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CROSSTALK BETWEEN HIPPO:YAP AND RA
SIGNALING PATHWAYS SPECIFIES ATRIAL
LINEAGES

Abraham, Elizabeth B. - Center of Translational Medicine,
Temple University Lewis Katz School of Medicine, Philadelphia,
PA, USA

Stronati, Eleonora - Cardiovascular Sciences, Temple University
Lewis Katz School of Medicine, Philadelphia, PA, USA

Zubillaga, Mikel - Cardiovascular Sciences, Temple University
Lewis Katz School of Medicine, Philadelphia, PA, USA

Estaras, Conchi - Cardiovascular Sciences, Temple University
Lewis Katz School of Medicine, Philadelphia, PA, USA

Abstract: Heart development is controlled by a network of tran-
scription factors that connect signaling pathways with genes for
cell differentiation, patterning, and heart structure. Mutations in
the cardiac gene network components are at the core of congen-
ital heart defects (CHD). RA signaling is a vitamin A metabolite
that regulates cardiogenesis by promoting the posterior specifi-
cation of the cardiac progenitor cells (CPCs) in the Second Heart
Field (pSHF) and the acquisition of atrial lineages. Defects in the
differentiation trajectories of the SHF population give rise to CHD.
Hence, excess or insufficient RA signaling causes developmen-
tal defects in the heart. However, the regulatory network con-
trolling the specification of CPCs and cardiomyocyte (CM) iden-
tity is elusive. Intending to identify new factors involved in CPC
specification in concert with RA, we applied a functional genomic
approach in human Embryonic Stem Cell (hESC)-derived CPCs,
at single-cell resolution. Our data identify the Hippo nuclear ef-
fectors YAPI.:TEAD4 as potential cell-fate determinants of atrial
CMs. YAP1 interacts with TEAD-DNA binding proteins to regulate
CM proliferation during heart development, but their role in CPC
differentiation is largely unknown. Our ongoing studies show that
active YAP1: TEAD4 enhancers are required for the RA-transcrip-
tional response during atrial commitment in CPCs. Our data show
that YAP1 is recruited by RA signaling to atrial enhancers through
RA-induced steroid nuclear receptor NR2F2, an essential atrial
specifier. Our studies indicate that the RA-induced YAP1.TEAD
enhancers are integrated with the cTF network of CPCs to regu-
late the specification of atrial lineages.

Keywords: cardiomyocyte specification, YAP and Retinoic Acid
Signaling, NR2F2 and Coup-Tfii
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SINGLE CELL ANALYSIS OF THE
TRANSCRIPTIONAL DYNAMICS DURING EMBRYO
DORMANCY REVEALS CRITICAL FUNCTION OF
THE HIPPO PATHWAY IN THE MAINTENANCE OF
PLURIPOTENT LINEAGE

Chen, Rui - Embryonic Self-Organization Research Group, Max
Planck Institute for Molecular Biomedicine, Muenster, Germany
Jeong, Hyun-Woo - Department of Tissue Morphogenesis, Max
Planck Institute for Molecular Biomedicine, Muenster, Germany
Fan, Rui - Embryonic Self-Organization Research Group, Max
Planck Institute for Molecular Biomedicine, Muenster, Germany
Adams, Ralf H. - Department of Tissue Morphogenesis, Max
Planck Institute for Molecular Biomedicine, Muenster, Germany
Bedzhov, Ivan - Embryonic Self-Organization Research Group,
Max Planck Institute for Molecular Biomedicine, Muenster,
Germany

Abstract: The implantation of the blastocyst into the uterine wall
is a key step of the reproductive cycle, which mediates the con-
nection of the embryo to the maternal tissues during the early
stages of pregnancy. However, in some species, including the
house mouse, this process can be put on hold, while the embryo
falls into a reversible state of suspended animation, known as
diapause. In contrast to the “normal” (transient) embryogenesis,
which have been intensively studied, the embryonic diapause
is still an extremely enigmatic state. Focusing on the pluripotent
lineage, here we aimed to decipher the embryo-intrinsic mecha-
nisms of embryo dormancy, using the mouse as a model system.
Transcriptional analysis using single cell RNA-seq (scRNA-seq)
approach revealed that the diapause is not a “stasis”, but instead
is a dynamic state where gene expression is actively modulated.
Moreover, we found that during diapause the epiblast also chang-
es its tissue scale architecture, establishing epithelial rosette-like
structure. The establishment of epithelial polarity in pluripotent
lineage results in the inactivation of the Hippo signalling enabling
the nuclear accumulation of the transcriptional co-factor Yap1. Al-
though, the presence of Yap1is not essential for the transient de-
velopment of the epiblast, we found that deletion of Yap1 during
diapause is critical for the maintenance of the pluripotent cells.
Moreover, Yap1 function is also required for the efficient reactiva-
tion of the epiblast development upon exit of embryo dormancy.
Modulating the Hippo pathway in vitro, in embryonic stem cells
(ESCs), revealed the critical role of this cascade in keeping the
programmed cell death at bay. Thus, our work elucidates an es-
sential “cryptic” function of the Hippo/Yap1 signalling in the long-
term maintenance of the pluripotent cells in vitro, in ESCs culture
and in vivo, in diapause embryos.

Keywords: Embryonic diapause, Hippo/Yap1 signalling,
pluripotent cells
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IMPDH FORMS THE CYTOOPHIDIUM DURING
MOUSE EMBRYOGENESIS

Peng, Min - Institute of Biotechnology, National Taiwan
University, Taipei, Taiwan

Chang, Chia-Chun - Institute of Biotechnology, National Taiwan
University, Taipei, Taiwan



Liu, Ji-Long - School of Life Science and Technology,
ShanghaiTech University, Shanghai, China

Sung, Li-Ying - Institute of Biotechnology, National Taiwan
University, Taipei, Taiwan

Abstract: Inosine monophosphate dehydrogenase (IMPDH) cat-
alyzes the rate-limiting step of de novo guanine nucleotide bio-
synthesis. The levels of IMPDH RNA and protein were reported
to be elevated robustly at the 4-cell stage of mouse embryos
and onward. Moreover, the development of 4-cell stage embryos
toward blastocysts was severely interrupted in the presence of
IMPDH inhibitor, MPA, indicating an essential role of IMPDH at
particular stages of embryogenesis. On the other hand, a mem-
braneless sub-cellular structure of IMPDH, the cytoophidium, has
been discovered in several types of mammalian cells. The for-
mation of cytoophidium has been implicated to desensitize the
enzymatic inhibitory effect by GTP binding, thereby accelerating
GTP biosynthesis in physiological conditions. Herein we perform
immunostain for IMPDH in preimplantation mouse embryos at
different developmental stages and observe the presence of cy-
toophidium. The filamentation of IMPDH is hardly found in earlier
stages but few cells in morulae. Blastocysts further display in-
creased IMPDH cytoophidium formation, implying the association
of cytoophidium assembly with IMPDH expression, and with cel-
lular metabolism. Additionally, in postimplantation embryos from
7.5 to 17.5 dpc under normal physiological conditions, the IMPDH
cytoophidium can be detected in multiple tissues, including ol-
factory epithelium, cerebrum, spinal cord, rib, thymus, intestine,
liver, kidney, muscle, and skin. To further investigate the involve-
ment of IMPDH cytoophidium in mouse embryo development, a
previously identified IMPDH2 mutation, Y12C that disrupts polym-
erization, is applied to establish no-cytoophidium mutant mouse
embryonic stem cells (ESCs) by CRISPR/Cas9 genome editing
system. Wild-type and mutant ESCs are injected respectively
into the cavity of blastocyst and injected embryos are transferred
into the uterus of pseudopregnant females. Seventeen chimeric
wild-type pups are born, with a term-development rate of 70.8%;
however, none of the chimeric mutant offspring is generated, il-
lustrating significantly compromised differentiation capacity of
ESCs without cytoophidium-forming property. Our results reveal
that cytoophidium assembly is not only a natural phenomenon
but indispensable during mouse embryo development.

Funding Source: Research was supported by Ministry
of Science and Technology, Taiwan, Grant Number
109-2313-B-002-003-MY2

Keywords: IMPDH, Cytoophidium, Embryo development
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EPIGENETIC REPROGRAMMING OF INTESTINAL
STEMNESS BY DIETARY ARACHIDONIC ACID

Garipcan, Aybuke - Cancer Center, Cold Spring Harbor
Laboratory (CSHL), Cold Spring Harbor, USA

Eskiocak, Onur - Cancer Center, CSHL, Cold Spring Harbor, NY,
USA

Meydan, Cem - Computational Biomedicine, Weill Cornell
Medicine, New York, NY, USA

Yueh, Brian - Cancer Center, CSHL, Cold Spring Harbor, NY, USA
Shah, Vyom - Cancer Center, CSHL, Cold Spring Harbor, NY, USA
Chung, Charlie - Cancer Center, CSHL, Cold Spring Harbor, NY,
USA

Papciak, Katherine - Cancer Center, CSHL, Cold Spring Harbor,

NY, USA

Ozler, Kadir - Cancer Center, CSHL, Cold Spring Harbor, NY, USA
Bhalla, Kuhulika - Cancer Center, CSHL, Cold Spring Harbor, NY,
USA

Alsudani, Habeeb - Histology Core, CSHL, Cold Spring Harbor,
NY, USA

Habel, Jill - LAR, CSHL, Cold Spring Harbor, NY, USA

Rubino, Rachel - LAR, CSHL, Cold Spring Harbor, NY, USA
Stillman, Bruce - CSHL, Cancer Center, Cold Spring Harbor, NY,
USA

Rivadeneira, David - Surgery, Northwell Health, Woodbury, NY,
USA

Mason, Christopher - Computational Biomedicine, Weill Cornell
Medicine, New York, NY, USA

Meyer, Hannah - Quantitative Biology, CSHL, Cold Spring Harbor,
NY, USA

Beyaz, Semir - Cancer Center, CSHL, Cold Spring Harbor, NY,
USA

Abstract: Self-renewal and differentiation of intestinal stem cells
(ISCs) are tightly regulated by niche-derived signals such as li-
gands, growth factors and cytokines emanating from neighboring
Paneth cells, fibroblasts, enteric glia and immune cells around the
intestinal crypt. Additionally, accumulating evidence posits that
nutrients and metabolic pathways significantly influence cellular
function and fate by signaling to transcription factors and altering
epigenetic landscapes. While recent studies started to explore
metabolic regulation of ISC activity through fatty acid (FA) oxida-
tion, ketone body signaling, mitochondrial pyruvate metabolism
and microbiome-derived metabolites, little is known about how
nutrients and their metabolite derivatives influence ISC activity
and cellular plasticity in the intestine by evoking epigenetic al-
terations. Here, through a screen of dietary FAs in mouse and
human intestinal organoids, we characterize a subset of omega-6
family fatty acids that converge on arachidonic acid (AA) with ro-
bust stemness-enhancing effects. By utilizing isocaloric diets that
vary in AA abundance, we demonstrate that AA promotes both
homeostatic and damage-induced intestinal stem cell regenera-
tion in vivo. Cross-species gene expression analysis reveals in-
duction of conserved repair-associated stem cell reprogramming
signatures in response to AA treatment. Using single-cell RNA se-
quencing (scRNA-seq), we identify AA-induced de novo stem cell
states and dedifferentiation programs in vivo and in vitro. Mech-
anistically, dietary AA engenders production of epithelial prosta-
glandin E2 (PGE2), which activates PTGER4 — cAMP — PKA sig-
naling axis to promote stemness in mice and humans. Finally, we
find that AA evokes epigenetic reprogramming around stem cell
regeneration-associated genes in a PTGER4-dependent manner.
These findings demonstrate that dietary AA is a conserved pro-
moter of stem cell regeneration that mimics the repair-response
to tissue injury through PGE2-PTGER4 signaling and downstream
epigenetic reprogramming.

Keywords: arachidonic acid, intestinal stem cells, epigenetic
reprogramming
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REPROGRAMMING OF DISEASE-ASSOCIATED
RENAL EPITHELIAL CELLS INTO INDUCED
PLURIPOTENT STEM CELLS USING AN
IMPROVED RNA-BASED METHOD

Frieman, Amy L. - Dermatology, Gates Center for Regenerative
Medicine, Aurora, CO, USA

Diette, Nicole - Biological and Physical Science, Keystone
College, Scranton, PA, USA

McGrath, Sean - Pediatrics, University of Colorado, Aurora, CO,
USA

Kogut, Igor - Dermatology, University of Colorado, Aurora, CO,
USA

Bilousova, Ganna - Dermatology, University of Colorado, Aurora,
CO, USA

Abstract: Induced pluripotent stem cells (iPSCs) hold enormous
potential for regenerative medicine and disease modeling. Com-
mon reprogrammed cell types include fibroblasts, keratinocytes,
and blood cells. However, a major drawback to obtaining fibro-
blasts and keratinocytes from skin biopsies and blood cells from
venipuncture is the potential risk for complications, especially in
patients with skin and connective tissue disorders. Moreover, ex-
posure to ultraviolet rays and high cell turnover rates increases
the likelihood of problematic chromosomal abnormalities and
mutations in these cell types. The collection of urine is a non-in-
vasive method and can provide exfoliated renal epithelial cells
(RECs), which are amenable to reprogramming. Current non-inte-
grating methods of REC reprogramming utilize DNA plasmids or
Sendai viral vectors. However, these methods are typically asso-
ciated with elevated cell death, long and tedious regimens and
low efficiency of reprogramming. Here, we report the successful
reprogramming of healthy RECs and RECs derived from individ-
uals with recessive dystrophic epidermolysis bullosa (RDEB) and
Down Syndrome into iPSCs using a non-integrating RNA-based
approach. This approach was adapted from our previously pub-
lished high-efficiency RNA-based protocol for reprogramming fi-
broblasts into iPSCs by modifying cell culture conditions and REC
transfection regimens. As a result, we developed a protocol that
consistently generates clinically relevant iPSCs from RECs at high
efficiency. The generated iPSCs are chromosomally stable, ex-
press pluripotency markers, and can be differentiated in vitro and
in vivo. Thus, not only can our methodology consistently gener-
ate high quality iPSCs with little to no discomfort for patients, but
it also possesses a tremendous potential for future translational
and therapeutic applications.

Funding Source: DEBRA International, Linda Crnic Institute for
Down Syndrome, and Gates Frontiers Fund

Keywords: Induced Pluripotent Stem Cells (iPSCs), RNA
Reprogramming, Renal Epithelial Cells
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EED IS REQUIRED FOR PRIMORDIAL GERM CELL
DIFFERENTIATION IN THE EMBRYONIC GONAD

Lowe, Matthew - MBIDP, University of California, Los Angeles
(UCLA), CA, USA

Yen, Ming-Ren - Institute of Plant and Microbial Biology,
Academia Sinica, Taipei, Taiwan

Hsu, Fei-man - Molecular Cell and Developmental Biology, UCLA,
Los Angeles, CA, USA

Gorgy, Isaac - Molecular Cell and Developmental Biology, UCLA,
Los Angeles, CA, USA

Chitiashvili, Tsotne - Molecular Biology Institute, UCLA, Los
Angeles, CA, USA

Bernard, Matthew - Molecular Biology Institute, UCLA, Los
Angeles, CA, USA

Hu, Zhongxun - Molecular Cell and Developmental Biology,
UCLA, Los Angeles, CA, USA

Hosohama, Linzi - Molecular Cell and Developmental Biology,
UCLA, Los Angeles, CA, USA

Hunt, Timothy - Molecular Cell and Developmental Biology,
UCLA, Los Angeles, CA, USA

Wamaitha, Sissy - Molecular Cell and Developmental Biology,
UCLA, Los Angeles, CA, USA

Chen, Pao-Yang - Institute of Plant and Microbial Biology,
Academia Sinica, Taipei, Taiwan

Clark, Amander - Molecular Cell and Developmental Biology,
UCLA, Los Angeles, CA, USA

Abstract: Primordial germ cells (PGCs) are the founding cells of
the entire adult germline, and their proper differentiation is es-
sential for the survival of the species. During mammalian PGC
differentiation, major epigenetic reorganization occurs which is
hypothesized to establish a regulatory landscape for sex-specific
germ cell differentiation and gametogenesis. In both human and
mouse PGCs, this reorganization includes the near complete re-
moval of DNA methylation as well as a global enrichment of nu-
clear histone 3 lysine 27 trimethylation (H3K27me3). While DNA
methylation has previously been shown to have a critical role in
regulating the timing of PGC differentiation in mice, the role of
H3K27me3 is less clear. To address this, we used the mouse
model to create a PGC specific conditional knockout for Embry-
onic Ectoderm Development (EED), a critical protein in polycomb
repressive complex 2 (PRC2) which catalyzes H3K27me3. Using
imaging, FACS, bulk, and single cell RNA sequencing we found
that EED is essential for regulating the timing of sex-specific
PGC differentiation in both ovaries and testes as well as X chro-
mosome decompensation in XY PGCs. Integrating H3K27me3
ChIP and bisulfite sequencing of mouse epiblast and PGCs, we
identified a subset of intermediate to high GC content gameto-
genesis promoters with a uniquely poised repressive signature
of high H3K27me3 and DNA methylation. Through Co-immu-
noprecipitation we detected an interaction between EED/PRC2
and DNMT1 in Epiblast-Like cells providing a mechanism for the
establishment and/or maintenance of this signature from at least
the epiblast stage of embryo development. Taken together, we
propose that EED joins DNMT1 in regulating the timing of sex-spe-
cific PGC differentiation through the generation of a repressive
H3K27me3/DNA methylation epigenetic mark at gametogenesis
promoters. Results from these studies will be critical to advance



our understanding of mammalian PGC epigenetic regulation and
to improve PGC differentiation in vitro from pluripotent stem cells.

Funding Source: NIH/NICHD 2 RO1 HD058047, Ruth L.
Kirschstein National Research Award GM007185, UCLA Eli
and Edythe Broad Center of Regenerative Medicine and Stem
Cell Research Training Program and the Rose Hill Foundation
Scholarship

Keywords: PGCs, PRC2, Germline

TOPIC: HEMATOPOIETIC SYSTEM

115

DISCOVERING CELL IDENTITY BY DATA
INTEGRATION AND PROJECTION

Choi, Jarny - Department of Anatomy and Physiology, University
of Melbourne, Australia

Rajab, Nadia - Department of Anatomy and Physiology, The
University of Melbourne, Australia

Butcher, Suzy - Department of Anatomy and Physiology, The
University of Melbourne, Australia

Angel, Paul - Department of Anatomy and Physiology, The
University of Melbourne, Australia

Elahi, Zahra - Department of Anatomy and Physiology, The
University of Melbourne, Australia

Wells, Christine - Department of Anatomy and Physiology, The
University of Melbourne, Australia

Abstract: As we accumulate gene expression data at an unprece-
dented rate, discovering and predicting the transcriptional identi-
ty of a cell becomes a critical step in many downstream analyses.
The problem is not simply a computational one of finding best
clusters in high dimensional data. Since cells are assayed under
different conditions and derived from different types of donors
or other cell types, meaningful cell identity profiling which works
beyond a single dataset needs to take these other features of the
data properly. Furthermore, batch correction remains a challenge
when separate datasets are merged together. An additional chal-
lenge is that most tools for cell identity profiling have been devel-
oped for bioinformaticians and it is difficult for a bench biologist
to perform any analyses. At stemformatics.org, we have devel-
oped novel integrated atlases, which combine multiple datasets
to create comprehensive transcriptional landscape of blood cells.
Batch effect correction has already been done using a novel gene
filtering strategy as well as careful sample annotation where we
applied uniform terminology across all the datasets. This enables
easy cross-dataset comparisons of cells. A key feature is that ex-
ternal data can be projected easily onto the atlas using online
tools, empowering users to benchmark their own cells against the
reference cells for rapid hypothesis generation. We have also de-
veloped a computational workflow called Sincast to project single
cell data onto a Stemformatics atlas or other bulk references for
cell identity prediction. Sincast uses either pseudo-bulk aggrega-
tion or zero imputation to make single cell data compatible with
bulk data before projection is performed.

Keywords: Transcriptional profiling, Reference atlas,
Benchmarking
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LOCATING THE ORIGIN OF THE AMNIOTIC
FLUID STEM CELLS ON A HUMAN FETAL KIDNEY
SPATIAL TRANSCRIPTOMIC MAP

Beesley, Max A. - Great Ormond Street Institute of Child Health,
University College London, UK

Xenakis, Theodoros - Great Ormond Street Institute of Child
Health, University College London, UK

Martini, Paolo - Molecular and Translational Medicine, University
of Brescia, Italy

Kunpalin, Yada - Great Ormond Street Institute of Child Health,
University College London, UK

David, Anna - EGA Institute for Women’s Health, University
College London, UK

De Coppi, Paolo - Great Ormond Street Institute of Child Health,
University College London, UK

Gerli, Mattia Francesco Maria - Division of Surgery and
Interventional Science, University College London, UK

Abstract: Human amniotic fluid stem cells (AFSCs) are mesenchy-
mal, multipotent stem cells. AFSCs are autologous to the fetus
and are isolated through amniocenteses and amniodrainages,
making them ideal for fetal/neonatal regenerative medicine. By
comparing the AFSC bulk RNAseq gene expression profiles with
a library of human mesenchymal cell lineages isolated from mul-
tiple fetal tissues, our group indicated that the AFSCs originate
from the fetal kidney. We have now applied spatial transcriptom-
ics to human fetal kidney samples (n=3, 20PCW) to investigate
the precise anatomical site of origin of the AFSCs. To achieve
this, we developed a novel analytical workflow which allowed us
to overlay our bulk RNAseq expression profiles onto these ad hoc
generated spatial transcriptomics data. As first step, we integrat-
ed a single-cell kidney dataset with our spatial transcriptomics
data to increase its resolution to single-cell level. We then applied
the NewWave R package to normalise the combined dataset
composed of both our AFSC bulk RNAseq and high-resolution
kidney spatial transcriptomics data. This normalisation enabled
these samples to be analysed and graphically represented to-
gether. All AFSC lines analysed (n=8), clustered to the same re-
nal anatomical region, which showed the greatest transcriptomic
similarities to the AFSCs. This lends further support to our current
model, which indicates that the AFSCs shed from the kidney epi-
thelia and translocate to the amniotic fluid through the fetal urine.
By identifying the precise cell population that gives rise to the
AFSCs, we were able to investigate the transcriptomic changes
leading to their formation. These findings are aiding the identifi-
cation of novel markers for AFSC isolation, providing new insights
on the developmental processes involved in their generation and
improving our understanding of their identity.

Funding Source: UCL Wellcome ISSF Restarting Research
Great Ormond Street Hospital Charity PhD Studentship Marie
Sktodowska-Curie Fellowship NIHR GOSH BRC GOS ICH
Institute Development Fund

Keywords: Amniotic Fluid Stem Cells, Spatial Transcriptomics,
Fetal Kidney
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SYSTEMATIC DISCOVERY OF STEM CELL
FATE REGULATORS FOR PRECISION CANCER
THERAPY

Chung, Mingyu - Neurology, Stanford University, Mountain View,
CA, USA

Wheeler, Joshua - Pathology and Neuropathology, Stanford
University, Stanford, CA, USA

Krishnan, Ananya - Neurology, Stanford University, Palo Alto, CA,
USA

Ishak, Heather - Neurology, Stanford University, Palo Alto, CA,
USA

Chang, Howard - Dermatology and Genetics, Stanford University,
Stanford, CA, USA

Rando, Thomas - Molecular, Cell, and Developmental Biology,
University of California Los Angeles, CA, USA

Abstract: A major goal in medicine is to control stem cell fate
specification, yet its regulatory logic remains poorly understood.
In rhabdomyosarcomas (RMS), tumor propagation often depends
on epigenetic dysregulation of the myogenic regulatory factors
(MRF) MyoD and MyoG, raising the possibility that stemness can
be modulated via lineage-specific TFs. Despite these discoveries,
RMS is heterogeneous, and our ability to predict pathway sensi-
tivity in individual cases remains extremely limited. We aim to dis-
cover regulatory pathways controlling MyoD and MyoG in order
to direct stemness as well as predict targeted interventions for
individual cases of RMS. We performed an image-based pheno-
typic drug screen of over 1300 compounds involved in epigene-
tic regulation on primary mouse muscle progenitors, measuring
MyoD and MyoG expression along with late differentiation-asso-
ciated myotube fusion. Strikingly, the targets implicated from our
screen encompass many pathways reported across diverse RMS
instances, suggesting that the key MRF regulatory pathways in
primary progenitors are the same ones that RMS subtypes hijack.
Our screen further implicates numerous targets not previously re-
ported in RMS but which are upregulated in RMS data sets. We
are now phenotypically drug screening diverse RMS lines, and we
will test the impact on tumorigenicity for a subset of drugs repre-
senting specific phenotypic patterns to predict in vivo sensitivity
from in vitro phenotype. Finally, we will integrate epigenomic and
transcriptomic profiles of RMS and progenitor cells to discover
markers that predict phenotypic response and tumorigenic sen-
sitivity. The discovery of better predictive markers for precision
therapy in RMS would constitute a major medical advance and
highlight the potential of targeting stem cell fate specification in
other hierarchical cancers and their associated stem cells.

Funding Source: Funding provided by F32GM139260 (MC) and
Stanford Physician Scientist Faculty Incubator (JRW).
Keywords: Myogenesis, Cancer, Epigenetics
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P53 BOTH INHIBITS AND PROMOTES CELLULAR
REPROGRAMMING

Beitz, Adam M. - Chemical Engineering, Massachusetts Institute
of Technology, Cambridge, MA, USA
Lende, Brittany - Chemical Engineering, Massachusetts Institute
of Technology, Cambridge, MA, USA
Galloway, Kate - Chemical Engineering, Massachusetts Institute
of Technology, Cambridge, MA, USA

Abstract: The tumor-suppressor protein p53 maintains genomic
integrity in response to genomic insults, earning it the moniker
of “guardian of the genome.” In reprogramming, p53 serves as a
barrier. High levels of p53 induce cell cycle arrest or apoptosis,
which limit reprogramming efficiency. Inclusion of mutant p53 in
the reprograming cocktail induces up to a 100-fold increase in
induced motor neurons. Curiously, this p53 mutant enables rapid-
ly proliferating cells to accumulate wild-type p53. Knockdown of
wild-type p53 in the presence of this mutant reduces reprogram-
ming efficiency, indicating an indispensable role for wild-type p53
in reprogramming that our mutant p53 cannot fulfill. How then
does wild-type p53 both limit and promote reprogramming? Us-
ing mathematical modeling to examine the p53 response to DNA
damage, we find that repression of p53’s transactivation activi-
ty by mutant p53 can directly lead to accumulation of wild-type
p53. Further, we demonstrate using our model that increased
levels of p53 may enable reprogramming cells to tolerate high-
er rates of transcription. We hypothesize that p53 mitigates DNA
damage induced by hypertranscription through interaction with
topoisomerase | (Top1). We model this interaction as a p53 con-
centration-dependent inhibition of DNA damage resulting from
increased transcription rates. To test our hypothesis, we have
generated p53 mutants with altered tetramerization and Top1-in-
teraction domains. We observe specific domain mutants result in
different patterns of localization and proliferation. Through char-
acterization of the mutant proteins, we are defining the specific
protein-protein and protein-DNA interactions that allow p53 to
promote high efficiency reprogramming. Together, our data sug-
gest a dual role for p53 in cell-fate transitions that functions as
a band-pass filter to restrict transitions. Understanding how p53
promotes cellular plasticity may help to identify processes that
promote reprogramming and that can be enhanced without on-
cogenic mutants. Our observations also implicate a role for p53
in oncogenic transitions and may help to identify specific interac-
tions that could be interrupted to limit cancerous transformations.

Funding Source: A.M.B. is supported by the National Science
Foundation Graduate Research Fellowship Program under grant
No. 1745302.
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A POOLED VIRAL TRANSCRIPTION FACTOR
LIBRARY APPROACH TO DISSECT NEURONAL
DIVERSITY

Mazzara, Pietro G. - Genetics and Development, Columbia
University, New York, NY, USA

Baldwin, Kristin - Genetics and Development, Columbia

University, New York, NY, USA
Buckley, Tyler - Genetics and Development, Columbia University,



New York, NY, USA
Lilion, Hanna - Genetics and Development, Columbia University,
New York, NY, USA
Yoney, Anna - Genetics and Development, Columbia University,
New York, NY, USA

Abstract: Investigating human neuronal diversity is one of the
challenges of today’s neuroscience. Many neurologic diseases
are linked to widely expressed genes that have effects only on
rare and specific neuronal subtypes. Due to the post-mitotic na-
ture of neurons, disease etiology and treatments have historically
been explored using animal models that can poorly replicate hu-
man symptoms and progression. Using reprogramming and plu-
ripotent stem cells it is possible to produce many human subtypes
of interest for disease, such as peripheral sensory neurons, motor
neurons and dopaminergic neurons. Yet, for the majority of cell
types in the brain, we lack methods to identify or produce them in
vitro. To overcome this problem, we have established a somatic
cell reprogramming strategy to generate the whole plethora of
neuronal subtypes by screening a pooled lentiviral library of tran-
scription factors (TFs) expressed in neural lineages and involved
in neuronal specification and maturation. Using a new genome
edited induced pluripotent stem cell (iPSC) SNAP25-P2A-tdTo-
mato reporter cell line, single tdTomato positive induced neuro-
nal cells have been isolated. These induced neurons show strong
morphological diversity (unipolar, bipolar and multipolar neuro-
nal morphology) among them. Moreover, our preliminary analy-
ses, show strong TFs diversity between cells and expand the list
of TFs able to generate iNs in vitro. Linking the TF input to the
transcriptional output signatures will expand the reprogramming
toolbox and may also shed light on mechanisms underlying the
generation of neuronal diversity in humans.

Funding Source: Supported by NARSAD Young Investigator
Grant from the Brain & Behavior Research Foundation
Keywords: Direct Reprogramming, Neurons, Screening
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SINGLE-CELL RNA SEQUENCING OF THE
DEVELOPING HUMAN MENINGES

Vinsland, Elin - Medical Biochemistry and Biophysics, Karolinska
Institutet, Stockholm, Sweden

Linnarsson, Sten - Medical Biochemistry and Biophysics,
Karolinska Institutet, Stockholm, Sweden

Abstract: The vertebrate central nervous system is encased by
the meninges, which consists of three connective tissue layers
called the pia-, arachnoid-, and dura mater. The meninges attach
the brain to the skull, provide mechanical protection and blood,
and have space through which cerebrospinal fluid travels around
the brain. Increasing evidence also shows an active involvement
of the meninges in brain development. Furthermore, menin-
giomas are the most common primary intra-cranial tumors and
originate from the meninges. Since molecular drivers for growth,
invasion and transformation are mostly unknown, no specific bio-
markers or targeted therapies exist. However, the cellular compo-
sition and development of the meningeal layers is poorly under-
stood, and no single-cell RNA sequencing has been performed
on the developing human meninges. In this study, we aim to (1)
characterize cellular heterogeneity during early development of
the human meninges using single-cell RNA sequencing, and (2)
compare it with published data from meningioma resections to
investigate if aspects of meningioma biology can be explained
by developmental programs. We generated an atlas of 170,000
single cells from the prenatal human meninges between postcon-

ceptional weeks (PCW) 5.5-13.5. We identify 363 clusters, cov-
ering cellular heterogeneity within mesenchymal (fibroblasts and
pericytes)-, vascular endothelial-, epithelial-, neural (progenitors,
glia, neurons)-, neural crest-, and hematopoietic lineages. Almost
10% of the cells are cycling, and the onset of gene expression
associated with arachnoid and dura development occurs at PCW
9 onwards. Some other findings include gene expression gradi-
ents between fibroblast clusters, pericytes, and smooth muscle
cells, a common progenitor for epithelial and neural lineages, and
the appearance of microglia already at PCW 5.5. Comparing the
embryonic meninges with meningioma tumors showed that the
major cell classes and the percentage of cycling cells are simi-
lar. Further analysis may give insight into whether meningioma
grades correlate with developmental maturity, help identify the
cell of origin and progression markers. Our transcriptomic atlas
gives novel insight into early human meningeal development,
and can help characterize meningioma biology on a cellular and
molecular level.

Funding Source: Swedish Foundation for Strategic Research
(SB16-0065), Knut and Alice Wallenberg Foundation (2018.0172
and 2018.0220), Erling-Persson Foundation (HDCA), and the
European Union (BRAINTIME) to S.L.

Keywords: Meninges, Embryonic, Meningioma
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MYCL-MEDIATED REPROGRMMING EXPANDS
PANCREATIC INSULIN-PRODUCING CELLS

Hirano, Michitada - Institute of Medical Science, The University
of Tokyo, Japan

Yamada, Yasuhiro - Institute of Medical Science, The University of
Tokyo, Japan

Abstract: 3-cell proliferation declines with age and mature -cells
have a limited capacity for regeneration, which predisposes to-
wards diabetes. Here, we show that, of the MYC family members,
Mycl plays a key role in proliferation of pancreatic endocrine cells.
Genetic ablation of Mycl caused a reduction in the proliferation
of pancreatic endocrine cells in neonatal mice. By contrast, the
expression of Mycl in adult mice stimulated the proliferation of
pancreatic islet cells, resulting in the expansion of pancreatic is-
lets, without tumour formation in other organs. Single-cell RNA
sequencing and genetic tracing experiments revealed that Mycl
expression had a transcriptional signature that is associated with
immature proliferating endocrine cells and stimulated the division
of adult hormone-expressing cells. The expanded hormone-ex-
pressing cells stopped proliferating, but persisted after the with-
drawal of Mycl expression. Remarkably, a subset of the expanded
a-cells gave rise to insulin-producing cells after this withdrawal.
Moreover, transient Mycl expression in vivo was sufficient to
normalise the hyperglycaemia of mice with diabetes. In vitro ex-
pression of Mycl similarly provoked active replication in mature
hormone-expressing islet cells, even in those from aged mice. Fi-
nally, we show that MYCL stimulates the division of human adult
cadaveric islet cells. Our results demonstrate that the induction of
Mycl alone elicits proliferation in adult islet cells and expands the
functional B-cell population, both in vivo and in vitro, which may
provide a regenerative strategy for B-cells.

Keywords: Reprogramming, Regeneration, MYCL
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VIABILITY OF BOVINE FETAL MSC POST
CRYOPRESERVATION DIFFERS DEPENDING ON
THE TISSUE OF ORIGIN AND CRYOPROTECTANT
SOLUTION

Oyarzo, Rudy - Escuela de Graduados Facultad de Ciencias
Veterinarias, Universidad Austral de Chile, Valdivia, Chile
Jaramillo, Catherinne - Instituto de Farmacologia y
Morfofisiologia, Universidad Austral de Chile, Valdivia, Chile
Ditzel, Claudio - Instituto de Farmacologia y Morfofisiologia,
Universidad Austral de Chile, Valdivia, Chile

Bahamonde, Javiera - Instituto de Farmacologia y
Morfofisiologia, Universidad Austral de Chile, Valdivia, Chile

Abstract: The study of mesenchymal stem cells (MSC) and their
therapeutic potential in domestic species has become quite rel-
evant, especially in pets or high-level sport animals. However,
in cattle the information available is rather limited, even though
MSC have been postulated as a good therapeutic alternative for
important diseases like mastitis. One of the limitations for the de-
velopment of MSC-based therapies is the high variability among
MSC. It has been proven that even MSC coming from different tis-
sues from the same individual could not behave in the same way
when faced with certain stimuli such as cryopreservation, broadly
used to preserve MSC. For this reason, it is extremely important
to develop tailored protocols for each cell type. The aim of our
research was to evaluate the viability of bovine fetal MSC from
adipose tissue (AT-MSC), bone marrow (BM-MSC) and placen-
tal tissue (PT-MSC), after cryopreservation with 4 cryoprotectant
solutions. Cells were kept under standard culture conditions until
passage 2, when they were divided into 5 groups: the Control
group was not cryopreserved and experimental groups were
cryopreserved with 10% dimethyl sulfoxide (DMSO, D10), 10% eth-
ylene glycol (EG, E10), 5% DMSO and 5% trehalose (D5T5), or 5%
EG and 5% trehalose (ES5T5). After cryopreservation, viability was
evaluated at O, 24 and 48 hours. MSC from different tissue sourc-
es did not respond equally to cryopreservation, but the differenc-
es were not evident until 24 hrs after being thawed. At this time
point, AT-MSC showed higher viability than PT-MSC in all groups
except E10, and AT-MSC also presented higher viability than BM-
MSC for E5T5. Nevertheless, all MSCs were able to recover after
48 hrs and the differences disappeared. Regarding the cryopro-
tectant solutions, all significant differences within tissues were
detected immediately post-thawing. E5T5 demonstrated the
worse performance in all cell types, and D10 exhibited the best
performance in AT-MSC, but there were no differences between
D10, E10, and D5T5 in BM-MSC and PT-MSC. In conclusion, the
viability of bovine fetal MSC post cryopreservation differs de-
pending on the tissue of origin and cryoprotectant solution used.
Further studies are needed to determine the potential effect of
cryoprotectant solutions on therapeutic related MSC properties
for each MSC type.

