
MAINTAINS CELL PLURIPOTENCY

Sido, Jessica M - Biology, KYTOPEN, Cambridge, MA, USA
Beighley, Ross - ENGINEERING, KYTOPEN, Cambridge, MA, USA
Buie, Cullen - ENGINEERING, KYTOPEN, Cambridge, MA, USA
Garcia, Paulo - BIOLOGY, KYTOPEN, Cambridge, MA, USA
Hemphill, James - BIOLOGY, KYTOPEN, Cambridge, MA, USA
MCCormack, Rameech - ENGINEERING, KYTOPEN, Cambridge,
MA, USA

Induced pluripotent stem cells (iPSCs) represent an opportunity
for stem cell therapy to move from the lab to the clinic with
clinical trials ranging from cancer to neurological. In both Japan
(allogeneic) and in the US (autologous) iPSC-based therapy
is becoming a reality. The ability of iPSCs to differentiate into
numerous cell types and to proliferate indefinitely make these
cells ideal candidates for gene therapy. However, hurdles in
transitioning iPSC-derived therapies to the clinic can include
high toxicity and loss of pluripotency after editing. To date both
chemical and physical non-viral editing methods have been used
in iPSC-based research. However, the use of physical techniques
has become more prevalent in order to reduce the cytotoxicity
associated with chemical techniques such as liposomes, non-
viral vectors, and inorganic nanoparticles. We developed
Flowfect”, a non-viral process that combines continuous
fluid flow with electric fields, to transfect iPSCs. Flowfect™
transfection of eGFP-mRNA in adherent iPSCs resulted in highly
functional cells which maintained stem cell lineage markers
and differentiative properties. Flowfect™ transfection resulted in
83% eGFP expression in live cells. Additionally, the pluripotency
markers Nanog and TRA-1-60 were co-expressed in 85% of cells
two weeks after Flowfect™ transfection, demonstrating cell state
retention. These cells were then differentiated using specialized
media into endoderm or ectoderm, positive differentiation
was based on lineage markers CXCR4 or Nestin, respectively.
Rate of differentiation between non-transfected (NT) cells and
Flowfect™ transfected (FF) cells differed by less than 5% in
endoderm, NT=57.9% compared to FF=62.5%, and less than
10% in ectoderm, NT=52.3% compared to FF=62.2%. This data
strongly suggests that Flowfect™ technology can be used to
transfect iPSCs with high efficiency while maintaining cell state
and function. Flowfect” can be used to translate discovery in
iPSCs to therapeutic applications due to seamless scalability
between 25 pl samples in an automated liquid handling system
to 10 mL in our large volume setting. Flowfect™ technology will
allow the field to increase edited cell survival and ultimately help
drive iPSC-based discovery research to increase the therapeutic
potential.




Funding source: MassVentures - START program NSF - SBIR
Phase Il (1853194)
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CULTIVATED MEAT: HOW CREATING ANIMAL
MEAT FROM STEM CELLS CAN UPEND A
TRILLION DOLLAR GLOBAL MEAT MARKET AND
INFLUENCE THE REGENERATIVE MEDICINE
INDUSTRY

Swartz, Elliot - SciTech, The Good Food Institute, Brooklyn, NY,
USA

Cultivated meat is genuine animal meat grown directly from
animal cells rather than by raising and slaughtering an animal.
Since 2015, over 50 companies aimed at commercializing
cultivated meat have formed across the globe. Armed with
over $350 million in funding, cultivated meat producers aim to
affordably manufacture stem cells at massive scales. While there
are key differences in bringing cultivated meat and regenerative
medicine therapies to market—regulatory landscapes,
requirements for function vs. structure, and notable differences
in the ultimate scale and price regime—many of the fundamental
production techniques are shared. Here, we describe how
companies and a growing body of academic researchers
are developing low-cost medium formulations, large-scale
bioprocessing strategies, continuous manufacturing techniques,
automation implementations, scaffolding biomaterials, and other
novel technologies with translatability to the cell therapy and
regenerative medicine industries. Current estimates for future
stem cell therapies are as high as $1 million per patient, and this
may limit their use due to costs while putting an additional burden
on the healthcare system. The development of cultivated meat
thus provides an opportunity for cross-industry collaborations
that bolster synergistic research, prevent redundancy, and
unlock new growth opportunities in fledgling industries while
potentially saving time and costs for the broader access to future
stem cell therapies.

Funding source: The Good Food Institute is a 501(c)3 nonprofit
organization. All funding comes from the generous donations of
private individuals and philanthropic foundations.

Keywords: cultivated meat, cultured meat, clean meat
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DEVELOPMENT OF SCALABLE
MANUFACTURING PROCESS PLATFORMS

FOR PSC- AND MSC-BASED THERAPEUTIC
PRODUCTS USING LOW-SHEAR, VERTICAL-
WHEEL BIOREACTORS
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Despite the remarkable progress of stem cell based
therapeutic development, several challenges remain for the
commercialization of cellular products. One of the bottlenecks
is in vitro expansion of cells to achieve target doses, which vary
between 10E6 to 10E9 cells/dose, with desirable cell qualities
for clinical trials. Stirred tank bioreactors (STRs) with horizontal
impellers are widely used for the mass production of mammalian
cells in the bioprocessing industry owing to their advantages
over two dimensional platforms such as reduced labor and cost,
controlled culturing environment, and increased cell density per
medium volume. However, the hydrodynamic flow of traditional
STRs provides harsh conditions for shear sensitive cells because
STRs require relatively high agitation power input. Moreover,
shear generated from the gradient of local fluid velocity of
STRs can influence the quantity and quality of therapeutic
products. Such drawbacks of STRs make manufacturing process
more challenging, often resulting in insufficient cell growth or
undesirable cell product quality. A novel single-use Vertical-
Wheel bioreactor offers a low-shear environment by providing
homogeneous energy dissipation distribution via an innovative
vertical mixing system. In particular, it provides advantageous
culture conditions for aggregate cultures and microcarrier-based
cultures. In the aggregate cultures of pluripotent stem cells
(PSC) using Vertical-Wheel bioreactors, over 30-fold expansion
in 6 days was achieved with a desirable size and a narrower
distribution of aggregates that maintain high pluripotent cell
quality. Moreover, in the microcarrier-incorporated dynamic
cultures of mesenchymal stromal cells (MSC) via the Vertical-
Wheel bioreactor, over one million cells/mL were attained,
achieving more than a 20-fold expansion in 5 days with
desirable cell qualities. Throughout several runs of bioreactors,
consistent results of cell expansion were achieved. Furthermore,
cell growth kinetics remained constant across different sizes of
Vertical-Wheel bioreactors. Since the efficient vertical mixing
system is constant across a full range of vessel sizes from 0.1to
80L, robust and consistent manufacturing process platforms for
PSCs and MSCs can be achieved via single-use Vertical-Wheel
bioreactors.

Keywords: Single-use bioreactor, Vertical-Wheel, Stirred-tank,
Low-shear, Homogeneous energy dissipation distribution,
Therapeutic cell products, Pluripotent stem cell, Mesenchymal
stromal cell, Cell aggregates, Microcarriers, Culture conditions,
Shear sensitive, C
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COMPOUNDS IDENTIFIED IN A HIGH-CONTENT
SCREEN PROMOTE MATURATION OF HIPSC-
DERIVED MEGAKARYOCYTES, ENABLING
CLINICAL-SCALE PRODUCTION OF FUNCTIONAL
PLATELETS
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hiPSC derived platelets (PLTs) promise to overcome limitations
and adverse effects associated with conventional donor PLTs,
such as supply shortages, variable and unpredictable activity,
risk of contamination, and adverse immune reactions. However,
current in vitro PLT production systems are inefficient, requiring
large culture volumes to produce a suitable yield for clinical use
(>1x1011 PLTS, 1 unit). Conditionally immortalized megakaryocytic
cell lines (imMKCLs)1 expand exponentially in suspension
culture, but when induced to terminally differentiate yield only
3-10 PLTs/MK, requiring up to 50 liters to produce one unit. We
sought to identify novel chemical compounds and associated
pathways to increase PLT yields. We developed a confocal
imaging platform to assess the rate and extent of MK-maturation
and pro-PLT production in a high-throughput fashion and
used it to screen chemical libraries. The screen identified two
structurally related compounds (targeting the same pathway)
that robustly induce PLT production from imMKCLs and cord
blood derived MKs when added during the later stages of
terminal differentiation. Combining this treatment with another
compound that promotes maturation when added earlier during
terminal differentiation enabled production of >1x1011 Calcein+/
AnnexinV-/CD41+/CD42B+ PLTs per 10 liters, thereby facilitating
production for clinical testing. These imMKCL-derived PLTs
are structurally and functionally similar to normal human PLTs
as judged by size, morphology and ultrastructure; resting and
agonist-stimulated surface expression of activation biomarkers;
and PLT aggregation. Furthermore, bioreactor-produced PLTs
reduce bleeding times in thrombocytopenic mice and are
incorporated into developing thrombus formation after laser-
induced vascular injury in non-thrombocytopenic mice at rates
similar to those of normal human donor PLTs. Identification of
novel chemical enhancers of PLT production from imMKCLs is
another step closer to cost-efficient clinical scale production of
highly functional PLTs.

Funding source: National Blood Foundation, Early Career
Research Grant

Keywords: immortalized megakaryocytic cell lines, hiPSC
derived Platelets, Clinical scale production of platelets
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DISCOVERY OF EXTRAGENIC GENOMIC
SAFE HARBORS FOR EFFECTIVE CAR T CELL
ENGINEERING
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Eyquem, Justin - Microbiology and Immunology, University of
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Adoptive immunotherapy using CAR T cells is one of the most
promising new therapies to treat cancer. CARs are typically
introduced into T cells using gamma retroviral or lentiviral vectors,
resulting in variable transgene expression and effectiveness
of the resultant CAR T cells. As we previously established,
integration of a CAR cDNA in the TCR alpha locus provides
consistent regulated expression of CD19 CARs and superior CAR
T cell efficacy in a mouse model of B-cell acute lymphoblastic
leukemia (B-ALL). Here, we set out to identify alternate loci that
could be reliably targeted for safe and predictable expression
of CARs or other immunomodulatory transgenes to potentiate
adoptive immunotherapy. We searched for genomic regions
devoid of any known function, remote from endogenous genes
and supportive of durable transgene function aka ‘genomic safe
harbors’ (GSHSs). For efficient transgene integration, a GSH locus
must be cleaved at a high efficiency by CRISPR-Cas9 in the
target cell type. We hypothesized that cleavage efficiency would
be governed by chromatin accessibility and thus screened for
accessible GSHs as measured by ATAC-seq. In human primary T
cells, we identified 379 such sites. The 6 highest ranking GSHs
showed high cleavage efficiency and allowed for CAR cDNA
targeted integration and expression. However, CAR expression
and CAR T cell cytotoxicity diminished within a week at most
sites. To rescue the GSHs from possible heterochromatinization,
we incorporated chromatin insulator elements with barrier
activity flanking the CAR transcription unit. This variably extended
CAR expression, maintaining antigen-specific cytotoxicity and
proliferation until CAR expression could be preserved. One
of the GSHs, which maintained long term CAR expression,
supported potent anti-leukemic CAR T cell efficacy in the B-ALL
mouse model. Two other sites which silenced over time, afforded
initial tumor control but failed to prevent subsequent relapse.
In conclusion, CAR expression was found to be exquisitely
dependent on the site of integration, with many sites allowing
for initial expression but silencing over time. We identified a GSH
site that can be used for effective therapeutic engineering. Our
study provides a model for identifying GSHs that provide safe
and predictable transgene expression in any given cell type.

Keywords: Gene editing CRISPR-Cas9, Cell engineering,
Genomic safe harbors
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EVALUATION OF HUMAN UMBILICAL CORD
TISSUE MESENCHYMAL STROMAL CELL
EXPANSION CULTURE ON 3D MICROCARRIERS
IN A SCALABLE, FED-BATCH BIOREACTOR
SYSTEM

Skiles, Matthew L - Research and Development, Generate Life
Sciences, Tucson, AZ, USA

Marzan, Allen - Research and Development, Generate Life
Sciences, Tucson, AZ, USA

Brown, Katherine - Research and Development, Generate Life
Sciences, San Francisco, CA, USA

Shamonki, Jaime - Research and Development, Generate Life
Sciences, Los Angeles, CA, USA

In recognition of the potential therapeutic value of human
umbilical cord-derived mesenchymal stromal cells (UCMSCs),
the banking of umbilical cord tissue by newborn stem cell banks
is now commonplace. While UCMSCs can be easily isolated from
the thawed tissue, scalable approaches for efficiently expanding
clinically-significant quantities of cells are still necessary. We
evaluated the mid-scale expansion of UCMSCs grown on
suspended microcarriers in a 500mL-capacity fed-batch, stirred
bioreactor. UCMSCs were derived by explant culture from
research donated cord tissue previously cryopreserved as a
composite material and expanded to create a master bank. For
each trial, one vial of 1x10° cells was thawed and expanded in
monolayer to 10.5x10° cells which were seeded onto 6.25g of
microcarriers and cultured in 450mL RoosterNourish™-MSC-XF
medium (RoosterBio, Inc) in a 0.5L capacity PBS Mini bioreactor
for one week. Media were supplemented on Day 3 with
10mL RoosterReplenish™ -MSC-XF. Solohill (SH) and Corning
Synthemax Il (SM) microcarriers were evaluated. One week
culture on SH and SM microcarriers yielded 1.15x10% and 1.26x10%
cells, respectively, equating to 11.0 and 12.0 fold increases
in cell number. Following harvest, cells expanded on either
microcarrier exhibited fibroblastic morphology, adherence to
culture plastic, and proliferation in standard monolayer culture.
Cells grown on SM carriers exhibited 98.6% and 94.1% positive
expression of CD73 and CD90, respectively. Compared to 2D
culture in T150 flasks, use of the bioreactor system required
approximately 20% of the incubator space, while consuming
an equivalent or smaller volume of medium. In addition there
was significantly less technician and open-culture time required
for media supplementation compared to the media exchanges
typical of 2D culture. A commonly referenced dose for potential
UCMSCs therapies is 1x10° cells/kg. Given a 100kg patient, the
bioreactor expansion method explored here demonstrates cell
quantities in the clinically relevant range in a single, seven-day
expansion and prior to method optimization for maximum cell
density. Including the initial explant derivation, this suggests
that clinically-relevant UCMSCs doses can be achieved from
cryopreserved umbilical cord tissue by this method in less than
4 weeks.

Funding source: All authors are paid employees of Generate
Life Sciences.
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FUNCTIONAL PHENOTYPING THE QT GWAS
LOCUS 16Q21 IN HUMAN EMBRYONIC STEM
CELL DERIVED CARDIOMYOCYTES IDENTIFIED
GINS3 AS THE CAUSAL VARIANT REGULATING
CARDIAC REPOLARIZATION

Tedeschi, Justin - Cardiovascular Research Center,
Massachusetts General Hospital, Boston, MA, USA

Milan, David - Cardiology, Massachusetts General Hospital,
Boston, MA, USA

Ellinor, Patrick - Cardiology, Massachusetts General Hospital,
Boston, MA, USA

Xiao, Ling - Cardiovascular Research Center, Massachusetts
General Hospital, Boston, MA, USA

Prolongation of the QT interval on the electrocardiogram is an
indicator of abnormal cardiac repolarization and is a heritable
high risk factor for ventricular arrhythmia and sudden cardiac
death. Genome-wide association studies of the QT interval have
identified more than 35 common variant loci encoding hundreds
of candidate genes whose roles in cardiac repolarization are
largely unclear. We performed functional validation of three
candidate genes NDRG4, CNOT1 and GINS3 at 16921 in a
human embryonic stem cell (hESC) derived cardiomyocyte
model to determine the causal genes responsible for QT
interval prolongation at this locus. We first performed loss-of-
function studies using the short hairpin RNA (shRNA)-mediated
knockdown approach and whole-cell patch-clamp techniques.
hESC derived cardiomyocytes were transduced with lentivirus
carrying shRNAs targeting NDRG4, CNOT1, GINS3 or a
scrambled CTL. Knockdown of NDRG4 or CNOT1 had no effects
on cardiomyocyte action potential durations (APD). GINS3
knockdown significantly shortened APD at 90% repolarization
(APD90, 187 £ 25 ms) compared with shRNA CTL (264 £ 19 ms).
We further evaluated the role of GINS3 on cardiac repolarization
by overexpressing GINS3 via a lentiviral vector in hESC-
derived cardiomyocytes. GINS3 overexpression significantly
prolonged cardiomyocyte APD90 (363 + 42 ms) compared to
CTL (247 £ 19 ms). gPCR analysis of KCNQ1 and KCNH2, major
cardiac repolarization genes, showed no changes of KCNQ1
but reduced KCNH2 mRNA levels in GINS3 overexpressing
cardiomyocytes. Both KCNQ1 and KCNH2 expressions were not
altered in GINS3 knockdown cells. Our results show that GINS3
can regulate cardiac repolarization through regulation of hERG
and is likely the causal variant at 16921 locus that contributes to
QT prolongation.

Keywords: human stem cell derived cardiomyocyte model,
regulation of cardiac repolarization, functional genomics
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HCM CAUSING ALPHA-ACTININ 2 MISSENSE
MUTATION HIGHLIGHTS ALTERED PROTEIN
FUNCTION AND DEGRADATION AS CELLULAR
PATHOLOGIES IN HUMAN IPSC-DERIVED
CARDIOMYOCYTES
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Hypertrophic cardiomyopathy (HCM) is the most common
genetic myocardial disease. By now, numerous mutations
in genes encoding for proteins of the cardiac sarcomere
are reported to cause HCM. We previously identified a rare
missense mutation (c.740C>T; p.T247M) in ACTN2, encoding
for alpha-actinin 2, and were able to relieve accompanied
pathophysiology in a personalized medicine approach. The
aim of this study was to gain insights to molecular alterations
leading to the development of HCM using human induced-
pluripotent stem cell derived cardiomyocytes (hiPSC-CMs) and
live cell imaging. In addition to previously characterized hiPSCs
from the index patient (HCM) and its isogenic control (HCMrep),
we developed a homozygous mutant cell line (HCMmut) using
CRISPR/Cas9 gene editing. All hiPSC lines were differentiated to
hiPSC-CMs, plated in 2D and cultured as engineered heart tissue
(EHT) for 30 days. Furthermore, hiPSC-CMs were transduced
with an AAV6 carrying either wild-type (WT) or mutant (Mut)-
ACTN2 fused to a HaloTag® and cultured in 2D. Analysis of
HCMmut-EHTs presented lower force and higher relaxation
when compared to HCMrep- and HCM-EHTs. 2D-cultured
HCMmut-CMs showed a pronounced cellular HCM phenotype
than HCMrep-CMs, observed as a deficiency in forming regular
sarcomeres, alpha-actinin 2 aggregates and higher cell area
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displayed by immunofluorescence (IF) analysis. Western blot
experiments showed no difference in alpha-actinin 2 protein
levels between 2D-cultured HCM- and HCMrep-CMs but were
markedly lower in HCMmut-CMs. Furthermore, gene expression
analysis revealed lower expression of sarcomere-related genes
in HCMmut-CMs in contrast to HCM-CMs. Confocal microscopy
of living AAV6-transduced hiPSC-CMs revealed integration of
exogenous alpha-actinin 2 in © 80% and ~ 20% of all hiPSC-
CMs transduced with WT- and Mut-ACTN2, respectively. Finally,
a markedly higher autophagic flux was detectible in HCMmut-
CMs in comparison to HCMrep-CMs, which might explain lower
baseline levels of alpha-actinin 2 in HCMmut-CMs despite
detection of alpha-actinin 2 aggregates. This study reveals that
mutant alpha-actinin 2 is unstable in living hiPSC-CMs suggesting
altered function and activated protein degradation pathways to
play crucial roles in HCM disease progression on cellular level.

Keywords: Hypertrophic cardiomyopathy, Alpha-actinin 2,
Proteotoxicity
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BIOWIRE Il HUMAN ENGINEERED CARDIAC
TISSUES: A PLATFORM FOR MODELING
HYPERTROPHIC CARDIOMYOPATHY
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The Biowire™ Il platform was used to generate 3D engineered
cardiac tissues (ECTs) from patient derived iPSC-CMs with a beta
myosin mutation known to cause hypertrophic cardiomyopathy
generated by Cellular Dynamics (“MYH7-R403Q”) and its
CRISPR-corrected isogenic control (“R403QCorr”). Over the
course of seven weeks, ECTs were subjected to external
stimulation to induce mature cardiac phenotypes. Wild-type
tissue characteristics include: (1) lack of spontaneous beating,
(2) post-rest potentiation and (3) the presence of a positive
force-frequency response from 1-4 Hz, while differences were
observed in the force-frequency relationship and post-rest
potentiation in R403Q tissues compared to its isogenic control.
The “MYH7-R403Q” ECTs demonstrated a 4-fold increase
in active force amplitude over the “R403QCorr” ECTs and
those generated from a healthy donor wild-type line (CDI iCell
Cardiomyocytes?) at each measured time point over the culture
period. Pharmacology studies performed in these ECTs confirm
the presence and functionality of pathways that modulate cardiac
contractility in humans. Inotropic responses were evaluated for
drugs that act via B-adrenergic and cAMP-mediated pathways,
modulate the activity of cardiac ion channels or the activity of
cardiac sarcomere proteins. Differences in contractile responses
to a subset of these agents were seen between the “MYH7-
R403Q” and isogenic control tissues. Additionally, preliminary
immunohistochemical data suggests structural differences
between the “MYH7-R403Q” and “R403QCorr” tissues.The
development of hallmarks of functional cardiac maturity and the
establishment of phenotypes consistent with cardiac hypertrophy



in “MYH7-R403Q” tissues in addition to the resulting canonical
responses to clinically utilized inotropes demonstrate that the
ECTs developed on the Biowire™ Il platform are well-suited to
enable phenotypic-based drug discovery and development in a
human-relevant disease model.

Keywords: cardiac disease modeling, cardiomyopathy, Tissue
engineering

MDD129
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FOR ASSESSMENT OF EXCITATION-
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Abassi, Yama - Research and Development, Agilent Technologies,
San Diego, CA, USA

The process of cardiomyocyte excitation-contraction coupling
involves the intricate coordination of the integrated ion channel
activity at the plasma membrane with calcium release through
the sarcoplasmic reticulum culminating in contraction of
cardiomyocytes through the interaction of myosin motor proteins
with actin microfilaments and other accessory proteins. The
temporal nature of these process coupled with any compound
or inherited genetic mutation that disrupts the timing of these
events can lead to pathophysiological conditions such as dilated
cardiomyopathy (DCM), hypertrophic cardiomyopathy (HCM)
and drug-induced arrhythmias. In order to study this intricate
process, we utilized the Real-Time Cell Analysis system that can
simultaneously measure cardiomyocyte integrated ion-channel
activity, contractility and viability. We utilized human induced
pluripotent stem cell derived cardiomyocytes (hiPSC-CM) as a
model system. Using field potential recording of hiPSC-CM we
demonstrated a spontaneous basal beating rate of 35 £10 bpm
as well as field potential duration of 432 + 30 ms. In order to
measure the timing between the integrated electrophysiological
activity and contractility we came up with a parameter referred to
as electro-mechanical window (EMW). This parameter remained
stable during the period of recording. Additionally, we developed
parameters such as impedance amplitude (IAMP) to measure
the extent of contraction of these hiPSC-CM. The measured
IAMP of the hiPSC-CM was 0.25 +0.1 Cl under basal conditions.
The treatment of 100 nM isoproterenol increased IAMP by 52
*+ 14% and profoundly decreased FPD in maturation enhanced
hiPSC-CM via long-term electrical pacing. Interestingly, the
compound blebbistatin, which is an inhibitor of myosin heavy
chain ATPase, significantly decreased the IAMP at 1 uM without
affecting the field potential readout. We applied the same
parameters for quantitative assessment of hiPSC-CM derived
from a DCM patient and we show significant differences in all
measured parameters, especially contractility. Development of
these quantitative parameters will aid in discerning the impact of
compounds and inherited mutations on cardiomyocyte function
and excitation-contraction coupling.

Keywords: real-time functional assay for cardiomyocyte,
contractility and viability, cardiac disease model
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The in vivo embryonic counterpart of cultured human pluripotent
stem cells (hPSC) are presumably the cells of the post-
implantation epiblast, which is thought to give 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
a novel method in chemically defined conditions resulting
in highly efficient TE differentiation, followed by fusion of a
subset of the cells into multi-nucleated syncytiotrophoblast.
Extensive analyses including immunocytochemistry, RNA
sequencing, single cell analysis, microRNA expression profiling,
and epigenetic mapping confirmed robust induction of genes
associated with trophectoderm and placental development
including GATA3, IGFBP3, KRT7, CDX2, CGA, DAB2, TEADS3,
DLX3 and others. In addition, we developed another chemically
defined medium that supported stable self-renewal of TE cells
while maintaining their molecular features. Taken together,
our data clarifies that cultured hPSCs can indeed generate
extra-embryonic cell types and the subsequent derivation of
self-renewing human TE cells represents a novel paradigm for
modeling diseases of the placenta, drug screening, and cell-
based therapies.
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BONE DEVELOPMENT DEFECTS IN
WERNER SYNDROME CAUSED BY SHOX
DYSREGULATION

Tian, Yuyao - Biomedical Sciences, The Chinese University of
Hong Kong (CUHK), Hong Kong

Chan, Wai-Yee - Biomedical Sciences, The Chinese University of
Hongkong, Hong Kong

Werner Syndrome (WS) is a rare progressive disorder, which
is characterized by the appearance of unusually accelerated
aging. Around 90% WS patients are caused by mutations in
WRN gene, the only gene currently connected to WS. Affected
individuals usually have problems with cataracts, type 2
diabetes, skin ulcer, etc. However, the first symptoms of WS
is short stature. Patients with WS have a very slow growth rate
and stop grow at the very beginning of puberty. However,
the answer is still not very clear. In order to better understand
the mechanisms, we chose a chondrogenesis protocol, which
directly differentiates human embryonic stem cells towards
chondrocytes. Then, by transcriptome analysis, we found SHOX
gene. SHOX (short stature homeobox) is an important player
during chondrogenesis. But the role of SHOX in WS patients
is not known. So we checked the expression pattern of WRN
and SHOX during chondrogenesis and found that they showed
the similar expression pattern, which may indicated that they
may both participate in chondrogenesis. Then we blocked the
WRN expression and SHOX expression was inhibited, however,
when we blocked SHOX expression, WRN expression slightly
changed. This hinted that WRN might as upstream target of
SHOX during chondrogenesis in vitro.

Keywords: human embryonic stem cell, aging, chondrogenesis
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TRANSIENT INHIBITION OF MTOR IN HUMAN
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FORMATION OF MOUSE-HUMAN CHIMERIC
EMBRYOS
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It has not been possible to generate naive human pluripotent
stem cells (hPSCs) that significantly contribute to mouse
embryos. We found that a brief (3 hr) inhibition of mTOR with
Torin1 converted hPSCs from primed to naive pluripotency. The
naive hPSCs were maintained in essentially the same condition
as mouse embryonic stem cells and exhibited high clonogenicity,
rapid proliferation, mitochondrial respiration, X chromosome
reactivation, DNA hypomethylation, and transcriptomes sharing
similarities to those of human blastocysts. When transferred to
mouse blastocysts, naive hPSCs generated 0.1-4% human cells,
of all three germ layers, including large amounts of enucleated
red blood cells and photoreceptors in E17.5 mouse embryos. The
results suggest a significant acceleration of hPSC development
in mouse embryos. Torin1 induced nuclear translocation of
TFE3; TFE3 with mutated nuclear localization signal blocked
the primed-to-naive conversion. The generation of chimera-
competent naive hPSCs unifies some common features of naive
pluripotency in mammals and may enable applications such as
human organ generation in animals.

Funding source: The work is supported by NYSTEM contracts
C028129, C029556, C30290GG, and Buffalo Blue Sky Initiative
(J.F.).
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CIRCADIAN CONTROL OF ORGANOID
PHYSIOLOGY

Alvarez, Juan - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Li, Qiang - School of Engineering and Applied Sciences, Harvard
University, Cambridge, MA, USA

Nan, Kewang - School of Engineering and Applied Sciences,
Harvard University, Cambridge, MA, USA

Kenty, Jennifer - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA
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Organoids that recap tissue physiology could transform disease
research and therapy, yet most methods generate products that
resemble fetal, not adult organs. Organoids are usually grown in
constant environments, whereas our tissues mature in presence
of daily physiological rhythms. We recently showed that circadian
rhythms can further maturation of human stem cell-derived
pancreatic islet organoids. Inducing islet organoid clocks, by
entrainmentto daily feeding cycles, triggers rhythmic metabolism
and insulin responses with a raised glucose threshold, a hallmark




of islet maturity, and renders organoids functional within days of
transplant. How entrainment leads to these effects is unclear.
Systematic maturation studies are limited by scarcity of tools for
organoid-level mapping of cellular activities without disrupting
tissue architecture, function, and cell-cell interactions. We
have advanced tools to implant and distribute nanoelectronics
across whole organoid bodies, enabling detection of
membrane potential changes as integrative signal readouts
of cellular activities. Soft, stretchable mesh sensor arrays are
embedded and reconfigured by cell-cell attraction forces during
organogenesis, resulting in their global distribution across
spherical “cyborg” organoids. This enables non-invasive, chronic
electrophysiology recordings with single-cell and millisecond
resolution over substantial time windows. Using islet and cardiac
cyborg organoids, we demonstrate the utility of our approach
for tracing the evolution, propagation, and synchronization of
electrophysiological activities during functional maturation.
Nonuniform activities with clear time latency reveal tissue-
wide propagation of local field potentials, supporting existence
of pacemaker-like cells. Using STARmap (spatially-resolved
transcript amplicon readout mapping), we paint a molecular
picture of these cells within their 3D environment. Finally, we
show that maturation by feeding entrainment is marked by
increases in the amplitude of membrane depolarization and by
synchronization of bursting phases without changes in burst
duration or frequency. The approach and results offer a general
framework for understanding the interplay between feeding
rhythms, cellular activities, and organoid physiology.

Funding source: J.R.A.-D. is an HHMI Fellow of the Life
Sciences Research Foundation. D.A.M. is an HHMI investigator.
This work was supported by grants from the JDRF, Helmsley
Charitable Trust, JPB Foundation, and NSF.
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DEVELOPMENT OF A NOTCH AGONIST AND
PATIENT IPSC MODELS FOR TREATMENT OF
ALAGILLE SYNDROME

Ensberg, Erik J - Human Genetics, Sanford Burnham Prebys
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Zeng, Xin-Xin - Human Genetics, Sanford Burnham Prebys Medical
Discovery Institute, La Jolla, CA, USA

Matalonga Borrel, Jonatan - Human Genetics, Sanford Burnham
Prebys Medical Discovery Institute, La Jolla, CA, USA

Dong, P. Duc - Human Genetics, Sanford Burnham Prebys Medical
Discovery Institute, La Jolla, CA, USA

Alagille syndrome (ALGS) is a complex, autosomal dominant
disorder that affects multiple organ systems including the liver,
heart, skeleton, eyes, kidneys, and central nervous system.
One of every 30,000 babies is born with ALGS each year, with
a 60% survival rate by age 20. There is an urgent need for a
cure because current treatments only target specific symptoms
of ALGS, rather than the cause. ALGS is caused by heterozygous
mutations in primarily JAGGED1 (V95%) and NOTCH2 (V2%),
resulting in impairment of the Notch pathway. In the liver, the
Notch pathway plays a critical role in duct cell formation and
maintenance, thus, impairment of the Notch pathway in ALGS
patients leads to ductal cell paucity. In addition, Notch also plays a
key role in heart formation, leading to malformations, such as the
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Tetralogy of Fallot (TOF), when the pathway is disrupted in ALGS.
Therefore, to broadly target the many pathologies of ALGS, our
strategy is to identify new therapies that could restore normal
Notch activity in patients, particularly by screening for functional
Notch agonists. We have identified a small molecule, SBPz1, that
we found to be a direct Notch agonist in cell types affected by
ALGS, including liver, kidney, and heart cells. Importantly, our
data show that after only 3 hours of SBPz1 treatment of ALGS
patient liver fibroblast, Notch receptor activation and expression
of Notch downstream genes, HES1 and SOX9, are significantly
increased. In the light of these exciting results, we next aim to
derive Alagille patient-derived iPSCs into cardiomyocytes and
hepatocytes, as ALGS models, to further assess the potential
of SBPz1 as a therapeutic that specifically targets the pathway
affected in ALGS, Jagged/Notch. In summary, we have found a
Notch agonist and have been working towards establishing an
iPSC disease model for ALGS.

Funding source: California Institute for Regenerative Medicine
(CIRM)

Keywords: Alagille Syndrome, Jagged-Notch, iPSC disease
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Directed differentiation of patient-derived pluripotent stem cells
represents a powerful tool for studying genotype-phenotype
relationships in vitro. In severe monogenic diseases, this
relationship is often pronounced and can be demonstrated
experimentally using cell lines from a low number of affected
individuals. For genetically complex diseases such as type 2
diabetes (T2D), however, large cohorts of patient-derived cells
are required to effectively model disease phenotypes. Yet large-
scale production of pancreatic beta cells from multiple donors
faces significant technical challenges, including line-to-line
variation in differentiation efficiency and experimental variation
introduced by manual procedures. Current procedures for large-
batch beta cell production, such as those using spinner flasks, are
not amenable to population-scale disease modeling. To address
these limitations, we leveraged the NYSCF Global Stem Cell
Array®, our automated platform for iPSC derivation, to develop
a fully automated, high-throughput platform for the directed
differentiation of human pluripotent stem cells into functional
pancreatic beta cells. Using Design of Experiment (DoE)
principles, we generated a pipeline to iteratively optimize and
adapt the differentiation protocol for automation. This approach
successfully improved the molecular and functional properties
of differentiated tissues. We also developed automated
procedures for assessing organoid morphology, developmental
marker expression profiling by intracellular flow cytometry,
and functional evaluations with Glucose Stimulated Insulin
Secretion (GSIS) assays. Finally, we developed fully automated
procedures for thawing, expansion, and seeding of large cohorts
of pluripotent stem cells, which importantly minimizes manual
error and experimental variation. Our automated platform for
the derivation of functional pancreatic beta cell organoids is
optimized for population-based disease modeling of diabetes
and high-fidelity drug screening.

Keywords: Automated platform for iPSC derivation, Stem cell-
derived beta cells, Type 2 diabetes
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DIFFERENTIATION OF PARATHYROID CELLS
IN VITRO FROM HUMAN PLURIPOTENT STEM
CELLS

Faust, Aubrey L - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Melton, Douglas - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

The parathyroids are endocrine glands that control calcium
homeostasis through secretion of the parathyroid hormone
(PTH). Loss of parathyroid function, a common complication of
thyroid surgery, causes hypoparathyroidism. Current medical
management of hypoparathyroidism requires daily treatment
and is of only limited success. Hypoparathyroidism is an
attractive target for cell replacement therapy as successfully
producing a single cell type in vitro could provide a cure, yet
no protocols have been reported to efficiently differentiate
parathyroid cells in vitro. Starting with human pluripotent stem
cells (hPSCs), we set out to identify cellular signaling modulators
and transcription factors that drive differentiation of parathyroid
cells or their pharyngeal endoderm progenitor. To screen
signaling factors, we differentiated hPSCs to anterior foregut
endoderm (AFE) progenitors, treated these cells with gradients
of activators and inhibitors of eight signaling pathways, and
assessed differentiation by 33 marker genes using a Nanostring
assay. Markers of the parathyroid and pharyngeal endoderm are
induced by multiple FGFs and by inhibition of BMP. The effects
of BMP inhibition are consistent with the known role of the BMP
inhibitor Noggin in mouse parathyroid development, while the
role of FGFs is novel. Concurrently, we are testing combinations
of ten transcription factors (TFs) with roles in pharyngeal and
parathyroid development for capacity to induce parathyroid
differentiation from AFE. As this work matures, we hope to
combine cellular signaling modulation with direct TF expression
to establish a differentiation protocol that paves the way to a
stem cell therapy for hypoparathyroidism.

Funding source: NIH T32GM007226
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Reliable and relevant in vitro cell models are crucial for
advancing disease modeling and drug discovery. Primary cells
and immortalized cell lines have long been the gold standard
models, but they have several shortcomings. While primary cells
mimic the functionalities of cells in vivo, their utility is significantly
limited by their rapid loss of function when cultured in vitro, large
inter-donor variability, and finite number of cells harvestable
from each donor. Immortalized cell lines provide an inexpensive,
readily available source of cells, but are often derived from
tumors and, therefore, may not provide physiologically-relevant
results or accurately reflect in vivo cell function. Human induced
pluripotent stem cell (hiPSC)-derived cells address several of
these limitations. hiPSC-derived cells provide a renewable
source of cells that can be used for a variety of downstream
applications to study and treat disease. We developed a robust
protocol for highly efficient differentiation of hiPSCs to definitive
endoderm (DE) cells and further differentiation into disease-
relevant cell types. We used this protocol to generate mature
and functional hiPSC-derived hepatocytes that express genes
important to drug metabolism (such as CYPs, phase Il enzymes,
and transporters). We exposed the hiPSC-derived hepatocytes
to known hepatotoxins for up to 14 days and found they respond
appropriately, demonstrating their utility for chronic toxicology
studies. hiPSC-derived hepatocytes also respond to insulin,
and can take up and store low-density lipoproteins and fatty
acids. We also developed a novel protocol for differentiation of
DE cells into small intestinal epithelial cells (IECs). These cells
express key IEC markers as well as important enzymes and
transporters that are involved in drug metabolism at levels similar
to primary intestinal cells. Additionally, hiPSC-derived IECs form
a functional barrier for intestinal permeability and absorption
studies. Taken together, we have developed differentiation
protocols to produce mature, functional, hiPSC-derived cells
with improved functionality and relevance compared to the
current gold standards. These cells provide researchers with
readily available, more accurate models to advance their disease
modeling and drug discovery research.

Keywords: disease model, drug metabolism, hepatocyte,
intestinal epithelium

MDD465

SCPRED-RNA VELOCITY MODELLING DERIVED
FROM HUMAN KIDNEY SINGLE CELL DATA
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Single cell sequencing is a useful tool for understanding the
developing human kidney, which, based on current definitions,
contains over 25 distinct cell types arising from two distinctly
patterned populations. Like many systems, the classification
of cellular identify from cell transcriptomics has relied upon
selected markers frequently predicted from murine data,
rather than unbiased identity classification. This is particularly
challenging in the organoid settings, where the synthetically
derived tissues lack spatial information and may not completely
represent a genuine embryonic state. Hence, there is a need for
unbiased computational prediction tools. Here we use multiple
human scRNA-seq data from both fetal and adult kidneys to form
a benchmark transcriptional profile from which a hierarchical
system of machine learning-derived predictive models was
generated. These models can compare unknown populations,
such as those derived in vitro from hiPSCs, with bona fide kidney
cell types. This approach to unbiased cell identity prediction
provided a high degree of accuracy when applied back to bona
fide human kidney samples at both fetal and postnatal stages.
When applying these models to organoid data we show an
overall decrease in the degree of similarity, although the model
was able to identify the cell types predicted in prior analyses
and provide a quantitative comparator. The greatest challenge
to cell identity prediction in developing systems is that the cells
are in a state of developmental flux. To evaluate this, we tested
the dynamics of expression information using RNA velocity,
allowing us to position cells on a trajectory between cell states.
This approach provides an additional layer of specification to
identity, decreasing the requirement for cut off points when
classifying cell populations. RNA velocity predictions also
provide a framework for identifying gene expression changes
resulting from disease or changes to culture protocols. In
conclusion, this work represents an important step forward in
standardising the methods for cellular identity predictions for
kidney populations. While applied to developing kidney, this
unbiased methodology for cell identity prediction can be applied
to other biological systems, facilitating comparability between
data and experiments.

Keywords: Single cell RNA-seq, Classification, kidney
organoids
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Blood vessels are of paramount importance to life as they
transport nutrients and oxygen to organs, thus performing a
critical role as the superhighway of the body. Blood vessels
are lined by endothelial cells which act as barriers regulating
the exchange of molecules (e.g., nutrients, wastes) and cells
(e.g., infiltrating immune cells) between the vessel lumen and
surrounding tissues. A large supply of human endothelial cells
would drive diverse applications, enabling the creation of new
in vitro models of human cardiovascular diseases and also
enabling us to vascularize organoids or engineered tissues
for regenerative medicine. However, it has been challenging
to obtain a large supply of endothelial cells in a dish for the
following three major reasons. First, primary human endothelial
cells cannot be expanded long-term as they quickly lose normal
markers and karyotype. Second, current methods to differentiate
ESCs into endothelial cells generate mostly impure cell
populations (with 93% pure SOX17-mCherry+ artery endothelial
cells within 3 days of ESC differentiation, as assessed using a
SOX17-mCherry reporter ESC line to track artery emergence.
Moreover, artery differentiation is efficient and reproducible
across 5 ESC and iPSC lines. Along the other developmental
path, we can generate >83% pure NR2F2-GFP+ vein cells within
4 days of ESC differentiation, as assessed using a NR2F2-GFP
reporter ESC line. These highly pure ESC-derived artery and vein
endothelial cells develop respective networks of elongated cells
in vitro and after in vivo transplantation into mice. In sum, a large
supply of highly pure ESC-derived artery or vein endothelial cells
hold promise for disease modeling and regenerative medicine.

Funding source: California Institute for Regenerative Medicine
Thomas and Stacey Siebel Foundation
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Human neuro-organoids (hNOs), derived from human pluripotent
cells (hPSCs), provide a platform for studying human brain
development and diseases in vitro. However, current hPSC-
derived organoid models all lack the accompanying vasculature,
resulting in limited oxygen and nutrient delivery to the inner-
most parts of the organoid. Utilizing key endothelial transcription
factors ETV2, ERG, and FLI1, we generate endothelial cells from
hPSCs which transcriptomically and functionally resemble bona-
fide endothelium (EEF-ECs). We demonstrate EEF-ECs have the
ability to form vessels in vitro and in vivo while also responding
appropriately to inflammatory and angiogenic stimuli. Here, we
demonstrate a method of using hPSC derived endothelial cells
to functionally vascularize hNOs. These vascularized organoids
could become a robust model to study brain disease in vitro.

Keywords: Organoid, Endothelial Cell, Blood Brain Barrier.
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BIPHENOTYPIC IPSC-DERIVED KIDNEY
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Organoids derived from induced pluripotent stem cells (iPSCs)
offer unique potential for modeling rare diseases that cannot
be adequately recapitulated by animal models. Tuberous
Sclerosis Complex (TSC) is an incurable rare disease primarily
characterized by neurological and renal manifestations (RMs).
RMs include angiomyolipomas, epithelial cysts and renal cell
carcinoma (RCC). While the developmental mechanisms giving
rise to TSC-associated RMs are poorly understood, the widely
supported “Two-Hit” hypothesis establishes that a second,
loss-of-heterozygosity mutation, taking place in a pre-existent
heterozygous TSC locus, can lead to loss of protein function
and aberrant tissue growth due to dysregulation of mTOR.
These proposed mechanisms have been difficult to validate
in experimental models. Here we generated kidney organoids
from patient-derived TSC2+/- and isogenic TSC2-/- iPSC lines, to
study the development of kidney RMs. Our data show that while
differentiation of TSC2+/- iPSCs resulted in nephron-containing
2D and 3D organoids without an observable phenotype,
differentiation of a “two-hit” TSC2-/- iPSC line generated by
gene editing, resulted in kidney organoids containing both
AML-like tissues and tubular cysts. Cells in AML-like domains
co-expressed the tubular epithelial cell marker CDH1 and the
melanocyte marker PMEL, a melanocyte marker expressed by
AML tumor cells that is indicative of epithelioid cell phenotype.
Within the same organoids, tubular cysts expressed either CDH1
or stained positive for LTL, indicating cystic proximal or distal
tubules, respectively. In summary, our TSC kidney organoid
model supports the hypothesis of a second, loss-of-function
mutation in a heterozygous TSC locus, as a pathogenic trigger
of TSC-associated kidney diseases.

