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WEDNESDAY, JUNE 14, 2017

POSTER SESSION I-ODD
18:30 - 19:30

PLACENTA AND UMBILICAL CORD
DERIVED CELLS

W-1001

CONCENTRATION OF THE CDCP1 PROTEIN
IN HUMAN CORD PLASMA MAY SERVE AS A
PREDICTOR OF HEMATOPOIETIC STEM CELL
CONTENT

Palmqvist, Lars', Frandberg, Sofia?, Asp, Julia?,
Waldner, Berit®* and Holgersson, Jan?

'The Sahlgrenska Academy at University of Gothenburg,
Sweden, ?University of Gothenburg, Sweden,
3Sahlgrenska University Hospital, Gothenburg, Sweden

Successfulhematopoieticstemcell (HSC) transplantation
rests upon reliable methods for HSC enumeration in
sources such as cord blood (CB). Frequently used
methods are the colony forming unit (CFU) assay and
enumeration of CD34+ cells. However, these methods
are costly and time consuming and exhaust the limited
number of cells needed for transplantation. Surplus
plasma from CB may contain factors that can predict
or influence HSC content in CB. The aim of the study
was to screen for possible biomarkers in cord plasma
that correlate with the number of CFU and CD34+ cell
content. Frozen, surplus cord plasma from 95 CBU
was analyzed. Birth weight, gestation age, gender,
mode of delivery and data on collection volume, total
nucleated cell count, CD34+ cells and CFU assay
were available. Cord plasma was selected based on
CD34+ cell concentration and divided in two groups.
Units with CD34+ cells > 50 cells/ul were considered
as “high” in HSC content (n=47) and < 40 cells/pl as
“low” (n=48). Samples were analyzed with Proximity
Ligation Assay (Proseek Multiplex Inflammation, Olink
Proteomics, Uppsala, Sweden) covering 92 protein
biomarkers. There were 73 proteins (79%) detected in
all samples. Two-group t-test with p-values adjusted
for false detection rate (FDR) identified 5 proteins
that significantly differed between the two groups.
CDCP1 was the most significant (FDR adjusted p-value
0.006). Correlation with CDCP1 concentration was then
investigated and was most significant between CDCP1
and CD34+ concentration (Spearman, r=0.54, 2-tailed
p-value <0.0001), but also for CFU count (r=0.30, p value
0.003) and total nucleated cell count (r=0.30, p-value
0.0004). There was no correlation with birth weight,

gestation age or collection volume (Spearman), gender
or mode of delivery (Mann-Whitney). In conclusion, we
have identified CDCP1 as a potential biomarker of HSC
content in CB. CDCP1 is a transmembrane glycoprotein
regulated through tyrosine phosphorylation and its
function is linked to cell adhesion. Overexpression of
CDCP1 is seen in many carcinomas where it correlates
with poor prognosis. This makes the identification of
CDCP1 intriguing and warrants further investigation,
both as a biomarker for HSC content and for its possible
role in regulating the HSC presence in cord blood.

Funding Source: This work was supported by grants
from The Swedish Cancer Foundation, The Swedish
National Cord Blood Bank and the Sahlgrenska
University Hospital.

W-1003

CELL-FREE MSC THERAPY FOR

TARGETED ERADICATION OF MCF-7

USING MSC EXOSOME-DERIVED FROM
3D-PHYSIOLOGICAL OXYGEN (3%) CULTURED
HWJMSCS

Kumar, Sanjay' and Sundaram, Balasubramanian?
'Center for Stem Cell Research, Vellore, India, °CSCR,
A Unit of inStem Bengaluru, CSCR, Christian Medical
College Vellore, India

Therapeuticuse of MSCs-derived exosomes s a safer cell-
free approach. Increasing evidence point to exosomes
as paracrine mediators of the beneficial effects on tissue
remodeling associated with cell therapy.To facilitate the
translation of the preclinical studies of MSCs-exosomes
to patients, standardization of MSC production with
a focus on in vitro culture methods and precise cell
characterization becomes paramount. Cell-secreted
vesicles such as exosomes are non-viable in nature,
and their proven safety profile makes them a potential
candidate for cell-free therapeutic applications. In this
study, we have assessed the effect of thymidine kinase
laden exosomes for targeted proliferation control
of MCF-7 breast cancer cell line. Fabricated native
hWJMSCs-derived decellularized ECM was devoid of
detectable DNA contents while maintaining the 3D
nanofibrous architecture. The presence of oriented
fibronectin fibers in the ECM were confirmed by the
confocal microscopy. hWJMSCs cultured on 3% oxygen
maintained their MSC’s features and oriented themselves
in the 3D ECM. hWJMSCs were phenotypically
characterized and tri-lineage differentiation of
hWJMSCs was confirmed. Exosomes were isolated
by differential ultracentrifugation and morphological
features were confirmed by Transmission Electron
Microscope. Phenotypic characteristics of exosomes
were authenticated by flow cytometry using CD63, CD9
and CD81 antibodies. Western blot using CD81 further
confirmed the characteristic of purified exosomes.

HSCG
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Upon co-culture of CD63 GFP-labeled hWJMSCs and
CD9 RFP-labeled MCF-7 cells, we observed the transfer
of CD63-GFP labeled exosomes from hWJMSCs into
the MCF-7 cancer cells indicating the active exosomal
mediated communication between the cells. Moreover,
MCF-7 breast cancer cells internalized the purified CD63
GFP-tagged hWJMSC exosomes added to the culture
media, which was confirmed by confocal microscopy.
Upon in vitro treating the MCF-7 cancer cells with
hWJMSC-derived exosomes for 48 hrs, significant cell
death was observed; which was further confirmed by
Annexin-V & Pl staining. In this study, we have described
the anti-tumorigenic property of hWJMSC-derived
armed-exosomes, which can be exploited for safer
cell-free therapeutic application after extensive in-vivo
animal studies.

Funding Source:
Government of India

Department of Biotechnology,

ADIPOSE, MUSCULOSKELETAL, AND
CONNECTIVE TISSUE

W-1005

THE ROLE OF CDKN1A/P21 IN THE
INHIBITION OF STEM CELL-BASED TISSUE
REGENERATION DURING MECHANICAL
UNLOADING

Blaber, Elizabeth A.", Cheng-Campbell, Margareth?,
Roque, Oscar?, Stimpel, Olivia? and Almeida, Eduardo?®
'USRA/NASA Ames Research Center, Moffett Field, CA,
USA, 2Blue Marble Space/NASA Ames Research Center,
Moffett Field, CA, USA, SNASA Ames Research Center,
Moffett Field, CA, USA

Tissue regenerative health depends on constant cellular
repair and regeneration by somatic stem cell lineages, a
process that is stimulated by mechanical loading. Under
disuse conditions, including exposure to microgravity,
tissue regeneration may be impaired, resulting in
significant tissue loss. We have previously identified
CDKN1a/p21 as highly up-regulated in osteoprogenitor
cells during microgravity unloading possibly resulting
in reduced bone formation. This finding, in combination
with the role of CDKNla/p21 as a suppressor of
mammalian tissue regeneration, suggests that this gene
could be responsible for suppressing stem cell-based
tissue regeneration in response to disuse. We therefore
hypothesized that CDKN1a/p21 regulates regenerative
bone formation in response to alterations in mechanical
load. We tested this hypothesis by studying the
skeletal phenotype and stem cell regenerative ability of
juvenile and skeletally mature female KO mice, and the
response of adult mice to hindlimb unloading (HU) for
15 and 30 days. Juvenile and mature KO mice exhibited
increased proliferation rates and mineralized nodule
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formation compared to wildtypes, indicating increased
regenerative potential. Osteoprogenitor cells from
juvenile KO mice also exhibited incomplete terminal
differentiationindicated by maintenance of multipotency
following 21 day mineralized nodule assays. In-vitro
differentiation capacity correlated to a significant
increase in bone volume in juvenile mice but not in adult
KO mice, indicating increased bone turnover in adult
mice. Furthermore, cortical bone in skeletally mature
KO mice showed similar characteristics to aged bone
including increased cross-sectional area and perimeter,
and increased stiffness. HU of mice led to decreased
proliferation of bone marrow stem cell cultures between
days 9 and 15 and increased bone nodule formation/
differentiation at day 21 in wildtypes but not in KO mice
suggesting that CDKN1a/p21 is required for regulation
of bone regeneration in response to changes in load.
These results indicate a novel role for CDKNla/p21
in load-dependent osteoprogenitor proliferation and
differentiation and that deletion of CDKN1a/p21 results
in an age-dependent release of osteoblast proliferation
inhibition and increased bone formation and turnover.

Funding Source: Supported by NNH14ZTTOOIN-0062
to E. Blaber, and NNH14ZTTOOIN-0063 to E. Almeida.

W-1007

HYPOXIA ACTIVATES NOTCH SIGNALING TO
MAINTAIN STEMNESS IN ADIPOSE-DERIVED
MESENCHYMAL STEM CELLS

Inoue, Kakeru', Moriyama, Mariko', Watada, Takumi',
Ozawa, Toshiyuki?, Hayakawa, Takao' and Moriyama,
Hiroyuki'

'Pharmceutical Research and Technology Institute,
Kindai University, Higashiosaka, Japan, °Graduate
School of Medicine, Osaka City University, Osaka, Japan

Human adipose-derived stem cells (hADSCs) are
attractive material for regenerative medicine; however,
their limited lifespan in in vitro culture systems hinders
their therapeutic application. Recent data demonstrate
that hypoxia may be beneficial for ex vivo culture of
stem cells. These cells exhibit a high level of glycolytic
metabolism under hypoxic conditions. However,
the physiological role of glycolytic activation and
its regulatory mechanisms are still incompletely
understood. Our results demonstrate that 5% O,
dramatically increased the glycolysis rate, improved
the proliferation efficiency, prevented senescence, and
maintained the multipotency of hADSCs. These effects
were mediated by Notch signaling, which was activated
in 5% O, condition. Intriguingly, 5% O, significantly
increased glucose consumption and lactate production
of hADSCs, which decreased back to normoxic levels
upon treatment with a y-secretase inhibitor. We also
found that Notch signaling was involved in reduction of
TIGAR and SCO2 expression through p53 inactivation. In



addition, activated Notch1 enhanced nuclear p65 levels,
resulting in increase in glucose metabolism through the
upregulation of glycolytic factor including GLUT3 and
TPI. These data suggest that the Notch-HES1 signal
enhanced the glycolytic pathway through p53 and NF-
KB. Furthermore, our data also revealed that activated
Notchl markedly increased the transcriptional activity
of hypoxia-inducible factor 1 (HIF-1). Knockdown of
HIF-1la significantly attenuated glycolysis induced by
activated Notchl, indicating that the glycolysis pathway
is regulated by coordination of Notch signaling and HIF.
Finally, modulation of glycolysis by pharmacological
inhibitors dramatically affected the proliferation of
hADSCs, which support our data indicating that the
metabolic switch from mitochondrial respiration to
glycolysis provides a growth advantage to hADSCs.
Overall, our observations provide new regulatory
mechanisms for the maintenance of stemness in 5%
oxygen conditions. In addition, our study sheds new
light on the regulation of replicative senescnece, which
might have an impact for quality control of hADSCs
preparations used for therapeutic applications.

W-1009

CARTILAGE REPAIR USING HUMAN
PLURIPOTENT STEM CELL-DERIVED TISSUES
IN SMALL AND LARGE ANIMAL MODELS

Craft, April M.!, Juneja, Subhash?, Gardner, Olivers,
Hurtig, Mark?, Whetstone, Heather®, Nartiss, Yulia?,
Kandel, Rita® and Keller, Gordon?

'Orthopedic Surgery & Research, Boston Children’s
Hospital, Harvard Medlical School, Harvard Stem Cell
Institute, Boston, MA, USA, 2University Health Network,
Toronto, Canada, 3Orthopedic Surgery & Research,
Boston Children’s Hospital, Boston, MA, USA, “O.V.C,
University of Guelph, Guelph, Canada, *°Hospital for
Sick Children, Toronto, Canada, 6Mount Sinai Hospital,
Toronto, Canada

Osteoarthritis is a condition in which the articular
cartilage that lines our joints progressively deteriorates,
causing pain and interfering with daily living activities.
One of the challenges associated with articular cartilage
repairis that this tissue forms prenatally and regeneration
does not normally occur after birth. Human embryonic
stem cells (hESCs) and induced pluripotent stem cells
(iPSCs; collectively hPSCs) are potential novel sources of
articular cartilage to repair damaged tissue because they
represent an early embryonic stage of development. To
test this, we established a developmental biology-based
approach for the efficient and reproducible generation
of articular cartilage tissues from hPSCs. The derivative
tissues are rich in proteoglycans and express important
proteins that function to support compressive loads
and lubricate joint surfaces. Importantly, they resisted
ossification and remained stable in vivo for extended

periods of time when transplanted subcutaneously
into mice. Prior to their use in the clinic, however, these
tissues must be tested in preclinical animal models of
joint trauma or disease. We thus developed and utilized
a small animal model of focal cartilage defect repair in
which hPSC-derived articular cartilage was implanted
into osteochondral defects in the rat knee. Defects
implanted with hPSC-derived tissues showed significant
regions of stable proteoglycan- and type Il collagen-
rich cartilage tissue after 6 and 12 weeks. In many cases,
engrafted human cartilage was found to be congruent
and laterally integrated with the rat articular cartilage.
These data indicate that hPSC-derived articular cartilage
engrafts and remains stable when implanted into an
orthotopic and clinically relevant site. The success in
the small animal model paved the way for evaluating
the potential of hPSC-derived articular cartilage to
repair damaged cartilage in a large animal model, and
the results of our preliminary transplantation studies in
sheep, though ongoing, are encouraging.

Funding Source: Krembil Foundation, McEwen Centre
for Regenerative Medicine

W-1011

WNT REGULATES MUSCLE STEM CELL
DIFFERENTIATION REQUIRE BETA-CATENIN

Cui, Shuang', Downes, Michael?, Yu, Ruth® and Meech,
Robyn'

'Flinders University, Adelaide, South Australia, Australia,
2Salk Institute, San Diego, CA, USA, 3Salk Institute, San
Diego, CA, USA

Canonical Wnt signaling regulates muscle stem cell/
myoblast differentiation, but there have been conflicting
reports about the requirement for beta-catenin in adult
myogenesis. To better understand the role of beta-
catenin in myogenesis we generated beta-catenin null
primary adult mouse myoblasts using CRISPR. Beta-
catenin null cells showed no induction of classical Wnt
target genes such as Axin2 after Wnt3a treatment.
Null cells had an aberrant rounded morphology and
greatly impaired spontaneous- and Wnt3a-induced
differentiation. The specific requirement for beta-
catenin in differentiation was confirmed by rescue
experiments using beta-catenin transfection. Wildtype
myoblasts showed a strong reduction in Pax7 protein
expression coincident with onset of differentiation
after Wnt treatment, in contrast beta-catenin null cells
retained Pax7. The myogenic miRNAs miR133b and
miR206 were shown to posttranscriptionally repress
Pax7 expression. Beta-catenin null cells failed to induce
miR133b and 206 after Wnt treatment, suggesting
that beta-catenin is needed to relieve Pax7-mediated
inhibition of differentiation. Beta-catenin null cells
showed delayed induction of key myogenic markers
such as myogenin and myosin heavy chain after Wnt

HSCG
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treatment, and RNAseq analysis confirmed a strong
delay in activation of the global myogenic program.
Moreover, ChlPseq showed that Wnt3a increased MyoD
binding at E-box elements in wildtype but not beta-
catenin null cells. Finally, we identify the membrane
fusion protein Myomaker as a novel effector of Wnt
signaling in myoblasts. Myomaker was induced by
Wnt3a in wildtype but not beta-catenin null cells, and
analysis of the Myomaker promoter suggests that it is
activated by Wnt via MRFs such as MyoD. In summary,
we propose that Wnt/beta-catenin signaling regulates
muscle stem cells differentiation by: 1.Inducing miRNA
mediated-Pax7 degradation to relieve Pax7’s inhibitory
effect on differentiation; 2.Positively regulating pro-
differentiation factors including Myomaker via MRFs.

W-1013

INVOLVEMENT OF ADAM19 IN THE FATE
DECISION OF MURINE CARDIAC NEURAL
CREST CELLS

Arai, Hiroyuki', Sato, Fuminori?, Yamamoto, Takuya3,
Kiyonari, Hiroshi* and Sehara-Fujisawa, Atsuko?

'Kyoto University, Kyoto, Japan, 2Department of Growth
Regulation, Institute for Frontier Medlical Sciences,
Kyoto University, Kyoto, Japan, 3Department of
Reprogramming Science, Center for iPS Cell Research
and Application, Kyoto University, Kyoto, Japan,
4Animal Resource Development Unit and Genetic
Engineering Team, RIKEN Center for Life Science
Technologies, Kobe, Japan

The neural crest is well characterized by its migratory
ability and multipotency. In vertebrate development,
neural crest cells migrate out from the dorsal neural
tube to the body periphery and differentiate into various
kinds of cell types such as neurons, melanocytes, and
bone cells. Therefore, the correct differentiation of
the neural crest at the right place is important for
tissue development. We focused on a transmembrane
molecule, A disintegrin and metalloprotease 19 (Adam19)
which is highly expressed in developing cardiac neural
crest. Previously, our group reported that Adam19 in
neural crests is required for ventricular septation of
the heart(Komatsu et al. 2006). In this meeting, we will
report: a novel role of Adam19 in cardiac neural crest
development; a molecular cascade responsible for the
fate decision of cardiac neural crests in vivo. These
results indicate that neural crest has a novel protection
system to prevent abnormal differentiation.
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W-1015

UNDERSTANDING EARLY HUMAN SKELETAL
MYOGENESIS TO ENHANCE SKELETAL
MUSCLE PROGENITOR CELL SPECIFICATION
FROM HUMAN PLURIPOTENT STEM CELLS

Xi, Haibin', Fujiwara, Wakana', Gonzalez, Karen,
Liebscher, Simone?, Van Handel, Ben3, Schenke-
Layland, Katja? and Pyle, April*

'University of California, Los Angeles, CA, USA,
2Fraunhofer Institute for Interfacial Engineering and
Biotechnology, Stuttgart, Germany, 3CarthroniX Inc.,
Tarzana, CA, USA, “Broad Center of Regenerative
Medicine and Stem Cell Research, University of
California, Los Angeles, CA, USA

Skeletal muscle progenitor cells (SMPCs) derived from
human pluripotent stem cells (hPSCs) are promising
sources for regenerative medicine in treating muscle
wasting disorders including muscular dystrophies and
sarcopenia. In the past few years, major breakthroughs
in generating hPSC-derived SMPCs have been achieved
by mimicking the developmental cues critical for early
myogenic mesoderm specification in model organisms.
Nevertheless, the current protocols remain in large
inefficient and result in highly heterogeneous cell
populations unsuitable for clinical implementation.
These drawbacks are reflective of insufficient SMPC
specification in vitro, due to lack of knowledge of
early human skeletal myogenesis in vivo. Using early
human embryos at somitogenesis stages (week 4.5-
5 of gestation; Carnegie stage (CS) 13-14), we have
discovered novel pathways which can be modulated
to enhance in vitro specification of hPSCs toward the
fate of somite, the common ancestor of most skeletal
muscles. To extend this work, we further studied the
myogenic populations from week 5-7 (CS 14-18) human
embryos. We found that the expression of the myogenic
progenitor markers PAX3 and PAX7 are highly dynamic
during this developmental period. In particular, the
early developing limb buds (week 5 and 6; CS 14 and
16) contain only the PAX3+PAX7- migratory SMPCs,
whereas in the more developed limbs (week 7; CS 18)
they gradually transition to PAX3-PAX7+ embryonic/
fetal SMPCs. Notably, the unigue migratory property of
the migrating SMPCs might be a desirable feature for
systemic cell delivery to treat various skeletal muscle
disorders. Thus, we performed immunofluorescent co-
staining on human embryo sections and identified CMET
as a candidate marker for the PAX3+PAX7- migratory
SMPCs. We confirmed this finding by sorting week 5-6
human limb buds on CMET, and demonstrating in vitro
myogenesis only occurred in the CMET positively but
not negatively sorted cells. In the future, we will further
develop cell purification strategies as well as unbiasedly
profile the SMPCs through single cell RNA-sequencing
in different stage human embryos/fetuses. Our studies



will not only shed light on early human myogenesis but
also generate useful information on deriving optimal
hPSC-SMPC populations for cell-based therapies.

Funding Source: NIH/NIAMS RO1IAR064327; Rose Hills
Foundation Research Award; UCLA BSCRC, UCLA
Muscular Dystrophy P30 Core Center Grant (NIH/NIAMS
P30AR057230), UCLA CTSI (ULITRO00124) and UCLA
Center for Duchenne Muscular Dystrophy (CDMD)

W-1017

CHARACTERIZATION OF RAT ADIPOSE-
DERIVED STEM CELLS AND THEIR INDUCTION
TOWARD A TENOCYTIC LINEAGE FOR
REPAIR OF ACHILLES TENDON IN VIVO

Norelli, Jolanta B.!, Plaza, Dawid? Liang, Hudson® and
Grande, Daniel®

'The Feinstein Institute for Medical Research, Hofstra
Northwell School of Medicine, Manhasset, NY, USA,
?Drexel University College of Medicine, Philadelphia, PA,
USA, 3Orthopaedic Research, The Feinstein Institute for
Medical Research, Manhasset, NY, USA

Recently, adipose-derived stem cells (ADSCs) have
entered regenerative medicine and tissue engineering.
Studies show promise in differentiating ADSCs
toward mesodermal cell lineages to create bioactive
tissue replacements. Musculoskeletal repair with
ADSC adjuncts has shown improvement in tendon
histology and biomechanics. No research to date has
fully characterized ADSCs, the mechanism of tendon
differentiation, or the effect of ADSCs on Achilles tendon
repairinvivo. Our purpose was to characterizerat ADSCs,
induce ADSC tenogenesis, and analyze ADSC influence
on tendon repair. We hypothesized that differentiated
ADSCs would yield superior tendon repair. ADSCs
were harvested from Sprague-Dawley rats, isolated,
grown in vitro, and characterized as stem cells with
the following criteria: adherence to plastic confirmed
by cell culture, spindle-shaped morphology confirmed
by light-microscopy, specific cell surface antigen
expression confirmed by flow cytometry, multilineage
differentiation potential in culture confirmed by gene
expression and phenotype analysis. ADSC tenogenesis
was stimulated with 4 growth factors commonly used
for tenogenic induction in 24 combination cocktails. We
elucidated the optimal tenogenesis cocktail based on
the analysis of cell morphology, immunostaining, and
gene expression at 1, 2, and 3-week time points. Using
the rat Achilles tendon injury model, hydrogel solutions
of ADSCs were injected into surgically created defects.
Healing was compared with unrepaired normal control
to identify natural healing baseline and analyzed by
histology, biomechanics, and gPCR. We characterized
rat ADSCs as stem cells and achieved successful
differentiation into multiple mesodermal lineages,
including bone, cartilage, fat, and tendon, as evidenced

by gene expression, histology, and immunostaining.
The optimal tenogenesis cocktail produced increased
expression of scleraxis, tenomodulin, collagen type-I
and lll, and tenascin C in ADSCs, confirmed by positive
immunostaining of scleraxis and tenomodulin in vitro.
Gene expression and histology data suggest that tendon
defects injected with undifferentiated ADSCs or with
tenogenically-differentiated ADSCs achieved superior
tissue repair when compared to the untreated control.

W-1019

THE METABOLIC STATE OF QUIESCENT
STEM CELLS CONTROLS THEIR FUNCTIONAL
RESPONSE UPON ACTIVATION

Rodgers, Joseph T.