Funding Source: This research was funded by the Chilean
Nacional Agency for Research and Development (ANID), Project
FONDECYT 11180681.

Keywords: cryoprotectants, bovine fetal MSC, post-thawing
viability
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TISSUE ARCHITECTURE INFLUENCES BRAIN
ORGANOID IDENTITY AND DEVELOPMENTAL
TRAJECTORIES

Chiaradia, llaria - Cell Biology, MRC Laboratory of Molecular
Biology, Cambridge, UK

Imaz-Rosshandler, lvan - Cell Biology, MRC LMB, Cambridge, UK
Nilges, Benedikt - Creative Campus Monheim, Resolve
Biosciences GmbH, Monheim am Rhein, Germany

Das, Richa - Creative Campus Monheim, Resolve Biosciences
GmbH, Monheim am Rhein, Germany

Kashikar, Nachiket - Creative Campus Monheim, Resolve
Biosciences GmbH, Monheim am Rhein, Germany

Lancaster, Madeline - Cell Biology, MRC Laboratory of Molecular
Biology, Cambridge, UK

Abstract: Organs are the ensemble of different cell types in a
complex architectural milieu. It is well-known that progression
through fate decisions sets up the complex cellular makeup and
architecture of an organ, but how that same architecture may im-
pact on cell fate is less clear. We sought to examine this by taking
advantage of the unique capabilities of organoids as a tractable
in vitro model to interrogate how fate and form interact during or-
gan development. We found that patterning signals early on drive
cell fate and affect tissue morphology, just as in vivo. We next
focused on the reverse question, how does tissue architecture
shape tissue identity? To this aim, we perturbed organoid mor-
phology using various complementary approaches and analysed
the transcriptome as a whole and in its tissue context, through
the integration of single nuclei RNA sequencing and spatial tran-
scriptomics. Mechanically redistributing cells in a random spatial
conformation resulted in profound changes in tissue identity, in-
cluding loss of certain neuron types and neural progenitors, but
enrichment of tissue signalling centres — such as cortical hem.
This points to a plasticity of the tissue in re-establishing key orga-
nizing cues. This, combined with more subtle changes to tissue
architecture provided a spectrum of different organoid morphol-
ogies. Scoring based on morphological features appeared to be
a better predictor of organoid quality and reliability in mimicking
in vivo human fetal brain development than the specific protocol
used. Furthermore, single cell spatial transcriptomics revealed
that organoids with poor tissue architecture displayed altered de-
velopmental trajectories. Neural progenitors and neuronal mark-
ers were intermingled in time and space. Our findings suggest
that not only does the temporal progression of fate decisions
control spatial architecture of the tissue, but space also governs
time. Cells that lack proper spatial coordinates also fail to under-
go the proper temporal progression of events.

Keywords: Organoid, Morphology, Transcriptome
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STRATEGIES TO AVOID IMPRINTING DEFECTS IN
INDUCED PLURIPOTENT STEM CELLS

Da Rocha, Simao T. - Stem Cell Engineering Research Group,
Instituto de Bioengenharia E Biociéncias, Instituto Superior
Técnico, Uni, Porto-Salvo, Portugal

Arez, Maria - SCERG - Stem Cell Engineering Research Group,
Instituto de Bioengenharia e Biociéncias, Instituto Superior
Técnico, Universidade de Lisboa, Porto-Salvo, Portugal



Eckersley-Maslin, Melanie - Cancer Biology & Therapeutics
Program, Peter MacCallum Cancer Centre, Melbourne, Australia
Klobucar, Tajda - Ule’s lab, National Institute of Chemistry,
Ljubliana, Slovenia

Von Gilsa Lopes, Jodo - CEDOC, NOVA Medical School, Lisbon,
Portugal

Krueger, Felix - Bioinformatics Group, Babraham Institute,
Cambridge, UK

Mupo, Annalisa - Epigenetics Programme, Babraham Institute,
Cambridge, UK

Raposo, Ana Claudia - Instituto de Bioengenharia e Biociéncias,
Instituto Superior Técnico, Universidade de Lisboa, Porto-Salvo,
Portugal

Gendrel, Anne-Valeire - Sérgio de Almeida’s Lab, Instituto de
Medicina Molecular Joao Lobo Antunes, Lisboa, Portugal
Bernardes de Jesus, Bruno - IBIMED, Universidade de Aveiro,
Aveiro, Portugal

Abstract: Reprogramming of somatic cells into induced Pluripo-
tent Stem Cells (iPSCs) is a major leap towards personalized ap-
proaches to disease modelling and cell-replacement therapies.
However, we still lack the ability to fully control the epigenetic
status of iPSCs, which is a major hurdle for their downstream ap-
plications. A sensible indicator for epigenetic fidelity is genom-
ic imprinting, a phenomenon dependent on DNA methylation,
which is frequently perturbed in mouse and human iPSCs by yet
unidentified reasons. By using a reprogramming murine system
with hybrid donor cells, we conducted a thorough imprinting anal-
ysis using allele-specific IMPLICON in multiple female and male
mouse iPSCs (miPSCs) generated under different culture con-
ditions. Our results show that imprinting defects are remarkably
common in miPSCs causing dysregulation of the typical monoal-
lelic expression of imprinted genes. Interestingly, the nature of
imprinting defects depends on the sex of the donor cell and their
respective response to culture conditions. Under serum-free con-
ditions, male miPSCs show global hypomethylation at imprinted
regions, whereas in serum conditions show focal hypermethyl-
ation at specific loci. In contrast, female miPSCs always exhibit
hypomethylation defects regardless of culture conditions. These
imprinting defects are more severe than the global changes in
DNA methylation, highlighting the sensitivity of imprinting loci to
current iPSC generation protocols. With this knowledge, we are
trying to improve the reprogramming process to generate miP-
SCs devoid of imprinting errors. We will present this novel data
and discuss the implications of our results for human iPSC deri-
vation. Our results are essential for future development of repro-
gramming protocols for the derivation of epigenetically faithful
iPSCs for translational and clinical applications.

Funding Source: Work in S.T.d.R.’s team is supported by
FCT/MCTES, Portugal (PTDC/BIA-MOL/29320/2017) and
LaCaixa Foundation, Spain (HR20-00322). S.T.d.R. has a
CEECUIND/01234/207 assistant research contract from FCT/
MCTES, Portugal.

Keywords: Genomic Imprinting, induced pluripotent stem cells
(iPSCs), DNA methylation
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PLURIPOTENCY STATE MODULATES
APICOBASAL POLARITY IN EMBRYONIC STEM
CELLS

Shi, Yu - Molecular Biosciences, The University of Texas, Austin,
TX, USA

Kopparapu, Nitya - Molecular Biosciences, University of Texas at
Austin, TX, USA

Dickinson, Dan - Molecular Biosciences, University of Texas at
Austin, TX, USA

Abstract: Apicobasal polarity - creating molecularly distinct apical
and basolateral plasma membrane domains - is essential for gas-
trulation and body planning, and its disruption causes embryon-
ic lethality. The cells in the mouse epiblast establish apicobasal
polarity as they exit naive pluripotency, resulting in an asymmet-
ric distribution of cellular components, including cell junctions,
trafficking proteins, and membrane-binding proteins. Despite
the temporal coordination, it remains unclear whether and how
polarity establishment and naive pluripotency exit are linked. To
address this, we established live imaging procedures to monitor
the polarization process in real-time while manipulating the plu-
ripotency level. To trace and control the polarization process, we
used 3D spheroid cultures of mouse embryonic stem cells (ESCs)
as a model. ESCs in the Naive medium generate an unorganized
structure, while ESCs in Naive Pluripotency Exit medium estab-
lish apicobasal polarity. Our data show how ESCs in Exit medium
establish polarity by generating a single apical domain marked
by localization of tight junctions, sialomucins (Podocalyxin), and
Par polarity proteins. Polarity establishment can be reversed by
switching polarized cells back to Naive medium. Live imaging of
ESCs expressing Podocalyxin-mNG reveals the dynamic process
of apical domain assembly and disassembly during polarity es-
tablishment and polarity loss. Altogether, our results reveal the
crosstalk between polarity and pluripotency state and provide in-
sights into how mammalian cells establish cell polarity, which con-
tributes to finding new therapies for polarity-associated diseases.

Funding Source: This work is supported by funding
from the Cancer Prevention and Research Institute of
Texas (RR170054).

Keywords: Cell polarity, Stem cell, Live imaging
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NME?7 INDUCES HOMOGENEOUS OCT4
POSITIVE XAXA POPULATION OF NAIVE

STEM CELLS WHILE BETA-CATENIN INDUCES

A SUB-POPULATION OF OCT4 POSITIVE

XAXA NAIVE-LIKE CELLS WHICH INCREASES
DIFFERENTIATION POTENTIAL

Bamdad, Cynthia C. - Stem Cell Group, Minerva Biotechnologies,
Waltham, MA, USA

Yi, Kevin - Stem Cell Group, Minerva Biotechnologies, Waltham,
MA, USA

Nash, Jac-Leen - Stem Cell Group, Minerva Biotechnologies,
Waltham, MA, USA

Carter, Mark - Stem Cell Group, Minerva Biotechnologies,
Waltham, MA, USA
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Stewart, Andrew - Stem and CAR-T, Minerva Biotechnologies,
Waltham, MA, USA

Abstract: The literature is replete with conflicting reports as to
whether the Wnt/B-catenin pathway induces human stem cell dif-
ferentiation or pluripotency. Recently scientists showed that hu-
man stem cells expressing low levels of active (3-catenin prefer-
entially differentiate down neuroectoderm lineage, whereas cells
expressing high levels favor differentiation to mesendoderm.
However, these results appear to contradict two other studies,
where researchers improved differentiation to both neuroec-
toderm and mesoderm by increasing levels of active (3-catenin
at the start of differentiation. Here, we show that stem cells cul-
tured in medium containing naive growth factor, NME7, express
the highest levels of active (B-catenin, yet readily differentiate
into neuro-ectoderm cells and mes-endoderm, without lineage
preference. This raised the interesting question of whether ac-
tivation of the Wnt/B-catenin pathway could itself play a role in
maintaining or inducing a naive-like state. To answer that ques-
tion, the B-catenin agonist WNT3A was added to stem cells, in
the absence of any other growth factors, including those present
in adhesion layers. Surprisingly, WNT3A induced the concurrent
emergence of two segregated populations: an OCT4+, XaXa
naive-like population and an OCT4- population. This finding could
explain the apparently conflicting reports in the literature as to
whether -catenin induces pluripotency or differentiation, while
raising a new set of intriguing questions. Notably, does the naive-
like sub-population, devoid of cell fate decisions, contribute to an
increased differentiation potential of the overall population? Con-
versely, could the OCT4- cells differentiate better because they
are poised to differentiate? To address these questions, we com-
pared the differentiation of primed state stem cells, with or with-
out pre-treatment with WNT3A, to that of naive state stem cells.
Pre-treatment of primed state stem cells with WNT3A improved
their differentiation potential, whereas the addition of WNT3A to
naive stem cells had no effect. In each case, the differentiation of
the naive cells was superior to the primed state cells, even after
pre-treatment with WNT3A, which is consistent with the idea that
the improved differentiation is due to the sub-population of the
WNT3A induced naive-like cells.

Keywords: naive, beta-catenin, differentiation potential
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IKBA IS A NEW REGULATOR OF PLURIPOTENCY,
MESOSDERMAL FATE ACQUISITION AND
HEMATOPOIETIC DIFFERENTIATION

Palma, Luis G. - Stem Cells and Cancer, Hospital Del Mar
Research Institute, Barcelona, Spain

Alvarez-Villanueva, Daniel - Stem Cells and Cancer, Hospital del
Mar Research Institute, Barcelona, Spain

Iglesias, Arnau - Stem Cells and Cancer, Hospital del Mar
Research Institute, Josep Carreras Leukaemia Research Institute,
Barcelona, Spain

Thambyrajah, Roshana - Stem Cells and Cancer, Hospital del Mar
Research Institute, Josep Carreras Leukaemia Research Institute,
Barcelona, Spain

Rodriguez, Virginia - Stem Cell biology, Developmental Leukemia
and Immunotherapy, Carreras Leukaemia Research Institute,
Barcelona, Spain

Bueno, Clara - Stem Cell Biology, Developmental Leukemia
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Barcelona, Spain
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Menendez, Pablo - Stem Cell Biology, Developmental Leukemia
and Immunotherapy, Carreras Leukaemia Research Institute,
Barcelona, Spain

Espinosa, Lluis - Stem Cells and Cancer, Hospital del Mar
Research Institute, Barcelona, Spain

Bigas, Anna - Stem Cells and Cancer, Hospital del Mar Research
Institute, Josep Carreras Leukaemia Research Institute,
Barcelona, Spain

Abstract: Besides inhibition of NF-kB signaling, IkBa has a critical
role in skin homeostasis and intestinal differentiation, by regu-
lating cell fate acquisition and stem cell homeostasis. Our group
identified an ancestral chromatin function for IkBa, conserved
in C. Elegans and Drosophila, that together with polycomb pro-
teins was regulating cell fate determination. Within this context,
we have investigated whether [kBa plays a role in mouse em-
bryonic stem cell (mESCs) pluripotency and differentiation. We
generated IkBa-/- ES cells and compared to WT differentiation
towards mesoderm/endoderm/hematopoietic fates using em-
bryoid bodies (EBs)-based cultures. IkBa-/- cells acquired lower
levels of mesendodermal markers and showed a great reduction
of Flk1+ hemo-mesodermal progenitors. Flk1+ IkBa-/- cells were
non-functional with a compromised ability of producing different
types of blood progenitors. We found that mESCs lacking IkBa
cannot switch off the pluripotency network as demonstrated
by the upregulation of pluripotency genes at different times of
EB-differentiation, the presence of pluripotency proteins (NANOG
and OCT3/4) and high percentage of alkaline phosphatase posi-
tive cells in EBs after day 9 of differentiation compared to IkBa+/+
counterparts. Transcriptome analysis of mESCs demonstrated
that IkBa-/- cells display a dysregulation of Polycomb Repressive
Complex 1 (PRC1) and Complex 2 (PRC2) targets genes, where-
as no clear evidence in NF-kB-target genes overactivation is
observed. Finally, in reprogramming experiments using E14.5
IkBat+/+ and IkBa -/- mouse embryonic fibroblasts (MEFs), we ob-
served a similar reprogramming efficiency in both MEFs, but a
more robust pluripotent phenotype in the colonies from IkBa-/-
MEFs. Altogether, these results support a model in which IkBa
is regulating the exit from pluripotency through modulating the
binding of polycomb proteins to their target genes and allowing
the differentiation of ES cells.

Funding Source: This work has been supported by Ministerio
de Ciencia e Innovacién (PID2019-104695RB-100, SAF2016-
75613-R), Generalitat de Catalunya (2017 SGR 135 and 2019
FI-B 00151/2020 FI_B1 00130) and Departament de Salut
(SLT002/16/00299).
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ENDOGENOUS NUCLEIC ACID GENERATION IN
BAT SPECIES

Singh, Arun A. - Cell, Developmental and Regenerative Biology,
Black Family Stem Cell Institute, lcahn School of Medicine, Mount
Sinai, New York, NY, USA

Déjosez, Marion - Cell, Developmental and Regenerative Biology,
Black Family Stem Cell Institute, Icahn School of Medicine at
Mount Sinai, New York, NY, USA

Parejo, Carlos - Cell, Developmental and Regenerative Biology,
Black Family Stem Cell Institute, Icahn School of Medicine at
Mount Sinai, New York, NY, USA

Gray, Jonathan - Cell, Developmental and Regenerative Biology,
Black Family Stem Cell Institute, Icahn School of Medicine at
Mount Sinai, New York, NY, USA



Qin, Yiren - Cell, Developmental and Regenerative Biology, Black
Family Stem Cell Institute, Icahn School of Medicine at Mount
Sinai, New York, NY, USA

Xu, Hui - Cell, Developmental and Regenerative Biology, Black
Family Stem Cell Institute, Icahn School of Medicine at Mount
Sinai, New York, NY, USA

Zwaka, Thomas - Cell, Developmental and Regenerative Biology,
Black Family Stem Cell Institute, lcahn School of Medicine at
Mount Sinai, New York, NY, USA

Abstract: Bats have a number of enviable biological adaptations,
only recently disclosed, which elevate them among mammals.
Species can exhibit hummingbird-like metabolic rates and hu-
man-scale lifespans, with no apparent incidence of diabetes,
atherosclerosis, or cancer. Disavowal of age-related pathologies,
oxidative stress, and apparent resistance to DNA damage are re-
markable features of bats that are still poorly understood. How-
ever, sustainable models of bat biology are still undergoing char-
acterization. In assessing induced pluripotent stem cells derived
from wild specimens of Rhinophilus ferrumequinum and Myotis
myotis, deviations from conventional mammalian biology can be
noted in ordinary phases of the cell cycle. Flow cytometric and mi-
croscopic analyses disclose apparent parallel proliferations of nu-
cleic acids. These entities do not incorporate thymidine and are
evidently distinct from the normal process of synthesis. Yet they
remain cell cycle associated, and potentially this phenomenon
shows species-specificity in the order Chiroptera. As well among
the unique and important capacities bats have demonstrated, is
a millennia-long imbrication with RNA viruses. Observations and
standardization of bat iPSCs may thus further understanding of
bat fecundity as viral hosts, progenitors and of attendant molec-
ular mechanisms.

Keywords: bats, induced pluripotent stem cells, cell cycle
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DEUBIQUITINASE OTUDS IDENTIFIED AS NOVEL
REGULATOR OF HUMAN PLURIPOTENCY
THROUGH MULTI-LINEAGE CRISPR SCREENS

Rosen, Bess P. - BCMB Allied Program, Weill Cornell Medical
School, Brooklyn, NY, USA

Cho, Hyunwoo - Developmental Biology, Memorial Sloan
Kettering, New York, NY, USA
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Memorial Sloan Kettering, New York, NY, USA

Li, Qing - In Vivo Rewriting Candidate Development, Tessera
Therapeutics, Cambridge, MA, USA

Hendrickson, Ronald - Proteomics and Microchemistry Core
Facility, Memorial Sloan Kettering, New York, NY, USA
Sidoli, Simone - Department of Biochemistry, Albert Einstein
College of Medicine, New York, NY, USA

Huangfu, Danwei - Developmental Biology, Memorial Sloan
Kettering, New York, NY, USA

Abstract: Pluripotency in the early human embryo is not a sta-
ble self-renewing state but is transient, dissolving quickly into the
three germ layers. However, most genetic screens interrogating
human pluripotency have been performed in stable, self-renew-
ing, hESC and hiPSC lines. In contrast, we have performed CRIS-
PR screens explicitly investigating the dissolution of pluripoten-
cy as it occurs in development, directly into primitive endoderm
and ectoderm lineages. We used multiple coding genome scale
CRISPR screens to assay parallel differentiation and maintenance
conditions in hESCs with the goal of both identifying novel regula-
tors of pluripotency, and distinguishing regulators of pluripotency

and self-renewal. Two screens utilized an OCT4-GFP reporter to
assay the loss of pluripotency in the context of neuroectoderm or
definitive endoderm differentiation. In addition two self-renewal
screens were performed by dropout in the context of normal E8
hESC maintenance condition, or prolonged growth in the absence
of TGFB or FGF2. The deubiquitinase OTUDS5 was identified as a
novel regulator of the dissolution of human pluripotency in all 4
screening conditions. Subsequent generation of knockout lines
has shown that loss of OTUDS5 sensitizes hESCs to challenges to
pluripotency — such as removal of growth factors, addition of dif-
ferentiation cues, or passaging in harsh conditions — irrespective
of lineage context. Further mass-spectrometry experiments have
suggested OTUDS regulates chromatin modifiers already known
to have a role in the transition and commitment between the plu-
ripotent state and lineage specification. The discovery of OTUD5
deubiqtuinase as a regulator of pluripotency has revealed a novel
regulatory network fine-tuning the exit of pluripotency. Addition-
ally these screens serve as a valuable resource for identifying
gene networks that regulate pluripotency, and its loss, in a con-
text dependent manner relevant to human development.

Keywords: CRISPR screen, pluripotency, lineage specification
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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-Arteaga, Carlos - Department of Molecular Biology,
University of Texas Southwestern Medical Center, Dallas, TX,
USA

Wei, Yulei - Department of Molecular Biology, University of Texas
Southwestern Medical Center, Dallas, TX, USA

Yu, Leqgian - Department of Molecular Biology, University of
Texas Southwestern Medical Center, Dallas, TX, USA

Wu, Jun - Department of Molecular Biology, University of Texas
Southwestern Medical Center, Dallas, TX, USA

Abstract: Pluripotent stem cells (PSCs) provide an invaluable in
vitro model to study early mammalian development and hold
great potential in revolutionizing regenerative medicine. More
recently, PSC-derived interspecies chimeras have provided a
means to generate complex three-dimensional tissues in vivo,
which may help overcome the world-wide shortage of donor
organs for transplantation. Although adult interspecies chime-
ras with extensive donor cell contribution have been achieved
among several rodent species, low levels of chimeric contribu-
tion from donor PSCs were detected in evolutionarily distant host
species, even at early developmental stages. Cell competition,
the process of eliminating viable but “less fit” neighbor cells, has
gained increasing recognition as an evolutionarily conserved
mechanism for development, tissue homeostasis, and stem cell
maintenance. During interspecies chimera formation, cells from
the donor species may be treated as unfit or aberrant cells tar-
geted for elimination. Our central hypothesis is that cell compe-
tition constitutes a major component of the xenogeneic barrier
and overcome interspecies pluripotent cell competition improves
chimerism between evolutionary distant species. We developed
an interspecies PSC co-culture strategy and uncovered a previ-
ously unrecognized mode of cell competition between species.
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Interspecies PSC competition occurs during primed but not naive
pluripotency, and between evolutionarily distant but not closely
related species. Inhibition of apoptosis could effectively over-
come interspecies PSC competition. Suppressing interspecies
PSC competition significantly improved the survival of donor hu-
man cells or rhesus cells in early mouse embryos. Analysis of bulk
RNA-seq and scRNA-seq provided us more clues for dissecting
underlying mechanisms of interspecies PSC competition.

Funding Source: NYSCF-Robertson Stem Cell Investigator
Award NIH/NICHD R01 HD103627-01A1 CPRIT RR170076
Keywords: Cell competition, Pluripotent stem cell, Interspecies
chimerism
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CAPRIN1 LINKS EMBRYONIC STEM CELL
DIFFERENTIATION WITH RNA METABOLISM

Viegas, Juliane O. - Genetics, The Hebrew University, Jerusalem,
Israel

Azad, Gajendra - Zoology, Patna University, Patna, India

Lv, Yuan - Integrative Biology, Guangzhou Institutes of
Biomedicine and Health, Guangzhou, China

Paltiel, Tal - Genetics, The Hebrew University of Jerusalem, Israel
Pattabiraman, Sundararaghavan - Zoology, Patna University,
Patna, India

Park, Jung - School of Biological Sciences, Nanyang
Technological University, Nanyang Drive, Singapore
Kaganovich, Daniel - Experimental Neurodegeneration,
University Medical Center Géttingen, Waldweg, Germany

Sze, Siu - School of Biological Sciences, Nanyang Technological
University, Nanyang Drive, Singapore

Rabani, Michal - Genetics, The Hebrew University of Jerusalem,
Israel

Esteban, Miguel - Integrative Biology, Guangzhou Institutes of
Biomedicine and Health, Guangzhou, China

Meshorer, Eran - Genetics, The Hebrew University of Jerusalem,
Israel

Abstract: Embryonic stem cells (ESCs) are self-renewing and plu-
ripotent. In recent years, factors controlling pluripotency, mostly
nuclear, have been identified. To reveal non-nuclear regulators
of ESCs, we screened an endogenously-labelled fluorescent fu-
sion-protein library in mouse ESCs. One of the more compelling
hits was the cell cycle-associated protein, CAPRIN1. CAPRIN1, a
Stress Granule (SG) component, exhibited a strikingly cyclical lo-
calization pattern in sync with mitosis, and localized to SGs, in
response to stress. CAPRIN1 knockout had little effect in ESCs,
but dramatically skewed differentiation and gene expression pro-
grams. RIP-seq and SLAM-seq revealed that CAPRIN1 associates
with, and promotes the degradation of thousands of RNA tran-
scripts. CAPRIN1 interactome identified XRN2 as the likely ribo-
nuclease. Upon early differentiation or stress, XRN2 colocalizes
with CAPRIN1 inside SGs in a CAPRIN1-dependent manner. We
propose that CAPRIN1 regulates an RNA degradation pathway
operating during early ESC differentiation, eliminating undesired
spuriously transcribed transcripts in ESCs.

Funding Source: EpiSyStem Network, Marie Curie Actions
Keywords: ESC differentiation, CAPRIN1, RNA stability
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ACCELERATING THE USE OF INDUCED
PLURIPOTENT STEM CELLS IN PERSONALIZED
MEDICINE AND DRUG DISCOVERY

Hartman, Jessica - Product Applications, Cell Microsystems,
Durham, NC, USA

Stern, Allysa - Product Applications, Cell Microsystems, Durham,
NC, USA

Land, Lexi - Product Applications, Cell Microsystems, Durham,
NC, USA

Abstract: Induced pluripotent stem cells (iPSCs) are an invaluable
tool for generating multiple cell types from individual patients.
However, the workflows associated with growing, CRISPR gene
editing, and differentiating iPSCs in 2D and 3D culture are ineffi-
cient and low-throughput, costly, time-consuming, and manually
labor-intensive. We demonstrated that thousands of single human
iPSCs can be screened per array without the use of feeder cells,
as the arrays can be coated with a variety of iPSC compatible ma-
trices, including Matrigel and laminin. iPSCs were serially imaged
on the CellRaft AIR System to confirm viability, growth, and plu-
ripotency via on array live Tral-60 staining. CellRafts containing
single-cell derived iPSC clones were isolated with the AIR System
without manual manipulation or enzymatic dissociation (>90% ef-
ficiency), and clones maintained pluripotency off array. In addi-
tion, human iPSCs cultured in extracellular matrix on the CytoSort
Array formed hundreds of individually segregated 3D organoids
that were isolated intact into 96 well plates with >90% efficiency
and no loss of 3D structure or viability. The iPSC-derived organ-
oids could also be differentiated on-array into multiple organoid
types, including choroid plexus and kidney. To determine wheth-
er stem cell-derived organoids could be used for drug screen-
ing off array, 3D mouse hepatic progenitor organoids (StemCell
Technologies) were grown on array, and organoids were ana-
lyzed and isolated based on size using the Off-the-AIR software.
Single organoid drug toxicity screening was performed on either
heterogenous organoids (diameter >50um) or homogenous or-
ganoids (diameter 300-500um) using a 6-point dose curve of
the known hepatotoxicant Acetaminophen (0.0008-2.5mM, n=5
organoids/dose). The results demonstrated that heterogeneity in
organoid size yielded an uninterpretable dose curve, whereas
the homogenous population allowed for calculation of an ED50%
(0.6mM). The development of 2D and 3D stem cell workflows on
an automated platform has the potential to increase the utility,
ease, and throughput of these workflows, thereby accelerating
the use of iPSCs in personalized medicine and drug discovery.

Funding Source: This work was funded by NIGMS SBIR
1R43GM143978-01.

Keywords: iPSC-derived organoids, iPSC cloning, drug
screening
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UNCOVERING THE REGULATORY MECHANISM
OF TRANSPOSABLE ELEMENTS IN CELL FATE
DETERMINATION DURING HUMAN EARLY
EMBRYOGENESIS

Xiang, Xinyu - University of Edinburgh Institute, Zhejiang
University, Haining, China

Xue, Ziwei - Zhejiang University-University of Edinburgh Institute,
Zhejiang University, Haining, China

Guo, Yixin - Zhejiang University-University of Edinburgh Institute,
Zhejiang University, Haining, China

Clark, Amander - Department of Molecular Cell and
Developmental Biology, University of California, Los Angeles, Los
Angeles, CA, USA

Liu, Wanlu - Zhejiang University-University of Edinburgh Institute,
Zhejiang University, Haining, China

Abstract: Early human embryos originate from a fertilized egg
which undergoes cleavage and ultimately formation of the blas-
tocyst which then implants into the wall of a uterus to establish a
pregnancy. Following implantation, the post-implantation human
embryo will undergo significant morphological changes including
an elaborate change in extra embryonic cell fate and morpholo-
gy, amniotic cavity, yolk sac cavity and bilaminar disc formation
as well as gastrulation to generate the somatic embryonic pro-
genitors of the body. In recent years it has now appreciated that
Transposable Elements (TEs) are transcriptionally active during
human early embryo development where they serve essential
roles. Notably some of these TEs are found only in primates and
in some cases only in hominoids, suggesting that with evolution
from old world primates, the gene regulatory network that regu-
lates early human embryo development may have diverged. To
address this, we used single cell RNA-Seq datasets of human and
nonhuman primate (cynomolgus monkeys) early embryo develop-
ment. From this resource, we developed a deep learning-based
autoencoder model to decode the unique TE expression patterns
and underlying roles in human early embryogenesis that differed
from nonhuman primate models. Through integrated dimension
reduction analysis of gene and TE transcriptome at single cell lev-
el, a more sophisticated cell atlas was depicted, and a systematic
gene-TE interaction network was established.

Funding Source: NSFC (National, 32170551; Zhejiang Provincial
LQ20C060004), FRFCU 2021QN81016 and Alibaba Cloud.
Keywords: Embryogenesis, Transposable Elements, Deep
Learning
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HIPSC-DERIVED SKIN ORGANOIDS AS TOOLS
FOR DISEASE MODELING: CHARACTERIZATION
OF THE EPIDERMAL-DERMAL JUNCTION

Ramovs, Veronika - Anatomy and Embryology, Leiden University
Medical Centre, Leiden, Netherlands

Janssen, Hans - Electron Microscopy Facility, Netherlands Cancer
Institute, Amsterdam, Netherlands

Fuentes, Ignacia - Fundacion DEBRA Chile, Santiago, Chile
Pitaval, Amandine - IRIG-BIOMICS, CEA/INSERM/University of

Grenoble Alpes, Grenoble, Netherlands

Rachidi, Walid - IRIG-BIOMICS, CEA/INSERM/University of
Grenoble Alpes, Grenoble, Netherlands

Chuva de Sousa Lopes, Susana - Anatomy and Embryology,
Leiden University Medical Center, Leiden, Netherlands

Freund, Christian - Anatomy and Embryology, Leiden University
Medical Center, Leiden, Netherlands

Gidrol, Xavier - IRIG-BIOMICS, CEA/INSERM/University of
Grenoble Alpes, Grenoble, France

Mummery, Christine - Anatomy and Embryology, Leiden
University Medical Center, Leiden, Netherlands

Raymond, Karine - Anatomy and Embryology, Leiden University
Medical Center, Leiden, Netherlands

Abstract: Human induced pluripotent stem cell (hiPSC)-derived
hair-bearing skin organoids offer exciting new possibilities for
modelling diseases like epidermolysis bullosa. These inherited
diseases affect 1in 30,000 people worldwide and result from per-
turbed expression and/or structure of components of the epider-
mal-dermal junction, the interface between basal keratinocytes of
the epidermis and stroma of the dermis. To establish whether hiP-
SC-derived skin organoids might be able to capture salient fea-
tures of epidermolysis bullosa, it is thus important to understand
the structure and developmental stage of their epidermal-dermal
junction. To this end, we successfully generated hair-bearing skin
organoids from three independent hiPSC lines following the mul-
tistep protocol recently developed by Koehler’s research group
and thoroughly characterized their epidermal-dermal junction.
Using immunofluorescence and electron microscopy, we showed
that basal keratinocytes in organoids adhere to laminin-332 and
type IV collagen-rich basement membrane via type | hemidesmo-
somes and integrin 31-based adhesion complexes. Importantly,
we demonstrated that epidermal-dermal junctions in organoids
are almost devoid of type VIl collagen, a fibril that mediates an-
chorage of the epidermis to dermis. This indicates that further
maturation is required to take full advantage of skin organoids as
disease model for some forms of epidermolysis bullosa, in partic-
ular those caused by mutations in the COL7A1 gene.
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Funding Source: This work was supported by DEBRA Austria
and the Novo Nordisk Foundation (NNF21CC0073729). KR is
Chargé de Recherche at the Institut National de la Santé et de la
Recherche Médicale (INSERM).

Keywords: skin organoids, epidermal-dermal junction, type VI
collagen
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MAPPING HUMAN MEGAKARYOCYTE
PROGENITOR DIFFERENTIATION FROM INDUCED
PLURIPOTENT STEM CELLS

Lawrence, Moyra - Centre for iPS Cell Research and Application
(CiRA), Kyoto University, Kyoto, Japan

Shahsavari, Arash - Cambridge Stem Cell Institute, University of
Cambridge, UK

Borneldv, Susanne - Cambridge Stem Cell Institute, University of
Cambridge, UK
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Vallance, Thomas - Cambridge Stem Cell Institute, University of
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Cambridge, UK

Kania, Katarzyna - Cancer Research UK Cambridge Institute,
University of Cambridge, UK

Paramor, Maike - Cambridge Stem Cell Institute, University of
Cambridge, UK

Baye, James - Cambridge Stem Cell Institute, University of
Cambridge, UK

Perrin, Marion - Cambridge Stem Cell Institute, University of
Cambridge, UK

Steindel, Maike - Cambridge Stem Cell Institute, University of
Cambridge, UK

Jimenez-Gomez, Paula - Cambridge Stem Cell Institute,
University of Cambridge, UK

Penfold, Christopher - Department of Physiology, Development
and Neuroscience, University of Cambridge, UK

Mohorianu, Irina - Cambridge Stem Cell Institute, University of
Cambridge, UK

Ghevaert, Cedric - Cambridge Stem Cell Institute, University of
Cambridge, UK

Abstract: Platelet deficiency, known as thrombocytopenia, can
cause haemorrhage and is treated with platelet transfusions.
We previously developed a system for the production of platelet
precursor cells, called megakaryocytes (MKs), from induced plu-
ripotent stem cells (iPSCs). These cultures can be maintained for
>100 days, implying culture renewal by megakaryocyte progeni-
tors (MKPs). However, it is unclear whether the MKP state in vitro
mirrors the state in vivo. Additionally, MKPs cannot currently be
purified using conventional surface markers. We performed sin-
gle-cell RNA sequencing throughout in vitro differentiation from
iPSCs to MKs and mapped each state to its equivalent in vivo, re-
vealing the accelerated formation of MKs without the generation
of haematopoietic stem and progenitor cells. We then used ma-
chine learning approaches to identify five surface markers which
can reproducibly purify MKPs from both iPSC- and cord blood
haematopoietic stem cell-derived MK cultures. Purifying MKPs
allowed us an insight into the transcriptional and epigenetic pro-
files of these cells which are usually deep in the bone marrow.
Furthermore, it allowed us to characterise the increased telomere
length of MKPs in comparison to surrounding MKs. Lastly, we per-
formed culture optimisation, increasing MKP production. This op-
timisation feeds into process analysis already carried out on the
protocol at Good Manufacturing Practice (GMP) Grade to allow
higher yields of clinical grade platelets for transfusion. Together,
this study has mapped parallels between the MKP states in vivo
and in vitro and allowed the purification of MKPs as well as the
investigation of their transcriptional and epigenetic state, acceler-
ating the progress of in vitro—derived transfusion products toward
the clinic.