Keywords: kidney tuberorganoids, kidney angiomyolipoma,
Tuberous Sclerosis Complex
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The skin is the largest organ of our body, which is essential
for blocking external stresses and infections, controlling body
temperature and fluid, and transmitting sensations of touch and
pain. The skin develops from coordinated interactions between
multiple cell lineages into a multi-layered tissue forming
appendages (e.g. hair follicles and sebaceous glands) that are
difficult to be reconstructed once damaged. Worldwide, over one
hundred million people suffer from loss of skin or injuries from
burns, surgical resections, diseases, or genetic defects. Despite
abundant studies on skin regeneration for decades, however,
a robust technique for generating appendage-bearing skin in a
dish or in bioengineered skin equivalents remains elusive. Here,
we report an organoid culture system that produces hairy human
skin from pluripotent stem cells and recapitulates key features
of skin development. During the first week of differentiation,
we modulate TGFB and FGF signaling pathways to co-induce
epithelial cells and cranial neural crest cells in a single organoid
unit. This matures into a skin organoid that is comparable to
~25-weeks of human fetal facial skin development through
stratification of epidermis, development of fat-rich dermis, and
formation of pigmented hair follicles that contain hair-bulge and
sebaceous glands. Interestingly, the skin organoid also consists
of sensory neurons with processes that interweave between hair
follicles and target mechano-sensing Merkel cells in hair follicles,
mimicking human touch circuitry. Furthermore, the skin organoid
is capable of incorporating into and reconstructing hairy skinin a
xenograft mouse model. Together, our results demonstrate that
skin resembling human fetal facial tissue can be generated in our
in vitro organoid culture system and used for skin reconstruction
in vivo. We anticipate that our skin organoid system will be a
foundation for studying human skin development, disease
modeling, or a cell source for skin transplantation.

Funding source: NIH-RO1AR075018
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GENERATION OF MATURE LUNG ORGANOIDS
FROM CRYOPRESERVED HUMAN IPSC DERIVED
ANTERIOR FOREGUT ENDODERM CELLS

Lu, Min - Research and Development, MilliporeSigma,
Temecula, CA, USA

Asbrock, Nick - Milliporesigma, Temecula, CA, USA

Chu, Vi - Cellular Assays, Milliporesigma, Temecula, CA, USA

We previuously describe a stepwise protocol to efficiently
differentiate human iPSCs to mature branching & alveolar lung
bud organoids (LBOs). After 40-50 days of differentiation, LBOs
express high levels of mature lung markers including surfactant-
producing type Il alveolar epithelial marker-SFTPB/SFTPC along
with other airway, cilia and pulmonary markers. In an efffort
to streamline the long differentiation protocol, cells at various
stages of differentation were cryopreserved and subsequently
thawed and tested for their ability to resume differentiation into
mature branching LBOs. Cryopreserved LBOs from Day 20-25
exhibited very low cell viablity upon thawing. In contrast, anterior
foregut endoderm (AFE) cells cryopreserved at day 8 exhibited
high viablity upon thawing and could readily differentiated
into mature LBOs. We show that large numbers of highly pure
Pax9+EPCAM+ and Pax9+Sox2+ double positive AFE cells can be
efficiently generated without the need for cell sorting. Along from
the lung, AFE cells have the potential to give rise to other organ
lineages including the thyroid, pharynx, thymus, esophagus and
trachea. The ability to generate and cryopreserve large numbers
of AFE cells from human iPSCs should facilitate and further
streamline efforts to obtain lineage-specific organoids.

Keywords: Organoids, Human Lung, Anterior Foregut
endoderm
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GENERATION OF PATIENT-DERIVED STEM CELL
MODELS FOR NOVEL NONCODING DISEASE
MODELING

Mungale, Ameera - Ophthalmic Genetics and Visual Function
Branch, National Institutes of Health (NIH), Bethesda, MD, USA
Fufa, Temesgen - Ophthalmic Genetics and Visual Function
Branch, National Institutes of Health, Bethesda, MD, USA

Guan, Bin - Ophthalmic Genetics and Visual Function Branch,
National Institutes of Health (NIH), Bethesda, MD, USA
McGaughey, David - Ophthalmic Genetics and Visual Function
Branch, National Institutes of Health, Bethesda, MD, USA
Hufnagel, Robert - Ophthalmic Genetics and Visual Function
Branch, National Institutes of Health (NIH), Bethesda, MD, USA

Inherited eye diseases are responsible for a wide variety of
congenital malformations and degenerative conditions, with
effects ranging from reduced or absent visual acuity at birth to
progressive childhood or late-onset blindness. While coding
mutations in critical eye development genes are commonly
implicated as the cause of ocular malformations, causal variants
for many ocular diseases remain unresolved, suggesting that
non-coding genomic regions might be harboring the associated
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disease variants. We used whole genome sequencing to evaluate
families with congenital ocular malformations without causal
variants in protein coding regions and identified a novel, rare
ocular disorder termed X-linked Foveal Dysplasia (XLFD) that is
characterized by macular lesions that lead to the loss of retinal
tissue and retinal pigment epithelium (RPE) and degeneration of
the choroid. We linked XLFD to an insertional translocation of
a 339 kb gene-less DNA fragment from chromosome 6q14 into
chromosome Xq27. Further examination of this genomic region
using ATAC-seq assay in RPE cells revealed multiple open
chromatin sites with presumed enhancer-like activities. Similarly,
publicly available DNase | hypersensitivity data show multiple
open chromatin sites within the XLFD region coinciding with
specific periods of retinal development. To further understand
how XLFD affects the genomic regulation of the developing
retina, we are developing “disease-in-a-dish” models using
patient-derived induced pluripotent stem cells (iPSC) to generate
RPE and 3D retinal organoids. Combining the techniques of
epigenetic and transcriptomic regulatory mapping with an
accessible, patient-specific disease model, we will dissect the
biological and functional connections between the non-coding
insertion and the XLFD locus to gain further insight into the
mechanism of the disease.

Keywords: noncoding mutation, RPE and retinal organoids,
macula, fovea
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GLAUCOMA (POAG)

Daniszewski, Maciej - Anatomy and Neuroscience, University of
Melbourne, Parkuville, Victoria, Australia

Senabouth, Anne - Garvan Institute of Medical Research, Garvan
Weizmann Centre for Cellular Genomics, Darlinghurst, New South
Wales, Australia

Liang, Helena - University of Melbourne, Centre for Eye Research
Australia, East Melbourne, Victoria, Australia

Han, Xikun - Berghofer Medical Research Institute, QIMR, Brisbane,
Queensland, Australia

Lidgerwood, Grace - Anatomy and Neuroscience, University of
Melbourne, Parkville, Victoria, Australia

Hernandez, Damian - Anatomy and Neuroscience, University of
Melbourne, Parkville, Victoria, Australia

Graham, Stuart - Clinical Medicine, Macquarie University, Sydney,
New South Wales, Australia

Mackey, David - Centre for Vision Sciences, Lions Eye Institute,
Nedlands, Western Australia, Australia

Craig, Jamie - Ophthalmology, Flinders University, Bedford, South
Australia, Australia

MacGregor, Stuart - Berghofer Medical Research Institute, QIMR,
Brisbane, Queensland, Australia

Powell, Joseph - Garvan Institute of Medical Research, Garvan
Weizmann Centre for Cellular Genomics, Darlinghurst, New South
Wales, Australia

Hewitt, Alex - Menzies Institute for Medical Research, University of
Tasmania, Hobart, Tasmania, Australia

Pebay, Alice - Anatomy and Neuroscience, University of
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Primary open-angle glaucoma (POAG) is an optic neuropathy
characterized by gradual degeneration of retinal ganglion
cells (RGCs) leading to irreversible vision loss and, if untreated,
blindness. Upon diagnosis treatment options are limited and
often fail to halt the progression of vision loss. This is due to
the incomplete understanding of the disease. The molecular
profiling of human RGCs in normal and diseased tissue is
hindered by the lack of non-invasive means for obtaining RGCs
from living donors. This can now be circumvented by the use of
induced pluripotent stem cells (iPSCs) as a source of RGCs. With
the use of an automated platform (TECAN Freedom EVO 200),
we generated 305 human iPSC lines from glaucoma patients (n
=143) and healthy controls (n = 162). All lines underwent quality
control analysis consisting of virtual karyotyping and assessment
of pluripotency markers OCT-4 and TRA-1-60. Subsequently,
183 lines were differentiated into RGCs for 49 days via retinal
organoids and then subjected to single cell RNA sequencing
(scRNA-seq). Following the quality control assays, 258,071 cells
from 114 individuals (57 POAG, 57 healthy) underwent further
analysis. Using Louvain clustering from Seurat, we identified
23 subpopulations that were evenly distributed across cell
lines from all patients. Cells were assigned to different classes
based on expression of characteristic markers identified by
previous studies. RGCs represented over 16% of all cells and
were localised across 3 subpopulations. We also identified
retinal progenitors, retinal pigment epithelium, photoreceptors,
interneurons (amacrine/ horizontal cells) and lens cells. scRNA-
seq allowed us to gain in-depth information about transcriptomic
differences between healthy controls and glaucoma patient
samples. Understanding mechanisms underlying RGC function,
maintenance of homeostasis and those conferring susceptibility
to POAG is crucial to discover new therapeutic targets and
commence the process of drug discovery.

Funding source: Clemenger Foundation, Phillip Neal bequest
(AH, AP), Research Training Program (MD), Stem Cells Australia
(AH, AP, JP), NHMRC (AH), Australian Research Council (AP)

Keywords: Glaucoma, Induced pluripotent stem cells, single-
cell RNA sequencing

HEMATOPOIETIC SYSTEM

MDD243

CHARACTERIZATION AND ENRICHMENT

OF DEFINITIVE HEMATOPOIETIC STEM/
PROGENITOR CELLS FROM HUMAN EMBRYONIC
STEM CELLS USING FEEDER-/SERUM-FREE
ORGANOID-INDUCED DIFFERENTIATION
PROTOCOL
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Institutes of Health (NIH), Bethesda, MD, USA

Ex vivo production of hematopoietic stem/precursor cells
(HSPCs) represents a promising approach for blood disorders.
To derive true HSPCs from ESCs, we sought to derive definitive
hematopoiesis capable of both adult hemoglobin production
among erythroid progeny and a diverse TCR repertoire
among lymphoid progeny. In this regard, we differentiated
mesordemally specified EBs onto gelatin-coated dishes to
obtain HSPC generating organoid-like structures in feeder/
serum-free conditions. Our preliminary work showed that 7-day
EB maturation followed by 8-day 2D differentiation provided
the highest definitive (CD235a-CD34+, 69%, p<0.01) and lowest
primitive (CD235a+CD34-, 1.55%, p<0.01) erythroid precursor
cells along with the highest colony forming units (149.8+11.6,
p<0.01). Flow cytometry analysis showed that the HSPC fraction
(CD34+CD38-CD45RA-CD49f+CD90+) reached to 7.6-8.9% after
10 days of differentiation with 14.5% adult 3-globin production
followed by RBC differentiation. To further enrich HSPC fraction,
spherical cells-derived from 3D structures were sorted for
CD34 and CD43 markers. Myeloid and erythroid colonies were
strictly restricted to CD34+CD43+ fraction (370.5£65.7, p<0.01)
while only CD34-CD43+ fraction produced a small humber of
colonies (21.6411.9), consistent with RBC differentiation results.
To further determine the definitive potential of this population,
we differentiated the sorted cells towards lymphocytes using
the OP9/DLL1 co-culture system. By day 22 of differentiation,
double-positive cells (CD4+CD8+) were detected along with
CD3+ expression. DNA sequencing further confirmed broad
TCR repertoire in ESC-derived CD34+CD43+ cells comparable
to peripheral blood mononuclear cells-derived T-cells.
Confocal imaging of antibody stained and fluorescently tagged
organoid-like structures presented an accumulation of spherical
CD34+CD43+ cells in sac-like compartments. In addition, a close
association of CD31+ and CD144+ cells with CD34+CD43+ cells
suggests a potential emergence of HSPCs through endothelial
to hematopoietic transition. The ability to derive HSPCs that give
rise to RBCs with 3-globin and T-cells with broad TCR repertoire
associated with definitive hematopoiesis has prompted us to
test engraftment of these HSPCs in immunodeficient mice.

Keywords: pluripotent stem cells, definitive hematopoiesis,
3-globin
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Microglia, the resident immune cells of the brain, are key players
in neuroinflammation and manifestation of neurodegenerative
diseases. Recent studies have identified genes that are highly
expressed in microglia associated with increased risk of
developing Alzheimer’s disease (AD), Parkinson’s disease (PD),
Frontotemporal Dementia, or Amyotrophic Lateral Sclerosis,
propelling microglia to the forefront of neurodegenerative
disease progression and emphasizing the critical need of model
systems to study microglia. Since primary human microglia from
living donors are not accessible for research, human induced
pluripotent stem cell (iPSC)-derived microglia emerge as an
authentic human, preclinical tool to mimic neurodegeneration
and enable drug screening applications in vitro, as well as co-
culture with other neural cell types for drug candidate validation.
Recent GWAS studies have shown that genetically inherited
variants apolipoprotein E4 (APOE4), presenilin 1 (PSEN1),
presenilin 2 (PSEN2), or amyloid precursor protein (APP), the
presence of specific Single Nucleotide Polymorphisms (SNPs)
within triggering receptor expressed on myeloid cells 2 (TREM?2),
CD33 or Siglec 3, ATP-binding cassette transporter A7 (ABCA7),
have a strong association with increased disease risk of AD. A
panel of 12 human iPSCs from apparently healthy and diseased
donors harboring many inherited mutations were selected and
successfully differentiated into cryopreserved hematopoietic
progenitor cells and microglia. In addition, microglia were also
derived from engineered and non-engineered iPSCs to create
isogenic pairs with mutations in TREM2, A53T and MeCP2. End
stage microglia retained the presence of cell surface (CD45,
CD11b and CD33) and intracellular (P2RY12, TREM-2, CX3CR1,
IBA) microglia-specific antigens, gene expression patterns
and exhibited phagocytic function. In addition, cryopreserved
microglia retained the ability to be polarized towards an
inflammatory or anti-inflammatory subtype by specific stimuli.
Thus, this panel of both normal and disease associated microglia
can be used to investigate the role of gene variants in human
microglia, develop coculture applications with other neural cell
types to create predictive in vitro models for neurodegenerative
diseases.

Keywords: Disease Associated Microglia, Induced Pluripotent
Stem Cells, Neurodegenerative Diseases
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GENERATION OF ISOGENIC CRYOPRESERVABLE
MACROPHAGES FROM NORMAL AND
ENGINEERED HUMAN PLURIPOTENT STEM
CELLS FOR DISEASE MODELLING
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Macrophages are innate immune cells that play critical roles
in tissue homeostasis, inflammation and immune oncology,
and hence have a potential utility for cell therapy. Human
peripheral blood monocyte-derived macrophages (PBMACsS)
have been used widely used to characterize macrophages.
PBMACs lack proliferative capacity offering limited scalability
options and they are terminally differentiated. Tumor-derived
monocytic cell lines often tend to have abnormal karyotypes,
increased proliferation and exhibit poor function. Induced
pluripotent stem cell (iPSC)-derived macrophages (iIMACs) can
be generated in large quantities and cryopreserved in large
numbers. In addition, these cells can be used to study human
macrophage biology, disease modeling, functional genomic
analysis, drug screening and cell therapy applications. The
present study describes the generation and characterization
of macrophages from iPSCs via a defined serum free method
amenable to scale up to generate a large batch of macrophages
from apparently healthy (iCell Macrophages 2.0) and disease
associated donors. Cryopreserved Macrophages retained purity
and expressed CD68, CD33, CD11c, CD11b, CD1a, HLA-DR,
CD86, CD64, CD80, CD206 and CD169. They revealed a classic
morphology by wright stain, responded to stimuli and secreted
analytes to mimic inflammatory or anti-inflammatory responses.
The cells displayed robust phagocytic function coming right
out of cryopreservation. In addition, cryopreserved end stage
macrophages were also derived from isogenic iPSCs engineered
to mimic Rett’'s syndrome (MECP2), Parkinson’s disease (A53T)
and Frontotemporal dementia mutations (GRN2). End stage
macrophages from isogenic engineered clones expressed
macrophage-specific purity markers, gene expression patterns,
exhibited phagocytic function and elicited response to specific
stimuli. Thus, the macrophage panel containing a collection of
normal and disease associated macrophages can be used to set
up high throughput screening, multi-cell co-culture and immune
oncology applications

Keywords: Macrophages, Induced pluripotent stem cells (iPSC),
Disease modelling
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GENETIC LANDSCAPE OF HUMAN BM-MSCS
AND DIFFERENTIATED LINEAGES: RNA AND
SMALL RNA INTEGRATED ANALYSIS

Koduru, Srinivas V - Surgery, Penn State College of Medicine,
Hershey, PA, USA
Ravnic, Dino - Surgery, penn state, Hershey, PA, USA

Adult stem cells have a remarkable capacity of differentiating into
various cell types necessary for tissue and organ regeneration.
Multiple studies have focused on the differentiation potential
of mesenchymal stem cells (MSCs). However, little is known
about the molecular characteristics of human MSCs and their
progenies obtained from donors of different ages. In this study,
we analyzed publicly available sequencing data obtained
from young (V22-year-old, n=8) and old (V65.5-year-old, n=8)
human donors of MSCs and their differentiated counterparts:
osteocytes, chondrocytes and tenocytes. The raw mRNA and
small RNA (non-coding RNA) sequencing data was downloaded
from NIH BioProjects and systematically analyzed in order to
identify uniquely expressed genes in MSC-derived osteocytes,
chondrocytes and tenocytes. We identified similar up- and down-
regulated gene patterns in both age groups. However, the young
group displayed a greater variety of expressed genes across all
three differentiated groups. This discrepancy in gene expression
profiles may indicate a greater differentiation potential of younger
MSCs. miRNA analysis of osteocytes, found 21 microRNAs in the
young group (5 upregulated and 16 downregulated) and 97 in
old group (16 upregulated and 81 downregulated), chondrocytes,
232 differentially expressed microRNAs in the young group (one
upregulated and remaining downregulated) and 285 in the old
group (two upregulated and remaining downregulated) and
tenocytes, 63 microRNAs differentially expressed in the young
group (five upregulated and remaining downregulated) and
228 microRNAs in the old group compared to stem cells (four
upregulated and remaining downregulated). miRNA and mRNA
integrated analysis using miDIP, showed key miRNA regulation of
mRNAs in both age groups across three differentiated lineages.
Our analysis provides additional data which is important for
the identification of MSC markers of plasticity. Additionally,
our data may shed light upon the molecular mechanisms of
age-associated musculoskeletal dysfunction caused by the
decreased capacity of MSCs regeneration in elderly people.

Keywords: Genomics, miRNA, mRNA, big data, BM-MSCs
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More than 40 genomic loci have been linked to late onset
Alzheimer’'s disease (AD) containing hundreds of potential
risk genes. While the impact of some genes, such as APOE
and TREM2, has been widely studied, it is unknown how most
other risk genes are linked to AD pathogenesis. Interestingly,
transcriptomic and epigenetic data have shown that a significant
number of these genes are expressed in microglia, the immune
cells of the brain. Microglia are essential for the maintenance
of a healthy brain, and their role in synapse loss caused by
abnormal phagocytosis leading to cognitive decline has been
demonstrated in multiple mouse models. To understand how AD
risk genes affect phagocytosis we turned toward human iPSC-
induced microglia. Using single cell transcriptomics, we have
characterized how AD risk gene expression changes during
engulfment of various substrates. Also, we characterized how
basic microglial functions are changed by the presence of AD
risk gene variants. Together, our data identified key phenotypes
that characterize individuals with high genetic risk of developing
AD and those phenotypes will be further pursued in in vivo
models.

Keywords: Alzheimer’s disease, microglia, GWAS
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CO-CULTURE OF HUMAN IPSC DERIVED MOTOR
NEURONS AND SKELETON MUSCLES PROVIDES
A PHYSIOLOGICAL NEUROMUSCULAR
JUNCTION MODEL IN-A-DISH

Tsai, Ruby - Research and Development, Applied Stemcell Inc.,
Milpitas, CA, USA

Wang, Kai - Research and Development, Applied StemCell, Inc.,
Milpitas, CA, USA

Wu, Karen - Research and Development, Aurorae Biolabs, Inc.,
San Diego, CA, USA

Neuromuscular junction NMJ is a highly organized synapse
which are formed between the axon of a motor neuron and a
muscle fiber. Motor neurons transmit efferent signals to control
muscle fiber contraction. The functional integrity of NMJ is tightly
associated with the etiology, pathophysiology and progression
of neuromuscular diseases. NMJ models have been well
established using rodent cells, however, there is still a need
to establish a human model due to the physiology difference
between mouse and human. Here, we have re-established
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the NMJ models by co-culturing human motor neurons and
skeleton muscles differentiated from the same human iPSC line.
The formation of functional NMJ connections are confirmed by
imaging muscle fiber calcium transients and the contraction
in response to glutamate-induced motor neuron firing. In the
future, the application of this model using patient derived iPSC
cells as well as high through-put small molecule screen assay
will deepen our research on the etiology and provide targeting
molecule candidates that can improve the physiological function
of NMJ.

Keywords: Neuromuscular junction NMJ, Human iPSC
differentiated motor neuron, Human iPSC derived skeleton
muscle cells
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Hereditary multiple exostoses (HME) is a pediatric disorder in
which benign tumors called osteochondromas form along the
growth plates. Osteochondromas lead to skeletal deformities,
growth retardation, and early onset osteoarthritis. Current
treatments include surgical removal of osteochondromas but
patients continue to experience physical difficulties and chronic
pain. HME is caused by heterozygous mutations in EXT1 or
EXT2, two members of the exostosin (EXT) family encoding
glycosyltransferases that are required for heparan sulfate
biosynthesis. Heparan sulfate is an anionic polysaccharide that
is essential for mammalian development. It is unknown how
defects in heparan sulfate biosynthesis leads to osteochondroma
pathogenesis in HME patients. To address this knowledge gap,
we developed an in vitro disease model by deriving induced
pluripotent stem (iPS) cells reprogrammed from fibroblasts of
a HME patient. To determine how a heterozygous mutation
in EXT1 alters heparan sulfate biosynthesis, we employed a
quantitative mass spectrometry-based method to determine
the compositions and molecular weights of heparan sulfate of
the iPS cells. The data indicate that changes in heparan sulfate
length leads to aberrations in growth factor signaling pathways
during chondrogenesis that may result in osteochondroma
formation. In summary, our HME-patient derived iPS cell line is an
excellent tool for modeling HME in vitro. Moreover, our findings
highlight the significance of glycans in disease pathogenesis
and tissue development. Findings from our study will elucidate
the underlying molecular mechanisms and advance the
development of therapeutics that prevent osteochondroma
formation.
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The lack of effective therapies for degenerative neuromuscular
disorders (NMD) such as spinal muscular atrophy (SMA) and
amyotrophic lateral sclerosis represents a significant unmet
medical need. Development of therapies to treat NMD have
been hampered by the challenges of modeling motor neurons,
skeletal muscle and their interactions. To address the need for
a more physiologically relevant human model that captures
the biological complexity of two distinct human cell types,
we adapted a previously published neuromuscular junction
(NMJ)-on-a-chip model. The chip design was optimized to
improve handling and increase throughput. Human iPSC-
derived motor neuron spheres and skeletal muscle progenitor
cells were generated from SMA and healthy control samples
and introduced into the chip in various combinations. Axonal
processes migrated out from the motor neuron spheres to form
neuromuscular junctions with the skeletal muscle microbundles.
NMJ functionality as assessed by activities such as muscle
bundle contractile response to glutamate stimulation of neurons
or acetylcholine were evaluated in the absence or presence of
therapeutic treatments. These studies establish the NMJ-on-a-
chip model as a platform for evaluating future therapies for NMD.
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STUDYING AND UNDERSTANDING JORDAN’S
SYNDROME
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Sacramento, CA, USA

Jordan’s Syndrome (JS), also known as PPP2R5D-related
intellectual disability (ID), is a neurodevelopmental disorder
that is caused primarily by de novo missense mutations in the
PPP2R5D gene. PPP2R5D encodes a 602-amino acid protein
PPP2R5D (also known as the B566 subunit), which is a regulatory
subunit of the heterotrimeric enzyme serine/threonine-protein
phosphatase 2A (PP2A). Mutations in phosphatases are known
to cause human overgrowth due to their involvement in cellular
regulation. With the recent identification of Jordan’s Syndrome
using Whole Exome Sequencing, PPP2R5D mutations specifically
have been associated with various patient intellectual disabilities
(IDs), malformations, autism spectrum disorders, seizures, and
behavioral challenges. The wide range of the severity of patient
IDs, along with the association of PPP2R5D to Alzheimer’s,
autism, Parkinson’s-like symptoms, and cancer, has generated
an impetus for further research to elucidate the specific cellular
pathways that are affected by PPP2R5D. In order to study JS
in vitro, various biological tools need to be generated including
neural cellular models. Induced pluripotent stem cells (iPSC)
are highly proliferative cells that can differentiate into all three
germ layers in vitro. Reprogramming patient somatic cells in
to iPSC offers a means of generating difficult to source neural
stem cells and neurons to study PPP2R5D mutations. Our
team has generated five chromosomally stable iPSC clones
from JS patient-derived skin fibroblasts representing four of
the most common PPP2R5D disease-causing mutations. We
have also generated chromosomally stable isogenic clones
of these iPSC lines using precision CRISPR editing to provide
genetically matched unmutated cells as controls. Neural stem
cell (NSC) lines and neurons have been derived from each line
to help study disease biology and novel therapeutic agents in
a disease relevant cell type, as well. iPSC and NSC provide a
theoretically unlimited supply of disease-specific cells that can
be used to study JS. They are important and necessary tools for
advancing the field of JS research and developing therapies for
this debilitating disorder.

Keywords: Jordan’s Syndrome (PPP2R5D), Neural Stem Cells,
Induced Pluripotent Stem Cells
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CHARACTERIZATION OF DOPAMINERGIC
NEURONS WITH COPY NUMBER VARIATIONS
ASSOCIATED TO AUTISM AND SCHIZOPHRENIA

Sundberg, Maria K - Department of Neurology, Boston
Children’s Hospital, Harvard Medical School, Boston, MA, USA
Pinson, Hannah - Department of Physics, Massachusetts Institute
of Technology, Cambridge, MA, USA

Smith, Richard - Division of Genetics and Genomics, Boston
Children’s Hospital, Boston, MA, USA

Winden, Kellen - Neurology, Boston Children’s Hospital, Boston,
MA, USA

Venugopal, Pooja - Neurology, Boston Children’s Hospital, Boston,
MA, USA

Tai, Derek - Center for Genetic Medicine, Massachusetts General
Hospital, Boston, MA, USA

Gusella, James - Center for Genetic Medicine, Massachusetts
General Hospital, Boston, MA, USA

Talkowski, Michael - Division of Genetics and Genomics,
Massachusetts General Hospital, Boston, MA, USA

Walsh, Christopher - Division of Genetics and Genomics, Boston
Children’s Hospital, Boston, MA, USA

Tegmark, Max - Department of Physics, Massachusetts Institute of
Technology, Cambridge, MA, USA

Sahin, Mustafa - Department of Neurology, Boston Children’s
Hospital, Boston, MA, USA

Several copy number variations (CNVs) have previously
been associated with development of neuropsychiatric and
neurodevelopmental disorders. One of the CNVs is the
duplication or deletion of the 16p11.2 gene region. Clinical
studies have shown that deletion of 16p11.2 leads to severe
developmental deficits, increased head size, intellectual
disability and autism, whereas duplication of 16p11.2 is highly
associated with schizophrenia and bipolar disorder. Currently,
treatment options for these disorders are limited, and commonly
used medications can cause severe side effects for patients. To
develop more efficient and specific medications it is important
to find the key molecular pathways regulating the neuronal
maturation and formation of network connections during brain
development. To address this need, we differentiated the human
iPSCs with CNVs of 16p11.2 duplication and 16p11.2 deletion into
dopaminergic (DA) neurons in vitro and we characterized their
molecular and functional deficits compared to control neurons.
For assessment of network activity and synchronization we used
the high-density micro electrode array (MEA) platform and for
analyses of excitability and excitatory post-synaptic currents we
used the conventional patch clamping method. We also analyzed
the transcriptional gene expression levels of these DA neurons
to identify genes that are affected by 16p11.2 CNVs. We detected
that the cells carrying 16p11.2 CNVs had abnormal synaptic
marker expression and altered synaptic activity and network
function compared to healthy control DA neurons. We also
characterized the downstream pathways affected by the 16p11.2
CNVs. This data implicated that these copy number variations
can cause different physiological and psychological symptoms
in patients due to deficient dopaminergic neuron function. In the
future these cell culturing platforms can be utilized for disease
phenotyping and drug screening assays in vitro to find novel
compounds for treatment of these neuropsychiatric disorders.
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Funding source: Tommy Fuss Center for Neuropsychiatric
Disease Research at Boston Children’s Hospital, and
Translational Neuroscience Center at Boston Children’s
Hospital.

Keywords: Dopaminergic neurons, High-density micro-
electrode array, Copy number variations of 16p11.2.
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DISSECTING MECHANISMS OF SYNAPTIC
MATURATION USING HUMAN CELLULAR
MODELS

Martin, Berryer - Stanley Center for Psychiatric Research, Broad
Institute of MIT and Harvard, Cambridge, MA, USA

Barrett, Lindy - Stanley Center for Psychiatric Research, Broad
Institute of MIT and Harvard, Cambridge, MA, USA

Rubin, Lee - Department of Stem Cell and Regenerative Biology,
Harvard, Cambridge, MA, USA

The synapse is a fundamental point of communication in the
nervous system, and deeper insight into synaptic mechanisms
is critical for our understanding of normal brain function as well
as dysfunction in developmental and degenerative diseases.
While diverse brain cell types can now be generated from
human pluripotent stem cells in vitro, knowledge of human
synaptogenesis remains incomplete. We therefore developed
a novel and scalable assay for automated quantification of
synaptic development in vitro using human neurons and
astrocytes. In brief, we utilize automated liquid handling to plate
precise numbers of human neurons and human astrocytes in
96-well format and immunostain for synaptic markers followed
by automated high-content imaging and a custom pipeline to
measure and analyze the density and size of synaptic puncta.
We are now employing this assay to (i) study cell-type specific
contributions to synaptic dysfunction in a model of monogenic
neurodevelopmental disease, (i) uncover modulators of
human synaptogenesis utilizing a small molecule screening
strategy, and (iii) optimizing CRISPRa/CRISPRI tools to facilitate
genetic perturbations in both human neurons and astrocytes.
Collectively, these approaches are designed to accelerate basic
discovery and identify potential opportunities for therapeutic
development.

Keywords: Assay, Synapse, Human
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CHROMOSOME 16P11.2 DUPLICATION
IMPACTS GENE EXPRESSION, ASTROCYTE
DIFFERENTIATION, NEURONAL DEVELOPMENT,
AND SYNAPSE FORMATION IN CELLS DERIVED
FROM HUMAN INDUCED PLURIPOTENT STEM
CELLS

Jiang, Xueying - Human Genetics Branch, National Institute of
Mental Health-IRP, National Institute of Health, Bethesda, MD,
USA

Akula, Nirmala - Human Genetics Branch, NIMH, Bethesda, MD,
USA

Corona, Winston - Human Genetics Branch, NIMH, Bethesda, MD,
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Detera-Wadeigh, sevilla - Human Genetics Branch, NIMH,
Bethesda, MD, USA

England, Bryce - Human Genetics Branch, NIMH, Bethesda, MD,
USA

Johnson, Kory - Bioinformatics section, NINDS, Bethesda, MD, USA
Kassem, Layla - Human Genetics Branch, NIH, Bethesda, MD, USA
McMahon, Francis - Human Genetics Branch, NIMH, Bethesda,
MD, USA

Arare, 650 kb duplication on chromosome 16p11.2 (dup16p11.2) is
associated with neurodevelopmental disorders, schizophrenia,
and bipolar disorder. This project aims to explore the use of
induced pluripotent stem cell (iPSC) technology to study the
biological impact of dup16p11.2 in neural cells and screen for
therapeutic agents. Samples of 6 carriers and 6 noncarriers
were obtained from an extended family ascertained through a
proband with schizoaffective bipolar disorder or from the Rutgers
Repository, reprogrammed with Sendai virus, then differentiated
into neural progenitor cells (NPCs), neurons, or astrocytes. Cells
were characterized with immunostaining, confocal microscopy,
and bulk RNA sequencing, and NPC differentiation, neuron
formation and maturation were live-imaged weekly for 20 weeks.
Comparisons between carriers and sex-matched non-carriers
revealed major differences in cellular differentiation and growth.
Carriers generated 50% fewer neurons after 3 weeks of culture
(p<0.01). Carrier neurons also showed fewer post-synaptic
structures based on PSD95 staining. While non-carrier NPCs
easily differentiated into astroctyes using standard protocols,
carrier NPCs did not differentiate into mature astrocytes.
RNAseq analysis found that expression of most genes within
the duplication was increased in carriers. In neurons, ALDOA,
KCDT13, KIF22, MAPK3, QPRT, and TMEM219 showed the
greatest increases (1.5- to 2-fold). Dup16p11.2 also perturbed
expression of distal genes. Functional annotation of differentially-
expressed genes indicated downregulation of neuronal
development (p<0.0001), neurite outgrowth (p<0.0003), and
neuronal migration (p<0.0005), among others, consistent with our
morphological imaging. As in previous studies, network analyses
identified ERK1/2 as a central hub among genes dysregulated by
dup16p 11.2. Experiments are now underway to rescue deficits
in neuronal and synapse development in dup16p11.2 carriers.
We conclude that dup16p11.2 has a widespread impact on gene
expression, astrocyte differentiation, neuronal development,
and synapse formation in vitro. Patient-specific iPSCs are a
promising approach to the neurobiology of rare neuropsychiatric
copy number variants and may provide a platform for screening
novel therapeutics.

Funding source: Funded by the NIMH Intramural Research
Program, grant#1ZIAMHO002843 and protocol 80-M-0082.

Keywords: 16p11.2 duplication, RNAseq, neuron
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DRUG SCREENING FOR OTOPROTECTANTS
USING AN IN VITRO MODEL OF INNER EAR
SENSORY HAIR CELLS DERIVED FROM DIRECT
CELLULAR REPROGRAMMING

Menendez, Louise - Stem Cell and Regenerative Medicine,
University of Southern California, Los Angeles, CA, USA

Deafness affects 360 million people worldwide, the leading
cause of which is loss of sensory hair cells in the cochlea. The
inner ear sensory hair cells of the organ of Corti are selectively
vulnerable to numerous genetic and environmental insults. In
mammals, hair cells lack regenerative capacity, and loss of these
cells leads to permanent hearing loss and vestibular dysfunction.
Studies for otoprotective and regenerative strategies have been
limited by the paucity and inaccessibility of primary hair cells.
Growing hair cells in vitro would provide a route to overcome
this experimental bottleneck. We report a combination of four
transcription factors (Six1, Atoh1, Pou4f3, and Gfil) that can
convert mouse embryonic fibroblasts, adult tail-tip fibroblasts
and postnatal supporting cells into induced hair cell-like cells
(IHCs). iIHCs exhibit hair cell-like morphology, transcriptomic
and epigenetic profiles, electrophysiological properties,
mechanosensory channel expression, and vulnerability to
ototoxins in a high-content phenotypic screening system. We
have performed a non-biased screen to identify compounds that
can protect iHCs against a known ototoxin, cisplatin. Cisplatin
based chemotherapy can cause hair cell degeneration and
permanent hearing loss in as many as 80% of patients receiving
treatment. The use of iIHCs to identify novel otoprotectants
in a high-throughput manner has led to the identification of
several protective hits in vitro. Our top five otoprotective hits
have been validated in vitro using dose response curves and in
organ of Corti explant cultures. We are pursuing these identified
hits to test for protective effects in vivo in mice with cisplatin
induced hearing loss. Our in vivo testing consists of measuring
auditory thresholds as well as quantification of hair cell survival
post treatment. Taken together, direct reprogramming to
iHCs provides a high throughput platform to identify causes
and treatments for hair cell loss, and may help identify future
approaches for protecting and/or restoring hearing.

Keywords: hearing loss, induced sensory hair cells,
otoprotectant drug screening
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CHARACTERIZATION OF DARK KINASES
IMPLICATED IN ALS USING HUMAN INDUCED
PLURIPOTENT STEM CELLS

Beltran, Adriana S - Pharmacology, University of North Carolina
at Chapel Hill, Chapel Hill, NC, USA

Beltran, Alvaro - Neuroscience Center, University of North Carolina
at Chapel Hill, Chapel Hill, NC, USA

Olivares-Quintero, Jose - Pharmacology, University of North
Carolina at Chapel Hill, Chapel Hill, NC, USA

Axtman, Alison - Structural Genomics Consortium, Division of
Chemical Biology and Medicinal Chemistry, University of North
Carolina at Chapel, Chapel Hill, NC, USA
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Although kinases are highly desirable targets with an
unparalleled success in cancer therapeutics research their
potential has not yet been realized in neuroscience. The
intrinsic complexity linked to central neural system (CNS) drug
development and a lack of validated targets has hindered
progress in developing kinase inhibitors for CNS disorders.
Rather than focusing on the widely studied kinases (around
which most of the data, reagents, and small molecules have
been generated) we concentrated on elucidating the biology,
and enabling the characterization, of lesser studied kinases also
called dark kinases from the llluminating the Druggable Genome
(IDG) program. Through data mining, we have identified genetic
links between kinases on the IDG list and Amyotrophic Lateral
Sclerosis (ALS). Following expression analysis in human spinal
cord motor neurons, neuron progenitor and motor neurons
derived from stem cells, prioritized kinases were selected for
CRISPR-mediated genetic knockout in pluripotent stem cells to
better understand their role in propagating ALS biology. Seven
IDG kinases, including NEK1, DYRK2, CSNK1G3, PXK, SCYL3,
STK36, and TTBR2, were knockout in both hES and iPS cells,
and later differentiated into neural progenitor cells (NPC) and
motor neurons (MN). Analysis of kinase KO phenotypes include
cell morphology, viability, activity, response to stimuli, and
protein aggregation in NPC and MN. Observed traits supported
a small molecule campaign targeting the kinases of interest. We
demonstrate that the identification and characterization of new
kinases as potential drug targets for ALS create opportunities for
the development of CNS drugs.

Keywords: ASL, Dark Kinases, Motor Neuron
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DEVELOPMENT OF HUMAN CORTICAL
ORGANOIDS WITH CELLS OF MESODERMAL
LINEAGE

Park, In-Hyun - Genetics, Yale University, School of Medicine,
New Haven, CT, USA

Cakir, Bilal - Genetics, Yale University, New Haven, CT, USA
Patterson, Benjamin - Genetics, Yale University, New Haven, CT,
USA

Tanaka, Yoshiaki - Genetics, Yale University, New Haven, CT, USA
Xiang, Yangfei - Genetics, Yale University, New Haven, CT, USA

Human cortical organoids (hCOs), derived from human embryonic
stem cells (hESCs), provide a platform to study human brain
development and neurological diseases in complex 3D tissue.
In either guided or unguided methods, hCOs are derivatives of
neuroectoderm commitment of hESCs. Thus, most hCOs, or brain
organoids, lack cell types originated from non-neuroectodermal
differentiation, including endothelial cells or microglia. We
previously ectopically expressrd human ETS variant 2 (ETV2) in
developing hCOs to incorporate vascular-like structure in hCOs,
forming vascularized hCOs (vhCOs). vhCOs displayed vascular
function in vitro and in vivo, and importantly vhCOs improved the
quality of cells inner most region of organoids. Using a similar
approach, we introduced the myeloid-lineage cells in hCOs,
producing mhCOs (microglia containing hCOs). The microglia-like
cells in mhCOs demonstrated the essential function of primary
microglia, such as phagocytosis. Surprisingly, the mhCOs were
protected from cellular damage mediated by Abeta treatment.
Using CRISPRI (CRISPR interference), we delineated the function
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of AD (Alzheimer disease)-associated genes in mhCOs. Overall,
we have succeeded in introducing mesodermal lineage cells
into hCOs, constructing the functionally near-to-complete brain
organoids.

Funding source: NIH (GM111667-01, ROIMH118344-01A1,
ROTMH118554-01A1, RO1AA025080-01, RO1CA203011-2), CSCRF
(14-SCC-YALE-01, 16-RMB-YALE-04), Kavli Foundation, Simons
Foundation, and Nomis foundation

Keywords: Brain organoids, Microglia, endothelial cells
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AUTOMATED, HIGH-THROUGHPUT NEURONAL
DIFFERENTIATIONS OF LARGE SCALE
POPULATIONS USING IPSC MODELS
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York Stem Cell Research Foundation Research Institute, New York,
NY, USA

Global Stem Cell Array Team, NYSCF - The NYSCF Global

Stem Cell Array, The New York Stem Cell Research Foundation
Research Institute, New York, NY, USA

Chattopadhyay, Mitali - James J. Peters Veterans Affairs Medical
Center, Mental Health Care Center, New York, NY, USA

Xu, Changxin - Mental Health Care Center, James J. Peters
Veterans Affairs Medical Center, New York, NY, USA

Breen, Michael - Department of Psychiatry, Icahn School of
Medicine at Mount Sinai, New York, NY, USA

Brennand, Kristen - Department of Genetics and Genomic
Sciences, Icahn School of Medicine at Mount Sinai, New York, NY,
USA

Buxbaum, Joseph - Seaver Autism Center for Research and
Treatment, Icahn School of Medicine at Mount Sinai, New York,
NY, USA

Rusielewicz, Tom - The NYSCF Global Stem Cell Array, The New
York Stem Cell Research Foundation Research Institute, New York,
NY, USA

Yehuda, Rachel - Mental Health Care Center, James J. Peters
Veterans Affairs Medical Center, New York, NY, USA

Paull, Daniel - The NYSCF Global Stem Cell Array, The New York
Stem Cell Research Foundation Research Institute, New York, NY,
USA

While large numbers of iPSC lines are now widely available,
differentiating multiple lines in parallel faces a number of
technical challenges. To overcome these issues, NYSCF has
developed high-throughput automation workflows capable
of differentiating hundreds of lines per month into various cell
types. Here we present the generation of a fully automated
pipeline for the generation of excitatory NGN2-induced neurons.
This workflow automates thawing of iPSCs, their subsequent
culture, passaging, and seeding of targeted cell numbers
across a variety of plate types. This enables reproducible viral
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transduction, immunocytochemistry, and lysates for RNAseq
analysis. To validate our workflow, we have extensively
compared differentiation protocols and manual vs. automated
workflows. We show that, using lentiviral delivery of NGN2, we
can create populations of neurons that express limited cell-
to-cell line variation, particularly compared to classically used
methods such as dual-SMAD based induction protocols. To
our knowledge, this pipeline affords for the first time the high-
throughput differentiation of hundreds of samples opening up
the potential for population-scale, high throughput biology.