Department of Stem Cell Biology and Regenerative
Mediicine, Eli and Edthye Broad Center, Keck School
of Medicine of University of Southern California, Los
Angeles, CA, USA

A key step in tissue repair is the activation of quiescent
adult somatic stem cells into the cell cycle. Delays in
activation strongly correlate with impaired healing. Many
stem cell populations require several days to complete
the first cell cycle following aninjury to the tissue in which
they are resident. We have recently shown that we can
improve the kinetics of activation and enhance healing
by transitioning quiescent stem cells into GAlert, a state
in which they are primed to respond to injury. Here, we
show that the cellular metabolism of quiescent stem
cells strongly influences their response to activation
stimuli. Using phenotypic and functional metabolic
attributes of quiescent mouse skeletal muscle stem cells
(MuSCs) and Fibro-Adipogenic progenitors (FAPs), we
can predict the kinetics of the activation response. We
use injury, pharmacologic, and genetic models to show
that systemic regulation of mTORCI1 signaling regulates
mitochondrial biogenesis and respiration in quiescent
stem cells and controls their reversible transition
between states of high and extremely low injury
responsiveness. Our data suggest that approaches to
regulate the metabolism of quiescent stem cells may
improve post-injury activation, a rate limiting step in
tissue repair, and have therapeutic applications for
healing, transplantation, and regenerative medicine.

Funding Source: This research was funded by grants
from the National Institutes of Health (NIH AG041764),
the American Federation for Aging Research (AFAR),
and The Donald E. and Delia B. Baxter Foundation.
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W-1021

MAPPING OF THE IN VITRO SECRETED
PROTEIN PROFILE OF EQUINE MESENCHYMAL
STEM CELLS AFTER INFLAMMATORY
STIMULATION USING QUANTITATIVE MASS
SPECTROMETRY ANALYSIS

Bundgaard, Louise’, Stensballe, Allan?, Elbaek, Kirstine
J.2and Berg, Lise C!!

'Department of Clinical Veterinary Sciences, University
of Copenhagen, Taastrup, Denmark, 2Department of
Health Science and Technology, Aalborg University,
Aalborg, Denmark

Similar to humans, the horse is a long-lived, athletic
species. Osteoarthritis (OA) is one of the leading causes
of lameness in horses, and cell-based therapies are seen
as the next generation treatment for OA. Mesenchymal
stem cells (MSCs) are already used in the veterinary
clinic, and it is believed that MSCs exert their therapeutic
effects through secreted trophic biomolecules, but little
is known about the exact action of MSCs in articular
joints and if MSCs of different origin exert the same
effect. The purpose of this study was to compare the
in vitro secreted protein profile (SPP) of MSCs derived
from adipose tissue (AT) and bone marrow (BM) after
stimulation with serum amyloid A (SAA) or interleukin
18 (IL-1B8). Mature chondrocytes (CH) were included as a
positive control. MSCs (P3) derived from equine sternal
BM and subcutaneous AT, and mature CH (PO) were
used. Cells were expanded to 70 % confluence in serum-
enriched medium followed by a 24h wash in serum-free
medium and culture with serum-free medium alone or
supplemented with SAA (1 ug/ml) or IL-183 (10 ng/ml).
Medium was collected after 48h and the SPPs were
compared using iTRAQ labeling and mass spectrometry
analysis. A total of 651, 525, and 503 proteins with a
mascot score > 100 were identified in the SPP from all
cell types after no stimulation, stimulation with SAA, and
stimulation with IL-1B, respectively. The concentrations
of 127 and 97 proteins were more than 2-fold higher in
the SPP from CH stimulated with SAA and IL13 compared
to the BM-MSC and AT-MSC SPP, respectively. These
proteins included a number of proteins involved in
breakdown of extracellular matrix (ECM) and the
inflammatory response e.g. MMP1, MMP3, MMP13, IL6,
IRAP, CXCL1, CXCL®6. In the SPP from BM-MSC and AT-
MSC stimulated with IL-18 the concentration of MMP-1,
CXCL1, CXCL6, and CCL2 was more than 2-fold higher
in the AT-MSC SPP compared to the BM-MSC SPP, and
TIMP1 and TIMP3 was 2-fold or higher in the BM-MSC
SPP than in the AT-MSC SPP. Stimulation with SAA did
not affect these proteins. In conclusion, the composition
of the SPP from BM-MSC, AT-MSC, and CH changed
after stimulation with IL18 and SAA. The results indicate
that the concentration of selected proteins central in the
inflammatory response and breakdown of ECM are more
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abundant in the SPP from CH and AT-MSC compared to
the SPP from BM-MSC.

W-1023

FIGMENT, A SEP IN LINCOO116, REGULATES
HUMAN & MURINE ADIPOCYTE METABOLISM

Friesen, Max', Warren, Curtis? Ding, Qiurong?,
Morningstar, Jordan3, Yu, Haojie?, Toyohara, Takafumi?,
Xia, Yulei?, Hudak, Carolyn4, Musunuru, Kiran®,
O'Sullivan, John¢, Goff, Loyal’, Rinn, John®, Gerszten,
Robert® and Cowan, Chad*

'Harvard Stem Cell and Regenerative Biology, Harvard
Stem Cell Institute, Cambridge, MA, USA, Harvard
University, Cambridge, USA, 3Beth Isreal Deaconess
center, Boston, USA, “Department of Stem Cell and
Regenerative Biology and Harvard Stem Cell Institute,
Harvard University, Cambridge, MA, USA, *University
of Pennsylvania, Philadelphia, USA, 6The University

of Sydney, Australia, ’McKusick-Nathans Institute

of Genomic Medicine, Johns Hopkins University,
Baltimore, MD, USA, éDepartment of Stem Cell and
Regenerative Biology, Harvard University, Cambridge,
MA, USA, °Beth Isreal Deaconess Medical Center,
Boston, USA

Recent genomic, transcriptional, and proteomic studies
have revealed the existence of many yet unannotated
small open reading frame (smORF) encoded
polypeptides (SEPs). Several SEPs have been thoroughly
characterized, performing functions in metabolism and
development. These discoveries have led to speculation
a large array of uncharted bioactive small proteins
exists. Previous research has discovered lincRNAs that
play a role in murine adipogenesis. Of these, LincO0116
contains a smORF that is highly conserved among
vertebrates. We sought to determine if this smORF
is translated and relevant to human adipose tissue
biology and metabolism. Here we present the functional
characterization of this SEP, termed Figment (FGM).
LincOOT116 expression increases during differentiation of
human pluripotent stem cells (hPSCs) into adipocytes,
and the FGM peptide is detected by mass spectrometry.
The homolog of LincOO116 is also expressed in murine
adipose tissue. In order to ascribe a function to FGM,
we have used CRISPR-mediated genome editing
to knock out FGM in hPSCs as well as in mice. Using
these knockout models in conjunction with rescue
experiments, we demonstrate that FGM modulates
adipocyte metabolism. FGM KO increases lipid
accumulation in hPSC-derived adipocytes; conversely
overexpression reduces total triglyceride levels. This
is caused by a reduction in lipolysis of the KO fat cells.
FGM localizes to the mitochondria, while [IP-mass
spectrometry reveals association with ATP synthase,
among many other mitochondrial proteins. Metabolic
activity assays demonstrate that FGM overexpression
reduces glycolysis and oxidative phosphorylation, but



increases fatty acid oxidation, in accord with our earlier
results. To investigate the molecular effects of FGM
perturbation, we performed intracellular metabolomics,
finding a distorted mitochondrial bioenergetics profile,
most notably in the TCA cycle. Lipidomics revealed an
accumulation of long-chain triglycerides in the FGM
KO adipocytes. The lipolysis defect is recapitulated in
FGM KO mice, which display lowered blood triglyceride
and free fatty acid levels. This work demonstrates that
the novel characterized SEP FGM plays a role in the
mitochondrial function of hPSC-derived adipocytes, as
well as murine lipid metabolism.

CARDIAC TISSUE

W-1025

CHARACTERIZATION OF HIPSC-DERIVED
CARDIOMYOCYTES FORMATTED INTO A
PHYSIOLOGICALLY-RELEVANT SCREENING
PLATFORM

Zanella, Fabian, Contu, Riccardo', Spangenberg,
Stephan?, Si, Wonjong?, Seelke, Janet?, Peris, Matthew?,
Gordon, Ryan?, Yeh, Ping? and Petcavich, Robert?
'R&D, StemoniX, San Diego, CA, USA, 2StemoniX, San
Diego, CA, USA, 3Manufacturing, StemoniX, San Diego,
CA, USA

Current approaches on the study of acute cardiotoxicity
have been transformed with the availability of human
induced pluripotent stem cell-derived cardiomyocytes
(hiPSC-CM). However, lack of appropriate cell geometry
and reproducible sarcomeric organization, together
with accurate cardiac cell junction organization remain
important challenges impeding a wider adoption of this
elegant model. We have developed a novel high-density
screening platform using hiPSC-CMs that emulates
correct cardiac muscle fiber organization. Our platform
leads to improved sarcomeric organization, as seen
by readily identifiable, correctly patterned myofibrils
along the cell body, opposed to frequently absent,
undefined or disarrayed sarcomeric organization when
cardiomyocytes are plated in standard cell cultureware.
Plakogoblin, a key component of cardiac cell junctions,
shows correct targeting to distal intercalated discs
in our platform, as opposed to an unrestricted,
peripheric localization to the cell membrane in standard
cell cultureware. We also observe increased gene
expression of ryr2, atp2a2, and pln, key components of
cardiomyocyte calcium handling pathways, which are
crucial for cardiac physiology. The expression levels of
cardiac ion channel genes such as cacnaclc, scn5a, kcnel,
kengl as well as cardiac cell junction components gjal,
gjab and dsp are also increased. Altogether we describe
a novel hiPSC-derived cardiomyocyte platform with

greater physiological relevance that is pre-formatted to
high throughput screening.

W-1027

EXOSOMES FROM DAMAGED HUMAN IPSC-
DERIVED CARDIOMYOCYTES ARE CARDIO-
PROTECTIVE AGAINST MYOCARDIAL INJURY

Jung, Ji Hye, Santoso, Michelle, Fu, Xuebin and Yang,
Phillip

Stanford Cardiovascular Institute, Division of
Cardiovascular Medicine, Stanford University School of
Medicine, Palo Alto, CA, USA

Cardiovascular disease (CVD) is the leading cause
of death in worldwide. The adult heart innately lacks
the capacity to repair and regenerate the damaged
myocardium from ischemic injury. Myocardial infarction
(MI) is the most common heart disease of the CVD.
Ml is the irreversible death of heart cells secondary
to prolonged lack of oxygen supplies. Despite of
tremendous effort on research for a long time from
all over the world, Ml still among the leading causes of
death with a high rate of morbidity and mortality. In
recent years, rapid emergence of induced pluripotent
stem cells (iPSCs) and iPSC-derived cardiomyocytes
(iCMs) presents a valuable opportunity to replace the
functional cells to the heart. Although the therapeutic
effects of iPSC-derived cells have been investigated in
many preclinical studies, the underlying mechanisms of
iPSC-derived cell therapy are still unclear and limited
engraftment of iCMs are well known. Transplanted
cell retention and survival in ischemic myocardium
area remains one of the huge challenges for clinical
translation. Our previous study showed that the
improve heart function after transplanted of iCMs to the
mouse M| model. However, we could not observe live
engrafted iCMs from the follow-up study and assumed
that most of the beneficial effects are paracrine actions
from transplanted cells. Recent evidence indicates
that the stem cells exert their therapeutic action via
paracrine mechanisms through exosomes. They contain
unigue cytoplasmic microRNAs (miRNAs) and proteins
that function as intercellular messengers and effectors,
controlling a wide spectrum of genetic regulation.
Exosomes and their miRNAs have emerged as crucial
regulators of cardiovascular function. However, the
mechanism of endogenous repair in the heart or
stimulates of cardioprotection is poorly understood.
Our previous data showed that significantly improved
survival rate of exosome treated injured iCM group
than control group. We found that altered expression
patterns of miRNAs in the exosome from hypoxia
condition which may contribute to restored the injured
cardiac function. Taken together, our data indicated that
exosomes and their miR-106a-363 cluster released from
damaged iCMs exert a protective role against oxidative
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stress to prevent apoptosis of cardiac cell types under
ischemic injury.

Funding Source: This work is supported by NIH/NHLBI
5UMT HL113456-02, NIH/NHLBI 1 K24 HL130553, and
CIRM DISC1-08650

W-1029

EFFICIENT CARDIAC REPAIR BY
COTRANSPLANTATION OF MESENCHYMAL
STEM CELLS WITH CARDIAC-COMMITTED
CELLS

Kim, Yong Sook, Cho, Dong Im, Kang, Wan Seok,
Hong, Moon Hwa, Kang, Hye Jin and Ahn, Youngkeun
Chonnam National University Hospital, Gwangju, Korea

Although mesenchymal stem cells (MSC) have been
shown to be safe in preclinical studies of cardiovascular
disease, multiple meta-analyses have debated whether
functional improvement is significant or not. The
cardiac differentiation from MSC is achievable using
cardiogenic factors, however, the high cost and long
culture period may limit the applications. Here, we
developed a novel method to optimize the therapeutic
outcome for myocardial infarction (MI). Treatment of
MSC with apicidin, a histone deacetylase inhibitor, for 24
hours dramatically increased the expressions of cardiac
markers such as GATA4, Nkx2.5, and cardiac troponin |
(cTnl). In apicidin-treated MSC, stemness-related genes
(Nanog, Sox2, Oct4), osteogenic marker Runx2, and
adipogenic marker Ppar-y were reduced. Interestingly,
yes-associated protein (YAP), a potent oncogene
that drives cell proliferation, was suppressed by
apicidin treatment, and YAP-knockdown MSC showed
marked increases of cardiac markers. Furthermore
miR-130a, an inducer of endothelial differentiation,
was also suppressed by both apicidin treatment or
YAP knockdown in MSC. Using a series of comparison
study, we found that both cardiac gene induction and
angiogenesis were most prominent in the mixture of
non-treated MSC and apicidin-treated MSC (Mix). In
a mouse MI model, we show that application of Mix
was strongly associated with cardiac differentiation of
injected MSC, improved angiogenesis and improved
cardiac performance. Taken together, our results
suggest that apicidin-mediated suppression of YAP/
miR-130a shifts MSC cell fate toward cardiac lineage
and identify apicidin as a potential pharmacological
target for therapeutic development.

Funding Source: This research was supported by NRF
of Korea (2015M3A9B4051063, 2015M3A9C6031684,
2016R1D1ATA09917796), and Korean Health Technology
R&D Project, Ministry of Health & Welfare, Republic of
Korea (HI15C0498).
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W-1031

LATROPHILIN-2 COMMITS CARDIAC MUSCLE
DEVELOPMENT AND REGENERATES THE
INFARCTED HEART

Cho, Hyun-Jai', Lee, Choon-So0?, Lee, Jin-Wo0?, Kwon,
Yoo-Wook? and Kim, Hyo-So0?

'Department of Internal Medicine, Seoul National
University Hospital, Seoul, Korea, °Seoul National
University Hospital, Seoul, Korea

In order to take advantage of the beneficial properties
of embryonic stem cells (ESCs) and induced pluripotent
stem cells (iPSCs), differentiation protocols for turning
PSCs into functional somatic cells are required. There
has recently been increasing demand for PSC-derived
cardiac cells for studies on cardiovascular disease
and toxicology of drug metabolites. Specific surface
markers that allow monitoring of cell subsets would
be valuable in establishing the conditions under which
PSCs differentiate into cardiac progenitor cells (CPCs)
and cardiomyocytes (CMCs). To overcome current
limitations and develop broadly applicable strategies
for the enrichment of PSCs-derived cardiac cells,
we conducted a microarray screen to identify cell-
surface markers specific to CPCs and then focused
on functional molecules such as G protein-coupled
receptors (GPCRs). We found a new cardiac-specific
cell surface marker, latrophilin 2 (LPHN2, ADGRL2),
expressed specifically by CPCs and CMCs during mouse
and human PSCs differentiation in vitro and exclusively
in the heart during mouse embryonic development.
LPHN2 knockout in mice was embryonically lethal owing
to severe heart, but not vascular, defects. There was no
difference of ectoderm (neuron) and endoderm (liver)
development between wild-type and LPHN2 knockout
embryos. LPHN2 knockout embryos exhibited a marked
reduction in expression of transcription factors that
are regulators of heart development, including Gata4,
Nkx2.5, Tbx5, Tbx1, Isll, Fgf8, and Mef2c, and a cardiac
structural gene, cTnT. We also investigated the in vivo
differentiation potential and therapeutic efficacy of
PSC-derived LPHN2+ CPCs. LPHN2+ cells differentiated
into CMCs and regenerated the myocardium when
transplanted into the infarcted heart, unlike LPHN2-
cells. Transplanted LPHN2+ cells improved left-ventricle
systolic function, and reduced infarct size and fibrosis.
Molecular pathway analysis using a phospho-antibody
array showed that CDK5 was a key downstream
molecule of LPHN2 that interacted in parallel with Src
and induced P38MAPK phosphorylation, subsequently
activating cardiac-related gene transcription.
These findings provide a valuable tool for isolating
cardiomyogenic progenitors and CMCs from PSCs and
shed light on heart development and regeneration.

Funding Source: This study was supported by KHIDI
(HN4C1277) sponsored by the Ministry of Health &



Welfare and the Bio & Medical Technology Development
Program of the National Research Foundation by Korean
government (NRF-2015M3A9B4051041).

W-1033

HIGH GLUCOSE CAUSES HUMAN CARDIAC
PROGENITOR CELL DYSFUNCTION BY
PROMOTING MITOCHONDRIAL FISSION: ROLE
OF A GLUT1 BLOCKER

Park, Ji Hye
Pusa National University School of Medicine, Yangsan/
Beomeo-ri, Mulgeum-eup, Korea

Cardiovascular disease is the most common cause
of death in diabetic patients. Hyperglycemia is the
primary characteristic of diabetes and is associated
with many complications. The role of hyperglycemia
in the dysfunction of human cardiac progenitor cells
that can regenerate damaged cardiac tissue has been
investigated, but the exact mechanism underlying this
association is not clear. Thus, we examined whether
hyperglycemia could regulate mitochondrial dynamics
and lead to cardiac progenitor cell dysfunction, and
whether blocking glucose uptake could rescue this
dysfunction. High glucose in cardiac progenitor
cells results in reduced cell viability and decreased
expression of cell cycle-related molecules, including
CDK2 and cyclin E. A tube formation assay revealed that
hyperglycemia led to a significant decrease in the tube-
forming ability of cardiac progenitor cells. Fluorescent
labeling of cardiac progenitor cell mitochondria
revealed that hyperglycemia alters mitochondrial
dynamics and increases expression of fission-related
proteins, including Fis1 and Drpl. Moreover, we showed
that specific blockage of GLUT1 improved cell viability,
tube formation, and regulation of mitochondrial
dynamics in cardiac progenitor cells. To our knowledge,
this study is the first to demonstrate that high glucose
leads to cardiac progenitor cell dysfunction through
an increase in mitochondrial fission, and that a GLUTI
blocker can rescue cardiac progenitor cell dysfunction
and downregulation of mitochondrial fission. Combined
therapy with cardiac progenitor cellsanda GLUT1blocker
may provide a novel strategy for cardiac progenitor cell
therapy in cardiovascular disease patients with diabetes.

Funding Source: This work was supported by a
grant from the National Research Foundation (NRF-
2015M3A9B4066493,NRF-2014R1-A2ATA11052311),
Korean Health Technology R&D project, Ministry of
Health and Welfare (HI14C1863), Brain Korea 21 program.

W-1035

VISUAL INTEGRATION OF MULTIPLE OMICS
DATA FROM HUMAN PLURIPOTENT STEM
CELL-DERIVED CARDIOMYOCYTES

Sartipy, Peter', Holmgren, Gustav', Synnergren, Jane',
Andersson, Christian? and Lindahl, Anders?®
'University of Skévde, Sweden, ?Takara Bio,
Gothenburg, Sweden, *University of Gothenburg,
Sweden

The development of biomolecular techniques such as
microarrays, next-generation sequencing, and mass
spectrometry has revolutionized biomedical research.
The advances of these technologies have dramatically
increased the amount of large scale omics data that
can be generated. Although this is overall beneficial,
it has created challenges related to the analysis and
modelling of the large and complex data sets. To
aid the understanding of the interactions of various
molecules in these systems, there is a great need
to use methods that can integrate omics data from
different domains. In this study we have used the
analysis tool INnCroMAP (Integrated analysis of Cross-
platform MicroArray and Pathway data) to visualize
multiple omics data, in order to further the mechanistic
understanding of doxorubicin-induced cardiotoxicity.
Multiple omics datasets were generated from human
pluripotent stem cell-derived cardiomyocytes exposed
to doxorubicin for up to 48h, followed by a 12 days
wash-out period. Cells were harvested at selected
time points, and mMRNA, microRNA, and protein were
isolated. Subsequent analysis of the expression revealed
approximately 7500 mRNA, 390 microRNA, and 199
proteins that show differential expression between
treatment and control in at least on time point. Over-
representation analysis of the differentially expressed
markers revealed several interesting signaling pathways
(from the KEGG database), such as cardiac muscle
contraction, hypertrophic cardiomyopathy, and dilated
cardiomyopathy. Visual integration of the multiple
omics data for these pathways identified a clear effect
on core cardiomyocyte functions upon and after the
doxorubicin exposure. Several interesting patterns
that showed a correlation between mRNA and protein
expression, were identified. For example, there was a
clear downregulation of mMRNAs and proteins connected
to the myofibrils during the acute doxorubicin exposure,
followed by an upregulation during the recovery
period. The present study demonstrates the utility of
integrated analysis of multiple omics data for increasing
the molecular insights into the cellular responses to
doxorubicin. In addition, the study also shows the
usefulness of human pluripotent stem cell derivatives as
in vitro models for mechanistic studies of drug-induced
toxicity.
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ENDOTHELIAL CELLS AND
HEMANGIOBLASTS

W-1037

DIRECTING ARTERIAL-VENOUS IDENTITY
OF HUMAN INDUCED PLURIPOTENT STEM
CELL-DERIVED ENDOTHELIAL CELLS USING
SOLUBLE AND ADHESIVE LIGANDS WITH
FLUID FLOW-INDUCED SHEAR STRESS

Soos, Agnes, Fitzsimmons, Ross, Santerre, J. Paul and
Simmons, Craig
Unversity of Toronto, ON, Canada,

Human induced pluripotent stem cell-derived
endothelial cells (iPSC-EC) hold great promise as a
source of endothelial cells (EC) for scientific inquiry,
drug testing, and clinical use in engineered tissues. A
critical step towards their use is to determine effective
methods to specify iPSC-EC into arterial or venous (AV)
EC subtypes. To that end, we evaluated the effects of
soluble and adhesive ligands and fluid flow-induced shear
stress (all of which play a role in AV specification during
embryonic development) on AV specification of iPSC-
EC in vitro. Human iPSC-EC (iCell-EC, Cellular Dynamics
International) were treated with combinations of soluble
factors (VEGF-A, 8-bromo-cAMP) and maintained on
protein coated surfaces (fibronectin, recombinant Dll4).
Of these combinations, fibronectin with both VEGF-A
and 8-bromo-cAMP was found to be most favorable
for arterial specification, as demonstrated by the
fold-increases in arterial-associated gene expression
(Heyl: 4.89%1.28; Hesl: 1.45+0.13; DIl4: 3.91x0.56; all
p < 0.05), and suppression of a key venous marker
(Coup-TFIl: 0.62+0.08, p < 0.05) relative to untreated
controls. However, when iPSC-EC cultured under these
conditions were additionally subjected to 15 dyn/cm2
steady shear stress for 48 hours, venous specification
was favoured with a 3.2-fold (£0.38, p < 0.001) increase
in Coup-TFIl expression and downregulation of select
arterial genes (EfnB2: 0.16£0.02; Heyl: 0.32+0.071; Hey2:
0.23+£0.01; Dll4: 0.22+0.03; p < 0.001 for all) relative to
static controls. Currently, we are examining the effect
of pulsatile versus steady shear, in conjunction with
the above treatment scheme, to direct differentiation
towards AV phenotypes in order to broaden the
potential applications of iPSC-EC for tissue engineering.
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IN VITRO MODELING OF BLOOD-BRAIN
BARRIER WITH HUMAN IPS CELL-DERIVED
ENDOTHELIAL CELLS, PERICYTES, NEURONS,
AND ASTROCYTES VIA NOTCH SIGNALING
FOR ANALYZING DRUG KINETICS

Yamamizu, Kohei, Iwasaki, Mio, Miyoshi, Mami, Kondo,
Takayuki, Nakagawa, Masato, Inoue, Haruhisa and
Yamashita, Jun

Center for iPS Cell Research and Application (CiRA),
Kyoto University, Kyoto, Japan

The blood-brain barrier (BBB) is composed of four cell
populations, brain endothelial cells (BECs), pericytes,
neurons, and astrocytes. Its role is to precisely regulate
the microenvironment of the brain through selective
substance crossing. Because of drug efflux by the BBB,
the delivery of therapeutic drugs into the brain to treat
CNS diseases has been a major challenge. The BBB is
also associated with brain disease, as its impairment
correlates with neurodegenerative diseases. These
reasons have spurred researchers to establish a BBB
model for analyzing the dysfunction of neurovascular
units and drug permeability in vitro. Here we generated
an in vitro model of the BBB by differentiating human
induced pluripotent stem cells (hiPSCs) into all four
populations. When the hiPSC-derived four populations
were co-cultured, ECs were endowed with features
consistent of BECs, including a high expression of
nutrient transporters (CAT3, MFSD2A) and efflux
transporters (ABCA1, BCRP, PGP, MRP5), and strong
barrier function based on tight junctions. Neuron-
derived DII1, which activates Notch signaling in ECs,
was essential for the BEC specification. We performed
in vitro BBB permeability tests and assessed 10 clinical
drugs by nanoL.C-MS/MS, finding good correlation with
the BBB permeability reported in previous cases. This
technology should be useful for research on human BBB
physiology, pathology, and drug development.