Funding Source: U.K. Regenerative Medicine Platform,
Pluripotent Stem Cell and Engineered Cell Hub (MR/R015724/1).
Wellcome Trust (203151/Z/16/Z) to the Cambridge Stem Cell
Institute.

Keywords: Megakaryocytes, Single-cell RNA sequencing,
Progenitor cells
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THE ROLE OF TRACE AMINE RECEPTORS

IN DIFFERENTIATION OF HUMAN INDUCED
PLURIPOTENT STEM CELLS TO DOPAMINERGIC
NEURONS

Katolikova, Nataliia V. - Institute of Translational Biomedicine,
Institute of Translational Biomedicine Saint-Petersburg State
University, Saint-Petersburg, Russia

Shafranskaya, Daria - Center for Algorithmic Biotechnology,
Center for Algorithmic Biotechnology, Institute of Translational
Biomedicine Saint-Petersburg State University, Saint-Petersburg,
Russia

Prjibelski, Andrey - Center for Algorithmic Biotechnology,

Center for Algorithmic Biotechnology, Institute of Translational
Biomedicine, Saint-Petersburg State University, Saint-Petersburg,
Russia

Mor, Mikael - Institute of Translational Biomedicine, Institute of
Translational Biomedicine Saint-Petersburg State University,
Saint-Petersburg, Russia

Zaytseva, Anastasia - Aimazov National Medical Research
Centre, Sechenov Institute of Evolutionary Physiology and
Biochemistry, Almazov National Medical Research Centre,
Sechenov Institute of Evolutionary Physiology and Biochemistry,
Saint-Petersburg, Russia

Vaganova, Anastasia - Institute of Translational Biomedicine,
Institute of Translational Biomedicine Saint-Petersburg State
University, Saint-Petersburg, Russia

Efimova, Evgeniya - Institute of Translational Biomedicine,
Institute of Translational Biomedicine Saint-Petersburg State
University, Saint-Petersburg, Russia

Gainetdinov, Raul - Institute of Translational Biomedicine, Institute
of Translational Biomedicine Saint-Petersburg State University,
Pirogov Clinic of High Medical Technologies, Saint-Petersburg
State University, Saint-Petersburg, Russia

Abstract: Trace amines (TA) and their receptors (trace amine-as-
sociated receptors, TAARs), are known to play role in regulation
of movement, nutrition, attention, and mood. Changes in TA level
and TAARs system are associated with a spectrum of neurological
diseases such as schizophrenia, drug abuse and others. But their
influence on the development of neuronal system is unknown.
Previously we have shown that knockout of TAARS in mice leads
to increased number of dopaminergic neurons in Substantia nigra
and to increased number of doublecortin-positive cells in dentate
gyrus. The aim of this study was to find the impact of TAARs on
differentiation of human induced pluripotent stem cells (IPS cells)
to dopaminergic neurons. The RNA-seq data from open resourc-
es was used. RNA-seq data of WTSIi0O04-A and WTSIi032-A cell
lines from European Collection of Authenticated Cell Cultures,
dataset EGADO0O00100615 from European Genome-phenome
Archive, single cell RNA-seq data ERP121676 from European Nu-
cleotide Archive, GSE118723, GSE118412, GSE132758, GSE86654
was obtained to analyze the expression of TAARs in IPS cell lines
and in different stages of differentiation of human IPS cells to do-
paminergic neurons. The TPM coverage characteristic was used
as a metric to estimate the quantity. Then three IPS cell lines were
differentiated to dopaminergic neurons according to the protocol,
described in Doi et al. (2014). The cell identity was confirmed by
immunofluorescence, patch clump and HPLC analysis. RNA was
obtained at day 0O, 12, 28 and 53 of differentiation and analyzed
using TagMan real-time PCR assay. The expression of TAARs at



different stages of differentiation of human IPS cell lines to dopa-
minergic neurons was found. It has a trend to increase compared
with undifferentiated IPS cell lines, but the level of expression is
low. TAARS expression was found in the vast majority of data that
have been analyzed. Its expression can be found mainly at 53 day
of differentiation, but in some lines it can be found at early stages.
Expression of other TAARs (TAAR1, TAAR2, TAARG and TAARS)
was found in different stages in some cell lines also, but it is not
repeated from study to study. So, the changes in expression of
TAARSs during the differentiation process was shown, but to make
a conclusion about its impact the research should be continued.

Funding Source: This work was supported by the Russian
Science Foundation grant 21-75-20062

Keywords: trace amine receptors (TAARs), human induced
pluripotent stem cells (human IPS cells), dopaminergic neurons
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DEFINING REQUIREMENTS FOR THE ACTIVATION
OF ADULT HUMAN PANCREATIC EXOCRINE
CELLS IN A 3D SUSPENSION CULTURE

Zook, Heather N. - Translational Research and Cellular
Therapeutics, City of Hope, Duarte, CA, USA

Quijano, Janine - Translational Research and Cellular
Therapeutics, City of Hope, Duarte, CA, USA

Ortiz, Jose - Translational Research and Cellular Therapeutics,
City of Hope, Duarte, CA, USA

Donohue, Cecile - Translational Research and Cellular
Therapeutics, City of Hope, Duarte, CA, USA

Lopez, Kassandra - Irell & Manella Graduate School of Biological
Sciences, City of Hope, Duarte, CA, USA

Jou, Kevin - Translational Research and Cellular Therapeutics,
City of Hope, Duarte, CA, USA

Li, Wendong - Department of Surgery, City of Hope, Duarte, CA,
USA

Garcia, Isaac - Arthur Riggs Diabetes & Metabolism Research
Institute, City of Hope, Duarte, CA, USA

Montero, Enrique - Arthur Riggs Diabetes & Metabolism Research
Institute, City of Hope, Duarte, CA, USA

Ku, Teresa - Translational Research and Cellular Therapeutics,
City of Hope, Duarte, CA, USA

Abstract: Damage to pancreatic exocrine cells occurs during the
pathogenesis of pancreatitis and pancreatic ductal adenocarcino-
ma (PDAC). However, the early events that initiate the activation
of these cells and the contribution of the microenvironment to
their growth, function, and regeneration are still not well defined.
This study aimed to devise novel culture systems to study the re-
quirements of growth factors and extracellular matrix (ECM) pro-
teins on human exocrine cell survival, activation, and expansion.
After islets were isolated, the remaining human pancreatic exo-
crine tissues were dissociated into single-cell suspension, cryo-
preserved, thawed, and plated into a 3D suspension (spheroid)
culture composed of DMEM/F12, knockout serum replacement,
and six exogenous growth factors. Using single-cell RNA-se-
quencing, we identified exocrine cells resembling pancreatic duct
cells that survived over the 7-day culture, with very few displaying
an active cell cycle. To determine whether ECM proteins enhance
cell cycle activity, Matrigel was added at a low concentration (5%
vol/vol) to avoid the confounding effects of stiffness brought by
higher concentrations. Compared to the control, adding Matrigel

significantly increased the total cell number and the number of or-
ganoid-forming progenitor-like cells, indicating enhanced cellular
expansion over the 7-day culture. Immunofluorescence analysis
revealed a significant increase in proliferating (EdU+KI67+) and
daughter cells (EdAU+KI67-) and a significant decrease in apopto-
sis (CC3+). Additionally, bulk mRNA-sequencing revealed upregu-
lation of metabolism, protein synthesis, and cell survival pathways
and downregulation of inflammatory and apoptotic pathways. To
investigate which ECM protein may bind to exocrine cells, a chip
containing 36 combinations of different ECM proteins was used.
We found that cells preferentially bound to combinations that in-
cluded collagen IV, collagen VI, and/or vitronectin. Subsequently,
cells cultured with recombinant collagen IV, but not collagen VI or
vitronectin, significantly increased ATP production, suggesting its
role in the metabolic activation of exocrine cells. Taken together,
these results suggest that ECM proteins play a critical role in trig-
gering human exocrine cell activation and expansion.

Funding Source: This work was supported by The Wanek
Family Project for Type 1 Diabetes.

Keywords: Human pancreatic exocrine cells, 3D spheroid
culture, Extracellular Matrix Proteins
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PHENOTYPIC ABNORMALITIES IN HUMAN
PLURIPOTENT STEM CELLS UPON ACTIVATION
OF REVERSE TETRACYCLINE TRANSACTIVATOR

Kamaldinov, Timothy - Gene Transfer and Immunogenicity
Branch, Division of Cellular and Gene Therapies, Office of
Tissues and Advanced Therapies, Center for Biologics Evaluation
and Research, Food and Drug Administration, Silver Spring, MD,
USA

Zhang, Linyi - Gene Transfer and Immunogenicity Branch,
Division of Cellular and Gene Therapies, Office of Tissues

and Advanced Therapies, Center for Biologics Evaluation and
Research, Food and Drug Administration, Silver Spring, MD, USA
Shin, Hyunsu - Gene Transfer and Immunogenicity Branch,
Division of Cellular and Gene Therapies, Office of Tissues

and Advanced Therapies, Center for Biologics Evaluation and
Research, Food and Drug Administration, Silver Spring, MD, USA
McGrath, Erica - Gene Transfer and Immunogenicity Branch,
Division of Cellular and Gene Therapies, Office of Tissues

and Advanced Therapies, Center for Biologics Evaluation and
Research, Food and Drug Administration, Silver Spring, MD, USA
Ye, Zhaohui - Gene Transfer and Immunogenicity Branch,
Division of Cellular and Gene Therapies, Office of Tissues

and Advanced Therapies, Center for Biologics Evaluation and
Research, Food and Drug Administration, Silver Spring, MD, USA

Abstract: Tetracycline-controlled transcriptional activation is a
widely used method for achieving inducible transgene expres-
sion. The tight control of the expression levels made reverse
tetracycline transactivator (rtTA)-based Tet-On systems an at-
tractive tool to study gene function, as well as for the in situ ex-
pression of the components from the synthetic biology toolbox.
The evolution of the Tet-On system led to the development of
improved transactivators, promoters and response elements that
significantly enhanced the efficiency and specificity of the sys-
tem, while minimizing the background levels of induction in the
absence of tetracycline and its derivatives. However, the poten-
tial off-target effects of this system on cellular phenotypes have
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not been thoroughly investigated in human stem cells such as
iPSCs. Here, we report that the latest generations of rtTA-based
Tet-On systems can result in partial loss of stem cell identity upon
doxycycline induction. Among observed abnormalities are the
loss of common morphological features associated with undif-
ferentiated iPSCs, such as colony compactness and large nucle-
us-to-cytoplasm ratio, and the reduction in the protein expression
levels of canonical pluripotency transcription factors and surface
markers, such as Oct4, Nanog, SOX2, TRA-1-81and SSEA-3. Tran-
scriptome-wide changes were observed by RNA-seq starting at
24 hours of induction, including downregulation of most known
pluripotency-associated genes. Critically, the phenotypic abnor-
malities were observed at all induction-permissive doxycycline
concentrations; however, greater doses exacerbate the effects.
Ongoing research investigates the effects of different Tet-on vari-
ants on stem cell identity, and mechanisms underlying the ob-
served phenotypic changes. Collectively, our work demonstrates
that tetracycline-controlled transcriptional activation may lead to
undesirable off-target effects in iPSCs and further optimization of
the variants and induction conditions may be necessary to ensure
its proper use in stem cell research.

Keywords: reverse tetracycline transactivator, off-target effects,
induced pluripotent stem cells
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CPG-FREE INSERTION-BASED CPG ISLAND
METHYLATION RESPONSE (CIMR) IS RESTRICTED
TO PRIMED PLURIPOTENCY
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Kang, Tae-Hyuk - Integrative Genomics Core-BRI, City of Hope,
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Abstract: Epigenetics plays essential roles in the regulation of
3D structure of DNA, which is tightly connected with gene ex-
pression control. Dynamic changes of epigenetic marks, includ-
ing DNA methylation (DNAme) affect cellular identity, therefore
they are important for normal cell development and maturation.
Loss of proper DNAme is noted in aging, cancer, diabetes, and
several other human diseases. Our recent work has shown that
integration of CpG-free single-stranded DNA (ssDNA) results in
widespread CpG island (CGIl) DNAme in human embryonic stem
cells (hESCs), local to the integration point, which is maintained
stably through differentiation into multiple lineages. Though tak-
en from the inner cell mass, the epigenome of hESCs is said to
be in a more “primed” state relative to mouse ESCs, and a more
naive-like state can now be achieved by growing hESCs in spe-
cialized culture medium. Here, we report on global DNAme
changes associated with naive pluripotency and track the loss
of engineered DNAme in this state. Remarkably, CGl Methylated
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Responses (CIMRs) are re-initiated when cells are cycled back
to primed pluripotency, so long as the inducing CpG-free insert
is retained. In conclusion, our data suggest that CpG-free inser-
tion-based CIMR and the molecular machinery necessary for this
event are restricted to primed pluripotency, and it indicates that
we may be able to target the transition between naive and primed
pluripotency for future in vivo model development.

Keywords: Epigenetic engineering, DNA methylation, Primed
pluripotency
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MECHANISM OF EXOGENOUS RIBOSOME
MEDIATED CELLULAR MULTIPOTENCY
INDUCTION

Istiaq, Arif - Brain Morphogenesis, Kumamoto University,
Fukuoka, Japan

Ohta, Kunimasa - Stem Cell Biology, Kyushu University, Fukuoka,
Japan

Abstract: Ribosomes are well-known molecules that play a cru-
cial role in translation by converting mRNA into proteins. How-
ever, we previously revealed that exogenous (exo) ribosomes
can transdifferentiate human dermal fibroblast cells (HDFs) into
three germ layer-derived cells (Ito et al.,2018). But, the underlying
mechanism was unknown. When exo-ribosomes (purified from
external origins like bacteria) are incorporated into the HDFs or
Mouse embryonic fibroblasts (MEFs), they trigger a series of mo-
lecular events that lead to the suppression of cell lineage-specific
genes (mesenchymal to epithelial transition) and the acquisition
of stem-like properties expressing OCT4, Nanog, Sox2, KLF-
4, Myc, and other essential stemness maintenance genes. The
molecular events are characterized by nuclear localization of
the exo-ribosome, cellular stress induction, and cell cycle arrest.
Once exo-ribosomes enter a cell, they affect the chromatin land-
scape, influencing the open and closed chromatin regions in a
way that favors stem-like characteristics in the incorporated cells.
The transcriptome profile of the incorporated cells revealed that
this gene switching process is gradual and distinct from tradition-
al induced pluripotent stem cells (iPSCs). Comparing our process
with iPSCs, our multipotency induction process is more natural,
since ribosomes from live bacteria are used instead of artificially
prepared viral vectors to overexpress genes like OCT4, Nanog,
and Sox2. Our findings uncover a role for ribosomes in multipo-
tency that has not been previously discovered. It also suggests
that exo-ribosomes might be participating in the evolutionary pro-
cess by interfering with cell fate determination.

Keywords: Exogenous Ribosomes, Induced Multipotency,
Chromatin landscape
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MYCN INDUCES CELL-SPECIFIC TUMORIGENIC
GROWTH IN RB1-PROFICIENT HUMAN RETINAL
ORGANOID AND CHICKEN RETINA MODELS OF
RETINOBLASTOMA

Zhang, Hanzhao - Department of Inmunology, Genetics and
Pathology, Uppsala University, Uppsala, Sweden

Blixt, Maria - Department of Inmunology, Genetics and
Pathology, Uppsala University, Uppsala, Sweden

Hellsand, Minas - Department of Inmunology, Genetics and
Pathology, Uppsala University, Uppsala, Sweden

Konjusha, Dardan - Department of Inmunology, Genetics and
Pathology, Uppsala University, Uppsala, Sweden

Stenfelt, Sonya - Department of Immunology, Genetics and
Pathology, Uppsala University, Uppsala, Sweden

Akesson, Mikael - Department of Immunology, Genetics and
Pathology, Uppsala University, Uppsala, Sweden

Tararuk, Tatsiana - Department of Inmunology, Genetics and
Pathology, Uppsala University, Uppsala, Sweden

Ring, Henrik - Department of Immunology, Genetics and
Pathology, Uppsala University, Uppsala, Sweden

Hallbook, Finn - Department of Immunology, Genetics and
Pathology, Uppsala University, Uppsala, Sweden

Abstract: Retinoblastoma is a pediatric cancer originating in the
neural retina. Although rare, retinoblastoma is the most com-
mon intraocular malignancy among children. It is most frequently
caused by bi-allelic RB1 gene loss-of-function, while some sec-
ondary mutations can contribute to tumor progression. However,
MYCN amplification has been found in some retinoblastoma cas-
es and caused retinoblastoma independently of RB1 loss-of-func-
tion. Based on our previous research on chicken retinoblastoma
model, we established RB1+/+ human embryonic stem cell-de-
rived retinal organoids overexpressing MYCN with piggyBac
transposon system. We used a 2D and 3D combination method
to produce retinal organoids which formed layers of photorecep-
tors in later stage. MYCN overexpression was done by electropo-
ration during Day39 to Day41in culture. The piggyBac transposon
system can transpose target genes to host genome in a “cut-and-
paste” manner without footprint and the integration is perma-
nent. In both chicken and human models, MYCN overexpression
induced anaplastic growth in cells with markers for progenitors
of photoreceptors and horizontal cells, not for amacrine and gan-
glion cells. MYCN overexpressing cells in retinal organoids still
indicated photoreceptor/horizontal cell lineage even after 150
days in culture. This demonstrated that MYCN induced tumori-
genic growth was cell type-specific. Moreover, majority of MYCN
overexpressing cells in organoids showed markers for prolifer-
ation and mitosis. When comparing to RB1-/- retinal organoids,
MYCN overexpressing cells in our model were positive for RXRy
but not for ARR3. This result showed that MYCN overexpressing
RB1+/+ retinoblastoma model has a more undifferentiated and
proliferating phenotype. In conclusion, our data demonstrate that
MYCN overexpression is sufficient to initiate cell type-specific tu-
morigenic growth with proficient RB1. This model is at more un-
differentiated status than RB1-/- retinoblastoma model. Our study
presents a new in vivo retinoblastoma model with MYCN over-
expression and proficient RB1, which can be considered as an
important tool for carcinogenesis study and novel drug testing for
retinoblastoma.

Keywords: MYCN, Retinoblastoma, Retinal organoid
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LOW-FREQUENCY REPETITIVE MAGNETIC
STIMULATION SUPPRESSES NEUROBLASTOMA
PROGRESSION BY DOWNREGULATING THE
WNT/B-CATENIN SIGNALLING PATHWAY

Jo, Seongmoon - Department and Research Institute of
Rehabilitation Medicine, Yonsei University College of Medicine,
Seoul, Korea

Im, Sang Hee - Department and Research Institute of
Rehabilitation Medicine, Yonsei University College of Medicine,
Seoul, Korea

Baek, Dawoon - Department of Rehabilitation Medicine, Yonsei
University Wonju College of Medicine, Wonju, Korea

Seo, Dongryul - Department of Medicine, Yonsei University
College of Medicine, Seoul, Korea

Ryu, Hayeon - Department of Medicine, Yonsei University
College of Medicine, Seoul, Korea

Kim, Sung Hoon - Department of Rehabilitation Medicine,
Yonsei University Wonju College of Medicine, Wonju, Korea
Baek, Ahreum - Department of Rehabilitation Medicine, Yonsei
University Wonju College of Medicine, Wonju, Korea

Cho, Sung-Rae - Department of Rehabilitation Medicine, Yonsei
University College of Medicine, Seoul, Korea

Abstract: Neuroblastoma is a malignant tumour that mostly occurs
ininfants. The development of effective treatments is important to
overcome the poor prognosis of high-risk neuroblastoma patients.
Repetitive magnetic stimulation, which has been suggested as a
potential therapy for various disorders, is a painless and non-inva-
sive treatment. The purpose of the present study was to elucidate
whether low-frequency repetitive magnetic stimulation (rMS) sup-
presses tumours in neuroblastoma models, and to explore the
underlying mechanisms. In vitro and in vivo neuroblastoma mod-
els were treated with low-frequency rMS. To investigate potential
mechanisms, RNA sequencing transcriptome analysis was per-
formed. Quantitative real-time reverse transcription-polymerase
chain reaction, western blotting, and immunohistochemistry were
performed to validate the effects of low-frequency rMS treatment
and unravel potential mechanisms. Low-frequency rMS treatment
significantly suppressed cell proliferation and tumour progression
in the models. Moreover, it was identified that the Wnt/3-caten-
in signalling pathway was downregulated by low-frequency rMS
treatment. The Wnt/B-catenin signalling pathway activator, Wnt
agonist, was found to counteract the effect of low-frequency rMS
treatment on neuroblastoma models, while the Wnt/3-catenin sig-
nalling pathway inhibitor, Wnt antagonist, exhibited a tumour sup-
pression effect on neuroblastoma models, similar to the effect of
low-frequency rMS treatment. Taken together, our data demon-
strated that low-frequency rMS treatment suppressed neuroblas-
toma progression by downregulating the Wnt/B-catenin signalling
pathway, suggesting that low-frequency rMS treatment may be a
potential therapeutic strategy for neuroblastoma.

Funding Source: This study was supported by the NRF-
2020R1A2C1012019, KHIDI (HI21C1314), KFRM (21A0202L1 and
21C0715L1), and Hyundai Motor Chung Mong-Koo Foundation.
Keywords: Repetitive magnetic stimulation, Low-frequency,
Neuroblastoma
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THE FATE TRACING OF HUMAN INDUCED
PLURIPOTENT STEM CELL DERIVED
MELANOCYTE STEM CELLS

Zhou, Hang - Institute of Regenerative Medicine, and Affiliated
Hospital of Jiangsu University, Jiangsu University, Zhenjiang,
China

Liu, Li-Ping - Institute of Regenerative Medicine, and Affiliated
Hospital of Jiangsu University, Jiangsu University, Zhenjiang,
China

Wang, Yun - Institute of Regenerative Medicine, and Affiliated
Hospital of Jiangsu University, Jiangsu University, Zhenjiang,
China

Wang, Zi-Han - Institute of Regenerative Medicine, and Affiliated
Hospital of Jiangsu University, Jiangsu University, Zhenjiang,
China

Li, Yu-Mei - Institute of Regenerative Medicine, and Affiliated
Hospital of Jiangsu University, Jiangsu University, Zhenjiang,
China

Zheng, Yun-Wen - Institute of Regenerative Medicine, and
Affiliated Hospital of Jiangsu University, Jiangsu University,
Zhenjiang, China

Abstract: The existence of human melanocyte stem cells has
been confirmed in recent studies, and its renewal, proliferation
and differentiation potential may be the password for curation of
the depigmentation disease. However, the human melanocyte
stem cells have not been clearly defined since the identity includ-
ed their cell surface markers remain unclear. It still fails to dynam-
ically observe the cell differentiation process, also fails to realize
the isolation and enrichment of melanocyte stem cells. Induced
pluripotent stem cells (iPSCs) from homo species have the ability
to differentiate into melanocytes, highly simulated the maturation
process of melanocytes in human. Our established suspensive
differentiation system highly mimicked the microenvironment of
human fluid which simultaneously enhanced the efficiency of hiP-
SC differentiation into melanocytes. Based on the CRISPR/Cas9
gene editing, realized the co-expression of the visualizing pro-
tein and target genes. EGFP gene was integrated the into MITF
gene, the key transcription factor that determines the melanocyte
fate which maintains the proliferation and differentiation of me-
lanocyte stem cells to melanocytes. During the differentiation of
hiPSC into melanocytes, expression of MITF is observed in real
time. The color change also indicates the maturation of melano-
cyte stem cells, the cloning formation capability and the cell dif-
ferentiation were compared by the color rendering ratio. Except
differentiated into mature melanocytes, MITF positive cells also
have the potential to differentiate into other cells. Transplanting
the MITF positive cells into mouse in situ, comparing with the un-
fractionated poll of hiPSC initiated melanocytes would indicate
a renewable cell community, facilitated the characterization of
human melanocyte stem cells. Our study creates a convenient
in vitro dynamic observation model, which have a great potential
in tracing the migration and differentiation of Melanocyte stem
cells, breaks the obstacles in melanocyte stem cells traceability,
provides a possibility for the surface marker definition in the near
future, bring the dawn to depigmentation disorder patients.

Funding Source: This research was supported partly by the
National Natural Science Foundation of China (82070638 and
82103766) and JSPS KAKENHI (JP18HO2866).

Keywords: hiPSCs, Melanocyte stem cells, Visualization
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EVALUATION OF ENHANCED
IMMUNOMODULATORY PROPERTIES OF CANINE
ADIPOSE TISSUE-DERIVED MESENCHYMAL STEM
CELLS VIA PRIMING WITH PRO-INFLAMMATORY
CYTOKINES

Jo, Chan-Hee - Veterinary Obstetrics, College of Veterinary
Medicine, Gyeongsang National University, Jinju, Korea
Choe, Yong-Ho - Veterinary Obstetrics, College of Veterinary
Medicine ,Gyeongsang National University, Jinju, Korea
Kim, Saet-Byul - Veterinary Obstetrics, College of Veterinary
Medicine, Gyeongsang National University, Jinju, Korea
Han, Jang-Ho - Veterinary Obstetrics, College of Veterinary
Medicine, Gyeongsang National University, Jinju, Korea

Oh, Seong-Ju - Veterinary Obstetrics, College of Veterinary
Medicine, Gyeongsang National University, Jinju, Korea
Rho, Gyu-Jin - Veterinary Obstetrics, College of Veterinary
Medicine, Gyeongsang National University, Jinju, Korea
Lee, Sung-Lim - Veterinary Obstetrics, College of Veterinary
Medicine, Gyeongsang National University, Jinju, Korea

Abstract: Primed mesenchymal stem cells (MSCs) have revealed
the remarkable potential to improve treatment efficiency for au-
toimmune diseases through their immunomodulatory properties.
There is limited understanding of the cellular and immunomodula-
tory mechanisms of primed MSC with pro-inflammatory cytokines
in canines. Therefore, we comparatively evaluated the variation
of immunomodulatory factors according to combination types
of pro-inflammatory cytokines (IFN-y, TNF-a, and IL-17) in canine
adipose tissue-derived MSC (cAMSC). All procedures are autho-
rized by the research ethics committee of GNU Animal Center
(GNU-210329-M0033). ‘Primed cAMSCs’ were induced by three
different conditions with pro-inflammatory cytokines for 48 hrs;
single priming (IFN-y, TNF-q, IL-17 alone), dual priming (IFN-y+T-
NF-a, IFN-y+ IL-17, and TNF-a+ IL-17), and triple priming (IFN-y+T-
NF-a+IL-17). Immunomodulatory-related markers of all primed
cAMSCs were analyzed at the mRNA level by gRT-PCR. The
ability to suppress peripheral blood mononuclear cells (PBMC)
proliferation with cAMSCs was assessed according to different
combinations of pro-inflammatory cytokines. For PBMC analy-
sis, PBMCs were isolated from blood of healthy dogs by Percoll
density gradient centrifugation. After being activated by PHA-L,
PBMCs were labeled with CFSE. The cells were then co-cultured
for 96 hrs with primed cAMSCs. Priming of cAMSCs with IFN-y
upregulated the expression of IDO, COX2, PD-L1, and HGF at
mMRNA level. The expression level of IDO in cAMSCs primed with
IFN-y was significantly (P< 0.001) higher than cAMSCs primed
with TNF-a and IL-17. According to PBMC analysis, IFN-y primed
cAMSCs predominantly reduced the proliferation of activated
T-cells, whereas TNF-a and IL-17 primed cAMSCs have no effect.
However, triple priming condition strongly enhanced the inhibi-
tory effect of T-cell proliferation due to the additive effects of im-
munomodulatory soluble factors. In addition, COX2 expression is
dramatically increased in triple priming combination rather than



single priming. In conclusion, although IFN-y is recognized as a
key activator of immunomodulatory factors, the combination of
three major pro-inflammatory cytokines, IFN-y, TNF-a, and IL-17
in CAMSCs is recommended to maximize the expression of IDO
and COX2.

Funding Source: This study was supported by a grant from
the National Research Foundation (NRF) of Korea, funded

by the government of the Republic of Korea (grant #. NRF-
2021R1A2C1007054)

Keywords: Canine adipose tissue-derived mesenchymal stem
cells, immunomodulation, priming
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DIFFERENTIATING IPSCS TO ENDOTHELIAL
CELLS VIA ENDOGENOUS ACTIVATION OF
TRANSCRIPTION FACTOR ETV2

Zhang, Qiao - Biomedical Engineering, Duke University, Durham,
NC, USA

Yilmaz, Ceren - Stem Cell Sciences, Hacettepe University,
Ankara, Turkey

Chen, Yicong - Biomedical Engineering, Duke University,
Durham, NC, USA

Truskey, George - Biomedical Engineering, Duke University,
Durham, NC, USA

Abstract: Tissue engineered blood vessels (TEBVs) made with
iPSC-derived cells, which inherit the genetic background of the
donor, present a promising platform to model vascular disease.
Endothelial cells (ECs) form the intima of the blood vessels and
their dysfunction initiates the development of many cardiovascu-
lar diseases, including atherosclerosis. However, current meth-
ods of EC differentiation suffer from low yield, long time to dif-
ferentiate cells, and production of immature ECs. In this study,
we whether endogenous activation of ETV2 (ETV2-ECs), a critical
transcription factor in the development of endothelial cells and
hematopoietic cells promoter more efficient EC differentiation
than current methods. Guide RNA targeting the ETV2 upstream
region of transcriptional start site was cloned into lentiviral back-
bone vector that expressed deactivated CRISPR Cas9 (dCas9)
with regulatory elements (2xVP64), which activate gene tran-
scription. iPSCs were transduced with CRISPR-dCAS9 2xVP64
ETV2 lentivirus at day O and after 7 days of differentiation, ECs
were obtained by cell sorting for CD31/CD144. Stem cell genes
OCT4, SOX2, NANOG, and UTF1 were expressed at high levels
initially and decreased to low levels in the first 3 days. Mesoderm
genes T and EOMES were expressed at low levels at the begin-
ning and expressed at high levels transiently from day 2 to day4.
Endothelial cell genes CD31, CD144, and VWF began expression
at day 5 and expressed at a high level compared to WT cells.
Most importantly, ETV2 had a high expression level transiently
peaking on day 5 before the expression of EC genes. The tem-
poral relationship of the gene expressions is consistent with the
developmental process. Furthermore, these cells formed tubes in
Matrigel and aligned to flow direction, which are signs of mature
endothelial cells. Single-cell RNAseq and the initial data analysis
showed similarity between ETV2-ECs and primary HUVEC cells
in flow-mediated gene profiles of KLF2 and NRF2. Over 99.5% of
ETV2-ECs were identified as ‘Endothelial cells’ with SingleR and
Celldex analysis. In conclusion, in this study, we showed that ma-

ture ECs could be obtained from iPSCs in 7 days by endogenous
activation of ETV2. This method provides a promising EC source
for regenerative medicine.

Keywords: Tissue engineered blood vessels, ETV2 iPSC derived
endothelial cells, CRISPRa of transcriptional factor
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US STATE MEDICAL FREEDOM LAWS AND
THEIR IMPACT ON UNPROVEN STEM CELL
INTERVENTIONS

Matthews, Kirstin R. - Baker Institute for Public Policy, Rice
University, Houston, TX, USA

Lowe, Samantha - Baker Institute for Public Policy, Rice
University, Houston, TX, USA

Master, Zubin - Center for Regenerative Medicine, Mayo Clinic,
Rochester, MN, USA

Abstract: Regulatory agencies in many countries are pushed to
provide patients faster access to regenerative treatments. In the
US, neoliberalism ideology promotes deregulation and limited
government involvement for stem cell interventions (SCls). While
in many cases this is seen among national policies and politics,
such efforts are also seen at the state level. In this presentation,
we review different state bills filed from 2017 to present related to
access to unproven SCls. Enacted bills during this period fall into
two broad categories based on intent: “Patient Awareness” and
“Medical Freedom.” The Patient Awareness bills require clinics
advertisements to warn customers that the SCI being adminis-
tered is unproven and has not been approved by the US Food
and Drug Administration (FDA). The goal of these bills is to en-
sure patients seeking unproven SCls understand the safety risks
and limited science demonstrating efficacy. In contrast, Medical
Freedom bills promote access to unproven SCl as an expansion
of existing state Right to Try (RTT) laws and outline the condi-
tions for which they can be given to patients. These laws also
protect physicians who administer unproven SCI from reprimand
by state medical boards. The first bill, passed in Texas in 2017,
was used as model legislation and disseminated to other states
by ALEC, a non-partisan organization for state legislators. We ar-
gue that Medical Freedom laws create significant social harms by
undermining the regulatory authority of the FDA, confusing pa-
tients about the science and clinical readiness of SCls, and fuel-
ing public distrust in the scientific and medical establishment. The
stem cell scientific community has not paid sufficient attention to
US state-based laws and should focus advocacy efforts towards
stopping the passing or dismantling laws that promote the mar-
keting of unproven SCls.

Funding Source: KM & SL were supported by Rice University’s
International Stem Cell Policy Endowment. ZM was supported by
a grant from the National Institute on Aging, NIH R21AG068620
& Mayo Clinic’s Center for Regenerative Medicine.

Keywords: clinical translation, ethics and public policy, unproven
stem cell interventions
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HEMATOPOIETIC STEM CELL
TRANSPLANTATION PROMOTES FULLY MHC-
MISMATCHED ISLET ALLOGRAFT TOLERANCE
AND DIABETES REVERSAL

Bhagchandani, Preksha - Developmental Biology, Stanford
University, Stanford, CA, USA

Chang, Charles - Developmental Biology, Stanford University
School of Medicine, Stanford, CA, USA

Poyser, Jessica - Medicine, Stanford University School of
Medicine, Stanford, CA, USA

Velasco, Brenda - Medicine, Stanford University School of
Medicine, Stanford, CA, USA

Zhao, Weichen - Medicine, Stanford University School of
Medicine, Stanford, CA, USA

Kwon, Hye-Sook - Medicine, Stanford University School of
Medicine, Stanford, CA, USA

Meyer, Everett - Medicine, Stanford University School of
Medicine, Stanford, CA, USA

Shizuru, Judith - Medicine, Stanford University School of
Medicine, Stanford, CA, USA

Kim, Seung - Developmental Biology, Stanford University School
of Medicine, Stanford, CA, USA

Abstract: Organ transplantation strategies would benefit from
development of reduced-intensity conditioning regimens to en-
able mixed hematopoietic chimerism and organ allotolerance.
Mixed chimerism achieved by hematopoietic cell transplantation
promotes tolerance of transplanted donor-matched solid organs
and tissues, but currently requires toxic bone marrow condition-
ing, and entails risks of graft-versus-host disease (GVHD). We
developed a chemotherapy-free, non-myeloablative conditioning
regimen that achieves mixed chimerism and allograft tolerance
across fully mismatched major histocompatibility complex (MHC)
barriers. Durable multi-lineage mixed chimerism was achieved in
immunocompetent mice using monoclonal antibody targeting of
c-Kit, T-cell depleting antibodies, and low dose total body irradi-
ation prior to transplantation of purified hematopoietic stem and
progenitor cells. Mixed chimerism allowed for long-term tolerance
of donor-matched pancreatic islet allografts in non-diabetic mice,
without signs of GVHD. We applied this reduced-intensity condi-
tioning protocol to diabetic B6 RIP-DTR mice that have a defined
H2b MHC haplotype; a single dose of diphtheria toxin results in
islet beta-cell ablation and rapid, fully penetrant diabetes in these
immunocompetent mice. After diabetes induction and condition-
ing, fully MHC-mismatched donor-matched islets and hematopoi-
etic cells were transplanted, resulting in 100% long-term correc-
tion of diabetes (n=9/9 mixed chimeric mice), with preservation
of fertility and other measures of functional status, and without
chronic immunosuppression or GVHD. Allotolerance is likely me-
diated by donor-derived thymic dendritic cells and host-derived
peripheral regulatory T cells. We achieved similar long-term islet
replacement and tolerance, and disease reversal in NOD mice
with established autoimmune diabetes. These results provide a
clinically translatable reduced-intensity conditioning regimen and
cell transplantation protocol that achieves durable hematopoietic
chimerism, promoting islet allograft tolerance and diabetes rever-
sal. Our work also provides a paradigm for promoting hemato-
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poietic chimerism to achieve transplantation allotolerance, and
self-tolerance in autoimmunity.