Keywords: Automation, neuronal, ngn2
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ENGINEERING HUMAN NEURAL ORGANOIDS TO
EXPLORE IMPAIRED NEUROGENESIS INDUCED
BY ARSENIC

Wu, Xian - NTP, NIEHS, Durham, NC, USA
Dixon, Darlene - NTP, NIEHS, Durham, NC, USA
Tokar, Erik - NTP, NIEHS, Durham, NC, USA

Modeling the development and function of the human brain
is challenging due to the vast complexity of the organ. Recent
advances in the derivation of brain-like organoids from human
pluripotent stem cells (PSCs) have provided new tools to study
the biology of the human brain. These 3D in vitro models have
the potential to enhance our understanding of the mechanisms
of developmental neurotoxicity (DNT) during the early stages of
neurogenesis and offer a cost-effective approach for assessing
chemical safety. Here, we have used PSC-derived embryoid
bodies from 384-well plates to develop neural organoids for
chemicals DNT testing. There is overwhelming evidence that
environmental factors play a role in the development and
progression of a host of central nervous system disorders.
Arsenic (As) is widespread environmental contaminant. Human
exposure to As occurs mainly through ingestion of contaminated
food or water. Exposure to this inorganic is associated with
developmental neural diseases. However, the mechanisms of
As on DNT are not well-defined. We used 3D embryoid bodies
to recapitulate events involved in early embryogenesis and
neurogenesis. We found that a 7-day exposure to a human-
relevant, non-cytotoxic dose (0.5 uM; 35 ppb) of As increased
ectoderm differentiation within the EBs through upregulated
expression of genes PAX3, PAX6, SOX1, COL2A1 and the
Notch signaling pathway, which play critical roles in early
embryonic development. Histological staining of As-treated EBs
showed early neural rosette structure disruption. Pathological
assessment validated the presence of neuroepithelial tissues,
like neural rosettes and neuropil structures in 40 days neuron
organoid. Immunohistochemistry showed vimentin+ astryocytes
and nestint neural stem cells in the organoid structure.
Expression of markers for other germ layers was negative.
During neural organoid induction, As increased expression of
neural progenitor cell marker genes NESTIN and PAX6 in early
stage (day 7) of neural induction. The neural rosette structure was
disrupted in day 40 neural organoid with As exposure. Using the
neural organoid 3D model described here can provide valuable
insights into the cellular events and molecular mechanisms to
address the adverse outcome pathways associated with As-
induced developmental neurotoxicity.
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COMBINING TARGETED EXOME SCREENING
WITH IPSC MODELING TO IDENTIFY GENETIC
DRIVERS IN ALPHA-SYNUCLEINOPATHIES
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for Biomedical Research, Boston, MA, USA

Bras, Jose - Molecular Neuroscience, University College London,
UK

Myers, Richard - Neuroscience, Boston University School of
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Perelman School of Medicine, Philadelphia, PA, USA
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University of Pennsylvania Perelman School of Medicine,
Philadelphia, PA, USA
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Lab, Garvan Institute of Medical Research, Darlinghurst, Australia
Kaplan, Warren - Bioinformatics, Garvan Institute of Medical
Research, Darlinghurst, Australia

Lindquist, Susan - Biology, Whitehead Institute for Biomedical
Research, Boston, MA, USA

Sunyaev, Shamil - Biomedical Informatics, Brigham and Women’s
Hospital and Harvard Medlical School, Boston, MA, USA

Erlich, Yaniv - Computer Science, New York Genome Center, New
York, NY, USA

Khurana, Vikram - Neurology, Brigham and Women’s Hospital and
Harvard Medical School, Harvard Stem Cell Institute, and Broad
Institute of Harvard and MIT, Boston, MA, USA

Alpha-synucleinopathies, including Parkinson’s disease (PD),
dementia with Lewy bodies and multiple system atrophy, are all
linked to the misfolding and aggregation of the alpha-synuclein
(a-syn) protein. Genetic drivers, including genes encoding
proteins related to the function and toxicity of a-syn, may be
shared among these diseases. Our lab has previously utilized
unbiased screening methodologies to uncover a network of
genes that impact a-syn toxicity in cellular systems. These
studies identified a number of genes enriched in Mendelian risk
factors for PD. Here, we show the results of high-depth exome-
capture of human orthologs of these hits in 500 patients with
synucleinopathies. We identified rare (MAF<1%) variants enriched
in patients versus publicly available genomes as controls, utiliing
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joint calling and adjusting for inflated variant capture where
possible. Beyond identifying pathogenic variants in the known
PD genetic risk factors GBA and LRRK2, we identified novel rare
(MAF<1%) variants in genes that may modulate vulnerability to
a-syn. Some of these variants were specifically enriched in GBA
or LRRK2 mutation carriers. We describe a functional genomics
strategy through which genes identified in this study can be
assayed for biological effects in a suite of tractable human stem-
cellmodels.InhumaniPSC, we use CRISPR interference (CRISPRI)
and CRISPR activation (CRISPRa) systems in conjunction with
transgenic overexpression of a-syn. We show that expression of
different mutant a-syn transgenes result in rapid development of
distincta-syn aggregation. These neuronal pathologies reminisce
of those found in postmortem patient brain. Moreover, single-
cell longitudinal imaging enables robust assessment of viability.
Our generalizable approach thus promises to integrate genomic
and stem cell-based tools to shed light on shared mechanisms
among diseases linked by a common proteinopathy, and on
the basis of missing heritability and variable penetrance in
genetically complex neurodegenerative diseases.

Keywords: Alpha-synuclein, Functional genomics, Human iPSC
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GENERATION OF HUMAN PLURIPOTENT STEM
CELL MODELS FOR STUDYING MOLECULAR
MECHANISMS UNDERLYING FRAGILE X
SYNDROME

Li, Meng - Waisman Center, University of Wisconsin - Madison,
Madison, WI, USA

Bhattacharyya, Anita - Waisman Center, University of Wisconsin-
Madison, Madison, WI, USA

Roy, Sushmita - Biostatistics and Medical Informatics, University of
Wisconsin - Madison, Madison, Wi, USA

Shin, Junha - Biostatistics and Medical Informatics, University of
Wisconsin - Madison, Madison, Wi, USA

Zhao, Xinyu - Waisman Center, University of Wisconsin-Madison,
Madison, WI, USA

Silencing of the FMR1 gene causes fragile X syndrome in
humans. Transcriptional silencing of FMR1 is observed in human
cells but not in animal models. Therefore, pluripotent stem cells
(hPSCs) and derived cells serve as unique platforms for studying
FMR1 silencing and re-activation as well as insights into FMRP
functions in human brain. Our knowledge of the functions of the
FMR1-encoded protein, FMRP, are based primarily on studies
in animal models. However, failed clinical trials based on the
animal studies suggest human-animal model discrepancy and a
need for studies in human cells. Here, we employed CRISPR-
Cas9 to generate tools to interrogate functions of FMRP in
human cells. First, we generated a reporter hiPSC line by
knocking in a Nano-luciferase in the FMR1 gene and screened
small molecule libraries for FMR1 reactivation. Moreover, we
generated FMRP-FLAG and FMRP-KO hPSCs to explored gene
regulation by FMRP. We demonstrate common and distinct gene
regulation by FMRP in various types of human neural cells. Our
results provide new insights into functions of FMRP in human
neurodevelopment.

Keywords: Fragile X syndrome, human pluripotent stem cells,
CRISPR-Cas9 genome editing
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CAPTURING DOWN SYNDROME-RELATED
WHITE MATTER ABNORMALITIES IN HUMAN
OLIGO-SPHEROIDS

Zeldich, Ella - Anatomy and Neurobiology, Boston Univeristy
School of Medicine, Boston, MA, USA

Haydar, Tarik - Anatomy and Neurobiology, Boston University,
Boston, MA, USA

Klein, Jenny - Anatomy and Neurobiology, Boston University
School of Medicine, Boston, MA, USA

Down Syndrome (DS), also known as trisomy 21, is characterized
by the triplication of human chromosome 21 (HSA21), leading
to abnormal fetal brain development, neuronal disbalance and
aberrant cortical organization as well as reduced neuronal
connectivity and intellectual disability. Multiple genes in the
HSA21region play crucial roles in the developing brain, including
the transcription factors Olig1/2 that prime the oligodendrocyte
(OL) lineage. Previous work on humans with DS and DS-mouse
models have shown altered expression of myelin -related genes,
as well as delayed OL maturation and disruptions in myelin
production, structure and density. These white matter deficits
affect neuronal connectivity, contributing, at least in part, to the
intellectual deficits associated with DS. For obvious reasons,
studying myelination as an ongoing process in pre and early
postnatal life in humans is challenging and iPS cells allow to study
biological processes in humans, while preserving the individual
differences. Using an iPS cell-derived 2D OL model, we have
observed deficit in the generation of neuronal stem cells from
trisomic iPS cells (as compared to their euploid counterparts) and
in further progression towards pre-oligodendrocyte progenitor
cells (OPCs). However, 2D oligodendrocytes cultures present
several limitations including the lack of interactions with CNS
cells that OL encounter in vivo and the lack of ability to study
the final myelination process. Recent advancements enabling
the generation of 3D iPS-derived cultures promise to expand
our knowledge of normal and disease-altered human brain
development. Newly described 3-D organoid methodologies
(by the Pasca group) enable the generation of so called oligo-
spheroids that mimic the development of the OL lineage in
the presence of astrocytes and neurons, making this model
extremely relevant for studying myelination-related processes.
Our main goal is to examine the DS-associated white matter
abnormalities in human oligo-spheroids. This 3D model allows
us to investigate in depth the transition of OL-lineage cells
through developmental stages, as well as their migration,
cytoarchitecture, myelination capacity and their interactions with
other glial and neuronal cells upon which their development
relies.

Keywords: Down Syndrome, Myelination, Organoids
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DECIPHERING HYPERACTIVITY OF
SYMPATHETIC NEURONS IN FAMILIAL
DYSAUTNOMIA USING HUMAN PLURIPOTENT
STEM CELLS

Zeltner, Nadja - Center for Molecular Medicine, University of
Georgia, Athens, GA, USA

Wu, Hsueh Fu - Center for Molecular Medicine, University of
Georgia, Athens, GA, USA

It is widely accepted that the neural circuits of the brain respond
to severe stressors and pathological changes in its cells are
associated with stress disorders. However, pathological changes
in sympathetic neurons, one of the peripheral stress centers,
are poorly defined. Familial dysautonomia (FD) is a genetic
disorder that impacts both development, function and survival of
sympathetic neurons (symNs), while no critical brain symptoms
have been reported. For FD patients, stress can induce
dysautonomic crisis, where their sympathetic nervous system
becomes dysregulated evident by tachycardia, blood pressure
spike and severe vomiting. We employ this disorder to first ask
what the pathologies are in FD symNs and second how these
pathologies lead to particular vulnerability to stress. We recently
described a well characterized and efficient symN differentiation
strategy. We then employed this strategy to investigate induced
pluripotent stem cell (iPSC)-derived synMs in FD. Similar to
previouse reports, we first showed that neural crest cells derived
from FD iPSCs are not generated as efficiently compared to
healthy controls. However, we found that symNs could be made
at a similar rate from neural crest cells as compared to control.
Interestingly, ensuing careful comparison of FD and control
symNs elucidated spontaneous electrical hyperactivity of FD
symNs. Higher calcium influx was also detected in FD symN
by calcium imaging. We thus hypothesize that the regulation
of the main neurotransmitter in symN, norepinephrine (NE), is
faulty. Indeed, we found altered expression of key enzymes
in NE synthesis, i.e. tyrosine hydroxylase (TH) upregulated in
FD symNs. NE synthesis as well as NE metabolites are further
assessed via HPLC. Additionally, we found the expression
and activity of NE recycling transporter NET downregulated,
suggesting a faulty auto-regulation of NE in FD symNs. Further
characterization of mechanisms behind these phenotypes with
or without stress stimulation need to be validated. The long-term
goal of our study is the identification of specific pathologies in
symNs in FD patients that have the potential to be targeted by
future drugs.

Keywords: sympathetic neurons, Familial Dysautnomia, neural
hyperactivity
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ATOH1 INDUCED NEURONS DERIVED

FROM PARKINSONS DONORS PROVIDE A
DOPAMINERGIC LIKE CULTURE SYSTEM TO
ASSESS REDUCTION OF PATHOLOGIC ALPHA
SYNUCLEIN

Lieberman, Richard - Cell Biology, Fulcrum Therapeutics,
Cambridge, MA, USA

Degouveia, Kelsey - Cell Biology, Fulcrum Therapeutics,
Cambridge, MA, USA

Starzyk, Jakob - Cell Biology, Fulcrum Therapeutics, Cambridge,
MA, USA

Elnaggar, Khaled - Cell Biology, Fulcrum Therapeutics, Cambridge,
MA, USA

Niemi, Sarah - Cell Biology, Fulcrum Therapeutics, Cambridge, MA,
USA

Wu, Hao - Cell Biology, Fulcrum Therapeutics, Cambridge, MA,
USA

Gillie, Dan - Cell Biology, Fulcrum Therapeutics, Cambridge, MA,
USA

Graef, John - Cell Biology, Fulcrum Therapeutics, Cambridge, MA,
USA

Parkinson’s disease (PD) is a progressive neurodegenerative
disease hallmarked by aberrant production and aggregation
of a-synuclein (encoded by the SNCA gene). Pathologic
accumulation of aggregated a-synuclein is observed in the
brain of both idiopathic and genetically defined cases of PD,
including those caused by mutations within the SNCA locus
itself, which constitutes a risk loci for disease severity and age
of onset. At the cellular level, aggregated a-synuclein causes
neuronal and glial dysfunction and death, with dopaminergic
neurons located in the substantia nigra being highly susceptible
to abnormal a-synuclein levels. a-synuclein is believed to spread
extracellularly to induce pathology in adjacent cells and brain
regions via a “prion-like” mechanism, serving as a template that
sequesters additional a-synuclein, exacerbating aggregation
and disease progression. Taken together these findings suggest
a detrimental role of a-synuclein in PD. Therapeutic strategies
that reduce the expression of a-synuclein might be beneficial
to disease progression. We utilized a published protocol to
generate dopaminergic-like neurons via Atoh1 overexpression
in six iPSC lines: two healthy control donors, two donors with
a triplication of the SNCA gene locus, and an isogenic pair of
lines where the donor’'s SNCA A53T mutation was corrected
by genome editing. Atoh1-induced neurons (iNeurons) were
characterized by immunocytochemistry for neuronal and
dopaminergic markers, and their functionality was validated by
multielectrode array recordings. We assessed the lineage of
Atohl-induced cells by comparing midbrain markers in Atoh1
iNeurons to donor-matched excitatory NGN2 iNeurons and iCell
Dopa Neurons from Cellular Dynamics International (CDI), and
found that Atoh1induction yields neurons with higher expression
of some key midbrain markers compared to NGN2 induction.
However, the expression of these markers was much lower
compared to the iCell Dopa Neurons. Finally, 14-day treatment
with an antisense oligonucleotide or a positive control small
molecule FTX-A reduced SNCA mRNA and a-synuclein protein
in patient-derived Atoh1iNeurons. Our results provide evidence
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that Atoh1iNeurons can be used as a platform for drug discovery
efforts aimed at reducing a-synuclein in disease-relevant cell

types.
Keywords: iNeuron, Atoh1, synuclein
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EXPRESSION PROFILING OF REST AND RCOR
GENES IN NEUROGENESIS USING 2D AND 3D
HUMAN PLURIPOTENT STEM CELL MODELS

Maksour, Simon - University of Wollongong, IHMRI, Wollongong,
New South Wales, Australia

Hulme, Amy - IHMRI, University of Wollongong, Wollongong, New
South Wales, Australia

Engel, Martin - IHMRI, University of Wollongong, Wollongong, New
South Wales, Australia

Rollo, Ben - Department of Neuroscience, Monash University,
Melbourne, Victoria, Australia

Balez, Rachelle - IHMRI, University of Wollongong, Wollongong,
New South Wales, Australia

Miellet, Sara - IHMRI, University of Wollongong, Wollongong, New
South Wales, Australia

Sanz Mufioz, Sonia - IHMRI, University of Wollongong, Wollongong,
New South Wales, Australia

Castro Cabral-Da-Silva, Mauricio - IHMRI, University of Wollongong,
Wollongong, New South Wales, Australia

Ooi, Lezanne - IHMRI, University of Wollongong, Wollongong, New
South Wales, Australia

Dottori, Mirella - IHMRI, University of Wollongong, Wollongong,
New South Wales, Australia

Repressor element-1 silencing transcription factor (REST) is a
transcriptional repressor of neuronal genes that forms a complex
with the corepressor of REST1 (CoREST1), COREST2 or CoREST3
(encoded by RCOR1,RCOR2 and RCOR3, respectively). Emerging
evidence suggests the CoREST family have the ability to target
unique genes, in a REST-independent manner, in various
neural and glial cell types at different stages of development.
Research on REST and RCOR genes has been largely based on
animal models and established cell lines. Accordingly, human
stem cells offer an effective in vitro cell-based model towards
defining the expression profile of REST and RCOR genes in
neurogenesis and thus provide insight into their function during
neurodevelopment. This study used 2D and 3D stem cell
models to interrogate REST and RCOR gene expression levels
during neural differentiation using RT-gPCR and Nanostring.
Human pluripotent stem cells (hPSCs) were differentiated into
glutamatergic cortical and GABAergic ventral forebrain neurons
using a dual SMAD-inhibition driven approach, mature functional
induced neurons (iNs) via neurogenin-2 (NGN2) overexpression
and 3D cerebral organoids matured for 9 months. In line with
previously published findings, REST and RCOR2 mRNA levels
were significantly decreased with neuronal differentiation and
organoid maturation. However, there was no significant change
in RCOR1 expression levels in all three models. In addition,
RCOR3 expression was significantly increased approximately
5-fold in both cortical (p = 0.047) and ventral (p = 0.0013)
forebrain neurons and had a 4-fold increase in NGN2 iNs (p =
0.0016) when compared to hPSCs. In summary, this study has
defined a novel expression pattern for REST and RCOR genes in
human embryonic neurogenesis using 2D and 3D hPSC models.
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DECIPHERING THE ROLES OF EYA1 IN HUMAN
PROGRESSIVE HEARING LOSS

Wong, Elaine - Molecular and Cellular Otolaryngology, Ear
Science Institute Australia, Perth, Western Australia, Australia
Cormier, Melissa - Pharmacy and Biomedical Sciences, Curtin
University, Bentley, Australia

Atlas, Marcus - Director, Ear Science Institute Australia, Subiaco,
Australia

Age-related hearing loss is mainly related to degeneration of
hair cells and supporting cells in the inner ear, affecting 10%
of all ages and 60% of those over 65 years old. At present,
only a few deafness genes have been discovered, and much
effort is focused onto identifying novel disease-related genes.
Haploinsufficiency for Eya1 causes branchio-oto-renal syndrome
(BOR) which has been associated with Progressive hearing loss.
Inactivation of Eyal in mice results in early arrest of inner ear
development at the otic vesicle stage. However, the roles of
Eyal in hair cell development at later stages are still unknown.
The inner ear is a complex organ requiring the coordination
of multiple signaling molecules and pathways in proliferation,
specification and differentiation. It has been shown to play
critical roles in controlling the sensory progenitor proliferation
and hair cell differentiation in the cochlea. We will investigate
the role of Eyal in hair bundle development and provide
the first comprehensive description of the cellular effects of
underlying progressive hearing loss in Branchio-oto-renal (BOR)
syndrome. In this project, we will conditionally knockout Eyal
in hair cells at E15.5 when the cilium starts to migrate. We will
test the migration of the kinocilium and hair bundle orientation
and shape in cochlear hair cells in Eyal conditional knockout
mutants. We will test the function of Eya? in cilium migration and
polymerization for hair bundle formation. This study will provide
new understanding of Eyal function in hair bundle development
as underlying mechanisms for hearing treatment and understand
the pathogenesis of progressive hearing loss in patients with
BOR syndrome.

Funding source: The fundings from Stan Perron Charitable
Foundation & The Garnett Passe and Rodney Williams
Memorial Foundation Australia.

Keywords: Inner ear, Hair cells, Cochlea
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INTERROGATING THE MECHANISM OF
COGNITIVE IMPAIRMENTS AS A RESULT OF
DIABETES IN EARLY HUMAN NEURONAL
DEVELOPMENT

Mor, Michal E - Anatomy and Neuroscience, University of
Melbourne, Carnegie\Melbourne, Victoria, Australia

Harvey, Alexandra - School of Biosciences, Faculty of Science,
University of Melbourne, Melbourne, Victoria, Australia
Familari, Mary - School of Bio-sciences, Faculty of Science,
University of Melbourne, Melbourne, Victoria, Australia
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De longh, Robb - Department of Anatomy, University of Melbourne,
Melbourne, Victoria, Australia

Cameron, Fergus - Department of Medicine, Murdoch Children’s
Research Institute, The Royal Children’s Hospital, Department

of Medicine (Royal Melbourne Hospital), Melbourne, Victoria,
Australia

Dottori, Mirella - Faculty of Science, Medicine and Health, lllawarra
Health and Medical Research Institute, Wollongong, New South
Wales, Australia

The association between the dysglycaemia of diabetes and
disordered human neural ontogeny resulting in functional
deficits has been established for some time. Children who
develop type 1 diabetes are observed to have developmental
abnormalities in cognition, mental health, brain morphology and
brain biochemistry. Exposure to abnormal levels of glucose and
insulin conditions during pregnancy, may also have ongoing
impacts on the cognition of the developing infant, including
lower IQ, increase incidence of ASD and ADHD. In this study, we
used cerebral-cortical organoids derived from human embryonic
stem cells (hESC), as a cellular model system to examine
possible mechanisms underlying the long-term detrimental
consequences of dysglycaemia and abnormal insulin conditions,
in the developing brain. We established a new protocol with
physiological concentrations of glucose and insulin, that support
hESC neural induction and cerebral-cortical organoid formation.
We then transiently exposed the cortical organoids to different
combinations of glucose and insulin concentrations to mimic
diabetic-like conditions. Gene expression and MS proteomics,
followed by IPA software analysis were used to analyse the
various treatment groups and identify candidate proteins and
pathways that are potentially dysregulated in neurons when
exposed to altered glucose and/or insulin concentrations.
Preliminary findings highlight observed changes in canonical
pathways, including axonal guidance signalling, gap junction
signalling and protein ubiquitination, which are critical for normal
brain development. To further validate the proteomic data,
reverse phase protein array has been applied. This tool allows
a large number of western blots to run in a highly sensitive
and high throughput manner. These findings are significant for
revealing initial key events underlying cognitive impairments
associated with dysglycaemia and abnormal insulin conditions
during early brain development.

Funding source: University of Melbourne Graduate Research
Scholarship

Keywords: Neurodevelopment, Diabetes, Cerebral-cortical
organoids
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IN VITRO MODELLING OF EARLY AND LATE
ONSET SCN2A DEVELOPMENTAL AND
EPILEPTIC ENCEPHALOPATHIES USING HUMAN
PLURIPOTENT STEM CELLS

Mattei, Cristiana - The Florey Institute of Neuroscience and
Mental Health, The University of Melbourne, Parkville, Victoria,
Australia

Mao, Miaomiao - The Florey Institute of Neuroscience and Mental
Health, The University of Melbourne, Parkville, Australia

Cuddy, Claire - The Florey Institute of Neuroscience and Mental



Health, The University of Melbourne, Parkville, Australia

Reid, Christopher - The Florey Institute of Neuroscience and
Mental Health, The University of Melbourne, Parkville, Australia
Petrou, Steven - The Florey Institute of Neuroscience and Mental
Health, The University of Melbourne, Parkville, Australia
Maljevic, Snezana - The Florey Institute of Neuroscience and
Mental Health, The University of Melbourne, Parkville, Australia

SCN2A, encoding a brain sodium channel responsible for
regulation of excitability, has emerged as a major single gene
implicated in neurogenetic disorders including early- and
late-onset developmental and epileptic encephalopathies, a
severe epilepsy often combined with cognitive and behavioural
impairments. Analysis of SCN2A variants suggests a correlation
between the clinical presentation, the pharmacosensitivity and
the functional impact measured in different disease models.
Given the high phenotypic heterogeneity, the mechanisms
underlying the SCN2A pathophysiology have not been fully
unravelled and a valuable model has not been established yet.
In this study, we interrogated two of the most recurrent SCN2A
variants detected in early and late onset developmental and
epileptic encephalopathies, respectively: R1882Q and R853Q.
Patient-derived iPSC lines and the corresponding
isogenic controls were differentiated using the NGN2
overexpression protocol to obtain cortical glutamatergic
neurons. Electrophysiological properties and expression
profile were assessed to identify any functional abnormality.
R1882Q neurons showed an increased activity at cellular level
early on and subsequently in networking. Instead, according to
the late onset in patient, R853Q neurons showed an abnormal
electrophysiological activity with an increased excitability later
during differentiation. This correlated with an increase expression
of SCN1Aand SCN3AiInR1882QandR853Qneurons,respectively.
Our data showed the validity of iPSC-derived in vitro tissue as a
platform to model crucial features of DEE phenotype, therefore
to investigate mechanisms underlying SCN2A genetic epilepsies
and subsequently to test/screen innovative therapies.

Keywords: in vitro modelling, neural differentiation, genetic
epilepsy
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DEFINING THE TERATOMA AS A MODEL FOR
MULTI-LINEAGE HUMAN DEVELOPMENT

McDonald, Daniella N - Bioengineering, University of California
San Diego, La Jolla, CA, USA

Wu, Yan - Bioengineering, University of California San Diego, La
Jolla, CA, USA

Dailamy, Amir - Bioengineering, University of California San Diego,
La Jolla, CA, USA

Tat, Justin - Biological Sciences, University of California San Diego,
La Jolla, CA, USA

Parekh, Udit - Electrical Engineering, University of California San
Diego, La Jolla, CA, USA

Zhao, Dongxin - Bioengineering, University of California San
Diego, La Jolla, CA, USA

Hu, Michael - Bioengineering, University of California San Diego,
La Jolla, CA, USA

Tipps, Ann - School of Medicine, University of California San Diego,
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La Jolla, CA, USA

Zhang, Kun - Bioengineering, University of California San Diego, La
Jolla, CA, USA

Mali, Prashant - Bioengineering, University of California San Diego,
La Jolla, CA, USA

Studying early human developmental processes requires access
to a model system that is genetically tractable and recapitulates
key features of organogenesis. We conjectured that teratoma
formation, a recognized standard for validating pluripotency
in stem cell lines, could be a promising platform for modeling
human development. Teratomas differentiate to all germ layers,
contain internal vasculature, have regions of complex tissue-
like organization; and are simple and accessible, especially in
comparison to studying human fetal tissue. Teratomas, however,
have not been characterized rigorously to determine their
relevance and tractability to human developmental studies. We
thus systematically analyzed, perturbed, and engineered human
pluripotent stem cell (PSC)-derived teratomas. Using histology,
RNA in situ hybridization, and single cell RNA-seq (scRNA-seq) of
96,204 cells across 16 teratomas and 4 cell lines, we observed
that teratomas reproducibly comprise of at least 20 cell types
across all three germ layers. We found that injected PSCs engraft
robustly, with a degree of heterogeneity comparable to that
found in organoid systems. Additionally, we mapped teratomas
to human fetal tissue and showed that the teratoma gut and
brain cell types correspond well to fetal gut and brain datasets.
We then performed a CRISPR-Cas9 knockout screen in PSCs
targeting key genes that are embryonically lethal upon knockout
and assayed their phenotypic effects in the teratoma via scRNA-
seq readout, thus systematically assaying perturbations across
all human lineages. Our hits included CDX2 and TWIST1, with
their knockouts resulting respectively in the depletion of midgut/
hindgut and mesenchyme, validating that the teratoma can
serve as a platform to assay biologically accurate developmental
phenotypes. Finally, we provided a demonstration of molecular
sculpting, by engineering a novel miRNA-regulated suicide
gene circuit that selectively depletes cells that do not express
a tissue-specific endogenous miRNA. Specifically, utilizing miR-
124, we were able to manipulate teratoma formation to enrich
for the neural lineage. Taken together, we believe the teratoma
is a promising platform for multi-lineage human development,
functional genetic screening, and cellular engineering.

Funding source: This work was generously supported by
UCSD Institutional Funds and NIH grants (ROTHG009285,
RO1CA222826, RO1GM123313).

Keywords: Human Development, Teratoma, Single Cell RNA
Sequencing
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ENHANCING WELL-TO-WELL REPRODUCIBILITY
OF COLON ORGANOIDS FOR SCREENING
APPLICATIONS

Chu, Vi T - Life Science Research Solutions, MilliporeSigma,
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Hewitt, Philip - Early Investigative Toxicology, Chemical and
Preclinal Safety, Merck KGaA, Darmstadt, Germany

HSG

HARVARD
STEM CELL INSTITUTE




POSTER ABSTRACTS

In recent years, 3D organoids have emerged as a new tool
for disease modeling and for pre-clinical toxicity screening
applications. Organoids are self-organizing three-dimensional
structures derived from either pluripotent stem cells or from
primary tissues with the ability to recapitulate some of the
spatial architecture and in vivo function of organs. However,
a key hurdle for widespread use of organoids in screening
applications is the difficulty in controlling the numbers, sizes
and shapes of the organoids. Here we describe optimization
of experimental parameters that allowed us to generate more
consistent numbers of similarly sized organoids in a multi-well
plate format. In response to forskolin, both hiPSC derived and
patient-derived colon organoids swelled in size, indicating that
the cystic fibrosis transmembrane conductance regulator (CFTR)
was functional. Total RNA sequencing of both hiPSC-derived
and patient-derived colon organoids is being performed to show
that hiPSC-derived and patient-derived colon organoids express
the relevant cell types and share relatively similar transcriptional
profiles. The increased reproducibility of organoids between
wells should facilitate screening for agents that exert effects on
the intestinal epithelium.

Keywords: Organoids, Intestinal, Gut
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BETTER ORGANOIDS THROUGH HOMOGENEITY

Ellis, Perry W - School of Engineering and Applied Sciences,
Harvard University, Cambridge, MA, USA

Anand, Giridhar - Department of Molecular and Cell Biology,
Harvard University, Cambridge, MA, USA

Yaman, Ysusf - Department of Molecular and Cell Biology, Harvard
University, Cambridge, MA, USA

Weitz, David - School of Engineering and Applied Sciences,
Harvard University, Cambridge, MA, USA

Ramanathan, Sharad - Department of Molecular and Cell Biology,
Harvard University, Cambridge, MA, USA

While great progress has been made recently in establishing
protocols to yield organoid systems starting from single or small
collections of cells, the efficiency of these protocols is often
poor and there is large heterogeneity in the mature organoids.
This low efficiency and high heterogeneity make it difficult to
perform genetic and biochemical perturbations to quantitatively
understand organoid development. Here, we leverage recent
advances in droplet microfluidics to specify the initial conditions
of human embryonic cyst development. We encapsulated
wild-type and reporter human embryonic stem cells (hESCs) in
aqueous droplets in an oil carrier fluid, and screen each droplet
for the number and type of the hESCs. We keep only the droplets
whose contents meet the desired conditions, and deposit the
encapsulated hESCs from each of the droplets in a periodic
array. This approach yields hundreds to thousands of identical
hESC clusters that we grow into embryonic cysts. We present
our approach and data characterizing the cysts for homogeneity.

Keywords: microfluidics, human embryonic stem cells,
embryonic cysts
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GENOME-WIDE CRISPR-BASED SCREENS IN
IPSC-BASED MODELS OF BRAIN DISEASE

Kampmann, Martin - Institute for Neurodegenerative Diseases,
University of California San Francisco, CA, USA

Samelson, Avi - Institute for Neurodegenerative Diseases,
University of California, San Francisco, CA, USA

Mohl, Greg - Institute for Neurodegenerative Diseases, University
of California, San Francisco, CA, USA

Tian, Ruilin - Institute for Neurodegenerative Diseases, University
of California, San Francisco, CA, USA

Li, Emmy - Institute for Neurodegenerative Diseases, University of
California, San Francisco, CA, USA

Drager, Nina - Institute for Neurodegenerative Diseases, University
of California, San Francisco, CA, USA

Leng, Kun - Institute for Neurodegenerative Diseases, University of
California, San Francisco, CA, USA

Sattler, Sydney - Institute for Neurodegenerative Diseases,
University of California, San Francisco, CA, USA

Rooney, Brendan - Institute for Neurodegenerative Diseases,
University of California, San Francisco, CA, USA

Gan, Li - Helen and Robert Appel Alzheimer’s Disease Research
Institute, Weill Cornell Medicine, New York, NY, USA

Ullian, Erik - Department of Ophthalmology, University of California,
San Francisco, CA, USA

Human genes associated with brain-related diseases are being
discovered at an accelerating pace. A major challenge is the
identification of the mechanisms through which these genes
act, and of potential therapeutic strategies. To elucidate such
mechanisms in human cells, we established a CRISPR-based
platform for genome-wide screens in human iPSC-derived
neurons, glia, and multi-lineage assembloids. Our approach
relies on CRISPR interference (CRISPRi) and CRISPR activation
(CRISPRa), in which a catalytically dead version of the bacterial
Cas9 protein recruits transcriptional repressors or activators,
respectively, to endogenous genes to control their expression,
as directed by a small guide RNA (sgRNA). Complex libraries of
sgRNAs enable us to conduct genome-wide or focused loss-of-
function and gain-of-function screens. Such screens uncover
molecular players for phenotypes based on survival, stress
resistance, fluorescent phenotypes, high-content imaging and
single-cell RNA-Seq. To uncover disease mechanisms and
therapeutic targets, we are conducting genetic modifier screens
for disease-relevant cellular phenotypes in patient-derived
neurons and glia with familial mutations and isogenic controls.
CRISPRi/a can also be used to model and functionally evaluate
disease-associated changes in gene expression, such as those
caused by eQTLs, haploinsufficiency, or disease states of brain
cells.

Keywords: CRISPR, Functional Genomics, Disease model
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BIOLOGICALLY RELEVANT 3D SKIN DISEASE
MODELS INCORPORATING PRIMARY STEM
CELLS FOR DRUG DEVELOPMENT

Watkins, Trishawna J - Department of Diagnostic Sciences,
Tufts University School of Dental Medicine, Tufts University,
Boston, MA, USA

Smith, Avi - Department of Diagnostic Sciences, Tufts University
School of Dental Medicine, Boston, MA, USA

Huang, Mengqi - Department of Diagnostic Sciences, Tufts
University School of Dental Medicine, Boston, MA, USA

Burgin, Fiona - Department of Diagnostic Sciences, Tufts University
School of Dental Medicine, Boston, MA, USA

Watson, Matthew - Department of Diagnostic Sciences, Tufts
University School of Dental Medicine, Boston, MA, USA

Garlick, Jonathan - Department of Diagnostic Sciences, Tufts
University School of Dental Medicine, Boston, MA, USA

A major hurdle in drug screening is establishing tissue models
that accurately recapitulate disease phenotypes seen in vivo.
We have developed an in vitro skin model that incorporates
epithelial stem cells and fibroblast progenitors that mimic many
aspects of healthy and diseased skin. This Self Assembled Skin
Equivalent (SASE) model utilizes disease-specific fibroblasts to
secrete and organize a human 3D extracellular matrix (ECM).
This disease specific ECM can support the differentiation of
epithelial stem cells to create a fully differentiated skin tissue.
We have also incorporated immune cells, such as peripheral
blood monocytes, into 3D skin tissues to evaluate cytokine
secretion, inflammation, and pyroptosis as it would occur in vivo.
We have utilized this model to mimic skin diseases including
diabetic foot ulcers (DFU) and scleroderma (SSC). To better
understand the process of impaired healing in diabetic foot
ulcers we developed a wound healing assay in the SASE model
to follow the healing of epithelium on a newly wounded dermis.
Immunohistochemical (IHC) staining of wounds indicated that re-
epithelization occurred in SASE tissues containing both diabetic
foot ulcer and healthy fibroblasts. IHC staining for K10 and Ki67
confirmed differentiation and proliferation of keratinocyte stem
cells. For scleroderma, patient specific SASE models were
created using matched patient fibroblasts, peripheral monocytes,
and plasma, combined with neonatal human keratinocyte stem
cells. ECM rigidity and stiffness was measured by atomic force
microscopy. SASE tissues also showed altered ECM composition
and organization, cytokine production, collagen fiber density,
and crosslinking. These quantitative measures showed that the
model mimics key features of clinical SSC. The SASE model is
a novel tool that allows us to study mechanisms of fibrosis and
wound healing, and it can be applied in drug discovery in the
development of new therapies.

Funding source: National Institute of Arthritis and
Musculoskeletal and Skin Diseases 2R44AR072170-02 National
Institute of Diabetes and Digestive and Kidney Diseases
5U24DK115255-02
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DEVELOPING A HUMAN EMBRYONIC STEM
CELL-BASED HIGH-THROUGHPUT PLATFORM
TO SCREEN FOR DEVELOPMENTAL TOXICANTS

Chen, Yichang - National Institute of Environmental Health
Sciences, NIEHS/NTP, Durham, NC, USA

Birla, Shama - National Toxicology Program Laboratory, National
Institute of Environmental Health Sciences/National Toxicology
Program, Durham, NC, USA

Tokar, Erik - National Toxicology Program Laboratory, National
Institute of Environmental Health Sciences/National Toxicology
Program, Durham, NC, USA

Every year, millions of infants worldwide are born with a serious
birth defect, which raises the risk for lifelong disabilities to those
who survive and increases the economic burden to their families
and society. Besides genetic or hereditary factors, many of these
defects can be caused by environmental chemical exposure,
such as alcohol, smoking, and drugs. While there are over
80,000 chemicals registered for use in the United States, many
of them have undergone little safety testing. Therefore, a rapid
and accurate method for predicting developmental toxicants
in the environment to humans is strongly desired. Pluripotent
human embryonic stem cells (hESCs) possess the capacity to
differentiate into any cell type which makes them an ideal in
vitro model to investigate developmental toxicity. In this study,
we aim to develop a transcriptomic-based high-throughput
platform using hESCs to screen for environmental teratogens.
Three-dimensional embryoid bodies (EBs) formed from hESCs
were used as the model since its formation recapitulates many
early embryogenic processes. 108 selected chemicals were
first administered to EBs for 7 days to evaluate their toxicities.
As the result, 64 impaired EB cell viability in a dose-dependent
manner, 7 increased cell viability at high concentrations, while
the remaining 37 showed no effect on EB formation within the
tested concentration range. Next, the impacts of 23 chemicals
on key embryogenesis signaling pathways and germ layer
formation were investigated by measuring the expression of
37 hallmark genes of these processes. Hierarchical cluster
analysis based on the transcriptional response change showed
the ability to group chemicals with similar toxicity. For a more
accurate categorization, a machine learning based prediction
model was built. 10 chemicals with confirmed teratogenicity
from TERIS (Teratogen Information System) were selected as
the training controls. With feature selection, our model showed
a high accuracy (mean: 0.82) and reliability (mean: 0.70) and the
prediction results for the other 13 tested chemicals were similar
with the findings from existing studies, with few discrepancies.
Together, these results indicate that our screening platform
could be successfully applied for identifying developmental
toxicants and understanding their etiology.

Keywords: Human Embryonic Stem Cell, Toxicology, Machine
learning
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THE ALLEN CELL COLLECTION: HIGH QUALITY,
FLUORESCENTLY-TAGGED HUMAN IPS CELL
LINES TO ILLUMINATE CELL ORGANIZATION
AND MODEL DIFFERENTIATION, DISEASE, AND
REGENERATION

Gunawardane, Ruwanthi - Allen Institute for Cell Science, Allen
Institute, Seattle, WA, USA

The Allen Institute for Cell Science has created a collection of
fluorescently tagged hiPS cell lines to illuminate cell organization.
To date, the Allen Cell Collection consists of >40 single- or
dual-edited lines that have undergone extensive quality control
testing to ensure genomic, cell biological, and stem cell integrity.
We have tagged all the major cellular organelles, a few signaling
molecules, membrane-less structures, phase transition markers,
transcription factors, and cardiomyocyte-specific structural
markers. Our most recently released lines focus on nuclear
structures such as nuclear speckles (SON-mEGFP) and the
nuclear envelope (LMNB1-mTagRFP-T). Our first triple-edited
cell line (FBL-mEGFP/NPM1-mTagRFP-T/dCas9-KRAB-TagBFP)
enables CRISPRi-mediated knock-down of target genes and
visualization of two major nucleolar compartments. Here,
we present our gene-editing and quality control workflows
for mono- and biallelic editing of expressed or silent genes
that are expressed during differentiation. We also highlight a
newly adopted procedure for testing dCas9-KRAB function in
hiPSCs and cardiomyocytes. Furthermore, we will discuss two
of our applications of the Allen Cell Collection. We use high-
replicate, high-resolution, 3D live images of our cell lines as
well as quantitative analysis and modeling approaches to create
integrative cell models such as the Integrated Mitotic Stem
Cell and the integrated nucleus. The Integrated Mitotic Stem
Cell captures a holistic view of the human cell division using 15
key cellular structures. The integrated nucleus will conjoin key
nuclear organizational landmarks with chromatin architecture
in collaboration with the 4D Nucleome Project. Our cell lines,
the plasmids used to generate them, thousands of segmented
single cell 3D images of our lines, analysis and visualization
tools, integrated cell models and biological findings are available
to the research community (wwwe.allencell.org).

Keywords: gene editing, fluorescent tagging, iPSCs

MDDA430

NOVEL METHODS FOR ASSESSING
ELECTROPHYSIOLOGICAL FUNCTION OF
CARDIAC AND NEURAL THREE-DIMENSIONAL
CELL CULTURES WITH MEA TECHNOLOGY

Nicolini, Anthony - Applications, Axion BioSystems, Inc., Atlanta,
GA, USA

Sullivan, Denise - Applications, Axion BioSystems, Inc., Atlanta, GA,
USA

Willsie, Andrew - MEMS, Axion BioSystems, Inc., Atlanta, GA, USA
Grier, Rob - Manufacturing, Axion BioSystems, Inc., Atlanta, GA,
USA

Millard, Daniel - Applications, Axion BioSystems, Inc., Atlanta, GA,
USA
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Three-dimensional induced pluripotent stem cell (iPSC)-derived
in vitro models, commonly referred to as spheroids, organoids,
or “mini-brains”, more accurately recreate the multicellular
organization and structure of in vivo tissues when compared to
traditional monolayer stem cell cultures. However, to effectively
characterize 3D iPSC cell cultures, or to extract meaningful
and predictive information from these models, new technology
is required for evaluating functional cellular and network
responses. For electro-active cells, like cardiomyocytes or
neurons, measurements of electrophysiological activity across
a networked population of cells provide a comprehensive view
of function. Microelectrode array (MEA) technology offers such
a platform by directly connecting key biological variables, such
as gene expression or ion channel distributions, to measures
of cellular and network function. However, placing 3D culture
models ontraditional multiwell MEA plates canbetime-consuming
and labor-intensive. Here, we characterize a novel insert for
6-well MEA plates that facilitates the placement, attachment,
and long-term culture of 3D cell models for electrophysiological
analysis. Human iPSC-derived cardiomyocytes and neural
spheroids were cultured on 6-well MEA plates and monitored
throughout maturation of their network connections. Cardiac
electrophysiological activity, including spike amplitude and field
potential duration, were recorded in response to compounds
to provide information on the depolarization and repolarization
of the cardiomyocyte action potential. For neural cultures,
functional endpoints, such as network bursting and synchrony,
were measured to define cellular activity across neural
spheroids within a network. These results support the continued
development and use of human iPSC-derived cardiomyocyte
and neural spheroid assays on multiwell MEA technology for
high throughput drug toxicity and safety assessment, evaluation
of phenotypic disease-in-a dish models, and cell development.

Keywords: Organoid, Electrophysiology, Disease-in-a-Dish
Model
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COMPARISON OF ELECTROPHYSIOLOGICAL
TOOLS FOR BRAIN ORGANOIDS DERIVED FROM
HUMAN INDUCED PLURIPOTENT STEM CELLS

Fan, Jing - Research and Development Department, Hopstem
Biotechnology, Nottingham, MD, USA

Wang, Anxin - Research and Development, Hopstem
Biotechnology, Hangzhou, China

Gong, Wei - Research and Development, Maxwell Biosystems AG,
Zurich, Switzerland

Dong, Zhiyuan - Research and Development, Leads Optics &
Electrophysiology Limited, Shanghai, China

Zou, Tan - Research and Development, Hopstem Biotechnology,
Hangzhou, China

Yan, Yinggang - Research and Development, Hopstem
Biotechnology, Hangzhou, China

Obien, Marie Engelene - Research and Development, Maxwell
Biosystems AG, Zurich, Switzerland

Human induced pluripotent stem cell (hiPSC)-derived brain
organoids provide a 3D culture condition to study brain
development, characterize disease phenotypes, and to test drug
toxicity/efficacy, in vitro. Compared to monolayer cell cultures,
brain organoids have demonstrated formation of cortical layers,



which can potentially model in vivo-like neuronal network
activity. Although the anatomy of organoids has already been
shown through imaging techniques, functional analysis is still at
an early stage. To advance the functional analysis of complex
brain organoids, there is call for a reliable and comprehensive
recording methodology to simultaneously capture both network
and single cell activities. Traditional MEA and calcium imaging
are useful tools to measure electrophysiological features
of brain organoids, each with their limitations. High-density
microelectrode array (HD-MEA) technology offers a label-free
solution to examine neuronal spiking activity throughout the
development of organoids at high spatiotemporal resolution. In
this study, we utilized MaxOne HD-MEA (MaxWell Biosystems,
featuring 26,400 microelectrodes within a sensing area of
3.85 x 210 mm2) to detect spontaneous electrical activity from
intact hiPSC-derived brain organoids. These brain organoids
are differentiated for more than 60 days and cultured on HD-
MEA for 2-3 weeks. We recorded neuronal action potentials
from the organoids and analyzed electrical activity at network
and single cell level. We detected network bursts, indicating
the development of synaptic connectivity. Pharmacological
manipulation of network bursts was performed using NMDA
and MK801. We compared the readouts of HD-MEA with that of
traditional MEA and calcium imaging. With HD-MEA, we were able
to electrically visualize the extracellular action potential spatial
distribution of single cells and identify sub-cellular features,
such as axonal action potential propagation. In conclusion, the
approach for electrophysiological characterization of hiPSC-
derived brain organoids using HD-MEAs may enable long-term
investigation of brain organoid function throughout development
and upon drug application at different physiological scales.

Funding source: This work was supported by the European
Community through the Marie Sktodowska-Curie Individual
Fellowships Grant 798836 ‘MAPSYNE'.