Funding Source: Ministry of Education, Science, Sports
and Culture of Japan, Japan Agency for Medical
Research and Development (AMED), Takeda Research
Foundation, iPS Cell Research Fund



HEMATOPOIESIS/IMMUNOLOGY

W-1041

CD26/DPPIV, ITS SURFACE EXPRESSION
AND ASSOCIATED ENZYMATIC ACTIVITY,
ACTS AS A NOVEL FUNCTIONAL BIOMARKER
OF HUMAN FETAL LVER-DERIVED
MESENCHYMAL STEM CELL

Hu, Xiao', Duan, Yongjuan?, Xu, Jiancheng? Lv,
jungiang?, Zhao, Huijuan?, Liu, Lanting? Xiong,
Dongshen? and Zhang, Xiaobing?®

'Institute of Hematology, The Chinese Academy

of Mediical Sciences, Tianjin, China, ?Institute of
Hematology, Tianjin, China, 3Loma Linda University,
Loma Linda, CA USA

The ontogeny of haemopoiesis during fetal life depend
upon a fully competent microenvironment to provide
appropriate signals. Mesenchymal stem cells (MSC),
is a major cellular component of hematopoietic
microenvironment and initially identified in adult bone
marrow, have also been described in fetal haemopoietic
tissues where they accompany the migration of
haemopoietic development. Fetal liver is a major
hematopoietic site during ontogeny, yet the fetal
liver MSCs are poorly characterized and fewer study
addressed the role of CD26/DPPIV in those cells. In the
present study, we have characterized the expression
and function of CD26/DPPIV in MSCs derived from
human fetal liver. MSCs were isolated from second
trimester fetal livers (n=8, 11-21weeks), FACS analysis
indicated that CD26 expression is highly variable among
cell lines ( from 8% ~78%). CD26- MSCs are enriched
with nestin+ cells, with higher CFU forming ability (10
fold) and osteogenic and adipogentic differentiation
ability, while CD26+ MSCs are lack of nesting expression,
lower CFU forming ability and lack of osteogenic
differentiation. When inhibit the DPPIV activity with
Diprotin A or knockdown the CD26 expression through
CD26-shRNA, the CD26+MSCs partially recover the
lost colony formation and osteogenic differentiation
function. Thus, we propose that CD26/DPP IV is a novel
functional biomarker for fetal liver-derived MSC and
further mechanistic study is under going and we would
like to update thoseresults at the meeting.

Funding Source: National Basic Research Program
of China (973 Program); National High Technology
Research and Development Program(”"863"Program) of
China
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HUMAN IPSC-DERIVED RENAL CELLS: A
FRIEND OR FOE OF THE IMMUNE SYSTEM?

Rossbach, Bella', Reinke, Petra? and Kurtz, Andreas?
'Berlin-Brandenburg Center for Regenerative Therapies
(BCRYT), Charité-Universitaetsmedizin Berlin, Germany,
2Department of Nephrology and Intensive Care,
Charité-Universitaetsmedizin, Berlin, Germany, 3Berlin
Brandenburg Center of Regenerative Therapies (BCRT),
Charité-Universitaetsmedizin, Berlin, Germany

In an era where personalized medicine is taking front
stage, immunological effects of stem cell based
therapies is gaining high relevance. The promise of
autologous induced pluripotent stem cells (iPSCs)
being hassle-free in terms of transplant acceptance
has been shattered by recent research where scientists
have identified new hurdles in the behaviour of iPSC
lines and their progeny. The reprogramming procedure,
expression of abnormal antigens and the differentiated
cell type can impact the immunological outcome
of iPSC-based therapies. The aim of the following
study was to analyze the immunogenicity of human
iPSC-derived renal cells in autologous and allogeneic
recipients in vitro. Human primary urinary cells from
healthy donors were used to generate iPSC lines, which
were subsequently differentiated into renal progenitors
(intermediate mesoderm) and further into proximal
tubular cells. Analysis of the immune-phenotype of
the differentiated renal cells revealed low expression
of HLA class | molecules and absence of HLA class Il
under homeostatic conditions. However, HLA class |
expressionintensity isincreased under pro-inflammatory
conditions. HLA class Il expression is only detectable
on long-term cultivated iPSC-derived proximal tubular
cells after interferon gamma stimulation. Co-culture
experiments of iPSC-derived renal cells with allogeneic
and autologous peripheral blood mononuclear cells
(PBMCs), respectively, demonstrated no induction of T
cell proliferation in both settings. However, allogeneic
human iPSC-derived renal progenitor and proximal
tubular cells elicit T cell activation and pro-inflammatory
cytokine secretion, while autologous differentiated
renal cells appear to be non-immunogenic. An increased
number of regulatory T cells (Tregs) were detected
after co-culturing PBMCs together with renal progenitor
cells which could explain the limited immunogenicity.
In order to identify and understand which pathways
regulate the diminished immune response against
allogeneic iPSC-derived proximal tubular cells, global
gene expression profiles will be used. This study poses
important implications in enabling a safe transplantation
of autologous and maybe even allogeneic human iPS-
derived cells for renal cell-replacement therapies in
regenerative medicine.
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W-1045

PULSE-PRESSURE MEDIATED
CIRCUMFERENTIAL STRETCH STIMULATES
HEMATOPOIETIC STEM CELL FORMATION

Shah, Dhvanit Indravadan’, Kanninen, Liisa? Patch,
Taylor3, Trivedi, Vikas*, Hagedorn, Elliott®, Lundin,
Vanessa®, Arora, Natasha®, Musso, Gabriel3, Cillis,
Jennifer?, Anderson, Heidi3, MacRae, Calum’, Zon,
Leonard®, Gharib, Morteza* and Daley, George®
'Brigham and Women’s Hospital, Harvard Medlical
School, Boston, MA, USA, ?Brigham and Women's
Hospital, Harvard Medical School, Harvard Stem Cell
Institute, Boston, MA, USA 3Brigham and Women's
Hospital, Boston, MA, USA, “California Institute of
Technology, Pasadena, CA, USA, *Boston Children’s
Hospital, Boston, MA, USA, éBoston Children’s Hospital,
Harvard Medical School, Boston, MA, USA

During fetal development, heartbeat precedes blood
circulation and definitive hematopoietic stem cell (HSC)
formation in the aorta-gonad-mesonephros (AGM)
region. However, how the function and growth of heart
and blood vessels are linked to the development of
blood is largely unknown. Blood flow-mediated shear
stress on the endothelial lining of the AGM stimulates the
endothelial emergence of HSCs. A zebrafish mutant for
cadherin 5 (malbec), which has normal blood formation
despite an early circulation arrest, enabled us to analyze
the timing and intertwined roles of heartbeat in blood
formation. Here we show that heartbeat and stretching
of the blood vessel stimulate the HSC formation. We
used three-dimensional (3D) digital Doppler ultrasound,
microangiography, and time-lapse confocal microscopy
to demonstrate that a beating heart, in cdh5-silenced
zebrafish embryos, produces pulsation in blood
vessels despite the lack of cardiac output and active
blood circulation. Our time-lapse confocal imaging
of cd4l.eGFP+ HSCs emerging from flkl:mCherry+
endothelium from the cdh5-silenced embryos, followed
by machine learning analysis of pulsating blood vessels,
further establishing that pulse-pressure on the arterial
endothelial lining of AGM regulates the endothelial
emergence of HSCs. To understand the relationship
between pulse pressure, biomechanical stretching of
endothelial lining, and HSC formation, we recreated
pulsatingbloodvessel-like conditionsinadishbyapplying
cyclic strain on mouse E11.5 AGM-derived hemogenic
endothelial cells. Cyclic strain-mediated Trpv4 activation
in hemogenic endothelial cells both stimulated HSC
development and rescued hematopoiesis in the silent
heart (tnnt2)-silenced embryos, which lacked blood
flow and heartbeat. Therefore, heartbeat-mediated
biomechanical stretching of hemogenic endothelial
cells in the AGM stimulates trpv4 channels during the
endothelial-to-HSC transition. Our findings advance our
fundamental understanding of the developmental cues
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and 3D microenvironmental mechanisms regulating HSC
formation. Our model could advance the development

of methods to utilize hemogenic endothelial cells
as a potential source of bone marrow independent
functional HSCs in the treatment of patients requiring
HSC transplants.

Funding Source: National Institute of Health, Howard
Hughes Medical Institute, American Society of
Hematology, St. Baldrick’'s Foundation

W-1047

IMPACT OF AGING ON LONG-TERM
HEMATOPOIESIS IN TRANSPLANTED RHESUS
MACAQUES AS INTERROGATED BY GENETIC
BARCODE CLONAL TRACKING

Yu, Kyung-Rok', Espinoza, Diego', Wu, Chuanfend’,
Yabe, Idalia', Panch, Sandhya', Hong, So Gun', Koelle,
Samson', Lu, Rong?, Bonifacino, Aylin', Krouse, Alan',
Metzger, Mark!, Donahue, Robert' and Dunbar, Cynthia’
'NHLBI, NIH, Bethesda, MD, USA, ?University of
Southern California, Los Angeles, CA, USA

Aging of the human hematopoietic system is associated
with a number of changes in HSPC function, resulting
in  increased transplant-related morbidity and
mortality, impaired immunity, and an increased risk of
malignant transformation. As an increasing number of
older patients are receiving hematopoietic stem and
progenitor cells (HSPC) transplantation, the behavior
of aged versus young HSPC at a clonal level should
help provide insights into the properties associated
with aging. We utilized an autologous rhesus macaque
HSPC transplantation model in each young (3-5 years)
versus aged (18 and 25 years) macaques to investigate
clinically-relevant aspects of hematopoietic aging at
a clonal level via our previously-described lentiviral
genetic barcoding approach (Wu et al Cell Stem Cell
2014; Kolle et al Blood 2017). There were marked
differences in the patterns of reconstitution and clonal
lineage relationships comparing thousands of individual
engrafting HSPC in young versus aged animals.
Multilineage clones contributing to granulocytes (Gr),
monocytes (Mo), B cells and T cells first appeared at
or after 6.5months post-transplant in aged macaque,
compared to emergence of multilineage clones by
3-4.5m in young animals. Long-term myelopoiesis (up
to 24m) in both young and aged macaques was clonally
stable and there were no striking differences in overall
clone numbers. However aged macaques showed
persistenet unilineage or highly-biased lymphopoiesis;
clones contributing to Gr/Mo versus B or T lineages
remained almost completely distinct or markedly biased
for up to 10m in the aged macaques. In the T lineage
of aged macaques, we saw two distinct clonal waves
contributing, the first from T-restricted naive T cells,
and the second from multipotent clones, respectively. In



aged macaques, CD4+ naive T cells showed high GFP%,
low H2AX+, and delayed reappearance, whereas CD4+
effector memory T cells showed rapid and abundant
recovery with low GFP% and high H2AX+, suggesting
the majority of CD4+ effector memory T recovery
originated from endogenous T cells. Clonal tracking
studies in aged rhesus macaques should improve our
understanding of disorders of hematopoiesis in the
elderly, and help improve transplantation and other
therapies in this vulnerable patient population.

Funding Source: This research was supported by
Korean Visiting Scientist Training Award (KVSTA) and
the Intramural Research Program of the NIH, NHLBI,
Hematology Branch.

W-1049

LONG NONCODING RNA FUNCTIONS DURING
HSC DIFFERENTIATION AND MOUSE ACUTE
MYELOID LEUKEMIA

Delas, M Joaquina', Sabin, Leah', Dolzhenko, Egor?,
Knott, Simon', Wild, Sophia3, Kovacevic, Tatjana3,
Munera Maravilla, Ester?, Jackson, Benjamin3, Zhou,
Meng?*, Erard, Nicolas?, Lee, Emily', Kelley, David®, Rinn,
John®, Smith, Andrew* and Hannon, Gregory3

'Cold Spring Harbor Laboratory, Cold Spring Harbor,
NY, USA, °Molecular and Computational Biology,
University of Southern California, Los Angeles, USA,
3Cancer Research UK Cambridge Institute, Cambridge,
UK, “Molecular and Computational Biology, University
of Southern California, Los Angeles, CA, USA,
*Department of Stem Cell and Regenerative Biology,
Harvard University, Cambridge, MA, USA

We understand in great detail how cell fate choices
are regulated in hematopoietic stem cells (HSCs) by
key transcription factors and other master regulators.
Yet, a substantial fraction of the non-coding genome
is transcribed in a cell type-specific manner, producing
long non-coding RNAs (IncRNA). These molecules
have the potential to play key regulatory roles in
hematopoiesis but their functions have remained
largely unexplored. We have built all the necessary tools
- meticulous transcriptome analysis of annotated and
de novo assembled IncRNAs as well as RNAI tools - to
functionally interrogate the roles of IncRNAs during
normal differentiation and malignant transformation
in mouse hematopoiesis. We first assessed IncRNA
function via an in vivo RNAI screen in a model of murine
acute myeloid leukemia. This identified several IncRNAs
essential for leukemia maintenance, and found that a
number act by promoting leukemia stem cell signatures.
Leukemia blasts show a myeloid differentiation
phenotype when these IncRNAs are depleted, and our
data indicate that this effect is mediated via effects on
the c-MYC oncogene. We have also used this resource
to identify IncRNAs differentially regulated during the

first cell fate decisions of HSCs. Of these, we specifically
focused on mouse IncRNAs that had an annotated
human IncRNA in the corresponding syntenic region,
which was also similarly expressed in human cord blood
progenitors. Our loss-of-function studies using mouse
bone marrow transplantations have identified several
of these “conserved INcRNASs” as potential regulators of
lineage choice and HSC self-renewal. Overall, this study
highlights the importance of IncRNAs as regulators of
cell fate and provides key tools for further identification
and characterization of IncRNA functions.

W-1051

TOWARDS CLINICAL TRANSLATION OF SAFE
AND EFFECTIVE HEMATOPOIETIC STEM CELL
GENE EDITING FOR THE CORRECTION OF
SCID-X1

Schiroli, Giulia', Ferrari, Samuele’, Conway, Anthony?,
Capo, Valentina!, Jacob, Aurelien’, Albano, Luisa',

Plati, Tiziana!, Castiello, Maria', Sanvito, Francesca,
Bovolenta, Chiara®, Holmes, Michael?, Villa, Annal, Sitia,
Giovanni4, Lombardo, Angelo’!, Genovese, Pietro' and
Naldini, Luigi’

ISR-TIGET, Milan, Italy, 2.Sangamo Therapeutics,
Richmond, CA, USA, 3MolMed spa, Milan, Italy, ‘San
Raffaele Scientific Institute, Milan, Italy

The scope of genetic engineering of hematopoietic
stem/progenitor cells (HSPC) has broadened from gene
replacement to genome editing using artificial nucleases,
enabling precise modification of endogenous genes. We
exploited this strategy on HSPC to insert a functional
cDNA into IL2RG gene, whose mutations cause SCID-XI,
thus restoring its function and physiologic expression
while avoiding the risk of insertional mutagenesis. To
support the rationale and explore the safety of gene
correction we developed a mouse model carrying
a mutated IL2RG gene in place of lI2rg. To evaluate
efficacy and safety of hematopoietic reconstitution
from a limited number of corrected HSPC we performed
competitive transplant with WT and IL2RG-/- HSPC
and found that 10% of WT cells fully reconstitute the
lymphoid compartments and that administration of a
conditioning regimen before HSPC infusion is required
to protect from the risk of lymphoma development
from the transplanted progenitors. To validate the gene
correction strategy in the disease model we developed
a gene editing protocol based on CRISPR/Cas9 on
murine IL2RG-/- HSPC. Upon transplant, the gene
corrected cells were able to generate functional Band T
lymphoid lineages, showing a clear selective advantage
over uncorrected cells. The corrected cells persisted
long-term in the mice and generated a functional T
cell response upon in vivo challenge with a pathogen,
indicating that IL2RG edited cells are able to partially
correct the disease phenotype. Furthermore, by
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optimizing the gene editing protocol for human HSPC
we could attain the threshold of IL2RG editing required
for safe and effective disease rescue. By combining
donor DNA delivery by AAV6 and advanced generation
ZFNs we measured ~35% HDR in the bulk treated
CD34+ cells and ~13% HDR upon transplant in NSG
mice. Deep sequencing performed on treated CD34+
proved the high specificity of our optimized ZFNs, with
no significant modification at any of the off-target sites
identified by GUIDE-Seq for earlier generation ZFNs.
Finally, to establish a clinical ready protocol, we scaled
up the process, treating up to 25 million cells with highly
qualified reagents. These studies established safety and
robustness of HSPC gene editing for SCID-X1 and will be
instrumental for the design of the protocol for its first
clinical testing.

W-1053

P53 STABILIZATION CAUSED BY
PROGRESSIVE TELOMERE SHORTENING
SPECIFICALLY IMPAIRS DEFINITIVE
HEMATOPOIETIC DEVELOPMENT IN
DYSKERATOSIS CONGENITA

Fok, Wilson C., Niero, Evandro, Dege, Carissa, Brenner,
Kirsten, Sturgeon, Christopher and Batista, Luis
Department of Medicine, Washington University in
Saint Louis, MO, USA

Dyskeratosis congenita (DC) is a bone marrow failure
syndrome where patients have telomeres below the
first percentile in length when compared to the rest
of the population. Patients with DC come to clinical
attention during childhood and have a wide range of
clinical manifestations, with bone marrow failure being
the major cause of death. However, the progression
and molecular determinants of hematopoietic failure
in DC remain poorly understood, as mouse models do
not fully recapitulate the human disease. In addition,
patient samples are rare and cannot address the effect
of telomere deficiency on the genesis of tissue failure
that occurs during hematopoietic development. Here,
we use the directed differentiation of human embryonic
stem cells (hESCs) to understand the consequences of
DC-associated mutations on the primitive and definitive
hematopoietic programs. To achieve that, we created
isogenic (CRISPR/Cas9-engineered) hESCs carrying
disease-associated mutations in the telomerase
components TERT (TERT_P704S) and DKC1 (DKCI1_
A353V), and also in the shelterin component TINF2
(TIN2_K280X). These telomerase mutant hESCs
have reduced telomerase activity and progressive
telomere shortening in culture. Interestingly, telomere
shortening causes a significant expansion of primitive
hematopoietic progenitors. However, while definitive
hemogenic endothelium is specified, the endothelial-
to-hematopoietic transition and definitive erythro-
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myeloid potential are significantly ablated in DC cells
with short telomeres. These observations indicate that
the effects of telomere shortening on hematopoiesis
are not pan-hematopoietic, but instead are specific to
definitive hematopoiesis. We show that the failure to
specify definitive hematopoietic progenitors is caused
by the accrual of DNA damage and is mediated by p53.
Genetic deletion of p53 in DC cells with short telomeres
restores definitive hematopoietic specification. Likewise,
telomerase reactivation in DC-mutant cells efficiently
restored definitive hematopoiesis specification to
normal levels. Our findings elucidate a novel role of
DNA damage-induced p53 signaling in hematopoietic
development and demonstrate the value of in vitro
hematopoietic differentiation assays to study the
pathogenesis of bone marrow failure in DC patients.

W-1055

AUTOMATED IN-LINE PRE-ENRICHMENT
DEVICE WITH FACS FOR HIGHLY EFFICIENT
ISOLATION OF HEMATOPOIETIC STEM CELLS

Sa, Silin, Mathur, Anurag, Bornheimer, Scott and Yu,
Liping

BD Life Sciences, San Jose, CA, USA

Hematopoietic stem cells (HSCs) are progenitor cells
that give rise to myeoloid and lymphoid blood cells.
Harvest and transplantation of HSCs has become an
established treatment for several blood disorders,
malignancies, immunological diseases and genetic
abnormalities. HSCs are rare and mainly found in bone
marrow (~1in10,000), with exceptionally low frequencies
(-1 in 100,000) in peripheral blood. Therefore, highly
efficient HSC enrichment is required for harvest of
progenitor cells and to enable downstream gene and
cell therapy applications. HSCs are commonly isolated
by immunomagnetic separation, but this collection
procedure can be time-consuming and result in
inadequate cell purity or yield. We have developed anin-
line pre-enrichment device with FACS to remove debris
and non-target cells, while minimizing cell loss and cell
damage, eliminating centrifugation, automating sample
preparation, and ensuring high purity characteristic of
FACS, in a one-step workflow. For HSC isolation, the
sample pre-enrichment device combines magnetic
depletion of human lineage cells and acoustic removal
of debris based on size, sending enriched HSCs directly
to a FACS sorter for collection without further sample
manipulation. Our results showed that 6.25% HSCs
(CD34+CD38-) of total events were presented to FACS
when acoustics was used to remove cellular debris in a
bone marrow sample, compared to 0.26% when using
FACS sorting only, >24 fold enrichment. Furthermore,
when magnetic depletion of hematopoietic lineage cells
was combined with acoustic debris removal, >90% of
lineage cells were depleted and >90% of debris was



removed. Peripheral blood mononuclear cells (PBMC)
could then be pre-enriched and run through FACS to
sort CD34+ HSCs at a flow rate of about 12 mL/hour, an
improvement in sorting speed of > 3 fold compared to
using FACS sorting only, with FACS sorting efficiency
of 97% to ensure the high recovery of HSCs. Similar
results are obtained for apheresis samples, and HSC
cell viability is preserved. Thus in-line pre-enrichment
combined with FACS has demonstrated a single
workflow for automated, high speed, high efficiency,
and high purity isolation of viable HSCs from peripheral
blood and apheresis products.