Funding Source: Maternal & Child Health Research Institute
(MCHRI), JDRF Northern California Center of Excellence, NIH
(RO1 DK107507; RO1 DK108817; UO1 DK123743; P30 DK116074),
H.L. Snyder Foundation, Stanford Diabetes Research Center
(SDRC).

Keywords: allotolerance, mixed chimerism, hematopoietic stem
cell transplant
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A NOVEL DEFINED ANIMAL COMPONENT
FREE (ACF), PROTEIN FREE (PF), SALT BASE
CRYOPRESERVATION SOLUTION, COMPOSED
OF 5% DMSO DESIGNED FOR CELL-BASED
THERAPIES.

Genser-Nir, Mira - Research and Development, Biological
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Daniliuc, Sharon - Research and Development, Biological
Industries Sartorius, Kibbutz Beit Haemek, Israel

Guri Ben Ari, Meital - Research and Development, Biological
Industries Sartorius, Kibbutz Beit Haemek, Israel

Goldstein, Nyra - Research and Development, Biological
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Teverovsky, Marina - Research and Development, Biological
Industries Sartorius, Kibbutz Beit Haemek, Israel

Fiorentini, David - Research and Development, Biological
Industries Sartorius, Kibbutz Beit Haemek, Israel

Abstract: Cryopreservation is a crucial step for long term storage
of cell-based products and for “off-the-shelf” cell therapy ap-
proaches. To date, the common practice is to use cryopreserva-
tion solutions composed of 10% DMSO or other toxic permeable
cryoprotective agents (CPA), such as Ethylene Glycol. Exposure
of cells to these CPAs can impact the quality, safety, and efficacy
of the cellular product and clinical outcome. Facing strict regula-
tory requirements, the development of a defined cryopreserva-
tion solution with a reduced concentration of DMSO is required
and holds a unique opportunity to advance the widespread im-
plementation of cellular therapies. The current study presents the
performance of NutriFreez D5, a novel defined ACF, PF, salt base
cryopreservation solution with a reduced concentration of DMSO
(5%). Post thaw cells viability, growth recovery and cell charac-
terizations of human mesenchymal stem cells, pluripotent stem
cells and immune cells, were evaluated after being frozen in Nu-
trifreez D5. Continued work is invested in the development of
the next generation, DMSO-free cryopreservation solution with
non-toxic CPA alternatives.

Keywords: Cryopreservation solution, Mesenchymal Stem cells
(hMSC), CELL-BASED THERAPIES
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QUERCETIN-HYDROGEL THREE DIMENSIONAL
SCAFFOLD TO FACILITATE REGENERATION
FOLLOWING SPINAL CORD INJURY

Ghoneim, Nehal I. - Biotechnology, The American University in
Cairo, 6th of October City, Giza, Egypt

Ghoneim, Nehal - Biotechnology Program, The American
University in Cairo, Egypt
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Magdy, Shireen - Center of Excellence for Stem Cells and
Regenerative Medicine (CESC), Zewail City of Science and
Technology, 6th of October, Egypt

Khalil, Eman - Biology, The American University in Cairo, 6th of
October, Egypt

El-Mahdy, Manal - Pathology, Ain Shams University, Cairo, Egypt
El-Badri, Nagwa - Center of Excellence for Stem cells and
Regenerative Medicine (CESC), Zewail City of Science and
Technology, 6th of October, Egypt

Abdellatif, Ahmed - Biology, The American University in Cairo,

Egypt

Abstract: Spinal cord injury (SCI) is a serious health issue that
occurs with high incidence in young adults. As there is no gold
standard treatment for spinal cord injury, new therapeutic strat-
egies with neuro-regenerative and neuro-protective prosperi-
ties are required. Recently several studies have shown that the
combination of cellular therapy with Gelatin methacryloyl (GelMA)
hydrogel biomaterials in spinal cord injury could provide a poten-
tial solution for regeneration of spinal cord. Further improvement
is required to decrease the inflammatory process at the site of
the injury to promote the regeneration. Quercetin nanoparticles
could provide a synergistic effect when combined with the ASCs
laden 3D GelMA hydrogels to support the regeneration in SCI
rat model. In this study, quercetin nanoparticles were loaded into
the three-dimensional (3D) soft gelatin methacryloyl (GelMA) (5%)
scaffold supplemented with adipose tissue-derived stromal cells
(ASCs) and then they were implanted into the hemisection site
of the rat spinal cord. We have found that ASCs that were pho-
toencapsulated in the 3D GelMA hydrogel loaded with 10 umol
quercetin nanoparticles demonstrated higher proliferation rate in
vitro after 7 days. Interestingly, the 3D GelMA hydrogel loaded
with quercetin showed less angiogenic property than the hydro-
gel without quercetin when administered to E-7.5 days chick em-
bryos that supports its anti-inflammatory and antioxidant effect.
Besides, quercetin nanoparticles have improved the mechanical
properties of the hydrogel scaffold to support the regeneration
of the spinal cord. Also, our results showed that when ASCs lad-
en quercetin-hydrogels were implanted into the hemisection site
of the rat spinal cord, the hydrogel filled the destructed gap and
organized tissue were noted at the site of injury. Therefore, the
ASCs laden quercetin-hydrogels is a promising therapeutic strat-
egy to trigger functional regeneration of the spinal cord.

Funding Source: This work is funded by graduate research
support grant from The American University of Cairo .
Keywords: Quercetin, 3D hydrogel, Spinal cord injury (SCI)
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IDENTIFICATION OF A NOVEL CELL SURFACE
MARKER WITH IMPROVED SPECIFICITY
TOWARDS VENTRAL MIDBRAIN DOPAMINERGIC
PROGENITOR CELLS

Schorling, Alrik - Department of Experimental Medical Science,
Lund University, Lund, Sweden

Rifes, Pedro - Department of Neuroscience, University of
Copenhagen, Denmark

Singh Rathore, Gaurav - Department of Neuroscience, University
of Copenhagen, Denmark

Salvador, Alison - Department of Neuroscience, Lund University,
Lund, Sweden

Holm, Amalie - Department of Neuroscience, University of
Copenhagen, Denmark

Parmar, Malin - Department of Experimental Medical Science,
Lund University, Lund, Sweden

Zhang, Yu - Cell Therapy Development and Manufacturing,
Takara Bio Inc., G6teborg, Sweden

Kirkeby, Agnete - Department of Experimental Medical Science,
Lund University, Lund, Sweden

Abstract: Human pluripotent stem cells are a promising source
of caudal ventral midbrain (cVM) progenitor cells that are used in
cell replacement therapy for Parkinson’s disease. However, het-
erogeneity in cell composition is inevitable in the cell differentia-
tions. Cell surface markers predictive of functional maturation of
cVM progenitors to ventral midbrain dopaminergic (vmDA) neu-
rons have potential as a convenient quality control and to enrich
for the target cell type. By performing single-cell RNA sequencing
of our in vitro model of the developing neuronal tube, we identi-
fied a candidate cell surface marker of cVM progenitors. Bench-
marking the specificity of this marker to c¢VM neural progenitor
populations compared previously published cVM progenitor
markers by using flow cytometry combined with in situ modeling
revealed that the previously published surface marker tropho-
blast glycoprotein (TPBG) as well as our newly identified marker
are the most enriched for cVM progenitors. However, our novel
marker showed a higher reproducibility than TPBG, ergo is more
suitable as a flow cytometry-based quality control. The marker
correlated to genes indicative of a vmDA fate. Cells positive for
the marker, sorted from a mix of neuronal progenitor cells, yield-
ed behavioural recovery in a Parkinsonian rat model, but cells
negative for the marker did not and had lower innervation than
cells positive for the marker. Taken together, our new cVM cell
surface marker outperforms previously published markers, and
will be useful in upcoming clinical trials exploring cell therapy as
Parkinson’s disease treatment.

Funding Source: Wallenberg Centre for Molecular Medicine
Keywords: Cell surface marker, Ventral midbrain dopaminergic
neurons, Human pluripotent stem cells
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GENETIC ENGINEERING OF STEM CELL DERIVED
PANCREATIC BETA-LIKE CELLS CONFERS
PROTECTION FROM AUTOIMMUNE DIABETES

Castro-Gutierrez, Roberto - Barbara Davis Center/ Pediatrics,
University of Colorado Anschutz Medical Campus, Aurora, CO,
USA

Santini-Gonzalez, Jorge - Bioengineering, University of Florida,
Gainesville, FL, USA

Alkanani, Aimon - Barbara Davis Center, University of Colorado
Anschutz Medical Campus, Aurora, CO, USA

McDaniel, Kristen - Barbara Davis Center, University of Colorado
Anschutz Medical Campus, Aurora, CO, USA

Anderson, Amanda - Barbara Davis Center, University of
Colorado Anschutz Medical Campus, Aurora, CO, USA
Nakayama, Maki - Barbara Davis Center, University of Colorado
Anschutz Medical Campus, Aurora, CO, USA

Michels, Aaron - Barbara Davis Center, University of Colorado
Anschutz Medical Campus, Aurora, CO, USA

Phelps, Edward - Bioengineering, University of Florida,
Gainesville, FL, USA

Russ, Holger - Barbara Davis Center, University of Colorado
Anschutz Medical Campus, Aurora, CO, USA

Abstract: Type 1 diabetes (T1D) results from an autoimmune de-
struction of pancreatic beta cells mediated by diabetogenic CD8+
T cells. Transplantation of cadaveric beta cells into patients with
T1D has been proposed as a cure but has been hampered by
donor shortage. We and others have described the generation
of an abundant source of functional stem cell derived beta-like
cells (sBC) that can rescue diabetes after transplantation into pre-
clinical animal models. However, recurring autoimmunity is a re-
maining hurdle to overcome. Our goal is to model and revert hu-
man autoimmune diabetes by protecting sBC from (auto-)immune
destruction. To test sBC immunogenicity against diabetogenic
CD8+ T cells we generated a novel in vitro co-culture assay sys-
tem. sBC derived from human pluripotent stem cells (hPSC) from
donors with and without T1D are co-cultured with diabetogenic
CD8+ T cells. Our data shows that diabetogenic CD8+ T cells
can directly interact and destroy sBC derived from multiple hPSC
lines. To avoid this immune destruction, we employed genetic
engineering to delete human leukocyte antigen (HLA) class | mol-
ecules and overexpress the PD-L1 receptor on sBC. These mod-
ifications result in complete protection from diabetogenic CD8+
T cell recognition in vitro. Furthermore, to validate this protection
in vivo, we transplanted genetically engineered sBC into a nov-
el humanized HLA-matched autoimmune diabetic mouse model.
sBC transplantation under the kidney capsule of these mice re-
sulted in CD3+ T cell infiltration indicative of a functional adaptive
immune responds. Moreover, preliminary results show that sBC
overexpressing PD-L1 exhibit greater survival compared to con-
trols, suggesting efficacy of our immune modulatory approach
in vivo. Here, we present novel in vitro and in vivo platforms to
interrogate the immune-beta cell interactions in a human autoim-
mune context by (i) co-culture of sBC with human diabetogenic
CD8+ T cells and (ii) a humanized HLA-matched diabetic mouse
model. Furthermore, we demonstrate that manipulation of HLA
and PD-L1 receptors provide sBC protection from an autoimmune
diabetic immune attack. Taken together, we postulate genetically
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engineered stem cell derived beta cells as a cell therapy for pa-
tients suffering from T1D.

Keywords: Autoimmune diabetes, cell therapy, beta cell
replacement
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ENRICHMENT OF STEM CELL DERIVED
PANCREATIC BETA-LIKE CELLS AND
CONTROLLED GRAFT SIZE THROUGH
PHARMACOLOGICAL REMOVAL OF
PROLIFERATING CELLS

Shilleh, Ali H. - Department of Pediatrics, University of Colorado,
Anschutz Medical Campus, Aurora, CO, USA

Beard, Scott - Pediatrics, University of Colorado, Anschutz
Medical Campus, Barbara Davis Center, Aurora, CO, USA

Russ, Holger - Pediatrics, University of Colorado, Anschutz
Medical Campus, Barbara Davis Center, Aurora, CO, USA

Abstract: Transplantation of purified human cadaveric islets into
type one diabetic (T1D) patients results in “35 months of insulin
independence, tremendously improving quality of life. As such,
cell replacement therapy has been proposed as a potential cure,
however, the lack of an abundant source of donor beta cells has
severely hampered widespread application. We and others have
recently developed a step wise differentiation protocol for large-
scale production of stem cell derived insulin producing beta-like
cells (sBC). In vivo studies demonstrate sBC graft ability to reverse
diabetes in animal models. However, uncontrolled graft growth
has been a concern and multiple groups reported the presences
of unwanted proliferative cystic structures within sBC grafts. Cur-
rent direct differentiation protocols do not generate pure sBC but
consist of only approximately 30% insulin expressing cells with
many additional off target cell types some of which are prolifera-
tive. Thus, approaches to enrich for sBC and/or ablate unwanted
cell types are needed. Here we show the selective ablation of
proliferative cell population marked by SOX9 expression within
sBC clusters by simple pharmacological treatment in vitro. gPCR,
immunofluorescence and flow cytometry analysis showed that
this treatment concomitantly enriches for insulin producing sBC
by 1.5x fold independent of initial differentiation efficiency. Treat-
ed enriched sBC clusters show improved function as assayed by
Ca2+ imaging and dynamic glucose stimulated insulin secretion
perfusion analysis in vitro. In vivo transplantation of treated sBC
clusters controls graft size, with the absence of unwanted prolifer-
ative cystic structures and 4x and 10x fold decrease in SOX9 and
KI67 expressing cells, respectively. Overall, our study provides
novel insights how to minimize tumor formation in cell therapy
approaches and refine the use of sBC for the treatment T1D pa-
tients.

Keywords: Direct differentiation, pancreatic beta cell,
Chemotherapy drugs, teratoma prevention, Human pluripotent
stem cells, cell therapy
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AUTOMATED BIOREACTOR SYSTEM TO
SCALE UP PRODUCTION OF HUMAN INDUCED
PLURIPOTENT STEM CELL EMBRYOID BODIES
FOR BIOPRINTING

Ho, Debbie L.L. - Bioengineering, Stanford University, Palo Alto,
CA, USA

Devine, Sean - Sartorius Stedim, Sartorius Stedim North America,
Inc., Bohemia, NY, USA

Du, Jianyi - Bioengineering, Stanford University, Palo Alto, CA,
USA

Hamfeldt, Art - Data Analytics, Sartorius Stedim North America,
Inc., Bohemia, NY, USA

He, Mengdi - Bioengineering, Stanford University, Palo Alto, CA,
USA

Katikireddy, Kishore - Sartorius Stedim, Sartorius Stedim North
America, Inc., Bohemia, NY, USA

Klinger, Danielle - Bioengineering, Stanford University, Palo Alto,
CA, USA

Lee, Stacey - Bioengineering, Stanford University, Stanford, CA,
USA

Leng, Hope - Bioengineering, Stanford University, Palo Alto, CA,
USA

Mitchell, Marc - Sartorius Stedim, Sartorius Stedim North America,
Inc., Bohemia, NY, USA

Sinha, Soham - Bioengineering, Stanford University, Palo Alto,
CA, USA

Skylar-Scott, Mark - Bioengineering, Stanford University, Palo
Alto, CA, USA

Tam, Tony - Bioengineering, Stanford University, Palo Alto, CA,
USA

Traul, Donald - Sartorius Stedim, Sartorius Stedim North America,
Inc., Bohemia, NY, USA

Vicard, Quentin - Sartorius Stedim, Sartorius Stedim France
S.A.S., Aubagne Cedex, France

Weiss, Jonathan - Bioengineering, Stanford University, Palo Alto,
CA, USA

Abstract: Billions of cells are needed for tissue engineering and
bioprinting organs for transplantation. Traditional 2D cultures are
not inherently scalable to continuously culture billions of cells,
which require large surface area and handling. Here, we demon-
strate the formation and continuous culture of human induced
pluripotent stem cell (hiPSC) embryoid bodies (EBs) using an auto-
mated 250 mL stirred tank bioreactor system (Ambr250 Modular,
Sartorius). In cultures over five days, we characterized the impact
of seeding density, initial and final impeller rotation speeds, on
the daily trends of viable cell density, fold-expansion, size and cir-
cularity of the hiPSC EBs. Furthermore, iterations of computation-
al multivariate analyses and wet-lab experiments were conduct-
ed to refine the ideal culture conditions such as seeding density,
initial and final impeller speeds, gas input and pH controls. In the
optimal culture condition, our approach achieved a 19-fold expan-
sion of cells at a density of 4.2 million cells/mL, while maintaining
> 94% expression of pluripotency markers Oct4, Nanog, SSEA-4,
and TRA-1-60. Furthermore, we tuned the impeller speed to ob-
tain EBs with desired diameters ranging from 250 - 300 um for
downstream organoid differentiation or 300 - 450 um for main-
tenance and continuous culture. Using this system, we generat-
ed 1 billion cells per vessel which surpasses densities achieved
by conventional 2D cultures per volume of media. Cell density,

EB morphology, and pluripotency marker expression were main-
tained after three serial passages. These EBs differentiated into
derivatives of the three germ layers, including cardiac, vascular,
cortical and intestinal organoids. Finally, the EB cultures were
compacted into a cellularly-dense bioink for rheological charac-
terization and 3D bioprinting. The printed structures were suc-
cessfully differentiated into ectodermal and mesodermal tissue.
This work provides avenues for our next efforts to scale culture
volumes to the 10 L scale to produce billions of hiPSC-derived
cells for bioprinting applications.

Funding Source: Additional Ventures Innovation Fund,
Additional Ventures Cures Collaborative, Sartorius Stedim
Keywords: Bioreactor, Scale-up, human induced pluripotent
stem cells
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PATIENT AND PUBLIC INVOLVEMENT/
ENGAGEMENT (PPI/E) AND BENEFIT SHARING IN
STEM CELL RESEARCH: A SURVEY OF PATIENTS
IN JAPAN

Watanabe, Saori - Department of Public Policy - Institute of
Medical Science, The University of Tokyo, Minato-city, Japan
Muto, Kaori - Department of Public Policy, Institute of Medical
Science, University of Tokyo, Minato-ku, Japan

Yui, Hideki - Department of Health Sciences, Interdisciplinary
Graduate School of Medicine and Engineering, University of
Yamanashi, Chuo, Japan

Yamagata, Zentaro - Department of Health Sciences,
Interdisciplinary Graduate School of Medicine and Engineering,
University of Yamanashi, Chuo, Japan

Yashiro, Yoshimi - Integrated Research Initiative for Living
Well with Dementia, Tokyo Metropolitan Geriatric Hospital and
Institute of Gerontology, Itabashi-ku, Japan

Abstract: With the practical application of regenerative medicine
and stem cell research (SCR) as a significant part of therapy de-
velopment, patients’ active involvement in SCR may contribute
to smoother conduct of research, including reduced participant
risks, improved enrollment, and continuity of cell donors and infor-
mation. Additionally, as SCR enters the phase of commercializa-
tion and policies are being made to encourage the participation
of industry and private companies, discussions regarding benefit
sharing in SCR have not yet been sufficiently conducted. Based
on the analysis of an awareness survey of patients, this research
aimed to identify issues of patient involvement and benefit shar-
ing in SCR in Japan. In the survey, the “patients” were defined
as adult respondents registered with the survey company; they
were aged 20 years or older and had visited a hospital or had a
history of any disease in the past year. The patients’ responses
to the questionnaire were anonymous and were collected online
from December 23 to 27, 2021. The number of valid responses
was N = 4,465. When asked about the support required for pa-
tients and families to promote PPI/E, educational factors were fre-
quently selected, such as providing educational opportunities for
patients and families (44.5%). Respondents also selected financial
support for patient associations (36.3%) and reimbursement for
individuals (21.4%). In the questionnaire on benefit sharing, 60.9%
of the respondents answered that they would approve of compa-
nies selling products made from patient-derived iPSCs; however,
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only 7.9% strongly approved it on a four-point scale, indicating
that most respondents were reserved in their attitudes. As for
the return of profits made by companies, 54.7% favored return-
ing profits to the patient community as a whole, such as patient
associations, and 35.3% favored returning profits to individuals
who donated cells or data. Only 10% responded that companies
do not need to return profits to the society. The analysis suggests
classic but unresolved ethical and societal issues for responsible
SCR, such as developing a PPI/E educational program suitable
for SCR and the need for continuous dialogue with companies
regarding social justice toward giving back to the community via
benefit sharing.

Funding Source: This research was supported by AMED under
Grant Number JP21bm0904002.

Keywords: Patient and Public Involvement/Engagement (PPI/E),
Benefit Sharing, Ethics and Public Policy
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OFF-THE-SHELF IPSC-DERIVED NATURE KILLER
CELLS WITH ENHANCED EXPRESSION OF NK
ACTIVATING RECEPTORS FOR THE TREATMENT
OF SOLID TUMORS

Yang, Luhan - Qihan Biotech, Qihan Biotech, Hangzhou, China
He, Xiangjun - ERD, Qihan Biotech, Hangzhou, China

Wang, Yiyun - The First Affiliated Hospital, Zhejiang University,
Hangzhou, China

Wang, Lingin - The First Affiliated Hospital, Zhejiang University,
Hangzhou, China

Shao, Mi - The First Affiliated Hospital, Zhejiang University,
Hangzhou, China

Le, Lei - ERD, Qihan Biotech, Hangzhou, China

Yue, Yanan - Research and Development, Qihan Biotech,
Hangzhou, China

Gao, Yangbin - Research and Development, Qihan Biotech,
Hangzhou, China

George, Church - Department of Genetics, Harvard University,
Boston, MA, USA

Huang, He - The First Affiliated Hospital, Zhejiang University,
Hangzhou, China

Abstract: CAR-T cells have shown clinical success for treating
hematologic malignancies. However, the efficacy in treating sol-
id tumors has been limited, mainly due to tumor heterogeneity
and immunosuppressive tumor microenvironment (TME). Natu-
ral Killer (NK) cells derived from engineered human iPSCs hold
great potential to become the next-generation allogeneic cell
therapy products. NK cells exert anti-tumor activity through the
net outcome of stimulatory and repressive signals from various
activating and inhibitory receptors. Some of the ligands for NK
cell activation are highly expressed on many solid tumors. Thus,
overexpression of activating receptors on NK cells might further
boost their killing capacity towards those tumor cells. Here we re-
port QN-030 (“Super NK cells”), an investigational, iPSC-derived
NK cell product with enhanced expression of a variety of acti-
vating receptors (NKG2D and NCRs) intended for the treatment
of solid tumors. QN-030 is generated from an allogeneic iPSC
clone engineered with three anti-tumor modalities, including a
constitutively expressed activating receptor to boost NK killing
capacity, a high-affinity, non-cleavable CD16 (hnCD16) to enhance
antibody-dependent cell-mediated cytotoxicity (ADCC), and an
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IL-15 molecule to increase the persistence of allogeneic cells in
patients. In this study, we first engineered a small library of hu-
man iPSCs, each one carrying 1-3 of engineered NK activating
receptors on top of hnCD16 and IL-15. We then differentiated the
engineered iPSCs into NK cells and conducted both in vitro and
in vivo screening by using a variety of solid tumor cell lines. We
identified QN-030 as the lead, which demonstrated superior an-
ti-tumor activity among the candidates both in vitro and in mouse
PDX model. QN-030 cells can be mass-produced in a cGMP pro-
cess, have phenotype comparable to healthy donor NK cells, and
are functionally potent against multiple solid tumor models. When
administered in combination with monoclonal antibody, QN-030
demonstrated superior ADCC to unmodified iPSC-derived NK
cells in mouse PDX models. Close monitoring of NKG2D/NCR ex-
pression revealed the potential mechanism of enhanced tumor
killing activity. Together, we have engineered iPSC-derived QN-
030 NK cells as a promising clinical drug candidate for treatment
of solid tumors.

Keywords: Natural killer cells, iPSC, Solid tumor
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THE CLINICAL AND RADIOLOGICAL
EFFECTIVENESS OF AUTOLOGOUS BONE
MARROW DERIVED OSTEOBLASTS (ABMDO) IN
THE MANAGEMENT OF AVASCULAR NECROSIS
OF THE FEMORAL HEAD (ANFH) IN SICKLE CELL
DISEASE (SCD)

Sadat-Ali, Mir - Orthopedic Surgery, College of Medicine, Imam
AbdulRahman AlFaisal University, Dammam, Alkhobar, Saudi
Arabia

Acharya, Sadananda - Stem Cell Unit, Inam AbdulRahamn Bin
Faisal University, Dammam, Dammam, Saudi Arabia

Al Muhaish, Mona - Radiology, Imam AbdulRahman Bin Faisal
University, Dammam, AlHobar, Saudi Arabia

AlOmran, Abdallah - Orthopedic Surgery, Imam AbdulRahman
Bin Faisal Un iversity, AIKhobar, Saudi Arabia

AlTabash, Khalid - Orthopedic Surgery, Inam AbdulRahman Bin
Faisal University, Dammam, AlIKhobar, Saudi Arabia

Hegazi, Tarek - Radiology, Imam AbdulRahman Bin Faisal
University, Dammam, AlIKhoabr, Saudi Arabia

Abstract: Avascular necrosis of femoral head is a common Issue
faced by orthopaedic surgeons which ranges between 10-18% but
in sickle cell Disease the incidence reaches 30%. We report here
our experience with injection of ABMDO to manage ANFH and
report our long term results, progression of the ANFH if any and
delay in THA (Total Hip Arthoplasty). Sixty-Three (63) consecutive
patients with SCD with ANFH were examined, thoroughly investi-
gated and those who had ANFH < grade Il were consented to re-
ceive ABMDO. Pre-operatively patients were clinically assessed
using Visual analogue scale (VAS), Modified Harris Hips Score
(MHHS). Ten milliliter of bone marrow was aspirated under local
anesthesia and was placed in 20 CC culture media. Osteoblasts
were cultured from the bone marrow aspirated. Under anesthe-
sia using 3 mm cannulated drill, the osteonecrosed lesion was
drilled and 5 million osteoblasts were injected at the lesion site.
Patients were evaluated in out patient clinic after two weeks. At
four months a repeat MRI was done and patients were followed
up a minimum for 2 years. The average age was 25.93+5.48
years. There were 41 (65%) females and 22 (35%) males. The



mean hemoglobin S was 83.2+5.1 percent. The average follow
up was 49.05+12.9 ( range 24-60) months. VAS significantly im-
proved from 7.79+1.06 at 2 weeks 4.07+1.08 p< 0.0001 continued
to improve for the next 24 months 2.38+£0.55 (P< 0.0001). MHHS
improved from 41.77+5.37 to 73.19+ 6.48 at 4 months (P< 0.001)
and at 24 months it was 88.93+3.6 (p< 0.001). A comparison of
the MRI's of before and after osteoblast implantation revealed
new bone formation and amelioration of the avascular lesions.
Three patients were unhappy with the outcome and one patients
repeated attacks of the vaso-occlusive crisis within six months of
the osteoblasts injection. The results give credence to our earlier
short follow up results that osteoblasts transplantation has a great
potential in healing of avascular lesions. Our study fits the criteria
of Phase Il clinical trial and We believe a larger study equivalent
to Phase Il numbers and include patients not only with sickle cell
disease but also steroid induced and idiopathic avascular necro-
sis.

Funding Source: None
Keywords: Stem cell, Osteoblasts, Avascular Necrosis of
Femoral Head
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SAFETY OF COMPLEX STEM CELL PRODUCTS
APPLICATIONS: NOVELTY OF THE KNOWN

Petriv, Taras - QR Health Solutions, Department of Restorative
Neurosurgery, QR Health Solutions, LLC “Hemafund”,
Romodanov Neurosurgery Institute of NAMSU, Kiev, Ukraine
Isaev, Sergii - Main Department, QR Health Solutions, Kyiv,
Ukraine

Leshkovych, Karina - Main Department, QR Health Solutions,
Kyiv, Ukraine

Skuratov, Alexandr - Department for Traumatology and
Orthopedics of Children, SI “The Institute of Traumatology and
Orthopedics” by NAMS of Ukraine, Kyiv, Ukraine

Tatarchuk, Michael - Department of Restorative Neurosurgery, S|
“Romodanov Institute of Neurosurgery of National Academy of
Medical Sciences of Ukraine”, Kyiv, Ukraine

Tsymbaliuk, Yaroslav - Department of Restorative Neurosurgery,
SI”Romodanov Institute of Neurosurgery of National Academy of
Medical Sciences of Ukraine”, Kyiv, Ukraine

Tsymbaliuk, Yulia - Department of Restorative Neurosurgery,
SI”Romodanov Institute of Neurosurgery of National Academy of
Medical Sciences of Ukraine”, Kyiv, Ukraine

Tsymbaliuk, Vitaliy - Head of NAMSU, National Academy of
Medical Sciences of Ukraine, Kyiv, Ukraine

Abstract: Umbilical cord mesenchymal stem cells (UC-MSC) and
umbilical cord blood stem cells (UCB-SC) successfully used in the
treatment of a wide range of diseases. Despite the rapid devel-
opment of advanced medical treatment, complex solutions are
needed to increase the effectiveness of treatment. There is a
synergistic interaction of different types of stem cells at different
levels. The use of complex cellular products based on several
types of stem cells, can significantly increase the effectiveness of
their use. Objective of the study was to investigate the safety of
complex UC-MSC+UCB-SC products applications. Patients were
examined according to the clinical research protocol approved
by the Academic Council of the National Academy of Medical
Sciences of Ukraine. The study involved 10 patients: 2 patients
with autistic spectrum disorders (ASD), 5 patients with cerebral

palsy (CP), 1 patient with rheumatoid arthritis (RA), 2 patients with
diabetes type 1. The mean age of patients was 3.21+0,39 years.
Patients underwent intravenous application of US-MCS+UCB-SC
complex product (allogenic MSC which met the phenotypic and
morphologic criteria of the MCS and UCB-SC from autologous
samples) once. The clinical condition of patients was assessed
after 2 hours, 6 hours, and 24 hours. Repeated clinical examina-
tion was performed after 6 months. No serious adverse reactions
were noted. In 2 patients there was a headache of medium inten-
sity for 6-8 hours. No increase in body temperature was recorded
in any of the patients. the first nonspecific changes in the form
of improvement of mental activity, tendencies to normalization of
level of glucose in blood and expansion of motor activity were
observed at patients after first week after treatment. The use of
a complex cellular product is safe and effective. The synergis-
tic effect of its use leads to a faster clinical effect. Weakness of
the study are the small number of patients, the lack of a com-
parison group and different kind of conditions. Application of US-
MCS+UCB-SC complex product is promising, but it is necessary
to continue research in this area.

Keywords: Complex stem cell product, perinatal stem cells,
safety of clinical application
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USING A CRISPR/CAS9 IN VITRO HUMAN
INDUCED PLURIPOTENT STEM CELL MODEL
TO INVESTIGATE THE ROLE OF PERLECAN IN
CARDIOVASCULAR FIBROTIC DISEASE

Johnson, Benjamin B. - MED, University of East Anglia, Norwich,
UK

Holmes, Terri - Med, University of East Anglia, Norwich, UK
Merry, Cathy - Biological Science, University of Nottingham, UK
Denning, Chris - Bio, University of Nottingham, UK

Whitelock, John - Bio, UNSW, Sydney, Australia

Smith, James - Med, University of East Anglia, Norwich, UK

Abstract: Cardiac fibrosis and heart remodelling is initially essen-
tial for allowing continued cardiac function following myocardi-
al infarction (MI). However, a prolonged inflammatory response
can progress a patient towards heart failure. The key cell types
in this process include cardiac fibroblasts (CFs), myofibroblasts
(MFs) and cardiomyocytes (CMs). Heparan sulfate proteoglycans
(HSPGs) are an area of interest in cardiac healing and wound
repair, with one such HSPG being perlecan (HSPG2). Perlecan
is a large basement membrane protein known for the binding
of growth factors and extracellular matrix, key factors in cardi-
ac fibrosis, as well as being essential for the innate function of
the heart. Human induced pluripotent stem cells (hiPSCs) offer
a powerful tool in modelling the key cell types and interactions
during cardiac fibrosis. A perlecan deficient iPSC line was created
in Nottingham by Dr James Smith using CRISPR/Cas9. This line
was used to produce key cells types involved in cardiac fibrosis
through differentiation, followed by further functional analysis, to
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model the cell specific role of Perlecan. Perlecan deficient iPSCs
showed a 58% reduction in perlecan expression using gRT-PCR,
confirming a heterozygous knockdown. hiPSCs were successful-
ly able to differentiate to CFs, MFs, and CMs. The CFs with atten-
uated perlecan showed reduced proliferation, metabolic output,
and ECM secretion. Additionally, the CMs with attenuated per-
lecan displayed altered glycolysis metabolism. Our results show
how CF and CM function is altered by reduced perlecan expres-
sion. Proliferation of CFs is essential in response to cardiac injury,
suggesting a role for perlecan in the healthy response. Increased
foetal-like metabolism in perlecan deficient CMs suggested a role
of perlecan in the maturation of hiPSC derived CMs. Co-culture
systems showed a high density of perlecan ECM secreted in the
formation of cardiac scarring; this was lacking in perlecan defi-
cient CFs.