Keywords: Brain organoids, Functional phenotype, MEA
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DEVELOPMENT OF A HIGH THROUGHPUT
IMAGING AND SORTING APPROACH FOR 3D
CELL CULTURE

Kim, Yongwoon - Applications, Union Biometrica, Holliston, MA,
USA

Wang, Yifei - Engineering, Union Biometrica, Holliston, MA, USA
Malinouski, Mikalai - Applications, Union Biometrica, Holliston, MA,
USA

One of the challenges to the adoption of 3D cell culture models
for high-throughput screening is a lack of control over 3D cell
culture formation and a reliable non-invasive readout for these
3D cell culture models. Here, we were able to analyze, select, and
sort organoids and spheroids using a large object imaging flow
cytometer, the COPAS VISION. The COPAS VISION is a large
object flow cytometer capable of imaging, analyzing, and sorting
cell clusters, spheroids, and organoids from 10 um to 700 pm. In
contrast to traditional methods, where organoids are manually
sorted, our approach offers a high-throughput manner to assess
quality and to sort uniform organoids/spheroids to be used for
testing, transplantation, and disease modeling. These were
analyzed and sorted on the basis of size, levels of fluorescence,
the localization of fluorescence, and the brightfield images of
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the sample objects. We successfully sorted 7-day iPSC-derived
organoids expressing Thyl-GFP (a marker for Retinal Ganglion
Cells (RGCs)) and 24-day Rx-DsRed (early retinal field marker),
marking the areas of retinal tissue development. Cell clusters
varied in size, shape, and expression levels of markers. Cell
clusters were dispensed individually into wells of 96-well and
384-well plates and microscope observations showed that no
damage occurred to the dispensed cell clusters despite their
differences in appearance. Organoids selected by the COPAS
VISION to have few differentiated neurons were confirmed by
microscopy to have this phenotype. Using GFP as a fluorescent
marker and the size of the spheroids as our sorting criteria, a
population of well-formed, singular spheroids was sorted into
96 and 384 well plates and verified by microscopy. Sterility of
the sorted spheroids was also confirmed 24 hours post sorting
by microscopy. We demonstrated organoids and other 3D cell
culture models can be analyzed and sorted up to 30 events/
sec. The data presented supports that the COPAS VISION
can automate the handling of large numbers of organoids and
spheroids in an unbiased fashion, dispensing them into multi-
well plates as well as characterizing the various sub-populations
within each type of cell cluster. Analyzing and sorting organoids
provides an approach for large scale quality control and high
throughput screening assays.

Keywords: Large object flow cytometry, High throughput
imaging & sorting, Spheroids, organoids, 3D cell culture
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EVALUATION OF THE HPSC SCORECARD ASSAY
IN A HUMAN EMBRYONIC STEM CELL TEST FOR
DEVELOPMENTAL TOXICITY SCREENING

Gamble, John - ORD-CCTE ORISE, US EPA, Durham, NC, USA
Deisenroth, Chad - ORD-CCTE, US EPA, Durham, USA

The US Environmental Protection Agency (EPA) Center for
Computational Toxicology and Exposure employs high-
throughput screening approaches to identify environmental
chemicals that can pose a risk to human health. Key provisions
in the Frank R. Lautenberg Chemical Safety for the 21st Century
Act promotes the use of non-animal, new approach methods
to identify chemical risks to susceptible populations including
pregnant women. Most of the current assays within the US EPA’s
ToxCast and Tox21 portfolio are not designed to evaluate cellular
processes associated with human development, therefore cell-
based models that recapitulate signaling pathways for defined
endpoints in early embryonic patterning are needed to identify
potential hazards during pregnancy. The objective of this study
was to adapt human induced pluripotent stem cells (hiPSCs) to a
96-well embryoid body (EB) stem cell test to identify chemicals
that perturb early germ layer differentiation. EB formation,
maintenance, and treatment was optimized for seeding
density, plate type, and media changes using automated liquid
handling. The commercial TagMan hPSC Scorecard Assay
gene-signature array was used to conduct temporal analysis of
spontaneous differentiation. Pronounced EB differentiation was
noted as early as day six, with maximum germ layer expression
plateauing at day ten. Solvent tolerance and concentration-
range finding experiments were used to define a reference
set of eight chemicals ranging the spectrum of FDA pregnancy
risk categories (A-X) at known teratogenic and non-teratogenic
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doses. Disruption of germ lineage commitment and progression
was determined after six days of chemical exposure by
calculating the difference in weighted Z-test scores (AZ-test)
relative to pre-aggregated cells. No consistent differences in
EB differentiation were observed at day six when compared to
mean AZ-test values for ectoderm (15.6 + 2.7), mesoderm (5.1 +
1.6) and endoderm (12.6 £ 0.9) in solvent treated controls. Further
investigation is warranted to determine if exposure frequency,
duration, and endpoint analysis are suitable for evaluating
hiPSC EB differentiation using the TagMan hPSC Scorecard
Assay gene panel. This abstract does not necessarily reflect
EPA policy. Mention of trade names is not an endorsement or
recommendation for use.

Funding source: United States Environmental Protection
Agency

Keywords: Embryonic Stem Cell Test, hPSC Scorecard Assay,
Developmental Toxicity Screening

Theme: Tissue Stem Cells and
Regeneration

ADIPOSE AND CONNECTIVE TISSUE

TSC425

INDUCED REJUVENATION OF MESENCHYMAL
STEM CELLS DERIVED FROM AGED HUMAN
BONE MARROW USING SMALL MOLECULE
PROGRAMIN 2

Laane, Grete - Biomedical Sciences, The Chinese University of
Hong Kong (CUHK), Hong Kong, Hong Kong

Lo, PauliSally Hau Yi - Biomedical Sciences, The Chinese University
of Hong Kong, Hong Kong, Hong Kong

Lee, Kenneth Ka Ho - Biomedical Sciences, The Chinese University
of Hong Kong, Hong Kong, Hong Kong

Human mesenchymal stem cells (MSCs) are multipotent
connective tissue cells that are one of the most attractive
stem cell source for tissue engineering and cell therapy. MSCs
possess a potential to self-renew and differentiate into various
types of cells such as osteoclasts, adipocytes, chondrocytes
and neurons. Compared to the pluripotent stem cells these cells
are also easier to harvest and free from ethical complications.
MSCs have also good immunosuppressive capacity and they do
not form teratomas in vivo. MSCs proliferate well in vitro but old
patients’ MSCs enter senescence a lot faster compared to the
young patients’ MSCs. This limits their use in tissue engineering
and therapy since old patients are usually in higher demand of
treatments. Therefore, it is crucial to enhance the proliferation
capacity of these cells. In this project we tested an ability of
the small molecule Programin 2 to reverse the senescence
of human bone marrow derived mesenchymal stem cells
(hBM-MSCs). Level of various proliferation markers such as
phosphorylated histone H3 (PH3) and senescence associated
b-galactosidase staining were observed. In addition, the protein
or mRNA level of proliferation associated markers such as Ki67
and SIRT1 and senescence associated markers such as p21 and
p16 were investigated after the Programin 2 treatment. Also
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the morphological changes were detected after the treatment.
Furthermore, the expression of b-catenin and its downstream
signalling genes were significantly elevated after Programin 2
treatment. These results of this project have shown evidences
that small molecule Programin 2 has potential to re-activate
the proliferation in senescent hBM-MSCs via Wnt/b-catenin
signalling pathway.

Keywords: Mesenchymal Stem Cells, Small Molecule,
Rejuvenation
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TSC405

BIOMECHANICAL ENHANCEMENT OF CARDIAC
PHENOTYPE IN HUMAN ADIPOSE-DERIVED
STEM CELLS

Henderson, Kayla - Biomedical Engineering, The University of
Texas at Austin, Austin, TX, USA

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

Martinez, Fernando - Biomedical Engineering, The University of
Texas at Austin, Austin, USA

Cardiovascular disease continues to be the leading cause of
mortality worldwide. Extensive research has been done to study
cell-based therapy for regeneration of myocardium damaged
as a result of myocardial infarction. Adipose-derived stem cells
(ADSC) are prime candidates for revascularization therapies
as these cells can be obtained easily from patients using less
invasive methods, expanded in culture, and differentiated into
cardiovascular cell types. Various factors have been identified
that are able to induce ADSC cardiac differentiation, these
include biochemical cues, biomechanical forces, and substrate
topography. Despite their therapeutic potential stem-cell
based transplantation therapy is limited by inconsistent clinical
significance and long-term function in vivo. In this study we
examined a broad range of biochemical factors, pharmacological
inhibitors, and biomechanical forces in order to enhance ADSC
cardiac differentiation and regenerative therapeutic potential.
Cells were cultured on flexible substrates and exposed to
cardiac differentiation treatments and mechanical load which
included a 10% cardiac strain waveform, mimicking physiological
loading in the left ventricle, and a 10% sinusoidal strain waveform
at frequency of 1 Hz. We demonstrate that physiological loading
in combination with 5- Aza treatment for 24 hours synergistically
increased protein expression of cardiac markers including
cardiac transcription factors GATA4 and Nkx2.5. Next generation
sequencing showed that cyclic strain activated differential
expression of genes associated with cardiac cell types. We
also investigated the synergistic effect of cell alignment and
mechanical load on ADSC cardiac differentiation. We were able
to demonstrate that mechanically loading ADSCs seeded onto
micropatterned PDMS substrates enhanced the expression
of cardiac markers. Most notably we observed that stretching
ADSCs for 7 days with 10% cardiac strain waveform induced
significant increased expression of mature cardiac marker
cardiac troponin T on larger microgroove patterns. Our study




supports that biomechanical regulation in combination with
either topographical or biochemical cues work synergistically to
enhance ADSC cardiac differentiation.

Funding source: The author acknowledge material is based
upon work supported by the National Science Foundation
Graduate Research Fellowship under Grant No. DGE-1610403.

Keywords: cardiac differentiation, myocardial infarction,
adipose-derived stem cell
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CELL COMPETITION CONSTITUTES A BARRIER
FOR INTERSPECIES CHIMERISM

Hu, Yingying - Department of Molecular Biology, University of
Texas Southwestern Medical Center, Dallas, TX, USA

Zheng, Canbin - Department of Molecular Biology, University of
Texas Southwestern Medical Center, Dallas, TX, USA

Sakurai, Masahiro - Department of Molecular Biology, University of
Texas Southwestern Medical Center, Dallas, TX, USA

Pinzon, Carlos - Department of Molecular Biology, University of
Texas Southwestern Medical Center, Dallas, TX, USA

Li, Jie - BGI-Research, BGI-Shenzhen, Shenzhen, China

Wei, Yulei - Department of Molecular Biology, University of Texas
Southwestern Medical Center, Dallas, TX, USA

Okamura, Daiji - Department of Advanced Bioscience, Kindai
University, Nakamachi, Japan

Sun, Hai-Xi - BGIl-Research, BGI-Shenzhen, Shenzhen, China

Gu, Ying - BGI-Research, BGI-Shenzhen, Shenzhen, China

Wu, Jun - Department of Molecular Biology, University of Texas
Southwestern Medical Center, Dallas, TX, USA

Shortage of organs for transplantation is one of the largest unmet
medical needs. Pluripotent stem cells (PSCs) offer a potentially
unlimited source of donor organs. Despite decades of research,
however, it remains infeasible to generate organs from PSCs in
vitro. To overcome this barrier an in vivo approach known as
interspecies blastocyst complementation has been developed
to enable the formation of an organ from one species inside
another, which raises an intriguing possibility to produce human
organs in animals. One of the keys to success for interspecies
blastocyst complementation is the ability of donor PSCs to
contribute to chimera formation in the host species. Rat and
mouse PSCs can extensively contribute to chimera formation in
mouse and rat, respectively. To date, however, robust chimerism
between distantly related species has not been achieved. A
multitude of factors can differ significantly between species of
distant evolutionary origin, which preclude extensive chimerism.
Cell competition, the process of eliminating viable but “less fit”
neighbor cells, has been proposed as a surveillance mechanism
to ensure normal development and maintain tissue homeostasis.
During interspecies chimera formation, cells from the donor
species may be treated as unfit or aberrant cells targeted for
elimination. Our central hypothesis is that cell competition
constitutes a major component of the xenogeneic barrier and
overcome this competition improves chimerism between
evolutionarily distant species. To date, however, cell competition
has not been examined in an interspecies context during early
development due to lack of an in vitro model. We developed
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an interspecies PSC co-culture strategy and uncovered a
previously unrecognized mode of cell competition between
species. Interspecies PSC competition occurs during primed
but not naive pluripotency, and between evolutionarily distant
but not closely related species. Inhibition of apoptosis could
effectively overcome interspecies PSC competition. Suppressing
interspecies PSC competition significantly improved the survival
of donor human cells in early mouse embryos. Thus, strategies
to overcome interspecies PSC competition may help improve
the degree of chimerism between evolutionary distant species.

Keywords: Cell competition, Pluripotent stem cell, Interspecies
chimerism

TSC130

PODOCALYXIN-LIKE PROTEIN 1 REGULATES
HUMAN PLURIPOTENT STEM CELL SELF-
RENEWAL THROUGH THE CHOLESTEROL
BIOSYNTHESIS PATHWAY

Chen, Wei-Ju - Genomics Research Center, Academia Sinica,
Taipei, Taiwan

Huang, Wei-Kai - Graduate Program in Pathobiology, Johns
Hopkins University School of Medicine, Baltimore, MD, USA
Chang, Wei-Fang - Institute of Biotechnology, National Taiwan
University, Taipei, Taiwan

Sung, Li-Ying - Institute of Biotechnology, National Taiwan
University, Taipei, Taiwan

Lin, Chun-Yu - Genomics Research Center, Academia Sinica,
Taipei, Taiwan

Yang, Shang-Chih - Genomics Research Center, Academia Sinica,
Taipei, Taiwan

Lin, Hsuan - Department of Pediatrics, National Taiwan University,
Taipei, Taiwan

Axel, Schambach - Institute of Experimental Hematology,
Hannover Medical School, Hannover, Germany

Wu, Han-Chung - Institute of Cellular and Organismic Biology,
Academia Sinica, Taipei, Taiwan

Lu, Leigh - Department of Pediatrics, National Taiwan University,
Taipei, Taiwan

Lu, Jean - Genomics Research Center, Academia Sinica, Taipei,
Taiwan

To understand the early stages of embryonic development helps
people know how life begins and find clues to the diseases.
Regularly cultured hESCs can not contribute to the inner cell
mass in the mouse embryo. Therefore, regularly cultured hESCs
are considered as ‘primed’ state of stem cells. Inhibitions of
some signaling pathways by a chemical compound approach
are reported recently to convert hESCs into less differentiated
naive human pluripotent stem cells (hPSCs) that can contribute
to mouse embryo with low efficiency, but do not develop into
placenta. Recently, a study reported the extended pluripotent
stem cells (EPSCs) with their biological uniqueness of a high
chimerism rate and the developmental abilities into both the
inner cell mass and trophoblasts (placenta) while compared
with hESCs in primed and nailve stages. However, the signaling
mechanisms of extended pluripotency and the metabolism in
hPSCs have rarely been investigated. Here, we demonstrated
Podocalyxin-like protein 1 (PODXL) is abundantly expressed
in primed hPSCs/hEPSCs and functions as a transmembrane
protein. Downregulation of PODXL in undifferentiated hPSCs
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significantly blocks self-renewal, leads to decreased protein
expression of c-MYC and telomerase, and inhibits the formation
of induced pluripotent stem cell (iPSC) and extended EPSC
colonies. Accordingly, overexpression of PODXL promotes hPSC
self-renewal, c-MYC and telomerase expression, and iPSC/EPSC
formation. In a mechanism level, PODXL also regulates HMGCR
and SREBP1 and SREBP2 expression to control intracellular
cholesterol levels. Importantly, hPSCs are more sensitive to
cholesterol depletion than fibroblasts, resulting in pluripotency
loss. Of note, cholesterol can fully restore PODXL knockdown-
mediated pluripotency loss. Cholesterol is known for serving
as an important role in cell membrane integrity and lipid raft
formation. Moreover, PODXL regulates lipid raft formation and
dynamics. Finally, loss of ITGA2 blocks hESC renewal. Our data
highlight the important roles of PODXL in controlling cholesterol
metabolism to achieve hPSC self-renewal. This study may imply
that PODXL/cholesterol functions importantly in early human
embryogenesis and shed light on potential cancer treatment.

Keywords: Cholesterol, Pluripotency, Lipid raft
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EFFICIENT DIFFERENTIATION OF
HOMOGENEOUS FUNCTIONAL HEPATOCYTES
FROM HUMAN INDUCED PLURIPOTENT STEM
CELLS

Li, Rong - Division of Toxicology, Office of Applied Research
and Safety Assessment, Center for Food Safety and Applied
Nutrition, U.S. Food and Drug Administration, Laurel, MD, USA
Zhao, Yang - Division of Toxicology, Office of Applied Research
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Nutrition, U.S. Food and Drug Administration, Laurel, MD, USA
Yourick, Jeffrey - Division of Toxicology, Office of Applied
Research and Safety Assessment, Center for Food Safety and
Applied Nutrition, U.S. Food and Drug Administration, Laurel, MD,
USA

Sprando, Robert - Division of Toxicology, Office of Applied
Research and Safety Assessment, Center for Food Safety and
Applied Nutrition, U.S. Food and Drug Administration, Laurel, MD,
USA

Gao, Xiugong - Division of Toxicology, Office of Applied Research
and Safety Assessment, Center for Food Safety and Applied
Nutrition, U.S. Food and Drug Administration, Laurel, MD, USA

Human induced pluripotent stem cells (iPSCs) hold tremendous
promise for regenerative medicine, disease modeling, drug
screening, and toxicology studies. Directed differentiation
of iPSCs into hepatocytes could afford unlimited supply of
liver cells for various liver-based applications. A variety of
protocols have been established during the past decade for the
differentiation of iPSCs into hepatocytes through recapitulating
major signaling pathways involved in the different stages of
embryonic hepatogenesis, using either growth factors or small
molecules. Although successful derivation of hepatocyte-like
cells (HLCs) has been achieved through those protocols, the
differentiation efficiency is mostly not ideal, and the cells at
the end of the differentiation always showed a heterogeneous
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population. Herein, we tested and compared four previously
published protocols, and based on the results established an
improved protocol that enables highly efficient, homogeneous,
and reproducible differentiation of iPSCs into HLCs. The protocol
started with single-cell culture (instead of colonies) of iPSCs,
and employed both growth factors and small molecules for the
differentiation. Compared to the existing protocols, the new
protocol yielded a differentiated HLC population that was more
homogeneous and with a morphology more closely resembling
that of primary human hepatocytes (PHHs). The final population
of cells not only expressed specific hepatic markers at both the
transcriptional and the protein levels, but also possessed key
hepatic functions, including serum protein (albumin, fibronectin,
and alpha-1-antitrypsin) secretion, urea synthesis, glycogen
storage, and more importantly for toxicology applications,
cytochrome P450 activity. Therefore, our method would be a
valuable tool for highly efficient generation of homogeneous
functional hepatocytes from human iPSCs, and the resultant
HLCs could be potentially useful as an in vitro model for
predictive toxicology.

Keywords: hepatocytes or hepatocyte-like cells (HLCs), stem
cell differentiation, induced pluripotent stem cells (iPSCs)

TSC138

GENERATION AND CHARACTERIZATION OF
STEM CELL-DERIVED PANCREATIC DELTA CELLS

Dedic, Benjamin - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Faust, Aubrey - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Gerace, Dario - Stem Cell and Regenerative Biology, Harvard
University, Cambridge, MA, USA

Recent progress in generating a limitless supply of pancreatic
cells through the directed differentiation of human embryonic
stem cells holds promise as a cell replacement therapy for type
1 diabetes. While the field of diabetes stem cell research has
focused on generating insulin producing beta cells, a growing
body of evidence suggests that the glucagon producing alpha
cells and the somatostatin producing delta cells are important
for precise coordination of hormone secretion and glucose
homeostasis. In this study, we developed a chemically defined
protocol for the generation of pancreatic delta cells through
direct differentiation of human embryonic stem cells. Building on
our previously described differentiation protocol that generates
pancreatic progenitor cells, we performed a combinatorial screen
of 20 compounds and found that omitting factors favored stem
cell-derived delta cell commitment, resulting in a “15-20% mono-
hormonal somatostatin expressing population as characterized
by FACS. In order to assess stem cell-derived delta cell function
and overcome the limitations of current antibody-dependent
somatostatin quantification assays, we engineered a novel
luminescent reporter of somatostatin secretion by targeting the
HiBIT reporter system at the endogenous somatostatin locus in
human embryonic stem cells. Using this highly sensitive system
in static and dynamic perfusion assays, we showed that stem
cell-derived delta cells secrete somatostatin in response to
glucose stimulation. Further, the somatostatin secretion from
high glucose challenges improved upon addition of the beta
cell hormone urocortin 3, which has reportedly been shown to



stimulate delta cells. Altogether, we have described for the first
time the in vitro generation of functional stem cell-derived delta
cells which brings us one step closer to assembling the three
major endocrine cells (beta, alpha and delta) into designer islet
organoids for type 1 diabetes disease modeling and islet-cell
replacement therapy.

Keywords: Delta cells, Somatostatin, Pancreas
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DONOR AGE ALTERS THE FUNCTION AND
REGENERATIVE CAPACITY OF HUMAN LIVER
EXTRACELLULAR MATRIX.

Acun, Aylin - Surgery, Massachusetts General Hospital -
Harvard Medical School, Boston, MA, USA

Uygun, Basak - Surgery, Massachusetts General Hospital -
Harvard Medical School, Boston, MA, USA

Liver diseases pose a big threat as 20 million individuals are
estimated to have cirrhosis and/or liver cancer globally. Although
orthotopic liver transplantation leads to high survival rates, there
is an increasing global demand for donor livers which results in 8
patients dying awaiting transplantation daily. Despite the organ
shortage many livers are still not being considered eligible for
transplantation leading to an estimated 250,000 donor livers
being discarded. Our group established methods to decellularize
whole livers for expanding the donor pool. The future use of
such ECM scaffolds relies on the success of decellularization
and their successful recellularization with patient-specific iPSC-
derived cells. However, donated human livers found not suitable
for transplantation vary widely in age and quality. This raises
the question for their suitability in supporting and inducing
the regenerative capacity of the resulting liver substitute. To
answer this question, we decellularized human liver sections
from 19-year-old (young), 46-year-old (mature), and 60-year-old
(aged) donors and examined the changes in their composition
as well as their potential role in human iPSC differentiation to
hepatocytes. Our results showed that human decellularized liver
matrices (hDLM) go through a dynamic change through aging
process: total collagen and glycosaminoglycan content peaks
at mature stage followed by a decrease with age. Importantly,
although differentiation on hDLM of all age groups induced
higher expression of hepatocyte specific markers compared
to the matrigel controls, the age-dependent changes in liver
ECM affected the differentiation significantly. We observed that
important markers including HNF4a, CYP1A2, CYP2C9, and
CYP3A4 were expressed significantly higher on mature liver
ECM compared to both young and aged. These findings show
that the composition and functionality of liver ECM is affected
by donor age. Through further investigation on the effect of
donor age on the regenerative capacity of hDLMs we will obtain
the recipe for developing organ grafts with high functionality,
minimal immunogenicity, and high regeneration capacity.

Keywords: Liver, extracellular matrix, organ engineering
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ENGINEERING A NOVEL LUMINESCENT
REPORTER OF INSULIN SECRETION IN HUMAN
STEM CELL-DERIVED BETA CELLS

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

Kenty, Jennifer - Departement of Stem Cell and Regenerative
Biology, Harvard University, Cambridge, MA, USA

Melton, Doug - Department of Stem Cell and Regenerative
Biology, Havard University, Cambridge, MA, USA

The long-standing “gold-standard” for quantification of insulin
secretion is ELISA. However, ELISA-based quantification
of insulin secretion is not compatible with high-throughput
applications. Consequently, several groups have attempted to
circumvent ELISA by engineering fluorescent or luminescent
reporters of insulin secretion. Yet, whilst these reporters are
useful for visualizing insulin secretion, they only provide relative
insulin quantification. Thus, to address these limitations, we
developed a novel luminescent platform of insulin quantification
that has the potential for high-throughput adaptation.
Specifically, we targeted the 11 amino acid HiBiT tag and an
additional proconvertase 2 (PC2) site between the genomic
region encoding for C-peptide and the alpha chain of the INS
gene in human embryonic and induced pluripotent stem cells.
When combined with the detection reagent that consists
of the LgBIiT subunit, the resulting high-affinity complex of
HiBiT:LgBiT reconstitutes active nano luciferase, which emits
bioluminescence that is sensitive enough to measure insulin
secretion in minutes without the need for antibodies or multiple
liquid-handling steps. Our luminescent reporter demonstrated
3 orders of magnitude greater dynamic range, increasing
sensitivity at low and high insulin concentration by “2 and “1.5
orders of magnitude respectively versus ELISA. In addition,
the luminescent reporter is 8-fold more time and cost-effective
than the traditional ELISA. Glucose-stimulated insulin secretion
(GSIS) of differentiated SC-beta cells demonstrated overlapping
GSIS profiles by luminescence and ELISA. To demonstrate the
potential of the novel reporter for screening of compounds
that improve insulin secretion, SC-beta cells were assessed
for insulin secretion with a panel of insulin secretagogues. In
conclusion, we have developed a novel luminescent platform of
insulin secretion with the potential for high-throughput screening
of compounds that enhance insulin secretion and improve SC-
beta cell function.

Keywords: Beta cells, Insulin secretion, Luminescent reporter
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IN VITRO 3D LIVER MODEL UTILIZING HUMAN
IPSC INDUCED HEPATOCYTES FOR DRUG
TESTING

TSANG, HOI YING - The School of Biomedical Sciences, The
Chinese University of Hong Kong (CUHK), Kowloon, Hong Kong
lee, Ka Ho - The School of Biomedical Sciences, The Chinese
University of Hong Kong, Kowloon, Hong Kong

Lo, hau Yi - The School of Biomedical Sciences, The Chinese
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Liver is responsible for the detoxification in our bodies, and it
is exposed to different threats in everyday life. Despite of the
strong regenerating property of the organ, when the exposure
of toxic substances is prolonged and beyond its limits, the
damage could be irreversible, as the extracellular matrix proteins
which are supposed to heal wound over accumulates, forming
extensive scar tissues in the liver. Indeed, chronic liver diseases
including liver cirrhosis have been one of the highest leading
causes of death in Hong Kong and in other developed countries
for these decades, yet no cures are found as the drug discovery
process relies on the in vitro cell model growing on petri dishes,
which is lack of representativeness to their in vivo counterparts,
on the other hand animal models are found not predictive for
the human responses to drug. Our study aims at creating a
novel 3D in vitro functional liver model by co-culturing human
induced pluripotent stem cells (iPSCs) induced hepatocytes
with non-parenchymal liver cells including hepatic stellate
cells, endothelial cells as well as mesenchymal stem cells. We
successfully generated vascularized liver organoids with these
four cells types in which cell-cell/cell-ECM interactions and liver
functions are regained, the human liver microenvironment is
hence better mimicked for the more accurate drug screening.
We believe that this study using iPSC induced hepatocytes gives
novel insight in development of personalized medicine for liver
diseases, increasing the effectiveness of pre-clinical studies and
reducing the number of experimental animals needed in drug
discovery process.

Keywords: Liver Organoids, Liver Disease Model, Tissue
Engineering

ENDOTHELIAL CELLS AND
HEMANGIOBLASTS
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IMPAIRED PRO-ANGIOGENIC FUNCTION IN
MESENCHYMAL STEM CELLS OF WERNER
SYNDROME

Cheung, Hoi-Hung - School of Biomedical Sciences, The
Chinese University of Hong Kong (CUHK), Shatin, Hong Kong
Chan, See Wing - School of Biomedical Sciences, The Chinese
University of Hong Kong, Shatin NT, Hong Kong

Hao, Suyu - School of Biomedical Sciences, The Chinese University
of Hong Kong, Shatin NT, Hong Kong

Lam, Chi Man - School of Biomedical Sciences, The Chinese
University of Hong Kong, Shatin NT, Hong Kong

WRN mutation causes a premature aging disease called Werner
syndrome (WS). However, the mechanism by which WRN loss
leads to progeroid features evident with impaired tissue repair
and regeneration remains unclear. To determine this mechanism,
we performed gene editing in reprogrammed induced pluripotent
stem cells (iPSCs) derived from WS fibroblasts. Gene correction
restored the expression of WRN. WRN+/+ mesenchymal stem
cells (MSCs) exhibited improved pro-angiogenesis. An analysis
of paracrine factors revealed that hepatocyte growth factor
(HGF) was downregulated in WRN-/- MSCs. HGF insufficiency
resulted in poor angiogenesis and cutaneous wound healing.
Furthermore, HGF was partially regulated by PI3BK/AKT signaling,
which was desensitized in WRN-/- MSCs. Consistently, the
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inhibition of the PIBK/AKT pathway in WRN+/+ MSC resulted in
reduced angiogenesis and poor wound healing. Our findings
indicate thatthe impairmentin the pro-angiogenic function of WS-
MSCs is due to HGF insufficiency and PI3K/AKT dysregulation,
suggesting trophic disruption between stromal and epithelial
cells as a mechanism for WS pathogenesis.

Funding source: Hong Kong RGC General Research Fund
Project No. 14121618
Hong Kong RGC General Research Fund Project No. 14169717

Keywords: Werner syndrome, Mesenchymal stem cells,
Angiogenesis
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CELL ATLASES TO FUNCTIONS: HOW
INFLAMMATION SHAPES HUMAN EPITHELIAL
AND STROMAL CELLS
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(IMES), Massachusetts Institute of Technology, Cambridge, MA,
USA

Zheng, Betty - Division of Gastroenterology, Seattle Children’s
Hospital, Seattle, WA, USA

Yu, Alison - Division of Hematology/Oncology, Boston Children’s
Hospital, Boston, MA, USA

Hornick, Amanda - Division of Gastroenterology, Boston Children’s
Hospital, Boston, MA, USA

Christian, Elena - Immunology, Harvard Medical School, Boston,
MA, USA

Taliaferro, Faith - Division of Gastroenterology, Boston Children’s
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Women’s Hospital, Boston, MA, USA

Barrett, Nora - Division of Immunology and Allergy, Brigham and
Women’s Hospital, Boston, MA, USA

Xavier, Ramnik - Immunology Program, Broad Institute, Cambridge,
MA, USA

Regev, Aviv - Klarman Cell Observatory, Broad Institute,
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Kean, Leslie - Division of Hematology/Oncology, Boston Children’s
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Shalek, Alex - Institute for Medical Engineering and Science (IMES),
Massachusetts Institute of Technology, Cambridge, MA, USA

For a barrier tissue to effectively learn from previous
immunological experiences, it can sense, adapt, and store this
information in essential or resident cell types. The foundational
architecture of barriers such as the skin, airway, and intestine
include essential stromal and tissue stem-cell derived epithelial
cell subsets that collectively perform key tissue functions. This
design is critical for homeostatic regeneration and responding to



induced demands, together with the support of resident immune
cells. However, this system becomes dysregulated in chronic
disease states driven by immune effector cytokines such as
inflammatory bowel disease (IBD). Identifying the essential cell
types, states and circuits of communication which predict and
sustain disease in humans is vital to effectively treating these
conditions. We hypothesized that cytokines may act directly on,
and be remembered by, discrete essential stem and niche cell
subsets to influence differentiation and function in disease. To
address this challenge, our lab has pioneered the application
of tissue-scale single-cell RNA-sequencing to resolve cell states
and their interactions in healthy and diseased human intestine.
Insights from healthy individuals and advanced IBD patients
highlighted a novel TNF-induced inflammatory fibroblast cell
state (IL1M+IL13RA2+) associated with clinical resistance to
therapy, and significant alterations to the circuitry between
epithelial stem and immune cell subsets in the intestine (366,650
cells; 30 people), which we validated histologically. Furthermore,
our unpublished findings from a treatment-naive longitudinal
cohort of IBD patients and age-matched controls (438,585 cells;
27 people) identify discrete essential and immune cell subsets
at diagnosis that can predict disease severity and response to
therapy. We present functional experiments testing whether
and how immune effector cytokines lead to tissue stem cell
adaptation, with our results demonstrating that epithelial stem
cells can “store” inflammation. Collectively, we propose that
inflammatory adaptation and memory may be distributed
across diverse cell types, providing a tissue-scale basis for
persistent human disease, and suggesting therapeutic tissue
reprogramming strategies.

Funding source: Richard and Susan Smith Family Foundation
(to J.0.-M.) NIH U19A1095219 NIH 5U24AI118672

Keywords: Stem Cells and Their Niche, single-cell RNA-
sequencing, Inflammatory Memory

TSC179

CHARACTERIZING THE ROLE OF LACTATE
DEHYDROGENASE (LDH) AND MITOCHONDRIAL
PYRUVATE CARRIER 1 (MPC1) IN MELANOCYTE
STEM CELL (MESC) HOMEOSTASIS

Robles, Genesis - Department of Molecular Cell and
Developmental Biology, University of California Los Angeles,
Northridge, CA, USA

Seyran, Berfin - Los Angeles Department of Molecular Cell and
Developmental Biology, University of California Los Angeles, CA,
USA

Malone, Cindy - Biology, CSUN, Northridge, CA, USA

Christofk, Heather - Biological Chemistry, University of California
Los Angeles, CA, USA

Lowry, William - Molecular Cell Developmental Biology, University
of California Los Angeles, CA, USA

We are studying melanocyte stem cell (MeSC) metabolism
and its effect on melanocyte homeostasis. Transgenic mouse
models were generated using TyrCreERT to create melanocyte-
specific lactate dehydrogenase A (Ldha) deletion in MeSCs.
Ldha is an enzyme that catalyzes the NADH-dependent
reduction of pyruvate to lactate in glycolysis. Inactivation of Ldha
in mice MeSCs resulted in depigmentation of the skin. Taking
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advantage of a genetic reporter (LSL-tdTomato), we show that
MeSCs are still viable after Ldha deletion as tdTomato-positive
MeSCs were detected in the epidermis. This phenotype is
being characterized in detail using immunostaining technics
to quantify tdTomato-positive cells both in wildtype (WT) and
knockout (KO) skin. In parallel, differentiation markers (Dct,
Gp100, Tyrosinase) are being evaluated to determine if the
phenotype is due to failure in melanocyte differentiation or
MeSC activation. Additionally, transgenic TyrCreERT mice with
a melanocyte- specific mitochondrial pyruvate carrier 1 (MPC1)
deletion were generated. MPC1 is a mitochondrial transporter
that facilitates entry of pyruvate to the mitochondria for oxidative
phosphorylation; its inactivation redirects glycolytic flux towards
lactate. Currently, MPC1 KO mice display similar pigmentation as
MPC1 WT mice. Immunostaining strategies are being employed
to quantify and assess MeSCs and melanocytes in MPC1WT and
KO skin. Taken together, we expect to reveal whether targeting
key metabolic nodes in MeSCs affects their homeostasis.

Funding source: California Institute of Regenerative Medicine

Keywords: Melanocyte Stem Cell Homeostasis, Melanocyte
Stem Cell Metabolism, Skin and Hair Pigmentation
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FRIZZLEDS MEDIATED WNT SIGNALING
MAINTAINS MOUSE INTESTINAL HOMEOSTASIS

Deng, Lu - Linheng Li lab, Stowers Institute for Medical
Research, Kansas City, MO, USA

He, Xi - Linheng Li lab, Stowers Institute for Medical Research,
Kansas City, MO, USA

Li, Linheng - Linheng Li lab, Stowers Institute for Medical Research,
Kansas City, MO, USA

The role of noncanonical Wnt signaling in regulating intestinal
stem cell, epithelial homeostasis, and regeneration is poorly
understood. Previously, it was reported that loss of Fzd5 led to
migration of Paneth cells from crypt bottom to the villus region.
We found that Frizzled5 (Fzd5) is predominantly expressed in
intestinal crypt, including intestinal stem cells (ISCs), compared
to other members of the Fzd family. Furthermore, we observed
that deletion of Fzd5 from either +4 position (CK19-Cre) or from
CBC (Lgr5-Cre) did not lead to crypt loss, but instead, that loss
of crypt occurred only with Fzd5 deletion from both +4 and
CBC positions (Villin-Cre). Given that Fzd5 may mediate either
canonical or noncanonical Wnt signaling, the finding that deletion
of Fzd5 resulted in reduced active form of Cdc42 suggests that
Fzd5 may also play a role in controlling the planar cell polarity
(PCP) via Cdc42. Reduced CDC42 activity led to disorganized
cytoskeleton structure. Fzd5 knockout significantly inhibited the
in vitro growth of organoids derived from Villin-CreERT-Fzd5f/f
mouse. On the other hand, Fzd5 knockout also inhibited the
activation of B-catenin, affected the expression of c-Myc and
Axin2, and caused loss of stem cells, eventually promoting
cell differentiation into enterocytes in intestine, especially in
jejunum. We also examined intestinal biopsies from patients
with inflammatory bowel disease (IBD) and found Fzd5 highly
expressed in the regenerating epithelial cells, revealing that
aberrant Fzd5 expression might be linked to IBD.

Keywords: Intestinal stem cells, Fzd5, Wnt signaling
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ETHICAL, LEGAL AND SOCIAL ISSUES;
EDUCATION AND OUTREACH

TSC189

CHALLENGES OBSERVED IN ESTABLISHING AN
IPSC RESOURCE: OBSERVATIONS FROM THE
PERSPECTIVE OF A GOLD STANDARD BIOBANK.

Kalghatgi, Sameer - Laboratory Operations, Coriell Institute for
Medical Research, Camden, NJ, USA

Grandizio, Christine - Stem Cell, Coriell Institute, Camden, NJ, USA
Turan, Nahid - Operations, Coriell Institute, Camden, NJ, USA

Induced pluripotent stem cells (iPSCs) provide an invaluable
tool for studying human disease at the cellular and molecular
level. Human iPSCs can be derived from multiple cell types,
using multiple reprogramming methods and they have enabled
disease-in-a dish modeling and drug discovery. Coriell Institute
for Medical Research recognized the value of human iPSCs and
over the past decade, has created a diverse, publicly available
collection from apparently healthy donors and individuals with
complex disorders and inherited genetic diseases. Coriell’s
iPSC bank started by obtaining pre-established iPSCs from the
scientific community, however, priorities shifted to establishing
lines internally due to a number of challenges observed. The
incidence of quality failures observed in external lines, including
submissions from reputable national laboratories, was substantial
(approximately 65% failure rate) and necessitated the need to
define best practices in iPSC establishment, maintenance and
storage. Here we will present results from our findings and
also report other challenges observed, such as the lack of
ethnic diversity, problems with donor consent language, and
submissions from minors, which raised ethical considerations. In
an effort to ensure the quality and long-term sustainability of its
iPSC bank, Coriell established standard operating procedures
for the collection, processing, storage and distribution of iPSCs.
Coriell’s dedicated ISO9001:2015 certified Stem Cell Laboratory
routinely performs screening for sterility (including mycoplasma),
bloodborne pathogens, cell identity, chromosomal integrity,
pluripotency, and differentiation potential. Coriell’s robust iPSC
pipeline has resulted in a 8% failure rate over the past three years.
Additional molecular characterizations are also recommended
for disease confirmation and/or gene engineered cell lines. With
the advent of targeted differentiation approaches, 3D organoid
models, and gene engineering technology, the utility of human
iPSCs in advancing biomedical research and curing disease
continues to grow. Quality control testing of these derivative
products is equally critically required, however, leaders in the
field still need to define what these parameters are for these
new product types.

Keywords: IPSC, CHARACTERIZATION, QUALITY
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EYE AND RETINA

TSC200

CYTOSKELETON AND NUCLEAR LAMINA
REMODELING IN DIFFERENTIATING RETINAL
PIGMENT EPITHELIUM DERIVED FROM GFP
TAGGED IPSC FOR TUBULIN1B AND LAMINB

Nimmagadda, Malika - National Eye Institute, National Institutes
of Health (NIH), Bethesda, MD, USA

Ortolan, Davide - National Eye Institute, National Institutes of
Health, Bethesda, MD, USA

Liang, Genqing - National Eye Institute, National Institutes of
Health, Bethesda, MD, USA

Bose, Devika - National Eye Institute, National Institutes of Health,
Bethesda, MD, USA

Dejene, Roba - National Eye Institute, National Institutes of Health,
Bethesda, MD, USA

Sharma, Ruchi - National Eye Institute, National Institutes of Health,
Bethesda, MD, USA

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

The inherent capacity of Pluripotent Stem Cells to differentiate
into any cell type coupled with the ability to endogenously
GFP-tag proteins linked to the cytoskeleton, nuclear lamina or
any other organelle in Induced Pluripotent Stem Cells (iPSCs)
allows visualization of cellular architecture remodeling during
differentiation. We used our developmentally guided iPSC
to Retinal Pigment Epithelium (RPE) differentiation protocol,
to generate fully functional mature and pure RPE cells. The
RPE is a monolayer of post-mitotic, polarized, pigmented, and
hexagonal cells in the back of the eye. Embryonically, the RPE
is derived from the neuroectoderm. We tweaked the dual SMAD
inhibition to generate the RPE primed optic neuroectoderm,
then directed the differentiation of the neuroectodermal cells to
RPE progenitors by inhibiting the FGF and TGF pathways, and
later used Activin-A to induce the fate of the RPE progenitors
to reach the RPE committed stage. Specific arrangements
of the ACTIN and MICROTUBULIN filaments are necessary
for RPE cells in a monolayer to attain complete polarization,
hexagonal morphology, and full functionality. Here, we used
GFP tagged TUBA1B and LAMINB iPSC reporter lines generated
by the Allen Institute to study the changes in the arrangement
of the cytoskeleton (tubulin filaments) and nuclear lamina as
the pluripotent cells differentiated into mature RPE. The iPSCs
were seeded on iBidi chamber slides for differentiation and fixed
after the end of the early neuro-ectoderm, progenitor middle,
or final RPE committed phase. Following fixation, the cells were
stained for early and late RPE specific markers and imaged
under an LSM800 microscope. The expression levels of RPE
specific transcription factors, PAX6 and MITF, determined the
differentiation of optic neurectoderm to RPE progenitor cells;
while the presence of adult RPE markers, RPE65 or BESTI,
confirmed the maturity of the RPE cells. The structural analysis
of the mature cells was assessed using our custom ReShape
software, which utilizes artificial intelligence and machine
learning to provide a morphometric analysis of the RPE cells.
In conclusion, our live high content imaging allowed us to




capture cytoskeleton and nuclear lamina changes during RPE
differentiation and provides deeper insight into the mechanism
of RPE polarization.