W-1057

HAEMATOPOIETIC PROGENITORS IN THE
HUMAN YOLK SAC AND AGM REGION

Easterbrook, Jennifer, Rybtsov, Stanislav, lvanovs,
Andrejs, Gordon-keylock, Sabrina, Crosse, Edie,
Anderson, Richard and Medvinsky, Alexander
University of Edinburgh, UK

The yolk sac is well-recognized as the initial site
of haematopoiesis during both mouse & human
development while the first haematopoietic stem cells
emerge later in the aorta-gonad-mesonephros (AGM)
region. However, the ongoing contribution of the
human yolk sac to haematopoiesis during development
remains less clear. Numbers of erythroid & non-erythroid
colonies in the human yolk sac and embryo proper have
previously been reported. Here we describe numbers of
erythroid, mixed and myeloid colonies in the yolk sac and
AGM region using the more precise Carnegie Staging
system for human development. The yolk sac and
AGM regions were dissected from Carnegie Stage 12-17
human embryos, obtained following medical termination
of pregnancy. The methylcellulose assay was used to
assess haematopoietic progenitor cells (HPCs) before &
after culture. Colony forming units in culture (CFU-Cs)
were counted after 10—14 days. Tissues were cultured
as co-aggregates with OP9 cells and explants, both at
the air-liquid interface on floating membranes, adapted
from a published murine culture system developed by
our group. Inthe yolk sac, total colony numbers remained
relatively constant throughout Carnegie Stages 12-17
while numbers gradually increased in the AGM region.
After 7 days in co-aggregate culture with OP9 cells, the
expansion of HPCs was greater in the AGM than the
yolk sac. Furthermore, myeloid colonies from the AGM
region were consistently larger than those from the
yolk sac at corresponding Carnegie stages. In this study
we report for the first time human yolk sac and AGM
HPC numbers according to their Carnegie Stage and
highlight important differences between these two sites
of haematopoiesis during human development.

W-1059

GENERATION OF HUMAN MYELOID
DENDRITIC CELLS (MDCS) FROM INDUCED
PLURIPOTENT STEM CELLS FOR THE
EVALUATION OF THEIR BEHAVIOR IN
AUTOIMMUNE DISEASE

Baker, Margaret', Park, Seonmi?, Yasuda, Kei3,
Mostoslavsky, Gustavo? and Rifkin, lan3®

'Department of Medicine, Center for Regenerative
Medicine, Boston University, Boston, MA, USA, 2Boston
University, Boston, MA, USA, 3Medicine/Renal, Boston
University, Boston, USA

Myeloid dendritic cells (mDCs) are the major antigen-
presenting cell of the immune system, activating naive
T cells to initiate adaptive immunity; they play a critical
role in many immune responses, from infections to
cancer. mDC dysfunction, however, has been implicated
in autoimmune disease pathogenesis, particularly
systemic lupus erythematosus (SLE). Studies of both
primary mDCs from SLE patients as well as monocyte-
derived DCs from SLE patient peripheral blood
samples have provided conflicting results in terms of
the specific role mDCs play in the course of disease.
Several groups have reported a decreased overall
population of mMDCs in the blood of SLE patients with
a subsequent reduction in T cell proliferation ex vivo;
other groups have described an increase in T cell
proliferation and increase in proinflammatory cytokine
production by DCs due to aberrant Toll like receptor
signaling. Human mDCs are rare in peripheral blood,
comprising less than 0.1% of the cell population, thus
making study of them challenging. To overcome this
hurdle, we have developed a technique to generate
human mDCs from induced pluripotent stem (iPS) cells.
Following reprogramming, iPS cells were treated with
a cocktail of growth factors and cytokines to generate
definitive mesoderm and subsequently mDCs, utilizing
a feeder-free chemically defined media. Differentiated
cells expressed the mDC markers CDT1lc, CDl1c, CD141
and Zbtb46. The differentiated cells also produced a
cytokine profile characteristic of mDCs in response to a
panel of TLR agonists. This system will allow us to better
evaluate the behavior of mDCs in the context of SLE by
reprogramming patient-specific PBMCs. This protocol
will allow us to more definitively characterize mDC
dysfunction in SLE and, eventually, elucidate genetic
contributions underlying this dysfunction.
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THE LYSINE SPECIFIC DEMETHYLASE LSD1
REGULATES THE DIFFERENTIATION OF
HUMAN EMBRYONIC STEM CELLS TOWARDS
GLUCOSE SENSITIVE CELL TYPES

Adamo, Antonio’, Astro, Veronica? Fiacco, Elisabetta?,
Elangovan, Sudharsan?® and Alowaysi, Maryam?3

'BESE, King Abdullah University of Science and
Technology, Thuwal, Saudi Arabia, ?°BESE, King
Abdullah University of Science and Technology,
Thuwal-KAUST, Saudi Arabia, 3King Abdullah University
of Science and Technology, Thuwal-KAUST, Saudi
Arabia

The epidemic of glucose metabolism disorders such
as type two diabetes (T2DM) and insulin resistance
(IR) solicits the derivation of successful regenerative
medicine protocols based on the use of self-engineered
spare tissues. To this end, the study of the transcriptional
and epigenetic mechanisms regulating the physiology
of glucose responsive tissues and differentiated
intermediates in vitro is a key step towards the
derivation of functional cells to be used in a clinical
setting. Our team focuses on the study of the role of
the lysine specific demethylase LSD1 (also known as
KDM1A), a FAD-dependent histone demethylase whose
function is finely tuned during development and strictly
dependent on cellular metabolism. We found that LSD1
is progressively induced during differentiation of human
embryonic stem cells (hESs) towards glucose sensitive
cell types and that elevated LSD1 levels are essential
to sustain the differentiation of hESs into functional
hepatocytes. Notably, our preliminary data indicate
that, already at the pluripotent stage, LSD1 occupies
the promoter of key transcription factors driving the
differentiation into glucose sensitive cell types. Our
results suggest a priming role for LSD1 in regulating
glucose response during development.

W-1063

MODELING MODY3 WITH HUMAN
PLURIPOTENT STEM CELLS

Cardenas, Fabian Leonardo!, Kishore, Siddarth', French,
Deborah? and Gadue, Paul?

'University of Pennsylvania, Philadelphia, PA, USA, °The
Children’s Hospital of Philadelphia, PA, USA

Maturity onset diabetes of the young 3 (MODY3)
is the most common monogenic form of diabetes
and is caused by heterozygous mutations in HNFla.
Heterozygous HNFla mice have no detectable defect
in glucose homeostasis, suggesting the importance
of developing a human model. We used CRISPR-
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Cas9 to generate HNFla mutants (+/- and -/-) in
human embryonic stem cell lines and used an in vitro
differentiation system to study pancreatic beta cell
differentiation and subsequent function of the derivative
beta cells. Beta cell differentiation efficiency was similar
between genotypes. We purified mono-hormonal beta
cells by intracellular FACS of +/+, +/-, and -/- cells and
performed genome wide gene expression analysis. We
confirmed many of the genes found to be dysregulated
in the mouse model were also impacted in the human
system including HNF4a, PCSK1, and 6GCP2. In addition,
we found a large number of dysregulated genes that
were not found in animal models and may be targets
for the discrepancy in phenotypes between human and
mouse. These genes include the transcription factor
PAX4 and also ATP-sensitive potassium channels
(ABCCS8, KCNJ11), a potassium/sodium channel (HCNT1),
and the metallothionein family of genes amongst others.
We examined functionality of the mutant beta-like cells
and found that the HNFla null lines failed to increase
insulin secretion upon high glucose stimulation and
that both the +/- and -/- cells displayed an increase
in basal insulin secretion. This increase in basal insulin
secretion is interesting as it mimics the phenotype of
transient hyperinsulinism seen in a subset of MODY3
newborns. Loss of ABCC8 or KCNJ1l are known to
lead to hyperinsulinism and may be the mechanism
for the increased basal insulin secretion we see in our
system. Ongoing studies are aimed at re-expressing
targets of HNFla such as PAX4, ABCC8 and KCNJTI
and determining the impact on both gene expression
and functionality in the derivative beta cells. Single cell
RNA-seq of beta cells derived from the various mutant
lines has also been performed to examine the impact
of HNFla on beta cell heterogeneity. Our studies are
defining unique biology of HNFla in a human system
and may lead to both advancements in the treatment
of MODY3 patients but also uncover human specific
biology with the potential for treating more common
forms of diabetes.
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GLOBAL TRANSCRIPTOMIC ANALYSIS OF
HEPATIC DIFFERENTIATION OF HUMAN
PLURIPOTENT STEM CELLS AND ADULT
HUMAN LIVER TISSUE

Synnergren, Jane Marie.!, Ghosheh, Nidal?, KUppers-
Munther, Barbara3, Asplund, Annika3, Edsbagge,
Josefina3, Ulfenborg, Benjamin?, Andersson, Tommy*,
Bjorquist, Petter®, Andersson, Christians, Carén, Helena®,
Simonsson, Stina® and Sartipy, Peter?

"University of Skovde, Lidkoping, Sweden, 2University
of Skoevde, Sweden, STakara Bio Europe, Gothenburg,
Sweden, “AstraZeneca, Gothenburg, Sweden,
*NovaHep, Gothenburg, Sweden, *Gothenburg
University, Gothenburg, Sweden,

Hepatocytes derived from human pluripotent stem cells
(hPSC-HEP) have the potential to replace presently used
hepatocyte sources applied in liver disease treatment
and improve models for drug discovery. Established
hepatocyte differentiation protocols are effective
and generate hepatocytes, which recapitulate some
key features of their in vivo counterparts. However,
generating mature hPSC-HEP remains a challenge. In
this study, we performed transcriptome analysis at
several stages during hepatic differentiation of hPSCs
(i.e. definitive endoderm (DE), hepatoblasts, early
hPSC-HEP, and mature hPSC-HEP) and compared with
human liver tissue samples. We selected the top 2,000
differentially expressed genes in the dataset and applied
K-means clustering analysis to group these genes in 9
specific clusters representing typical developmental
stages of hepatic differentiation. As expected, some
differences in the transcription profiles between the
hPSC-HEPs and the liver tissue samples were observed.
Using functional annotation, pathway- and protein
interaction network analyses, we observed the grouping
of differentially expressed genes in specific clusters
representing typical developmental stages of hepatic
differentiation. In addition, we identified hub proteins
and modules that are involved in the cell cycle process
at early differentiation stages. We also identified hub
proteins, which differed in expression levels between
hPSC-HEP and the liver tissue controls. Moreover, a
module of genes was identified which were expressed
at higher levels in the liver tissue samples than in the
hPSC-HEP. Considering that hub proteins and modules
generally are essential and have important roles in the
protein- protein interactions, further investigation of
these genes and their regulators may contribute to a
better understanding of the differentiation process.
This may suggest novel target pathways and molecules
for improvement of hPSC-HEP functionality which is
required in order to bring this technology to a wider use.

W-1067

NOVEL PROGENITOR CELL POPULATIONS IN
THE DEVELOPING PANCREAS AS REVEALED
BY SINGLE CELL RNA SEQUENCING

Sneddon, Julie Beth., Byrnes, Lauren, Wong, Daniel,
Ye, Jimmie and Tward, Aaron
University of California, San Francisco, CA, USA,

The mammalian pancreas arises through a series
of coordinated events, including specification,
proliferation, differentiation, and maturation. While
developmental biology studies have contributed
considerably to our knowledge about the signaling
events and transcriptional networks that occur in the
pancreatic epithelium, our understanding about the
non-epithelial cells is comparatively lacking. Indeed, the
pancreatic epithelium does not develop in isolation, but
rather in the context of a cellular compartment termed
the niche, or mesenchyme. Although classical studies
demonstrated that mesenchymal niche cells are required
for pancreatic development, we still know little about
their cellular composition or molecular makeup. We
have utilized a high-throughput, droplet-based, single-
cell transcriptome sequencing technique to assemble
an atlas of the cellular components of the developing
murine pancreas at three timepoints throughout
embryonic development. Using clustering, principal
component analysis, and pseudotemporal ordering
analysis, we have identified novel cell populations,
including novel putative progenitor populations, in both
the epithelial and niche compartments. Furthermore, for
functional validation we have used an ex vivo pancreatic
explant system to perform cellular ablation experiments.
These functional studies have revealed that a novel
niche cell population is required for proper development
of the organ. In summary, these studies have revealed
heretofore unknown cellular heterogeneity and function
within both the epithelium and mesenchymal niche of
the developing pancreas. In addition to contributing to
our knowledge about the basic developmental biology
of this organ, these studies will also provide important
clues as to which niche cells and signaling components
should be recapitulated in vitro in directed differentiation
experiments aimed at generating truly bona fide beta
cells from human embryonic stem cells.
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W-1069

ASSESSING THE DIFFERENTIATION
POTENTIAL OF HUMAN PODOCYTES BY
MODIFYING KIDNEY PATIENT SPECIFIC IPS
CELLS IN NPHS2 LOCUS WITH CRISPR-CAS9
TECHNOLOGY

Lau, Ricky Wai Kiu', Wang, Bo?, Al-Rubaie, Ali?, Saini,
Sheetal? and Ricardo, Sharon?

'Monash University, Melbourne, VIC, Australia,
2Department of Anatomy and Development Biology,
Monash University, Melbourne, Victoria, Australia

Adult cell reprogramming to generate induced
pluripotentstemcells (iPSCs) providesanunprecedented
opportunity to elucidate disease mechanisms, and
promote the development of replacement therapy. We
have developed a differentiation protocol for functional
kidney podocytes derived from iPSC (iPSC-POD).
However, purification of iPSC-POD remains challenging.
Additionally, there are limited studies showing the
integration of iPSC-POD into kidney models in vivo. The
aim of the study was to generate a iPSC reporter line
targeted to the NPHS2 locus encoding the podocyte-
specific gene podocin tagged with enhanced green
fluorescent protein (eGFP+) using clustered regularly
interspaced short palindromic repeat (CRISPR)-
Cas9. These podocineGFP modified human iPSCs
(podocineGFP-iPSCs) will enable selective isolation of
iPSC-POD for cell transplantation in vivo. To generate
the podocineGFP-iPSCs, two plasmids: one containing
the eGFP gene (within two podocin homology arms)
and podocin-specific PX335 containing the pair of
sgRNAs were designed. Cas9 activity was tested by
Lipofectamine2000 using immortalised podocytes (IM)
as a positive control as comparison. podocineGFP-iPSC-
POD were generated by the addition of iPS podocyte
medium containing the additive differentiation
factors retinoic acid, BMP7 and activin. iPSC-PODs
were differentiated over 20 days of culture and the
expression of podocin+ cells (based on GFP expression)
was confirmed based on GFP expression in control
IM and iPSCs. Ten days after differentiation, iPSC-
PODs were injected into newborn kidneys to assess
integration efficiency. Using fluorescent microscopy,
cells were detected in renal cortex of postnatal day 3
newborn mouse kidneys injected intrarenally with D10
iPSC-POD. This provides proof-of-principle for iPSC-
POD integration in postnatal kidneys, ideal recipients
due to the ongoing developmental environment and
without the need for immunosuppression. This study
has generated the first podocin eGFP-iPS reporter cell
lines with initial findings confirming cell integration
in postnatal kidneys established. iPSC-PODs can
be potentially used as a valuable tool to develop a
cellular replacement therapy or a test bed to study the
mechanism of human glomerular disease.
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INVESTIGATING EPIGENETIC EFFECTS OF
2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN
(TCDD) ON HUMAN EMBRYONIC STEM CELLS
(HESCS) DIFFERENTIATION TO PANCREATIC
LINEAGE

Kubi, John Akrofi.’, Lee, Yin Lau', Chen, Chun Hand/,
Lai, Keng Po?, Fong, Sze Wan, Lee, Kai Fai', Wong,
Chris Kong Chu® and Yeung, Shu Biu William'
'Obstetrics and Gynaecology, The University of Hong
Kong, Hong Kong, °Department of Biology and
Chemistry, City University of Hong Kong, Hong Kong,
3Department of Biology, Hong Kong Baptist University,
Hong Kong

TCDD is an endocrine disrupting chemical postulated
to possess diabetogenic effects. Recent laboratory
and epidemiological studies have demonstrated the
association of persistent TCDD exposure to type 2
diabetes (T2D) susceptibility. However, data on the
epigenetic effect of low dose TCDD exposure on
organogenesis and T2D susceptibility risks is very
limited. We hypothesize that low dose TCDD exposure
during embryogenesis could epigenetically influence
pancreatic organogenesis leading to T2D susceptibility
later in life. hESCs treated with low doses of TCDD (10
and 100 pM) were subjected to reduced representation
bisulfite sequencing (RRBS) to assess global DNA
methylation changes. TCDD treatment resulted in nearly
2000 unique hypomethylated genes and over 2000
unique hypermethylatedgenes.Using DAVID analysis, we
identified hypermethylated genes related to T2D, insulin
signaling pathways and glucose regulation. Confirmation
of this results using bisulfite sequencing of TCDD
treated hESCs showed a significant hypermethylation
of the T2D associated gene, CAPNI10. Furthermore,
we compared our methylome data (hypomethylated
genes) with data of pancreatic islets from T2D patients,
and identified a number of differentially methylated
genes in common. Differentiation of TCDD treated
hESCs to pancreatic progenitors (PP) followed by gene
expression pattern analysis using reverse transcription
polymerase chain reaction (RT-PCR) showed a trend
of upregulation of NKX6-2 which corresponded with
its hypomethylation status in our methylome data. In
conclusion, low dose TCDD treatment of hESCs resulted
in @ number of differentially methylated genes related
to T2D pathogenesis and therefore understanding
the epigenetic effects of low dose TCDD exposure on
T2D risk genes will enhance T2D risk management and
minimization.



W-1073

INFUSED BONE MARROW DERIVED CELLS
WERE REPAIRD FIBROSIS AND HAD THE
FUNCTION OF PHAGOCYTOSIS TO DAMAGED
CELLS

Yamamoto, Naoki', Takami, Taro?, Matsumoto,
Toshihiko?, Fujisawa, Koichi3, Uchida, Koichi4, Terai,
Shuji®, Nishina, Hiroshi® and Sakaida, Isao?
'Gastroenterology & Hepatology /Health Administration
Center, Yamaguchi University Graduated School of
Medicine, Ube Yamaguchi, Japan, °Gastroenterology
& Hepatology, Yamaguchi University, Graduated
School of Medicine, Ube, Japan, *Center of Research
and Education for Regenerative Medicine, Yamaguchi
University, Graduated School of Medicine, Ube,
Japan, ‘Gastroenterology & Hepatology, Yamaguchi
Prefectural University, Ube, Japan, *Gastroenterology
& Hepatology, Niigata University, Graduated

School of Medical and Dental Sciences, Ube, Japan,
6Gastroenterology & Hepatology, Tokyo Medical and
Dental University, Ube, Japan

Recently, Autologous bone marrow cells were useful
for the repair therapy in liver cirrhosis and many kind
of diseases. We developed the GFP/CCl4 model which
monitor the GFP-positive bone marrow cell (BMC)
repopulated under liver cirrhosis mice (Hepatology). In
this study, we estimated characterization and function of
infused BMC in liver cirrhosis using Electron Microscopy
(EM) in recipient liver. C57BL/6 mice were injected with
CCl4 twice a week for 4 weeks to make the liver cirrhosis.
GFP-positive BMC were infused from tail vein and
sacrificed at 4 weeks after BMC infusion. The liver sample
was fixed using both paraformaldehyde+glutaraldehyde
and made epon section. We analyzed the
characterization of the infused GFP-postive BMC using
both EM and Immune EM (IEM). We analyzed the image
of IEM, comparing with the character of positive cells
by immunohistochemistry and double fluorescent
staining(Antibody:GFP,MMP9, hepatoblastmarker-
Liv2,Liv8-CD44,A-6,EpCAM,CXCR4,p62,transcription
regulator-maternal of inhibitor of differentiation -Maid).
We analyzed some kind of gene by Real-Time PCR(Gene:
p16,p21,062,Sirt1,6,AK4,HmMox,Ncam etc). We had two
kinds of GFP positive BMCs in recipient cirrhosis liver
using IEM method. One group of GFP positive BMCs
was similar to hepatocyte in size(15-30um) and located
around fiber. MMP9 positive cells, Liv8 positive cells,
Maid positive cells, CXCR4 positive cells were same.
These cells were round forms and different from stellate
cell or Kupffer cell in feature and had the increase of
lysosome structure in cytoplasm. These cells were
located on fiber in hepatic cord and repaired fibrosis.
The other group cells were small size (2-5um) and
located in destructive area and A6 positive cells, Liv2
positive cells, EpCAM positive cells were same. These

cells had high N/C ratio and smaller than hepatocyte.
These cells migrated into damaged cell area and had
the phagocytic capacity. These cells were few F4/80
positive cells and smaller than Kupffer cell in size. We
detected two kind of infused BMCs. The round BMCs
repaird liver fibrosis and the small BMCs worked the
phagocytized damaged hepatocyte and maintenance
of liver

EPITHELIAL TISSUES

W-1075

EPIGENETIC REGULATION OF INTESTINAL
STEM CELL DURING EXPERIMENTAL
NECROTIZING ENTEROCOLITIS

Li, Bo, Lee, Carol', Hock, Alison', Bonacchi, Raffaello’,
Minich, Adam', Koike, Yuhki', De Coppi, Paolo? Eaton,
Simon?, Zani, Augusto' and Pierro, Agostino'
'Hospital for Sick Children, Toronto, ON, Canada,
2University College London, London, UK

Necrotizing enterocolitis (NEC) is the most common
gastrointestinal emergency and a leading cause of
death in preterm infants. The intestinal epithelium is
characterized by rapid and constant renewal, which
occurs under normal homeostasis and after injury.
In NEC, gut damage is associated with impairment
of native Lgr5+ intestinal epithelial stem cells (IESC).
Enhancer of Zeste Homolog-2 (Ezh2) is a member of the
Polycomb Repressive Complex, which transcriptionally
represses gene expression via histone methylation and
deacetylation. It has been shown that Ezh2 histone
methyltransferase is important in the regulation of Lgr5
during postnatal development. The aims of this study
was to (i) investigate the role of Ezh2 in regulating
Lar5 expression and (ii) to evaluate the impact of
Ezh2 and Lgr5 on intestinal epithelium regeneration
and inflammatory response during experimental NEC.
In vitro: To explore the correlation between Ezh2 and
Lar5, Ezh2 was silenced by RNA interference in IEC-
18 cells. Blocking Ezh2 demonstrated a reduction
in H3K27Me3, resulting in a decrease in Lgr5, Kic7
(proliferation) and Sox9 (differentiation) expression
levels. The expression of inflammatory cytokines IL6 and
TNFa were increased in response to the inflammation
process induced by lipopolysaccharide (LPS). However,
silencing the expression of Lgr5 and Ezh2 resulted in
even greater increases in the levels of IL6 and TNFa.
In vivo: During experimental NEC (induced by gavage
feeding of hyperosmolar formula, hypoxia and LPS
during postnatal days 5-9), Ezh2 and Lgr5 expression
in the ileum decreased compared to breastfed controls,
leading to decrease epithelium proliferation (Ki67) and
differentiation (Sox9), and decreased number of goblet
cells (Muc2). In addition, inflammation cytokines IL6
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and TNFa were significantly upregulated in NEC. AFS
cell administration rescued the impairment in Ezh2 and
Lgr5 through Wnt pathway, thereby restoring intestinal
regeneration and reducing epithelial inflammation. This
study proves that Ezh2 regulates Lgr5+ IESC, which
plays an important role mediating intestinal epithelium

regeneration and inflammatory response. AFSC
administration reprograms the intestinal epithelium by
modulating the Ezh2 and Lgr5+ IESC activation can be
beneficial during intestine injury such as NEC.