Keywords: Cardiac Disease Model, CRISPR/Cas9, Proteoglycans
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PRECLINICAL CRISPR TREATMENTS TO
CORRECT DUCHENNE MUSCULAR DYSTROPHY
IN PATIENT-SPECIFIC CARDIOMYOCYTES AND
TISSUES

Gutiérrez-Gutiérrez, Oscar - Stem Cell Unit, Clinic for Cardiology
and Pneumology University Medical Center Géttingen, Gottingen,
Germany, University Medical Center, Gottingen, Germany
Richter, Otilie - Stem Cell Unit, Clinic for Cardiology and
Pneumology, University Medical Center Gottingen, Germany
Tiburcy, Malte - Institute of Pharmacology and Toxicology,
University Medical Center Goéttingen, Germany

Shahriyari, Mina - Institute of Pharmacology and Toxicology,
University Medical Center Géttingen, Germany

Schoger, Eric - Institute of Pharmacology and Toxicology,
University Medical Center Goéttingen, Germany

Zimmermann, Wolfram-Hubertus - Institute of Pharmacology and
Toxicology, University Medical Center Gottingen, Germany
Cyganek, Lukas - Stem Cell Unit, Clinic for Cardiology and
Pneumology, University Medical Center Géttingen, Germany

Abstract: Duchenne muscular dystrophy (DMD) is a rare disease
characterized by progressive muscle weakness and muscle loss,
which leads to respiratory disabilities and cardiomyopathies
during adulthood and ultimately death. This X-linked recessive
disorder has an incidence of 1in 3,500 males and is caused by
mutations in the dystrophin gene. Dystrophin is a giant protein
expressed mainly in muscle cells whose function is to stabilize
the muscle fibers by connecting the cytoskeleton to the extracel-
lular matrix. It has been reported more than 5,000 different DMD
mutations, mostly out-of-frame deletions of one or more exons,
which give rise to frameshift, premature termination of transla-
tion and lack of dystrophin. Interestingly, in-frame deletions re-
sulting in truncated functional dystrophins can give rise to milder
muscular dystrophies or even asymptomatic clinical phenotypes.
In our study, we aimed to develop personalized CRISPR/Cas9-
based gene therapy strategies in several DMD patients, convert-
ing out-of-frame deletions in in-frame deletions by exon skip-
ping. To achieve this, patient-specific induced pluripotent stem
cells (iPSCs) were generated, differentiated into cardiac muscle
cells, and phenotyped at the cellular and tissue level. Patients’
iPSC-derived cardiomyocytes (iPSC-CMs) confirmed disrupted
reading frame, lack of dystrophin protein and severely reduced
contractile performance. In order to induce exon skipping and
reframing of the coding sequence, different single guide or du-
al-guide CRISPR/Cas9 approaches targeting the adjacent exons
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were tested. Thus, corrected iPSC-CMs displayed efficient exon
skipping and restoration of dystrophin expression. Excitingly, en-
gineered heart muscle generated from corrected cardiomyocytes
presented a restoration of the contractile function. Finally, gene
correction in cardiomyocytes was achieved by the use of all-in-
one AAV vectors containing smaller Cas9 variants and the guide
RNA cassettes in a single construct. Altogether, patient-specific
iPSC-CMs, engineered heart muscle, and all-in-one AAV vectors,
represent an excellent platform to test different clinically trans-
latable CRISPR/Cas9-based exon skipping strategies for treating
DMD.

Keywords: Duchenne Muscular Dystrophy, CRISPR/Cas9, Exon
skipping
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MILLIPILLAR: A PLATFORM FOR THE
GENERATION AND REAL-TIME ASSESSMENT OF
ENGINEERED HUMAN CARDIAC TISSUES FOR
PATIENT-SPECIFIC DISEASE MODELING

Nash, Trevor R. - Biomedical Engineering, Columbia University,
New York, NY, USA

Fleischer, Sharon - Biomedical Engineering, Columbia University,
New York, NY, USA

Tamargo, Manuel - Biomedical Engineering, Columbia University,
New York, NY, USA

Kim, Youngbin - Biomedical Engineering, Columbia University,
New York, NY, USA

Vila, Olaia - Biomedical Engineering, Columbia University, New
York, NY, USA

Yeager, Keith - Biomedical Engineering, Columbia University,
New York, NY, USA

Summers, Max - Biomedical Engineering, Columbia University,
New York, NY, USA

Lock, Roberta - Biomedical Engineering, Columbia University,
New York, NY, USA

Zhao, Yimu - Biomedical Engineering, Columbia University, New
York, NY, USA

Liberman, Martin - Biomedical Engineering, Columbia University,
New York, NY, USA

Chavez, Miguel - Biomedical Engineering, Columbia University,
New York, NY, USA

Vunjak-Novakovic, Gordana - Biomedical Engineering, Columbia
University, New York, NY, USA

Abstract: Engineered cardiac tissues starting from induced plurip-
otent stem cells (iPSCs) are becoming increasingly powerful tools
for drug discovery, pharmacology, and modeling cardiovascular
development and disease. Although numerous engineered cardi-
ac tissue platforms exist, most require specialized equipment and
expertise that are only accessible to a limited number of academ-
ic labs, if any, beyond that of the group that developed the plat-
form. As a result, few labs have been able to harness this power-
ful technology for their own applications and to study their own
questions. And even among this limited group, the reproducibility
of methodologies and tissue features has been challenging. To
address these issues, we developed a facile technology (known
as “milliPillar”) that covers the entire pipeline required for studies
of engineered cardiac tissues. It includes a bioreactor platform
with flexible pillars to support the tissues and provide electrical
stimulation of each tissue that has been optimized for consistent
fabrication of tissues at high yield. We describe methodologies
for (i) platform fabrication, (ii) tissue generation, (iii) electrical
stimulation, (iv) automated real-time data acquisition, and (v) ad-



vanced video analyses. These methodologies enable objective
automated analysis of tissue contractility, force generation, and
calcium dynamics. We validated this platform and demonstrated
its versatility by fabricating tissues using multiple hydrogel com-
positions and with cardiomyocytes derived from multiple iPSC
lines in combination with different types of stromal cell popula-
tions (i.e. primary and iPSC-derived cardiac fibroblasts). We also
validated the long-term culture of tissues within the platform (>3
months) and demonstrated the ability to enhance functional ma-
turity of tissues by electromechanical stimulation during extend-
ed culture times. The platform is currently used to study a variety
of cardiovascular diseases including ischemia reperfusion injury,
autoimmune-mediated myocarditis, restrictive cardiomyopathy,
drug-induced cardiotoxicity, and exposure to radiation.

Keywords: Engineered Cardiac Tissue, iPSC-Cardiomyocytes,
Bioreactor
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HEAD-TO-HEAD COMPARISON OF HIPSC-
DERIVED CARDIAC MODELS IN 2D, 2D ALIGNED,
MICROTISSUE AND ENGINEERED HEART TISSUE
MODELS AGAINST A PANEL OF BENCHMARK
CARDIAC DRUGS

Dias Brescia, Marcella - Anatomy, Leiden University Medical
Center, Leiden, Netherlands

Brescia, M. - Anatomy, Leiden University Medical Center, Leiden,
Netherlands

Casti, P. - Electronic Engineering, University of Rome Tor Vergata,
Rome, Italy

Sala, L. - Center for Cardiac Arrhythmias of Genetic Origin,
Instituto Auxologico Italiano, Milan, Italy

Dostanic, M. - Department of Microeletronics, TU Delft,
Netherlands

Mol, M.P.H. - Anatomy, Leiden University Medical Center, Leiden,
Netherlands

Wiendels, M. - Anatomy, Leiden University Medical Center,
Leiden, Netherlands

Mencattini, A. - Electronic Engineering, University of Rome Tor
Vergata, Rome, Netherlands

Mummery, C.L. - Anatomy, Leiden University Medical Center,
Leiden, Netherlands

Mastrangeli, M. - Department of Microeletronics, TU Delft,
Netherlands

Martinelli, E. - Electronic Engineering, University of Rome Tor
Vergata, Rome, Italy

Van Meer, B.J. - Anatomy, Leiden University Medical Center,
Leiden, Netherlands

Abstract: Human pluripotent stem cell (hiPSC) derived cardiac
cells (cardiomyocytes, cardiac endothelial cells and cardiac fi-
broblasts), provide great potential for the development of human
cardiovascular models and for studying human heart develop-
ment in vitro. Additionally, these differentiated cells have been
widely used in the development of cardiac toxicity studies in vitro.
Three-dimensional (3D) hiPSC-derived cardiac models, such as
cardiac microtissues (MT) and engineered heart tissues (EHT), as
well as cells grown in aligned scaffolds plates, have been shown
to enhance maturation and to be superior in reproducing native
tissue responses when compared to simple two-dimensional
(2D) cultures. The aim of this study is to compare responses in
contractility in the 4 different hiPSC-derived cardiac models after
treatment with 12 different drugs previously selected for cardiac
model qualification. The effect of each drug from the panel, at

baseline and 4 different concentrations, were evaluated in the 4
different co-culture models at spontaneous beat rate and 3 differ-
ent pacing frequencies. This large drug screening study allowed
a head-to-head comparison of the different available hiPSC-de-
rived cardiac models and a correlation of the effect of each drug
concentration at each beating condition per model, giving us an
insight on phenotypical differences and optimal conditions for
functional experiments of each model. Additionally, this dataset
was used as a base for the development of a more advanced
contractility analysis software which allows more detailed seg-
mentation of 3D tissues’, the identification of individual contrac-
tile areas, and the construction of a complete contraction cycle
diagram.

Funding Source: Project supported by Sartorius Stedim
Biotech GmbH, Health”Holland (LSHM20018), NWO gravitation
(024.003.001), The Novo Nordisk Foundation Center for

Stem Cell Medicine (NNF21CC0073729) and Fuijifilm Cellular
Dynamics.

Keywords: hiPSC-derived cardiac models, Cardiotoxicity drug
screening, hiPSC-derived cardiac contractility
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EXOSOMAL AND CELLULAR EXPRESSION OF
LONG NON-CODING RNAS IN AN INDUCED
PLURIPOTENT STEM CELL MODEL OF
HYPERTROPHIC CARDIOMYOPATHY

Smith, James, University of East Anglia, Norwich, UK
Johnson, Ben - MED, University of East Anglia, Norwich, UK

Abstract: Hypertrophic Cardiomyopathy (HCM) is a form of ge-
netic heart disease that affects the size, metabolism, calcium
signalling and contractility of cardiomyocytes. This can lead to
serious clinical outcomes including sudden cardiac death. Long
non-coding RNAs (IncRNAs) are molecules of RNA >200 nucleo-
tides in length. LncRNAs are not translated into protein, instead
taking part in various cellular functions including signalling, reg-
ulation, chromatin modification and gene splicing. LncRNAs are
expressed intracellularly and within exosomes, and many have
been implicated in various cardiac diseases. The aim of this work
is to investigate changes in cellular and exosomal levels of In-
cRNAs caused by HCM, and to uncover the role that target In-
cRNAs play in HCM pathogenesis. To achieve this, human iPSCs
were reprogrammed from cells donated by a HCM patient (and a
healthy relative) according to Smith et al., (2018). IPSCs were cul-
tured in 2D monolayer and differentiated into cardiomyocytes ac-
cording to methods adapted from Burridge et al., (2015). RNA was
isolated from cells using Macherey-Nagel™ NucleoSpin™ RNA iso-
lation. cDNA synthesis was performed using UltraScript RT (PCR
Biosystems). Gene expression was analysed using RT-gPCR and
the ddCt method. Exosomes were isolated using Exo-SpinTM col-
umns (Cell Guidance Systems) or by ultacentrifugation. Exosome
analysis was performed on the ExoView® platform (Nanoview
Biosciences). The cellular expression of two IncRNAs (RMRP and
SNORD116) is downregulated in iPSC-derived cardiomyocytes
that have a HCM-causing mutation, compared to a healthy genet-
ic relative. Conversely, these IncRNAs show greater enrichment
in HCM iPSC-CM exosomes compares to the healthy control, a
pattern that is further emphasised when the cardiomyocytes are
subjected to electrical pacing to increase contraction frequency.
Overall, HCM iPSC-CMs have a higher exosomal output com-
pared to healthy iPSC-CMs, a trend which is further emphasised
when the cells are subjected to stress. In conclusion, evidence
suggests that INcRNAs play a role in the exosomal and cellular
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signalling pathways that are involved in HCM. Further study is
needed to establish what this role is and how they links to clinical
outcomes of the disease.

Keywords: Hypertrophic Cardiomyopathy, INncRNA, Exosomes
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DIFFERENT EFFECTS OF BETAINE ON CARDIAC
CELLS AND MESENCHYMAL STEM CELLS

Vaiciuleviciute, Raminta - Department of Regenerative
Medicine, State Research Institute Centre for Innovative
Medicine, Vilnius, Lithuania

Pachaleva, Jolita - Department of Regenerative Medicine,
State Research Institute Centre for Innovative Medicine, Vilnius,
Lithuania

Uzieliene, llona - Department of Regenerative Medicine, State
Research Institute Centre for Innovative Medicine, Vilnius,
Lithuania

Porvaneckas, Narunas - Faculty of Medicine, Vilnius University,
Vilnius, Lithuania

Bernotiene, Eiva - Department of Regenerative Medicine, State
Research Institute Centre for Innovative Medicine, Vilnius,
Lithuania

Abstract: Betaine is a natural compound acting as an antioxidant,
osmoprotectant and anti-inflammatory agent. Since betaine re-
duced oxidative stress and modulated metabolism of cardiac
tissue, we were interested to investigate if the responses of oth-
er tissues are similar. The aim of our study was to compare the
responses of human cardiomyocyte line AC16 and human bone
marrow mesenchymal stem cells (BMMSCs) to betaine treatment
under inflammatory conditions. AC-16 cell line was purchased
from SigmaAldrich. Human mesenchymal stem cells were were
isolated from bone marrow tissues, remaining after surgical pro-
cedures. Cell proliferation was analysed using alamarBlue™ dye
under normal and inflammatory (with IL-18) conditions with or
without betaine (10 mM) pretreatment for 24 hours. Intracellular
calcium (iCa2+) levels were evaluated in all cell types as deter-
mined by the iCa2+ specific fluorescent dye Cal-520. Morpho-
logic parameters of cells were evaluated under 2 different doses
of betaine (10 mM and 40 mM) using HoloMonitor®. The results
showed contrary effect of betaine on AC16 and BMMSCs prolifer-
ation — it increased proliferation of AC16 cells while proliferation
of BMMSCs tended to be downregulated. IL-18 reduced AC16
proliferation and betaine pretreatment significantly prevented
this effect on day 1 while its longer incubation with betaine en-
hanced IL-1B induced decrease of proliferation. For BMMSC, on
the contrary, betaine significantly diminished IL-18 induced rise
of proliferation. ICa2+ analysis confirmed different cellular re-
sponses to betaine treatment, as it reduced iCa2+ levels in AC16
cells, while increased in BMMSCs. Both high and low dose of be-
taine treatment reduced migration of AC16 cells while BMMSCs
responded to 40 mM betaine differently, as 10 mM betaine re-
sulted in higher migration as compared to the control group. In
summary. betaine differently modulates cellular responses in
human cardiomyocytes and BMMSCs. Reduced proliferation un-
der inflammatory conditions, iCa2+ level and migration suggests
that betaine treatment has stabilising effect on AC16 cells, while
in BMMSC:s it showed stimulating results by attenuating effect of
IL-1B, increasing iCa2+ level and cell migration.

Funding Source: This research was funded by European
Union’s Horizon 2020 research and innovation program under
Grant Agreement No. 953138.

Keywords: Mesenchymal stem cells, Cardiomyocytes, Betaine
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THE HUMAN TROPHOBLAST LINEAGE GIVES
RISE TO EXTRA-EMBRYONIC MESENCHYME
EMPHASIZING EARLY DEVELOPMENT AS A RICH
SOURCE OF EVOLUTIONARY INNOVATION

Liu, Zukai - Single Cell Biology Laboratory, The Jackson
Laboratory For Genomic Medicine, Plainville, CT, USA

Tan, Yuliana - Single Cell Biology Laboratory, The Jackson
Laboratory For Genomic Medicine, Farmington, CT, USA
Flynn, William - Single Cell Biology Laboratory, The Jackson
Laboratory For Genomic Medicine, Farmington, CT, USA
Oliveira, Nelio - Cellular Engineering, The Jackson Laboratory
For Genomic Medicine, Farmington, CT, USA

McDonough, Justin - Cellular Engineering, The Jackson
Laboratory For Genomic Medicine, Farmington, CT, USA
Skarnes, William - Cellular Engineering, The Jackson Laboratory
For Genomic Medicine, Farmington, CT, USA

Robson, Paul - Single Cell Biology Laboratory, The Jackson
Laboratory For Genomic Medicine, Farmington, CT, USA

Abstract: As ontogeny does not recapitulate phylogeny and less
developmental restraint exists prior to gastrulation, early human
development differs significantly from other mammalian species.
Understanding how it differs is key to directing stem cell differ-
entiation, modeling peri-implantation biology, and defining the
genomic loci contributing to these evolutionary differences. Tem-
poral differences in the emergence of extra-embryonic mesen-
chymal cells (ExMC) have been noted with ExXMC appearing much
earlier in the human embryo than in the mouse. We utilized hu-
man induced pluripotent stem cells (hiPSC) to explore ExMC de-
velopment. We initiated our studies on a well-documented model
of hiPSC differentiation to the trophoblast lineage (BMP4 induc-
tion/FGF signal inhibition) that leads to large multinucleated cells
producing copious chorionic gonadotropin within 6 days. Utilizing
single cell RNA-seq, we first analyzed the cellular dynamics of this
differentiation time-course. A relatively uniform cell population
transitioned from pluripotency to the trophoblast lineage over the
first 3 days, without expression of early mesoderm regulators. At
Day 4, a lineage bifurcation began, and led to two distinct popula-
tions by Day 6, one of these was clearly trophoblast while the oth-
er, with strong mesenchymal properties, we define as EXMC. The
ExXMC cell identity was further confirmed by integrating our data
with single cell datasets derived from in vivo post-implantation
embryos of cynomolgus monkey and human. We next optimized
media composition for exclusive ExMC induction and mined ex-
pression data to identify HAND1 as a potential upstream regu-
lator of ExXMC formation. A knockout of this transcription factor
indicated comprehensive down-regulation of EXMC markers and
up-regulation of trophoblast markers. These results demonstrate
HAND1 is essential for EXMC specification from the trophecto-
derm lineage and drives a SNAI2-mediated epithelial-to-mesen-
chymal transition. The novel finding that EXMC can emerge from
the trophoblast lineage clarifies long-standing confusion in the
human PSC-derived extra-embryonic lineage literature, empha-
sizes species differences in early development, and provides an
iPSC-derived model in which to further explore these evolution-
ary novelties highly relevant to human health.

Keywords: Extra-embryonic mesenchymal cell, human induced
pluripotent stem cell, HAND1
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DEVELOPMENT OF A SYNTHETIC MODEL OF
EARLY EMBRYONIC DEVELOPMENT USING
CRISPR EPIGENOME EDITING IN EMBRYONIC
STEM CELLS

Lodewijk, Gerrald - Biomolecular Engineering, University of
California, Santa Cruz, CA, USA

Kozuki, Sayaka - Biomolecular Engineering, University of
California, Santa Cruz, CA, USA

Cook, Nathan - Biomolecular Engineering, University of
California, Santa Cruz, CA, USA

Topacio, Benjamin - Biomolecular Engineering, University of
California, Santa Cruz, CA, USA

Shariati, Ali - Biomolecular Engineering, University of California,
Santa Cruz, CA, USA

Abstract: Life begins with a fertilized egg that undergoes sever-
al divisions to generate more undifferentiated cells. This clump
of cells then differentiates into 3 distinct cell types to form the
blastocyst: 1) Epiblast cells, which later form all tissues in the em-
bryo, characterized by expression of NANOG. 2) Hypoblast cells
(GATAG+) and 3) trophoblast cells (CDX2+), which are the major
source of all extra-embryonic tissues, such as the yolk sac and
placenta to facilitate embryonic growth and implantation into the
maternal uterus wall. It is observed that about 25-50% of human
embryos fail to implant, however our understanding of human
embryogenesis and implantation is limited due to the inacces-
sibility of the implanting embryo and ethical considerations. To
address these limitations, we aim to further develop synthetic
embryo models. Using doxycycline-inducible CRISPR-activation
engineered mouse embryonic stem cell lines, we show efficient
induction of fate determining transcription factors for epiblast
(Nanog), hypoblast (Gata6) and trophoblast cells (Cdx2), followed
by morphological changes in each cell type. Next, we assess how
these cell lines can self-organize into early embryonic structures,
using previously defined 2D micropatterning and 3D organoid
models. The use of CRISPR-Cas9 engineered stem cell lines may
provide new insights into self-organization mechanisms of such
models, by allowing controllable assembly of precise numbers
and types of cells. In future work, we aim to develop the same
system in human embryonic stem cells, followed by comparative
analysis and genome-wide perturbation studies between mouse
and human embryonic model systems, to identify human-specific
mechanisms in embryogenesis.

Keywords: Synthetic embryo models, CRISPR-dCas9 gene
regulation, Stem cell engineering
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BIOPHYSICS AND MECHANOBIOLOGY OF
LUMENOGENESIS IN HUMAN PLURIPOTENT
STEM CELLS

Indana, Dhiraj - Mechanical Engineering, Stanford University,
Stanford, CA, USA

Agarwal, Pranay - Orthopaedic Surgery, Stanford Medicine,
Stanford, CA, USA

Bhutani, Nidhi - Orthopaedic Surgery, Stanford Medicine,
Stanford, CA, USA

Chaudhuri, Ovijit - Mechanical Engineering, Stanford University,
Stanford, CA, USA

Abstract: Embryoids or human pluripotent stem cell (hPSC) mod-
els of embryonic development, serve as an excellent tool to un-
cover mechanisms regulating early morphogenetic and differen-
tiation events during human embryogenesis. Recently several
embryonic tissues have been modeled in-vitro, but these models
rely on poorly defined reconstituted basement membrane-based
matrices such as Matrigel or use suspension culture which lacks
cell-matrix interactions. Thus, the impact of matrix properties on
hPSC self-organization in embryoids is unknown. One such em-
bryoid model is that of the epiblast. The epiblast is formed in-vivo
by a cluster of hPSCs which undergo polarization and lumen for-
mation in response to extracellular matrix signaling. In this work,
we use viscoelastic alginate hydrogels with independently tun-
able stress relaxation (a measure of viscoelasticity), RGD ligand
density and stiffness to model the epiblast and show that matrix
mechanics regulate hPSC lumenogenesis. Higher RGD density
and fast stress relaxation promote lumen formation and apico-
basal polarization while slow stress relaxation at low RGD densi-
ty triggers hPSC apoptosis. Surprisingly, matrix stiffness did not
significantly impact hPSC lumen formation. Pluripotency is main-
tained through day 14 of culture in all alginate formulations. This
is in sharp contrast with 3D Matrigel culture where hPSCs form
lumens but lose pluripotency after day 3 of culture. Modulating
matrix stress relaxation provides control over lumen size, and
cluster characteristics of hPSCs in fast relaxing, high RGD gels
recapitulate epiblast nuclear and cluster morphology. These re-
sults highlight matrix viscoelasticity as a critical factor regulating
stem cell morphogenesis and provide key insights into the role
of mechanical cues during development of the human embryo.
Next, we studied the biophysical mechanisms driving lumen for-
mation in hPSCs. Lumen opening is found to be driven by a novel
actin mediated, pressure independent mechanism, which switch-
es to osmotic pressure driven growth once a critical lumen size is
reached. Overall, our findings reveal a new lumenogenesis mech-
anism and advance our understanding of human peri-implanta-
tion development.

Funding Source: Stanford Bio-X Interdisciplinary Initiatives
Program Seed Grant for Ovijit Chaudhuri and Nidhi Bhutani
National Science Foundation Grant (CMMI 1846367) for Ovijit
Chaudhuri

Keywords: lumen formation, epiblast, viscoelasticity
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GENERATING BRAIN ENDOTHELIAL CELLS FROM
HUMAN PLURIPOTENT STEM CELLS
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Engmann, Anne - Department of Stem Cell and Regenerative
Biology, and Center for Brain Science, and Harvard Stem Cell
Institute, Harvard University, Cambridge, MA, USA
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Biology and Harvard Stem Cell Institute, Harvard University,
Cambridge, MA, USA

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

Gampierakis, Loannis - Department of Stem Cell and
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University, Cambridge, MA, USA

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

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

Florido, Mary - Department of Stem Cell and Regenerative
Biology and Harvard Stem Cell Institute, Harvard University, and
Harvard T.H. Chan School of Public Health, Cambridge, MA, USA
Buchanan, Sean - Department of Stem Cell and Regenerative
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Cambridge, MA, USA

Macklis, Jeffrey - Department of Stem Cell and Regenerative
Biology and Center for Brain Science, and Harvard Stem Cell
Institute, Harvard University, Cambridge, MA, USA

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

Abstract: During development endothelial cells (ECs) migrate into
the brain, where under the inductive influence of the brain en-
vironment, they differentiate into the cells that form the blood-
brain barrier (BBB). Dysfunction of the BBB has been associated
with cognitive impairment in aging and dementia. To carry out
detailed studies of the molecular and cellular changes that ac-
company BBB dysfunction, a reliable in vitro brain EC model is
essential. In order to differentiate human pluripotent cells (hPSCs)
into brain ECs, we recapitulated the developmental trajectory of
ECs in vitro. First, hPSCs were differentiated into peripheral ECs
by mesodermal commitment followed by expansion and isolation
of CD144-positive cells. Next, by modulating Wnt, TGF-beta, and
STAT3 signaling pathways, peripheral ECs were converted to
brain EC-like cells. In addition, overexpression of brain EC tran-
scription factors, along with epigenetic modulation, further aug-
mented brain EC phenotypes including upregulation of GLUT1,
MFSD2A, ABCB1, CLDN5, downregulation of PLVAP, and de-
creased permeability. Our work provides an improved human
brain EC model that can be used for understanding the develop-
ment and maintenance of BBB properties in heath and disease.

Funding Source: This work was supported by Simons
Foundation Plasticity and the Aging Brain Program, NINDS
(TROINS117407), NIA (IRO1AG072086), and the Harvard Stem Cell
Institute.

Keywords: Brain Endothelial cell, Blood Brain Barrier (BBB), in
vitro model
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ONE-STEP GENERATION OF TUMOR MODELS BY
BASE EDITOR MULTIPLEXING IN ADULT STEM
CELL-DERIVED ORGANOIDS

Gandhi, Shashank - Developmental Biology and Stem Cell
Research, Hubrecht Institute, Utrecht, Netherlands

Geurts, Maarten - Developmental Biology and Stem Cell
Research, Hubrecht Institute, Utrecht, Netherlands

Boretto, Matteo - Developmental Biology and Stem Cell
Research, Hubrecht Institute, Utrecht, Netherlands

Hendriks, Delilah - Developmental Biology and Stem Cell
Research, Hubrecht Institute, Utrecht, Netherlands

Celotti, Martina - Developmental Biology and Stem Cell Research,
Hubrecht Institute, Utrecht, Netherlands

Schirmann, Paul - Developmental Biology and Stem Cell
Research, Hubrecht Institute, Utrecht, Netherlands

Clevers, Hans - Developmental Biology and Stem Cell Research,
Hubrecht Institute, Utrecht, Netherlands

Abstract: Recent optimization of CRISPR/Cas9-mediated genome
engineering has resulted in the development of base editors
that can efficiently mediate C>T and A>G transitions. Combining
these genome engineering tools with human adult stem cell (AS-
C)-derived organoid technology holds promise for disease mod-
eling. Here, we demonstrate the application of base editors for
the generation of complex tumor models in human ASC-derived
hepatocyte, endometrial and intestinal organoids. First, using
conventional and evolved Cas9-variants, we show the efficacy of
both cytosine and adenine base editors and use them to model
four hot-spot point mutations in CTNNB1in hepatocyte organoids.
Next, we apply C>T base editors in endometrial organoids to in-
sert nonsense mutations in PTEN and demonstrate tumorigenici-
ty even in the heterozygous state. Furthermore, we use cytosine
base editors for simultaneous oncogene activation (PIK3CA) and
tumor-suppressor inactivation (APC and TP53). To increase the
flexibility of base editor multiplexing, we then combine SpCas9
and SaCas9 base editors for simultaneous C>T and A>G editing
at individual target sites. Finally, we show the power of base edi-
tor multiplexing by modeling colorectal tumorigenesis in a single
step by simultaneously transfecting sgRNA'’s targeting four can-
cer genes.

Funding Source: Schmidt Science Fellowship
Keywords: CRISPR/Cas9, Organoids, Tumorigenesis
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MODELLING IDIOPATHIC PULMONARY FIBROSIS
USING PATIENT-SPECIFIC HIPSC-DERIVED
ALVEOLAR EPITHELIAL TYPE Il CELLS FOR
STUDYING RESPIRATORY INFECTIONS IN VITRO
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Nottingham, UK

Reed, Liam - Cancer and Stem Cells, The University of
Nottingham, UK

Cuevas-Ocafia, Sara - Cancer and Stem Cells, The University of
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Nottingham, UK

Tatler, Amanda - Respiratory Medicine, The University of
Nottingham, UK

Jenkins, Gisli - Respiratory Medicine, The University of
Nottingham, UK

Hannan, Nicholas - Cancer and Stem Cells, The University of
Nottingham, UK

Abstract: Idiopathic pulmonary fibrosis (IPF) is a chronic, invariably
fatal, interstitial lung disease with a median survival of 2-3 years.
Its etiology is unclear; however, environmental and genetic risk
factors indicate that alveolar epithelial type Il (AEll) cell dysfunc-
tion plays a pivotal role. Mutations in genes for pulmonary sur-
factant production compromise AEIl cell function and viability, re-
ducing its capacity to regenerate. Furthermore, infection-induced
lung injury has been related to AEll cell damage and disease
progression. The activation of fibrogenic pathways by respiratory
viruses can promote acute lung injury and has been associated
with acute exacerbations of IPF, a leading cause of mortality. The
study of this host-pathogen interaction is hampered by the lack
of adequate human IPF models. Therefore, the differentiation of
patient-derived human induced pluripotent stem cells (hiPSC) into
alveolar organoids represents a valuable tool for studying geno-
type-phenotype relationships of IPF in vitro. For this, we created
an in vitro organoid platform using patient-derived hiPSCs car-
rying a Surfactant Protein C (SFTPC) mutation and using CRIS-
PR/Cas9 base-editing techniques a corrected, isogenic control.
This directed differentiation recapitulates in vivo developmental
pathways to generate lung progenitors which were matured in
3D-culture conditions to obtain a population of AEIl cells with the
capacity to express SFTPC. AEIl cells were successfully enriched
using fluorescent activated cell sorting using antibodies directed
against carboxypeptidase M (CPM) and sodium-dependent phos-
phate transport protein 2B (NaPi2b), utilised as surface-markers
for NKX2.1 and SFTPC, respectively. The obtained cells were ex-
posed to HIN1influenza A virus and samples were analysed using
single-cell RNA sequencing (scRNA-seq) and proteomics. Follow-
ing exposure, transcriptome profiling revealed many differentially
expressed genes that contribute to the inflammatory response,
fibrosis, and cell function. Our data suggest the model can be
useful to identify host-pathogen response biological pathways
underlying acute exacerbations of IPF, needed for the develop-
ment of therapeutic strategies that limit the progression of fibrosis
in response to infections.

Funding Source: Medical Research Council CONACYT
University of Nottingham

Keywords: hiPSCs-derived organoids, Respiratory infection,
Idiopathic Pulmonary Fibrosis
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INVESTIGATING BPIFA1 AND ITS ROLE IN
REGULATING EPITHELIUM HOMEOSTASIS IN THE
DEVELOPING HUMAN NEONATAL AIRWAY

McVicar, Rachael N. - Biomedical, Sanford Burnham Prebys, La
Jolla, CA, USA

Leibel, Sandra - Pediatrics, University of California, San Diego, La
Jolla, CA, USA

Snyder, Evan - Biomedical, Sanford Burnham Prebys, La Jolla,
CA, USA

Abstract: The human airway epithelium serves to protect the host
from foreign pathogens and environmental insults. However,
infants who are born prematurely have underdeveloped lungs
with weakened barrier function, and insult is added to injury after

the rapid transition from hypoxia in-utero to normoxia postnatal.
Consequently, premature infants are at greater risk of severe re-
spiratory syncytial virus (RSV) infections and developing chronic
airway inflammation. One protein of interest, BPIFA1, has been
shown to regulate airway epithelium homeostasis and prevent
pathogen induced airway disease severity in adult mice models.
While this protein has been rigorously studied for its role in regu-
lating airway mucus viscosity as well as serving as an antimicrobi-
al peptide during respiratory infections in mice, little research has
been done investigating BPIFA1 in a developmentally compro-
mised human neonatal airway. Therefore, we wish to investigate
if endogenous BPIFA1 expression is influenced by changes in ox-
ygen tensions, and if supplemental BPIFA1 decreases the severity
of RSV infection in the preterm lung epithelium. First, the level of
BPIFA1 expression was assessed in human stem cell (iPSC) de-
rived and human fetal lung tissue derived airway epithelial cul-
tures representing the preterm airway. Next, the influence of ox-
ygen tension on BPIFA1 expression was investigated by culturing
airway epithelial cells in either hypoxic (5% oxygen) or normoxic
(21% oxygen) conditions; where an increase in BPIFA1 expression
was observed in normoxic airway cultures. RNA was extracted
from both hypoxic and normoxic airway cultures and differential
gene expression is being assessed via bulk RNA sequencing un-
der these differing oxygen states. Lastly, the antiviral potential
of BPIFA1 is being investigated by infecting airway epithelial cul-
tures with RSV to determine if supplementing recombinant BPI-
FA1 protein can decrease overall RSV infection. Our findings will
help elucidate how premature birth impacts airway development
and BPIFA1 expression and explore the therapeutic potential of
exogenous BPIFA1 in the premature infant population.
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ESTABLISHING IN VIVO AND IN VITRO MODELS
OF HYPERMOBILE EHLERS-DANLOS SYNDROME
FOR VALIDATING CAUSATIVE MUTATIONS AND
THERAPY DEVELOPMENT

Jesberg, Parker - The Gates Center for Regenerative Medicine,
Department of Dermatology, University of Colorado Anschutz
Medical Campus, Denver, CO, USA

Diette, Nicole - Department of Biological and Physical Sciences,
Keystone College, La Plume, PA, USA

Velmurugan, Kalpana - The Gates Center for Regenerative
Medicine, Department of Dermatology, University of Colorado
Anschutz Medical Campus, Aurora, CO, USA

Escamilla, Jazmin - The Gates Center for Regenerative Medicine,
Department of Dermatology, University of Colorado Anschutz
Medical Campus, Aurora, CO, USA

Han, Chann Makara - The Gates Center for Regenerative
Medicine, Department of Dermatology, University of Colorado
Anschutz Medical Campus, Aurora, CO, USA

Rozhok, Andrii - The Gates Center for Regenerative Medicine,
Department of Dermatology, University of Colorado Anschutz
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Pavlova, Maryna - The Gates Center for Regenerative Medicine,
Department of Dermatology, University of Colorado Anschutz
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Kogut, Igor - The Gates Center for Regenerative Medicine,
Department of Dermatology, University of Colorado Anschutz
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Medical Campus, Aurora, CO, USA

Bilousova, Ganna - The Gates Center for Regenerative Medicine,
Department of Dermatology, University of Colorado Anschutz
Medical Campus, Aurora, CO, USA

Abstract: Ehlers-Danlos Syndrome (EDS) is an incurable genet-
ic connective tissue disorder characterized by hyperextensible
skin, joint hypermobility and cutaneous fragility. EDS is primari-
ly caused by mutations in genes encoding collagens or proteins
involved in collagen biogenesis. However, the genetic etiology
for the most common form of EDS, hypermobility-type (EDS-HT),
remains unknown. Using next generation sequencing, we have
identified multiple missense mutations in the TNXB gene as likely
candidates that cause EDS-HT in our cohort of patients. TNXB
encodes the tenascin-X protein, which is known to participate
in collagen assembly. Tenascin-X-deficiency is associated with
classical EDS, while tenascin-x haploinsufficiency can result in
EDS-HT. We suggest that our candidate mutations cause EDS-HT
by either mimicking tenascin-x haploinsufficiency or acting in a
dominant negative manner. To address this hypothesis, we fo-
cused on developing currently lacking in vivo and in vitro models
of EDS-HT. We first established a skin xenograft model of EDS-
HT by healing wounds inflicted on the backs of immunodeficient
mice using human keratinocytes and EDS patient fibroblasts. The
developed EDS skin xenografts showed disorganized collagen
fibrils in the extracellular matrix, resembling those seen in skin
biopsies of EDS-HT patients. To complement our in vivo model,
we also developed an in vitro cell-based model of EDS-HT by
generating 3D skin equivalents using fibrin gel scaffolds and
EDS-HT human fibroblasts. Skin equivalents derived from EDS
fibroblasts showed reduced collagen density and an increased
rate of collagen damage upon mechanical stress consistent with
the EDS-HT phenotype. Our in vivo and in vitro models can now
be used to assess novel therapies for EDS and to validate candi-
date mutations in the TNXB gene as a cause of EDS-HT. We have
already reprogrammed EDS fibroblasts into induced pluripotent
stem cells (iPSCs). We are currently correcting these candidate
mutations using CRISPR/Cas9. The corrected EDS iPSCs will be
differentiated into fibroblasts and used in our in vivo and in vitro
models. If the EDS-HT phenotype is no longer observed in our
models, this will confirm that this candidate mutation is indeed the
cause of EDS-HT in these patients.