Keywords: iPSC to RPE differentiation, GFP tagged iPSCs,
Cellular architecture development
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CASPASE-8 IS SELECTIVELY REQUIRED

FOR PREVENTING RIPK3-MEDIATED
NECROPTOSIS IN C-KIT+ HEMATOPOIETIC
STEM AND PROGENITOR CELLS BUT NOT CKIT-
HEMATOPOEITIC CELLS

Joshi, Kanak - Cancer Biology, Loyola University Medical
Center, Maywood, IL, USA

Zhang, Jiwang - Cancer Biology, Loyola University Medical Center,
Maywood, IL, USA

Myelodysplastic syndromes (MDS) are a group of heterogeneous
pre-leukemic diseases. Despite the normal or hyper-cellular
appearance of the bone marrow (BM), peripheral cytopenia
is a common feature among majority of MDS patients, due to
ineffective hematopoiesis. Increased apoptosis of hematopoietic
stem/progenitor cells (HSPCs) was believed to be the cause
of ineffective hematopoiesis. However, our recent study has
demonstrated a significant increase in cellular necroptosis
probably due to the reduced caspase 8 expression in most
MDS BM samples, suggesting a critical role for necroptosis in
the pathogenesis of MDS. Increased concentrations of TNF-q,
Fas ligand and TRAIL are commonly detected in MDS patients.
Such pro-inflammatory cytokines stimulate both Caspase
8-mediated apoptosis and RipK1-RipK3 mediated necroptosis.
Normally, RipK1-RipK3 mediated necroptotic signaling is
repressed by Caspase 8 in most tissue cells; thus inactivation
of Caspase 8 would promote inflammatory cytokine-stimulated
necroptosis in these tissue cells. To study the role of necroptosis
in the pathogenesis of MDS, we generated polyl:C-inducible
conditional Caspase 8-knockout mice. We found that all mice
died within 10 days of poly I:C injection. Flow cytometry analysis
suggested that Caspase 8 deletion caused a near-complete loss
of c-Kit+ HSPCs when examined on day 6 post-poly I:C injection.
However, the c-Kit- mature lymphoid and myeloid cell subsets
in the BM as well as in peripheral blood were not significantly
affected. Consequently, mice with Caspase 8 deletion showed
BM hypo-cellularity. We also determined that loss of c-Kit+
HSPCs in the Caspase 8-knockout setting results from enhanced
necroptosis of HSPCs in a RipK3 dependent manner, because it
can be prevented by inactivation of RipK3. Our preliminary results
hence suggest that Caspase 8 is required for the maintenance
of c-Kit+ HSPCs in mice by preventing RipK3 mediated
necroptosis. We are determining whether the loss of HSPCs in
Caspase 8-knockout mice is due to the loss of Caspase 8 only
or due to increased sensitivity of Caspase 8-knockout HSPCs to
inflammatory stress. Given that approximately 30% MDS patients
progress to Acute Myeloid Leukemia, we are also exploring the
role of Caspase 8 in regulating the clonogenic expansion of
HSPCs for leukemic transformation.
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HIGH PLOIDY LARGE CYTOPLASMIC
MEGAKARYOCYTES: KEY NEGATIVE
REGULATORS OF HEMATOPOIETIC STEM CELLS
AND CRITICAL FOR PLATELET PRODUCTION
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Hematopoietic stem cells (HSC) are regulated by their bone
marrow (BM) microenvironment. High ploidy megakaryocytes
(MK), not only generate platelets, but have been recently
shown to regulate HSC. We report MK of individual ploidies
can be further sub-fractionated into large cytoplasmic MK
(LCM) and small cytoplasmic MK (SCM), and LCM not only
negatively regulate HSC, but when prospectively isolated
from mouse BM and transplanted, more readily form platelets
in vivo than SCM. In a mouse model with normal MK numbers,
but essentially devoid of LCM (Pf4-Cre-Srsf3fl/fl, MKA/A), we
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found a pronounced increase in BM HSC concurrent with both
endogenous mobilization and extramedullary hematopoiesis.
We provide evidence that this is through previously reported
mechanisms such as thrombopoietin and thrombin-cleaved
osteopontin. Thrombocytopenia was also observed in
animals with diminished LCM despite no change in MK ploidy
distribution, thus, uncoupling endoreduplication and platelet
production. The absence of LCM, an increased BM HSC pool
and thrombocytopenia were recapitulated when HSC isolated
from MKA/A mice were used to reconstitute hematopoiesis in
irradiated mice. In contrast, following a competitive transplant
using minimal numbers of MKWT/WT HSC with HSC from
MKA/A mice, MKWT/WT HSC recapitulated the LCM population,
preventing the HSC defect as well as thrombocytopenia. We
have further characterized LCM via flow cytometry, TEM and
performed mitochondrial network analysis using confocal
microscopy. Importantly, we provide evidence that LCM are
conserved in humans and hypothesize they have similar
functions. Ploidy alone is not sufficient for accurately predicting
platelet generation potential, and therefore, therapeutic efforts
to increase platelet production need to specifically increase
LCM; however, careful consideration needs to be placed on the
possible consequences of increasing LCM in vivo since LCM are
an important component of the BM microenvironment, providing
regulator signals to HSC.
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FUNCTIONAL AND GENETIC ANALYSIS
OF THYMI AND T CELLS IN THYMUS-
COMPLEMENTED MICE GENERATED BY
BLASTOCYST COMPLEMENTATION
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Yamazaki, Kazuto - Tsukuba Research Laboratories, Eisai, Co.,
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Blastocyst complementation is a promising technology that
potentially allow the generation of humanized animals for use
in regenerative medicine and drug discovery. To realize the
purpose, itis important to demonstrate physiological functions of
complemented organs/cells in the chimeras. Although thymus-
complemented animals have been successfully produced
by blastocyst complementation, physiological functions of
complemented thymi and T cells are not fully understood. Thus,
we characterized thymi and T cells in thymus-complemented
mice at molecular and functional levels. The chimeras were
generated by injection of EGFP-positive C57BL/6 (B6) ESCs
into blastocysts of KSN/SIc (Foxninu/nu) mice. (They varied in
coat-color chimerism.) Flow cytometry analysis showed that
their thymic epithelial cells were derived from donors (EGFP+)
and they produced T cells derived from both donors (EGFP+)
and hosts (EGFP-) in peripheral blood. The scRNA-seq analysis
of thymi showed similar tSNE clusters between B6 and chimeric
mice, suggesting that normal development of T cells occurred in
complemented thymi at gene expression levels. For functional
analysis, splenicT cellsisolated fromthe chimeras were stimulated
with anti-CD3/CD28 antibodies to evaluate proliferation potential
of T cells by priming through costimulatory signals. As a result,
splenic T cells of the chimeras were proliferated normally upon
stimulation with anti-CD3/CD28 antibodies in the same manner
as those isolated from B6. In addition, EGFP+ and EGFP- splenic
T cells showed an equivalent proliferation rate in an individual
chimera. Further functional analysis is ongoing. These data
showed that thymi can be successfully complemented by
blastocyst complementation and they function physiologically
in terms of maturation and proliferation potential of T cells. Our
basic studies would be useful for realizing the generation of
humanized animals by blastocyst complementation.

Keywords: Blastocyst complementation, Thymi and T cells,
Tissue regeneration
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FUNCTIONALLY HETEROGENEOUS HUMAN
SATELLITE CELLS IDENTIFIED BY SINGLE CELL
RNA SEQUENCING
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San Francisco, San Francisco, CA, USA

Garcia, Steven - Surgery, University of California, San Francisco,
San Francisco, CA, USA

Striedinger Melo, Katharine - Surgery, University of California, San
Francisco, San Francisco, CA, USA

Tamaki, Stanley - Surgery, University of California, San Francisco,
San Francisco, CA, USA

Wong, Alvin - Surgery, University of California, San Francisco, San
Francisco, CA, USA

Lee, Solomon - Surgery, University of California, San Francisco,
San Francisco, CA, USA




Pomerantz, Jason - Surgery, University of California, San Francisco,
San Francisco, CA, USA

Although the existence of heterogeneity is recognized within
the satellite cell pool, a comprehensive understanding of distinct
subpopulations and their functional relevance is lacking. We
used a combination of single cell RNA sequencing and flow
cytometry to identify, distinguish, and physically separate
novel subpopulations of human satellite cells from multiple,
diverse uninjured muscles. We found that, although relatively
homogeneous compared to activated satellite cells and
committed progenitors, the human satellite cell pool contains
clusters of transcriptionally distinct cells. Analysis revealed
new surface marker combinations enriched in transcriptional
subclusters, including a subpopulation of human satellite
cells marked by CXCR4/CD29/CD56/CAV1 and expressing
a transcriptional signature consistent with a more quiescent
state. In vitro, CAV1+ satellite cells are characterized by a longer
time to first division and lower MyoD expression compared to
CAV1- satellite cells. In vivo, CAV1+ satellite cells demonstrated
increased engraftment potential after transplantation in mice.
Our findings provide a comprehensive transcriptional view of
normal human satellite cells describing new heterogeneity, and
enabling enrichment of a functionally distinct subpopulation
from the human satellite cell pool.

Keywords: Muscle Stem Cells, Quiescence Satellite Cells,
Transcriptome
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CRITICAL ROLE OF CRY2 FOR CIRCADIAN
REGULATION OF MYOGENIC DIFFERENTIATION

Kikyo, Nobuaki - Stem Cell Institute, University of Minnesota,
Minneapolis, MN, USA

Lowe, Matthew - Molecular Biology IDP, University of California Los
Angeles, Los Angeles, CA, USA

Lage, Jacob - Stem Cell Institute, University of Minnesota,
Minneapolis, MN, USA

Paatela, Ellen - University of Washington, Seattle, WA, USA
Munson, Dane - Mayo Clinic, Rochester, MN, USA

Hostager, Reilly - Burrell College of Osteopathic Medicine, Las
Cruces, NM, USA

Yuan, Ce - Stem Cell Institute, University of Minnesota,
Minneapolis, MN, USA

Katoku-Kikyo, Nobuko - Stem Cell Institute, University of
Minnesota, Minneapolis, MN, USA

Ruiz-Estevez, Mercedes - recombinetics, Saint Paul, MN, USA
Asakura, Yoko - Stem Cell Institute, University of Minnesota,
Minneapolis, MN, USA

Staats, James - Stem Cell Institute, University of Minnesota,
Minneapolis, MN, USA

Qahar, Mulan - Stem Cell Institute, University of Minnesota,
Minnneapolis, MN, USA

Lohman, Michaela - Veterinary School, Michigan State University,
East Lansing, MI, USA

Asakura, Atsushi - Stem Cell Institute, University of Minnesota,
Minneapolis, MN, USA

Circadian rhythms regulate cell proliferation and differentiation;
however, little is known about their roles in myogenic
differentiation. Our synchronized differentiation studies
demonstrate that myoblast proliferation and subsequent
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myotube formation by cell fusion occur in circadian manners.
We found that one of the core regulators of circadian rhythms
Cry2, but not Cry1, is critical for the circadian patterns of these
two critical steps in myogenic differentiation. This is achieved
through the specific interaction between Cry2 and Bclaf1, which
stabilizes mRNAs encoding cyclin D1, a G1/S phase transition
regulator, and Tmem176b, a transmembrane regulator for
myogenic cell fusion. Myoblasts lacking Cry2 display premature
cell cycle exit and form short myotubes due to inefficient cell
fusion. Consistently, muscle regeneration is impaired in Cry2-/-
mice. Bclafl knockdown recapitulated the phenotypes of Cry2
knockdown: early cell cycle exit and inefficient cell fusion. This
study uncovers a post-transcriptional regulation of myogenic
differentiation by circadian rhythms.

Keywords: circadian rhythm, myogenesis, muscle regeneration
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EXPANSION OF BONE PRECURSORS
THROUGH JUN AS A NOVEL TREATMENT FOR
OSTEOPOROSIS-ASSOCIATED FRACTURES

Lerbs, Tristan - Pathology, Stanford University School of
Medicine, Stanford, CA, USA

Cui, Lu - Pathology, Stanford School of Medicine, Stanford, CA,
USA

Muscat, Claire - Pathology, Stanford School of Medicine, Stanford,
CA, USA

Wernig, Gerlinde - Pathology, Stanford School of Medicine,
Stanford, CA, USA

Osteoporosis and osteoporotic fractures lead to decreased life
quality and high health care costs. Current treatments prevent
losses in bone mass and fractures to some extent but have
side effects. Therefore, better therapies are needed. This study
investigated whether the transcription factor JUN has a specific
pro-osteogenic potency and whether modulating JUN could
serve as a novel treatment for osteoporosis-associated fractures.
We demonstrate that ectopically transplanted whole bones and
distinct osteoprogenitors increase bone formation. Perinatal
JUN induction disturbs growth plate architecture, causing
a striking phenotype with shortened and thickened bones.
Molecularly, JUN induces hedgehog signaling in skeletal stem
cells. Therapeutically, JUN accelerates bone growth and healing
in a drilling defect model. Altogether, these results demonstrate
that JUN drives bone formation by expanding osteoprogenitor
populations and forcing them into the bone fate, providing a
rationale for future clinical applications.

Funding source: T.L. received a research fellowship from the
German Research Foundation (DFG)

Keywords: Bone disease, Osteoprogenitor, Fracture
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BIOACTIVE BIOMATERIAL SUBSTRATE FOR
TISSUE ENGINEERING
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Baetz, Nicholas - Research and Development, PolarityTE, Salt Lake

HSG

HARVARD
STEM CELL INSTITUTE




POSTER ABSTRACTS

City, UT, USA

Garrett, Caroline - Research and Development, Polarity TE, Salt
Lake City, UT, USA

Ifediba, Marytheresa - Research and Development, Polarity TE, Salt
Lake City, UT, USA

Johnson, Joshua - Research and Development, Polarity TE, Salt
Lake City, UT, USA

Sopko, Nikolai - Research and Development, PolarityTE, Salt Lake
City, UT, USA

Scaffold design for tissue engineering, with properties and
functions that mimic native tissues, has attracted significant
attention in recent years. There have been new developments
in this field, including the design of new biomaterials and their
composites, the development of implantable scaffolds, as well
as the understanding of cell-biomaterial scaffolds interaction.
To fully realize the potential of biomaterials, it is crucial to
have a consistent biomaterial design approach to create novel
scaffolds and other material systems suitable for tissue repair
and regeneration. Acellular substrates were manufactured
from human cadaveric tissues, which were segmented by
dissociation of the tissues in a crystalloid solution to facilitate
stimulation and release of cellular and extracellular proteins. The
solution was filtered to remove any large tissue fragments and
the remaining material was precipitated out of solution to create
a stable 3-dimensional matrix dressing that can be stored for
long-periods. The resultant product was preserved or solidified
using lyophilization. The structural and chemical properties of
the substrates were examined and revealed 3D-geometry, non-
toxic biodegradation products, tunable degradation kinetics,
mechanical properties and solubility resembling native ECM.
The protein release from these substrates could be sustained for
up to a month with retained bioactivity over time. The substrates
were tested in vitro with dermal fibroblasts, C2C12 myoblasts
and MG-63 cells. The substrates, which were made from
musculoskeletal tissues, were found to have low immunogenicity,
great cytocompatibility (high cell adhesion and proliferation) and
potential for osteoinductivity. Further in vivo testing is underway
to demonstrate that application of these bioactive substrates
enhances tissue regeneration.

Keywords: biomaterial, tissue engineering, bioactive scaffold
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CRITICALLY SIZED VOLUMETRIC MUSCLE LOSS
LEADS TO ABERRANT FIBRO-ADIPOGENIC
PROGENITOR POPULATION IN THE MOUSE
QUADRICEPS

Anderson, Shannon E - Biomedical Engineering, Georgia
Institute of Technology, Atlanta, GA, USA

Turner, Thomas - Biomedical Engineering, Georgia Institute of
Technology, Atlanta, GA, USA

Hymel, Lauren - Biomedical Engineering, Georgia Institute of
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Han, Woojin - Mechanical Engineering, Georgia Institute of
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Mohiuddin, Mahir - Biomedical Engineering, Georgia Institute of
Technology, Atlanta, GA, USA
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of Technology, Atlanta, GA, USA
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Technology, Atlanta, GA, USA

Botchwey, Edward - Biomedical Engineering, Georgia Institute of
Technology, Atlanta, GA, USA

Willett, Nick - Department of Orthopedics, Emory University,
Atlanta, GA, USA

Jang, Young - School of Biological Sciences, Georgia Institute of
Technology, Atlanta, GA, USA

Skeletal muscle’s remarkable regenerative capacity relies on
the temporal activation and regulation of immune cells, fibro-
adipogenic progenitors (FAPs), and muscle stem cells (MuSCs).
However, after a vast loss of skeletal muscle due to traumatic
injury or surgery, known as volumetric muscle loss (VML), this
coordinated regenerative response is diminished, resulting in
fibrosis, inflammation, and chronic functional deficits. The goal of
this study was to compare the temporal response and phenotype
of key cell populations, including macrophages, FAPs, and
MuSCs following critical and sub-critical VML injuries in the
mouse quadriceps. Unilateral VML injuries were used to quantify
cell type distribution via flow cytometry at day 1, 3, and 7 post-
VML (pVML, n=4 per injury size and time point). At day 7 pVML,
anti-inflammatory M2 macrophages, FAPs, and MuSCs were all
present in significantly elevated numbers per tissue volume in
critical (3-mm) injuries compared to sub-critical (2-mm) injuries
(p<0.05). Using multi-dimensional flow cytometry analysis, a
distinct sub-population of FAPs was identified in critically sized
VML injuries which had larger cell content and highly expressed
31-integrin cell-surface marker. FAPs from quadriceps at day 7
pVML (VML-FAPs) were purified using fluorescence-activated
cell sorting and cultured in vitro. VML-FAPs exhibited increased
proliferation, increased cell area, and showed elevated levels
of Bl-integrin expression. In co-culture experiments, VML-FAPs
were also shown to significantly decrease the myogenic capacity
of primary MuSCs by quantification of myotube formation
(p<0.05). When cultured with the anti-inflammatory cytokine
TGF-B1, VML-FAPs more readily responded differentiating
down a fibroblastic lineage. Taken together, these results
indicate there is a fundamental shift in the FAPs cell population
following VML, potentially driven by the accumulation of M2
macrophages, towards a lineage which is persistent, pro-fibrotic,
and anti-myogenic. The identification of this shift in VML-FAPs
will be key to development of pro-regenerative therapeutics for
VML, as success of these interventions will rely on the ability to
downregulate the fibrotic lineage of FAPs while maintaining their
traditional pro-myogenic qualities during regeneration.

Keywords: fibro-adipogenic progentiors, volumetric muscle
loss, muscle stem cells
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CANINE MESENCHYMAL STROMAL CELL
MEDIATED BONE REGENERATION IS ENHANCED
IN THE PRESENCE OF SUB-THERAPEUTIC
CONCENTRATIONS OF BMP-2 IN A MURINE
CALVARIAL DEFECT

Dobson, Lauren K - Small Animal Clinical Sciences, Texas A&M
University, College of Veterinary Medicine and Biomedical
Sciences, College Station, TX, USA

Zeitouni, Suzanne - Molecular and Cellular Medicine, Institute

for Regenerative Medicine, Texas A&M Health Science Center,
College Station, TX, USA



McNeill, Eoin - Molecular and Cellular Medicine, Institute for
Regenerative Medicine, Texas A&M Health Science Center,
College Station, TX, USA

Gregory, Carl - Molecular and Cellular Medicine, Institute for
Regenerative Medicine, Texas A&M Health Science Center,
College Station, TX, USA

Saunders, William - Small Animal Clinical Sciences, College
of Veterinary Medicine and Biomedical Sciences, Texas A&M
University, College Station, TX, USA

The dog is a strong translational model for cell-based bone
repair strategies. While human MSCs (hMSCs) undergo
osteogenesis in response to established protocols, canine MSCs
(cMSCs) exhibit little alkaline phosphatase activity or monolayer
mineralization without addition of bone morphogenic protein-2
(BMP-2) or other agonists. When compared directly to hMSCs,
cMSCs also perform poorly in vivo in the murine calvarial defect
model. These findings suggest that from both mechanistic and
clinical perspectives, cMSC and hMSC-mediated osteogenesis
may differ. We hypothesized that, in vivo, cMSC-mediated bone
healing would be improved with co-administration of a sub-
therapeutic concentration of BMP-2 and that cMSCs would not
express the BMP-2 transcript. Calvarial defects (4mm) were
created in 60-day Nu/J mice (n= 5 mice/group). Defects were
treated with either 2x106 cMSCs, sub-therapeutic recombinant
human (rh) BMP-2 (6 pg/ml), or the combination of 2x106 cMSCs
and sub-therapeutic rhBMP-2 (C+BMP-2 L) in 20 puL murine
plasma and thromboplastin C to initiate fibrin clot. A positive
control group received therapeutic rhBMP-2 (100 pg/ml) in
murine plasma on a gelatin sponge. A negative control group
(n=4) received the plasma/thromboplastin alone. At day 10,
calvarial RNA was extracted from groups that received cMSCs
for species-specific qPCR to quantify cMSCs within the defect.
At 4 weeks, mice were terminated and assessed for healing
using micro-CT and histology. Quantitative data were reported
as mean = SD and analyzed using one-way ANOVA with
Dunnetts multiple comparisons post-test. For calvarial defects
that received cMSCs, only 2-20 total cMSCs were detected in
defects at day 10, demonstrating that cMSCs within a fibrin clot
are rapidly cleared during early wound healing. While there were
differences in several groups, the largest difference in bone
volume (0.205 vs. 0.696 mm3; p=0.001) and surface area (5.06
vs. 10.29 mm2; p<0.0001) was between the negative controls
and C+BMP-2 L group, respectively. In vitro, canine BMP-2
transcription was absent in control and osteogenic cMSCs, even
with addition of BMP-2. This is the first in vivo study in support
of previous in vitro findings regarding cMSC osteogenesis,
namely that cMSCs require additional agonists to initiate robust
osteogenesis.

Funding source: CSTR Institute, Texas A&M University; Bone &
Joint Fund, Texas A&M Foundation

Keywords: canine MSCs, bone regeneration, calvarial defect
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CRISPR-CAS9 REPROGRAMMING OF HUMAN
STEM CELLS INTO MOTOR NEURONS

Davis-Anderson, Katie - Bioscience Division, Los Alamos
National Laboratory, Los Alamos, NM, USA

Micheva-Viteva, Sofiya - Bioscience Division, Los Alamos National
Laboratory, Los Alamos, NM, USA

Foster Harris, Jennifer - Bioscience Division, Los Alamos National
Laboratory, Los Alamos, NM, USA

lyer, Rashi - Analytics, Intelligence and Technology Division, Los
Alamos National Laboratory, Los Alamos, NM, USA

Twary, Scott - Bioscience Division, Los Alamos National
Laboratory, Los Alamos, NM, USA

Neuromuscular junctions (NMJs) are formed when motor neuron
axons terminate on skeletal muscle myocytes, translating nerve
impulses into physical muscle contractions. Human models of
NMJs are challenging to create because motor neurons are
terminally differentiated, preventing further growth or replication.
One solution is to differentiate stem cells into motor neurons and
while this can be accomplished using small molecules and growth
factors, it is laborious and unreliable. An alternative approach is
to genetically manipulate stem cells to express key transcription
factors required for motor neuron differentiation. Cell markers
of mature motor neurons include Isl1 and Lhx3, transcription
factors which promote motor neuron specification. The CRISPR-
Cas9 gene editing technique can be applied to human stem
cells to precisely target and modify specific DNA sequences.
Using this approach, we overexpressed specific transcription
factors required to differentiate stem cells into motor neurons.
Two strategies for lineage-directed stem cell reprograming
were applied: 1) CRISPR-Cas9 insertion of transcription factors
required for motor neuron differentiation, or 2) direct expression
of endogenous motor neuron transcription factors using
deactivated Cas9 linked to a transcription activator (dCas9-
VPR). Ideal culture conditions for the CRISPR-Cas9 edited cells
included small molecules and growth factors to reliably produce
mature, functional motor neurons. Ultimately, mature motor
neurons will be co-cultured with myocytes to establish NMJs and
functionality will be measured by electrophysiological assays.
Reliable human NMJs will be a valuable tool to investigate neural
injury, neurodegenerative disease, and provide reproducible
and robust assays for high throughput drug discovery.

Funding source: Los Alamos National Laboratory Directed
Research and Development - A CRISPR Future
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EXPLORING HUMAN STEM CELL-DERIVED
NEURONS TO EVALUATE RISK OF
DEVELOPMENTAL NEUROTOXICITY FROM
PSYCHOTROPIC DRUGS

Salmanzadeh, Hamed - Physiology and Pharmacology,
University of the Pacific, Stockton, CA, USA

Halliwell, Robert - Physiology and Pharmacology, University of the
Pacific, Stockton, CA, USA

The developing human nervous system is highly susceptible
to damage from environmental agents including heavy
metals, organophosphate pesticides, drugs-of-abuse and
pharmaceutical agents including psychotropic drugs (1).
Determining risk of neurotoxicity in humans using animal models
is unreliable. Our lab has been pioneering the study of human
stem cells as a model of neurogenesis to address development
neurotoxicity in vitro. We have previously reported on the
impact of the antiepileptic drugs phenobarbital, valproic acid,
carbamazepine and lamotrigine on human stem cell viability and
their ability to differentiate into neurons in vitro (2). We have now
extended this work by investigating the effects of gabapentin
(Neurontin) and topiramate (Topamax) on stem cell viability,
proliferation and their potential to differentiate into neurons in
vitro. Non-differentiating human TERA2.cl.SP12 stem cells were
grown in normal culture media or media plus either gabapentin
(10-1000mM) or topiramate (10-1000uM) for 3 days. Stem cells
differentiating to a neural phenotype were also cultured in the
presence of topiramate (3-300uM) or gabapentin (3-300uM) for
30 days. Neither Gabapentin nor topiramate affected stem cell
viability or cell death indicated by the Reliablue” Cell Viability and
lactate dehydrogenase assays. Topiramate decreased stem cell
proliferation after 3 days but gabapentin did not. The proportion
of human stem cells differentiating to a neural phenotype, as
indicated by 2l tubulin and MAP2 immunocytochemistry,
increased over 3 months from approximately 5% at day 10 to
over 35% at day 80 in vitro. Inclusion of topiramate in the
culture media reduced the number of b-lll tubulin+ cells in a
time and concentration-dependent manner. However, there
was no significant effect on number of b-lll tubulin+ cells after
exposure to gabapentin. These new experiments indicate that
chronic exposure to topiramate (a widely used anticonvulsant/
antimigraine agent) may have detrimental actions on the early
developing nervous system. Notably, epidemiological datais also
consistent with increased risk of developmental neurotoxicity
with topiramate. Further studies are currently underway to
address the mechanisms underlying impaired neurogenesis.

Keywords: Stem cell, Psychotropic Drugs, Neurotoxicity
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ENGINEERING A THREE-DIMENSIONAL STEM
CELL NICHE IN THE INNER EAR BY APPLYING A
NANOFIBRILLAR CELLULOSE HYDROGEL WITH A
SUSTAINED-RELEASE NEUROTROPHIC FACTOR
DELIVERY SYSTEM

Heuer, Rachel A - Department of Otolaryngology, Northwestern
University, Chicago, IL, USA

Chang, Hsiang-Tsun - Department of Otolaryngology,
Northwestern University, Chicago, IL, USA

Oleksijew, Andrew - Department of Otolaryngology, Northwestern
University, Chicago, IL, USA

Coots, Kyle - Department of Otolaryngology, Northwestern
University, Chicago, IL, USA

Roque, Christian - Department of Otolaryngology, Northwestern
University, Chicago, IL, USA

Nella, Kevin - Department of Otolaryngology, Northwestern
University, Chicago, IL, USA

McGuire, Tammy - Department of Neurology, Northwestern
University, Chicago, IL, USA
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University, Chicago, IL, USA

Although stem cell replacement therapies involving the
application of human embryonic stem cells (hESCs) to treat
sensorineural hearing loss show promise, they are hindered by
low cell survival rate post-transplantation within the inner ear.
Here, we aim to enhance the in vitro and in vivo cell survival
rate of otic neuronal progenitors (ONPs) and promote their
neuronal differentiation by generating an artificial stem cell niche
consisting of three-dimensional hESC-derived ONP spheroids
with a nanofibrillar cellulose hydrogel and a sustained-release
brain-derivative neurotrophic factor delivery system. Our results
demonstrate that transplanted hESC-derived ONP spheroids
survive and differentiate towards an otic neuronal lineage in
vitro and in vivo. In vivo, we show that these spheroids extend
neurites toward the bony wall of the cochlea. Our in vitro and
in vivo data presented here provide sufficient evidence that
we have established a robust, reproducible protocol for in vivo
transplantation of hESC-derived ONPs to the inner ear. Using
our protocol to create an artificial stem cell niche in the inner
ear, it is now possible to work on integrating transplanted
hESC-derived ONPs further, with a future goal of achieving fully
functional auditory neurons generated from hESCs. Our findings
suggest that the provision of an artificial stem cell niche is a
fruitful approach to stem cell replacement therapy for inner ear
regeneration.

Funding source: NIH KO8 Clinician Scientist Award
KO8DC13829-02, Office of the Assistant Secretary of Defense
of Health Affairs through the Hearing Restoration Research
Program (Award #: RH170013:WU81XWUH-18-0712)

Keywords: stem cell niche, stem cell replacement therapy,
inner ear
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EXPRESSION AND FUNCTION OF EXCITATORY
AMINO ACID TRANSPORTERS IN ADULT MOUSE
HIPPOCAMPAL NEURAL STEM CELLS

Rieskamp, Joshua D - Neuroscience Graduate Program, Ohio
State University, Columbus, OH, USA

Valentini, Valentina - Psychology, The Ohio State University,
Columbus, OH, USA

Bruno, John - Psychology, The Ohio State University, Columbus,
OH, USA

Kirby, Elizabeth - Psychology, The Ohio State University, Columbus,
OH, USA

Adult neurogenesis supports hippocampal learning and
memory and responds dynamically to physiological or cognitive
experience. Neurotransmitter signaling is one mechanism by
which experience can modify multiple stages of the neurogenic
cascade. Glutamate, the major excitatory neurotransmitter
in the adult dentate gyrus (DG) niche where neurogenesis
occurs, stimulates radial glia-like neural stem cells (NSCs) to
exit quiescence and supports survival and proper synaptic
development of maturing adult-born neurons. Regulation of
the glutamatergic milieu proximate to NSCs depends both on
glutamate release by local neurons such as hilar mossy cells
and subsequent glutamate clearance. Clearance functions
in most brain regions are attributed to astrocyte- or neuron-
expressed excitatory amino acid transporters (EAATs), a
class of membrane-integral proteins that mediate glutamate
removal from the extracellular space. However, within the DG
neurogenic niche, rodent adult NSCs also express EAATs. This
raises the possibility that NSCs shape their own and/or their
neighboring progeny’s glutamatergic environment, potentially
modulating stem cell quiescence/activation and adult-born
neuron integration/elimination. However, few detailed studies
of NSC EAAT expression and function exist, and whether NSC-
expressed EAATs are functionally relevant to hippocampal
physiology is unknown. Here we use multiple methods of RNA
and protein analysis to demonstrate that mouse hippocampal
NSCs express 2 of the 5 EAAT proteins, EAAT1/GLAST and
EAAT2/GLT-1, at physiologically relevant levels. Furthermore, in
vitro functional analysis demonstrates that NSCs substantially
clear extracellular glutamate in an EAAT-dependent manner.
We are currently testing whether NSC-expressed EAATs are
necessary for normal dynamics of neurogenesis in cell culture
and rodent models using pharmacological and gene silencing
methods to perturb EAAT function. These studies will advance
our understanding of brain signaling mechanisms regulating
adult neurogenesis and may elucidate new targets for restoring
altered neurogenesis associated with aging or disease.

Keywords: Neurogenesis, Neural stem cell, Excitatory amino
acid transporter
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EVALUATION OF THE DIFFERENTIATION
STATUS OF NEURAL STEM CELLS DERIVED
FROM HUMAN IPSCS

Ma, Ge - OTAT/CBER, CBER/FDA, Silver Spring, MD, USA
Abbasi, Fatima - CBER, FDA, Silver spring, MD, USA

Akue, Adovi - CBER, FDA, Silver Spring, MD, USA

Gao, Yamei - CBER, FDA, Silver Spring, MD, USA
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Sung, Kyung - CBER, FDA, Silver Spring, MD, USA

Neural Stem Cells (NSCs) can be derived from induced
Pluripotent Stem Cells (iPSCs) and then used to make cell-based
therapies for the treatment of neurodegenerative diseases. The
goal of this project is to identify methods that can be used to
evaluate the differentiation status of NSCs expanded in culture
as neurospheres or as adherent cells. When iPSC derived NSCs
are grown as neurospheres and then analyzed by flow cytometry,
the cells appear to have two distinct types of morphology. One
subset of cells has low Side Scatter (SSC) and high Forward
Scatter (FSC), the other has high SSC and low FSC. The low SSC
and high FSC cells express Notch and Sox2, two markers of
undifferentiated NSCs, and can form new neurospheres. Cells
from outside this region do not express Notch and Sox2 and
cannot form new neurospheres. In contrast, when iPSC derived
NSCs are grown as adherent cells and then analyzed by flow
cytometry, only one cell population based on SSC and FSC is
observed. Interestingly, NSCs grown as adherent cells express
Notch2 in early passages but not in later passages and as the
level of Notch2 expression decreases, the expression of beta-
Tubulin Il increases. Early passage Notch2(+) NSCs can also
more efficiently form tyrosine hydroxylase expressing cells than
Notch2(-) cells. It appears that Notch expression can be used as
a marker for undifferentiated NSCs regardless of whether they
are grown as neurospheres or adherent cells.

Keywords: Induced Pluripotent Stem Cells, human Neural Stem
Cell, Notch
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CONTROLLED ASTROGLIOGENESIS IN
CHEMICALLY DEFINED (SERUM-FREE)
CONDITIONS, BYPASSES NEUROGENESIS AND
ENABLES AUTOMATED, HIGH-THROUGHPUT
GENERATION OF ASTROCYTES FROM HUMAN
PLURIPOTENT STEM CELLS
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Translational Sciences, Rockville, MD, USA

Singec, llyas - DPI, NIH National Center for Advancing
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Astrocytes play important roles in normal brain development,
function, and various pathological conditions. Derivation of
human astrocytes from induced pluripotent stem cells (iPSCs) is
an attractive approach for disease modeling and drug discovery;
however, present protocols are variable, inefficient, and last up
to 6 months. Here, we developed a highly efficient, chemically
defined and controlled astrocyte differentiation protocol that
requires neither serum nor genetic manipulation. By identifying
and simultaneously manipulating several critical pathways, we
obtained astrocytes from iPSCs with over 90% efficiency in less
than 30 days. These cells displayed astrocyte morphologies
and expressed typical markers, whereas genes indicative of
other cell types (e.g. neurons, oligodendrocytes) were absent.
Compared to the popular dual-SMAD inhibition (dSMAD:I)
approach for neural induction, our method resulted in more
efficient generation of symmetrically dividing BLBP+ radial glial
cells within 7 days. By day 14, BLBP+ cells differentiated into
S100B+ astroglia while TUJ1+ neuroblasts were absent, followed
by NFIA expression (day 21). At day 30, strong induction of
CD44 and glutamate transporter SLC1A2 was observed. Cell
maturation over two passages then robustly induced expression
of GFAP and HEPACAM (day 50). iPSC-derived astrocytes were
capable of taking up the neurotransmitter glutamate, displayed
calcium transients, stored glycogen, promoted neuronal survival,
neurite outgrowth and synaptic activity when co-cultured with
neurons. We also utilized iPSC-astrocytes for disease modeling
(e.g. Alexander disease, Zika virus infection), high-throughput
drug screening and cell grafting experiments in mice. Lastly,
the protocol was automated using a robotic cell culture system,
which now enables the standardized production of billions of
well-characterized human astrocytes.

Keywords: ASTROCYTES, RADIAL GLIA, DRUG SCREENING
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IMPAIRED NEUROGENESIS IN THE DENTATE
GYRUS OF ADULT PARKINSON'’S DISEASE-
ASSOCIATED MUTANT VPS35 MOUSE
THROUGH STIMULATING AMYLOID PRECURSOR
PROTEIN
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Vacuolar protein sorting protein 35 (VPS35) is a core component
of the retromer complex involves in regulating protein
trafficking and retrieval. Recently, using exome sequencing, a
missense mutation, Asp620Asn (D620N), in VPS35 (PARK17)
has been identified to be a pathogenic mutation for late-onset
autosomal dominant Parkinson’s disease (PD). Although PD is
characterized by a range of motor symptoms associated with
loss of dopaminergic (DA) neurons in the substantial nigra, non-
motor symptoms such as impaired hippocampal neurogenesis
was observed in both PD patient and PD animal models caused
by multiple PD-linked genes mutation such as alpha-synuclein
and LRRK2. However, the role of VPS35 D620N mutation in
the adult hippocampal neurogenesis remains unknown. In
this study, we revealed that VPS35 D620N mutation strikingly
impaired hippocampal neurogenesis in adult transgenic mice
expressing VPS35 D620N mutation gene. Specifically, we
showed a reduction in neural stem cells pool, neural stem
cells proliferation and differentiation, retarded migration, and
impaired neurite outgrowth in the 3-month-old VPS35 D620N
mutant mice. Moreover, we found that VPS35 D620N mutation
induces the hyperphosphorylation of amyloid precursor
protein (APP) at Thr668, stimulates the luciferase activity of
APP intercellular domain (AICD) and its accumulation. Notably,
by crossing VPS35 D620N mutant with APP knockout (KO)
mice, we showed that loss-of function in APP rescues VPS35
D620N mutation-inhibited neurogenesis, migration and neurite
outgrowth. Our study provides an important evidence for
APP being the functional target of VPS35 D620N mutation in
regulating adult neurogenesis, which shed the light on the
pathogenic mechanisms in PD.

Funding source: This research was supported by the
Open Fund-Individual Research Grant of National Medical
Research Council to L. Zeng and by the Science and
Technology Planning Project of Guangdong Province
(No.2016A020215036).

Keywords: Vacuolar Protein Sorting-35 (VPS35), D620N
mutation, adult neurogenesis
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Emerging strategies to study and characterize peripheral
neuropathies in vitro involve the use of human pluripotent
stem cells (hPSCs), which can be differentiated to generate
populations of dorsal root ganglion (DRG) sensory neurons.
A more recent and promising approach for directing hPSC
differentiation towards functionally mature neurons is using
exogenous expression of Neurogenin-2 (NGN2) during the
differentiation. Here we report generation of DRG sensory
neurons using induced expression of NGN2 in hPSC-derived
neural crest progenitors. Neural crest cells were derived from
hPSCs via a small molecule approach and the migrating neural
crest cells (66% SOX10+ cells) were transduced with an inducible
lentiviral expression vector to transiently express NGN2 and
were then matured for a further 3 weeks. The induced neural
crest sensory neurons (iISNs) expressed sensory neuron markers
such as BR3NA (82% BRN3A+ cells), ISLET1 (91% ISLET1+cells),
TRKA, TRKB and TRKC, as confirmed through ICC and PCR.
Functionally, action potential firing is supported largely by
the activity of TTX sensitive sodium channels as well as high
and low voltage activated calcium currents. In the presence of
TEA, substantial impairment of action potential repolarization is
observed, in congruence with the presence of robust delayed
rectifier voltage dependent potassium currents. These results
are significant for using hPSC-derived sensory neurons for
modelling human DRG development and DRG peripheral
neuropathies.

Keywords: Sensory neuron, Differentiation, Electrophysiology
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Direct lineage reprogramming which switches cell types from
one to another using defined transcription factors (TFs) has re-
shaped traditional understandings of the epigenetic stability of
specialized cells. With rapidly increasing cell types produced
by direct reprogramming recently, this technology has become
a promising approach to study disease processes, test newly
developed drugs on human patient cells, and generate new
functional cells and tissues for regenerative medicine. Although
the technology is developing fast recently, low efficiency, slow
rate, and irreproducibility in the process of cell fate conversions
restrict its application. Native TFs are not ideal for the artificial
lineage reprogramming process. We have previously shown
that single amino acid substitutions can convert lineage
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reprogramming factors into potent inducers of pluripotency.
Therefore, these TFs are amenable to be functionally enhanced
by protein engineering. A method termed directed evolution
of reprogramming factors by cell selection and sequencing
(DERBY-seq) has been developed and used to identify artificially
evolved and enhanced TFs (eTFs) with high-performance
in pluripotency reprogramming. Several TF cocktails were
reported to trans-differentiate mouse and human somatic cells
into induced neural stem cells (iNSCs). The goal of this research
is to apply DERBY-seq to identify new eTFs based on the
reprogramming incompetent factor SOX17 that can improve the
trans-differentiation of somatic cells to iINSCs. SOX17 variants
outperformed the wild-type reprogramming factor SOX2 in iNSC
reprogramming cocktails. The application of eTFs to generate
iNSCs could be regarded as a new approach to provide adequate
cell sources for research and the therapy of neurodegenerative
diseases.

Funding source: Health and Medical Research Fund, Grant No.
260870977.096828.22600.440.01

Keywords: induced neural stem cells, direct reprogramming,
artificially enhanced transcription factors
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Human induced pluripotent stem cells (iPSC) hold great potential
for generating 2D and 3D organoid models that facilitate
the treatment of disease. In addition to molecular factors, the
extracellular matrix (ECM) is critical for maintaining iPSC survival,
pluripotency, and differentiation potential. In this work, the effects
of defined (vitronectin and fibronectin) and undefined substrates
(basement membrane extract (BME)) on the morphology of
human iPSC colonies and their differentiation potential were
assessed. Colony formation was observed for cells cultured on
all defined and undefined matrices, with colonies exhibiting tight
cell packing, smooth and clearly defined edges, and no signs
of spontaneous differentiation. Although slight differences in
cell proliferation were observed, flow cytometry assessment did
not identify significant differences in Oct-3/4 (>95%) or SSEA-1
(<1%) expression between the matrix substrates. However, the
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morphology of the iPSC colonies cultured on vitronectin differed
significantly from the colonies grown on fibronectin and Cultrex®
BME. Despite the cells being from the same line, the vitronectin-
cultured iPSC colonies were round/oval shaped whereas the
iPSC colonies grown on fibronectin and Cultrex® BME were more
irregular with many more colonies being polygonal shaped. To
investigate these differences in colony morphology, especially
the cells at the periphery of the colonies, integrin signaling
and focal adhesion kinase were assessed on different defined/
undefined substrates. The impact of defined and undefined
substrates on germ layer and terminal differentiation potential of
iPSCs were also investigated. These data stress the importance
of understanding substrate engagement with integrin signaling
pathways which may possibly lead to subtle differences in iPSC
morphology or differentiation potential. In addition, identifying
and characterizing chemically-defined surfaces for culturing
iPSCs will be beneficial for establishing consistent stem cell-
based disease models and producing clinical-grade therapeutics.

Keywords: iPSC, Extracellular Matrix, focal adhesion
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Tracing the lineage history of cells is key to answering diverse
and fundamental questions in biology. To date, lineage tracing
research has been hindered by the technically difficult and
time-consuming task of labeling and tracking individual cell
populations. Here, we present a new mouse model that can
be used to simultaneously interrogate the lineage and gene
expression information of single cells in vivo. This mouse model,
named CARLIN (CRISPR Array Repair LINeage tracing), exploits
CRISPR-Cas9 technology to generate inducible, transcribed
barcodes that can be detected in an unbiased and global manner
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in single cells. We demonstrate that CARLIN mice can be used to
generate up to 44,000 unique barcodes marking individual cells
of the mouse, and that these barcodes can be detected using
single-cell droplet sequencing. We also find that multiple pulses
of labeling can be used to enhance our understanding of tissue
phylogeny during embryogenesis. Finally, we have applied
our tools to investigate the clonal dynamics of hematopoiesis
in development and in adulthood following perturbation. First,
by labeling the earliest emerging embryonic hematopoietic
stem cells and tracing them to adulthood, we observed a bias
in the spread of HSC clones across different adult bones,
pointing toward heterogeneity in the behavior of developmental
blood progenitors. Second, we analyzed clonal dynamics of
hematopoiesis following chemotherapy-induced ablation and
observed that replenishment of the blood is largely driven by
a small number of highly active HSC clones, with the majority
of HSCs remaining quiescent. We used the gene expression
data to obtain a signature marking the active HSC clones,
demonstrating that CARLIN can be used to uncover molecular
drivers of functional heterogeneity in cellular populations. Our
work represents a new resource in lineage tracing research
and sheds light on the dynamics of stem cell differentiation in
development and in the adult following stress.

Keywords: Lineage tracing, Hematopoiesis, Functional
heterogeneity
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DEVELOPING CELL ADHESION ENGINEERING
TECHNOLOGY TO IMPROVE STEM CELL
DELIVERY TO THE SITE OF INJURY
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Stem cell therapy has advanced many fields of research in
recent years. At the forefront, an increasing number of studies
show the potential of stem cells in reversing heart remodeling
and improving the loss of heart function in cardiovascular
diseases. However, targeting therapy noninvasively has proven
to be challenging as stem cells naturally lack the ability to home
at the site of injury. In this work, we are presenting a method
for engineering stem cells to improve their homing at the site of
injury that is inflamed in nature. For this purpose, we genetically
modified cardiosphere-derived stem (CDCs) to mimic leukocytes
in their initial step of rolling and engraftment at the site of
inflammation. These modified CDCs stably express specific
glycoproteins that are essential in binding to selectin molecules
on activated neutrophils and inflamed endothelium. First, in a
series of in-vitro assays, we demonstrate that modified CDCs
act in a similar manner as neutrophils in binding to stimulated
endothelial cells under hydrodynamic conditions. Additionally,
this modification enables CDCs to form aggregates with activated
neutrophils, increasing the chance of their engraftment at the
site of inflammation. Further, we translate this work in-vivo using
a mouse model of ear inflammation. In this model, modified and
normal CDCs are intravenously injected into an animal with one
ear subjected to local inflammation while the contralateral ear
serves as a control. Tracking the cells one hour after injection



shows the localization of modified CDCs in the inflamed ear.
These primary results indicate that Glycoengineered CDCs
can be directed more efficiently to the inflamed site of injury.
Consequently, this may decrease the number of cells required
for the stem cell therapy and increase the chance of beneficial
effect at the site of injury, thus enhancing the success rate of
current and future clinical trials.