W-1077

RESERVE INTESTINAL STEM CELLS FUNCTION
INDEPENDENTLY OF WNT/ BETA-CATENIN
SIGNALING AND DEMONSTRATE A UNIQUE
GENE EXPRESSION PROFILE

Shah, Manasvi S.!, Richmond, Camilla?, Jhadav,
Unmesh?3, Jiang, Lijie', Tovaglieri, Alessio', Pignatti,
Emanuele’, Leng, Sining’, Carlone, Diana', Shivdasani,
Ramesh* and Breault, David'

'Boston Children’s Hospital, Boston, MA, USA,
2Gastroenterology, Boston Children’s Hospital, Boston,
MA, USA, 3Department of Medical Oncology and Center
for Functional Cancer Epigenetics, Dana-Farber Cancer
Institute, Boston, MA, USA, “Dana-Farber Cancer
Institute, Boston, MA, USA

The highly self-renewing intestinal epithelium is
maintained by populations of multipotent intestinal
stem cells (ISCs). Rapidly-cycling Lgr5+ ISCs, present
at the crypt base, maintain the intestine under normal
conditions, while slowly-cycling, long-lived, mTert+
reserve ISCs, among others, present in the “+4” crypt
position, contribute to intestinal homeostasis during
recovery from catastrophic injury. Given their distinct
roles, these two ISC populations are likely to be regulated
by different mechanisms. One of the major pathways
involved in intestinal development, homeostasis and
tumorigenesis is canonical Wnt/B-catenin signaling.
Prior studies have shown that activation of this
pathway in Lgr5+ cells leads to their clonal expansion
and subsequent adenoma formation. Whether reserve
ISCs respond in a similar manner is unknown. To
investigate the response of mTert+ ISCs to activation
of this pathway in vivo, we assessed their capacity for
clonal expansion and adenoma formation using lineage-
tracing analysis. Here, we report that mTert+ reserve
ISCs are resistant to the effects of stabilized canonical
Wnt signaling, showing neither clonal expansion nor
adenoma formation during 2 months of observation, as
assessed following (1) deletion of APC or (2) stabilization
of B-catenin. Moreover, treatment of enteroids with
the GSK3pB inhibitor, CHIR99021, revealed no change
in the number of mTert+ cells, further confirming their
independence from canonical Wnt signaling. Taken
together, these results imply that mTert+ reserve
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ISCs are inherently unresponsive to manipulations of
canonical Wnt signaling. To identify the mechanisms
responsible for this, we performed RNA- and ATAC-
seqguencing on sorted mTert+ and Lgr5+ ISCs. Principal
component analysis and unsupervised hierarchical
clustering revealed molecularly discrete populations.
Specifically, mTert+ ISCs exhibited a distinct gene
expression profile, including elevated levels of Wnt
inhibitory genes (e.g., Dkk1, Idax, Senp2, KIF4, NFATS
and Wnt5a) as well as cell cycle inhibitor genes (e.g,,
p15, p21 and p57), consistent with their slow-cycling and
Whnt-independent nature. Together, our findings reveal
a unigue genetic signature for mTert+ reserve ISCs,
supporting their potential for differential regulation and
function.

Funding Source: This
5F32DK107108 (to MSS).

work was supported by

W-1079

THE SINGLE-CELL TRANSCRIPTOMICS OF
CUTANEOUS WOUND HEALING

Joost, Simon', Sun, Xiaoyan?, Jacob, Tina? and Kasper,
Maria?

'Biosciences and Nutritition (BioNut) & Center for
Innovative Medicine (CIMED), Karolinska Institutet,
Huddinge, Sweden, ?°Karolinska Institutet, Stockholm,
Sweden

Cutaneous wound healing - the most important tissue
repair process in the mammalian skin - involves a
complex interplay of epidermal and underlying dermal
cells. While the dermal response to wounding has been
well studied on a molecular and functional level, the
molecular changes that epidermal stem cells undergo
as they contribute to wound re-epithelialization are
still widely unknown. This is mainly due to difficulties in
differentiating wound stem cells from stem cells that do
not contribute to wound healing. Here we use single-
cell RNA-sequencing to study transcriptional changes
in Lgr5 and Lgr6 stem cells and their progeny as they
contribute to cutaneous wound healing in mice. We
show that transcriptionally distinct wound stem cells
can be identified 1 day, 4 days, 7 days, 10 days and more
than 1 month after wounding and that these cells can be
subclustered into several groups. We furthermore prove
that wound cells derived from Lgr5 and Lgr6 stem cells
share many features of their wound program and thus
partially converge during the wound healing process.
Intriguingly, when analyzing the wound cell signatures
for functional features, we found that gene modules
typically associated with stem cell function play only
a minor role. Instead, the wound program is primarily
distinguished by upregulation of ubiquitous genes linked
to basic cellular physiology such as mRNA and protein
homeostasis or energy metabolism. Additionally, we
show that the genetic identity of a wound stem cell is



partially determined by its niche location. Our study
provides the first in-depth analysis of the epidermal
stem cell response to wounding at single-cell resolution
and one of the first single-cell studies of a tissue
repair process in vivo. In addition, our data highlight
the importance of metabolic and housekeeping gene
expression in stem cell function during regeneration.

W-1081

KRUPPEL-LIKE FACTOR 5 REGULATES
REGENERATION OF INTESTINAL STEM CELLS
FOLLOWING GAMMA-IRRADIATION INJURY

Kim, Chang Kyung', Sze, Jasmine?, Bialkowska,
Agnieszk' and Yang, Vincent'

'Medicine, Stony Brook University, Stony Brook, NY,
USA, 2Stony Brook University, Stony Brook, NY, USA

lonizing radiation (IR) is a commonly used cancer
therapy that targets actively proliferating cells. LGR5+
intestinal stem cells are sensitive to IR damage, but these
cells are also indispensable for regeneration following
IR damage. KrlUppel-like factor 5 (KLF5) is a zinc-
finger transcription factor expressed in proliferating
cells, including LGR5+ ISCs, of the intestinal epithelium
and is involved in regulation of cell proliferation and
differentiation. We observed that KLF5 is expressed
in the majority of the MKI67+ proliferating cells in mice
undergoing intestinal regeneration following total-body
y-irradiation (TBI) injury. We crossed Lgr5-EGFP-IRES-
CreERT2 mice, RosatdTomato mice, and KIf5fl/fl mice
to generate LGR5+ cell lineage-traceable transgenic
mice with or without inducible-conditional knockout of
KIf5 (Lgr5Ctrl and Lgr5AKIfS). Post-irradiation intestinal
regeneration is divided into two phases: the apoptotic
phase during O to 48 h, followed by the regenerative
phase during 48 to 96 h post-TBI. During homeostasis
(sham-treated), KIf5 deletion resulted in a slowing
of proliferation and lineage tracing from LGR5+ cells
from O to 96 hours following tamoxifen treatment. We
observed increased expression of Regland Reg3g genes
with KIf5 deletion in LGR5+ cells, which may provide a
compensatory mechanism for proliferation in absence
of KIf5 albeit at a lower rate. In TBI-treated Lgr5Ctrl mice
during the apoptotic phase, Lgr5AKIf5 mice showed
increased number of apoptotic tdTomato+ cells at an
early time point and throughout the phase compared
to Lgr5Ctrl mice. This indicates that KLF5 regulates
DNA damage-induced cell death by regulating the early
DNA damage response. Furthermore, LGR5 lineages
repopulated intestinal crypts during the regenerative
phase, as indicating by enlarged crypts that are entirely
comprised of tdTomato+ cells. However, deletion of KIf5
abrogated the regenerative capacity, as indicated by
the significantly diminished number of tdTomato+ cells
in Lgr5AKIf5 mice. Taken together, these data suggest
that KLF5 modulates the regenerative response of the

intestinal epithelium through functions beyond the role
of a proliferation regulator in LGR5+ ISCs and lineages.

Funding Source: This study is supported by NIH grant
DK052230 awarded to V.W.Yang.

W-1083

CLONAL ANALYSIS DURING EMBRYONIC
MAMMARY GLAND DEVELOPMENT REVEALS
THE EXISTENCE OF UNIPOTENT STEM CELLS
THAT RETAIN LONG-TERM PLASTICITY

Fre, Silvial, Lilja, Anna?, Rodilla, Veronica? Huyghe,
Mathilde?, Hannezo, Edouard® and Simons, Benjamin*
'Genetics and Developmental Biology, Institute Curie,
Paris, France, °Genetics and Developmental Biology,
Institute Curie, Paris, France, SDepartment of Physics,
University of Cambridge, UK, “University of Cambridge,
UK

Recent studies on mammary stem cell hierarchy during
pubertal development suggest that the morphogenesis
of mammary gland relies on unipotent stem/progenitor
cells. However, these studies raise the question of
whether and when lineage restriction occurs during
embryonic mammary development and what signals
orchestrate cell fate specification in this tissue. To
address these questions, we have analysed mammary
cell fate specification during embryonic and perinatal
development combining in vivo clonal analysis by
lineage tracing with whole mount immunofluorescence
and mathematical modelling of clonal dynamics. Our
results show that undifferentiated embryonic mammary
precursors can become lineage restricted to a basal
or luminal differentiation program surprisingly early in
development, with evidence for unipotency as early as
E12.5 and no statistically discernable bipotency after
E15.5. Mechanistically, we used the constitutive activation
of the luminal determinant Notch1 to demonstrate that
intrinsic cell autonomous signals can impose a specific
cell fate on embryonic mammary cells. Strikingly, we
found that ectopic Notchl activation can switch the
lineage potential of fully committed adult cells, as
expression of active Notchl in basal cells is sufficient
to convert all targeted cells to luminal progenitors.
These functional studies have important implications
for understanding cell plasticity in vivo and serve to
clarify how reactivation of embryonic developmental
programs in adult cells could lead to cancer.

Funding Source: This work was supported by Paris
Sciences et Lettres (PSL* Research University), the
French National Research Agency (ANR) grant number
ANR-15-CE13-0013-01and by Labex DEEP ANR-Number
11-LBX-0044.
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W-1085

IDENTIFICATION OF MOUSE OVARY SURFACE
EPITHELIAL STEM CELLS BY PROTEIN C
RECEPTOR EXPRESSION

Wang, Jinggiang' and Zeng, Yi?
"Shanghai, China, °SIBCB, Shanghai, China

Ovarian surface epithelium (OSE) is a layer of epithelial
cells covering the ovary. The stem cells in OSE
responsible for both development and the regeneration
post ovulation and rupture has not yet been defined
unequivocally. Protein C receptor (Procr) marks
stem cells in the mammary gland and blood vascular
endothelium. Here we use in situ and immunostaining
to document the Procr-expressing cells in the mouse
OSE. Procr is expressed at the hilum and OSE regions
around growing follicles or among follicles. Using in
vivo lineage tracing and in vitro culture, we identify
that Procr+ OSE population as a stem/progenitor cells
contributing to the development of OSE and OSE repair
after rupture. Ablation of Procr-expressing cells affects
OSE homeostasis and OSE repair. In general, Procr
marks stem/progenitor cells of the ovary epithelia.

STEM CELL NICHES

W-1089

DOUBLE EMULSION HYDROGEL
MICROSPHERES: A CONTROLLED AND
POWERFUL SOLUTION FOR IMPROVING
POST-TRANSPLANTATION SURVIVAL OF
SURVIVAL OF STEM-CELL DERIVED SPIRAL
GANGLION PROGENITORS

Kobayashi, Shun', Chadly, Duncan?, Kessler, John®* and
Matsuoka, Akihiro*

'Northwestern University, Chicago, IL, USA,
20tolaryngology, Northwestern University, Chicago,
IL, USA, 3Neurology; Feinberg School of Medicine,
Northwestern University, Chicago, IL, USA,
4Otolaryngology; Feinberg School of Medicine,
Northwestern University, Chicago, IL, USA

Regenerative approaches to restoring damaged or
deficient neuron function via the transplantation of
differentiated pluripotent stem cells is promising,
but not without its obstacles. A major concern is the
survival of differentiated cells in the target tissue post-
transplantation. For example, the injection of a single-
cell suspension of fully differentiated stem cell-derived
neurons into the cochlea in order to restore function
after sensorineural hearing loss results in a less than
0.1% survival rate post-injection, due to the particularly
inhospitable environment of the cochlea. To enhance
the survivability of the neurons within the cochlea, it is
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necessary to provide a supportive network of tissue. We
have designed a process for fabricating double-layered
hydrogel microspheres for the culture of cells within
a microfluidic environment, using a double emulsion
process of creating spheres from the self-assembling
peptide amphiphile RADA16-I. Comprised of a central
gel core seeded with spiral ganglion neuron progenitors
encapsulated by a second layer of gel seeded with stem
cell-derived Schwann cells, the microspheres provide a
supportive niche for the neurons post-transplantation.
This method of cell culture will be useful not only for the
purposes of regenerative therapy for hearing loss, but
also for any similar studies that would benefit from the
specific and orderly arrangement of differing cell types
within a microfluidic culture.

Funding Source: NIH (NIDCD (KO8 Clinician Scientist
Award)); American College of Surgeons Clinician
Scientist Grant; Trilogical Society Clinician Scientist
Grant
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EMERGING ROLES OF HAIR FOLLICLES’
TRANSIT-AMPLIFYING CELLS IN NICHE
REGULATION

Zhang, Bing, Tsai, Pai-Chi Tsai, Gonzalez Celeiro,
Meryem and Shwartz, Yulia

Stem Cell and Regenerative Biology, Harvard
University, Cambridge, USA

Stem cells are known to be regulated by signals from the
niche. However, whether and how a regenerating tissue
might modify the niche reciprocally is less understood.
We have found that regenerating hair follicles modify
their niche actively through their transit-amplifying
population. Most of the regenerative tissues employ
transit-amplifying cells (TACs) that are positioned in
between stem cells and differentiated progeny. In a
classical hierarchical model, stem cells undergo limited
divisions to produce TACs, which then proliferate rapidly
to expand the system and produce diverse differentiated
cell types. Although TACs are indispensable for
generating tissues, they have been viewed largely as
a transit point between stem cells and downstream
lineages. Our studies in the hair follicles however, have
unleashed some fascinating biology and unanticipated
functions of TACs. Ongoing works from my lab suggest
that hair follicles’ transit amplifying cells (HF-TACs, also
known as the matrix) orchestrate concurrent changes
of the niche, including several different populations in
the dermis. Together, these changes allow the skin to
accommodate and support the rapidly downgrowing
hair follicles and heal wounds faster in anagen. One
example is HF-TACs' function in promoting dermal
adipogenesis: We discovered that Sonic Hedgehog
(SHH) secreted by the HF-TACs regulate the level of
PPARgamma in the dermal adipocyte precursors to



promote dermal adipogenesis. This finding provides
a mechanism by which hair follicle regeneration and
dermal adipogenesis can be coupled tightly. In addition,
this finding also uncovers a critical role for TACs in
orchestrating the generation of both their own progeny
(differentiated cells of the hair) and a neighboring lineage
(adipocytes) to achieve concomitant tissue production
across lineages. With these findings, HF-TACs have
emerged as key players in tissue regeneration through
coordinating tissue production, governing stem cell
behaviors, and instructing niche remodeling.

W-1093

PARACRINE EFFECT OF DERMAL PAPILLA
CELLS IN SKIN FIBROBLAST ACTIVATION
AND HAIR GROWTH: A POTENTIAL TOOL FOR
SKIN HEALING

Trentin, Andrea Gongalves.!, Heck, Diana?, Jeremias,
Talita? Pereima, Mauricio® and Recouvreux, Derce*
'Universidade Federal de Santa Catarina, Florianopolis,
Brazil, °Cell Biology, Universidade Federal de Santa
Catarina, Florianopolis, Brazil, 3Pediatria, Universidade
Federal de Santa Catarina, Florianopolis, Brazil,
‘Engenharia e Ciéncias Mecanicas, Universidade Federal
de Santa Catarina, Florianopolis, Brazil

Dermal papilla is a central key to morphogenesis and
regenerationofhairfollicles,especially duetoitsparacrine
signaling to epidermal follicular cells. Dermal papilla
cells (DPCs) not only regulate hair follicle development
and growth, but also act as a reservoir of multipotent
stem cells with increasing therapeutic importance
including skin repair. Nevertheless, its paracrine effects
in fibroblasts remain unexplored. Therefore, the present
work evaluated the paracrine action of DPCs in skin
wound healing in vitro by assessing fibroblast activation
and hair regeneration. Fibroblasts were evaluated by
culturing with DPCs conditioned medium (DPC-CM)
and analyzed for proliferation, migration and fibroblast-
myofibroblast conversion. DPC-CM increased fibroblast
proliferation by BrdU incorporation without evident
morphological changes, and improved fibroblast
migration in in vitro wound healing model. Both,
proliferation and migration are fundamental processes
for the reestablishment of skin homeostasis and
subsequent repair. Since myofibroblasts are the primary
cells involved in wound contraction and scar formation,
fibroblast-myofibroblast conversion was functionally
and phenotypically investigated through contraction
of fibroblast-populated collagen lattice and a-SMA
(a myofibroblast marker) expression, respectively.
Increased contraction of fibroblast-populated collagen
lattice was observed in the presence of DPC-CM,
although no difference in the number of a-SMA-positive
cells were detected by immunofluorescence. This
result could be explained by the enhanced fibroblast

proliferation in collagen lattices promoted by DPC-CM
and could be important to regulate wound contraction
and scar formation. Furthermore, DPC-CM significantly
increased hair growth in organotypic culture of hair
follicles. Taken together, these results indicate that DPC-
CM could represent a medium rich in growth factors
and molecules that regulate hair follicle cycle in situ and
also stimulate fibroblast proliferation and migration in
addition to fibroblast-myofibroblast conversion and
wound contraction. In this sense, DPC-CM may be a
promising approach for the treatment of skin wounds,
leading to fewer scar formation and hair regeneration at
the wound site.

Funding Source: UFSC/Brasil, MCTI/CNPq/Brazil, CT-
SAUDE/CT- BIOTECNOLOGIA/MS/SCTIE/DECIT/
DECIS/Brasil and CAPES/Brasil.

W-1095

NPY INDUCES HEMATOPOIETIC STEM/
PROGENITOR CELL MOBILIZATION BY
REGULATING MMP-9 ACTIVITY THROUGH Y1
RECEPTOR IN OSTEOBLASTS

Jin, Hee Kyung', Park, Min Hee!, Lee, Ju Youn' and Bae,
Jae-sung?

'Kyungpook National University, Daegu, Korea
2Physiology, School of Medicine, Kyungpook National
University, Daegu, Korea

Hematopoietic stem/progenitor cell (HSPC)
mobilization is an essential homeostatic process
regulated by the interaction of cellular and molecular
components in bone marrow niches. It has been shown
by others that neurotransmitters released from the
sympathetic nervous system regulate HSPC egress
from bone marrow to peripheral blood. In this study we
investigate the functional role of neuropeptide Y (NPY)
on this process. NPY deficient mice had significantly
impaired HSPC mobilization due to increased expression
of HSPC maintenance factors by reduction of matrix
metalloproteinase-9 (MMP-9) activity in bone marrow.
Pharmacological or endogenous elevation of NPY led
to decrease of HSPC maintenance factors expression
by activating MMP-9 in osteoblasts, resulting in HSPC
mobilization. Mice in which the Y1 receptor was deleted
in osteoblasts did not exhibit HSPC mobilization by
NPY. Furthermore, NPY treatment in ovariectomized
mice caused reduction of bone loss due to HSPC
mobilization. These results suggest a new role of NPY on
HSPC mobilization, as well as the potential therapeutic
application of this neuropeptide for stem cell-based
therapy.
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W-1097

THE NEUROPROTECTION OF HYPOXIC
RATS ADIPOSE-DERIVED MESENCHYMAL
STEM CELLS(ADMSCS) IN EXPERIMENTAL
TRAUMATIC BRAIN INJURY(TBI)

Ma, Hui, Lam, PK and Poon, Wai Sang
The Chinese University of Hong Kong (CUHK), Hong
Kong

We previously demonstrated that topical application of
adipose tissue-derived mesenchymal stem cells (MSCs)
can improve the functional recovery in experimental
traumatic brain injury (TBD. In this study, we evaluated
whether hypoxic precondition can further enhance the
beneficial effects of MSCs. TBI was induced with an
electromagnetically controlled cortical impact (CCIl)
device. 2 million MSCs, derived from the adipose tissue
of transgenic green fluorescent protein (GFP)-SD rats
and cultured under either normoxic (18% 02) ( N=30)
or hypoxic (2.5% O2 for 18 hours) (N=30) conditions,
were applied to the exposed cerebral cortex within 1
hour after TBI. Neurological functions were evaluated
with Water Maze, Roto-rod and Gait Analysis. Animals
were sacrificed at days 3, 7 and 14 for microscopic
examinations and RT-PCR analysis. Within 3 days
following topical application, GFP-positive cells were
found in injured brain parenchyma treated with either
normoxic or hypoxic MSCs. The rats treated with
hypoxic MSCs showed greater significant improvement
in neurological functional recovery. In penumbral
region, there were significantly (p < 0.05) less neuronal
death and apoptosis at days 7 and 14 as determined
by Cresyl violet and Tunnel Staining respectively. The
astrocytosis was suppressed. There was no significant
difference in the number of microglia. The expression
of pro-inflammatory genes (IL6, IL1a, IL1b, TNFa) and
apoptotic gene (caspase 3) were lower. The expression
of anti-inflammatory gene (IL10) and anti-apoptotic
gene (BAD) were higher. Our study showed that hypoxic
precondition of MSCs further enhanced the beneficial
effects of MSCs on neurological recovery after TBI.

EYE AND RETINA

W-1099

DERIVATION OF HUMAN RETINAL SHEETS
COMPOSED BY CONE PHOTORECEPTORS
AND RPE CELLS

Flamier, Anthony, Barabino, Andrea, Zhou, Shuffeng
and Bernier, Gilbert
University of Montreal, PQ, Canada

Cone photoreceptors and Retinal Pigmented Epithelium
(RPE) are retinal cells required for colors discrimination
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and high-resolution central vision. Lost in macular
degenerations, cone and cone/rod dystrophies, the
transplantation of an in vitro engineered retinal sheet
could be a therapeutic solution. However, there is no
existing protocol. Here, we used human pluripotent
stem cells (PSC) to generate (1) human retinal sheets
composed by cone photoreceptors in 45 days and (2)
human RPE cells that we assemble to form a human
retina. Photoreceptors were generated by the constant
inhibition of TGFb, BMP and WNT signaling pathways
using the human recombinant protein COCO. After
45-60 div, an organized and polarized cellular sheet is
formed and can be manipulated. Cellular sheets were
transferred on coverslips and stained for photoreceptor
markers. More than 90% of the cells were positive for
CRX. Confocal microscopy analysis coupled to z-stacks
3D-reconstruction showed 6-7 layers of nuclei with a
polarized outer segment positive for PNA and S-Opsin.
Further characterization by immunofluorescence and
immunoblot revealed the presence of a connecting
cilium. Electron microscopy confirmed the presence
of an outer segment. RPE cell differentiation were
conducted by default PSC differentiation. After 30 div,
cells were pigmented and positive for RPE65, ZO1 and
BEST1. Taken together, our results show the effective
generation of fully differentiated human retinal sheets
relevant for cell transplantation. If the coming functional
assays are positive, this protocol would enhance the
feasibility of retinal cell transplantation.