Keywords: Ehlers-Danlos Syndrome, iPSCs, Tenascin-X
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AN EFFICIENT AND SCALABLE METHOD
TO GENERATE GERM CELLS FROM HUMAN
PLURIPOTENT STEM CELLS

Overeem, Arend - Anatomy and Embryology, Leiden University
Medical Centre, Amsterdam, Netherlands

Chang, Yolanda - Anatomy and Embryology, Leiden University
Medical Center, Leiden, Netherlands

Chuva de Sousa Lopes, Susana - Anatomy and Embryology,
Leiden University Medical Center, Leiden, Netherlands

Abstract: In vitro gametogenesis (IVG) from human pluripotent
stem cells (hPSCs) holds great potential for improving reproduc-
tive health. Achieving IVG will enable the modelling of infertili-
ty-causing diseases, and may ultimately help to generate innova-
tive personalized treatments and even new assisted reproduction
techniques. The first step of IVG consists of the specification of
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human primordial germ cell-like cells (hPGCLC) from hPSCs.
Currently, protocols for the generation of hPGCLCs in vitro are
based on 3D culture of cell aggregates in U-bottom wells. These
methods are characterized by low differentiation efficiency, and
suffer from poor scalability, making it difficult to obtain enough
hPGCLCs for downstream optimization of IVG protocols. To ad-
dress this issue, we have tested a variety of alternative hPGCLC
differentiation methods with better potential for scalability. Based
on this, we have developed a new 2D culture system that allows
for the generation of hPGCLCs in high numbers in the absence
of a feeder layer. This new method is not technically-challenging
and the obtained hPGCLCs express hallmark germ cell markers,
such as TFAP2C, POU5F1 and SOX17. We expect that the abil-
ity to generate high numbers of hPGCLCs will greatly facilitate
researchers in the field of IVG to set-up comprehensive and
high-throughput approaches, that will accelerate progress in the
subsequent IVG differentiation steps necessary to ultimately gen-
erate functional gametes.

Funding Source: This work was supported by the Dutch
Research Council (VICI-2018-91819642) and reNEW (Novo
Nordisk Foundation)

Keywords: gametogenesis, germline, primordial germ cells
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INVESTIGATING THE FUNCTION OF WASP

IN THROMBOPOIESIS AND PATHOGENIC
MECHANISMS OF THROMBOCYTOPENIA OF
WISKOTT-ALDRICH SYNDROME USING ISOGENIC
PLURIPOTENT STEM CELL MODELS

Wang, Mengge - BESE, King Abdullah University of Science and
Technology (KAUST), Jeddah, Saudi Arabia

Li, Mo - BESE, King Abdullah University of Science and
Technology, Jeddah, Saudi Arabia

Yuan, Baolei - BESE, King Abdullah University of Science and
Technology, Jeddah, Saudi Arabia

Zhou, Xuan - BESE, King Abdullah University of Science and
Technology, Jeddah, Saudi Arabia

Abstract: Wiskott-Aldrich syndrome (WAS) is an X-linked reces-
sive monogenic disease characterized by thrombocytopenia,
severe immunodeficiency, eczema, and cancer predisposition.
It is caused by mutations in the Wiskott-Aldrich syndrome pro-
tein, WASP. Although the role of WASP in terminally differentiated
lymphocytes has been well characterized, how WASP regulates
megakaryopoiesis and thrombopoiesis is poorly understood.
Most megakaryocytes reside in the bone marrow, and performing
invasive bone marrow biopsies in mostly pediatric WAS patients
is undesirable. Meanwhile, there are over 200 mutations that lead
to hypomorphic levels or complete loss of WASP, and it is im-
possible to predict clinical severity from the genotype. To avoid
phenotype ambiguity due to mutational background and ascer-
tain the true loss-of-function phenotype, we established isogenic
WASP knockout human pluripotent stem cells (hPSCs) using the
CRISPR/Cas9 technology and a megakaryocyte/platelet differen-
tiation system. We took advantage of these isogenic models to
dissect the role of WASP in the nucleus and cytoplasm of mega-
karyocytes. Our preliminary data show that WASP knockout im-
pairs the formation of platelets which is in keeping with the clinical
characterization of WAS and with the role of WASP in cytoskele-
ton organization. Unexpectedly, we also found the generation of



multi-polyploidy megakaryocytes is suppressed in WASP knock-
out cells. Furthermore, our preliminary data showed that WASP
is not only expressed in the cytoplasm but also in the nucleus of
megakaryocytes, which indicates that WASP may also participate
in nuclear functions such as RNA splicing and the organization
of nuclear compartments via liquid-liquid phase separation. Thus,
the isogenic hPSC models of WAS will provide mechanistic in-
sights into the normal function of WASP in megakaryopoiesis and
elucidate pathogenic mechanisms of thrombocytopenia in WAS.

Keywords: Wiskott-Aldrich syndrome, pluripotent stem cell,
thrombopoiesis
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3D BIOPRINTING USING SELF-ASSEMBLING
TETRAMERIC PEPTIDE FOR AUTOMATED
FABRICATION OF MULTICELLULAR ACUTE
MYELOID LEUKEMIA DISEASE MODEL

Alhattab, Dana - Biological, Environmental Science and
Engineering, King Abdullah University of Science and Technology
(KAUST), Thuwal, Saudi Arabia

Alshehri, Salwa - Biological & Environmental Science &
Engineering, KAUST, Thuwal, Saudi Arabia

Isaioglou, loannis - Biological & Environmental Science &
Engineering, KAUST, Thuwal, Saudi Arabia

Khan, Zainab - Biological & Environmental Science & Engineering,
KAUST, Thuwal, Saudi Arabia

Susapto, Hepi - Biological & Environmental Science &
Engineering, KAUST, Thuwal, Saudi Arabia

Merzaban, Jasmeen - Biological & Environmental Science &
Engineering, KAUST, Thuwal, Saudi Arabia

Hauser, Charlotte - Biological & Environmental Science &
Engineering, KAUST, Thuwal, Saudi Arabia

Abstract: Acute myeloid leukemia (AML) is a hematological malig-
nancy that remains a therapeutic challenge due to the high inci-
dence of disease relapse and drug resistance. In order to achieve
a better understanding of disease relapse, improve current treat-
ments and identify novel targeted therapies, robust preclinical
models are essential. Such models should represent the three-di-
mensional (3D) spatial structure of the bone marrow (BM) micro-
environment and accurately mimic its complexity. In this study, we
aimed to achieve an automated fabrication of 3D AML disease
models that truly recapitulates the biological complexity of the
BM microenvironment and could be used in drug screening appli-
cations. To build our model, we have developed a unique class of
tetramer self-assembling peptides with an innate ability to self-as-
semble in aqueous solutions into stable hydrogels. The model
was built using the peptide hydrogel and incorporating leukemic
cells, BM mesenchymal stem cells (BM-MSCs), and endothelial
cells (ECs). Both cell types play essential roles in shaping the BM
microenvironment and protecting AML cells. Additionally, using
our in-house developed robotic bioprinter and a novel extrusion
unit design, we achieved an automated fabrication of a 3D multi-
cellular AML disease model Using our bioprinting system and the
self-assembling peptide, we could efficiently 3D print leukemic
cells, MSCs, and ECs into a multicellular 3D disease model. The
peptide hydrogel formed a highly porous network of nanofibers
with mechanical properties (stiffness) close to the BM extracellu-
lar matrix (ECM). The 3D peptide culture supported the viability
and growth of leukemic cells, BM-MSCs, and ECs. Additionally,
the 3D peptide-based multicellular culture recapitulated cell-cell
and cell-ECM interactions. Besides, the 3D peptide-based multi-
cellular culture induced a quiescent state and drug resistance in

leukemic cells compared to other culture models. The developed
3D peptide-based multicellular culture provides a better model
for drug screening and development; additionally, it could be
used to perform investigational studies on the role of the tumor
microenvironment in tumor development and drug resistance. In
the future, we aim to use this model in personalized medicine
applications to test patient-specific therapeutics.

Keywords: 3D disease model, Acute myeloid leukemia,
Bioprinting
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PLACENTAL MESENCHYMAL STEM CELLS
BOOST M2 ALVEOLAR OVER M1 BONE MARROW
MACROPHAGES VIA IL-18 IN KLEBSIELLA
PNEUMONIAE-MEDIATED ACUTE RESPIRATORY
DISTRESS SYNDROME

Wang, Li-Tzu - Department of Obstetrics & Gynecology, National
Taiwan University, Taipei, Taiwan (Republic of China)

Yen, B. Linju - Regenerative Medicine Research Group, Institute
of Cellular & System Medicine, National Health Research
Institutes, Zhunan, Taiwan

Wang, Hsiu-Huan - Regenerative Medicine Research Group,
Institute of Cellular & System Medicine, National Health Research
Institutes, Zhunan, Taiwan

Chao, Ying-Yin - Regenerative Medicine Research Group,
Institute of Cellular & System Medicine, National Health Research
Institutes, Zhunan, Taiwan

Lee, Wei - Regenerative Medicine Research Group, Institute of
Cellular & System Medicine, National Health Research Institutes,
Zhunan, Taiwan

Huang, Li-Yueh - National Institute of Infectious Diseases &
Vaccinology, National Health Research Institutes, Zhunan,
Taiwan

Chiu, Sheng-Kang - Division of Infectious Diseases and Tropical
Medicine, Department of Internal Medicine, Tri-Service General
Hospital, Taipei, Taiwan

Siu, L. Kristopher - National Institute of Infectious Diseases

& Vaccinology, National Health Research Institutes, Zhunan,
Taiwan

Liu, Ko-Jiunn - National Institute of Cancer Research, National
Health Research Institutes, Zhunan, Taiwan

Sytwu, Huey-Kang - National Institute of Infectious Diseases

& Vaccinology, National Health Research Institutes, Zhunan,
Taiwan

Yen, Men-Luh - Department of Obstetrics & Gynecology, National
Taiwan University, Taipei, Taiwan

Abstract: Acute respiratory distress syndrome (ARDS) is a lethal
complication of severe bacterial pneumonia due to the inability
to dampen over-exuberant immune responses without compro-
mising pathogen clearance. Both of these processes involve tis-
sue-resident and bone marrow (BM)-recruited macrophage (M®)
populations which can be polarized to have divergent functions.
Surprisingly, despite the known immunomodulatory properties
of mesenchymal stem cells (MSCs), simultaneous interactions
with tissue-resident alveolar M®s (AM®s) and recruited-BMM®
populations are largely unexplored. In this study, we assessed
the therapeutic use of human placental-MSCs (PMSCs) in severe
bacterial pneumonia-related ARDS with elucidation of the roles
of resident AM®s and recruited BMM®s. We developed a lethal,
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murine pneumonia model using intratracheal infection of a clin-
ically relevant serotype K2 strain of Klebsiella pneumoniae (KP)
with subsequent intravenous human PMSC treatment. Phenotype
and functionality of pulmonary AM®s and recruited BMM®s, his-
tological evaluation, bacterial clearance, and mice survival were
assessed. To elucidate the role of resident AM®s in improving
outcome, we performed AM® depletion in the KP-pneumonia
model with intratracheal clodronate pretreatment. Human PMSC
treatment decreased tissue injury and improved survival of se-
vere KP-pneumonia mice by decreasing the presence and func-
tion of recruited M1 BMM® while preserving M2 AM®s and en-
hancing their anti-bacterial functions. Interestingly, PMSC therapy
failed to rescue AM®-depleted mice with KP pneumonia, and
PMSC-secreted IL-13 was identified as critical in increasing AM®
anti-bacterial activities to significantly improve pathogen clear-
ance—especially bacteremia—and survival. In conclusion, human
PMSC treatment preferentially rescued resident M2 AM®s over
recruited M1 BMM®s with overall M2 polarization to improve
KP-related ARDS survival.

Funding Source: This work was partially funded by the Taiwan
Ministry of Science & Technology (109-2326-B-002-016-MY3
to L.T.W.,, 107-2314-B-002-104-MY3 and 110-2314-B-002-042 to
M.L.Y.), and the NHRI (11A1-CSPPO6 & CS-111-GP-01to B.L.Y.).
Keywords: Placental-mesenchymal stem cells (PMSCs),
Klebsiella pneumoniae (KP), Alveolar macrophages (AM®s)
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THE REGULATORY PROGRAM OF THE
DISTALIZING MAMMALIAN NEPHRON

Achieng, MaryAnne A. - Stem Cell Biology and Regenerative
Medicine, University of Southern California, Los Angeles, CA, USA
Schnell, Jack - Stem Cell Biology and Regenerative Medicine,
University of Southern California, Los Angeles, CA, USA

Fausto, Connor - Stem Cell Biology and Regenerative Medicine,
University of Southern California, Los Angeles, CA, USA

Kim, Sunghyun - Stem Cell Biology and Regenerative Medicine,
University of Southern California, Los Angeles, CA, USA

Parvez, Riana - Stem Cell Biology and Regenerative Medicine,
University of Southern California, Los Angeles, CA, USA
McMahon, Andrew - Stem Cell Biology and Regenerative
Medicine, University of Southern California, Los Angeles, CA, USA
Lindstrom, Nils - Stem Cell Biology and Regenerative Medicine,
University of Southern California, Los Angeles, CA, USA

Abstract: During development, nephron progenitors differentiate
into over 24 cell-types that become positioned along the neph-
ron’s proximal-distal axis. These precursor-progeny relationships
are poorly understood. To improve distal cell type differentiation
in the in vitro organoid model, we delineated the developmental
programs generating distal nephron cells in vivo by analyzing sin-
gle cell omic (scRNA- and snATAC-seq) data capturing nephro-
genesis in mice and humans. Gene expression profiles and pu-
tative regulatory regions are largely shared in murine and human
distal nephron development, indicating deeply conserved regula-
tory programs, though species-specific expression and putative
enhancers are also evident. More specifically, scrutiny of distal
cell diversity in human nephrons show that transcription boundar-
ies of loop of Henle nephron cell types are shared in mice and hu-
mans. Two distinct cortical thick ascending limb (cTAL) cell types
can be defined in human nephrons by mutually exclusive expres-
sion of transcriptional repressors IRX1 and IRX3. Our trajectory
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models also show that the renin-regulating macula densa and the
IRX1+ cTAL emerge from a common PAPPA2+ precursor popula-
tion, with a clear branching event and distinct chromatin accessi-
bility patterns. These analyses delineate how these terminal cell
fate decisions are made in the distal nephron. Comparisons of
in vivo data to organoid RNA-seq data from 2 well-established
differentiation protocols highlighted poor organoid fidelity to in
vivo cell expression profiles. Organoids show a lack of canonical
markers of mature distal cell types and display asynchronous dif-
ferentiation. To correct patterning abnormalities in organoids, we
optimized kidney organoid differentiation in two iPSC lines and
generated synchronized and uniform renal vesicle-like structures
forming after 5 days in 3D organization. Further manipulation of
B-catenin signaling by pulsing of small molecule inhibitors in-
creased the abundance of distal precursors, partially normalized
patterning, and increased expression of cell-markers associated
with distalization and distal cell maturation. We present a platform
for synchronized nephrogenesis suitable for studying patterning
programs in the nephron and formation of functionally competent
distal-like cells.

Keywords: distal nephron, kidney organoids, nephrogenesis
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HIGH-CONTENT PHENOTYPIC ANALYSES
OF SYNCHRONIZED KIDNEY ORGANOID
PATTERNING

Schnell, Jack - Development, Stem Cells, and Regenerative
Medicine, University of Southern California, Los Angeles, CA, USA
Achieng, MaryAnne - Development, Stem Cells, and
Regenerative Medicine, University of Southern California, Los
Angeles, CA, USA

Fausto, Connor - Stem Cell Biology and Regenerative Medicine,
University of Southern California, Los Angeles, CA, USA
Lindstrom, Nils - Stem Cell Biology and Regenerative Medicine,
University of Southern California, Los Angeles, CA, USA

Abstract: Congenital renal diseases are poorly understood as
insufficient detail to developmental precursor-progeny relation-
ships prevents linking developmental abnormalities to their spe-
cialized mature kidney cell derivatives. Strategies to generating
novel regenerative therapeutics for kidney diseases are similarly
impeded by an incomplete understanding of the developmental
programs driving renal cell diversity. The most abundant cell in
the kidney — proximal tubule cells — perform the bulk of renal re-
absorption and are highly susceptible to injury. Defects to these
cells often manifest as urinary wasting of nutrients. Though stud-
ies have identified transcription factor Hepatocyte nuclear factor
4 alpha (Hnf4a) as necessary for proximal tubule maturation, the
developmental program for proximal tubule cells remain unclear.
Holding human induced pluripotent stem cell-derived kidney or-
ganoids to the benchmark of in vivo development, our prelimi-
nary analyses of kidney and organoid single-cell transcriptomic
data show consistent early developmental patterning defects and
incomplete maturation of proximal cells across kidney organoid
models. However, our experiments show that positional identities
within organoid nephrons are sensitive to manipulation. Applica-
tion of small-molecule inhibitors modify early patterning and po-
sitional identities and alters maturation of proximal cell lineages.
Promoting the spatial and temporal expansion of the Notch ligand
Jagged 1 (JAG1+) nephron domain increases the abundance of
HNF4A+ proximal tubules, supporting the hypothesis that a JAG1+
domain presages HNF4A expression — as shown by in vivo data.
By modulating early patterning to stabilize specific developmen-



tal programs, our studies are informing in vitro nephrogenesis
strategies building regenerative therapeutics.

Keywords: proximal tubule, synchronized nephrons, kidney
organoids
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LIN28 CONTROLS CANCER INITIATION
THROUGH DIRECT TRANSLATIONAL
REGULATION OF TARGET MRNAS

Hsieh, Meng-Hsiung - Children Research Institute, UTSW, Dallas,
X, USA

Abstract: Whether RNA-binding proteins (RBPs) are modifiers or
essential drivers of carcinogenesis is unknown. Furthermore, the
critical targets and effector mechanisms of RBPs, which facilitate
complex interactions within ribonucleoprotein (RNP) networks,
are vague. We probed the Lin28 family of RBPs as a model sys-
tem to address these questions in vivo. First, we found that Lin28
RBPs are essential for the initiation of chemical mutagen and RAS
driven liver cancers. In the context of an aggressive NrasG12V/
Tp53 KO mixed hepatocellular/cholangiocarcinoma (HCC/CCA)
model, mice without Lin28a and Lin28b were unable to generate
cancer, indicating a strict requirement for Lin28s in tumor initi-
ation. Second, a doxycycline-induced Lin28a/b deletion model
showed prevention of tumorigenesis induced by the mutagen
diethylnitrosamine (DEN). Importantly, this powerful on-off model
facilitated a rapid transgenic approach to discover genetic mech-
anisms through which Lin28s permit HCC initiation. We explored
an RBP oncofetal network of 16 factors that are linked to Lin28
through mRNA and protein interactions. Interestingly, 15 of these
16 factors are RBPs, most of which are not regulated by let-7. Poly-
some profiling analysis showed Lin28B knockdown in HCC cells
decreased translational activity on 8 of these RBPs. Moreover, in
vivo rescue experiments showed that 8 of these RBPs could re-
store tumor formation in Lin28a/b deficient mice. These results
suggest that Lin28 facilitates the formation of an RNP network
that is essential for cancer initiation and could be a potential tar-
get for therapeutic prevention of liver cancer.

Keywords: Lin28, liver cancer, RNA binding protein

TOPIC: MUSCULOSKELETAL

353

ENGINEERING A VASCULARIZED 3D
BIOARTIFICIAL SKELETAL MUSCLE PRENATALLY
USING AMNIOTIC FLUID STEM CELLS
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Lutman, Roberto - Great Ormond Street Institute of Child Health,
University College London, UK

Gomez-Salinero, Jesus Maria - Department of Medicine, Weill

Cornell Medicine, New York, NY, USA

Tedesco, Francesco Saverio - The Francis Crick Institute,
London, UK

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

De Coppi, Paolo - Great Ormond Street Institute of Child Health,
University College London, UK

Gerli, Mattia Francesco Maria - Division of Surgery and
Interventional Science, University College London, UK

Abstract: In vitro 3D models of human skeletal muscle are a pow-
erful platform for investigating the molecular processes behind
muscle diseases, regeneration, and the development of novel
therapies. Amniotic fluid stem cells (AFSCs) are fetal stem cells
that can be isolated from routine amniocentesis. They are broadly
multipotent, making them an attractive source for autologous cell-
based therapies and in vitro patient-specific modelling. To date,
no study has reported the generation of 3D skeletal muscle tis-
sue using AFSCs. Our aim is to engineer a vascularized skeletal
muscle construct using a combination of human AFSCs and 3D
extracellular matrix. AFSCs were isolated, characterized and re-
programmed into myogenic and endothelial cells by inducing the
expression of MYOD and ETS transcription factors (ETV2, FLI1,
ERG), respectively. AFSC-derived endothelial cells exhibit and
maintain a vascular phenotype (CD31+, VE-Cad+, VEGFR2+) and
form stable vascular networks in vitro. Similarly, AFSC-derived
myogenic cells efficiently differentiate to myoblasts, and subse-
quently fuse to form MyHC+ myotubes in 2D culture. To increase
structural complexity and create a physiologically relevant in vitro
model, we generated 3D skeletal muscle constructs by combin-
ing AF-derived myogenic cells in a fibrin hydrogel. Following dif-
ferentiation, these 3D skeletal muscle constructs display forma-
tion of MyHC+ multinucleated myotubes, spatially aligned along
the longitudinal axis. Moreover, they exhibit typical mature skele-
tal muscle structural and functional proteins such as Desmin and
Dystrophin. Overall, this work demonstrates that human AFSCs
can be efficiently induced towards different lineages with minimal
manipulation and can be utilised for the generation of high-fidelity
skeletal muscle tissue. AFSC-derived endothelial and myogenic
cells can be combined within 3D structure to enable tissue vas-
cularization and facilitate integration with host vasculature should
these constructs be used for implantation. 3D engineered skeletal
muscles represent a versatile tool for modelling muscle disorders
in vitro. Importantly, these constructs could function as building
blocks for developing novel autologous translational therapies
for conditions such as congenital malformations and volumetric
muscle loss.

Funding Source: Our work is supported by an EC H2020 Marie
Sktowdoska-Curie Individual Fellowship, GOSH BRC, UCL
Division of Surgery, British Heart Foundation.

Keywords: amniotic fluid stem cells, skeletal muscle
engineering, 3D
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ANCESTRY-INFORMED HUMAN INDUCED
PLURIPOTENT STEM CELLS USED TO ELUCIDATE
THE MOLECULAR MECHANISMS UNDERPINNING
EWS/FLI TRANSFORMATION IN EWING
SARCOMA

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

Mills, Lauren - Bioinformatics, University of Minnesota,
Minneapolis, MN, USA
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Moriarity, Branden - Pediatrics, University of Minnesota,
Minneapolis, MN, USA

Moss, Rachel - Bioinformatics, University of Minnesota,
Minneapolis, MN, USA

Spector, Logan - Epidemiology, University of Minnesota,
Minneapolis, MN, USA

Thue, Nicole - Pediatrics, University of Minnesota, Minneapolis,
MN, USA

Webbewr, Beau - Pediatrics, University of Minnesota,
Minneapolis, MN, USA

Abstract: Ewing Sarcoma (ES) is a rare but deadly pediatric bone
and soft tissue tumor. Survival has improved little in decades de-
spite identifying the driving fusion oncoprotein EWS-FLI1. EWS-
FLI1 is a notably toxic, aberrant transcription factor that induces
growth arrest and apoptosis in most cell types. ES occurs at high-
er rates (roughly 10-fold) in children of European (EUR) ancestry
compared to those with primarily African (AFR) ancestry. Ancestry
is in fact the strongest risk factor for ES, but the molecular basis
of this disparity is unclear. To explore this, we obtained induced
pluripotent stem cell (iPSC) lines from multiple individuals each of
~00% EUR and AFR ancestry, and multiple iPSC lines with inter-
mediate EUR/AFR admixture (45%-90% AFR). To evaluate differ-
ential tolerance to EWS/FLI based on ancestry, we differentiated
iPSC from each ancestry into neural crest cells (iNCC), a proposed
cell-of-origin for ES, and expressed either EWS/FLI1-2A-GFP or
GFP-only control vectors using lentivirus. We monitored each
line for GFP expression by flow cytometry over the course of 21
days to determine tolerance to EWS/FLI across ancestries. The
GFP control vector was maintained at a high frequency (Y95%) re-
gardless of ancestry, whereas EWS/FLI1-2A-GFP+ cells were pro-
gressively lost from the populations in agreement with the known
toxicity of EWS/FLIN. Strikingly, iINCC derived from 100% EUR lines
maintained a significantly higher frequency of EWS/FLIN-GFP+
cells compared to 100% AFR lines, with INCC of admixed ances-
try showing intermediate tolerance. To investigate the molecular
basis of this observation across ancestries, we evaluated global
gene expression changes induced by EWS-FLI1 using RNA-seq,
as well as genome-wide occupancy of EWS/FLI1 using CUT&TAG.
EWS-FLI1-induced pronounced changes to the transcriptome,
with 13,578 differentially expressed genes (adjusted p-value <
0.05) compared to controls. Of these, 3,128 genes exhibited an-
cestry-associated differences in gene expression in response to
EWS-FLI1, illuminating novel biologic pathways underlying ES tu-
morigenesis. Further analysis is ongoing and updated results will
be presented. Our study demonstrates the feasibility and utility of
ancestry-informed iPSC modeling to identify novel and potentially
targetable pathways to treat ES.

Keywords: Cancer modeling, Ewing sarcoma, Ancestry Informed
iPSC
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USING HIPSC-DERIVED CHOROID PLEXUS
ORGANOIDS TO ASSESS THE ROLE OF
SURFACTANT PROTEINS IN NEONATAL
INTRAVENTRICULAR HEMORRHAGE (IVH) &
POST-HEMORRHAGIC HYDROCEPHALUS (PHH)

Carmona Mendoza, Andrelia - Biology, California State
University, San Marcos, Escondido, CA, USA

Abstract: Intraventricular hemorrhage (IVH) is a common compli-
cation in preterm newborns, particularly at early gestational ages
(GA) & low birth weight. Post-hemorrhagic hydrocephalus (PHH)
frequently develops following IVH. ¥20% of neonates born < 27
weeks GA suffer from IVH; “25% develop PHH. Premature neo-
nates are also prone to acute respiratory distress syndrome (RDS)
because they are born prior to the developmentally-timed pro-
duction of pulmonary surfactant which is dependent on the de-
velopmentally-timed synthesis of surfactant proteins (SPs) in the
lungs. Not only does RDS result, but also hemodynamic instability
which perturbs cerebral blood flow, both posited to contribute to
IVH. We & others have found SPs — surprisingly — to be present in
periventricular ependymal cells of the brain (based on our study
of hiPSC-derived cerebral organoids & primary human fetal brain
tissue), suggesting that they may be pivotal to the integrity of the
CSF-blood barrier & fluid dynamics. We hypothesize that IVH may
not only be a secondary consequence of RDS, but may also be
tied, as a primary etiological factor, to the developmental lag in SP
production in the periventricular region. We have generated cho-
roid plexus organoids from hiPSCs from a patient born with an SP
Type B (SP-B) deletion, & from CRISPR-corrected isogenic control
hiPSCs to help evaluate SP-B’s role in the pathogenesis of IVH.
We've established a developmental timeline of SP-B expression
within our organoids (validated using primary human fetal brain).
We’ve provided further validation by assessing SP-B production
in fetal monkey brains of different GAs. Data-to-date suggest
the presence of SPs (A, B, & C) & the co-localization of the water
regulation protein Aquaporin 1 & the tight junction proteins Zona
Occludens-1 & Claudin 5 in the ependymal lining of the ventri-
cle-like cavities of the organoids. These findings suggest the SPs
are present at this physiological interface & may contribute to bar-
rier integrity; conversely, their absence could predispose to IVH
& PHH. We are preparing to identify a developmental proteomic
profile of SPs in vivo models of IVH & PHH. Establishing this un-
anticipated role of cerebral SPs in the pathogenesis of IVH & PHH
may suggest novel therapies in the care of premature newborns.

Keywords: hydrocephalus, ogranoids, hiPSC

359

UNDERSTANDING APOE4-MEDIATED
SUSCEPTIBILITY TO TAU-RELATED COGNITIVE
IMPAIRMENTS IN THE MIBRAIN MODEL

R’Bibo, Lea - Neuroscience, Icahn School of Medicine at Mount
Sinai, New York, NY, USA

Forton-Juarez, Ana - Neuroscience, Icahn School of Medicine at
Mount Sinai, New York, NY, USA

Mesentier-Louro, Louise - Neuroscience, Icahn School of
Medicine at Mount Sinai, New York, NY, USA

Frank, Alexander - Neuroscience, Icahn School of Medicine at



Mount Sinai, New York, NY, USA
Blanchard, Joel - Neuroscience, Icahn School of Medicine at
Mount Sinai, New York, NY, USA

Abstract: Tau pathology, characterized by hyperphosphorylation
and aggregation of Tau to neurofibrillary tangles (NFTs), cor-
relates better with cognitive outcomes in Alzheimer’s disease
(AD) than beta-amyloid plaques severity, shifting the focus of AD
research. Interestingly, APOEA4, the strongest genetic risk factor
for non-familial AD, is associated with increased severity of hu-
man postmortem Tau pathology compared to carriers of the most
common APOES3 allele, and APOE4 carriers have a higher risk of
chemotherapy-induced cognitive impairments (CBI). We hypothe-
size that similarly to mice models, human brain tissue from APOE4
carriers is susceptible to more severe tau pathology during
disease development and progression, an effect that is driven
through cell type specific mechanisms. To test this hypothesis,
we developed the multi-cellular integrated human brain (miBrain)
model, which recapitulates key brain tissues through the co-cul-
turing of all major brain cell types derived from human induced
pluripotent stem cells (iPSC). Tau pathology can be induced in the
miBrain by recapitulating Tau seeding events through treatments
with Tau fibrils or increasing endogenous Tau phosphorylation
using the chemotherapeutic methotrexate. In line with mouse
and clinical studies, APOE4/4 miBrain cultures exhibit increased
Tau pathology compared to isogenic APOE3/3 miBrain. Using
the high tractability of the miBrain model, subtraction and com-
binatorial genetic mixing experiments revealed that the increase
of Tau phosphorylation observed in this APOE4 human brain tis-
sue model is dependent upon the presence of APOE4 microglia.
RNA-sequencing of these isogenic APOE3/3 and APOE4/4 mi-
croglia revealed differentially regulated signaling pathways. We
are currently using chemical and genetic approaches to empiri-
cally validate the effect of specific pathways on the propagation
of Tau pathology in APOE4 brain tissue. Unraveling the molecular
mechanisms underlying this cell-specific effect of APOE4 on Tau
pathology will pave the way for the development of new, more
specific and highly efficient therapeutic approaches for AD adapt-
ed to a large number of patients.

Funding Source: Cure Alzheimer’s Foundation, NIH/NINDS
UG3NS115064-01
Keywords: Alzheimer’s disease, APOE4, Tau
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THE AUTISM-ASSOCIATED GENE SYNGAP1
MODULATES HUMAN CORTICAL NEUROGENESIS

Del Dosso, Ashley N. - Development, Stem Cells and
Regenerative Medicine, University of Southern California, Los
Angeles, CA, USA

Birtele, Marcella - Development, Stem Cells and Regenerative
Medicine, University of Southern California, Los Angeles, CA, USA
Wilkinson, Brent - Development, Stem Cells and Regenerative
Medicine, University of Southern California, Los Angeles, CA, USA
Nguyen, Tuan - Stem Cell Biology and Regenerative Medicine,
University of Southern California, Los Angeles, CA, USA

Xu, TianTian - Development, Stem Cells and Regenerative
Medicine, University of Southern California, Los Angeles, CA, USA
Taitano-Johnson, Christopher - Development, Stem Cells and
Regenerative Medicine, University of Southern California, Los
Angeles, CA, USA

Coba, Marcelo - Psychiatry and Behavioral Sciences, University
of Southern California, Los Angeles, CA, USA

Quadrato, Giorgia - Stem Cell Biology and Regenerative
Medicine, University of Southern California, Los Angeles, CA, USA

Abstract: Advances in human genomics have dramatically accel-
erated our understanding of the genetics of neurodevelopmen-
tal disorders (NDDs), including autism spectrum disorders (ASD).
De novo mutations in a variety of synaptic protein genes have
been reported in individuals with ASD, making it a prototypical
synaptopathy. However it is important to characterize the role
that classically defined synaptic protein genes have at different
developmental stages with longitudinal modeling in a human cel-
lular context. Here we utilize a human induced pluripotent stem
cell-derived cortical organoid model to dissect the role of SYN-
GAP1, a Synaptic GTPase Activating Protein, which is amongst the
highest confidence risk factors for ASD. For the first time, we re-
veal the expression of SYNGAP1 in human radial glia progenitors
(hRGPs). We show that SYNGAP1 is highly expressed within the
apical domain of hRGPs lining the wall of the developing ven-
tricular zone. In a cortical organoid model of SYNGAP1 haploin-
sufficiency, we show a dysregulation in the filamentous actin dy-
namics of the hRGP. Disruption of cytoskeleton dynamics impairs
the scaffolding and the division plane of the hRGPs ultimately
resulting in disruption of cortical plate lamination and in acceler-
ated cortical neurogenesis. Overall, our work reframes our under-
standing of the impairments in neural circuit function observed in
SYNGAP1 patients by connecting it not only with the well-known
alteration in synaptic transmission, but also with early develop-
mental defects. Finally, this discovery highlights the importance
of unraveling the stage specific function of genes associated with
NDD to uncover new avenues for therapeutic interventions.

Funding Source: USC Stem Cell Baster SynGAP Research Fund
Keywords: SYNGAP1, Brain Organoid, Neurodevelopment
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PROTEOMIC ALTERATIONS AND NOVEL
MARKERS OF NEUROTOXIC REACTIVE
ASTROCYTES IN HUMAN IPSC MODELS

Labib, David - The New York Stem Cell Foundation, New York,
NY, USA

Wang, Zhen - Departments of Structural Biology and
Developmental Neurobiology, St. Jude Children’s Research
Hospital, Memphis, TN, USA

Prakash, Priya - Neuroscience Institute, NYU Grossman School of
Medicine, New York, NY, USA

Zimmer, Matthew - The New York Stem Cell Foundation
Research Institute, New York, NY, USA

Smith, Matthew - Department of Neurology, Johns Hopkins
University, Baltimore, MD, USA

Frazel, Paul - Neuroscience Institute, NYU Grossman School of
Medicine, New York, NY, USA

Barbar, Lilianne - The New York Stem Cell Foundation Research
Institute, New York, NY, USA

Sapar, Maria - The New York Stem Cell Foundation Research
Institute, New York, NY, USA

Calabresi, Peter - Department of Neurology, Solomon H.
Snyder Department of Neuroscience, Johns Hopkins University,
Baltimore, MD, USA

Peng, Junmin - Departments of Structural Biology and
Developmental Neurobiology, Center for Proteomics and
Metabolomics, St. Jude Children’s Research Hospital, Memphis,
TN, USA

Liddelow, Shane - Neuroscience Institute, Department of
Neuroscience & Physiology, Department of Ophthalmology and
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Parekh Center for Interdisciplinary Neurology, NYU Grossman
School of Medicine, New York, NY, USA

Fossati, Valentina - The New York Stem Cell Foundation
Research Institute, New York, NY, USA

Abstract: Astrocytes, the most abundant macroglial cell type in
the central nervous system, respond to inflammation, injury, and
infection by acquiring reactive states in which they may become
dysfunctional and contribute to disease pathology. Human in-
duced pluripotent stem cell (hiPSC) modeling has been critical to
uncover the roles of astrocytes in multiple neuroinflammantory
and neurodegenerative diseases such as Alzheimer’s disease
and multiple sclerosis. We have previously established a dif-
ferentiation protocol to generate hiPSC-derived astrocytes and
induce in vitro a reactive sub-state driven by proinflammatory
factors TNF, IL-1a, and Clq (‘TIC’), which has been shown as a
source of neurotoxicity. Here, we investigated the surface marker
profile and proteome of TIC-induced reactive astrocytes. A flow
cytometry screen identified VCAM1, BST2, ICOSL, HLA-E, PD-L1,
and PDPN as putative, novel markers of this reactive sub-state.
Notably, we found that several of these markers colocalize with
GFAP+ cells in post-mortem samples from people with Alzhei-
mer’s disease. Moreover, we performed whole cell proteomic
analysis of TIC-induced reactive astrocytes and detected proteins
and related pathways primarily linked to potential recruitment of
and engagement with peripheral immune cells. Taken together,
our findings will serve as new tools to purify reactive astrocyte
subtypes to further explore their roles and their involvement in
immune responses. Our overall goal is to identify potential mo-
lecular targets for pharmacological interventions that prevent the
deleterious effects of neuroinflammation in neurodegenerative
diseases.