Funding source: NYSTEM, American Heart Association (AHA),
Translational Imaging Shared Resource (TISR) of the Roswell
Park comprehensive cancer center grant S10 OD016450
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Fibrosis is characterized by aberrant deposition of extracellular
matrix (ECM) and is a contributor to about 45% of deaths
worldwide. Fibrosis in the salivary gland results in salivary
hypofunction characterized by reduced saliva output or changes
in its composition, leading to poor oral and digestive health.
Current therapies for salivary hypofunction are palliative and
inefficient. Hence, regenerative strategies that would remediate
fibrosis and restore salivary gland function are an appealing
alternative. Exogenous application of mesenchymal stem
cells (MSCs) can limit fibrosis; however therapeutic effects are
transient. Scaffolds may improve therapeutic responses by
localizing MSCs near the tissue, promoting cell survival and/or
engraftment. Further, soft scaffolds (low kPa stiffness) impede
the fibrotic nature of myofibroblasts, one of the key mediators
of fibrosis and promote tissue regeneration. Ideally, scaffold-
based regenerative strategies should emulate native ECM of the
region of interest in its developmental stage and be conducive
to cell function and differentiation. Current ECM-mimicking
scaffolds, such as nanofiber mats, sponges, hydrogels and
nanofiber-hydrogel composites show promise, however, fail to
concurrently mimic the 3D topography, stiffness, or porosity of
healthy soft-tissue ECM. To address the limitations of current
scaffolding technologies, we explored an emerging technique
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— cryoelectrospinning, and scaffold chemistry to fabricate
scaffolds with minimal fibrous backbone, porous morphology,
and physiological stiffness. We demonstrated 3D stromal and
epithelial growth on our cryoelectrospun scaffolds and showed
that their coculture facilitated cell-cell interactions resembling
normal tissue structure. We further tested the feasibility of
maintaining MSC-like primary embryonic mesenchyme on
cryoelectrospun scaffolds. Our work lays the foundation to
explore the use of cryoelectrospun scaffolds for the delivery of
MSCs, to remediate fibrosis and restore salivary epithelial cell
function.

Funding source: NIH - NIDCR 1RO1DE027953-01A1

Keywords: Cryoelectrospinning - Scaffolds, Extracellular Matrix,
Fibrosis

PLACENTA AND UMBILICAL CORD
DERIVED CELLS

TSC421

INTERPLAY OF NF-KB/P21IN REGULATION OF
ADHESION AND MIGRATION OF MSCS UNDER
MICRO-ENVIRONMENTAL STRESS CONDITIONS.
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Mesenchymal stem cells (MSCs) play a promising role in cell-
based therapies due to their immunomodulatory properties
and migration abilities. Post transplantation, exposure to micro-
environmental stress conditions created by inflammation, serum
deprivation, hypoxia, etc, leads to poor survival, low retention
and reduced engraftment of MSCs, thereby reducing the
efficiency of treatment. Thus, it becomes critical to understand
the effect of micro-environmental stress conditions such as
febrile temperature, which is a hallmark of inflammation, and
serum starvation, on migration and adhesion of MSCs. In our
study, we showed that MSCs on exposure to febrile temperature
stress had significant increase in cell adhesion and spread
area along with reduction in migration speed and suppressed
directionality ratio, as evident from the cell trajectory patterns.
Adhesion and migration studies were done via cell-matrix
de-adhesion kinetics study and time-lapse live cell imaging,
respectively. Extracellular matrix genes like collagens and
vitronectin were up-regulated, while matrix metalloproteinases
like MMP-1 showed a significant down-regulation under febrile
temperature stress. siRNA mediated knockdown of NF-k(3
pathway, showed a reversal effect on gene expression pattern,
as well as on cell spreading, adhesion and migration observed
under febrile temperature stress. siRNA mediated knockdown of
NF-k3 or p53 independently suggested an inverse relationship
between p53/p21 and MMP-1 expression both at mRNA and
protein levels under febrile temperature stress while inhibition
of JNK pathway led to further down-regulation of MMP-1 gene
expression. Surprisingly, we observed that serum starvation of
MSCs showed a similar pattern of changes in gene expression,
morphology and migration as those under febrile temperature
stress and NF-k( knockdown resulted to a similar rescue
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phenomenon. Thus, our study showed that p65/p53/p21, with
a possible involvement of JNK pathway, caused repression of
MMP-1 expression under febrile temperature stress. Also, NF-
KB could be playing an important role in regulating migration
of MSCs under both febrile temperature and serum starvation
stress conditions.

Funding source: DST-SERB and UGC

Keywords: Mesenchymal Stem Cells (MSCs), matrix
metalloproteinase 1 (MMP-1), cell migration
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PROFILING HAND1 AND HAND2 EXPRESSIONS
DURING CARDIOGENESIS USING HIPSCS
Okubo, Chikako - Department of Cell Growth and

Differentiation, CiRA, Kyoto, Japan
Yoshida, Yoshinori - CiRA, Kyoto university, Kyoto, Japan

The heart is developed from heat tube to four chambers without
stopping heart beats which is achieved by spatial, temporal
expression of genes. HAND1 and HAND2 which were thought
to be expressed in left and right ventricle during development,
respectively. Recent papers with single cell RNA sequencing
revealed HAND2 is not specific for RV, but expressed
ubiquitously. On the other hand, HAND1 is expressed in LV,
and its function and regulatory mechanism are still unclear. To
analyze HAND1 and HAND2 expression in vitro and clarify their
role in cardiomyocytes (CMs), we established HAND1, HAND2
and MYHG6 triple reporter human induced pluripotent stem cells
(hiPSCs) and observed the expression dynamics of HAND1 and
HAND?2 during cardiomyocyte differentiation.
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HOW TO RIGIDLY EVALUATE DIFFERENTIATION
POTENTIALS AND MAKE THE RIGHT IPS CELL
CLONE?
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During development, transcription factors of adjacent cell
populations mutually inhibit their expression, a phenomenon
known as cross-inhibition. This operation establishes a sharp
boundary between the cell populations and lays the foundation
of multi-cellularity. Pluripotent stem cells, including iPS cells
(iPSCs), are expected to faithfully follow a certain cell fate
when directed by a developmental rationale which in turn
dictates the expression profiles of the due master regulators.
Although haploinsufficiency of transcription factors is known to
cause developmental aberrations, we pay little attention to the
expression levels of transcription factors. Using a ventral midbrain
neuronal precursor (DANP) differentiation model of human
iPSCs, we sought to tackle this problem through the inspection
of this cross-inhibition. During ventral midbrain development,
LMX1A-positive DANPs emerge juxtaposed by more dorsal cells
which are NKX6.1- or PAX6-positive. Our in-house made human
iPSC clones exhibit relatively high differentiation efficiencies to
LMX1A-DANPs, ranging between 70-90%. Importantly, one of
them, 1T47 cellline, differentiates into 90% LMX1A-, 9.5% NKX6.1-
or PAX6-positive leaving only 0.5% of the cells undefined. We
interpret this finding as an indication of the adequate functionality
of the transcription factors analyzed and, therefore, a faithful
execution of developmental rationale. We failed in observing
such quasi-total differentiation from any other iPSC clones. 1T47
clone is unique in that we performed iPSC reprogramming by
adding TET1 to the Yamanaka factors. We will discuss the effect
of TET1 on reprogramming this “new-type” iPSC by focusing on
enhancer DNA methylation.

Funding source: This work was supported by AMED (grant no.
19bk0104090h0001).
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Blastocyst implantation is a landmark event in mammalian
embryonic development. After implantation, mammalian
embryos develop inside the uterus making it difficult to
observe the developmental process and perform experimental
analysis. Therefore, molecular mechanisms of mammalian early
development are poorly understood. Recently established
in vitro implantation platforms in the mouse, human, and
cynomolgus monkey have expanded our knowledge of post-
implantation development. However, human embryos cannot be
extensively used because of ethical reasons, and these studies
show that the mechanism of early development in primates
differs from that of the mouse. Common marmoset (Callithrix
jacchus, marmoset) is an excellent model for studying primate
embryogenesis. Common marmoset is the only model which
allows access to both in vitro fertilized embryos and naturally
conceived embryos. In this study, we established in vitro post
implantation culture in the marmoset embryos. Our results show
that all embryos successfully attached to our in vitro implantation
platform. Sixteen of 33 (48.5%) embryos successfully developed
and expressed Oct4 in the epiblast and Gata6 in the hypoblast.
Although the development of these marmoset cultured embryos
was slower than in human and cynomolgus monkey, they
recapitulated the structure observed in other primates. Immuno
staining and gPCR results show that the Burachury gene, a
primitive streak marker expressed during the developmental
stage, was clearly expressed in marmoset cultured embryos. We
have observed primitive streak cells merged with GATAG positive
cells and are currently analyzing the details of differentiation
of the primitive endoderm. In the future, this in vitro marmoset
post implantation embryo culture system would be invaluable
for improving our understanding of the mechanisms of early
development.

Keywords: in vitro culture, non-human primate, implantation
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MUCIN-TYPE O-GLYCOSYLATION REGULATES
PLURIPOTENCY IN MOUSE EMBRYONIC STEM
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Embryonic stem cells (ESC) are a promising tool for regenerative
medicine and to dissect the mechanisms underlying mammalian
embryonic development. In the past decades, ESC have
been intensively studied to unravel the complex mechanisms
underlying pluripotency. Nonetheless, glycosylation role
within the pluripotency network remains largely unexplored,
hampering ESC exploitation. To address this, we performed
a preliminary evaluation by screening approximately 100
glycosyltransferases using gene silencing in mouse ESC
(mESC), followed by the alkaline phosphatase activity assay
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as an indicator of the pluripotent state. As a result, the mucin-
type O-glycosylation pathway was identified as a putative
candidate. Mucin-type O-glycosylation is characterized by the
initial addition of N-acetylgalactosamine (GalNAc) to serine or
threonine residues and, together with N-glycosylation, is the
most abundant form of glycosylation present on membrane-
anchored and secreted proteins. Previously, our and other
groups reported that mucin-type O-glycosylation is crucial during
development across different species. However, the function
of mucin-type O-glycosylation and its relation with signaling
in mESC still remains undefined. In the present study, we
identified the mucin-type O-glycosylation elongation pathway
via C1GalT1, which synthesize T antigen, as the most prominent
in mESC. Manipulation in the expression of C1GalT1 resulted in
the loss of mESC pluripotency. Furthermore, we observed that
T antigen on Wnt receptor Frizzled regulates its internalization
finely modulating Wnt signaling outcome, unveiling a novel
Wnt signaling regulatory mechanism. Our results provide the
first demonstration that mucin-type O-glycosylation regulates
mESC pluripotency by directly modulating Wnt receptor Frizzled
internalization. Our findings advance understanding of ESC
pluripotency regulation accelerating the exploitation of ESC
in both regenerative medicine and developmental biology
research.

Funding source: This work was supported by JSPS KAKENHI
Grant Number JP18K06139 and JST-Mirai Program Grant
Number JPMJMI18GB.
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Primary germ layers possess the potential to form all tissues
in the mature organism. The formation of primary germ layers
during gastrulation requires precise epigenetic modulation
of regulatory elements. However, the underlying epigenetic
mechanisms remain largely unexplored. Here, we profile the
spatiotemporal landscape of the epigenome and transcriptome
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of the mouse gastrula. We reveal the asynchronous dynamics of
proximal chromatin states during germ layer formation as well
as unique gastrula-specific epigenomic features of regulatory
elements, which have strong usage turnover dynamics and clear
germ layer-specific signatures. By using the transgenic mice
and genome editing system, we demonstrate that an ectoderm-
specific enhancer-Ect2, which executes important function
during mouse neural differentiation. Through constructing Ect2
activity-based lineage tracing mouse, we identify the potential
for direct ectoderm lineage tracing and explore the molecular
mechanisms underlying the ectoderm-neuronal developmental
trajectory. Takentogether, our study provides the comprehensive
epigenetic information for embryonic patterning during mouse
gastrulation, demonstrates the importance of germ layer-specific
enhancers in regulating the correct development of the mouse
embryo, and broadens the current understanding of mammalian
embryonic development and related diseases.

Keywords: Mouse germ layer formation, Epigenetic regulation,
Enhancer usage turnover
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TRANSCRIPTION AND METABOLISM IN
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Induced pluripotent stem cells (iPSCs) offer an unlimited source
for elucidating early embryo development as well as developing
autologous cell replacement therapies. Recent findings revealed
that mitochondrial genome (mtDNA) mutations and genomic
instability of iPSCs generated from aged donor are accumulated
compared to embryonic stem cell (ESC) conterparts, which can
lead to rejection of autologous iPSC-derived cells, tumorigenesis
and respiratory defects. Two stable pluripotent states have
been derived in the mouse; pre-implantation naive and post-
implantation primed states. The naive-to-primed transition
accompanies a pronounced metabolic switch from a bivalent to
a highly glycolytic state. During reprogramming from primed to
naive states of pluripotency, itis reported that LIF/Stat3 promotes
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mitochondrial transcription and facilitates metabolic resetting.
Thus, establishing naive pluripotent cells from the primed state
might be the key to revert the mtDNA sequence. To elucidate the
molecular pathways involved in age-dependent deterioration of
stem cell function, we have isolated parthenote-derived ESCs
and skin-tissue-derived iPSCs from mice of different ages: young
(6 to 8 weeks), middle-aged (6 months)and aged (12 to 14 months).
Immunohistochemistry of pluripotent stem cells derived from all
ages uniformly proved self-renewal capacity and pluripotency.
RNA-sequencing analysis revealed that gene expression level
responsible for defense and cytokine response in iPSCs derived
from aged mice increased compared to ESCs derived from
young mice (y-ESCs). The functional analysis of mitochondria
displayed that stem cells in primed state show poor glycolytic
rate, whereas cells in naive state show improved mitochondrial
oxidative capacity. In addition, it projected the transition of
ATP production rate with age; alongside no significant age-
associated changes in respiratory function, proton leak, and
coupling efficiency. In the current study, we have demonstrated
age-dependent characteristics of transcription and metabolism
in pluripotent stem cells. Our data potentially leads to develop
a path toward iPSCs without undesirable genetic abnormalities,
which is more desirable for cell replacement therapies.

Keywords: pluripotent stem cells, mitochondria, aging
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MAINTAINS UNDIFFERENTIATED STATE OF
HUMAN IPS CELLS
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Glycosaminoglycans (GAGs), such as heparan sulfate, chondroitin
sulfate, dermatan sulfate, and keratan sulfate, regulate signaling
pathway and cell fate decisions in pluripotent stem cells.
Hyaluronic acid (HA), one of glycosaminoglycans (GAGs), is
composed of repeating disaccharide units of glucuronic acid
(GlcA) and N-acetylglucosamine (GIcNAc). Unlike other GAGs, HA
is not sulfated naturally. We chemically synthesized low sulfated
HA (HA-LS) and highly sulfated HA (HA-HS). The effect of sulfated
HA addition to human induced pluripotent stem (iPS) cell culture
medium was analyzed, and non-sulfated HA (HA-NS) was added
to the culture medium as a control. When HA-HS was added to
the culture medium, human iPS cells maintained undifferentiated
state even without feeder and the addition of basic fibroblast



growth factor (bFGF), an essential signaling factor to maintain
undifferentiated state of human iPS cells. The increase of bFGF/
Extracellular Signal-regulated Kinase (ERK) signal activity was
observed as a result of HA-HS addition to culture medium. It was
speculated that bFGF alone which human iPS cells themselves
secreted was sufficient to maintain undifferentiated state. On the
other hand, the undifferentiated state of the human iPS cells was
not maintained when HA-NS and HA-LS were added to culture
medium, indicating that the effect to maintain undifferentiated
state was a HA-HS-specific effect. Furthermore, human iPS
cells that had maintained undifferentiated state by the HA-HS
addition could differentiate into three germ layers and maintain
pluripotency. In a competitive ELISA analysis, the binding ability
of HA-HS to bFGF was the highest among GAGs including
heparin which is known to bind to bFGF. This is the first report
to clarify the effects of sulfated HA on the culture of mammalian
pluripotent stem cells and provide a novel culture method that
can maintain human iPS cells under feeder-free and bFGF-free
conditions.

Keywords: Sulfated hyaluronic acid, FGF signaling, Human
induced pluripotent stem cell
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Zylicz, Jan J - The Danish Stem Cell Center (DanStem),
University of Copenhagen, Copenhagen, Denmark

Tjalsma, Sjoerd - Hubrecht Institute, Hubrecht Institute, Utrecht,
Netherlands

Hori, Mayako - Tokyo Institute of Technology, Tokyo Institute of
Technology, Tokyo, Japan

Ohi, Akito - Tokyo Institute of Technology, Tokyo Institute of
Technology, Tokyo, Japan

Bousard, Aurelie - Katholieke Universiteit Leuven, Katholieke
Universiteit Leuven, Luven, Belgium

Kapoor, Varun - Institut Curie, Institut Curie, Paris, France
Roensh, Julia - Institut Curie, Institut Curie, Paris, France
Raposo, Ana - Institute of Molecular Medicine, University of Lisbon,
Lisbon, Portugal

Da Rocha, Simao - Institute of Molecular Medicine, University of
Lisbon, Lisbon, Portugal

Le Saux, Agnes - Institut Curie, Institut Curie, Paris, France

Sato, Yuki - Tokyo Institute of Technology, Tokyo Institute of
Technology, Tokyo, Japan

Heard, Edith - Director Research, EMBL Heidelberg, Heidelberg,
Germany

Kumura, Hiroshi - Tokyo Institute of Technology, Tokyo Institute of
Technology, Tokyo, Japan

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. To this end
we have developed probes for tracking the accumulation of two
repressive histone modifications: H3K27me3 and H4K20mel.
We combine these reporters with live imaging of Xist non-coding
RNA in female mouse embryonic stem cells. We reveal that both
histone modifications simultaneously accumulate within hours
of Xist RNA accumulation. Allele-specific profiling of both marks
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allowed for the identification of regions most susceptible to
H4K20me1 and H3K27me3 accumulation. Strikingly, we report
that H4K20me1 marks actively transcribed genes prior to XCI.
However, upon Xist upregulation H4K20me1 accumulates
mainly at intergenic regions. While H4K20me1 and H3K27me2
accumulation pattern is distinct they both favor regions rapidly
coated by Xist. Together, striking correlations in the timing
of accumulation of both marks and their relative distribution
indicated a common molecular pathway for their targeting.
Indeed, we show that Xist B+C repeat mutant unable to recruit
Polycomb complexes not only fails to enrich H3K27me3 at the
inactive X but also does not accumulate H4K20me?1. This region
of Xist is dispensable for the initiation of gene silencing and so
is H4K20me1. All in all, we provide tools for tracking chromatin
changes in living cells and uncover the functional relevance of
specific histone modifications during early steps of facultative
heterochromatin formation.

Funding source: Novo Nordisk Foundation, ERC
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BRD9 IS A BARRIER FOR HUMAN SOMATIC CELL
REPROGRAMMING
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ATP-dependent  chromatin-remodeling complexes have
important functions in the regulation of gene expression, and
some have significant effects on reprogramming of somatic cells
to pluripotency. However, until now, the role of the recently
identified ncBAF (non-canonical BRG1-or BRM-associated
factors) complexes in reprogramming were unknown. Here, we
show that BRD9, a member of ncBAF complex, is a strong barrier
to cell fate transitions. Through an epigenetics-focused chemical
screen, we identified an inhibitor BRD9, LP99, as an enhancer
of human somatic cell reprogramming. Two structurally distinct
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BRD9 bromodomain inhibitors, I-BRD9 and BI-7273, and a
PROteolysis TArgeting Chimera (PROTAC) degrader, dBRD9,
phenocopied this effect. In addition, genetic suppression of
BRD9, by shRNAs and CRISPR-mediated knockout validated
the inhibitory effect of BRD9 on reprogramming. Importantly,
treating fibroblasts with a degrader or a bromodomain inhibitor of
BRD9 enabled reprogramming with only two-factors, OCT4 and
SOX2. In contrast, loss of bromodomain containing 7 (BRD7), a
member of the PBAF complex, did not enhance reprogramming,
suggesting a specific role for the ncBAF complex. RNA-seq
and ATAC-seq analyses demonstrated that inhibition of BRD9
results in decreased somatic cell type-specific gene expression
and chromatin accessibility at associated regulatory regions.
Together these results indicate that ncBAF complex functions
to maintain somatic cell identity, and its inhibition, lowers the
epigenetic barriers to reprogramming. Our findings highlight the
role of a newly characterized chromatin remodeling complex
in cell fate transitions and show that small molecule-based
targeting of this complex can be employed to derive human
iPSCs with high efficiency and fewer transgenes.

Funding source: The authors acknowledge Ko¢ University
Research Center for Translational Medicine (KUTTAM). K.S.
was supported by a TUBITAK BIDEB Scholarship. This work is
supported by a Newton Advanced Fellowship (U.O. and T.T.O.).

Keywords: Mechanism of reprogramming, Epigenetics and
chromatin, Induced pluripotency stem cell (iPSC)
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Mouse embryonic stem cells (MESC) derived from the inner cell
mass can give rise to ectodermal, mesodermal, endodermal
lineages but not the extra-embryonic lineages. Many efforts
have been made to establish embryonic stem cells with extra-
embryonic developmental potency through complex culture
conditions adjustment. However, whether the expanded
potency could be established through simple alternative paths
remains unknown. Here, we successfully acquired mESC with
expanded extra-embryonic potency, which can be cultured
under conventional conditions, by genomic deletion of IncRNA
GM26793 (GKO-mESC). We found that GKO-mESC exhibits both
embryonic and extra-embryonic lineage differentiation capability,
which were demonstrated by in vitro differentiation and in vivo
blastocyst chimeras. Mechanistic analyses revealed that the
deletion of GM26793 can reactivate Fgf-Erk signaling, which
further boost the expanded potency of the mouse embryonic
stem cells. Further analyses demonstrated that GM26793
could inhibit Fgf signaling through cis- but not trans-regulation.
Collectively, we provide a novel way for the establishment of
expanded pluripotent stem cell, and demonstrate the direct
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link between expanded potency and specific genomic element,
which will broaden the current understanding of stem cell
pluripotency.

Keywords: extra-embryonic lineages, GKO-mESC, Fgf-Erk
signaling
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ORGANIZED EMBRYO FROM EMBRYONIC STEM
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Early mammalian development comprises of two major
processes: development of epiblast, and development of
extraembryonic layers like trophoblast and hypoblast for
providing support to the epiblast. | am particularly curious to
understand how these very early cells of embryo decide to
become foetus or supporting cells, using mouse as a model
system. Developmental potential of Embryonic stem cell
(ESCs) known to restrict to embryo proper and hypoblast but
not trophoblast. However recent reports in the past one year
have shown that ESCs cultured in extended potential media
can form extraembryonic layers including trophoblast. However,
mechanism of such process is still unknown. In this study we
have identified one of the major signalling pathways and the
molecular players essential for attainment of the extended
pluripotent and differentiation to trophoblast lineage. We have
also identified a complex interaction between three transcription
factors regulated by small molecules leading to trophoblast
differentiation of pluripotent cells. In addition, we have derived
trophoblast cell lines and also show that the cells can contribute
to trophoblast lineage when injected into 8-cell morula. With
these mechanistic insights and few other perturbations, we
were able to self-organise preimplantation embryo like structure
solely from mouse embryonic stem cells in-vitro. We also show
that these embryo-like structures can implant and develop till
dpc 7.5.

Funding source: The work has been funded by the Council
of Scientific & Industrial Research (CSIR), India and University
Grants Commission (UGC), India.
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Embryonic stem cells are isolated from the inner cell mass of a
blastocyst. They are pluripotent and can differentiate to the three
primary germ layers. Pluripotency in ES cell is maintained by a
network of core pluripotency factors viz Nanog, Oct4 and Sox2.
Amongthe corefactors,Nanogshowsheterogeneous expression.
The mosaic expression of Nanog is observed in the epiblast of
blastocyst from which ES cells are isolated. Heterogeneous
gene expression is known to have a functional role in cell fate
decisions, which might allow a window of opportunity to direct
differentiation into a particular lineage. However, it is not known
how the heterogeneous expression of Nanog is induced and
maintained. The ectopic overexpression of Nanog in pluripotent
cells resist their differentiation, thereby embryos fail to undergo
normal embryogenesis. Hence, maintaining the expression of
Nanog in ES cells within threshold limits is essential for retention
of differentiation potential along with self-renewal. This level is
maintained in ES cell by an auto feedback repression loop. In
addition, it is known that this loop is also operational in serum-
free ‘2i LIF’ conditions. However, mechanistic details operating
for maintaining Nanog levels in this loop are poorly understood.
Nanog shows monoallelic expression when ES cells are cultured
in Serum/LIF condition. Whereas when cultured in ‘2i LIF’ it shifts
to biallelic expression. Here we have identified an elaborate
FGF signalling based autocrine/paracrine signalling loop which
regulates Nanog levels. The Fgf signalling cascade activates
downstream molecules like MEK1/2 and ERK1/2, which repress
the activity of Nanog locus. We further show that the same Fgf
signalling is essential for inducing heterogeneous expression
of Nanog in ES cells. We also show that MEK1/2 is essential
for monoallelic expression of Nanog. We suggest that MEK1/2
acts as a molecular fulcrum integrate 3 regulating paradigms of
Nanog expression in pluripotent stem cells.

Funding source: This work is funded by Council of Scientific
and Industrial Research (CSIR) and Indian Council of Medical
Research (ICMR)
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CIRCULAR RNA-MEDIATED DYSREGULATION
OF DEVELOPMENTAL GENES VIA COMPETING
ENDOGENOUS RNA NETWORK
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Turner syndrome (TS), also known as monosomy X, has
occupied 19% chromosomal abnormalities of human embryos.
Circular RNA (circRNA) is one class of competing endogenous
RNA (ceRNA) that regulates mRNA expression by acting as an
microRNA sponge. It is abundant in human embryos and has a
pivotal role in regulating the embryonic development process.
However, its role in TS embryonic development remains
unclear. We have established 3 TS patient-specific induced
pluripotent stem cell (iPSC) lines as the TS group and 3 normal
iPSC lines as the control group. Total RNA-seq, microRNA-seq
and circRNA-seq were performed to obtained the expression
profiles of mRNA, microRNA and circRNA in these cell lines.
Differentially expressed genes (DEGs) were identified between
the TS and control groups. CeRNA network was built with the
DEGs by seed match analysis based on the “circRNA-microRNA-
mRNA” regulatory module. The TS-iPSC lines have exhibited
a significantly lower efficiency in embryoid body formation
compared to the normal iPSC lines, though they still maintain the
potentials to differentiate into cell types of the three germ layers.
From the RNA-seq data, we have discovered 829 differentially
expressed circRNAs in the TS group, named “TS-circRNAs”.
Gene annotation enrichment analysis of the TS-circRNA parental
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genes showed that the top enriched GO terms are insulin
receptor binding, dystroglycan binding and Ran GTPase binding,
which are highly relevant with embryonic development. CeRNA
network analysis has builta gene regulatory network thatincludes
a number of developmental genes. The top ranking circRNA
regulatory modules include “circSHROOM2-miR3663-DIAPH2”,
“circRPS6KA6-miR4435-GLIS3” and “circFIRRE-miR139-
PRKX”. DIAPH2, GLIS3 and PRKX are key regulators of ovary,
thymus and kidney development, respectively. These findings
implicate the important roles of circRNAs in mediating ovary,
endocrine system and kidney malfunction during TS embryonic
development. In this study, we have discovered a novel panel
of TS-circRNAs associated with embryonic development, and
provided valuable insights into the underlying mechanisms of
circRNA-mediated dysregulation of ovary, endocrine system and
kidney development in TS embryos.

Funding source: This work was supported by grants from

the Guangzhou City and Liwan District Science, Technology
and Innovation Commission (201804010340, 201804013), and
The Third Affiliated Hospital of GMU Fund Project (110217103,
110217110)
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The Bcatenin is expressed in a variety of cells and is a molecule
involved in many cell kinetics. Similarly, it profoundly involved in
cellular properties in pluripotent stem cells(PSC), but its function
is known to be different in naive and primed pluripotency.
However, the detailed molecular mechanism is still unclear.The
present study aimed to elucidate the relationship between the
state of PSC and Bcatenin, and attempted to elucidate a novel
pluripotency related molecular mechanism. In the study, mouse
embryonic stem cell(ESC) and mouse epiblast stem cell(EpiSC)
were used as models for naive and primed PSC. Activation of
Bcatenin by small molecule compounds or overexpression
plasmid by using amino acid substitutions was performed.
We used microarray, in silico ChIP and Co-IP analysis were
performed to evaluate the function of Bcatenin in ESC and
EpiSC. When the activation state of Bcatenin was observed, the
amount of nuclear Bcatenin was unchanged in both. However,
activation of Bcatenin promotes maintenance of undifferentiated
in the naive state, while primed state shows a tendency to
differentiate. Therefore, we speculated about the molecules that
bind to the upstream region of the TSS of Bcatenin upregulated
genes in EpiSCs using in silico ChlP, and several pluripotency-
related genes were identified. More interestingly, Co-IP showed
that these molecules interacted with Bcatenin in EpiSCs, but
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not in ESCs. These results suggest that Bcatenin alters partner
molecules in a cell-state-dependent manner and has a strong
effect on pluripotency. We consider that the action of Bcatenin
shown in this study is a function of regulate the pluripotency
state and differentiation determination. Identifying the key
factors involved in the stability and conversion of pluripotent
states is essential for a understanding of pluripotency and could
lead to a more ideal model system for studying early human
development.

Funding source: This research was supported by AMED under
Grant Number JP20bk0104091 and by JSPS KAKENHI Grant
Number JP17K11037.
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CDK&8/19 INHIBITION TRIGGERS GLOBAL
HYPERACTIVATION OF ENHANCERS AND
STABILIZES HUMAN AND MOUSE NAIVE
PLURIPOTENCY
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Pluripotent stem cells (PSCs) can transition between cell
states in vitro, closely reflecting developmental changes in
the early embryo. PSCs can be stabilized in the naive state by
blocking extracellular differentiation stimuli, particularly FGF-
MEK signaling. Here, we report that multiple features of the
naive state in human and mouse PSCs can be recapitulated
without affecting FGF-MEK-signaling. Mechanistically, chemical
inhibition of CDK8 and CDK19 kinases removes their ability to
repress the Mediator complex at enhancers. Thus CDK8/19
inhibition increases Mediator-driven recruitment of RNA Pol ||
to promoters and enhancers. This efficiently stabilizes the naive
transcriptional program and confers resistance to enhancer
perturbation by BRD4 inhibition. Moreover, naive pluripotency
during embryonic development coincides with a reduction in
CDKB8/19. We conclude that global hyperactivation of enhancers
drives naive pluripotency, and this can be achieved in vitro by
inhibiting CDK8/19 kinase activity. These principles may apply to
other contexts of cellular plasticity.

Funding source: AGAUR
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Epigenetic regulators have important roles during embryonic
development as well as somatic cell reprogramming. We
previously showed that inhibition of DOTIL, the histone H3 lysine



79 methyltransferase, increases the efficiency of reprogramming
via regulation of lineage specific genes. However, the role of
DOT1L-interacting proteins in reprogramming remains unknown.
In this study, DOTIL interactors were identified using the BiolD
method in which a promiscuous BirA ligase (BirA*) was employed
to biotinylate DOTIL-proximal proteins. The resulting interaction
candidates were investigated for their effects on reprogramming.
Candidate genes were knocked-down in human fibroblasts
via shRNAs followed by reprogramming. Our results indicated
that knock-down of AF10 (MLLT10), significantly increased the
iPSC generation efficiency, suggesting that it acts as a barrier
to reprogramming similar to DOTIL. This finding was verified
by CRISPR/Cas9 mediated knockout of AF10. Overexpression
of AF10 reversed the effect of AF10 knockout and decreased
reprogramming efficiency. To determine how AF10 silencing
changes the gene expression, RNA-sequencing was performed
on human fibroblasts undergoing reprogramming. AF10
suppression resulted in downregulation of fibroblast-specific
genes and accelerated the activation of pluripotency-related
genes. Our analysis also demonstrated that silencing of AF10
results in gene expression changes similar to DOTIL inhibition
during reprogramming. Taken together, this study uncovered
AF10 as a novel barrier to reprogramming and contributed to
our understanding of epigenetic mechanisms that maintain cell
identity.

Funding source: TUBITAK
KUTTAM
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EFFECT OF INTERLEUKIN-7(IL-7) ON IN VITRO
MATURATION OF PORCINE OOCYTES

Oh, Dongjin - Laboratory of Veterinary Embryology and
Biotechnology, Veterinary Medical Center and College of
Veterinary Medicine, Chungbuk National University, Cheongju,
Korea

Hyun, Sang-hwan - Laboratory of Veterinary Embryology and
Biotechnology, Veterinary Medical Center and College of
Veterinary Medicine, Chungbuk National University, Cheongju,
Korea

Interleukin-7 (IL-7), a cytokine secreted mostly by stromal cells in
bone marrow and thymus, stimulates the survival, differentiation,
proliferation and development of lymphocytes. It is also a
oocyte secretion factor (OSF) that interacts with cumulus cells
and surrounding somatic cells. The purpose of this study was
to investigate the effects of IL-7 on porcine oocytes in vitro
maturation. Each concentration (O, 0.1, 1 and 10ng/ml) of IL-7
was supplemented to maturation media (TCM199-PVA) during
in vitro maturation. Porcine cumulus oocytes complexes (COCs)
were treated for 40-42 hours with and without IL-7 treatment.
Subsequently, we investigated nuclear maturation, intracellular
glutathione(GSH), reactive oxygen species (ROS) levels. As a
result, there was a significant difference in the nuclear maturation
between control group and 1ng/ml IL-7 supplementation group.
The rate of oocytes in the stage of metaphase Il was observed
on nuclear maturation from the different concentration (0O, 0.1, 1,
and 10 ng/ml) of IL-7 supplementation groups (91.6, 92.2, 97.3,
and 92.1%, respectively) compared with the control (P < 0.05).
The 1ng/ml IL-7 treated groups showed a significant (P < 0.05)
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increase intracellular GSH levels compared with other group.
The 1- and 10-ng/ml IL-7 treatment groups showed significantly
(P < 0.05) lower intracellular ROS levels compared with control
group. Based on these results, IL-7 has a good effect on nuclear
maturation and cytoplasmic maturation on porcine oocytes. As a
further experiment, parthenogenetic activation (PA) experiments
may be able to demonstrate that IL-7 aids embryo development.

Funding source: This work was supported by “the National
Research Foundation of Korea Grant funded by the Korean
Government (2020R1A2C2008276)”, Republic of Korea.
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ECTOPIC EXPRESSION OF LIMA1 IN PRIMED
PLURIPOTENT STEM CELLS ENABLES EFFICIENT
GENERATION OF MOUSE-MOUSE AND MOUSE-
HUMAN EMBRYOS

Duethorn, Binyamin J - Embryonic Self-Organization Research
Group, Max Planck Institute for Molecular Biomedicine,
Muenster, Germany

Bedzhov, Ivan - Embryonic Self-Organization Research Group, Max
Planck Institute for Molecular Biomedicine, Muenster, Germany

Pluripotency defines the ability of a cell to differentiate into
all somatic tissues and the germline. Known and described
for almost a century, pluripotency as a developmental state
has just recently been found to comprise different sub-states
- namely naive, formative and primed pluripotency, which
consequently transform into each other as embryogenesis
advances. Mouse embryonic stem cells (MESCs) reside in a
naive pluripotent state, exhibiting full developmental potential,
whereas mouse epiblast stem cells (mEpiSCs) and conventional
human induced pluripotent stem cells (hIPSCs) capture primed
pluripotency features. Characteristically and in contrast to naive
pluripotent cells, primed pluripotent cells only integrate with
low efficiency into pre-implantation mouse embryos, showing
that a poorly understood developmental barrier sets apart
the naive and primed states. Here, we identified an effector
molecule, LIMA1 (LIM domain and actin-binding 1, a.k.a. EPLIN),
that allows both mouse and human primed pluripotent cells to
trespass the developmental barrier, without inducing changes
(reprogramming) in their pluripotent state. We determined that
Limal expression is associated with naive pluripotency, both
in vitro - in mESCs, and in vivo - in blastocyst stage embryos.
We found that Lima1 function is involved in the regulation of the
energy metabolismin mESCs and is required for the maintenance
of the inner cell mass in mouse embryos. During the transition
from naive to primed state, Lima1 expression is downregulated,
following the dynamics of the bona fide naive markers such as
Nanog. Interestingly, overexpressing lima1l in both mouse and
human primed pluripotent cells allowed efficient generation of
chimeric embryos, enabling also interspecies chimerism. We
are currently investigating the molecular mechanism of Lima1
function in order to decipher the nature of this developmental
barrier. Our ongoing analyses point to a mechanism that
comprises of LIMAl-mediated mechanobiological changes
in the cytoskeleton that affect the metabolic and epigenetic
status of the primed cells, altogether directing their potential for
integration into host embryos.
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Funding source: German Research Foundation (DFG)
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Keywords: LIMA1/EPLIN, Chimerism, Blastocyst
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EX VIVO EVALUATION OF HUMAN HEPATOCYTE
PLASTICITY

Nie, Yunzhong - Department of Regenerative Medicine,
Yokohama City University, Yokohama, Japan

Zheng, Yun-Wen - Department of Advanced Gastroenterological
Surgical Science and Technology, University of Tsukuba, Tsukuba,
Japan

Taniguchi, Hideki - Division of Regenerative Medicine, The Institute
of Medical Science, The University Of Tokyo, Tokyo, Japan

Hepatocyte plasticity, i.e., the ability to convert into proliferation
progenitor cells with bi-potential differentiation capacity to
replace a lost liver mass, is essential for the homeostasis
and regeneration of the liver. So far, the plasticity of human
hepatocytes has not been evidenced. Here, we established a
method to evaluate the plasticity of human hepatocyte ex vivo.
After six days of induction, we found that human hepatocyte
can be reprogrammed into a proliferation statue with hepatic
progenitor characteristic. Moreover, these progenitor cells can
be differentiated into cells with a typical hepatic morphology and
albumin production, and also developed into a cyst structure
with an up-regulated expression of cholangiocyte signatures.
Thus, this study demonstrates the plasticity of human hepatocyte
ex vivo and provides a useful tool for further study of liver
regeneration in humans.

Keywords: Hepatocyte plasticity, Hepatic progenitor cell, Bi-
potential differentiation capacity
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ESTABLISHMENT OF A NOVEL CELL FATE
CONVERTING MODEL TOWARDS FUNCTIONAL
INSULIN-PRODUCING CELLS FROM ENDOCRINE
PROGENITOR CELLS LINE TEC-3P AND SOMATIC
CELLS

Matsumoto, Masahito - /BB, Tokyo Medical and Dental
University, Tokyo, Japan

Okazaki, Yasushi - Diagnostics and Therapeutics of Intractable
Diseases, Intractable Disease Center, Juntendo University, Tokyo,
Japan

Itaka, Keiji - Department of Biofunction Research, Tokyo Medical
and Dental University, Tokyo, Japan

The reprogramming of somatic and stem cells into pancreatic
B cells is a promising approach for curing type | diabetes as a
cell replenishment therapy. Pancreatic acinar, duct and alpha
cells can transdifferentiate into 3 cells in vivo. Instead of limited
these cells in vivo, however, a large pool of somatic cells such as
fibroblasts is needed for the feasible therapy as a resource, and
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cell fate converter into direct (3 cell reprogramming remains to be
uncovered in vitro in the context of potential future therapy for
all T1D patients. We found, however, that no induction of insulin
in murine embryonic fibroblasts (MEFs) by above 3 factors. Here
we propose a hypothesis in which other cell fate key driver might
be involved in MEFs-derived cell reprogramming. To address
this, we have established a novel cell line, Tec-3p which is very
likely immature endocrine progenitors. We have also developed
the lineage-tracing model from endocrine progenitors to beta
cells in dual-labeled transgenic mice expressing eGFP and
DsRed2 driven by the Ngn3 and insulin promoters. Integrative
screening analyses with our unique models has performed to
identify potential key factors such as growth factors facilitating
beta cell differentiation from progenitors mediated by Notch
signaling. Moreover, we found that these factors accelerated
the differentiation through the downregulation of Neurog3 gene
expression through epigenetic control, indicating that chromatin
remodeling mediated epigenetically by coordinating the
integrative Notch and ErbB signaling contributes to progenitor
maintenance and pancreatic endocrine cell fate determination
together with potent cell fate converters we identified. Therefore,
we propose herein a potential therapeutic approach towards
T1D.

Funding source: KAKENHI, Grant-in-Aid for Challenging
Exploratory Research JP18K19591, JP16K45678., Agency for
Medical Research and Development (AMED, A260TS) and
Kawano Masanori Memorial Foundation for Promotion of
Pediatrics.

Keywords: differentiation, reprogramming, endocrine cells
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NON-CANONICAL FUNCTIONS AND NOVEL
ISOFORM OF DNA METHYLTRANSFERASE 3-LIKE
IN GERM CELLS AND BEYOND

Lin, Shau-Ping - Institute of Biotechnology, National Taiwan
University, Taipei, Taiwan

Chang, Jen-Yun - Institute of Biotechnology, National Taiwan
University, Taipei, Taiwan

Yeh, Vihan - Institute of Biotechnology, National Taiwan University,
Taipei, Taiwan

Tsai, Yi-Tzang - Institute of Biotechnology, National Taiwan
University, Taipei, Taiwan

Yu, Yoyo - Institute of Biotechnology, National Taiwan University,
Taipei, Taiwan

Namekawa, satoshi - Division of Reproductive Sciences, Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH, USA

Hu, Yueh-Chiang - Division of Reproductive Sciences, Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH, USA

DNA methyltransferase 3-like (DNMT3L) is one of the key
epigenomic modulators that, despite not having DNMT
enzymatic activity by itself, is critical for setting up parental origin
specific imprinting marks as well as providing proper silencing
of transposable elements (TEs) after the dramatic epigenomic
reprogramming event in primordial germ cells. In this proposed
presentation, we will go through our decade long effort in
identifying DNMT3L’s molecular function beyond facilitating




de novo DNA methylation; DNMT3L’s expression beyond
embryonic male germ cells, female germ cells in developing
follicles and embryonic stem cells; the phenotypes of Dnmt3| KO
mice beyond infertility. We recently identified novel isoforms of
DNMT3L in postnatal male germ cells and the implications of
their interaction with piRNA pathway in modulating TEs in post-
transcriptional gene silencing level. Beyond the germ lines, we
demonstrate how DNMT3L legacy is important for preventing
premature aging in cultured fibroblasts and multipotent
mesenchymal stromal cells. Ectopic expression of DNMT3L,
on the other hand, is capable of halting senescence partly
through triggering DNMT3L-DNMT3A-KAP1-SETDBA-HDAC1
complex formation and silencing of TEs by H3K9me3, as well as
collaborating with PRC2 complex to maintain H3K27me3 mark
on aging associated derepressed genes. The importance of
DNMT3L modulated homeostasis in germ cells and beyond will
be discussed in detail.

Funding source: Ministry of Science and Technology, Taiwan;
National Taiwan University

Keywords: Epigenetics, piRNA, DNMT3L, germ cells, MSCs,
aging, senescence
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SINGLE CELL QUANTIFICATION OF ATP
CONCENTRATION IN LIVING MOUSE
HEMATOPOIETIC STEM CELLS IDENTIFIES
A STEM CELL-SPECIFIC PLASTICITY OF ATP
PRODUCTION

Takubo, Keiyo - Stem Cell Biology Project, National Center for
Global Health and Medicine Research Institute, Tokyo, Japan
Kobayashi, Hiroshi - Stem Cell Biology Project, National Center for
Global Health and Medicine Research Institute, Tokyo, Japan
Watanuki, Shintaro - Stem Cell Biology Project, National Center for
Global Health and Medicine Research Institute, Tokyo, Japan

Metabolic dynamics control the fate of hematopoietic stem and
progenitor cells (HSPCs). Despite its importance, the metabolic
difference between hematopoietic stem cells (HSCs) and
progenitors is yet unclear due to paucity of methods that can
quantitatively measure metabolic profile. For instance, to what
extent each of the HSPC fraction depends on glycolysis and
mitochondrial oxidative phosphorylation (OXPHQOS) is still an
open question. Adenosine triphosphate (ATP) plays a central
role in metabolism and kinetics of which represents metabolic
status inside cells. We took advantage of ATP biosensor-
knock-in mice to quantify ATP concentration ([ATP]) within the
HSPC fraction with high temporal resolution at single cell level
thereby examining how HSPCs adapt to nutrient environment,
cell-cycle status and metabolic perturbation. We first examined
the dependence on glycolysis and OXPHOS within the HSPC
fraction by measuring [ATP] following pharmacological inhibition
under a nutrient-deficient condition. Inhibition of glycolysis
by 2-deoxy-D-golucose (2-DG) resulted in rapid reduction of
[ATP] in Lineage-negative c-Kit+ Sca-1- myeloid progenitors
(MPs) while HSCs and common lymphoid progenitors exhibited
slower ATP reduction rate. Inhibition of OXPHOS by oligomycin,
by contrast, led to rapid decrease in [ATP] either in HSCs or in
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progenitors, contrary to the previous notion that HSCs depend
more on glycolysis than progenitors. Among the HSPC fraction,
only HSCs restored ATP production by adding glucose upon
OXPHOS inhibition, suggesting that HSCs but not progenitors
plastically accelerate glycolysis to compensate for decrease in
OXPHOS-dependent ATP production. We then tested whether
the glycolytic acceleration could occur in a situation where
ATP requirements have increased in vivo. In HSCs after 5-FU
treatment, ATP levels greatly decreased by 2-DG treatment than
that of the PBS-administered group, suggesting that activated
HSCs accelerate glycolytic ATP production in vivo. We searched
for chemical compounds that inhibit glycolytic acceleration in
HSCs upon OXPHOS inhibition and identified that inhibitors for
AMPK or PFKFB3 reduced [ATP] in oligomycin-treated HSCs.
Collectively, HSCs plastically upregulate the glycolytic ATP
production in a demand-driven manner.