Funding Source: FFB Canada,
Brisebois, University of Montreal.
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W-1101

FUNCTIONAL ANALYSIS OF STEM
CELL-DERIVED RETINAL PIGMENT
EPITHELIAL CELLS FROM AGING RETINAL
DEGENERATION PATIENTS

Moreira, Ernesto’, Barrett, Amanda? Annamalai,
Balasubramaniam?, Gong, Jie3, Fields, Mark?, Rohrer,
Baerbel? and Del Priore, Lucian®

'Medical University of South Carolina, Charleston,

SC, USA, 2Medical University of South Carolina/
Ophthalmology Department, Charleston, USA, 3Yale/
Ophthalmology, New Haven, USA

We have previously generated induced pluripotent
stem cells (iPSC) derived from fibroblasts of patients
with age-related macular degeneration (AMD) and
age-matched controls, and further differentiated them
into retinal pigment epithelium (RPE). We report here
the functional analysis of these iPSC-derived RPE cells.
In short, fibroblasts, grown from skin biopsies, were
reprogrammed into iPSCs by Sendai virus technology,
while RPE cells were differentiated using our previously
published protocol (PMID: 26606685). Newly generated
iPSCs and iPSC-derived RPE were characterized at the



molecular level using cell type specific markers. We
have assessed trans-epithelial resistance (TER) of RPE
cells grown as stable monolayers on transwell plates
with a Voltohmmeter and growth factor levels in the
supernatants by ELISA. iPSC-RPE cell lines derived
from AMD patients and controls formed characteristic
monolayers showing typical honeycomb organization
and pigmentation. These cells expressed specific RPE
cell markers (at the protein and DNA levels) important
for differentiation and function. TER analyses showed
that dry AMD samples had a significantly reduced TER
(29 +/-10 *cm2 (#1); 37 +/-16 *cm2 (#2) and 117 +/-21
*cm2 (#3)) as compared to controls (629 +/-26 *cm?2
(control #1); 330 +/- 48 *cm?2 (control #2)), while the
expression of tight junction genes was conspicuously
reduced in AMD samples. As observed in vivo, VEGF
and PEDF were secreted preferentially towards the
basal and apical RPE sides, respectively. However, the
overall secretion of both factors was higher in control
samples as compared to AMD, while PEDF showed a
higher basal-versus-apical secretion in AMD samples
but not in controls. These studies suggest that intrinsic
differences may exist in RPE cells derived from AMD
patients, which would warrant further investigations.
Indeed, studies have shown that the functions explored
here are impaired in retinal degenerations including
diabetic retinopathy and AMD. Ongoing experiments
are aimed at analyzing growth factor and complement
activation after challenging iPSC-RPE cells with specific
AMD-relevant stressors.

Funding Source: BrightFocus Foundation (M2015356
[EFM, BRI1); Lions Club International Foundation,
MUSC Dean’s office faculty funding program (EFM),
Department of Veteran’s Affairs (VA 1101BX0O03050
[BR1), Foundation Fighting Blindness (LDP).

W-1103

3D TRANSPLANTABLE RPE MICROTISSUE
AND THEIR ABILITY TO SUPPORT
PHOTORECEPTOR SURVIVAL

Al-Ani, Abdullah’, Toms, Derek!, Dixit, Rajiv?, Touahri,
Yacine?, Schuurmans, Carol? and Ungrin, Mark!
"University of Calgary, AB, Canada, °University of
Toronto, ON, Canada

Over 100 million people worldwide are visually impaired
due to retinal degenerative diseases such as age-related
macular degeneration. This group of diseases leads
to irreversible loss of light sensitive photoreceptors
and the retinal pigment epithelium (RPE). Current
treatments primarily aim to slow photoreceptor loss.
In contrast, cell replacement therapies promise to
regenerate diseased retinas; however, a major challenge
is minimal survival and engraftment of transplanted
photoreceptors. This is likely due to the absence
of healthy RPE, the layer responsible for providing

trophic support to photoreceptors under physiological
conditions. To address this obstacle, we are employing
micro-scale tissue engineering techniques to develop
an effective retinal cell delivery system that improves
transplant survival and integration. We hypothesize that
the transplantation of engineered retinal micro-tissues
will enhance photoreceptor survival, integration and
ultimately function. We have successfully generated
RPE micro-tissues and are currently characterizing (1)
their function by investigating their gene expression
profile using RT-PCR and immunohistochemistry for
RPE functional genes; (2) the interactions between
transplanted micro-tissue and host photoreceptors
using live-cell imaging; and (3) photoreceptor
survival, maturation, and axon outgrowth using
immunocytochemistry, RT-PCR and confocal
microscopy. We have discovered that levels of three
key trophic factors are enhanced more than thirty-fold
in our engineered RPE micro-tissue over conventional
adherent cultures. This novel approach will provide
an effective retinal cell delivery system that improves
the integration of retinal transplants. Overcoming this
obstacle is an essential step on the road to correcting
the presently irreversible vision loss associated with
retinal degenerative diseases.

Funding Source: Brain Canada; ACHRI studentship;
Queen Elizabeth Il studentship

W-1105

CD200 IS A POTENTIAL NEGATIVE MARKER
FOR ISOLATING HUMAN PLURIPOTENT STEM
CELL-DERIVED CORNEAL EPITHELIAL CELLS

Hayashi, Ryuhei', Ishikawa, Yuki?, Katayama, Tomohiko?
and Nishida, Kohji?

'Osaka University Graduate School of Medicine, Osaka,
Japan, °Osaka University Graduate School of Medicine,
Suita, Japan

We previously reported a new strategy named SEAM-
method, for inducing corneal epithelial stem/progenitor
cells from human induced pluripotent stem cells (iPSCs)
(Hayashi R. et al. Nature 2016, ISSCR 2016). To use iPSC-
derived corneal epithelial cells for clinical application,
the process for purification of the corneal epithelial
cells is required. Particularly removal of undifferentiated
cells would be most important because contamination
of undifferentiated pluripotent stem cells has a risk for
causing side effects such as tumorigenesis after the
transplantation to human body. Here we report that
CD200 is potential negative marker for purification of
corneal epithelial cells. The result of immunostaining for
CD200 revealed that CD200 was expressed entirely
in undifferentiated iPSC colonies and specifically in
neural and retinal zones of differentiated-iPSC colonies.
In contrast, no expression of CD200 was detected in
corneal and epithelial zones of the differentiated iPSC
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as well as in corneal limbal epithelial tissue. After cell
sorting of corneal epithelial cells with anti-CD200
antibody, emergence of non-corneal epithelial colony
was significantly decreased compared to that in case
of using anti-TRA-1-60 antibody, conventional negative
marker for corneal epithelial cells. Gene expression
analysis demonstrated that expression levels of non-
corneal epithelial cells markers including FGFR1 and
RPEG5 were significantly decreased by using anti-
CD200 antibody. In contrast, there was no significant
change in corneal epithelial markers. These data
indicate that CD200 is a robust negative marker for
preventing human iPSC-derived corneal epithelial cells
from contamination of unintended cells.

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

W-1107

DEVELOPING A CEP290 PATIENT HUMAN
INDUCED PLURIPOTENT STEM CELL BASED
HIGH THROUGHPUT SCREENING ASSAY TO
IDENTIFY SMALL MOLECULE THERAPEUTICS
FOR LEBER CONGENITAL AMAUROSIS

Tran, Audrey', Huang, Kang-Chieh?, Gupta, ManaV/,
Burnight, Erin3, Tucker, Budd?, Chiou, Shih-Hwa?, Daley,
George'! and Schlaeger, Thorsten'

'Stem Cell Program, Boston Children’s Hospital,
Boston, MA, USA, ?Taipei Veterans General Hospital,
Taipei, Taiwan, 3Department of Ophthalmology and
Visual Sciences, Stephen A. Wynn Institute for Vision
Research, lowa City, IA, USA

Leber Congenital Amaurosis (LCA) is an autosomal
recessive retinal disease that results in severe vision loss
at infancy. LCA is most commonly associated with the
Cc.2991+1665A>G deep intronic mutation in CEP290, a
gene that encodes a centrosomal protein essential for
ciliogenesis in photoreceptors. The ¢.2991+1665A>G
mutation creates a novel splice site which results in a
premature stop codon in CEP90 mRNAs that retain the
cryptic exon. We successfully removed the CEP290
mutation at high efficiency (>50%) using a Cas9-
CRISPR approach. The high repair efficiency suggests
that a curative in vivo genome editing may be feasible.
An alternative approach may be to target the splicing
machinery to effect an increase full-length CEP290
MRNA splice products and CEP290 protein levels.
We first tested Madrasin, a commercially available
splicing inhibitor, for its ability to normalize CEP290
splicing in undifferentiated hiPSCs. Titrating Madrasin
did indeed result in a normalized CEP290 splicing
pattern at concentrations that did not alter the splicing
of many other genes, including those known to be
sensitive to Madrasin. Nevertheless, this compound
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was toxic and the activity too low to warrant further
development. Furthermore, CEP290 protein levels and
association with the cilia are more disease-revelant than
CEP290 mRNA levels. We therefore developed a high-
throughput confocal imaging based assay to determine
CEP290 protein levels and subcellular localization. The
difference in immunoflurescence phenotpye of WT
(or repaired) and mutant CEP290 hiPSCs was most
pronounced when dense monolayer areas were imaged
at 40x magnification at certain Z level ranges. To
increase the speed of imaging we developed a 2-pass
imaging scheme wherein each well is first aquired at 2x
magnification. Each well image is then analyzed “on the
fly” using a high-content imaga analysis script to identify
the optimal field(s) for re-imaging at 40x magnification.
This platform enabled us to systematically test a small
library of highly active molecules targeting different
splicing-relevant targets and to perform chemical
genetics screens.

NEURAL DEVELOPMENT AND
REGENERATION

W-1109

SYNERGIC FUNCTIONS OF MIRNAS
DETERMINES NEURONAL FATE OF ADULT
NEURAL STEM CELLS

Pons Espinal, Meritxell', de Luca, Emanuela’, Marzi,
Matteo Jacopo?, Beckervordersandforth, Ruth?,
Armirotti, Andrea’, Nicassio, Francesco?, Fabel, Klaus?,
Kempermann, Gerd® and De Pietri Tonelli, Davide'
'Italian Institute of Technology, Genoa, Italy, ?Italian
Institute of Technology, Milan, Italy, 3Friedrich-
Alexander-Universitdt Erlangen, Nirnberg, Germany,
4“German Center for Neurodegenerative Diseases
(DZNE), Dresden, Germany, °Center for Regenerative
Therapies Dresden (CRTD), Dresden, Germany

Adult neurogenesis requires the precise control of
neuronal vs. astrocyte lineage determination in neural
stem cells. While microRNAs (miRNAs) are critically
involved in this step during development, their actions in
adult hippocampal stem cells (aNSCs) has been unclear.
As entry point to address that question we chose DICER,
an endoribonuclease essential for miRNA biogenesis and
other RNAi-related processes. By specific ablation of
Dicer in aNSCs in vivo and in vitro, we demonstrate that
mMiRNASs are required for the generation of new neurons,
but not astrocytes in the adult murine hippocampus.
Moreover, we identify eleven miRNAs, of which 9 have
not been previously characterized in neurogenesis, that
determine neurogenic lineage fate choice of aNSCs, at
the expense of astrogliogenesis, Finally, we propose that
the TTMIRNAs, sustain adult hippocampal neurogenesis



through synergistic modulation of 26 putative targets
from different pathways.

Funding Source: Fondazione Istituto Italiano di

Tecnologia
W-1111

THE TRANSITION FROM PROLIFERATING
NEURAL STEM CELL TO POST MITOTIC
NEURON REGULATES CORTICAL
NEUROGENESIS AND NEURONAL FUNCTION

Micali, Nicola', Kim, Suel Kee', Diaz-Bustamante,
Marcelo!, Stein-O'Brien, Genevieve', Seo, Seungmae’,
Fertig, Elana?, Shin, Joo-Heon', Cross, Alan J.3, Brandon,
Nicholas J.3, Weinberger, Daniel R.!, Chenoweth, Joshua
G.!, Hoeppner, Daniel J.!, Colantuoni, Carlo' and McKay,
Ronald D.

'Lieber Institute for Brain Development, Baltimore, MD,
USA, °Oncology Biostatistics and Bioinformatics, Johns
Hopkins University, Baltimore, MD, USA, 3Astra-Zeneca
Neuroscience iIMED, Cambridge, MA, USA

Deficits in the signaling network regulating the
decisions that transform a proliferating stem cell
into functional neurons are emerging as contributing
to Autism, Rett syndrome, schizophrenia and other
neuro-developmental disorders. The precision of the
transition from proliferating precursor to a post-mitotic
cell destined to become a specific neuron type is well
documented in both invertebrate and vertebrate
nervous systems. To understand how signaling events in
neural stem cells (NSCs), at early time of neurogenesis,
regulate the formation of functional neurons, we used
FGF2 signaling modulation to control the initial transition
of mouse and human dorsal telencephalic precursors
into post-mitotic neurons. By using gene expression
analysis and bio-informatic tools, we dissected the
temporal signaling dynamics of the differentiation and
studied the mechanisms linking the proliferation phase
with the specification and functionality of neurons,
derived from mouse cortical stem cells. We identified
distinct classes of neural precursors in this population
and show that the neurons were predominantly derived
from cells expressing high levels of EGF receptor that
respond differentially to endogenous BMP signaling,
regulated by FGF2. In addition, temporal activation
of BMP signaling in NSCs regulated the efficiency of
synaptogenesis in differentiated neurons. Finally, by
focusing on sequential dynamics during differentiation,
we show NSCs generated by serially passaging human
pluripotent stem cells go through distinct cell state
transitions, controlled by FGF2 signaling as in the mouse
system. In this analysis we specifically defined the
gene signatures for the cortical hem, an organizer that
patterns the cerebral cortex, whose specification occurs
only at early passages, preceding the specification
of the cortical neuron precursors. Our data provides

novel mechanisms of temporally regulated signaling at
early phases of cortical development regulating later
neuron differentiation. It will be interesting to use these
mechanisms to generate functional models of genetic
risk for neurological and psychiatric disorders.

W-1113

ROLE OF NRXN1IN NEURODEVELOPMENTAL
DISEASE: FROM STEM CELL TO CLINICAL
PHENOTYPES

Avazzadeh, Sahar', Mcdonagh, Katya?, Quinlan,

Leo®, Dockery, Peter?, Li, Meng®, Fitzgerald, Jackie®,
Mcinernery, Veronica’, Krawczyk, Janusz’, O'Brien,
Tim?, Gallagher, Louise® and Shen, Sanbing?

'National University of Ireland Galway, Ireland, ?National
University of Ireland Galway, Regenerative Medicine
Institute, Galway, Ireland, 3National University of Ireland
Galway, Physiology School of Medicine, Galway, Ireland,
“National University of Ireland Galway, Anatomy
School of Medicine, Galway, Ireland, °Neuroscience

and Mental Research Institute University of Cardiff,

UK, Department of Psychiatry, Trinity Institute of
Neuroscience, Dublin, Ireland, "HRB Clinical Research
Facility, National University of Ireland Galway, Ireland

The pre-synaptic protein Neurexinl (NRXNT1) has been
implicated in a number of neurodevelopmental diseases
including autism spectrum disorder (ASD), However,
patient-derived disease models are lacking. Induced
pluripotent stem cells (iPSCs) have the potential to
revolutionize human disease modelling in vitro, targeting
unmet clinical needs. We hypothesize that NRXN1
gene deletion may dysregulate the balance of synaptic
excitation and inhibition. NRXNT1 is involved in forming
synaptic complexes with neuroligins, GABAergic/
Glutamatergic receptors and the scaffold proteins
SHANKS. Using skin biopsies from patients with NRXN1
deletion and healthy donors, we converted fibroblasts
into iPSCs by reprogramming. Their pluripotency was
validated by assessing the expression of stem cell
markers (OCT4, SOX2 and NANOG). The iPSCs were
directed to cortical glutamatergic neurons using a dual
SMAD inhibition method. Neural stem cells derived from
the iPSCs expressed the neuronal markers of NESTIN,
FOXG1 and PAX6. Mature 100-day old neurons were
shown to express markers of neuronal maturity (MAP2)
and synapses (SYN1) at both the RNA and protein
levels. They also transcribed pre- and post-synaptic
interaction partners including CASK, MINT, MUNCI18-
1 and PSD95, which showed no significant difference
between patient and control neurons. Unexpectedly,
our preliminary data from gRT-PCR revealed an up-
regulation of SHANK1 in 100-day old neurons with
NRXNT1 deletion. We have carried out live cell calcium
imaging on 100-day neurons with Fluo4, and neuronal
networks displayed inherent spontaneous firing activity.
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Additionally, increased calcium spiking was observed
in response to extracellular KClI (60mM) and glutamate
(30mM) challenge. Our ongoing work will determine

how elevated SHANKI1 expression may alter the
excitatory and inhibitory balance in patient neurons by
functional assays. Transcriptome changes are currently
under investigation to uncover molecular pathways
associated with ASD neurons. To our knowledge this is
the first report of iPSC derived mature and functional
neurons from NRXN1 deletion patients using dual
SMAD inhibition. Further functional characterization
will enhance our understanding of the disease cell
phenotype towards the development of screening
assays for therapeutic intervention.

Funding Source: This study is supported by Science
Foundation Ireland Investigator (SFI) award 13/IA/1787.

W-1115

DERIVATION OF SPINAL SENSORY
INTERNEURONS THROUGH BMP4 MEDIATED
PROGRAMMING OF MOUSE EMBRYONIC STEM
CELLS

Gupta, Sandeep' and Butler, Samantha?

'Department of Neurobiology, University of California,
Los Angeles (UCLA), CA, USA, ?University of California,
Los Angeles, CA, USA

Spinal cord injury patients need to be able to recover
somatosensation: the ability to experience touch,
pain, and heat. These sensory modalities are encoded
by an intricate network of dorsal spinal interneurons
(dls) whose diverse identities depend on Bone
Morphogenetic Protein (BMP) signaling. However, it
remains unresolved how the activities of the BMPs
are translated into a variety of dl fates. Directed
differentiation of embryonic stem cells (ESCs) offers a
unigue opportunity to elucidate these mechanisms of
dorsal spinal cord development. During embryogenesis,
the spinal cord and somatic mesoderm arise from bi-
potential neuromesodermal progenitors (NMP) that
are positive for Sox2, a neural marker, and Brachyury,
a mesodermal marker. Recent studies have shown that
mouse (M) ESCs can be directed towards an NMP fate
and then differentiated into spinal motor neurons. We
have now modified this protocol to direct NMPs towards
dorsal interneuron fates. The sequential addition of
retinoic acid and BMP4 results in mESCs expressing first
spinal- and dorsal-specific markers, such as Hoxa5 and
Pax3, and then dl subtype specific progenitor markers,
such as Atohl and Ascll. These progenitors eventually
differentiate into proprioceptive diIl and mechano-
sensory dI3 neurons. This step-wise progression of
ESCs from dorsal spinal progenitors to mature neurons
suggests first, that our protocol faithfully recapitulates
the in vivo developmental program for generating dorsal
interneurons. Second, it permits us to capture different
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differentiation states of two key classes of dorsal spinal
neurons, and thereby investigate the ability of the BMPs
to direct these dl fates at a transcriptomic level. An
understanding of the intrinsic mechanisms that drive dl
fates will ultimately permit us to effectively generate the
complete diversity of spinal sensory neurons, needed to
successfully regain sensation.

W-1117

TRANSPLANTED HUMAN IPS CELL-DERIVED
NEURONAL PRECURSOR CELLS PROMOTE
MOTOR FUNCTIONAL RECOVERY AFTER
CHRONIC SPINAL CORD INJURY

Okubo, Toshiki', Nagoshi, Narihito?, Kohyama, Jun?,
Tuji, Osahiko?, Matsumoto, Morio?, Nakamura, Masaya?
and Okano, Hideyuki*

'Department of Orthopaedic Surgery, Keio University
School of Medicine, Shinjyuku-ku, Japan, °Department
of Orthopaedic Surgery, Keio University School of
Medicine, Tokyo, Japan, SDepartment of Physiology,
Keio University School of Medicine, Tokyo, Japan,
‘Department of Physiology, Keio University School of
Medicine, Shinjyuku-ku, Japan

Previously we have reported that neural stem/
progenitor cells derived from human iPS cells (hiPSC-
NS/PCs) pretreated with gamma-secretase inhibitor
(GSD), which called human iPS cell-derived neuronal
precursor cells (hiPSC-NeuPCs), promoted more
neuronal differentiation and maturation in vitro. And
in vivo, transplantation of these cells differentiated
into more mature neurons without tumorigenicity and
maintained greater functional recovery at sub-acute
spinal cord injury (SCI) (Okubo et al, Stem Cell Reports
2016). The purpose of the present study was to elucidate
the effectiveness of transplanted these cells for chronic
SCI in mice. To obtain hiPSC-NeuPCs, safe hiPSC
(201B7)-NS/PCs were pretreated with GSI for 1 day
before transplantation. We induced contusive SCl at T10
level, and transplanted hiPSC-NeuPCs (NeuPC group),
hiPSC-NS/PCs (Control group) or PBS (PBS group) at
42 days after injury. At 89 days after transplantation,
immunohistochemical findings revealed that the
transplanted cells survived and did not cause tumor-
like overgrowth. The proportion of pan-ELAVL positive
mature neuron was significantly increased in the NeuPC
group, and more growth-associated protein 43-positive
fibers were observed, indicating that the axonal
regrowth was promoted. Quantitative analysis revealed
that the transverse area of the spinal cord at lesion epi-
center was significantly decreased in the other groups
compared with the NeuPC group, suggesting that the
NeuPC group transplantation prevented atrophy of
the injured spinal cord. Luxol fast blue staining also
revealed a greater preservation of myelinated areas
in the NeuPC group compared with the other groups.



The functional recovery was enhanced at 56 days after
transplantation and maintained thereafter in the NeuPC
group compared with the other groups. These results
indicate that only transplantation of hiPSC-NeuPCs
differentiated into more mature neurons and maintained
functional recovery even at chronic SCIl. However, the
degree of functional recovery was smaller at chronic
phase compared with sub-acute phase. Therefore, we
will evaluate efficacy of hiPSC-NeuPC transplantation
combined with rehabilitation therapy to enhance greater
functional recovery even at chronic SCI.

W-1119

SITE-SPECIFIC MIGRATION AND
NEUROLOGICAL DYSFUNCTIONS
IMPROVEMENT IN RAT OF NEURAL TUBE
DEFECTS BY EARLY INTRA-AMNIOTIC
ADMINISTRATION OF MESENCHYMAL STEM
CELLS

Wei, Xiaowei', Yuan, Zhenwei', Ma, Wei', Gu, Hui', Zhao,
Lianshuai' and Li, Hui?

'Key Laboratory of Health Ministry for Congenital
Malformation, Shengjing Hospital, China Medical
University, Shenyang, China, °Scientific Research
Department, Shengjing Hospital, China Medlica
University, Shenyang, China

Neural tube defects (NTDs) rank among the most
common categories of congenital anomalies and
available treatments have limited efficacy. Our
previous studies have demonstrated that transplanted
mesenchymal stem cells (MSCs) into the fetal spinal
column in utero could treat neuron deficiency in NTDs
rats, but the prenatal surgery for cell transplantation are
performed at no earlier than the second trimester, which
is already late into the pathophysiological process in
NTDs. Here, using the NTDs rat fetal model ex vivo and
in vivo, we devised a safe and effective transplantation
approach that delivered MSCs into amniotic cavity of
early embryos to treat NTDs. Transplanted MSCs showed
the capability to specifically migrate into damaged
neural tubes, the highest engraftment rate (21.95%) of
MSCs was obtained in the embryos with cranial NTDs,
while only 0.034% of transplanted MSCs was survived
in normal embryos. And using the RNA-seq technique,
we identified HGF/MET signaling in focal adhesion
pathway was associated with the regulation of MSCs
homing to defective neural tubes. In vivo, we further
demonstrated engrafted MSCs could differentiate
into neurons, glias, epithelia and myocytes depending
on the niches they survived, and could enhance the
expression of neurotrophic and anti-apoptotic factors
in the damaged neural tube. Meanwhile, in the amniotic
fluid with MSCs injection, we observed an increased
expression of various growth factors and a reduced
level of inflammatory factors via protein chip analysis.