Funding Source: The New York Stem Cell Foundation; NINDS;
NIA; The Cure Alzheimer’s Fund; The Alzheimer’s Association;
The Blas Frangione Foundation; Alzheimer’s Research UK; and
NYU Grossman School of Medicine

Keywords: reactive astrocytes, inflammation, neurodegenerative
diseases
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NOVEL DIFFERENTIATION PROTOCOL TO
GENERATE FUNCTIONAL HUMAN NOCICEPTORS
FOR TRANSLATIONAL DISEASE MODELING

Kalia, Anil Kumar - Institute of Physiology, RWTH Aachen
University, Aachen, Germany

Rdsseler, Corinna - Institute of Physiology, RWTH Aachen
University, Aachen, Germany

Truong, Vincent - Anatomic Incorporated, Minneapolis, MN, USA
Walsh, Patrick - Anatomic Incorporated, Minneapolis, MN, USA
Lampert, Angelika - Institute of Physiology, RWTH Aachen
University, Aachen, Germany

Abstract: Human induced pluripotent stem cells (hiPSCs) can dif-
ferentiate into any cell type of the body. Nociceptors are special-
ized sensory neurons involved in the detection and transmission
of potentially painful stimuli from periphery to higher brain areas.
Clinically, peripheral sensory neuropathies can result in complete
loss of pain or severe painful neuropathic symptoms. hiPSC-de-
rived nociceptors are a potentially scalable source of human tis-
sue that may overcome limitations in using primary tissues. They
can provide an important platform to study pain disorders and
potentially discover novel pain therapeutics. In this study, we
characterized a sensory neuron population manufactured from
hiPSCs using a novel directed differentiation methodology. Multi-
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ple hiPS clones derived from different reprogramming methods,
genetics, age, and somatic cell source were used to generate
sensory neurons. Inherited erythromelalgia (IEM) and Small fiber
neuropathy (SFN) patient derived hiPS cell lines were used to elu-
cidate the disease-causing mechanisms. Patch clamp technique
was applied to characterize the electrophysiological phenotype
of neurons. We found that this protocol resulted in the differen-
tiation of iPSCs to immature neurons within 7 days as compared
to 10 days or more with conventional methods. Highly dense and
homogenous neuronal networks of sensory neurons were ob-
tained without the use of mitomycin C to suppress non-neuronal
outgrowth. Immunofluorescence staining confirmed the expres-
sion of Peripherin and Tuj1 marker proteins. Patch clamp record-
ings indicate mature action potentials by day 28 of maturation.
We also confirmed the expression of the sodium channel subtype
Nav1.8 in these neurons with a subtype selective Nav1.8 blocker.
Diseased iPS derived neurons displayed cellular hyperexcitability
and reduced rheobase as compared to control groups, indicating
that this protocol may also be used for modeling disease in a dish.
This study demonstrates reliable differentiation of hiPSCs from
multiple different donors into nociceptors which can be used for
disease modeling. This method of patient-specific generation of
neurons provides a source of nociceptors from varying genetic
backgrounds that could help enable future discovery of novel
pain therapeutics.

Keywords: Pain, Sensory Neurons, iPSCs
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MODELING X-LINKED DYSTONIA PARKINSONISM
USING PATIENT DERIVED NEURONS

Aryal, Shivani - Department of Developmental Biology,
Washington University, Saint Louis, MO, USA

Chen, Shawei - Department of Developmental Biology,
Washington University in St. Louis, MO, USA

Yoo, Andrew - Department of Developmental Biology,
Washington University in St. Louis, MO, USA

Abstract: X-linked Dystonia-Parkinsonism (XDP) is an adult-onset
neurodegenerative disorder. It is inherited in an X-linked reces-
sive pattern, with disease onset around the age of 40 years and
characterized by marked loss of striatal medium spiny neurons
(MSNs). XDP patients inherit seven disease specific mutations, all
within the genomic region containing TAF1. To understand the
underlying mechanism of XDP, we use human MSNs derived by
direct conversion of patient fibroblasts using neurogenic microR-
NAs, miR-9/9* and -124 and MSN subtype-defining transcription
factors CTIP2, MYTIL, DLX1 and DLX2. MSNs from direct repro-
gramming method maintain the age signature of starting fibro-
blasts, which is critical to understand adult-onset disorders. Here,
we present our study in modeling XDP via neuronal reprogram-
ming and our efforts in profiling MSNs derived from symptom-
atic XDP patients including neurodegenerative phenotypes and
transcriptome dysregulation. Our results show that XDP patient
fibroblasts can be successfully reprogrammed into MSNs and
the patient-derived MSNs (XDP-MSN) display several degener-
ative phenotypes including neuronal death, DNA damage, and
mitochondrial dysfunction compared to MSNs reprogrammed
from age- and sex-matched control individuals. To further infer
cellular state altered in XDP-MSNs, we carried out transcriptomic
and chromatin accessibility analyses using RNA and ATAC se-
quencing. Our results so far indicate pathways related to neuro-
nal function as well as movement disorders implicated in XDP-
MSNs. Pathway analysis also revealed TNFa and NFKB pathway



as an upstream regulator. XDP-MSNs show significant increase
in cell death compared to Control-MSNs in the presence of TNFa
suggesting increased vulnerability to stress in XDP-MSNSs.

Funding Source: Collaborative Center for X-Linked Dystonia-
Parkinsonism

Keywords: Neurodegeneration, Reprogramming, Medium Spiny
Neurons
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MODELING FRAGILE X SYNDROME WITH HUMAN
BRAIN ORGANOIDS

Xu, Jie - The Graduate Program in Genetics and Molecular
Biology, Emory University, Atlanta, GA, USA

Jin, Peng - Department of Human Genetics, Emory University,
Atlanta, GA, USA

Kang, Yunhee - Department of Human Genetics, Emory
University, Atlanta, GA, USA

Li, Yujing - Department of Human Genetics, Emory University,
Atlanta, GA, USA

Wen, Zhexing - Department of Psychiatry and Behavioral
Sciences, Cell Biology, Neurology, Emory University, Atlanta, GA,
USA

Zhou, Ying - Department of Psychiatry and Behavioral Sciences,
Emory University, Atlanta, GA, USA

Abstract: Fragile X syndrome (FXS), a leading genetic cause
of intellectual disability and autism spectrum disorder (ASD), is
typically caused by CGG trinucleotide repeat expansion within
the 5 UTR of the FMR1 gene that leads to gene silencing and
a complete loss of its encoding protein — fragile X mental retar-
dation protein (FMRP). FMRP is a selective RNA-binding protein
that forms a messenger ribonucleoprotein complex with polyri-
bosomes in the regulation of protein synthesis. Previous animal
studies have identified a number of potential therapeutic com-
pounds, some of which have been further tested in clinical trials.
Yet, improvements of behavioral and cognitive outcomes in pa-
tients in these clinical trials have unfortunately been unsuccess-
ful, suggesting a strong need for human-specific models of FXS
to understand the unique factors that underlie human disease
and to test the efficacy of candidate compounds. Here we use a
3-D human-specific model featuring neurodevelopment — human
induced pluripotent stem cell (hiPSC)-derived brain organoids —
to investigate the functional and molecular impact of FMRP defi-
ciency in human brain development. We observed that FMRP de-
ficiency led to dysregulated neurogenesis, neuronal maturation,
neuronal excitability, as well as altered gene expression profile
and cell-type-specific developmental trajectory in FXS forebrain
organoids. We also found that inhibition of the phosphoinositide
3-kinase pathway, but not the metabotropic glutamate pathway
disrupted in the FXS mouse model, could rescue the develop-
mental deficits in FXS forebrain organoids. Using eCLIP-seq, we
were able to identify a large number of human-specific mMRNAs
bound by FMRP, including CHD2, a well-known risk gene asso-
ciated with intellectual disability and ASD. To further investigate
the impact of FMRP deficiency on hippocampal development,
we have recently developed FXS hippocampal organoids. Inter-
estingly, we observed increased hippocampal NPC proliferation
and decreased generation of PROX1+ dentate gyrus granule cells
caused by the loss of FMRP. Our study thus has not only demon-
strated the brain region-specific effects of FMRP deficiency, but
also identified human-specific mRNA targets of FMRP, which

have the potential to serve as human-specific druggable targets
for FXS and autism in general.

Funding Source: National Institutes of Health
Keywords: fragile X syndrome, FMRP, brain organoids
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MICROPLASTICS EXPOSURE AFFECTS NEURAL
DEVELOPMENT OF HUMAN PLURIPOTENT STEM
CELL-DERIVED CORTICAL SPHEROIDS

Li, Yan - Chemical and Biomedical Engineering, Florida State
University, Tallahassee, FL, USA

Hua, Timothy - Chemistry and Biochemistry, Florida State
University, Tallahassee, FL, USA

Kiran, Sonia - Chemistry and Biochemistry, Florida State
University, Tallahassee, FL, USA

Sang, Qing-Xiang Amy - Chemistry and Biochemistry, Florida
State University, Tallahassee, FL, USA

Abstract: Plastics have been part of our ecosystem for about a
century and their degradation by different environmental factors
produce secondary microplastics. These microplastics have a
size < 5mm and can enter in living organisms through inhalation
and ingestion. They have been seen to accumulate in organs
like brain, lung, and liver of animal species and even have been
observed in the placenta of pregnant women. However, the ef-
fects of microplastics on human have not been well investigated.
Therefore, to understand the possible effects of polystyrene-mi-
croplastics (PS-MPs) on human brain development, a 3D model of
human forebrain cortical spheroids/organoids has been derived,
which mimics the early developmental stage of human cerebral
cortex. To analyze the effects of PS-MPs, the spheroids were ex-
posed to 100, 50, and 5 pug/mL concentrations of 1 um and 10
pm size PS-MPs during day 4-10 and day 4-30. The short-term
microplastic exposure for early neural progenitors showed the
promoted proliferation and higher gene expression of Nestin,
PAX6, ATF4, HOXB4 and SOD2. For long-term exposure, flow cy-
tometry results showed that the reduced cell viability. The genes
of cellular stress, DNA damage, reactive oxygen response, cell
proliferation, development, and patterning genes indicate PS-MP
size- and concentration-dependent effects. In particular, B-tubulin
Ill, Nestin, and TBR1/TBR2 gene expression decreased in PS-MP
treated conditions compare to the untreated control. The results
of this study suggest that the size- and concentration-dependent
exposure to PS-MPs can adversely affect embryonic brain-like tis-
sue development in forebrain cerebral spheroids/organoids. This
study has significance in assessing environmental factors in neu-
rotoxicity and degeneration in human systems.

Funding Source: Florida State University CRC grant, Pfeiffer
Professorship for Cancer Research, and an Endowed Chair
Professorship (to QXS), Florida Department of Health (9LAO1 to
QXS & YL); and National Science Foundation (1652992 to YL)
Keywords: microplastics, human pluripotent stem cells, cortical
organoids
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MICROGLIA-INCORPORATED CEREBRAL
ORGANOIDS ENABLE DISCOVERY OF
MODULATORS OF THE NEUROIMMUNE AXIS IN
COMPLEX BRAIN DISEASES

Skibinski, Gaia - Biology, Herophilus, Inc., San Francisco, CA,
USA

Stanton, Morgan - Research and Development, Herophilus, San
Francisco, CA, USA

Hegde, Sharath - Research and Development, Herophilus, San
Francisco, CA, USA

Kato, Saul - Research and Development, Herophilus, San
Francisco, CA, USA

Skibinksi, Gaia - Research and Development, Herophilus, San
Francisco, CA, USA

Abstract: There is significant evidence of a central role of neuroin-
flammation in neurodegeneration. Modulation of microglia func-
tion is a promising therapeutic approach across a variety of neu-
rodegenerative diseases. Existing human 2D cellular models do
not adequately capture non-cell autonomous effects of microglia
and resultant dynamic changes in brain phenotypes. Complex hu-
man 3D in vitro models, which capture the cellular diversity of the
brain, may allow the deeper study of relevant biological process-
es in response to genetic and pharmacological perturbations. To
study the role of microglia in neurodegeneration, we developed a
Neuroimmune Cerebral Organoid (NI-CO) model by optimizing a
protocol to stably integrate iPSC-derived microglia into iPSC-de-
rived cerebral organoids. We show that microglia integrated into
our NI-CO model display in-vivo-like morphology, spatial distribu-
tion and transcriptomic profiles. TREM2 mutations are associated
with several neurodegenerative disorders and disrupt microglia
function, including phagocytosis. We generated a TREM2 NI-CO
model by stably integrating TREM2 deficient iPSC-derived mi-
croglia into cortical organoids. Loss of TREM2 elicited changes
in microglia function, including migration, phagocytosis, morphol-
ogy and activation state, and importantly, led to the display of
non-cell autonomous pathophysiology in the cortical organoid tis-
sue. We performed a phenotypic compound screen to identify hit
molecules that rescue phagocytosis in TREM2 deficient iPSC-de-
rived microglia. We then characterized the broader systems-lev-
el effects of these hit molecules using our NI-CO TREM2 model
to understand their ability to rescue both microglia function and
neuron-astrocyte pathophysiology. Our study demonstrates the
utility of a scaled NI-CO model to holistically study brain patho-
physiology and discover novel druggable disease pathways and
drug candidates which normalize the dysfunctional neuroimmune
axis in neurodegenerative diseases.

Funding Source: Herophilus, Inc.
Keywords: Organoid, Neuroimmune, Microglia
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MAPPING THE MOLECULAR AND CELLULAR
COMPLEXITY OF NEURODEVELOPMENTAL
DISORDERS WITH BRAIN ORGANOIDS

Wang, Lu - Department of Neurosciences, University of
California, San Diego, CA, USA

Sievert, David - Department of Neurosciences, UCSD, San Diego,
CA, USA

Gleeson, Joseph - Department of Neurosciences, UCSD, San
Diego, CA, USA
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Abstract: Human brain organoids (hBOs) self-assembled from
human induced pluripotent stem cells (hiPSCs), can reproducibly
model early brain development and molecular logistics highlight
their advantage in investigating the pathogenesis of neurodevel-
opmental disorders (NDDs). Genetic causes for NDDs are asso-
ciated with thousands of individual genes or gene clusters span-
ning a wide range of biological functions. The abnormalities of
NDDs at cellular level during human brain development remain
unclear, a systematic study that phenotypically links NDDs to the
cellular abnormality in hBOs is absent. Leveraging a large reces-
sive NDDs hiPSCs library including families with microcephaly,
epilepsy, polymicrogyria, autism, and broad mental retardation in
our lab, we generated patient-specific hBOs for over 20 families,
including 50 individual iPSC lines. Immunostaining across these
hBOs yielded a 75% successful modeling ratio, revealing specific
cell types correlating to patients’ clinical reports. Whole-exome
sequencing (WES) with single-cell transcriptomics generated
from these 20 families capturing over 1009282 cells demonstrat-
ed cell type specific developmental abnormalities for each of the
NDD categories. Specifically, we found that the basal radial glia
cells implicated in microcephaly, intermediate progenitor cells
in polymicrogyria, excitatory neuron progenitors in epilepsy or
autism. These cell type specific developmental abnormalities as-
sociated with a convergence of cell type-specific transcriptome
alterations. DNA barcoding lineage tracing of the progenitor cells
in patient hBOs point to the cellular origins of the dysfunction-
al cells in each of the NDD categories further validated the cell
type specific manner for each of NDDs. Our study establishes a
phenotypic atlas of NDDs which reveals the convergence of dis-
ease-specific cellular defects across a wide variety of mutations
and genetic backgrounds.

Funding Source: Our study is supported by grant no.
ROINS106387 and HHMI to J.G.G

Keywords: Neurodevelopment disorders, Brain Organoids,
Multi-Omics lineage tracing
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GBA N370S AND LRRK2 G2019S IPSC-DERIVED
DOPAMINE NEURONS SHOWED DEFICIT IN
DOPAMINE PATHWAY AND DEVELOPED ALPHA-
SYN AGGREGATION COMPARABLE TO SNCA
AS53T

Fathi, Ali - Research and Development, Fujifilm Cellular
Dynamics Inc., Madison, WI, USA

Bakshy, Kiranmayee - Discovery Research, Fujifilm Cellular
Dynamics Inc., Madison, WI, USA

Hilcove, Simon - Marketing, Fujifiim Cellular Dynamics Inc.,
Madison, WI, USA

Liu, Jeanie - Research and Development, Fujifilm Cellular
Dynamics Inc., Madison, WI, USA

Abstract: Human iPSC-derived Dopaminergic (DA) neurons offer
a developmentally and physiologically relevant in-vitro model of
human midbrain DA neurons. DA neurons are midbrain projec-
tion neurons that innervate different regions in the CNS includ-
ing the forebrain and striatum. Loss of these neurons causes
dropping in dopamine levels in the CNS and results in multiple
disorders including Parkinson’s disease (PD) and dementia. DA
neurons declining with age and are selectively vulnerable to the
oxidative stress generated by the dopamine oxidation. Here we
generated DA neurons from two PD patient iPSCs with either an
inherited GBAN370S or LRRK2 G2019S mutation, or genetically
engineered SNCAAS3T iPSCs along with its isogenic apparently



healthy normal (AHN) iPSCs. Our results showed that GBAN370S
and LRRK2 G2019S derived DA neurons produced and released
significantly more dopamine compared to the AHN and SN-
CAAS3T mutant DA neurons and have higher mitochondrial ROS
and alpha-synuclein aggregation comparable to the SNCAA53T
DA neurons. All mutant DA neurons showed lower GBA activity,
and their neuronal activity decreased over time in the MEA assay
compared to the AHN DA neurons. Thus, our results demonstrate
that this panel of iPSC-derived DA neurons manifest many key
disease related features and can be used as a reliable in-vitro
model for dopaminergic neurons degeneration.

Funding Source: This study was funded by Fujifilm Cellular
Dynamics Inc.

Keywords: Dopaminergic neurons, Neurodegeneration,
Parkinson’s disease

379

EXAMINING THERAPEUTIC MECHANISMS OF
ATXN2 KNOCKOUT IN IPSC-DERIVED MOTOR
NEURON MODELS OF TDP-43 PROTEINOPATHY

Gill, Stanley P. - Stem Cell and Regenerative Biology, Harvard
University/Stem Cell Institute, Boston, MA, USA

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

Abstract: Transactive Response DNA Binding Protein 43 (TDP-43)
is a ubiquitously expressed nucleic acid transport and process-
ing factor that is essential for normal cellular development and
function. Disruptions in TDP-43 function, particularly in the form
of re-localization and aggregation in the cytoplasm, have been
associated with the development of several neurodegenerative
diseases, including Amyotrophic Lateral Sclerosis (ALS). Approx-
imately 97% of ALS patients will develop hyper-phosphorylated,
hyper-ubiquitinated inclusions of TDP-43 in spinal cord motor
neurons. Previous studies in mouse models of TDP-43 overex-
pression, wherein mice develop ALS-like symptoms and TDP-43
cytoplasmic aggregates in spinal cord motor neurons similar to
humans, have shown that Ataxin-2 (ATXN2) knockout was suffi-
cient to extend life span, mitigate the severity of symptoms, and
reduce the burden of TDP-43 cytoplasmic aggregates in mice
overexpressing TDP-43. However, the mechanism by which
ATXN2 knockout confers this therapeutic potential has yet to be
fully explained in a human system. Given that ATXN2 and TDP-
43 are known interacting partners at the protein and RNA lev-
els, we hypothesized that ATXN2 knockout may modulate the
metabolism of TDP-43 protein or RNA in a therapeutic fashion.
In this study, we used human stem cell-derived motor neurons
to examine the effect that ATXN2 knockout conveys on TDP-43
RNA and protein metabolism in the context of TDP-43 nuclear
overexpression and cytoplasmic restriction. We also explored the
effect of cellular stresses such as oxidative and proteotoxic stress
on the health and morphology of these engineered neurons to
determine if ATXN2 knockout and/or dysregulated TDP-43 have
any broader effects on how human motor neurons respond to
disruptive forces that are commonly seen in an aging brain. We
believe that exploring how ATXN2 knockdown reduces motor
neuron degeneration will provide a path to developing new ther-
apies for ALS and other diseases where TDP-43 proteinopathy
plays an important role.

Funding Source: Research reported in this publication was
supported by the National Institute Of Neurological Disorders
And Stroke of the National Institutes of Health under Award

Number F31INS122138.
Keywords: iPSC-derived Neuronal Models, Neurodegenerative
Disease, Engineered iPSC Disease Models
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EFFICIENT DIFFERENTIATION OF HUMAN
PLURIPOTENT STEM CELLS TO SENSORY
NEURONS

Knock, Erin - Research and Development, STEMCELL
Technologies Inc., Vancouver, BC, Canada

Moosa, Alym - Research and Development, STEMCELL
Technologies Inc., Vancouver, BC, Canada

LeBlanc, Noemie - Research and Development, STEMCELL
Technologies Inc., Vancouver, BC, Canada

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

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

Abstract: Sensory neurons (SNs) are responsible for conveying
sensations like pain and temperature. Pain studies mostly rely on
dissection of primary rodent dorsal root ganglia, which may be
poor predictors of human pain response. To meet the need for
a human-relevant pain model, we developed STEMdiff" Senso-
ry Neuron Differentiation Kit, which promotes differentiation of
human pluripotent stem cells (hPSCs) to SNs via a neural crest
cell (NCC) intermediate. Undifferentiated hPSCs were dissociat-
ed and plated at 2 x 105 cells/cm2 on hESC-qualified Corning®
Matrigel®-coated plates in complete STEMdiff* Neural Crest
Differentiation Medium. After 6 days of incubation, the resulting
NCCs were dissociated and plated at 2 x 105 cells/cm2 in com-
plete STEMdiff" Sensory Neuron Differentiation Medium. After 6
days of differentiation, SNs were matured by switching to com-
plete STEMdiff" Sensory Neuron Maturation Medium. After 6 days
in maturation medium, the cells were fixed and immunostained
for SN markers BRN3A, peripherin, TRPV1, and Nav1.7. STEMdiff"
Sensory Neuron Differentiation Medium consistently converts hu-
man embryonic stem (ES) and induced pluripotent stem (iPS) cell
lines maintained in mTeSR™ (5 cell lines), TeSR™-E8™ (2 cell lines),
and mTeSR™ Plus (3 cell lines) into BRN3A+ SNs (25.3% + 6.9%;
mean + SEM; N=7 cell lines). SNs were plated in a 48-well mul-
tielectrode array (MEA) plate to measure activity and response
to temperature increase and capsaicin treatment. hPSC-derived
SNs display spontaneous neuronal activity with a mean firing rate
(MFR) of up to 2.3 £ 0.4 Hz (mean = SEM) on day 33. They also
display an increase in MFR in response to an increase in tempera-
ture to 42°C for 5 minutes (27 £ 4 fold increase in MFR; mean £
SEM, N=3) or 100 nM capsaicin (25 + 3 fold increase in MFR; mean
+ SEM, N=3) on day 21. In summary, STEMdiff* Sensory Neuron
Differentiation Kit supports generation of functional SNs that dis-
play the expected pain stimulus response.

Funding Source: STEMCELL Technologies is a private for profit
biotechnology company
Keywords: sensory neurons, pain, differentiation
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ENERGY IMBALANCE WITHIN VAPB P56S
MOTOR NEURONS IN ALS TYPE VIl

Landry, Curran A. - Genetics and Genome Sciences, Case
Western Reserve University, Cleveland Heights, OH, USA
McMonagle, Brianna - Genetics and Genome Sciences, Case
Western Reserve University, Cleveland, OH, USA

Wong, Garrett - Pediatrics, University of California San Diego, CA,
USA

Mitne-Neto, Miguel - Research and Development, Fleury Institute,
Sao Paolo, Brazil

Zatz, Mayana - Genetics, University of Sao Paolo, Brazil

Muotri, Alysson - Pediatrics, UCSD, San Diego, CA, USA

Miranda, Helen - Genetics and Genome Sciences, Case Western
Reserve University, Cleveland, OH, USA

Abstract: Amyotrophic Lateral Sclerosis (ALS), also known as Lou
Gehrig’s disease, is the most common adult—onset motor neu-
ron disease. Cases where there is a known family history of the
disease are known as familial ALS (fALS), while those without
are known as sporadic ALS (sALS). sALS make up roughly 90%
of cases, however fALS has larger percentage of genetic asso-
ciation. One of the known causative mutations in fALS is in an
autosomal dominant c.166C>T mutation in the VAPB gene which
leads to a change of a proline to a serine at position 56 (P56S) in
the VAPB/C protein and is the causative mutation for ALS Type
VIII (ALS8). VAPB appears to play a role in many cellular process-
es having been shown to have roles ranging from tethering the
mitochondria and the ER to autophagy. Our group uses patient
derived-iPSCs to generate motor neurons and investigate ALS
pathogenesis associated to VAPB(P56S). Preliminary data from
our lab indicates a link between VAPB(P56S) and motor neuron
homeostasis. VAPB(P56S) and VAPB knockout iPSC-derived mo-
tor neurons display electrophysiological dysregulation in vitro,
when analyzed by a multielectrode array (MEA) system using the
Maestro machine (Axion Biosystems). Neuronal activity is an en-
ergy demanding process, therefore we recently interrogated the
mitochondrial function of VAPB(P56S) iPSC-derived motor neu-
rons, using the JC-1 mitochondrial dye and the Nanocellect WOLF
flow cytometer, to assess mitochondrial membrane potential
(MMP). We observed a 1.4-fold increase in cells fluorescing green
(indicating a decrease in the MMP), in VAPB(P56S) iPSC-derived
motor neurons when compared to familial controls. Moreover, we
generated VABP knockout iPSCs that we transduced with len-
tivirus expressing VAPB under a tetracycline inducible promot-
er. We performed an MTT assay and identified a requirement of
VAPB expression for motor neuron progenitor cell expansion but
not motor neuron maturation. Taken together, our data suggest
that VAPB(P56S) not only disrupts motor neuron homeostasis but
may play a role in neurodevelopment.

Funding Source: This publication was made possible by an
NIH-funded predoctoral training grant to Curran Landry (T32
NS077888)

Keywords: VAPB, ALS, Neurodegeneration
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DYNAMIC 3D COMBINATORIAL GENERATION
OF HPSC- DERIVED NEUROMESODERMAL
ORGANOIDS WITH DIVERSE REGIONAL AND
CELLULAR IDENTITIES TO INVESTIGATE
NEURODEVELOPMENTAL DISORDERS

Whye, Dosh - Neurobiology, Human Neuron Core at Boston
Children’s Hospital, Boston, MA, USA

Wood, Delaney - Neurobiology, Boston Children’s Hospital,
Boston, MA, USA

Kim, Kristina - Neurobiology, Boston Children’s Hospital, Boston,
MA, USA

Chen, Cidi - Neurobiology, Boston Children’s Hospital, Boston,
MA, USA

Makhortova, Nina - Neurobiology, Boston Children’s Hospital,
Boston, MA, USA

Buttermore, Elizabeth - Neurobiology, Boston Children’s Hospital,
Boston, MA, USA

Sahin, Mustafa - Neurobiology, Boston Children’s Hospital,
Boston, MA, USA

Abstract: Neuromesodermal progenitors represent a unique, bi-
potent population of progenitors residing in the tail bud of the de-
veloping embryo, which give rise to the caudal spinal cell types of
neuroectodermal lineage identity as well as the adjacent paraxial
somitic cell types of mesodermal origin. Modeling genetic dis-
orders of the nervous system has largely been accomplished
through the use of transgenic animal models; however, the ad-
vent of stem cell technologies such as induced pluripotent stem
cells has allowed for direct investigation of human patient-specif-
ic pathological mechanisms. In vitro stem cell derived models of
neuromesodermal progenitors have been generated by several
groups to interrogate mechanisms of development in human em-
bryogenesis, but seldom have they been used to model patho-
genic mechanisms associated with neurodevelopmental disor-
ders. Further, differentiation formats that have been constructed
are largely primitive in nature (i.e. 2D monolayer) with limited di-
rectionality in cell fate patterning. We present a dynamic 3D com-
binatorial method to generate robust populations of neurome-
sodermal organoids, derived from human pluripotent stem cells,
which possess the pliability to be directed along various cell tra-
jectories as well as co-develop in a hybrid cellular organoid mod-
el. By employing a combinatorial screening approach, we were
able to dissect critical pathways contributing to the expression of
direct germ lineages such as neuroectodermal and mesodermal
specification. Further, we examined the influence of timing, dura-
tion, and concentration of a major developmental signaling path-
way on specifying & enhancing early neuromesodermal identity
as well as downstream cell fate trajectories during later stages
of differentiation. In addition, we explored the synergistic activ-
ities of known morphogens, present in the developing embryo,
and their influence on regional patterning & lineage specification.
These approaches have led to the development of a dynamic in
vitro system for cellular organoid modeling that can be applied to
the investigation of neurodevelopmental disorders, such as the
neural tube defect Spina Bifida and the pediatric neuromuscular
disorder Spinal Muscular Atrophy.

Funding Source: The Human Neuron Core is supported by the
Rosamund Stone Zander Translational Neuroscience Center at
Boston Children’s Hospital.

Keywords: NEUROSCIENCE., INDUCED PLURIPOTENT STEM
CELLS., NEURODEVELOPMENTAL.
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DEVELOPMENT AND CHARACTERIZATION OF AN
IN VITRO MODEL OF SSADH DEFICIENCY USING
PATIENT IPSC-DERIVED NEURONS TO SUPPORT
UNBIASED SCREENING OF NOVEL THERAPEUTIC
APPROACHES TO TREATMENT

Afshar Saber, Wardiya - Neurology, Harvard Medical School,
Boston, MA, USA

Teaney, Nicole - Neurology, Boston Children’s Hospital, Boston,
MA, USA

Sundberg, Maria - Neurology, Boston Children’s Hospital, Boston,
MA, USA

Jumo, Hellen - Neurology, Boston Children’s Hospital, Boston,
MA, USA

Buttermore, Elizabeth - Neurology, Boston Children’s Hospital,
Boston, MA, USA

Winden, Kellen - Neurology, Boston Children’s Hospital, Boston,
MA, USA

Pearl, Phillip - Neurology, Boston Children’s Hospital, Boston, MA,
USA

Ebrahimi-Fakhari, Darius - Neurology, Boston Children’s Hospital,
Boston, MA, USA

Sahin, Mustafa - Neurology, Boston Children’s Hospital, Boston,
MA, USA

Abstract: Succinic semialdehyde dehydrogenase (SSADH) de-
ficiency is an autosomal-recessive neurometabolic disorder
caused by bi-allelic mutations in the ALDH5A1 gene. It is the most
prevalent inherited disorder of GABA metabolism and is charac-
terized by accumulation of two neuromodulators, GABA and GHB
(gamma-hydroxybutyric acid), in the CNS. Previous studies using
rodent models have shown that disruption in GABA signaling can
lead to dysregulation of mitochondria numbers, turnover, and
function. Over the last 30 years, an expanded understanding of
pathophysiology based on the corresponding animal model (Al-
dhb5al-/- mice) has emerged but effective pharmacotherapy re-
mains elusive. Alternative models and therapies that address the
accumulation of GABA and GHB, and their downstream effects,
are needed. In collaboration with the Human Neuron Core at the
Boston Children’s Hospital, five clinically-phenotyped patients
and unaffected sex-matched parents have been consented and
recruited from our SSADH deficiency registry. Fibroblasts have
been collected for reprogramming. Three iPSC patient lines and
sex-matched parental controls have been generated at the Har-
vard Stem Cell Institute. We have established the first in vitro mod-
el of SSADH Deficiency based on iPSC-derived neurons. We suc-
cessfully generated GABAergic and excitatory neurons based on
transcription factor programming and characterized these models
in respect to SSADH deficiency phenotypes such as GABA levels
and mitochondria function. Additionally, we performed functional
assays to investigate neuronal excitability based on optogenetics
and calcium imaging in co-cultures of GABAergic and excitato-
ry neurons to evaluate epileptiform activity in SSADH deficient
iPSC-derived neurons and create cell-based models suitable for
drug screening.

Keywords: iPSC-derived GABAergic neurons, Optogenetics,
SSADHdeficiency
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ATP13A2 LOSS OF FUNCTION MUTATIONS IN
MIDBRAIN ORGANOIDS REVEAL ASTROCYTES’
CRITICAL ROLE IN PARKINSON'’S DISEASE
PATHOGENESIS

Coccia, Elena - Neuroscience, Icahn School of Medicine at Mount
Sinai, New York, NY, USA

Morrone Parfitt, Gustavo - Neuroscience, Icahn School of
Medicine at Mount Sinai, New York, NY, USA

Sarrafha, Lily - Neuroscience, Icahn School of Medicine at Mount
Sinai, New York, NY, USA

Vangheluwe, Peter - Cellular and Molecular Medicine, KU
Leuven, Belgium

Ahfeldt, Tim - Neuroscience, Icahn School of Medicine at Mount
Sinai, New York, NY, USA

Blanchard, Joel - Neuroscience, Icahn School of Medicine at
Mount Sinai, New York, NY, USA

Abstract: Parkinson’s disease (PD) is the second most common
neurodegenerative disease, it has a complex etiology in which
an interplay of environmental and genetic factors leads to loss
of dopaminergic neurons (DN). Even though the degeneration is
selective for DN in the substantia nigra, it is becoming clear that
other cell types, such as astrocytes, are also altered and have
an essential contribution to neurodegeneration. The mechanisms
behind the pathology onset and progression are poorly under-
stood, but the familial cases, caused by highly penetrant genetic
variants, point to lysosomal and mitochondrial pathway disfunc-
tion. ATP13A2 loss of function genetic variants cause early-on-
set PD and Kufor-Rakeb syndrome, with an age of onset around
15yo. ATP13A2 was recently established as a lysosomal exporter
of polyamines, which have protective anti-oxidant and autopha-
gy regulator roles. The transporter dysfunction disrupts cellular
polyamine distribution, induces lysosomal dysfunction and cell
death. We differentiated isogenic hPSC lines harboring ATP13A2
into midbrain organoids and analyzed quantifiable phenotypes
in whole organoids, DN and midbrain patterned astrocytes. We
found that ATP13A2 variants deplete the DN population in the
organoid, and alter astrocytic functions, which would further
damage neuronal populations. Astrocytes presented increased
activation, impaired lysosomal activity, and consequently, clear-
ance capacity and a-synuclein accumulation. Overall, we devel-
oped a model that recapitulates hallmark signatures of PD in vitro
enabling future studies and screens to elucidate and target the
mechanisms of PD pathogenesis. We discovered that ATP13A2
has a critical role in astrocytic lysosomal function highlighting as-
trocytes as a new therapeutic target in PD.