Funding source: AMED, JSPS/MEXT

Keywords: stem cell metabolism, single cell analysis,
hematopoietic stem cell
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CD62L EXPRESSION LEVEL DICTATES THE CELL
FATE OF COMMON MYELOID PROGENITORS
AND GRANULOCYTE-MONOCYTE PROGENITORS
BOTH IN MICE AND HUMAN

Ito, Yusuke - Hematology and Oncology, Graduate School of
Medicine, The University of Tokyo, Hongo, Bunkyo-ku, Japan
Nakahara, Fumio - Hematology and Oncology, Graduate School of
Medicine, The University of Tokyo, Hongo, Bunkyo-ku, Japan
Kagoya, Yuki - Hematology and Oncology, Graduate School of
Medicine, The University of Tokyo, Hongo, Bunkyo-ku, Japan
Kurokawa, Mineo - Hematology and Oncology, Graduate School of
Medicine, The University of Tokyo, Hongo, Bunkyo-ku, Japan

Hematopoietic cells are hierarchically differentiated from
hematopoietic stem cells through several progenitors. Recent
studies showed each progenitor population has substantial
heterogeneity and some of the subsets have skewed
differentiation potential. However, it has not been elucidated
when common myeloid progenitors (CMPs) and granulocyte-
monocyte progenitors (GMPs) acquire different fates. We
thoroughly explored surface markers with heterogeneous
expression patterns in the GMP population by using publicly
available single cell RNA-seq data and identified CD62L as a
candidate to refine the differentiation potential of CMPs and
GMPs. At CMP level, CD62L expression was widely distributed.
When CMPs were divided into low, middle and high CD62L
expression, colony forming-cell assay showed CDG62L-high
CMPs only produced granulocytes and macrophages in mice
and human. Liquid culture assay in mice showed CD62L-low
CMPs differentiated into GMPs and megakaryocyte-erythrocyte
progenitors (MEPs), however CD62L-high CMPs only produced
GMPs. Also, single-cell RNA-seq data of murine and human
samples showed CDG62L-low CMPs exclusively had gene
expression profiles characteristic of CMPs. These data suggest
that CD62L-high CMPs are restricted to GMP potentials. At GMP
level, CD62L showed trimodal expression patterns: negative,
low and high. Colony forming-cell assay in mice showed CD62L-
negative GMPs partially had CMP potentials and single-cell RNA-
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seq data supported this finding, suggesting that the bona fide
GMPs were restricted to CD62L-low to high GMPs. Furthermore,
CD62L-low GMPs produced granulocyte colony (CFU-G) 73.2
*+ 6.1% and macrophage colony (CFU-M) 17.4 + 3.3%, whereas
CD62L-high GMPs produced CFU-G 46.6 + 1.7% and CFU-M
429 + 2.7%. CD69 showed similar patterns and co-staining of
CD62L and CD69 further discriminated neutrophil- or monocyte-
skewed subpopulations; CD62L-low/CD69-low GMPs mostly
produced CFU-G (84.1 + 1.5%), whereas CD62L-high/CD69-
high GMPs mainly produced CFU-M (65.1 + 9.1%). Moreover, in
vivo transplantation assay showed murine CD62L-low GMPs
produced more neutrophils (95.3 £ 2.1%) than bulk GMPs (82.0
+ 4.9%). In summary, CD62L expression refines the definition of
CMPs and GMPs, which elucidates the differentiation mechanism
of myeloid cells in more detail.

Keywords: Common myeloid progenitor (CMP), Granulocyte-
monocyte progenitor (GMP), CD62L
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NOTCH REGULATES THE FATE OF HUMAN
SKELETAL MUSCLE PROGENITORS VIA
PROSTAGLANDIN EP2 RECEPTOR

Sakai-Takemura, Fusako - Department of Molecular Therapy,
National Center of Neurology and Psychiatry, Kodaira, Japan
Nogami, Ker’ichiro - Department of Molecular Therapy, National
Center of Neurology and Psychiatry, Kodaira, Japan

Elhussieny, Ahmed - Department of Neurology, Faculty of
Medicine, Minia University, Minia, Egypt

Maruyama, Yusuke - Department of Molecular Therapy, National
Center of Neurology and Psychiatry, Kodaira, Japan

Aoki, Yoshitsugu - Department of Molecular Therapy, National
Center of Neurology and Psychiatry, Kodaira, Japan

Takeda, Shin’ichi - Department of Molecular Therapy, National
Center of Neurology and Psychiatry, Kodaira, Japan
Miyagoe-Suzuki, Yuko - Department of Molecular Therapy,
National Center of Neurology and Psychiatry, Kodaira, Japan

Understanding how proliferation and differentiation of skeletal
muscle progenitors are regulated is essential for establishing
cell transplantation therapies for Duchenne muscular dystrophy
(DMD). We found that DAPT, an inhibitor of Notch signaling,
promotes the fusion of human skeletal muscle progenitors in vitro
and improves their engraftment into the tibialis anterior muscle
of immunodeficient mice. To understand the mechanisms by
which Notch regulates proliferation and differentiation of muscle
progenitors, we investigated which genes were up-regulated or
down-regulated in muscle progenitors by DAPT treatment. RNA-
seqanalysisrevealed that PTGER2, which encodes prostaglandin
E2 receptor 2 (EP2), was significantly down-regulated by
DAPT treatment. Functional analysis of EP2 using inhibitors,
overexpression, and shRNA-mediated knockdown showed that
Notch signaling inhibits the differentiation of skeletal muscle
progenitors via PGE2/EP2 signaling. Interestingly, inhibitor
experiments suggested that another signaling pathway other
than the cAMP/PKA pathway regulates the cell fate of skeletal
muscle progenitors downstream of Notch/PGE2/EP2.
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Keywords: skeletal muscle progenitors, differentiation and
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IN VITRO RECORDING OF PROPAGATING
ACTION POTENTIAL ALONG SENSORY AXON
WITH HIGH DENSITY MICROELECTRODE ARRAY

Shimba, Kenta - School of Engineering, The University of Tokyo,
Bunkyo-ku, Japan

Kotani, Kiyoshi - RCAST, The University of Tokyo, Meguro-ku,
Japan

Jimbo, Yasuhiko - School of Engineering, The University of Tokyo,
Bunkyo-ku, Japan

In vitro models of neurodegenerative disorder are promising for
developing novel medical treatment. A lot of model using iPS
cell derived central nervous system (CNS) neurons have been
developed. However, little is known about sensory neurons, and
myelination and subsequent increase of conduction velocity.
Here, we aim to develop a new method for evaluating salutatory
conduction from myelinated sensory axons. First, sensory
neurons and Schwann cells were cultured on high-density
microelectrode array (HD-MEA) chips. Myelin sheath formation
was induced by adding ascorbic acid in culture medium, and
was confirmed with immunocytochemistry with antibodies for
myelin-related proteins. Spontaneous activity was induced by
capsaicin stimulation and recorded with HD-MEAs. Axonal signal
was detected from averaged extracellular signal by triggering
somatic activity. Instantaneous and mean conduction velocity
was calculated from propagating action potentials. As a result,
we observed that action potential propagated along axon more
than 2 mm, which is much longer than propagation of CNS
neurons. Mean conduction velocity was 0.1-0.5 m/s, suggesting
normal conduction along unmyelinated fiber. As a next step, we
try promoting myelin sheath formation. Our method is suitable
for evaluating conduction properties of sensory axons.

Funding source: This study was partially supported by
JSPS KAKENHI (19H05323, 19H04437), and Murata Science
Foundation.

Keywords: Sensory neuron, High-density microelectrode array,
axon
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EVALUATING THE EFFECT OF HYPOXIA ON
HUMAN FETAL NEURAL STEM CELLS IN VITRO

Dey, Devanjan - Department of Biochemistry, All India Institute
of Medical Sciences Delhi (AlIMS), New Delhi, India
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Neuroscience, National Brain Research Centre, Manesar, India
Jaiswal, paritosh - Department of Molecular and Cellular
Neuroscience, National Brain Research Centre, Manesar, India



Sharma, Jai - Department of Obstetrics and Gynaecology, All India
Institute of Medlical Sciences, New Delhi, India

Chattopadhayay, Parthaprasad - Department of Biochemistry, All
India Institute of Medical Sciences, New Delhi, India

Sinha, Subrata - Department of Biochemistry, All India Institute of
Medlical Sciences, New Delhi, India

Sen, Sudip - Department of Biochemistry, All India Institute of
Medical Sciences, New Delhi, India

Fetal neural stem cells (FNSCs) can differentiate into neuronal
and glial lineages. “Physiological hypoxic condition” influences
their growth and differentiation. We wanted to evaluate the
effect of hypoxia on FNSCs. In this study, we expose Fetal
Neural Stem Cells (FNSCs) to various grades of hypoxia (20%,
6%, 2% and 0.2%) and evaluate their cell fate after hypoxia. With
Ethics Committee clearance and informed consent, aborted
fetuses were collected from the Department of Obstetrics and
Gynaecology, AlIMS, New Delhi. FNSCs were isolated from the
sub-ventricular zone of the fetal brain and expanded in culture.
FNSCs were exposed to various oxygen concentrations (20%,
6%, 2% and 0.2%) for 48 hours and a panel of hypoxia markers
(CA9, PGK1 and VEGF) validated exposure to hypoxia by qPCR.
Annexin V assay was used to evaluate cell death. Microarray was
done using Agilent platform to study differentially expressed
genes between normoxic and hypoxic FNSCs. GeneSpring
GX and MetaCore software were used to analyze data. Nestin
and Sox2 expression were detected in isolated FNSCs by
immunocytochemistry and flowcytometry. The expression of
CA9, VEGF and PGK1 were found to be up regulated in hypoxic
FNSCs by gPCR. Hypoxia did not cause cell death in FNSCs.
It was observed that genes related to neurogenesis were
getting enriched in FNSCs exposed to hypoxia in the microarray
analysis. The pathway analysis of these enriched genes showed
that WNT signaling played a role in determining the cell fate
of FNSCs. Validation of the microarray analysis showed that
early neuronal markers DCX and ACSL1 were upregulated in
FNSCs exposed to hypoxia whereas markers for gliogenesis
were downregulated. It was also observed that canonical WNT
pathway was upregulated in FNSCs exposed to hypoxia by
QPCR. Thus, it was concluded that when FNSCs were exposed
to hypoxia, they were getting primed for neuronal lineage and
not towards glial lineage.

Funding source: Department of Biotechnology, Government of
India

Keywords: Neural Stem cells, hypoxia , Neurogenesis, Wnt,
Neural Stem cells, hypoxia , Neurogenesis, Wnt, Neural Stem
cells, hypoxia , Neurogenesis, Wnt
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MOGRIFY: A UNIVERSAL CELL
REPROGRAMMING PLATFORM TO TRANSFORM
THE DEVELOPMENT OF LIFESAVING CELL
THERAPIES

Serrano, Felipe - Cell Technologies, Mogrify Ltd, Cambridge, UK
Moreno-Moral, Aida - Cell Informatics, Mogrify Ltd, Cambridge, UK

Ballester, Pepe - Cell Technologies, Mogrify Ltd, Cambridge, UK
Moignard, Vicki - Cell Technologies, Mogrify Ltd, Cambridge, UK
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Santos, Rodrigo - Cell Technologies, Mogrify Ltd, Cambridge, UK
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Gough, Julian - Cell Informatics, Mogrify Ltd, Cambridge, UK

Despite major investment in the field, few cell therapies have
gained regulatory approval with limited commercial success.
The success of therapeutic products is defined by three factors:
safety, efficacy and scalability. Achieving these for cell therapy
presents new challenges; overcoming transplant rejection (and
GVvHD in the case of immune cells), producing and culturing
functional cells and developing an off-the-shelf therapy with a
scalable manufacturing process. Gene editing technologies
are paving the way towards allogeneic safety with nhumerous
developments towards “universal donor cells”. However, such
progress would be almost idle without the possibility to produce
and culture functional cells at scale. Underpinned by a decade
of development through an international research effort,
Mogrify has developed a computational approach powered
by genetic, proteomic and epigenetic data to systematically
control the cellular transcriptomic network underlying cellular
identity. This platform can identify key factors required to
culture or convert any cell type to any other cell type, a process
called transdifferentiation. We have applied Mogrify to 173
human cell types and 134 tissues, defining an atlas of cellular
reprogramming including both known transcription factors
used in transdifferentiation and new ones, never implicated in
these cellular conversions. Mogrify in silico predictions have
been validated in vitro in over 20 cell conversions, including the
generation of endothelial cells, astrocytes and cardiomyocytes.
We present the latest advances in our prediction technology,
as well as new data on our internal cell therapy programs,
aiming to develop new therapies for blood, immune, eye and
musculoskeletal indications.

Keywords: Transdifferentiation, cell reprogramming platform,
cell identity
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APPROACHES TO THE GENERATION OF FELINE
INDUCED PLURIPOTENT STEM CELLS USING
SENDAI VIRUS VECTORS
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Technology (AIST), Tsukuba, Japan

Sugiura, Kikuya - Department of Advanced Pathology, Graduate
School of Life and Environment Sciences, Osaka Prefecture
University, Izumisano, Japan

Establishment of feline induced pluripotent stem cells (fiPSCs)
would enable us to differentiate various cells for use in veterinary
regenerative medicine. However, there are very few reports on
the generation of fiPSCs. Known iPS cells have been generated
using a lentivirus vector but fiPSCs without gene insertion have
not been reported yet. Sendai virus vector (SeVdp (KOSM)302L),
which expresses exogenous genes without genomic insertion
and can be automatically erased by the microRNA-302 (miR-
302) expressed in PSCs, can be used to effectively generate
human iPSCs. We have successfully generated canine iPSCs
using this vector. In this study we attempted to generate fiPSCs,
free from exogenous and integrated DNA, from feline embryonic
fibroblasts, using SeVdp (KOSM)302L. We could establish three
fiPSC lines by co-culture with mouse fetal fibroblasts (MEFs).
All iPSC colonies showed flat morphology similar to human
iPSCs. The cell lines were maintained for several passages by
dissecting colonies into a number of small clumps by mechanical
slicing. They showed alkaline phosphatase activity and RT-
PCR confirmed the expression of SeVdp genes in all cell lines.
However, immunostaining showed a mixture of SeVdp-positive
and -negative cells in the same colony. To isolate SeVdp-
negative cells, the resulting fiPSC colonies were enzymatically
separated into individual cells and cultured in Cellartis® DEF-
CS™ 500 Culture System without MEFs (single-cell culture). As a
result, a total of 27 clones were generated from fiPSC colonies.
All of these clones tested positive for alkaline phosphatase
activity. RT-PCR confirmed the expression of the SeVdp gene
in all clones. In conclusion, using SeVdp (KOSM)302L, we were
able to reprogram feline embryonic fibroblasts without genome
insertion; however, Sendai virus was not completely removed.
Further studies are needed to generate exogenous and
integrated DNA free fiPSCs.

Funding source: This work was supported by JSPS KAKENHI
Grant Numbers JP18K19273 and JP18H02349.
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vector
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EFFICIENT GENERATION OF CANINE INDUCED
PLURIPOTENT STEM CELLS FROM PERIPHERAL
BLOOD MONONUCLEAR CELLS USING A SMALL
MOLECULE COCKTAIL
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Induced pluripotent stem cells (iPSCs) are expected to provide
new cell sources for development of regenerative medicines
and genetic disease models in the veterinary field. Canine
peripheral blood cells (PBMCs) are advantageous because they
are noninvasive and easily obtained from blood samples of
healthy donors and patients. However, it is difficult to generate
canine iPSCs (c-iPSCs) from PBMCs owing to their very low
reprograming efficiency. For efficient generation of c-iPSCs from
PBMCs, we used a Sendai virus vector, SeVdp (KOSM)302L,
which has a high gene transfer efficiency. Furthermore, we
determined its reprograming efficiency in combination with small
molecules. We found that c-iPSCs can be efficiently generated
from PBMCs on feeder cells using Stemfit® supplemented with
leukemia inhibitory factor (LIF) and a small molecule cocktail
(Y-27632, PD0325901, CHIR99021, A-83-01, Forskolin, and
L-Ascorbic acid). We generated five c-iPSC lines in Stemfit®
supplemented with LIF. The SeVdp(KOSM)302L viral vectors
were silenced automatically in four c-iPSC lines. The c-iPSC lines
were positive for alkaline phosphatase activity and expressed
pluripotent markers, including OCT3/4, NANOG, and SSEA1, as
determined by immunocytochemistry. The c-iPSCs were able
to form embryoid bodies and differentiate into all three germ
layers, as indicated by expression of the endoderm marker
SOX17 and mesoderm marker DESMIN and ectoderm marker
TUBB3. Consequently, we achieved more efficient, noninvasive,
and easy generation of canine iPSCs from PBMCs. In conclusion,
our method presents several advantages to be used for the
development of clinical research tools for regenerative medicine
and pathological elucidation.

Funding source: This work was supported by JSPS KAKENHI
Grant Numbers JP18K19273 and JP18H02349.
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The transcriptional and epigenetic status restricts the self-
renewal ability and lineage specificity of the naive and primed
mouse embryonic stem cells (mESC). CRISPR/Cas9-based
functional screening coupled with single cell RNA-seq (CROP-
seq) establishes relationships between gRNA-mediated
knockout genotypes and transcriptome phenotypes, and is
a novel tool to unravel gene regulatory networks. Here, we
used CROP-seq approach to dissect the transcriptional and
epigenetic regulation of the pluripotency network in mESCs.
This highly sensitive and efficient method identified key genes
for acquisition of and exit from pluripotency, and uncovered a
novel role for H3K36me2 and H3K27me3 in mESC pluripotency
state transition. We found that loss of Nsd1-mediated H3K36me2
led to delayed naive state exit while loss of Ezh2-mediated
H3K27me3 promoted transition to primed state. Together,
our study reveals an epigenetic-transcription factor regulatory
network that determines mESC state transition.

Keywords: Single-cell CRISPR screen, stem cell state transition,
epigenetic modification
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Induced pluripotent stem cells or iPSCs are produced by forced
expression of four ectopic reprogramming genes, which reset
the epigenomic status of somatic cells. One of those epigenomic
events is termed X chromosome reactivation (XCR). XCR erases
Xi-heterochromatin marks and activates transcription from Xi
allele. The reversed phenomena, X chromosome inactivation
(XCI) during development/differentiation was studied well. XCI
is a stepwise event, which starts from Xist RNA expression,
and spreading the whole chromosome while establishing the
heterochromatin marks. It was believed that XCR is in the late
phase of reprogramming, considered to correlate to pluripotency.
However, the detail mechanism, whether it’s a stepwise process
or whether it has the specific starting locus like XCI still remains
unclear. Here, we investigate how XCR proceed related to these
questions. As a first step, we tried to establish a quantitative
method to detect transcription of any genes in X chromosome.
To distinguish 2 alleles using SNPs, Mus Musculus C57/BL6J (B6)
and Mus Spretus (Sp) are crossed to obtain the hybrid embryonic
fibroblast (MEFhs). We designed TagMan probe which can
specifically recognize the target SNPs of B6-allele or Sp-allele
on X chromosome and labelled with different color for RT-gPCR.
Conclusively this system, named SNP cDNA typing, enable us to
quantify X chromosome status between two alleles. Next, MEFhs
were reprogrammed and iPSCs with different XCR status in a time
course were isolated with confirmation by SNP cDNA typing. We
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applied those sets of iPSCs to allele-specific RNA-seq, to know
how reactivation of Xi allele proceeds in fact. Contrary to the
previous studies, we found that XCR started in relatively early
phase of reprogramming and gradually proceeded. Moreover
transcriptional activation starts when still Xist RNA expression
is observed. Interestingly, transcriptional activation reproducibly
started from one specific 0.5 Mb region and spread to the
whole chromosome. The region is totally different from Xist, or
X-Controlling center which are important for XCl. Those results
suggest that XCR occurs in stepwise manner, starting from one
identical region, and spreading to whole chromosome as XCI
does. However, the regulation of XCR is distinct from XCI, XCR
dynamics is not just the reversal of XCR.

Keywords: iPSCs, epigenetics, X Chromosome Reactivation
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Pluripotency of cells is divided into primed and naive states.
In general, cells in naive state such as mouse pluripotent
stem cells, are comparatively undifferentiated and therefore
have a better differentiation ability than primed state such as
human pluripotent stem cells. Both types of pluripotency are
considered useful for regenerative medicine, especially cells
in naive state may be useful in saving endangered species, as
they can differentiate into germ cells. Although some studies
reported the generation of primed canine induced pluripotent
stem cells (ciPSCs), the reprogramming efficiency was very low.
Therefore, it is necessary to improve the low reprogramming
efficiency to widen the downstream applications. Furthermore,
the generation of naive ciPSCs has not been reported so far.
In this study, we aimed to generate ciPSCs in primed and naive
states with high reprogramming efficiency by treatment with
TGFp inhibitor and a combination of GSK3( and MEK inhibitors
(2i), respectively. Our results showed that the TGF@ inhibitor,
specially A83-01, significantly improved the reprogramming
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efficiency. The morphology of the primary colonies was similar
to the human pluripotent stem cells in primed state. Furthermore,
the cells retained their morphology and pluripotent state after
several passages as shown by alkaline phosphatase (AP)
staining, RT-PCR, and immunocytochemistry. To generate naive
CiPSCs, we tested various combinations of culture media (KSR
vs. N2B27), growth factors (bFGF only vs. LIF only vs. bFGF+LIF),
and small molecule compounds (+/- 2i). Our results showed that
N2B27 medium supplemented with 2i and LIF resulted in the
highest reprogramming efficiency. Moreover, the morphology of
the cells reprogrammed in this media was similar to the naive
mouse pluripotent stem cells, and did not change after multiple
passages. However, these cells were AP-negative. Next, we
added 8 small molecular compounds simultaneously to N2B27
supplemented with 2i and LIF. Our results showed that when
reprogrammed in presence of these compounds, the cells
stained AP-positive. Taken together, our results showed a high
efficiency reprogramming protocol to generate ciPSCs in primed
and naive like pluripotent states. Owing to their translational
implications, our results warrant further validation.

Funding source: This work was supported by JSPS KAKENHI
Grant Numbers JP18K19273, JP18H02349, JP19J22851.

Keywords: canine induced pluripotent stem cells, primed and
naive states, small molecule compounds
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The molecular mechanisms underlying ovarian aging as well
as the major risk factor of physiological reproductive decline
and female infertility remain unclear. Here, we surveyed the
single-cell transcriptomic landscape of ovaries from both
young and aged non-human primates (NHPs; cynomolgus
monkeys). Distinct gene-expression signatures were identified
for ovarian somatic cell types and oocytes at various stages of
follicular development. Aging resulted in the cell type-specific
downregulation of antioxidant genes, such as GPX1 and GSR in
oocytes and IDH1 and NDUFB10 in granulosa cells, indicating
that oxidative damage is a determinant process in the decline of
NHP ovarian function with age. Similarly, in humans, increased
ROS and apoptosis, as well as downregulation of IDH1 and
NDUFB10 expression were observed in granulosa cells from
aged versus younger women. Knockdown of IDH1 or NDUFB10
in human granulosa cells led to defects in oxidative stress
responses, linking the aging phenotype with altered antioxidant
gene expression. This study provides a comprehensive platform
for the understanding of the cell type-specific mechanisms
underlying ovarian aging in primates at single-cell resolution.
The data also reveal new biomarkers for diagnosing aging-
associated human ovarian disorders, provide targets for
developing interventions to treat these disorders and may help
develop new approaches for rejuvenating aged oocytes for
assisted reproductive therapies.
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We have previously shown the utility of cell-specific
scores obtained from D-IHM to predict the cell function in
mesenchymal stem cells. In this study, we will report on the
utility of morphological scoring derived from D-IHM as a novel
non-invasive method for predicting functional properties of
epithelial cells. We focused on the morphological information
of epithelial cells obtained from digital in-line holographic
microscopic images (D-IHM) acquired by CultureScanner CS-
1. Chronic inflammation or neoplastic changes cause epithelial
cell damage to parenchymal cells such as intestinal epithelial
cells, hepatocytes, and renal tubular epithelial cells. Epithelial
cells are connected to each other by various structures, which
prevents some molecules from passing through the intercellular
space and can contribute to the communication between each
cell. Epithelial cells also have polarity, which plays an important
role in the secretion and absorption of functional substances.
Accordingly, structural and functional disorders of epithelial
cells are closely linked to the pathology of these diseases.
The evaluation of epithelial cells is mainly based on functional
analysis such as the “transmission method,” which measures the
uptake and excretion of drugs and fluorescent substances, or
“transepithelial electrical resistance (TEER),” which measures the
impedance of the epithelial cell sheet by applying a weak flow
of AC electricity. In addition, measurement of the LDH response
to cytotoxic stimulation or expression of tight junction proteins
has also been performed. However, these methods are affected
by the heterogeneity of the cultured cell sheet, making it difficult
to detect changes in individual cells, and cell invasive methods.
In contrast, morphological characteristics, such as individual
cell shape, cell density, and cell adhesion are obtained through
phase contrast microscopy non-invasively, but it is difficult
to estimate these features objectively or further predict cell
function. Therefore, we focused on the morphological analysis
using D-IHM, which provides information concerning optical
transmittance and cell contours of cultured cells non-invasively.
The morphological information is quantitatively evaluated as the
epithelial cell-specific score.

Funding source: Shimadzu Corporation

Keywords: Digital in-line holographic microscopy, Epithelial
cells, Morphological scoring
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Long term preservation of adipose tissue is curial for clinical
application. Choosing cryoprotective agent (CPA) for adipose
tissue preservation should consider both efficiency and bio-
safety. Glycerol is an ingredient that protect cell from freezing
injury mainly by reducing intracellular ice crystal formation and
osmotic damage. The purpose of this study is to evaluate the
efficacy of glycerol as CPA for adipose tissue cryopreservation.
Fresh human adipose tissues were obtained from ten liposuction
patients and was divided to 1ml samples. Each sample was
randomly mixed with 1 ml CPA: 60 to 100% glycerol, 0.25 mol/L
of trehalose or DMSO+FBS and cryopreserved in -196°C liquid
nitrogen for one month. After thaw and elution, tissues were
immediately evaluated for activity in vitro, as well as for structural
integrity. For evaluating the effect of freezed fatin transplantation,
0.2ml of each sample was transplanted subdermally to nude
mouse dorsum and harvested after one month for histological
examination. After cryopreservation, samples treated with
DMSO/FBS, trehalose, 60% and 70% glycerol had a more
integrated structure. But only tissues preserved with 70%
glycerol had highest tissue activity, close to that of fresh tissues.
The growing rate and differentiation capability of stem cells
separated from different groups were similar. In vivo study
showed that 70% glycerol treated fat had superiors in retention
rate and structural integrity, with less inflammation. Our study
elucidated that glycerol solutions can serve as cryoprotective
agents for adipose tissue long-term cryopreservation. Among
all concentrations studied, 70% glycerol solution was superior
at preserving adipose tissue bioactivity, reducing the retention
rate, as well as preventing tissue fibrosis and inflammation
in cryopreserved adipose tissue. Furthermore, glycerol is a
nontoxic and nonimmunogenic agent thus is safer and more
compatible with clinical use.

Keywords: cryopreservation, adipose tissue, cryoprotective
agent,
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Severe heart failure (HF) with congenital heart disease (CHD)
have demonstrated life threatening disorder despite of
remarkable progress in medical therapies. Autologous skeletal
myoblast sheet (ASMS) transplantation showed clinical efficacy
for left ventricular dysfunction by cytokine paracrine effects,
which are expected to be sufficiently effective against right
ventricular (RV) dysfunction which is often seen in end-stage
of CHD patients with severe HF. So, we hypothesized that, an
ASMS transplantation alleviates RV dysfunction in a pressure-
overloaded right heart in a porcine model. Five-to-six-month-old
Gottingen mini-pigs underwent pulmonary artery banding. Two
months after banding, ASMS was placed on the epicardium of
the RV free wall and followed for 2 months and sacrificed for
histologic analysis. Groups were as follows: control (C, n=4), sheet
implantation (S, n=4). Before sheet implantation, RV dysfunction
was equal in groups; however, 2 months after sheet implantation,
RV dysfunction and myocardial ischemia was significantly
ameliorated in group S than group C. On CT, RV ejection fraction
exacerbation were well controlled in Group S compared to
Group C (S 44.94/-2.2 vs C 31.9+/-2.1 % [p=0.0042]). UCG and
Cath revealed well maintained systolic and diastolic function in
Group S compared to Group C (Tei index: S 0.42+/-0.06 vs C
0.70+/-0.07 [p=0.0004], Fraction Area Change: S 45.8+/-7.8 vs C
19.5+/-1.3 % [p=0.0002], Isovolumic Relaxation Time; S 44.3+/-9.2
vs C 97.34/-9.5 ms [p<0.0001]). On C11-Acetate PET, myocardial
ischemia was more prominent in Group C compared to Group
S (K mono-Rest/Stress: S 3.17+/-0.69 vs C 2.03+/-0.65 min-1
[p=0.0421], Myocardial Blood Flow-Rest/Stress: S 3.22+/-0.39 vs
C 2.134/-0.92 min-1 [p=0.0421)). In histologic analysis, Group S
presented less progressed hypertrophic change in periodic acid-
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Schiff stain (S 13.5+/-0.9 vs C 18.0+/-3.0 pg [p<0.0001]) and anti-
fibrotic changes in picrosirius red stain (S 3.0+/-0.3 vs C 4.2+/-
0.2 % [p<0.0001]) and more angiogenesis in CD31 expression (S
18.3+/-1.5 vs C 10.7+/-2.8 /104 um?2 [p=0.0099]) and less hypoxia
in dihydroethidium stain (S 1741+/-83 vs C 627+/-107 units/mm2
[p=0.0304]). ASMS transplantation alleviates cardiomyocyte
Ischemia and RV dysfunction in a porcine model of pressure-
overloaded right heart.

Funding source: None

Keywords: Autologous skeletal myoblast sheet, Pressure-
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Cardiovasculardiseaseistheleadingcause of mortalityworldwide.
Cell-based therapies using human iPSC-derived cardiomyocytes
(hiPSC-CMs) are promising interventions for the treatment of
severe heart failure patients. Transplantation of hiPSC-CMs
into the myocardium leads to the sustained improvement of
cardiac function through the cell engraftment and synchronized
contraction with host myocardium. To prove this concept in
preclinical studies, large animal studies are needed because
extrapolation of results from small animal studies to humans is
difficult given the heart size and heart rate of these animals A
calcineurin inhibitor, cyclosporin A (CyA) or tacrolimus (Tac), is
generally used for immunosuppression for xenotransplantation
of human cells in swine. However, it is unclear which is suitable
for porcine immunosuppression in xenogeneic transplantation.
The appropriateness of immunosuppressants also differs
depending on the type of pig. First, we determined the IC50
of CyA and Tac in phytohemagglutinin-induced lymphocyte
proliferation assay using the peripheral blood mononuclear cells
from the blood of micro-miniature pigs (MMPs), resulting in the
IC50 values as about 1 pg/mL and 1 pg/mL, respectively. Next,
the drugs were orally administrated to MMPs at the maximum
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tolerable doses (50 mg/kg b.i.d. of CyA or 1.5 mg/kg b.i.d. of Tac)
for one week, then the plasma drug concentration at trough was
determined. Because protein-unbound (free) drug is available
for pharmacological activity, we measured free drug levels in the
medium or the plasma. As a result, more than 100-times higher
equivalent drug concentration was observed in the blood of CyA-
administered swine compared to that of Tac. These data suggest
that CyA is more suitable for immunosuppression of porcine
than Tac. Finally, we examined the cell engraftment of hiPSC-
CMs in the heart of MMPs treated with our immunosuppression
regimen (CyA, mycophenolate mofetil, and prednisolone). The
main immune organs (thymus and spleen) of the MMPs were
surgically removed. Robust engraftment of hiPSC-CMs was
observed by immunohistochemistry analysis in the porcine
heart at three weeks after transplantation This finding is useful
to conduct the xenogeneic transplantation studies of cell-based
therapy using a porcine model.

Keywords: xenotransplantation, immunosuppression, human
iPS cell-derived cardiomyocytes
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Cardiovascular diseases are both the leading cause of death
worldwide and a major safety concern during novel drug
development. Animal models have been traditionally used
in this field but present high costs, ethical considerations and
differences to humans. Stem cell-derived cardiomyocytes tissue
engineering offers the promise of an alternative to animal models
as well as potential personalised medicine. Although collagen
and fibrin have been the two widely used hydrogel matrix in the
cardiac tissue engineering field, few groups have studied their
impact on the physiology of cardiomyocytes and the functional
performance of the resulting tissues. Fibrin and collagen-based
hydrogel have different stiffness, polymerisation time and
permeability which could influence the physiology of the tissue
construct. It is necessary to investigate those differences, in
order to be able to choose the most suitable matrix depending
on the focus of the study. No significant difference in sensitivity
to isoprenaline and nifedipine were found between the two
matrixes. The cell connectivity of the construct was improved
with collagen strips having an average excitation threshold of 3.5
V compared to 5.0 V in fibrin. The maximum capture frequency
average was also higher in the collagen strips with 4.5 Hz
compared to 3.5 Hz in Fibrin. The generation of force was lower
in fibrin matrix 14 days after casting with an average force of 89
uN in collagen constructs compared to 54 uN in fibrin. On the
other hand, its variability was smaller in fibrin with a SEM of 15.4
UN compared to 8.7 uN in collagen. Contraction time was also



significantly different with an average of 200 ms for fibrin and
167 ms in collagen. Relaxation time on the other hand were not
significantly different with 216 ms in fibrin and 241 ms in collagen.
Collagen strips displayed a better cell connectivity of the tissue
and most importantly superior contractility with great amplitude
of developed force and faster force generation compared to
fibrin based tissues. Further investigation is still required for a
deeper understanding of the different matrix properties and
to be able to optimise the matrix for desired tissue properties.
These findings highlight the importance of the hydrogel matrix
for engineered cardiac tissues used for disease-modelling and
drug screening.
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Current kidney organoids generated from human induced
pluripotent stem cells (hiPSCs) have some structural defects.
Especially, their nephron compartments, such as glomeruli and
proximal tubes, are avascular and immature. These defects are
caused by lack of vasculatures that are essential for supplying
nutrients and oxygen. Blood flow through vasculature is also
an essential factor to give mechanical stress which enhances
some signaling. Recently, it was reported that kidney organoids
were cultured under flow in a microfluidic device to enhance
vascularization. However, this system lacks the exogenous
vascular system. Thus, the in vitro co-culture system of a kidney
organoid and perfusable vasculature is required to study the
effects of vasculature or blood flow on kidney development.
Here, we developed the “on-chip vascular bed (VB)” system
which enables to co-culture a kidney organoid and vasculatures
under perfusion mimicking blood flow. To fabricate VB stably,
the device design and the concentration of the gel scaffold were
optimized. We tried not only human umbilical vein endothelial
cells (HUVECs), which are widely used to form vascular networks,
but also human glomerular microvascular endothelial cells
(hGMECs) for VB formation. Next, medium for the VB system was
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optimized. We cultured kidney organoids on a culture insert with
three kinds of media; EGM2 (medium for vascular endothelial
cells (VECs)), APEL2 (basal medium for a kidney organoid), and
mixed medium (APEL2: EGM2 = 1:1) and evaluated the effect
of these media on the differentiation of kidney organoids by
immunostaning and real-time PCR. We succeeded to construct
a perfusable VB stably by some optimizations and confirmed
that hGMECs also had an ability to form VB. Next, we found that
mixed medium induced development of kidney organoids at the
similar level to APEL2. We also observed that growth factors
of EGM2 enhanced the emergence of endogenous VECs. VB
formed by hGMECs is expected to be more suitable for co-
culture with a kidney organoid because hGMECs is a specific
VECs of a kidney. Using optimized medium condition, we are
trying to co-culture a kidney organoid and VB.

Funding source: AMED-MPS project Kyoto University Nano
Technology Hub in “Nanotechnology Platform Project”
sponsored by MEXT

Keywords: Kidney organoid, Organ on a chip, Vasculature
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CIRCADIAN RHYTHM-CONTROLLING HEPATIC
TISSUE CULTURE MODEL DERIVED FEOM
MOUSE EMBRYONIC STEM CELLS

Qi, Zhen - Life Science and Technology, Tokyo Institute of
Technology, Yokohama, Japan
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Circadian rhythm influences drug effects and toxicities in
animals. Hepatic culture model with circadian rhythm would be
a comparable tool to the animal experiments for drug toxicity
identification. The establishmentofcircadianrhythminthe process
of embryo development has been still unclear. In this study, the
gene of Shieldl-dependent artificial transcription factor (DD-ZF-
NLS-VP64-HA) which would bind with the upstream of Per1 gene
and induce this expression, was introduced into the genome
of mouse ES cells. The DD-ZF-NLS-VP64-HA gene carrying ES
(ES(cr)) clones were confirmed to synchronize circadian rhythm
after the Shield1 impulses. The time-dependent drug toxicity
was evaluated by adding acetaminophen at two different time
points with a 12 h interval after circadian rhythm synchronization.
The ES(cr) cells were differentiated to hepatic tissues, consisting
not only hepatocytes but also endothelial cells, and exhibited
24 h oscillating expression of clock genes Perl, Per2, Bmall
and a drug metabolism-related gene Cyp2el after Shieldl
impulse. The released LDH levels from the Shield1-synchronized
ES(cr)-derived hepatic tissue changed in the circadian rhythm
dependent manner. In conclusion, we succeeded to establish
a novel culture system for circadian rhythm synchronization in
mouse ES cell-derived hepatic tissues. The hepatic tissue model
is expected to correspond laboratory animals with circadian
rhythm. This circadian rhythm introduced culture model would
be an expectable tool for drug toxicity identification in culture.
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ETHICAL, LEGAL AND SOCIAL ISSUES;
EDUCATION AND OUTREACH
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HEALTH ECONOMICAL RESEARCH FOR CELL
THERAPY AGAINST ISCHEMIC STROKE

Shichinohe, Hideo - Division of Clinical Research Administration,
Hokkaido University Hospital, Sapporo, Japan

Kawabori, Masahito - Department of Neurosurgery, Hokkaido
University Hospital, Sapporo, Japan

Stroke is still a leading cause of death and disability, and
despite intensive research, few treatment options exist. A
recent breakthrough in cell therapy is expected to reverse the
neurological sequelae of stroke. Since June 2017, we have
also started the novel clinical trials, Research on advanced
intervention using novel bone marrow stem cellRAINBOW)
study. It is a phase 1, open label, uncontrolled, dose response
study. The primary purpose is to determine the safety of
autologous BMSC product, HUNSOO01-01, when administered
to acute ischemic stroke patients (Shichinohe H, et al. BMC
Neurol. 2017;17:179). However, there are some problems to be
solved before the clinical application, for examples, Ethical,
Legal and Social Implications (ELSI) including Health Technology
Assessment (HTA) for cell therapy. If the cost of cell therapy
would be too expensive, should it be justified? National Institute
for Health and Care Excellence (NICE) in UK proposed that less
than £30,000 (about $40,000) per one quality-adjusted life year
(QALY) would be appropriate. In our present study, we analyzed
QALY using EQ-5D- 5L and the medical cost in subjects of
RAINBOW study. Because we obtained the preliminary data of
QALY from 7 subjects, we will report them.

Keywords: Health Technology Assessment, Stem Cell Therapy,
Ischemic Stroke

EYE AND RETINA

CA142

PILOT PROOF OF CONCEPT STUDY FOR
BULLOUS KERATOPATHY TREATMENT BY
CORNEAL ENDOTHELIAL CELL SUBSTITUTES
FROM HUMAN IPS CELLS IN A MONKEY MODEL
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In order to provide regenerative medicine for the unmet millions
of patients waiting for corneal transplants globally, we have
derived corneal endothelial cell substitutes from iPSCs (CECSi
cells) for the treatment of corneal endothelial dysfunction
(bullous keratopathy). We have improved the protocol to
produce CECSi from iPS cells directly, omitting neural crest
development, and performed a pilot proof of concept (POC)
study using a monkey bullous keratopathy model. Hexagonal
semi-confluent monolayer CECSi cells with Na,K-ATPase alpha
1 subunit (ATP1A1), ZO-1, N-cadherin, and PITX2 expression were
produced from two iPS cell clones (Ff-I01s04, Ff-MHO09s01).
Ff-MHO9s01-derived-CECSi cells were cryopreserved. One
month after cryopreservation, CECSi cells were thawed, and
transplanted on the posterior surface of crab-eating monkey
corneas; host corneal endothelial cells were scraped, and 8 x
1075 CECSi cells / eye were injected into the anterior chamber
of two monkeys. After injection, monkeys were kept in a face
down position for 3 hours so that cells attached on posterior
surface of cornea. In the negative control group, host corneal
endothelial cells were simply scraped without cell-injection
(N=3). Seven days after transplantation, mean central corneal
thickness of CECSi transplanted eyes was 840 um, whereas that
of negative control group was above measurement limit (>1200
um), which suggested that CECSi cells functioned to recover
corneal edema. In conclusion, CECSi cells injection therapy may
be promising in the treatment of bullous keratopathy. Further
repeatability is required to confirm POC.

Funding source: Joint research expenses from Cellusion
Inc. Grant from New Energy and Industrial Technology
Development Organization (NEDO) in Japan.

Keywords: iPS cells, Corneal transplant, Bullous keratopathy
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A TISSUE ENGINEERED PRODUCT CONSISTING
IN RPE DERIVED FROM HUMAN EMBRYONIC
STEM CELLS DISPOSED ON HUMAN AMNIOTIC
MEMBRANE ANIMAL MODELS FOR RETINITIS
PIGMENTOSA CLINICAL TRIAL
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Essonnes, France
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Sorbonne Universités, UPMC Univ Paris 06, UMR_S 968 and
CNRS, UMR_7210, Paris, France
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Essonnes, France

In developed countries, retinal degenerative diseases affecting
Retinal Pigmented Epithelium (RPE), including Age-related
Macular Dystrophy and inherited retinal diseases such as
Retinitis Pigmentosa (RP), are the predominant causes of human
blindness worldwide. Despite the scientific advances achieved in
the last years, there is no cure for such diseases. In this context,
we have developed a cell therapy medicinal product based on
our expertise in tissue engineering and in the manipulation of
pluripotent stem cells. This novel tissue engineered product
(TEP) consists in RPE cells derived from clinical grade human
embryonic stem cells disposed on a biocompatible substrate
allowing the formation of a 3D functional sheet, suitable for
transplantation. After functional validation in a rodent model
of RP (Ben M’Barek et al.,, 2017), our purpose was to test the
safety of the surgery and local tolerance in non-human primates
(NHP). A specific device was developed in order to (i) embed
the TEP in gelatin, (ii) allow its transport in a specific medium
and (iii) cut the transplant at the right format. Non-human
primates (NHP, n=6) were transplanted in one eye (right eye)
with the TEP in the macular region. Left eye was left untreated.
Retinal integrity and functionality were assessed at different
time points (week 1, 2, 4, 6 and 7) through Eye fundus, Optical-
coherence tomography (OCT) and electroretinography (ERG).
Inflammation was also assessed using slit lamp. At the end of
the experimental period, histological analysis was performed to
evaluate the correct location and integration of the TEP within
the host retina. We successfully developed a device allowing us
to prepare and implant the TEP in the subretinal space of six
NHP. We showed that ERG responses were not modified by the
surgery and that it did not cause any long lasting inflammation.
Moreover, transplanted cells were integrated in the retina and
were able to phagocyte photoreceptor debris. We have shown
in NHP that our surgical method of implantation was safe and
did not provoke any local inflammation or retinal deterioration.
Morphologic and histologic studies indicated that RPE cells were
integrated into the host retina and were able to interact with
photoreceptors. These results allowed us the start of clinical trial
in sept 2019 (NCT NCT03963154).