Finally, electrophysiological and skin lesion analysis
demonstrated that as compared with the fetuses with no
MSCs injection, a shorter latency (No injection: 25.32 Vs.
MSCs injection: 22.82 ms) and a higher MEPs amplitude
(No injection: 0.18 Vs. MSCs injection: 0.26 mV) were
discovered in the fetuses with MSCs engraftment,
and the area of skin lesion area in fetuses with MSCs
engraftment was reduced 29.94%. We concluded that
intra-amniotic delivery of MSCs was effective and
resulted in a clinically relevant motor improvement in
neurological function and accelerated skin repair in
NTDs rat fetuses via the neural/epithelial regeneration
and neuroprotection. Intra-amniotic delivery of MSCs is
an innovative platform for developing fetal therapeutics
to safely and efficaciously treat congenital diseases.

Funding Source: This study was supported by National
Natural Foundation of China (Grant numbers: 81370717,
81671469 ); National Basic Research Program of China
( No. 2013CB945402); National key research and
development program (2016YFC1000505).

W-1121

USING HIPSC-DERIVED NEURONAL CULTURES
TO ASSESS THE SAFETY OF PRE-SCREENED
POTENTIAL THERAPEUTIC COMPOUNDS
AGAINST ZIKA VIRUS

Carromeu, Cassiano’, Slavin, lleana', Dea, Steven,
Montefusco, Sandro? Lage Siqueira-Neto, Jair? and
Zanella, Fabian®

'R&D, StemoniX, San Diego, CA, USA, 2Skaggs School
of Pharmacy and Pharmaceutical Sciences Center

for Discovery and Innovation in Parasitic Diseases,
University of California, San Diego, CA, USA, 3StemoniX,
San Diego, CA, USA

The recent global threat of Zika Virus epidemic has
highlighted the need for sophisticated screening
systems capable of detecting unintended toxicity of
candidate compounds against this serious infection.
Toxicity to the Central Nervous System (CNS) is a
key aspect in safety pharmacology evaluation of
drugs under development. The characterization of
the toxicological profiles of new chemicals to the CNS
involves extensive investigation using in vitro and in vivo
models. Currently, primary cultures and animal models
are popular platforms for those studies. In spite of their
importance, those platforms typically are not amenable
to larger scale toxicity screens. Human induced
pluripotent stem cell (hiPSC) technology has enabled
the ready availability of large and consistent batches
of neural cells and tissues for wider toxicity screens,
having the potential to change the current paradigm in
pharmacological research. Through hiPSCs and state-
of-the-art differentiation protocols, researchers now
have available unlimited source of neural cells, able to
mimic early and late stage of human CNS development.
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These sophisticated cellular models hold great potential
in reducing the time to assess toxicity of developing
drugs. Here we investigate the toxicological profile of
29 compounds recently described in the literature as
potential therapeutic compounds against Zika Virus

infection. hiPSCs-derived neural cells at different
developmental stages were challenged with this
library of compounds in two-dimensional cultures as
well as three-dimensional mini-brain organoids. We
observed greater susceptibility of the neural tissues to
compound toxicity at early stages of development, and
decreasing toxicity as the neuronal cultures mature in
vitro. Compounds with the safest profiles were further
evaluated in high throughput calcium flux and multi-
electrode array assays for assessment of potential
functional side effects on the normal function of the
CNS. In summary, our work highlights the power of a
human CNS model in predicting toxicological profiles
of proposed drugs against Zika Virus. Moreover, this
system can be applied to investigate the safety profiles
on new chemical entities, improving predictivity of
clinical outcome and reducing overall drug development
costs.

W-1123

KETAMINE INDUCES NEUROAPOPTOSIS
POSSIBLY THROUGH ELEVATED
INTRACELLULAR CALCIUM/MITOCHONDRIAL
FISSION/MICRORNA PATHWAY

Jiang, Congshan, Yan, Yasheng, Twaroski, Danielle,
Logan, Sara, Zaja, Ivan, Bosnjak, Zeljko and Bai,
Xiaowen

Medlical College of Wisconsin, Milwaukee, WI, USA

Ketamine, one of the commonly used agents in pediatric
anesthesia, has been linked to neurodegeneration and
cognitive dysfunction in developing animal models,
raising concerns about the safety of anesthesia on young
children. Previous studies on developing human neurons
derived from embryonic stem cells (ESCs) indicate that
ketamine induces neuroapoptosis with the mechanisms
largely unknown. This study aims to investigate the effect
of ketamine on intracellular calcium level, mitochondrial
fission, and microRNA profiles. ESCs were differentiated
into neurons following a four-step differentiation
protocol. Neuron differentiation efficiency was validated
by analysis of neuron-specific marker (beta tubulin
1) and developing neuronal marker (doublecortin)
expression. The 2-week old neurons were exposed to
100 pM ketamine for 6 to 24 h. Neuroapoptosis was
assessed by activated caspase 3 activity assay and
TUNEL staining. Intracellular calcium level was analyzed
using Fura-2 and Fluo-4 AM staining. Mitochondrial
fission was assessed using electron microscopy or
confocal microscopy imaging of neuronal mitochondria
expressing GFP. miScript miRNA arrays (Qiagen) were
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used in the initial microRNA target identification studies,
which was further confirmed using gRT-PCR. The
results showed that 24 h-ketamine exposure induced
neuroapoptosis. Intracellular calcium level significantly
decreased after acute ketamine exposure and increased
after 24 h-exposure to ketamine. Electron microscope
images demonstrate the increases of autolysosome
and mitochondrial fission in the ketamine-treated
neurons. In addition, the mitochondria in the ketamine-
treated neurons had significantly lower values of both
form factor and aspect ratio, further suggesting an
increase in mitochondrial fission. Among 88 microRNAs
investigated, let-7a/e, miR-21, miR-23b, miR-28-5p and
miR-423-5p were found down-regulated, while miR-
96 up-regulated in the neurons treated with ketamine
for 6 h. Collectively, our findings indicate that 1)
ketamine induces neuroapoptosis possibly through the
deregulated intracellular calcium/mitochondrial fission/
microRNA pathway, and 2) the use of ESC-derived
developing human neurons provides a promising in vitro
model for studying anesthetic-induced neurotoxicity in
humans.

Funding Source: This work is supported by NIH grants
RO1GM112696 (to Dr. Xiaowen Bai) .

W-1125

3D PRINTED NERVE GUIDANCE CONDUITS
FOR PERIPHERAL NERVE REGENERATION

Pedrick, Delaina and Huang, Yen-Chih
University of Connecticut, Storrs, CT, USA

Autologous nerve grafts are the most common choice
and gold standard for repairing nerve gaps in the
incidence of peripheral nerve injury. However, limited
availability of autologous grafts forces scientists to look
for alternatives. Synthetic and natural biodegradable
polymers have been demonstrated to exhibit promising
potentials to repair small nerve gaps (less than 3 cm).
In our previous study, we have developed a novel
biodegradable elastomer poly(glycerol dodecandioate)
(PGD) and its derivatives such as polymer poly(glycerol
dodecandioate co-fumarate) (PGDF), and showed
that electrospun PGD and PGDF fibers could support
proliferation and differentiation of the seeded neural cells
derived from mouse embryonic stem cells. 3D printing
as a fabrication method exhibits many advantages
including short fabrication time and quick turnover from
design to fabrication. Even more, it does not require
trhe creation of a mold like the traditional fabrication
approaches, especially in the case of multiple-channel
nerve conduits. Thus, in this study we plan to utilize 3D
printing technique to fabricate three-dimensional (3D)
nerve guidance conduits from PGD and PGDF. Since
PGD and PGDF exhibit elastic mechanical properties
similar to soft tissues, we hypothesized that 3D printed
nerve guidance conduits will be more suitable for



growing axons from pluripotent stem cell derived motor
neurons. However, most polymers synthesized in the
lab exist in non-filament form that is not suitable for
using with 3D printer directly. Thus we design a novel
microextruder to replace original printer head for open
source 3D Printer (Reprap Prusa 13). The new setup
enables us to print novel 3D nerve conduits from PGD
and PGDF. And we can take advantage of this novel 3D
printing approach to find the optimal design of nerve
conduits for peripheral nerve regeneration. In summary,
3D printed PGD and PGDF nerve guidance conduits
will be a versatile platform for testing axon growth of
neurons during peripheral nerve regeneration.

Funding Source: UConn IDEA Grant
W-1127

DECONSTRUCTING THE CELLULAR BASIS
OF THALAMIC NUCLEI SPECIFICATION BY IN
VIVO CLONAL ANALYSIS

Wong, Samuel’, Wu, Qing-Fengd', Ming, Guo-Ii?,
Nakagawa, Yasushi®* and Song, Hongjun?

TJohns Hopkins School of Medicine, Baltimore, MD,
USA, ?Institute for Cellular Engineering, Neuroscience,
Johns Hopkins School of Medicine, Baltimore, MD, USA,
3University of Minnesota, Minneapolis, MN, USA

The mammalian brain consists of both layered
structures (e.g. neocortex) and nuclear structures (e.g.
thalamus and hypothalamus). Although significant
progress has been made in understanding behavior of
neural progenitor cells in the neocortex, little is known
about principles governing cell fate specification for
structures parceled into nuclei such as the thalamus.
Here we applied a MADM (Mosaic Analysis with Double
Markers)-based genetic approach for lineage-tracing of
single progenitor cells in the thalamus from the onset
of thalamic neurogenesis. We show with three driver
lines, Gli1-CreERT2, Olig3-CreERT2 and Axin2-CreERT2,
that individual radial glial cells (RGCs) in the thalamus
generate compositionally diverse daughter cells that
can contribute to multiple subsets of discrete nuclei.
Clonal analysis of basal progenitor cells (BPs) further
suggests that thalamic clones may exhibit different
degrees of fate commitment up to the last two cell
divisions. Our study reveals distinct modes of thalamic
nuclei specification, and provides a framework for
studying cellular heterogeneity and connectivity in the
thalamus.

NEURAL DISEASE AND DEGENERATION

W-1131

EFFICIENT DERIVATION OF EXPANDABLE
NEURAL STEM CELLS FROM HUMAN INDUCED
PLURIPOTENT STEM CELLS

Yang, Chaowen, Liu, Gangd', Meng, Shulin?, Huang,
Danyi?, Qiu, Haixia?, Gao, Ge? and Zhou, Wenxia'
'Beijing Institute of Pharmacology and Toxicology,
Beijing, China, ?IxCell Biotechnology Co., Ltd, Shanghai,
China

Human induced pluripotent stem cells (hiPSCs)
provide a unique platform for drug screening, disease
modeling and cell therapy. hiPSCs -derived neural
stem cells (NSCs) are capable of generating indefinite
expansion and subsequent differentiation into the
various cell types, which could serve as an unlimited
source of cells for neural-related cell-based therapies
and disease modeling. Although numerous protocols
have been reported for the derivation of NSCs from
hiPSCs, these methods based on embryoid body culture
are the time-consuming and labor-intensive. Here,
we developed a new protocol that could rapidly and
efficiently generate expandable neural stem cells from
hiPSCs. Integration-free iPS cells were generated from
human peripheral blood mononuclear cells (PBMC)
using the CytoTune®-iPS Sendai Reprogramming Kit
following the manufacture’s protocol. The properties
of the iPSC were confirmed by standard procedure.
NSCs differentiation from iPS cells were carried out
using a modified protocol by our company. The iPS
cells reprogrammed from PBMCs were positive for
pluripotency markers NANOG, OCT4, SOX2 and SSEA4
and exhibited the ability of differentiation into three
germ layers. Using these iPS cells, we established an
optimal protocol for cardiomyocyte differentiation.
Flow cytometry analysis showed more than 95% of the
cells were positive for NESTIN, SOX1and SOX2 staining,
50% of the cells were positive for PAX6 staining, after 7
days of differentiation. Furthermore, the differentiated
cells showed highly expandable ability, which is critical
for large-scale applications. In this study, one seeded
iPS cell yielded about 2x104 viable NSCs after 4 times
of passaging. Additionally, these NSCs were capable
of being differentiated into neurons, evidenced by the
expression of dopaminergic marker TH and the motor
neuron markers CHAT. Conclusively, we provided a
robust platform for scale-up production of iPS cell-
derived NSCs with high purity and expandable ability.
These NSCs may be useful for drug screening and
disease modeling.
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W-1133

LARGE-SCALE AND RAPID PRODUCTION OF
FUNCTIONAL ASTROCYTE SUBTYPES FROM
HUMAN PLURIPOTENT STEM CELLS

Rapino, Francesca, Sun, Chichen, Becker, Caroline and
Rubin, Lee

Harvard Stem Cell and Regenerative Biology,
Cambridge, MA, USA

Recent research on mouse astrocytes has highlighted
their central role in the normal development and
function of the central nervous system, as well as
their potential participation in many pathological
conditions. Due to the intrinsic differences between
rodents and humans, and the limited availability of
primary human fetal or mature post-mortem samples,
the direct differentiation of human astrocytes form
pluripotent stem cells provides an excellent alternative
to uncover the complex function of human astrocytes in
pathological conditions. Until now, available protocols
for the differentiation of pluripotent cells into astrocytes
require extremely long culture (up to 3 months). We
have now established a rapid and robust 3D spheroid-
based culture protocol for the production of astrocytes
in large numbers. By recapitulating normal development,
we are able to pattern embryonic stem (ES) and induced
pluripotent stem (iPS) cells into brain or spinal cord
astrocytes. Rapidly after patterning, stem cells acquire
a neuroepithelial fate and express markers appropriate
to of either dorsal or ventral identity. Subsequently,
following dissociation of the spheres, cells acquire an
astrocyte-like morphology and express markers such
as CD44, S100b and the more mature marker ALDHILI.
These populations of astrocytes can be expanded and/
or cryopreserved, surviving freeze-thaw cycles. As with
primary astrocytes, the stem cell- derived astrocytes
exhibit the ability to transport glutamate and are able to
propagate calcium waves. After a short induction with
pro-inflammatory stimuli such as TNFa both spinal cord
and brain astrocytes become reactive, a hallmark of
traumatic and pathological conditions. The production
of large numbers of human astrocytes from patient
specific cells and the capability of modulating their
phenotype in a biologically relevant manner provide
an opportunity to unravel the potential contribution of
astrocytes in neurodegenerative and neuropsychiatric
diseases. Furthermore, the generation of these
astrocytes may lead to a better understanding of
astrocyte-neuron interaction, as well as cell autonomous
disease phenotypes.
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W-1135

DOPAMINE INDUCES OSCILLATORY
ACTIVITIES IN HUMAN MIDBRAIN NEURONS
WITH PARKIN MUTATIONS

Feng, Jian', Zhong, Ping?, Hu, Zhixing?, Jiang, Houbo?
and Yan, Zhen?

IState University of New York at Buffalo, NY, USA,
2Department of Physiology and Biophysics, State
University of New York at Buffalo, NY, USA

Locomotor symptoms in Parkinson’s disease (PD)
are accompanied by widespread oscillatory neuronal
activities in basal ganglia. Here, we show that activation
of dopamine D1-class receptors elicits a large rhythmic
bursting of spontaneous excitatory postsynapticcurrents
(EPSCs) in midbrain neurons differentiated from induced
pluripotent stem cells (iPSC) of PD patients with parkin
mutations, but not normal subjects. Overexpression
of wild-type parkin, but not its PD-causing mutant,
abolishes the oscillatory activities in patient neurons.
Dopamine induces a delayed enhancement in the
amplitude of spontaneous but not miniature EPSCs,
thus increasing quantal content. The results suggest that
presynaptic regulation of glutamatergic transmission by
dopamine D1-class receptors is significantly potentiated
by parkin mutations. The aberrant dopaminergic
regulation of presynaptic glutamatergic transmission
in patient-specific iPSC-derived midbrain neurons
provides a mechanistic clue to PD pathophysiology
and demonstrates the usefulness of this model system
in understanding how mutations of parkin cause
movement symptoms in Parkinson’s disease.

Funding Source: The study was supported by
NYSTEM contracts C029556, C028129, and C026714,
and Department of Veterans Affairs Merit Award
101BX002452, NIH grants ROINS061856, ROIMH108842,
ROIDAO37618.

W-1137

ENGINEERING THE RAINBOW OF MOTOR
NEURON SUBTYPES TO ENHANCE DISEASE
MODELING

Galloway, Kate', Babos, Kimberley? and Ichida, Justin'
'University of Southern California, Pasadena, CA, USA,
2Stem Cells and Regenerative Medlicine, University of
Southern California, Los Angeles, CA, USA

Neurodegenerative diseases affect highly specific
cell types in the central nervous system. However,
the degree to which current reprogramming or
differentiation approaches can specify specific neuronal
subtypes remains unclear. Amyotrophic lateral sclerosis
(ALS) selectively destroys spinal motor neurons (MNs),
which eventually leads to systemic paralysis and death.
Within the in vivo pool of somatic MNs there exist



subpopulations of cells with differential sensitivity to
disease stimuli. Through direct conversion of fibroblasts
invitro using overexpression of MN-specific transcription
factors, we have generated a variety of subtypes of
induced motor neurons (iMNs). By altering the cocktail
of transcription factors in our reprogramming process,
we can direct the motor column identity of our MNs
from axial innervating medial motor column (MMC) to
limb innervating lateral motor column (LMC). Further,
we have recently increased the range of iMNs sizes to
sizes commensurate with large putative alpha motor
neurons, which display increased in vivo vulnerability
during ALS pathology compared to smaller gamma
MNs. Finally, retrograde progression of the disease
(e.g. posterior to anterior) implicates a role for the
HoxC genes, which regulate MN identity along axial
positions, in MNs differential sensitivity. By addition of
HoxC transcription factors to the reprogramming mix,
we are able to impose different Hox codes on iMNs. We
observe that posterior codes promote neurotrophic-
free survival while enhancing iMN vulnerability to
mutant SOD1 expression. These results indicate that
transcription factor-based reprogramming methods
can be used to generate subtypes of neurons within the
motor neuron lineage that differ in their molecular and
functional properties. Thus, the transcriptional logic used
to specify neural progenitor cells into different neuronal
types during development is also capable of converting
fibroblasts into different neuronal subtypes with
remarkable resolution. Generating the rainbow of MN
subtypes will allow us to examine how ALS selectively
and sequentially targets various MN populations, while
others remain resistant.

Funding Source: NIH F32 NINDS (NS092417-02)

W-1139

BENEFICIAL EFFECTS OF ALLOGENEIC
HEMATOPOIETIC STEM CELL (HSC)
TRANSPLANTATION IN A MOUSE MODEL
OF INFANTILE NEURONAL CEROID
LIPOFUSCINOSIS (CLN1); RATIONALE
FOR PROMISING HSC GENE THERAPY
APPROACHES

Marco, Peviani', Milazzo, Rita? Cipolla, Valentina',
Cavalca, Eleonora®, Marenna, Silvia®, Leocani, Letizia*
and Biffi, Alessandra’

'Dana-Farber/Boston Children’s Cancer and Blood
Disorders Center, Boston, MA, USA, ?Tiget-DIBITI,
IRCSS San Raffaele Scientific Institute, Milano, Italy,
3Gene Therapy Program, Dana-Farber/Boston
Children’s Cancer and Blood Disorders Center, Boston,
MA, USA, “INSPE-Institute of Experimental Neurology,
Division of Neuroscience, IRCSS San Raffaele Scientific
Institute and San Raffaele University, Milano, Italy

Infantile neuronal ceroid lipofuscinosis (INCL), caused
by defects in CLN1 gene coding for palmitoyl protein-
thioesterase-1 (PPT1), is the most severe form of NCL,
leading to vision loss, dementia, epileptic seizures,
loss of motor coordination, culminating in premature
death. Reconstitution of brain-resident microglia by
the progeny of gene-corrected hematopoietic stem-
progenitor cells (HSPCs), transplanted in myeloablated
recipients, may represent a promising strategy to
obtain widespread distribution of wild type PPT1 in the
central nervous system (CNS), potentially improving
the clinical benefit for INCL. Here we explored: i)
systemic administration of busulfan, an alkylating
agent capable of ablating brain resident microglia
progenitors, as optimized conditioning to enhance the
turnover with progenitors derived from transplanted
HSPCs; ii) systemic or intracerebroventricular injection
of HSPCs isolated from Pptl wild type donors, to
identify the route of administration contributing to rapid
microglia reconstitution ; iii) phenotypic assessment
of transplanted INCL mice to evaluate the effects of
the HSPC approach. We confirmed sustained and
long-lasting donor-cell chimerism in CNS of busulfan
conditioned INCL mice independently from the route
of HSPCs administration. Transplanted mice displayed
a milder disease progression and partial neuronal
protection, as compared to untreated controls.
Donor-derived microglia cells were widely distributed
throughout the CNS, and displayed high positivity for
autofluorescent material. This may suggest an attempt
of microglia cells carrying the functional Ppt1 to detoxify
the storage and support neuronal microenvironment.
This constitute first formal demonstration of potential
benefits of HSPC-based approaches in INCL. Based on
these results, we started a preclinical safety/efficacy
HSC-gene therapy study to investigate the effect of
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transplantation with HSPCs transduced with a lentiviral

vector allowing expression of supraphysiological
levels of human PPT1. We expect that microglia cells
derived from the progeny of gene-corrected HSPCs
will potentially ameliorate the disease phenotype, by
acting as local source of functional enzyme, allowing its
sustained and widespread distribution in the CNS. The
study is currently in progress.

W-1141

LETHAL GIANT LARVAE 1 (LGL1) PROMOTES
ASYMMETRIC CELL DIVISION AND
DIFFERENTIATION OF OLIGODENDROCYTE
PRECURSOR CELLS

Daynac, Mathieu', Collins, Hannah?, Meyers, lan?,
Murphy, Nicole?, Kadhkodaei, Banafsheh?, Truffaux,
Nathalene?, Niu, Jiangin?, Fancy, Stephen? and
Petritsch, Claudia?

'Neurobiology&Development, CNRS UPR-3294, San
Francisco, CA, USA, ?University of California, San
Francisco, CA, USA

Embryonic neural stem cells and adult oligodendrocyte
progenitor cells (OPC) undergo asymmetric cell division
(ACD) to self-renew and generate functional cells. ACD
is a fundamental process to restrict proliferation and
balance it with self-renewal. Loss of ACD at the expense
of symmetric, self-renewing divisions is observed
when OPC turn into glioma cells. The majority of ACD
regulators in Drosophila neuroblast are conserved in
the mammalian genome. Lethal giant larvae 1 (Lgl1) has
been implicated in the asymmetric localization of cell
fate determinants in neural progenitor cells. Functional
characterization of mammalian ACD homologues is
incomplete, especially in OPC. The objective of this
projectisto provide abetter understanding ofhow ACD is
established and regulated and to determine if disruption
of ACD is causal to neoplastic transformation. To reach
this goal, we determine whether Lgll, a gene that was
initially identified as a tumor suppressor in Drosophila,
regulates ACD in corpus callosum progenitor cells. We
propose that Lgll regulates ACD and thereby restricts
proliferationand promotesdifferentiationin OPC.Indeed,
in murine OPC carrying conditional null alleles of Lgl1,
depletion of Lgll in vivo increases symmetric divisions
of proliferative NG2+ OPC and disrupts ACD, leading to
a decrease in CCl+ pre-myelinating oligodendrocytes
cells. In a murine model of spinal cord demyelination, Lgl1
ablation in NG2+ OPC in vivo increases their proliferation
during re-myelination but the cells fail to differentiate
properly. We confirmed in vitro that Lgll loss increases
proliferation of OPC but disrupts asymmetric divisions
and differentiation. Transcriptome analyses of Lgll
depleted OPC provide cues into the mechanism by
which Lgll regulates ACD and will be discussed at the
presentation. Our data suggest that loss of Lgll disrupts
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ACD, which contributes to phenotypes associated with
malignant transformation.