Keywords: Parkison’s Disease, Astrocytes, Neurodegeneration
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A COMBINED MULTI-OMICS AND
BIOINFORMATICS APPROACH TO DEVELOP
PRENATAL THERAPY IN DOWN SYNDROME

Lee, Sarah E. - Center for Precision Health Research, National
Human Genome Research Institute/ National Institutes of Health
(NIH), Bethesda, MD, USA

Morris, Samuel - Center for Precision Health Research, National
Human Genome Research Institute/ National Institutes of Health
(NIH), Bethesda, MD, USA

Mosley, Iman - Center for Precision Health Research, National
Human Genome Research Institute/ National Institutes of Health
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(NIH), Bethesda, MD, USA

Bianchi, Diana - Center for Precision Health Research, National
Human Genome Research Institute/ National Institutes of Health
(NIH), Bethesda, MD, USA

Guedj, Faycal - Center for Precision Health Research, National
Human Genome Research Institute/ National Institutes of Health
(NIH), Bethesda, MD, USA

Abstract: Down syndrome (DS) is caused by trisomy of human chro-
mosome 21 (T21). Triplication of the more than 200 protein-cod-
ing genes mapped to chromosome 21 results in genome-wide
gene expression dysregulation. Here, we used multi-omics (mi-
croarrays, single-cell RNA sequencing, and proteomics) in nine
T21 individual-derived iPSCs and neural progenitor cells (NPCs)
and age-sex matched controls to identify dysregulated genes
and pathways in DS. We then interrogated the Connectivity map
(Cmap) and Library of Integrated Network-Based Cellular Signa-
tures (LINCS) databases to screen for potential drug candidates
that can rescue global gene expression dysregulation in T21 de-
rived NSCs. We hypothesize that T21 NPCs will replicate early
brain development defects at the molecular and cellular levels
and that the Cmap and LINCS can objectively identify novel treat-
ments to rescue those defects. Microarray analysis identified only
two DEGs shared between cell types, including HPLN1 and GBX2.
Pathway analysis of microarray and proteomics data demonstrat-
ed that, compared to euploid controls, T21 NPCs showed more
dysregulated pathways, particularly cell cycle regulation, DNA
damage, and repair checkpoints versus iPSCs in which transcrip-
tional regulation and Gal12/13 were the top dysregulated molec-
ular networks. Principal component analysis revealed that T21
NPCs were highly variable, suggesting the importance of using
single-cell RNA sequencing to better understand the molecular
mechanisms underlying the DS phenotype. This approach iden-
tified additional dysregulated pathways in T21 NPCs including,
EIF2 signaling, oxidative phosphorylation, sirtuin pathway, and
RHOGDI pathway. Using several cell-based assays, we validat-
ed the cell-cycle deficits identified by the omics data. On aver-
age, T21 NPCs exhibited proliferation delays compared to Eup.
We evaluated twenty-four compounds identified by CMAP and
LINCS databases for toxicity and efficacy in the rescue of cell cy-
cle defects in T21 NPCs and identified “hit” compounds for further
preclinical studies. Candidate genes and pathways identified by
omics approaches suggest targets and can be used with compu-
tational tools to identify therapeutic interventions that were con-
firmed in vitro.

Funding Source: NATIONAL HUMAN GENOME RESEARCH
INSTITUTE 1ZIAHG200399-05

Keywords: Down syndrome, neurodevelopmental models,
prenatal therapy
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DEVELOPMENT OF AN IN VITRO MODEL OF
STEM CELL-DERIVED ISLETS TO INVESTIGATE
ISLET STRESS

Maestas, Matrlie - Division of Endocrinology, Metabolism & Lipid
Research, Washington University, Saint Louis, MO, USA
Veronese-Paniagua, Daniel - Division of Endocrinology,
Metabolism & Lipid Research, Washington University in St. Louis,
MO, USA

Augsornworawat, Punn - Division of Endocrinology, Metabolism &
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Lipid Research, Washington University in St. Louis, MO, USA
Maxwell, Kristina - Division of Endocrinology, Metabolism & Lipid
Research, Washington University in St. Louis, MO, USA

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

Abstract: Diabetes is a chronic disease characterized by loss of
blood glucose control due to death or dysfunction of pancreatic
insulin-producing beta cells. During the onset and progression of
diabetes, beta cells have been shown to undergo endoplasmic
reticulum (ER), inflammatory, and other types of cellular stresses
resulting in beta cell death and/or dysfunction. Therefore, main-
taining homeostasis within the islet is crucial for proper beta cell
function. While some studies have used primary human (3 cells
for studying cellular health and stress, this is often used as con-
firmation of specific findings in murine models. Recently, stem
cell-derived islets (SC-islets) have not only become a potential
renewable source for diabetes cell replacement therapy, but
also a viable model system for studying islet health. However,
employing SC-islets as a stress model has not previously been
developed. Here, we utilized a combination of pharmaceutical
and biologically relevant compounds to induce inflammatory, ER,
and/or Golgi stress to SC-islets and primary human islets. During
stress in SC-islets we observe increases in genes associated with
the unfolded protein response (UPR), inflammation, and/or Gol-
gi stress. We also see significant decreases in beta cell identity
genes; these results are recapitulated in our primary human islets.
To test the viability of the SC-islets we quantified caspase3/7 ac-
tivity and our results indicate increased apoptosis in SC-islet and
primary human islet under stressed conditions. Considering that
current human studies are limited due to the patient-to-patient
variability and non-renewable nature of primary human islets, our
findings validate SC-islets as a robust in vitro model to better de-
fine the connection between diabetes pathology and stress.

Funding Source: T32GM139774-01
Keywords: Endoplasmic Reticulum Stress, stem-cell-derived
islets, Inflammatory stress
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MODELLING TREACHER COLLINS SYNDROME IN
hiPSCs TO INVESTIGATE CLINICAL VARIABILITY

Hsia, Gabriella - Department of Genetics and Evolutionary
Biology, Institute of Biosciences, University of SGo Paulo, Brazil
Nani, Diogo - Department of Genetics and Evolutionary Biology,
Institute of Biosciences, University of SGo Paulo, Brazil

Alegria, Thiago - Department of Genetics and Evolutionary
Biology, Institute of Biosciences, University of SGo Paulo, Brazil
Zechi-Ceide, Roseli - Department of Clinical Genetics, Hospital
for Rehabilitation of Craniofacial Anomalies, University of SGo
Paulo, Bauru, Brazil

Kokitsu-Nakata, Nancy - Department of Clinical Genetics,
Hospital for Rehabilitation of Craniofacial Anomalies, University
of Séo Paulo, Bauru, Brazil

Netto, Luis Eduardo - Department of Genetics and Evolutionary
Biology, Institute of Biosciences, University of SGo Paulo, Brazil
Kobayashi, Gerson - Department of Genetics and Evolutionary
Biology, Institute of Biosciences, University of SGo Paulo, Brazil
Passos-Bueno, Maria Rita - Department of Genetics and
Evolutionary Biology, Institute of Biosciences, University of SGo
Paulo, Brazil



Abstract: Treacher Collins syndrome (TCS) is a rare craniofacial
disorder characterized by hypoplasia of facial bones, cleft palate,
and ear abnormalities, mainly caused by loss-of-function variants
in TCOF1. Which is important for production of rRNA and DNA
damage response particularly during early embryonic develop-
ment. In mice, loss of Tcofl leads to apoptosis at the neural plate
border associated with high levels of reactive oxygen species
(ROS) and impairment in ribosome biogenesis, compromising
neural crest cell emigration and leading to the craniofacial malfor-
mations. A still debatable question is the etiological mechanisms
responsible for the large intra- and interfamilial clinical variabili-
ty in TCS. Here, we investigate if mitochondrial metabolism and
redox processes are deregulated in TCS, which in turn can be
related to clinical variability and may open venues for prevention
and treatment. With the use of induced pluripotent stem cells (iP-
SCs) and iPSC-derived neural plate border-like cells (NBCs), from
5 clinically different TCS patients and 3 controls, we show that,
under oxidative stress (treatment with H202), TCS iPSCs exhibit
higher levels of apoptosis, p53 and Caspase-3 expression com-
pared to controls. Conversely, when TCS iPSCs and NBCs were
treated with antioxidant (GSH) and p53 inhibitor (pifithrin-a) there
was partial phenotype rescue. These preliminary results show that
the present strategy recapitulates the TCS cellular phenotypes
observed in animal models and suggest involvement of redox
processes in TCS pathophysiology, and a correlation between
TCS clinical severity and cell phenotype observed in culture. This
in vitro model should enable further investigation of TCS clinical
variability and screening for putative molecules aimed at treat-
ment or prevention.

Funding Source: This project is funded by: FAPESP
(2018/21706-2 and CEPID: 2013/08028-1), CAPES (1799645) and
CNPq (305405/2011-5).

Keywords: Craniofacial Syndromes, induced Pluripotent Stem
Cells (iPSCs), Redox Processes
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SCREENING FOR GENETIC ENHANCERS OF CAR-
INK CELL MEDIATED TUMOR KILLING

Hassan, Mwaka M. - Biology, California State University, San
Marcos, San Diego, CA, USA

Abstract: Adoptive transfer of cellular immunotherapies is a
promising approach to cancer treatment, but several challeng-
es impede broad availability. Fate Therapeuticshas developed
a unique induced pluripotent stem cell (iPSC) based platform
that enables mass production of multiplexed engineered off-
the-shelf cell therapy products for on-demand patient access in
a cost-effective manner. Several chimeric antigen receptor(CAR)
expressing NK cell products derived from genetically modified
iPSCs (CAR-iNK cells) have been developed with this platform
andare currently under investigation in phase | clinical trials.
Previous work has allowed us to enhance the therapeutic pro-
file of our CAR-iNK cell products by including three engineered
modifications. These include an IL15 receptor fusion (IL15RF) pro-
tein to enhance persistence, high-affinity non-cleavable CD16
(hnCD16) to augment antibody-dependent cellular cytotoxicity
(ADCC) against multiple tumor targets, and CD38 knock-out for
improved metabolic profile and to prevent anti-CD38 antibody
mediated fratricide. In this study, we aim to identify additional
potential genetic modifications called NK cell enhancers (NCEs)
that we hypothesize can improve the ability of CAR-iINK cells to
target tumor heterogeneity and kill challenging tumor cells.The
NCE candidates were engineered into iPSCs expressing a CAR

targeting the MICA/B pan-tumor antigen and controlled by a tet-
racycline-inducible system to help identify the ideal timings of
gene expressions. Engineered iPSC lines were differentiated into
iNK cells using a proprietary differentiation platform that produc-
es uniform population of NK cells. Functional killing assays in the
presence of doxycycline identified NCEs that showed increased
killing of MICA/B+ CaSki and Calu-3 tumor cell lines compared to
uninduced CAR-iNK cells. Further functional analyses including
assessment of in vivo tumor control will be performed on selected
NCEs to further evaluate their potential to be included in the next
generation of off-the-shelf CAR-iNK cell products.

Keywords: CAR-iNK, immunotherapy, cancer
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PANCREATIC DYSFUNCTION DIFFERENTIATED
FROM INDUCED PLURIPOTENT STEM CELLS
WITH MITOCHONDRIAL DNA MUTATIONS

So, Seongjun - Department of Biomedical Science and
Department of Medical Science, CHA University and University of
Ulsan College of Medicine, Seongnam-si, Korea

Lee, Yeonmi - Center for Embryo and Stem Cell Research, CHA
Advanced Research Institute, Seongnam-si, Korea

Han, Jongsuk - Department of Biomedical Science, CHA
University, Seongnam-si, Korea

Kang, Soonsuk - Center for Embryo and Stem Cell Research,
CHA Advanced Research Institute, Seongnam-si, Korea

Choi, Jiwan - Center for Embryo and Stem Cell Research, CHA
Advanced Research Institute, Seongnam-si, Korea

Kim, Bitnara - Department of Biomedical Science, CHA University,
Seongnam-si, Korea

Kim, Song Cheol - Department of Medical Science, University of
Ulsan College of Medicine, Seoul, Korea

Kang, Eunju - Department of Biomedical Science & Center

for Embryo and Stem Cell Research, CHA University & CHA
Advanced Research Institute, Seongnam, Korea

Abstract: Diabetes mellitus (DM) is a serious metabolic disease
characterized by high blood sugar levels over a prolonged period
due to insufficient insulin or impaired insulin sensitivity. In recent
years, the prevalence of DM is increasing worldwide, and many
studies have been conducted on cell therapy using human in-
duced pluripotent stem cells (iPSCs) as DM therapeutic potential.
However, it is not fully understood how mitochondrial genome
(mtDNA) abnormalities affect the function of pancreatic cells dif-
ferentiated from iPSCs. In this study, we established iPSC clones
from peripheral blood mononuclear cells (PBMCs) of a patient
with type 2 DM (T2D) and investigated mtDNA mutations using
the lllumina Miseq platform. Then, we selected wild-type (5% mt-
857G>A in the rRNA region) and mutant (100% mt6678A>G and
13% mt7970G>A mutations in the non-syn protein-coding region)
iPSC clones and differentiated them into pancreatic cells. INSU-
LIN, a pancreatic cell marker, was observed in both clones-de-
rived pancreatic cells by immunocytochemistry. We investigated
the mitochondrial respiration capacity in differentiated pancreatic
cells with a seahorse platform. It was confirmed that oxygen con-
sumption rates were significantly lower in the mutant. We next
analyzed insulin production and glucose-stimulated insulin secre-
tion using enzyme-linked immunosorbent assay (ELISA). The mu-
tant pancreatic cells exhibited decreased insulin production and
impaired insulin secretion in response to glucose. These results
suggest that screening mtDNA mutations in iPSCs from patients
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with T2D is an essential step before pancreatic cell differentiation
for disease modeling or autologous cell therapy.

Funding Source: The present study was supported by research
funds from the National Research Foundation of Korea (NRF-
2020M3A9E4036527).

Keywords: Mitochondrial DNA mutation, Pancreatic cell
differentiation, Dysfunction of pancreatic cells
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ENDOMETRIAL CANCER ORGANOIDS RETAIN
THE HISTOLOGICAL TYPE-SPECIFIC GENOMIC
AND EPIGENOMIC FEATURES OF THE ORIGINAL
TUMOUR

Semertzidou, Anita - Metabolism, Digestion & Reproduction,
Imperial College London, UK

Williams, Richard - Metabolism, Digestion & Reproduction,
Imperial College London, UK

Fernandes, Nadia - Metabolism, Digestion & Reproduction,
Imperial College London, UK

Brosens, Jan - Biomedical Sciences, University of Warwick,
Coventry, UK

Kyrgiou, Maria - Metabolism, Digestion & Reproduction, Imperial
College London, UK

Abstract: Organoids are increasingly being used as complex,
multi-dimensional, multi-cell structures resembling entire organs
and have now been derived from a variety of tissues. We estab-
lished endometrial organoid cultures from pipelle biopsies of 11
patients with endometrial cancer (EC) (7 endometrioid, 3 serous,
1 clear cell) and 3 patients with benign conditions. Organoids
were grown in Matrigel and medium supplemented with growth
factors, Rspondin-1, Noggin, A83-01 and nicotinamide. The ge-
nomic and epigenomic features of organoids and parent tissue
were compared in pairs and by histological type by targeted gene
sequencing and whole-genome DNA methylation profiling. The
genetic variations and mutations in seven genes (PTEN, ARID1A,
PIK3CA, POLE, CTNNNB1, KRAS, TP53) were largely shared by
primary tumours and EC-derived organoids and exhibited histo-
logical type-specific characteristics. Similarly, the DNA methyla-
tion fingerprint was preserved in cultured endometrial cancer or-
ganoids with only few differentially methylated positions (DMPs)
compared to tumour tissue. EC epigenetic profiles were distinct
to benign endometrial organoids and clustered together accord-
ing to histotype.

Funding Source: N/A
Keywords: Organoids, Endometrial cancer, genetics
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CANDIDATE SCREEN FOR ENHANCERS OF CAR-
T-CELL PERSISTENCE

Nguyen, Kathleen - Biology, California State University, San
Marcos, San Diego, CA, USA

Abstract: Adoptive cell transfer immunotherapies, including
T-cells expressing chimeric antigen receptors (CARs) have shown
great success in treating cancer. We have previously developed
FT819, a first-of-kind off-the-shelf CAR-T cell therapy derived from
a renewable master induced pluripotent stem cell (iPSC) line en-
gineered to uniformly express a CAR targeting CD19 driven by
the endogenous T cell receptor (TCR) a promoter at the T-cell
receptor a constant (TRAC) locus. Preliminary studies suggest-
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ed that methods which effectively improved T cell functional
persistence conferred greater in vivo tumor control of CAR-T
cells. To augment functional persistence of iPSC derived CAR-T
(CAR-iT) cells, a group of novel functional modalities, termed T
cell enhancers (TCEs), were designed and introduced at the iPSC
stage. A previously established iPSC line with a CAR engineered
at the TRAC locus was further engineered with these candidate
TCEs through lentivirus transduction. The doxycycline-inducible
promotor was utilized to allow for control of gene expression by
using the Tet-On system. The doxycycline-inducible TCE engi-
neered iPSC lines were differentiated into CD8+ iT cells using
our lineage-specification platform where we uniquely generate
apT cells. Serial restimulation assays and tumor killing assays in
the presence of doxycycline identified several candidate TCEs
that showed increase persistence and tumor killing compared to
uninduced iT cell controls. Further studies including in vivo tu-
mor control in mouse xenograft models will reveal the efficacy
of these TCEs and the potential of their incorporation into future
CAR-iT cell products.

Keywords: CAR-T, iPSC, immunotherapy
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3D VESSEL-ON-CHIP MODEL USING ISOGENIC
CADASIL IPSC LINES REVEALS PHENOTYPE
SWITCHING IN VASCULAR SMOOTH MUSCLE
CELLS (VSMCS)

Vila Cuenca, Marc - Anatomy and Embryology - Clinical
Genetics, Leiden University Medical Center, Leiden, Netherlands
van den Hil, Francijna - Anatomy and Embryology, Leiden
University Medical Centre, Leiden, Netherlands

Freund, Christian - Anatomy and Embryology, Leiden University
Medical Centre, Leiden, Netherlands

Mummery, Christine - Anatomy and Embryology, Leiden
University Medical Centre, Leiden, Netherlands

Rutten, Julie - Clinical Genetics, Leiden University Medical
Centre, Leiden, Netherlands

Lesnik Oberstein, Saskia - Clinical Genetics, Leiden University
Medical Centre, Leiden, Netherlands

Orlova, Valeria - Anatomy and Embryology, Leiden University
Medical Centre, Leiden, Netherlands

Abstract: CADASIL is a hereditary small vessel disease caused
by NOTCH3 mutations leading to an accumulation and deposi-
tion of NOTCH3 protein within the vessel wall. The vascular cells
affected in CADASIL are the mural cells (VSMCs and pericytes),
which undergo morphological alterations and subsequent de-
generation. In this study, we established three clones of isogenic
CADASIL and gene-edited control iPSC lines from two CADASIL
patients. We first characterized VSMCs derived from these iPSC
lines using standard functional assays, such as expression of con-
tractile markers, RNA-seq and high-throughput contraction and
intracellular Ca2+ release assays. VSMCs derived from CADASIL
iPSC clones (CADASIL iPSC-VSMCs) exhibited abnormal intracel-
lular Ca2+ release and contraction responses upon mechanical
and vasoactive stimulation when compared to VSMCs-derived
isogenic control iPSC clones. In addition, immunofluorescence
staining showed that CADASIL iPSC-VSMCs in 2D adopted a less
elongated morphology and reduced levels of contractile mark-
ers. Hetero-cellular endothelial cell (EC) and VSMC interaction
mediated by Jagged-1 on ECs and NOTCH3 on VSMCs are piv-
otal for the maturation and function of VSMCs in blood vessels in
vivo. We have recently demonstrated that these hetero-cellular
interactions can be recapitulated in an iPSC-based engineered



vessel-on-chip model using 3D cell culture chips. Here, 3D ves-
sels-on-chip were generated using CADASIL and isogenic iP-
SC-derived ECs and VSMC:s. In this model, CADASIL and isogen-
ic iPSC-VSMCs acquired positions surrounding the vascular wall,
supporting the formation of a microvascular network for up to 7
days. Interestingly, enabling EC-VSMC interaction in 3D, resulted
in profound differences between CADASIL and isogenic control
iPSC-VSMCs. CADASIL iPSC-VSMCs were larger and more con-
tractile, as confirmed by increased contractile marker SM22 and
NOTCH3 expression. Thus, 3D vessel-on-chip model revealed
phenotypic differences in CADASIL iPSC-VSMCs that were not
recapitulated in 2D. In conclusion, this study demonstrates the
utility of the iPSC-based 3D vessel-on-chip system in modelling
CADASIL vasculopathy, and enables studies to investigate the
effect of NOTCH3 mutations on VSMC behaviour and phenotype.

Funding Source: Novo Nordisk Foundation (NNF21CC0073729).
Netherlands Organ-on-Chip Initiative, NWO Gravitation

project (024.003.001). University of Pennsylvania OCD with
teamCADASIL and cureCADASIL (MDBR2021). ZonMw (VIDI
91717325).

Keywords: Organ-on-chip, CADASIL, vascular smooth muscle
cells
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IN VITRO CARDIAC DIFFERENTIATION OF IPSCS
DERIVED FROM PATIENTS WITH A NOVEL
DESMIN MUTATION FOR DESMINOPATHY
MODELLING

Castafieda, Sheila L. - Laboratorio de Investigacion Aplicado a
Neurociencias, Fleni-CONICET, Belén de Escobar, Argentina
Amin, Guadalupe - Laboratorio de Investigacion Aplicado

a Neurociencias (LIAN), Fleni-CONICET, Belén de Escobar,
Argentina

Belli, Carolina B. - Laboratorio de Genética Hematoldgica, IMEX-
CONICET / Academia Nacional de Medicina, Capital Federal,
Argentina

Smucler, Joaquin - Laboratorio de Investigacion Aplicado

a Neurociencias (LIAN), Fleni-CONICET, Belén de Escobar,
Argentina

Mobbs, Alan M. - Laboratorio de Investigacion Aplicado a
Neurociencias (LIAN), Fleni-CONICET, Belén de Escobar,
Argentina

Scarafia, Maria A. - Laboratorio de Investigacion Aplicado

a Neurociencias (LIAN), Fleni-CONICET, Belén de Escobar,
Argentina

Waisman, Ariel - Laboratorio de Investigacion Aplicado a
Neurociencias (LIAN), Fleni-CONICET, Belén de Escobar,
Argentina

La Greca, Alejandro - Laboratorio de Investigacion Aplicado
a Neurociencias (LIAN), Fleni-CONICET, Belén de Escobar,
Argentina

Sevlever, Gustavo E. - Laboratorio de Investigacion Aplicado
a Neurociencias (LIAN), Fleni-CONICET, Belén de Escobar,
Argentina

Miriuka, Santiago G. - Laboratorio de Investigacion Aplicado
a Neurociencias (LIAN), Fleni-CONICET, Belén de Escobar,
Argentina

Moro, Lucia N. - Laboratorio de Investigacion Aplicado a
Neurociencias (LIAN), Fleni-CONICET, Belén de Escobar,
Argentina

Abstract: Desmin (DES) is a type lll intermediate filament that
attaches organelles and nucleus to contractile apparatus. Aber-
rant DES isoforms generate protein cytoplasmic aggregates that
cause cardiomyopathy. Our main purpose is to model a desmin-
opathy-associated cardiomyopathy in vitro by differentiating hu-
man induced pluripotent stem cell (hiPSC) lines to cardiomyocytes
(CMs). We generated hiPSC lines after reprogramming peripheral
blood mononuclear cells (PBMCs) from one healthy (DES-S) and
two diseased (DES-J, DES-Y) siblings that have a non-reported
heterozygous mutation in exon 6 of DES gene that generates
Glu353 incorporation. After determining normal karyotypes, we
detected NANOG, OCT4 and SOX2 expression by RT-gPCR and
ability to differentiate to the three germ layers of all hiPSC lines.
Once DES-S, DES-J and DES-Y hiPSC lines were validated, we
proceeded to differentiate them to CMs using a monolayer proto-
col. First, we observed that DES-J and DES-Y CMs expressed wild
type and mutated DES alleles in similar proportions along cardi-
ac differentiation by RT-gPCR with specific primers. Then, we
confirmed that pluripotency genes (NANOG, OCT4) were down-
regulated from day 3 while mesoderm (MESP1, NKX2.5, TBXT),
cardiac (cTnT, CX43, VIM) and desmosomal genes (DSC2, DSG2,
DSP, PKG, PKP2) were upregulated at days 3, 7 and 14 within the
three cell lines by RT-gPCR. Flow cytometry analysis showed that
~80% of day 3 cells were CD56+ (mesoderm) and “35% of day
14 cells were cTnT+ for DES-S, DES-J and DES-Y cell lines. CMs
MitoTracker incubation revealed higher mitochondrial staining for
DES-J and DES-Y respect to DES-S. We also analyzed DES, PKG
and PKP2 protein expression in CMs derived from the three hiP-
SC lines. Lastly, in vitro cardiac contraction was characterized by
Contraction Wave software observing higher beating frequency
of DES-J and DES-Y CMs compared to DES-S CMs, among other
differential parameters. In conclusion, we differentiated DES-S,
DES-J and DES-Y validated hiPSC lines to CMs and we observed
differences that could be attributed to a cardiomyopathy of a
non-reported desminopathy. We expect to deepen in cardiomy-
opathy modelling and study skeletal muscle desminopathy-asso-
ciated implications in vitro.

Keywords: DISEASE MODELLING, CARDIAC CONTRACTION,
MITOCHONDRIAL AND DESMOSOMAL ARRANGEMENT
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REGULATION OF LOW CALCIUM HOMEOSTASIS
IN THE EPIDIDYMIS FOR SPERM MATURATION
AND MALE FERTILITY

Shum, Winnie - School of Life Sciences and Technology,
ShanghaiTech University, Shanghai, China

Zhang, Bao Li - School of Life Science, Shanghaitech University,
Shanghai, China

Cao, Albert Shang - School of Life Science, Shanghaitech
University, Shanghai, China

Zhou, Xin - School of Life Science, Shanghaitech University,
Shanghai, China

Shi, Shuo - Shanghai Institute for Advanced Immunochemical
Studies, Shanghaitech University, Shanghai, China

Abstract: The epididymis plays an important role in sperm mu-
tations and male fertility, and accumulating evidence indicates
that the luminal microenvironment established by epithelial cells
is critical for proper epididymal function. Low Ca2+-homeostasis
in the epididymis is a critical factor ensuring sperm maturation.
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Our research aims to characterise the factors necessary for a
favorable epididymal luminal microenvironment and the cellular
mechanisms regulating it, particularly as they relate to the low
Ca2+ homeostasis. Our previous studies have shown that both
the vitamin-D-related TRPV6-TMEP16A channel-coupler and the
vitamin-K-dependent GGCX-mediated carboxylation of matrix Gla
protein (MGP) regulate Ca2+-homeostasis in the epididymis in a
spatially complementary manner. And we found that carboxylat-
ed-MGP plays an essential role in promoting Ca2+-dependent
protein aggregation. An SNP in the human GGCX gene has also
been found to associate with asthenozoospermia. In this study,
we provide further evidence to support the notion that luminal
matrix Ca2+ functions as a cofactor for carboxylated-MGP scav-
enging of metabolites in the extracellular microenvironment of
mouse epididymis. The MGP-mediated aggregation with a se-
cretory apolipoprotein was altered by changing the in-vitro Ca2+
concentrations. Integrative and bioinformatic analyses suggested
the involvement of apolipoprotein receptor LRP2 and multivita-
mins in the absorption of MGP-bound aggregates in the epididy-
mis. These findings suggest that Ca2+-homeostasis in the epidid-
ymis ensures sperm maturation, an important process for male
fertility and embryonic development. The Ca2+-dependent MGP
scavenging function raises the possibility that the use of multivi-
tamins to modulate Ca2+-homeostasis in epididymis may be lev-
eraged for therapeutic strategies addressing sperm dysfunctions
and male reproductive defects.

Funding Source: This work is supported by NNSFC (82071704),
SMCST (19140903400) and ShanghaiTech University.
Keywords: Sperm maturation, male fertility, epididymal luminal
microenvironment
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A HUMAN EMBRYONIC STEM CELL MODEL OF
THE SOX9Y440X CAMPOMELIC DYSPLASIA
MUTATION: IMPACT ON NEUROMESODERMAL
PROGENITORS

Chu, Ka Chi - School of Biomedical Sciences, The University of
Hong Kong, Hong Kong

Cheah, Kathryn - School of Biomedical Sciences, The University
of Hong Kong, Hong Kong

Abstract: Campomelic dysplasia (CD) is a rare genetic disease
characterized by skeletal abnormalities, congenital heart dis-
ease, kidney malformation, hearing impairment, and neurologi-
cal disorders, which is caused by SOX9 mutation. Among the
surviving patients, the SOX9Y440X is one of the most common
ones, which gives a truncated SOX9 protein lacking the domain
downstream amino acid codon 439. In vitro studies demonstrat-
ed that the truncated SOX9 protein contained residual transac-
tivation activity and might act in a dominant negative manner.
Yet, understanding about the impact of SOX9Y440X on human
embryonic development is limited, as a corresponding disease
model is lacking. Here, we established a human embryonic stem
cell (hESC) CD model with the aid of CRISPR-Cas9 mutagenesis.
In addition, we utilized the hESC CD model to examine the po-
tential impact of the mutation on neuromesodermal progenitors
(NMPs), which are the source of majority of the posterior somatic
mesoderm and spinal cord. We asked whether the SOX9Y440X
mutation interferes with the differentiation and lineage choice of
NMPs . We used 10X single-cell transcriptomic profiling to com-
pare the lineage propensity of CD versus wild-type hESCs to dif-
ferentiate into NMP-like cells. SOX9Y440X hESCs could differ-
entiate into NMPs but a higher proportion of these were biased
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towards the neural lineage, while a lower proportion contributed
to the mesodermal lineage. Analyses of differentially expressed
genes revealed altered expression for developmentally crucial
genes such as GATA and HES. The hESC CD model will serve
as a useful model for understanding of the disease etiology and
mechanisms for CD.

Funding Source: HMRF-04153366
Keywords: Campomelic dysplasia, Neuromesodermal
progenitors, SOX9
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MODELING MORE THAN EMBRYONIC
DEVELOPMENT: RE-EXAMINING THE
GOVERNANCE OF HUMAN EMBRYO AND
RELATED RESEARCH

Fabbri, Morris - Leonard M. Miller School of Medicine and Dr.
John T. Macdonald Foundation Department of Human Genetics,
John P. Hussman Institute for Human Genomics, University of
Miami, , FL, USA

Munsie, Megan - Faculty of Medicine, Dentistry and Health
Sciences, School of Biomedical Sciences and Melbourne Medical
School, Melbourne, Australia

Ginoza, Margaret - Leonard M. Miller School of Medicine,
University of Miami, FL, USA

Isasi, Rosario - Dr. John T. Macdonald Foundation Department
of Human Genetics, John P. Hussman Institute for Human
Genomics, University of Miami, FL, USA

Abstract: Following advances in cell reprogramming and culture
techniques, researchers can now coax human pluripotent stem
cells (hPSC) to imitate the structure and function of the develop-
ing human embryo in vitro. While stem cell-based embryo models
(SCB-EM) present an alternative to human embryo research, these
developments also raise concerns over how such research should
be regulated and the adequacy of existing regulatory frameworks
and ethics oversight processes. National policies governing stem
cell research afford special scrutiny for research involving the
human embryo. In the 2021 update to their Guidelines for Stem
Cell Research and Clinical Translation, the International Society
for Stem Cell Research (ISSCR) posits that oversight bodies spe-
cialized to ethically review embryo research should also oversee
research on “integrated” SCB-EM, which represent the develop-
ment of the entire embryo and include relevant embryonic and
extra-embryonic structures. In contrast, “non-integrated” models
that recapitulate some but not all aspects of the pre-implantation
embryo may be reviewed by “existing mandates” which oversee
laboratory-based research. While the Guidelines suggest that re-
search should “comply with local law and policy,” it is unclear how
national restrictions on embryo research should apply to SCB-EM,
which are fundamentally different entities. Using a representative
sample of 11 research-intensive countries (United Kingdom, Aus-
tralia, Israel, Japan, China, Spain, Sweden, Germany, Canada,
United States, and France) spanning socio-cultural contexts and
policy spectrums, we analyze how evolution of national research
policies affects the governance of SCB-EM. We highlight how the
overlapping remits of review bodies with different competencies
may cause regulatory uncertainty and how mechanisms man-
dating legislative review could offer a path forward. Finally, we



further compare these policy frameworks against the updated
ISSCR Guidelines.

Funding Source: This project has received funding from the
European Union’s Horizon 2020 research and innovation
program iPSpine under grant agreement No. 825925
Keywords: Ethics, Policy, Regulation
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HYPOXIC PRECONDITIONED MESENCHYMAL
STEM CELL DERIVED EXOSOME PROMOTES
MITOPHAGY IN THE OPTIC NERVE INJURED
BY HYPOXIA THROUGH LONP1/PINK/PARKIN
PATHWAY

Lew, Helen - Department of Ophthalmology, CHA University,
Seongnam, Korea

Park, Mira - Department of Ophthalmology, CHA University,
Seoul, Korea

Abstract: Stem cell therapy has been widely proposed as an al-
ternative treatment for refractory optic nerve disease. Although
mesenchymal stem cells with various tissue regeneration and re-
covery capabilities are considered as potential cell therapy, they
have limitations in the clinical setting. To overcome this problem,
we investigated the applicability of extracellular vesicles, exo-
some, isolated from human placenta-derived mesenchymal stem
cells (hPMSCs) as a new treatment. Hpoxia preconditioned hPM-
SCs (HPPMSCs) were prepared in order to improve nerve recov-
ery function using short-term hypoxic chambers of 2.2% O2 and
5.5% CO2. Then, we isolated exosomes from HPPMSCs with Ex-
oquick. R28 cells, retinal precursor cells, were exposed to CoCl2,
and then they were treated with exosome for 24 h. The cell via-
bility was measured by MTT assay and target protein expression
and reactive oxygen species (ROS) were analyzed in order to
examine mitophagy funtion by exosome. In addition, proteome
in each group was analyzed by liquid chromatography/tandem
mass spectroscopy. Differential expression proteins (DEPs) were
detected by label quantification, and the interaction of proteins
were identified. We observed that exosome could restore cell
viability and mitochondrial complex activities in R28 cells dam-
aged by CoClI2 exposure. In addition, we identified DEPs in the
control group and exosome treatment group related with recov-
ery process (p < 0.05). Mitochondria function-related proteins
LONP1, PARK7, VDACI, 2, 3, HSPD1, and HSPAS were detected
in the DEPs list of exosome treatment group. It was confirmed
that exosome promoted transcriptions of mitophagy proteins in
R28 cells injured by hypoxia, which was not activated in LONP1
knock-downed condition. The pathway could be recapitulated in
vivo study. This study presents that LONP1 is a key mediator to
promote mitophagy and restore the mitochondria function in the
optic nerve injured by hypoxia when treated with preconditioned
mesenchymal stem cell derived exsome.

Funding Source: This research was funded by the

Ministry of Health & Welfare, Republic of Korea (grant:
2021R1A2C201052311).

Keywords: Optic nerve injury, Exosome, Mitophagy, placenta-
derived mesenchymal stem cell, retinal precursor cell, Lonp1,
Pink, Parkin
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ACUTE KIDNEY INJURY MODELLING AND DRUG
DEVELOPMENT IN KIDNEY ORGANOIDS