Funding source: GPiPS: ANR-2010-RFCS005; FRM-
DBS20140930777; LABEX LIFESENSES [ANR-10-LABX-65];
ANR-11-IDEX-0004-02; INGESTEM- ANR-11-INBS-000;
Association Frangaise contre les Myopathies-Téléthon.

Keywords: retina, Cell therapy, preclinical
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IDENTIFICATION OF AGE-RELATED MACULAR
DEGENERATION RISK ALLELES IN CLINICALLY
RELEVANT HUMAN EMBRYONIC STEM CELL
LINES

Carr, Amanda-Jayne - Institute of Ophthalmology, University
College London, London, UK
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London, London, UK

Cipriani, Valentina - Centre for Translational Bioinformatics, Queen
Mary University of London, London, UK
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Coffey, Pete - Institute of Ophthalmology, University College
London, London, UK

Age related macular degeneration (AMD) is the leading cause of
blindness in the developed world. The disease is characterised
by degeneration of the central macular region of the retina,
due in part to damage to the retinal pigment epithelium (RPE).
There are currently no clinical treatments that can restore sight
or prevent vision loss in AMD patients, however a nhumber of
recent clinical trials, transplanting human embryonic stem cell
(HESC)-derived RPE, offer new hope for patients. Increased risk
for AMD is associated with advancing age, and environment and
genetic risk factors. A number of AMD susceptibility genes have
been identified in target gene and genome wide association
studies, including ARMS2/HTRA1, APOE and members of the
complement system (CFH, CFl, C2 and C3). HESC-derived
RPE may provide healthy replacement cells, not affected by
ageing and environmental risks, but little is known about the
genetic AMD background of HESC prepared for clinical use.

Here, we have sequenced 17 AMD risk alleles in clinical grade
HESC lines available from the UK Stem Cell Bank. We have
also assessed risk alleles in two HESC lines currently being
tested in HESC-RPE cell therapy trials for AMD (Shef1.3 - London
Project to Cure Blindness and WAO9(H9) - California Project to
Cure Blindness). We found that all HESC lines tested contained
at least one risk allele for AMD, and various combinations of
alleles associated with increased/decreased predisposition
to AMD. Genetic risk scores, calculated for each line, ranged
from 0.59-0.84, suggesting that all HESC lines examined have
genetic backgrounds associated with increased risk of AMD.

The implications of using therapies derived from stem cell lines
with a genetic predisposition towards AMD is not known. The
transplantation of HESC-RPE with genetic risk of AMD into an
already compromised disease environment may affect donor
cell viability, function and efficacy. Understanding the effects of
individual genetic variations on stem cell-derived RPE should
inform future research and help optimise effective therapies for
AMD.

Funding source: Macular Society
The Michael Uren Foundation
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DISSECTING EX VIVO HUMAN HSC EXPANSION
BY SINGLE CELL RNA SEQUENCING AND
CLONAL TRACKING IN XENOGRAFTS
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Hematopoietic stem cell (HSC) expansion remains an unmet
goal for ex vivo gene therapy/editing. New assays are needed
to reliably identify HSC in culture. We combined surface marker-
based HSC enrichment (CD34+CD38-) from mobilized peripheral
blood (mPB, n=3 donors) and CFSE marking before culture with
serial monitoring of CD34+CD90+CD45RA- markers during
culture to quantify the number of phenotypic HSC (phHSC) in
the presence of different expansion compounds. On day 7 of
culture, the median fold increase [range] of phHSC over the no
compound condition was 3.6 [3.0-4.2] for UM171, 1.5 [1.2-2.7] for
SR1 and 4.4 [2.9-5.0] for UM171+SR1, suggesting little benefit of
adding SR1 to a 7 day expansion protocol. In this time-window,
the majority (70-90%) of phHSC underwent 1 or 2 cell divisions.
Single cell RNA sequencing (scRNAseq) confirmed the retention
of stem cell signatures in phHSC, while CD90neg progenitors
exhibited a skewing towards megakaryocytic and erythroid
differentiation. Next, we performed scRNAseq on the progeny
of CFSE-marked mPB CD34+CD38-CD90+CD45RA-CD49f+
cells, sorted after 7 days of UM171 culture into a quiescent/slowly
proliferating (O or 1 divisions) or highly proliferating fraction
(2 divisions or more). The former homogeneously retained
expression of stem cell signatures, while the latter upregulated
lineage-defining markers, suggesting asymmetric divisions/
differentiation and supporting the rationale for dynamic pHSC
monitoring during culture. Last, we performed primary and
secondary xenotransplantation of lentivirally-transduced
mPB CD34+ cells, either directly after 36hr of transduction or
following 7 days of ex vivo expansion with UM171. At saturating
engraftment levels, mice showed a trend for higher multi-lineage
engraftment in the UM171-expanded group. Lentiviral integration
site (IS) analysis showed highly polyclonal grafts both in the
expanded and non-expanded groups in primary (622 and 680
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unique IS/mouse, respectively) and secondary recipients (92
and 85 unique IS/mouse), with similar abundance of individual
clones, suggesting that ex vivo expansion did not lead to clonal
selection. Remarkably, 4% of IS (vs. 0.07% in the non-expanded
group) were shared between different primary mice providing
robust molecular proof for symmetrical HSC division in vitro.

Keywords: HSC expansion for gene therapy, clonal tracking of
HSPC in xenografts, single cell RNA sequencing
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DUAL-ANTIGEN TARGETED IPSC-DERIVED
CHIMERIC ANTIGEN RECEPTOR-T CELL
THERAPY FOR REFRACTORY LYMPHOMAS

Ishii, Midori - Department of Hematology, Juntendo University
School of Medicine, Bunkyo-ku, Japan

Ando, Miki - Department of Hematology, Juntendo University
School of Medicine, Bunkyo-ku, Japan

Harada, Sakiko - Department of Hematology, Juntendo University
School of Medicine, Bunkyo-ku, Japan

Ando, Jun - Department of Hematology, Juntendo University
School of Medicine, Bunkyo-ku, Japan

Toyota, Tokuko - Department of Hematology, Juntendo University
School of Medicine, Bunkyo-ku, Japan

Komatsu, Norio - Department of Hematology, Juntendo University
School of Medicine, Bunkyo-ku, Japan

Nakauchi, Hiromitsu - Institute for Stem Cell Biology and
Regenerative Medicine, Stanford University School of Medicine,
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Chimeric antigen receptors (CAR) enhance effector T cell
function in the tumor microenvironment. Clinical trials of T
cells engineered to express CD19-directed CAR for relapsed
and refractory acute B-lymphoblastic leukemia found “90%
remission rates. On longer observation, relapses nonetheless
occurred in “50% of patients who achieved remission, because
of T cell exhaustion and tumor antigen escape. To address
tumor escape, we generated dual-antigen receptor T cells
from iPSCs. Extranodal NK/T-cell lymphoma, nasal type (ENKL),
invariably expresses LMP1and LMP2, which are good targets for
CAR on the cell surface and for T cell receptor in association with
HLA class |. Antigen-specific cytotoxic T lymphocytes (CTL) are
functionally rejuvenated (rejT) by iPSC technology (Nishimura et
al., 2013, Ando et al., 2015) and rejT can survive long-term in vivo
as young memory T cells (Ando et al., 2019). To target both LMP1
and LMP2, we generated iPSC-derived dual-antigen receptor
bearing CTL, LMP1-CAR/LMP2-rejT (LMP1/2rejT). LMP1/2rejT have
100% LMP1-CAR transgene expression, wtih 99% of native TCR
recognizing LMP2 antigen. Cytotoxicity of LMP1/2rejT against
ENKL was stronger than that of LMP1-CART with specific lysis in
51Cr release assays (86.145.9% vs 48.2+13.6% at an E:T ratio of
5:1). To evaluate the antitumor effects of LMP1/2rejT against ENKL
in vivo, NOG mice were engrafted intraperitoneally with an ENKL
cell line and tumor growth was monitored using IVIS Imaging
System. After 4d, mice were treated with 3 once-weekly doses
of LMP1/2rejT, LMP1-CART, or LMP2-rejT. All LMP1/2rejT treated
mice survived >100d, with a significant survival advantage. To
evaluate whether LMP1/2rejT actually persisted in vivo and were




still effective, we re-inoculated ENKL cells into mice that survived
>110d after the first treatment. LMP1/2rejT rejected re-inoculated
lymphoma cells, demonstrating that LMP1/2rejT persisted long-
termin the treated mice. LMP1/2rejT may solve the issue of tumor
escape. Our work constitutes proof-of-concept for this promising
novel refractory-lymphoma therapy.

Funding source: These studies were supported by a grant from
JSPS/KAKENHI (Grant Number16K09842 and 19K07781)

Keywords: Dual-antigen targeted CAR, iPSC-derived CAR,
refractory lymphoma
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Mesenchymal stromal cells (MSCs) are multipotent progenitors
for osteogenic, chondrogenic and adipogenic lineages and
found in skeletal muscles. Recent studies reported that although
MSCs normally function as supportive cells on skeletal muscle
homeostasis through several secretory factors including
collagen VI (COLS6), they also respond to the fibrosis and fatty
degeneration seen in diseased muscles. Moreover, mutations
of Col6 genes cause Ullrich congenital muscular dystrophy
(UCMD). UCMD patients show various phenotypes including
muscle atrophy, ectopic fat deposition and muscle weakness. To
investigate whether COL6 supplementation has a therapeutic
effect for UCMD, we conducted in vivo and in vitro experiments
using several types of MSCs: primary MSCs and MSCs derived
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from induced pluripotent stem cell (iMSCs) from healthy donors,
COL6 knockout iMSCs (COL6KO-iMSCs), and UCMD patient
derived-iMSCs (UCMD-iMSCs), which were COL6-deficient.
All of these MSCs could engraft for at least 24 weeks when
transplanted into the tibialis anterior muscles of immunodeficient
UCMD model (COL6KO/NSG) mice. COL6 protein was restored
by the MSC transplantation over a large region if the iIMSCs were
not COLG6-deficient. Moreover, the phenotypes of COL6KO/
NSG mice were ameliorated with the transplantation of the
COL6-producing MSCs, and COL6 was restored in the limbs.
Notably, myoblasts were activated and enhanced the myogenic
regeneration, and myoblast fusion was enhanced and promoted
the maturation of the regenerating myofibers. However, this
was not the case with COL6-deficient iMSC transplantation. Co-
culture experiments of skeletal muscle satellite cells derived
from the COL6KO/NSG mice showed COL6-producing MSCs
from healthy donors but not COL6KO-iMSCs improved the
proliferation, differentiation and maturation of COL6KO-MuSCs.
In summary, we demonstrated that COL6 supplementation
ameliorated UCMD phenotypes. These results will help elucidate
the pathology of UCMD and establish treatments in the future.

Keywords: induced pluripotent stem cells, mesenchymal stem/
stromal cells, muscular dystrophy
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INVOLVEMENT OF PDGF-BB AND IGF-1IN
ACTIVATION OF HUMAN SCHWANN CELLS BY
PLATELET-RICH PLASMA
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Platelet-rich plasma contains high concentrations of growth
factors that stimulate proliferation and migration of various cell
types. Earlier experiments demonstrated that local platelet-rich
plasma administration activates Schwann cells to improve axonal
regeneration at a transected peripheral nerve lesion. However,
the optimal concentration of human platelet-rich plasma for
activation of human Schwann cells has not been determined,
and mechanisms by which platelet-rich plasma activates
Schwann cells remain to be clarified. Human Schwann cells
were cultured with various concentrations of platelet-rich plasma
in 5% fetal bovine serum/Dulbecco’s Modified Eagle Medium.
Cell viability, microchemotaxis, flow cytometry, and quantitative
real-time polymerase chain reaction assays were performed
to assess proliferation, migration, cell cycle, and neurotrophic
factor expression of the human Schwann cells, respectively.
Human Schwann cells were co-cultured with neuronal cells to
assess their capacity to induce neurite extension. Neutralizing
antibodies for platelet-derived growth factor-BB (PDGF-BB) and
insulin-like growth factor-1 (IGF-1) were added to the culture to
estimate contribution of these cytokines to human Schwann
cell stimulation by platelet-rich plasma. An addition of platelet-
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rich plasma at 5% strongly elevated proliferation, migration,
and neurotrophic factor production of human Schwann cells.
Both PDGF-BB and IGF-1 may be involved in mitogenic effect
of platelet-rich plasma on human Schwann cells, and PDGF-BB
may also play an important role in the migration-inducing effect
of platelet-rich plasma. Neutralization of both PDGF-BB and
IGF-1 cancelled the promoting effect of platelet-rich plasma on
neurite-inducing activity of human Schwann cells. This study
may suggest the optimal concentration of platelet-rich plasma
for human Schwann cell stimulation and potential mechanisms
underlying the activation of human Schwann cells by platelet-
rich plasma, which may be quite useful for platelet-rich plasma
therapy for peripheral nerve regeneration.

Keywords: SCHWANN CELLS, PLATELET-RICH PLASMA,
PDGF-BB
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Dysfunction of enteric nervous system (ENS) leads to severe
motility disorder of gastrointestinal tract including rare diseases
such as Hirschsprung’s disease (HSCR). Regenerative medicine-
based drug discovery and cell therapy are expected to be the
next generation therapy for HSCR. Here, we introduce our
novel culture condition that enables efficient induction and
expansion of enteric neural progenitors (ENPs) from hiPSCs via
neural crest lineage. Induced ENPs expressed key progenitor
genes SOX10 and PHOX2B and showed high differentiation
potential into subtypes of enteric neurons and glial cells in vitro.
Expanded ENPs could engraft into intestinal muscle layer of
immuno-deficient mice after transplantation and showed partial
differentiation into neural and glial lineage. These characteristics
of ENPs are suitable for both drug discovery platform and cell
therapy application.

Keywords: Enteric nervous system, Neural crest cells,
Hirschsprung’s disease
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APPLICATION OF SELECTIVE CYTOTOXIC
VIRAL VECTOR FOR CONCENTRATION OF
UNDIFFERENTIATED CELLS IN NEURAL
PROGENITOR CELLS DERIVED FROM INDUCED
PLURIPOTENT STEM CELLS
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Kono, Ken - Division of Cell-Based Therapeutic Products, National
Institute of Health Sciences, Kawasaki, Japan
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National Institute of Health Sciences, Kawasaki, Japan

Kuroda, Takuya - Division of Cell-Based Therapeutic Products,
National Institute of Health Sciences, Kawasaki, Japan
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National Institute of Health Sciences, Kawasaki, Japan
Matsuyama, Satoko - Division of Cell-Based Therapeutic Products,
National Institute of Health Sciences, Kawasaki, Japan
Matsuyama, Akifumi - Department of Regenerative Medicine, Fujita
Medical University, Toyoake, Japan

Koizumi, Naoya - Department of Pharmaceutics and
Biopharmaceutics, Showa Pharmaceutical University, Machida,
Japan

Utoguchi, Naoki - Department of Pharmaceutics and
Biopharmaceutics, Showa Pharmaceutical University, Machida,
Japan

Mizuguchi, Hiroyuki - Laboratory of Biochemistry and Molecular
Biology, Osaka University, Suita, Japan

Sato, Yoji - Division of Cell-Based Therapeutic Products, National
Institute of Health Sciences, Kawasaki, Japan

Cell-processed therapeutic products (CTPs) derived from
human induced pluripotent stem cells (hiPSCs) have innovative
applications in the regenerative therapy. However, since
undifferentiated hiPSCs possess tumorigenic potential, there is
a potential risk of tumor formation if the CTPs contain residual
undifferentiated hiPSCs. The detection limit of the methods
currently available for the residual hiPSCs is 1/105 (0.001%,
undifferentiated hiPSCs/differentiated cells) or more, which
could be insufficient for the detection of residual hiPSCs when
CTPs contain more than 1 x 105 cells. To overcome this limit, we
have previously constructed adenovirus (Ad) 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 Ad vector possessed
strong cytotoxicity to immortalized human neural progenitor cell
(hNPC) but not to hiPSCs, which made possible the detection
of a trace amount of hiPSCs in immortalized hNPC (0.0001%). In
this study, we investigated whether the Ad vector concentrate
residual undifferentiated cells in hiPSC-derived NPCs. The NPC
differentiation of hiPSCs was confirmed by immunostaining for
PAX-6 and TRA-1-60, a marker of NPC and hiPSC, respectively.
Most of the hiPSC-derived NPCs showed PAX-6 positive and
TRA-1-60 negative. Then, we examined whether the Ad vector
possessed cytotoxicity to the hiPSC-derived NPCs and found
that the Ad vector eliminated approximately 90% of the hiPSC-
derived NPCs. Next, to identify cell characteristics in surviving
cells after transduction with the Ad vector, we determined the
expression of markers of NPC and hiPSC. The results revealed
that PAX-6 positive cells in hiPSC-derived NPCs was decreased



only when induction of apoptosis by the Ad vector. In contrast,
TRA-1-60 positive cells in hiPSC-derived NPCs was increased
only when induction of apoptosis by the Ad vector. Therefore,
we confirmed that the Ad vector selectively eliminated PAX-6
positive and TRA-1-60 negative cells, resulting in an increased
proportion of undifferentiated cells in hiPSC-derived NPCs.
This study suggested that the selective cytotoxic Ad vector
is useful tool for decreasing the detection limits for residual
undifferentiated cells in hiPSCs-derived CTPs such as hNPCs.

Keywords: neural progenitor cell, induced pluripotent stem cell,
tumorigenicity
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CHARACTERIZATION OF HUMAN IPSC-DERIVED
ENGINEERED GUT WITH NEURAL CREST CELL-
DERIVED ENTERIC NEURONS
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Yamashita, Teruyoshi - T-CiRA Discovery, Takeda Pharmaceutical
Company Limited., Fujisawa, Japan

Suzuki, Noriko - T-CiRA Discovery, Takeda Pharmaceutical
Company Limited., Fujisawa, Japan

Matsumoto, Hirokazu - T-CiRA Discovery, Takeda Pharmaceutical
Company Limited., Fujisawa, Japan

Kamiya, Daisuke - Dept. of Clinical Application, CiRA, Fujisawa,
Japan

Ikeya, Makoto - Dept. of Clinical Application, CiRA, Kyoto, Japan

Enteric nervous system (ENS) is injured by several stresses
and congenital disorders which lead to hypoplasia of ENS and
causes severe gastrointestinal dysmotility. However, there are
little platforms for research of human gut motility. Our group has
developed the method for xeno-free differentiation of neural
crest cells (NCC) from human iPS cells. By using the technology,
we aim to establish human iPSC-derived engineered gut (iGut)
with ENS from iPSC-derived NCC and evaluate the similarity
to human gut. Vagal NCC differentiated into enteric neurons
expressing markers for enteric neural subtypes in vitro. To
establish engineered gut with ENS, human intestinal organoid
(HIO) was combined with vagal NCC in vitro and transplanted
into immunodeficient mice. In vivo matured engineered gut has
small intestine-like structure with differentiated epitheliums and
smooth muscle layers. Combined vagal NCC differentiated into
enteric neural subtypes and glial cells between smooth muscle
layers of iGut. Functional assay with organ bath assay system
revealed that iGut was response to cholinergic stimulation,
suggesting that it had matured smooth muscles. iGut showed
electrical field stimulation (EFS)-regulated motility action and
neurotransmitter-blockers inhibited the EFS-induced movement.
Theseresults indicate that NCC combined with HIO differentiated
into functional enteric neurons and regulated gut motility.

Keywords: Engineered gut, Enteric nerve system, Neural crest
cells
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AXONAL EXTENSION ALONG CORTICOSPINAL
TRACT FROM TRANSPLANTED HUMAN
CEREBRAL ORGANOID

Kitahara, Takahiro - Department of Clinical Application,
Department of Neurosurgery, Center for iPS Cell Research

and Application (CiRA), Kyoto University and Fukui Red Cross
Hospital, Kyoto, Japan

Sakaguchi, Hideya - Department of Clinical Application, Center for
iPS Cell Research and Application (CiRA), Kyoto University, Kyoto,
Japan

Takahashi, Jun - Department of Clinical Application, Center for
iPS Cell Research and Application (CiRA), Kyoto University, Kyoto,
Japan

Reconstruction of lost neural circuits by cell replacement is a
possible treatment for neurological deficits after stroke and brain
injury. Cerebral organoid derived from pluripotent stem cells is
attracting attention as a novel cell source for the transplantation
because cerebral organoids can generate three-dimensional
structures of the cerebral cortex. Recent studies reported
that the transplantation of human embryonic stem cell (hESC)-
derived cerebral organoids into mouse cerebral cortex provided
graft survival with vascularization and integration to the host
brain. However, it remains unclear which developmental stage
of the organoid is optimal for the transplantation. Additionally, it
is unclear whether cerebral organoids provide axonal extension
along the corticospinal tract (CST) of the host. To clarify these
problems, we induced cerebral organoids from hESCs using
SFEBq (Serum-free Floating culture of Embryoid Body-like
aggregates with quick reaggregation) method. We transplanted
the cerebral organoids at early and late developmental stages;
the organoids at 6 or 10 weeks after differentiation (6w- or
10w-organoids) were transplanted into mouse cerebral cortex.
Both 6- and 10w-organoids survived with vascularization and
extended axons to the host brain. 6w-organoids extended more
axons along the host CST but caused graft overgrowth with
higher proportions of proliferative cells. Axonal growth along the
host CST from 10w-organoids was smaller in number but could
be enhanced by the host brain environment. Furthermore, we
transplanted 10w-organoids into monkey motor cortex, which
provided axonal extension without graft overgrowth. Our study
is an important step for the reconstruction of motor pathways
after stroke and brain injury.

Keywords: cerebral organoid, cell transplantation, corticospinal
tract
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DETECTION OF IMMUNE REACTION
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TRANSPLANTATION IN BRAIN
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Takahashi, Jun - Center for iPS Cell Research and Application,
Kyoto University, Kyoto, Japan

Although the immune response in the central nervous system
including the brain is less than in other organs, an immune
response can still occur after cell transplantation. A physician-
initiated clinical trial of cell therapy using induced pluripotent
stem cells for Parkinson’s disease has started in Japan. In
the trial, positron emission tomography (PET) using a GE180
probe that responds to activated microglia and astroglia will be
performed to detect graft-induced immune responses. However,
PET examination is too expensive for wide practical use. Other
methods are therefore needed to detect immune reactions for
the purpose of prediction and control. Thus, cell transplantation
into cynomolgus monkey brains was conducted. Blood
samples from the monkeys after transplantation were collected
periodically, and finally the animal brains were examined
histologically. Using these blood samples, the detection of
donor specific antibodies (DSAs) in serum and mixed lymphocyte
reaction (MLR) tests with peripheral mononuclear blood cells
(PBMCs) were performed. DSAs were detected in some of the
samples after transplantation. The PBMCs from some animals
showed positive reactions for the MLR test with PBMCs from
donor animals. However, the MLR could not be induced with
donor neurons. These results were compared with the results of
PET imaging and histological examination. In the future, we will
compare various human specimens and PET results in clinical
trials to develop new methods for detecting immune reactions
in the clinic setting.

Funding source: This study was supported by a grant from the
Network Program for Realization of Regenerative Medicine
from the Japan Agency for Medical Research and Development
(AMED).

Keywords: induced pluripotent stem cell, transplantation,
neuron
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THE MECHANISM STUDY ON LINGO-1 KNOCK
OUT PROMOTING THE CELL SURVIVAL IN

A NEURAL STEM CELL-DERIVED NEURAL
NETWORK SCAFFOLD TRANSPLANTED INTO
INJURIED SPINAL CORD IN RODENTS

Zeng, Yuan-shan - Zhongshan School of Medicine, Sun Yat-sen
University, Guangzhou, China

Li, Ge - Department of Histology and Embryology, Sun Yat-sen
University, Guangzhou, China

Sun, Jia-Hui - Department of Histology and Embryology, Sun Yat-
sen University, Guangzhou, China

Huang, Li-Jun - Department of Histology and Embryology, Sun Yat-
sen University, Guangzhou, China

Spinal cord injury (SCI) can cause the motorial and sensory
dysfunction. The survival of cells is crucial for function recovery
after transplanted into the injury site of spinal cord in rodent
animals. Leucine rich repeat and immunoglobin-like domain-
containing protein 1 (LINGO-1) expression is upregulated after
SCI and it negatively regulates the survival, differentiation, axon
growth and myelin formation of grafted neural stem cell-derived
neurons and oligodendrocytes. The present study aimed to
improve the cell survival of transplanted neural nerwork scaffold

SSCR

| #ISSCR2020

and to investigate related mechanism mainly through LINGO-1
reduction. LINGO-1 was knocked down (KD) in the neural stem
cells (NSCs) overexpressing TrkC (a neurotrophin-3 receptor).
Then these NSCs modified genetically were planted into
neurotrophin-3 (NT-3)/fibroin coated gelatin sponge scaffold
(NF-GS), constructing a neural network scaffold after culturing
14 days in vitro. Whereafter, the neural network scaffold was
transplanted to the transected spinal cords of rodent animals
(mouse and rat), and then the animals have survived for 8
weeks. The mouse is a LINGO-1 knock out (KO) model animal in
the LINGO-1 KO group. The results showed that the cells in the
grafted neural network scaffold survived more in the LINGO-1
KO group than that in the LINGO-1 KD and Control groups, and
the Control group had the least cell survival. The recovery of
motor function of paralysis hindlimb was positive correlation with
the increase of cell survival in grafted neural network scaffold.
Additionally, LINGO-1 binded to TrkC in the NSC-derived cells
and inhibited the phosphorylation of TrkC, leading to obvious
blocking of the PI3K/Akt pathway and ultimately causing donor
cell apoptosis. The results demonstrate that activating PI3K/Akt
pathway though NT-3 and TrkC interaction under the LINGO-1
knock out can promote the cell survival in grafted neural network
scaffold through after SCI.

Funding source: National Natural Science Foundation of China
(No. 81674064; 81891003) and The National Key R&D Program
of China (2017YFA0104702) to Y.S. Zeng.

Keywords: Spinal cord injury, Neural stem cells, LINGO-1
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AN EFFICIENT METHOD FOR DETECTING
TRACES OF UNDIFFERENTIATED HUMAN
INDUCED PLURIPOTENT STEM CELLS (HIPSCS)
AMONG DIFFERENTIATED NEURAL STEM/
PROGENITOR CELLS DERIVED FROM HIPSCS
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Human induced pluripotent stem cell (hiPSC)-derived neural
stem/progenitor cells (hiPSC-NSPCs) are promising sources of
cells for regenerative therapies, such as those for the treatment
of spinal cord injury and/or stroke. In cell-transplantation
therapy, tumorigenicity of the grafted cells is a serious
concern. Especially, the use of hiPSC-derived products may
cause teratoma formation due to the presence of residual
undifferentiated hiPSCs in hiPSC-derived cell products. Although
teratomas with tissues belonging to the three germ layers is the
best evidence of the pluripotency of hiPSCs, their development
is not favorable in patients undergoing regenerative therapy.
Therefore, the presence of hiPSCs in cell products should be
assessed before transplantation. Since the clinical treatment of
spinal cord injury and/or stroke requires the transplantation of
millions of hiPSC-NSPCs, contamination of the population with
even 0.1% hiPSCs may lead to the simultaneous transplantation
of thousands of hiPSCs, thus rendering the procedure untenably
dangerous. Moreover, the minimum number of hiPSCs sufficient
for producing a tumor is reported to be 10 for a hiPSC line
(201B7) in Matrigel after subcutaneous injection in NOG mice.
Therefore, the number of residual hiPSCs must be below 0.001%
(10/106) in a hiPSC-NSPC population, which can be determined
by assays with a lower limit of detection (LLOD) of 0.0001%. This
study aimed to detect such contamination of hiPSC-derived cell
products based on an immunocytochemical detection method
applicable to high-content screening system for analyzing
millions of cells simultaneously. The method was quite simple,
with the LLOD being below 0.0001%, comparable to that of the
method for returning a cell product to hiPSC culture condition,
and much more sensitive than quantitative reverse transcription-
PCR (LLOD > 0.1%) or flow cytometry (LLOD > 0.001%). Our
findings provide a feasible strategy for detecting residual hiPSCs,
especially in a hiPSC-NSPC population, thereby avoiding the risk
of teratoma formation during transplantation.

Keywords: Human induced pluripotent stem cell, Neural stem/
progenitor cell, Tumorigenicity
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DEVELOPMENT OF HIGHLY EFFICIENT
DIFFERENTIATION METHODS FOR THE SPECIFIC
BRAIN REGIONS USING RIGHT HUMAN IPS
CELLS

Motono, Makoto - Anatomy and Cell Biology, Osaka Medical
College, Takatsuki, Japan

Kato, Hidemasa - Functional Histology, Ehime University, Toon,
Japan

Kondo, Yoichi - Anatomy and Cell Biology, Osaka Medical College,
Takatsuki, Japan

Human pluripotent stem cells, embryonic stem cells (ESCs) or
induced pluripotent stem cells (iPSCs), are a promising tool for
not only regenerative medicine but also drug discovery, toxicity
study, and disease modeling. To utilize them in various fields,
we need to understand human early development (embryology)
and properly differentiate them to a target cell type. We have
investigated development of iPSCs with high differentiation
ability (T-iPSCs) produced with Yamanaka factors and TET1,
which is involved in epigenetic regulations. We selected this type
of iPSCs based on the ability of “default differentiation”, which is
a differentiation program evolutionally-preserved in vertebrate
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embryonic cells. When we differentiated T-iPSCs to a specific
neuronal cell type, ventral midbrain dopaminergic neurons in a
previous method, they had as high differentiation ability as that of
ESCs. After carefully reviewing previous neuronal differentiation
protocols, we modified them to induce T-iPSCs to target brain
regions. We were able to induce them to specific regions in
the forebrain, midbrain and spinal cord more efficiently than
previously reported. In the future, the region-specific neuronal
or glial progenitor cells induced using T-iPSCs with the modified
methods will help perform reliable drug discovery and toxicity
study.

Funding source: This research was supported by AMED under
Grant Number JP19bk0104090h0001.

Keywords: Neuronal differentiation, Specific brain region, Cell
source for toxicity study
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INFARCTION MODEL FOR CELL
TRANSPLANTAION

Kikuchi, Tetsuhiro - Center for iPS Cell Research and
Application, Kyoto University, Kyoto, Japan

Yamashita, Hokuto - Center for iPS Cell Research and Application,
Kyoto University, Kyoto, Japan
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Recent developments in organoid technology have made
it possible to create cerebral tissue from pluripotent stem
cells. These tissues are a promising source of cells for neural
regeneration therapy after brain injury or stroke, but there are
still no optimal animal models for regenerative therapy. Here
we have developed a photothrombotic model using rose
bengal for cerebral infarction, which is expected to be the
next target of regenerative therapy, as an animal model for
cell transplantation. In this study, we administered 100 mg/kg
rose bengal intraperitoneally, and after 5 minutes, illuminated
2.5 x 3.0 mm region on the skull for 15 minutes. MRI confirmed
cerebral infarction on the cerebral cortex, and the mise showed
fine motor disability, which was assessed with a foot fault test.
We tested the transplantation one week after the model was
created. This model is simple and reproducible and is useful
as a platform for the evaluation of cerebral tissue derived from
pluripotent stem cells.

Funding source: Japan Agency for Medical Research and
Development (AMED)

Keywords: Cerebral infarction, Cell therapy, Transplantation
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C-STEM, A NEW TECHNOLOGY TO SCALE UP
CELL THERAPY PRODUCTION
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Therapeutics, Bordeaux, France
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Therapeutics, Bordeaux, France

Warter, Elise - Research and Development, TreeFrog Therapeutics,
Bordeaux, France

Pletenka, Justine - Research and Development, TreeFrog
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Luquet, Elisa - Research and Development, TreeFrog
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Most stem cells, including Human pluripotent stem cells (hPSCs)
are adherent cells. The historical standard of culture is in 2D in
Petri dishes. This technology allowed for the first trials in cell
therapy but is limited by: i) reproducibility issues, ii) scalability, iii)
high cost due to labor intensive manipulations, and iv) genomic
instability. For cell therapy applications, cell quality reflects the
culture process and large quantities of cells are required for
allogenic strategies. 2D automation enables reproducible clinical
batch production but commercial batch sizes will require further
scale up. Suspension culture in bioreactors is a straightforward
choice for scale up with two main techniques: i) microcarriers,
where the cells grow attached to their surface or ii) spheroids,
where cells grow in 3D aggregates. In both culture conditions
the cells’ exposure to shear stress in bioreactors limits further
scale up. The C-Stem™ technology addresses this challenge by
encapsulating cells within hollow alginate hydrogel capsules,
250 um in diameter with 30 um thick walls. Capsules both
protect cells form shear stress and let small molecules (smaller
than 150 kDa), gas, nutrients and waste in and out. Inside the
capsule, hPSCs are seeded in extracellular matrix to mimic in
vivo conditions. The capsules are produced at high throughput
(5000 per second) with proprietary microfluidics. The C-Stem™
technology allows for 100x fold expansion per week of hPSCs
and their differentiation in traditional bioreactors. At the PSC
stage, C-Stem™ significantly improves cell viability as compared
to standard 2D PSC culture. C-Stem™ promotes pluripotency,
yields biomimetic hPSC “epiblastoids” and maintains state of
the art genomic integrity. The process is fully integrated from
seeding to harvest, scalable, single use, closed and aligned
with cGMP requirements. Most 2D and 3D protocols can be
transposed in C-Stem™. Preclinical results will be presented for
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Parkinson’s disease cell therapy. Fully mature dopaminergic
neuronal microtissues are differentiated from hPSCs within
capsules. They are then engrafted in Parkinson’s disease rat
model striata. This results in behavioral correction of rats within 6
weeks of surgery, thereby reducing by a factor 2-3 the recovery
time as compared to standard progenitor engraftment.

Funding source: TreeFrog Therapeutics, IDEX Université

de Bordeaux, CNRS, ANR, i-LAB, i-NOV, BPIfrance, Région
Nouvelle Aquitaine, European Union (Horizon 2020 research
and innovation program through the SME Instrument Phase 2)

Keywords: 3D stem cell culture, hiPSC mass production, Cell
therapy scale-up
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SINGLE-CELL CLONING OF INDUCED
PLURIPOTENT STEM CELLS USING
CELLCELECTOR INSTRUMENT AND NANOWELL
PLATES
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Takasu, Naoko - Center for iPS Cell Research and Application
(CiRA), Kyoto University, Kyoto, Japan

Tsukahara, Masayoshi - Center for iPS Cell Research and
Application (CiRA), Kyoto University, Kyoto, Japan

Continuing progress in the generation and genetic manipulation
of human induced pluripotent stem cells (iPSCs) is bringing them
closer to the clinical application. One of the challenges in the
manufacturing of clinical-grade iPSCs is single-cell cloning, the
step relevant to the standardization and automation of iPSCs
culture protocols, and essential in selecting cells with desired
mutations of gene-edited cells. Here we report the results of our
proof-of-concept study utilizing CellCelector, high-throughput
nanowell-based image-verified single cell cloning platform
(HT-NIC). The system consists of automated single-cell picking
instrument, image analysis software, and nanowell plates,
standard format culture plates containing 100,000 nanowells per
plate. The nanowell plates facilitate isolation and identification
of single cells, verification of monoclonality, assessment of
the clones’ outgrowth, and fast transfer of proliferating clones.
Although the use of the system for single-cell cloning has been
already reported, here we attempted to resolve challenges
related to the requirement of iPSCs for the culture substrate
and develop the protocol of cell dissociation suitable for the
CellCelector system.

Keywords: single cell cloning, pluripotent stem cell, automation
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Thetracheais ahollow organthatconnectsthe larynxtothe lungs,
allowing the channel of air. The common defects associated with
trachea are tumor ablation, congenital anomalies and traumatic
injuries and their treatment is fully dependent on the extent
and size of the defect. The walls of trachea are highly rigid, so
simple procedures like primary closure could only be used for
small and partially defected tracheas. There is a boon in grafting
technologies to overcome unmet clinical needs. However, there
is a high risk of immune rejections, therefore autografts and
allografts are limited and many constraints are faced while using
synthetic materials. One such approach is to use the native
trachea as scaffold for transplantation after decellularization,
due to its non-immunological extracellular matrix (ECM). The
decellularized trachea provides proper mechanical support and
aid in stem cell differentiation and regeneration. In present study,
rat trachea was decellularized using both enzymatic and non-
enzymatic method. Histopathology, SEM and biocompatibility
tests were performed for the decellularized trachea. The
decellularized trachea was recellularized using mesenchymal
stem cells (MSCs). Various biochemical and mechanical tests
were performed for recellularized trachea. Additional in vivo
experiments will be performed, where these recellularized
trachea will be placed below the skin flap of the mice and cell
differentiation will be studied.

Funding source: All INDIA INSTITUTE OF MEDICAL SCIENCES

Keywords: Trachea , Mesenchymal Stem Cells,
Decellularization, Recellularization, Extracellular Matrix
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iPS Cell Research and Application (CiRA) Kyoto University, Kyoto,
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University, Kyoto, Japan

Using pluripotent stem cell-derived cardiomyocytes (PSC-
CMs) for clinical application of cardiac transplantation, large
quantities of purified PSC-CMs are required. Moreover, genetic
modifications and contamination of non-CMs should be avoided.
Although cell sorting with antibodies against specific cell
surface proteins is one of the promising strategies, it is time-
consuming and harbors potential risk of immunogenic reaction
and local inflammation. We have shown that synthetic mRNAs
encoding a fluorescent protein tagged with complementary
sequences against specifically expressed microRNAs (miRNA-
switches) can be efficiently detected and used for purification.
Combining miRNA-switch and magnetic-activated cell sorting
(MACS) technologies, we evaluated the efficiency of large scale
purification of human induced PSC-CMs (iPSC-CMs). We used
CD4 as a selection marker for MACS and miR-208a as a specific
miRNA of CMs. We synthesized a CD4 mRNA and transfected it
into differentiated cells from iPSCs to confirm CD4 expressing
on the surface of the transfected cells. We also synthesized a
miRNA switch encoding CD4 tagged with the complementary
sequence against miR-208a (CD4-208a switch) and transfected
it into iPSC-derived differentiated cells. This CD4-208a switch
allowed the distinction of CMs from non-CMs by the expression
of CD4. Non-CMs could be removed by MACS while a co-
transfected puromycin resistance carrying mRNA allowed the
removal of untransfected cells with puromycin. Purified cells
were then transplanted into NOG mouse hearts with myocardial
infarction by direct injections into the myocardium to show their
successful engraftment. After transfection of the CD4 mRNA
into differentiated cells from iPSCs, 78+5% expressed CD4 on
the cell surface. We also confirmed that the CD4-208a switch
separated CMs and non-CMs as expected. Combination of
MACS and puromycin selection purified iPSC-CMs from 69+5%
to 97+2% as assessed by troponin T staining. Purified cells were
shown to be engrafted in mouse hearts. We demonstrated that
the synthetic CD4-208a switch efficiently purifies iPSC-CMs in
large scale, suggesting that this technology can be clinically
applied for stem cell-based cell therapy.

Funding source: Fellowship Program of Development of Young
Researchers from iPS Cell Research Fund, and Health Labour
Sciences Research Grant of the Ministry of Health Labour and
Welfare
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BIO THREE-DIMENSIONAL CONDUIT
DEVELOPED FROM HUMAN IPSC-DERIVED
MESENCHYMAL STEM CELLS PROMOTES RAT
PERIPHERAL NERVE REGENERATION

Zhao, Chengzhu - Department of Clinical Application, Center
for iPS Cell Research and Application (CiRA), Kyoto University,
Kyoto, Japan

At present, many artificial nerve conduits have been developed
to overcome limitations of autologous nerve grafting for
peripheral nerve repair. However, the efficacy remains not
ideal. Recently, a completely biological tube via Bio-3D-printer-
based system using human fibroblast showed supportive effect
on nerve regeneration. Based on this method, in this study we
employed mesenchymal stem cells induced from iPSCs (iMSCs)
by a xeno-free protocol. We generated clump of iMSCs (C-iMSCs)
that consisting of iMSCs and self-produced ECM to form tough
and functional units. We arranged the C-iMSCs by Bio 3D Printer,
and cultured the generated Bio 3D structure with perfusion to
construct scaffold-free nerve conduits. 8-week following iMSC
Bio3D nerve conduit transplantation into a rat model of sciatic
nerve injury, kinematic analysis/ electrophysiological studies/
histological and morphological studies were performed. The
results show that supporting effects on peripheral nerve
regeneration of iIMSC Bio3D nerve conduit are significantly
superior compared with silicone control group. iIMSC Bio3D
nerve conduit expressed neurotrophic and angiogenic factors.
Besides, neovascularization was observed both inside and
on the surface of the transplanted Bio 3D conduit. We thus
concluded that the Bio 3D conduit fabricated from iMSCs is an
effective strategy for nerve regeneration in a rat sciatic nerve
injury model. This technology will be useful for segmental nerve
defects in future clinical situations.
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DEVELOPMENT OF INNOVATIVE ANGIOGENESIS
THERAPY USING INJECTABLE CELL SCAFFOLD

Yamahara, Kenichi - Laboratory of Medical Innovation, Institute
for Advanced Medical Sciences, Hyogo College of Medicine,
Nishinomiya, Japan

Fukumoto, Shinya - Department of Premier Preventive Medicine,
Osaka City University Graduate School of Medicine, Osaka, Japan
Sato, Hideki - QOL Research Center, Gunze Ltd, Ayabe, Japan
Furuzono, Tsutomu - Department of Biomedical Engineering,
School of Biology-Oriented Science and Technology, Kindai
University, Kinokawa, Japan

Clinical trials demonstrate the effectiveness of cell-based
therapeutic angiogenesis in patients with critical limb ischemia
(CLI); however, their success remains limited. Maintaining
transplanted cells in the ischemic tissue are expected to
augment cell-based therapeutic angiogenesis. We have
demonstrated that nano-hydroxyapatite (HAp) coating on
medical devices shows marked cell adhesiveness. Using this
nanotechnology, we generate HAp-coated poly(l-lactic acid)
(PLLA) or 75:25 poly(l-lactide-co-epsilon-caprolactone) (PLCL)
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microspheres, named injectable cell scaffold (ICS), as a non-
biological, biodegradable and injectable scaffold for cell-based
angiogenesis. Here we report the effectiveness of ICS on
therapeutic angiogenesis using mouse hindlimb ischemia model.
After incubation of ICS with mouse bone marrow or human
peripheral blood-derived mononuclear cells (MNC) with ICS,
MNC+ICS were intramuscularly injected into mouse ischemic
hindlimb. When GFP-positive mouse MNC were injected, GFP
level in the ischemic tissue of mouse MNC+ICS group was
approximate five-fold higher than that of mouse MNC group
seven days after injection. Kaplan-Meier analysis demonstrated
that MNC+ICS injection markedly prevented hindlimb necrosis
(P<0.05 vs. BMNC). Compared to mouse MNC, mouse MNC+ICS
markedly induced angiogenesis in the ischemic tissue and
increased collateral blood flow confirmed by three-dimensional
CT angiography. Enhanced angiogenesis in mouse MNC+ICS
group was correlated with increased intramuscular levels of
VEGF and basic FGF. Co-implantation of mouse MNC and ICS
also prevented the apoptosis of transplanted cells, resulting in
prolonged cell retention. A novel and feasible ICS potentiates
cell-based therapeutic angiogenesis, which could be useful for
the treatment of CLI. We are now preparing an investigator-
initiated clinical trial of angiogenesis therapy by transplantation
of autologous peripheral blood-derived MNC with ICS for
patients with CLI refractory to endovascular treatment.

Funding source: This research was supported by AMED under
Grant Number JP19hk0102059.

Keywords: Chronic limb threatening ischemia, Hydroxyapatite,
Injectable cell scaffold
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SPECIFIC GENE CORRECTION AND DIRECT
CELL REPROGRAMMING: AN INNOVATIVE
TREATMENT FOR PRYMARY HYPEROXALURIA
TYPE 1, A RARE METABO