W-1143

MULTIPLE SCLEROSIS: A DISEASE IN A DISH

Koh Belic, Naomi', Padula, Matthew?, Milthorpe, Bruce?
and Santos, Jerran*

"University of Technology Sydney, NSW, Australia,
?Proteomics Core Facility, UTS, University of
Technology Sydney, Australia, 3Advanced Tissue
Regeneration and Drug Delivery, University of
Technology Sydney, Australia, *School of Life Sciences,
UTS, University of Technology Sydney, Australia

Multiple sclerosis is the most common cause of chronic
neurological disability in young adults, despite this
the aetiology is poorly understood and this is largely
due to the limited availability of suitable tissue and
limitations of current models. In order to gain insight
on this complicated disease, a model was created that
successfully recapitulates some characteristics of the
disease. This disease in a dish model compares adipose
stem cells obtained from both multiple sclerosis and non-
multiple sclerosis patients that have undergone neural
differentiation. The cellular proteome was analysed
and protein abundance changes quantified by liquid
chromatography tandem mass spectrometry, while
quantification of secreted cytokines was performed
using a Bio-Plex Multiplex immunoassay. This proteomic
analysis highlighted the functional complexity of
patient derived stem cells, as protein abundance differ
both spatially and temporally, consequently providing
substantial insight into the phenotypic characteristics of
the disease itself. The 27 cytokines that were examined
are associated with immune signalling and contribute
to neurological functions such as synaptic plasticity. As
multiple sclerosis is an autoimmune disease, it is vital
to understand the role inflammation has on the fate
of stem cells. Cytokine expression in multiple sclerosis
patients had greater homogeneity than that of non-
multiple sclerosis patients, which was expected as the
non-multiple sclerosis patient cohort could have various
undiagnosed and undetectable health conditions.
Interestingly, cytokine secretions significantly differed
between patient cohorts and suggested that adipose
stem cells isolated from multiple sclerosis patients
have a reduced neurogenic capacity. This was further
supported through phase contrast microscopy
throughout neuronal differentiation, as the multiple
sclerosis patient derived adipose stem cells did not
appear to undergo the same morphological changes that
are characteristic of differentiation. The data generated
from this investigation offers a comprehensive
analysis of adipose stem cell neurogenic capacity, and
establishes a robust disease in a dish model that reveals
crucial insight on multiple sclerosis.



Funding Source: The Schwartz Foundation

W-1145

METFORMIN LEADS TO SEX- AND AGE-
DEPENDENT EFFECTS ON NEURAL
PRECURSOR CELLS AND PROMOTES
COGNITIVE RECOVERY IN MOUSE MODELS
OF CHILDHOOD BRAIN INJURY

Ruddy, Rebecca M., Derkach, Daniel?, Adams, Kelsey?,
Dadwal, Parvati?, Xu, Wenjun?, Sachewsky, Nadia? and
Morshead, Cindi®

'Institute of Medlical Science, University of Toronto, ON,
Canada, 2University of Toronto, ON, Canada, 3Surgery,
University of Toronto, ON, Canada

Metformin (Met), an anti-diabetic drug, enhances the
neural precursor cell (NPC) pool and improves spatial
memory, suggesting its potential to engage endogenous
repair processes in the brain following injury. A
population of NPCs are found in the subventricular zone
and the niche is altered by factors such as age and sex,
which can affect activation and growth of NPCs. Here,
we investigated whether these variables would interact
with Met, leading to differential effects on NPCs. To
investigate age, Met was administered in vitro and in
vivo to early postnatal, juvenile and adult mice. Met
enhanced the NPC pool in early postnatal, but not older
mice. The inhibitory effect of the niche was confirmed
by examining Met’s effect on pure populations of NPCs
(in the absence of the endogenous niche), which led to
Met-induced activation of NPCs from all ages. Next, we
used a similar approach to investigate the involvement
of sex. NPCs from early postnatal males and females
were both responsive to Met; however, only female NPCs
responded to Met in the adult. Again, removal of the
endogenous niche resulted in increased responsiveness
of male NPCs. Together, these data suggest an inhibitory
effect of both the male and adult niches. Considering
these variable effects of Met treatment, we investigated
its potential therapeutic effect in two mouse models of
childhood brain injury that lead to cognitive impairment.
Early postnatal mice were subjected to hypoxia-
ischemia (H/1), then received Met for 5 weeks. Memory
and executive function were assessed at 7 weeks post-
injury. H/I resulted in a learning impairment which was
completely rescued with Met treatment in females,
coincident with our cellular data. Met treatment was
then investigated using a second injury model, cranial
irradiation (IR). Juvenile mice received IR followed by
25 days of Met. IR alone resulted in sex-dependent
cognitive deficits. As in the H/I model, Met treatment
improved cognition in females only. Taken together,
these findings reveal that 1) the stem cell niche plays
a role in the response of NPCs to Met, and 2) Met is
able to differentially rescue cognitive function following
brain injury. This highlights various considerations and

limitations of applying activation strategies for neural
repair, a crucial consideration in translation to clinical
applications.

Funding Source: Funding for this research provided
by: Canadian Institutes of Health Research, Ontario
Brain Institute, NeuroDevNet, and Ontario Institute for
Regenerative Medicine.

W-1147

TRANSCRIPTOME ANALYSIS IN FUS MUTANT
IPSC-DERIVED MOTOR NEURONS REVEALS
ALTERED PATHWAYS IN AMYOTROPHIC
LATERAL SCLEROSIS

De Santis, Riccardo', Santini, Laura?, Colantoni, Alessio?,
Peruzzi, Giovanna', de Turris, Valeria', Bozzoni, Irene?
and Rosa, Alessandro?

'Center for Life Nano Science, Istituto Italiano di
Tecnologia, Rome, Italy, 2Department of Biology and
Biotechnology Charles Darwin, Sapienza University of
Rome, Rome, Italy

Amyotrophic Lateral Sclerosis (ALS) is a fatal
neurodegenerative disease due to loss of motor
neurons (MNs). A subset of familial ALS cases is linked
to mutations in the FUS gene, however the molecular
pathways leading to MNs death are still poorly
understood. Induced pluripotent stem cells (iPSCs)
provide an opportunity to study human diseases
when no proper model systems are available. We have
recently derived different human iPSC lines carrying ALS
mutations in the FUS gene, either by reprogramming or
by gene editing. Notably, mutant iPSC lines generated
by gene editing could be compared to isogenic control
lines, avoiding any bias due to the genetic background.
We have previously shown that this system represents
a suitable platform to model FUS-related ALS in vitro.
We are taking advantage of this tool to unravel the
deregulated pathways in human FUS mutant MNs.
Coupling a rapid and high yield differentiation protocol
with a fluorescent reporter stably integrated by
genome editing, this system allowed isolation of pure
populations of human MNs by FACS. We performed
transcriptome analysis by next generation sequencing
from WT and FUS-P525L MNs. Data analysis revealed
several deregulated transcripts and gene ontology
analysis highlighted relevant categories that cooperate
in pathways and distinct molecular functions, such
as those related to “cell-cell adhesion” and “calcium
ion binding”. We are currently exploring the possible
contribution of these altered pathways in MNs survival.
Since FUS is an RNA-binding protein linked to multiple
aspects of RNA metabolism, we are investigating the
molecular mechanisms by which mutant FUS alters
gene expression. To identify targets directly regulated
by FUS, we are performing PAR-CLIP assays in MNs.
Collectively, our ALS FUS iPSC model system provides
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interesting insights into the molecular pathways altered
in ALS pathology.

Funding Source: AriSLA - Fondazione Italiana di Ricerca
per la SLA; Istituto Italiano di Tecnologia; Sapienza
University

W-1149

MODELING ASPECTS OF BIPOLAR DISORDER
IN NEURONS AND ASTROCYTE FROM
PATIENT-SPECIFIC INDUCED PLURIPOTENT
STEM CELLS

Jiang, Xueying', Song, Christopher!, Kassem, Layla’,
Detera-Wadleigh, Sevilla!, Zheng, Wei?, Coronaw,
Winston' and McMahon, Francis'

'NIMH/NIH, Bethesda, MD, USA, 2NCATS, Rockville, MD,
USA

Bipolar Disorder (BD) is a genetically heterogeneous
psychiatric disorder of unknown etiology that presents
major challenges for the study of disease biology and
drug development. Induced pluripotent stem cells
(iPSCs), which can be differentiated into neurons and
glia, provide a cellular model system suitable for studies
of cases and controls as well as studies that assess the
impactoftherapeuticagentsoncellulardevelopmentand
differentiation. As part of the Amish-Mennonite Bipolar
Genetics study (AMBiGen), we are collecting clinical
data, DNA, and fibroblasts from probands diagnosed
with BD and their relatives, all ascertained within
genetically-isolated Amish and Mennonite communities
in the Americas. Fibroblasts have been reprogrammed
to iPSCs with Sendai virus and differentiated into neural
progenitor cells (NPCs), neurons, and astrocytes using
standard protocols. Pilot studies are underway in cells
from 4 probands and 4 sex-matched, unaffected siblings
(2 clones each). Assessments include morphology,
action potentials, gene expression profiles, and cellular
response to therapeutic dosages of established
treatments such as lithium and valproic acid (VPA).
Preliminary results suggest that long-term treatment
with VPA, but not lithium, greatly reduced proliferation
of NPCs by the MTT assay, and promoted neuronal
differentiation in both cases and controls. Long-term
treatment with lithium greatly reduced neuronal
calcium response to glutamate stimulation in both cases
and controls, based on single-cell calcium imaging.
Interestingly, differentiation of NPCs into astrocytes
was substantially slower and doubling time was shorter
in cells derived from cases. VPA treatment (10 d at 1
mM) significantly reduced astrocyte growth in cells
derived from both cases and controls, but the impact
of VPA was substantially greater in case-derived cells.
Lithium treatment (10 d at 1 mM) increased astrocyte
density in lines derived from healthy controls, but not
in lines derived from cases. These preliminary results, if
replicated, could point to cell-autonomous phenotypes
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detectable in astrocytes derived from people diagnosed
with BD. If astrocyte development is impaired in BD,
this could have important implications for research into
etiology and therapeutics.

W-1151

THE EFFECTS OF DIFFERENT TYPES OF
PRENATAL IMMUNE ACTIVATION EVENTS
ON NEOCORTICAL NEURAL STEM AND
PROGENITOR CELL PROLIFERATION AND
MAINTENANCE

Shankar, Archana', Moon, Hyang?, Babineau, Brooke?,
Saravanapandian, Vidya3, Subramanyam, Geetha?,
Nima, Neda®, Kielhold, Michelle? Narayan, Aditi? and
Palmer, Theo?

'Neurosurgery, Stanford University, Mountain View,
CA, USA, °Neurosurgery, Stanford University, Stanford,
CA, USA, 3Stanford University, Stanford, CA, USA,
“Biological Sciences, CIRM Bridges Program, San Jose
State University, San Jose, CA, USA, *Biological Science,
CIRM Bridges Program, California State University,
Fullerton, Fullerton, CA, USA

Maternal illness during early pregnancy has been shown
to increase offspring’s risk for autism spectrum disorder
(ASD). Increasing evidence from human epidemiology
and twin studies suggests that both genetic and
environmental risk factors contribute to the etiology of
ASD. Amongmany environmentalrisk factors, systematic
immune disturbance induced by maternal immune
activation (MIA), events such as prenatal infection is
known to be the most relevant ASD risk. However, the
similarities and differences of pregnancy outcomes
resulting from different prenatal MIA challenges has
not been fully elucidated. Here, we studied the distinct
effects of two different MIA events on neocortical neural
stem and progenitor cells (NPCs) in the developing
fetus and particular behavioral domains in postnatal
offspring. We specifically focused on bacteria-like
and virus-like MIA responses by triggering toll-like
receptor (TLR)-mediated signaling pathways. Common
environmental pathogens and other innate immune
activators act directly on TLR pathways to initiate an
innate immune response. The various TLR-signaling
pathways have been shown to elicit distinct immune
profiles and may evoke discrete pathophysiology
associated with ASD at the fetal-maternal interface
during the time course of infections. Pregnant mice
were challenged with TLR3- and TLR4-specific agonists
during mid-gestation, and the pregnancy outcomes
and alterations in NPC behaviors following MIA
challenges were assessed. Differences in cytokine and
chemokine profiles were detected in maternal serum
and the placenta following MIA challenges compared to
controls. An increase in hypoxia in the fetal brain was
also observed. Impairments in neocortical NPC cell cycle,



proliferation, and cortical patterning in the neocortex
were found in the MIA-challenged fetuses. The MIA-
challenged postnatal offspring displayed behavioral
deficits such as alterations in social interactions and an
increase in stereotyped behaviors. Taken together, we
identified impairments in neocortical NPC proliferation
and maintenance during early brain development which
ultimately may lead to pathophysiology and postnatal
behavioral deficits relevant to ASD.

W-1153

IN VITRO DISEASE MODELING OF
AMYOTROPHIC LATERAL SCLEROSIS:
IMPAIRMENT OF MICRORNA FUNCTION IN
HUMAN MOTONEURONS DERIVED FROM
INDUCED PLURIPOTENT STEM CELLS

Rosa, Alessandro’, De Santis, Riccardo?, Santini, Laura',
Colantoni, Alessio, Peruzzi, Giovanna?, de Turris,
Valeria? and Bozzoni, Irene'

'Department of Biology and Biotechnology Charles
Darwin, Sapienza University of Rome, Rome, Italy,
2Center for Life Nano Science, Istituto [taliano di
Tecnologia, Rome, Italy

Mutations in the RNA-binding protein FUS are
genetically linked to Amyotrophic Lateral Sclerosis
(ALS), a neurodegenerative disease primarily caused
by the death of motoneurons (MNs). Most of ALS
mutations impair FUS nuclear localization and trigger its
aggregationin cytoplasmicinsoluble inclusions. Previous
studies in cell lines and animal models showed that FUS
is a ubiquitous protein involved in MRNA metabolism
processes (including transcription, splicing, transport
and localization) and in microRNA (miRNA) processing.
Conceivably, the set of FUS RNA targets is context-
dependent and a comprehensive transcriptome analysis
in cell types relevant for ALS is still missing. In particular,
a link between FUS mutations and miRNA function
has been hypothesized, but never verified, in human
MNs. Human induced Pluripotent Stem Cells (iPSCs)
carrying pathogenic mutations represent a powerful
tool in neurodegenerative disease modeling. We took
advantage of ALS-iPSC lines recently raised in our lab to
address, for the first time in human MNs: a) whether ALS
mutations in FUS affect the miRNA pathway; b) which
miRNAs are specifically under FUS control; ¢) what
are the consequences of mMiRNA dysregulation. We
obtained pure populations of human MNs, either FUS-
WT or isogenic FUS mutants generated by gene editing.
RNA collected from these samples was used for Next
Generation Sequencing (NGS) to analyze coding and
non-coding RNAs, including small RNAs. We identified
a subset of MN miRNAs differentially expressed in the
FUS mutant, possibly by a pathological loss of nuclear
function. Interestingly, these include miRNAs previously
associated with MN survival as well as other miRNAs

that could potentially target genes relevant for ALS.
Interestingly, genes involved in apoptosis are among
miRNA targets dysregulated in mutant MNs. Our results

suggest a novel possible pathological mechanism

underlying FUS ALS pathogenesis.

Funding Source: AriSLA - Fondazione Italiana di Ricerca
per la SLA; lIstituto Italiano di Tecnologia; Sapienza
University

W-1155

DYNAMIC REMODELING OF NEURAL
MICROENVIRONMENT SIGNATURES DEPICTED
IN 3D IN VITRO DIFFERENTIATION OF HUMAN
IPSC-DERIVED NSC

Simao, Daniel, Sim&o, Daniel', Terrasso, Ana’, Silva,
Marta', Arez, Francisca', Sousa, Marcos!, Raimundo,
Nuno?, Gomes-Alves, Patricia' and Alves, Paula'

IBET, Instituto de Biologia Experimental e Tecnoldgica;
Instituto de Tecnologia Quimica e Biolégica, Oeiras,
Portugal, ?Universitdtsmedizin Géttingen, Institut fir
Zellbiochemie, Géttingen, Germany

Brain microenvironment plays an important role in
neurodevelopment and function. Here, extracellular
matrix (ECM) components and soluble factors can
modulate important cellular features, as migration,
proliferation survival and neuronal function. Disruption
of this microenvironment’s homeostasis is often related
to pathological conditions. We hypothesized that 3D
differentiation of human neural stem cells (NSC) as
neurospheres in perfusion stirred-tank bioreactors
can sustain microenvironment remodeling, enabling
to address key cell-ECM interactions in healthy
and pathological settings. Differentiation of hiPSC-
derived NSC was shown to recapitulate neurogenic
developmental pathways, generating tissue-like 3D
structures with neuronal, astroglial and oligodendroglial
cells. Changes in neural microenvironment during
neural differentiation, namely at cell membrane and
ECM composition, were addressed using quantitative
transcriptomic (NGS) and proteomic (SWATH-MS)
data. This revealed a significant divergence between
neurosphere ormonolayer (2D) differentiation. Structural
proteoglycans, such as neurocan, versican, brevican
and tenascin C, were significantly enriched relative
to 2D. Inversely, basement membrane constituents
(e.g., laminins, collagens and fibrillins) were found to
be downregulated in the differentiated neurospheres,
while enriched in 2D. Moreover, a clear increase in the
expression of important synaptic machinery constituents
was observed in 3D, both at mRNA and protein levels,
suggesting a higher degree of neuronal maturation
and organization. In summary, we demonstrated that
cellular and extracellular developmental features
are recapitulated in the presented neural cell model.
This strategy is currently being employed to address
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molecular defects associated with neurological disorders
affecting the microenvironment homeostasis, such as
the lysosomal storage disease mucopolysaccharidosis
type VII.

FundingSource:iNOV A4Health-UID/Multi/04462/2013,
financially supported by FCT/MEC, through national
funds and co-funded by FEDER under PT2020 is
acknowledged. Support from SFRH/BD/52473/2014
PhD fellowship funded by FCT, Portugal.

CANCERS

W-1159

ESTABLISHMENT OF PATIENT-DERIVED
CD133+ STEM-LIKE CANCER CELLS FROM AN
ATYPICAL MENINGIOMA

Kim, Eunhye’, Park, Young Seok? and Hyun, Sang-
Hwan'

'College of Veterinary Medicine, Chungbuk National
University, Cheongju, Korea, °Chungbuk National
University, Cheongju, Korea

Although meningioma are the most common form
of primary central nervous system (CNS) tumors,
investigations of meningioma biology have come to a
stop due to the lack of suitable preclinical in vitro and
in vivo model systems. In this study, we report the
establishment and comparative characterization of
patient-derived, spontaneously immortalized cancer
cell lines derived from 4 typical (WHO grade I) and an
atypical (WHO grade IlI) meningiomas. Without any
immortalization, almost of the established cell lines
possess a marked capacity for proliferation due to the
endogenous expression of the telomerase catalytic
subunit (h"TERT). All of the meningioma-derived cancer
cell lines showed homogenous Vimentin expression,
whereas various expression patterns were examined
in Nestin depending on the patients. Western blotting
revealed the expression of stem cell surface marker,
CD133, but not Nestin as properties of more aggressive
atypical meningioma cell line. Interestingly, tumor
spheres only generated from the specimen of high-grade
atypical meningioma cell line indicating that this cells in
spheres were capable of self-renewal and proliferation.
The loss of a Y chromosome was examined in 4 out
of 30 metaphases (13.3%) obtained from an atypical
meningioma cell line. The patient derived cancer cell
lines established in this study might be used as a model
for meningioma tumorigenesis to improve the success
in the clinic by explaining the slightly different clinical
behavior among the patients.

Funding Source: This work was supported by a grant
from the “National Research Foundation of Korea
Grant funded by the Korean Government (NRF-
2016R1ID1AIB03933191)“, Republic of Korea.
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PARACRINE SIGNALS PRODUCED FROM
CANCER CELLS PROMOTE BONE MARROW
MESENCHYMAL STEM CELLS TO UNDERGO
REPROGRAMMING TO A CANCER STEM CELL
PHENOTYPE

El-Badawy, Ahmed’, Ayman Salah, Radwa', Mohamed,
lhab?, Amer, Marwa' and El-Badri, Nagwa'

'Center of Excellence for Stem Cells and Regenerative
Medicine (CESC), Zewail City of Science and
Technology, 6th of October, Egypt, °Department of
Zoology, Faculty of Science, Ain Shams University,
Cairo, Egypt

Mesenchymal stem cells (MSCs) play different roles in
modulating tumor progression, growth, and metastasis.
Recently, it has been suggested that cellular plasticity
withinatumor causes a bidirectional conversion between
cancer stem cells (CSCs) and non-CSCs. Although
MSCs have been found to be recruited to the tumor
site, the effect of the tumor microenvironment on MSC
plasticity, remains poorly understood. Herein, we report
a paracrine effect in which cancer cells secrete soluble
factors, without direct cell-cell contact, that promote
a CSC phenotype in bone marrow MSCs (BM-MSCs).
The interaction between cancer cells and BM-MSCs
generated sphere-like cells that display many properties
of CSCs, and accordingly termed cancer induced stem
cells (CiSCs). CiSCs expressed many markers of cancer
cells, CSCs and pluripotent stem cells, and were able
to maintain their pluripotent state and self-renewal
capacities in culture. They displayed properties of a
side-population and were resistant to chemotherapeutic
agents. Interestingly, these cells were quiescent and slow
cycling and showed a high resistant to DNA damage.
CiSCs also showed enhanced tumorsphere formation
capacities in culture, potent invasive properties, were
able to form colonies in suspension from single cells and
displayed other CSCs features. In line with the recent
reports that the EMT process is tightly linked with the
function and generation of CSCs, our results indicate
that CiSCs were more mesenchymal than their parental
BM-MSCs. Microenvironmental stimulation with TGF-B
further stimulated the cancerous properties of CiSCs
and increased their tumorsphere formation and invasion
properties. CiSCs also showed their multilineage
differentiation capacities and formed complex
secondary structures when cultured on matrigel in a
3D culture system. Ultrastructural analysis of CiSCs
using electron microscopy revealed an irregular surface
of CiSCs and tumor-like buds on their surface. These
findings demonstrate that MSCs recruited in the tumor
microenvironment may display cellular plasticity and
convert to CSC-like cells. These cells can be generated
in large-scale to be used for screening for candidate
anti-cancer therapies. Our observations may also hold



promise to generation of patient-specific CSCs without
any genetic manipulations.

Funding Source: This work is supported by a grant
(ID# 5300) funded by the Science and Technology
Development Fund (STDF), Egypt.

W-1163

TARGETING FRIZZLED-7 IN GASTRIC CANCER

Flanagan, Dustin', Phesse, Toby? Ernst, Matthias® and
Vincan, Elizabeth’

'Doherty Institute, University of Melbourne, Victoria,
Australia, ?Cardiff University, Cardiff, UK, *Olivia
Newton-John Cancer Research Institute, Melbourne,
Australia

Gastric cancer is a common malignancy of the
gastrointestinal tract and is the 2nd most common
form of cancer related death. Gastric cancer can be
divided into two broad groups; intestinal-type and
diffuse-type, as classified by the Lauren system. Of the
documented genetic lesions in intestinal-type gastric
cancer, several components of the Wnt pathway are
frequently mutated, namely members of the Wnt
receptor complex. As such, targeting the Wnt receptor
complex via Frizzled (Fzd) receptors may provide
potential therapeutic benefit in models of intestinal-type
gastric cancer. We sought to determine the function
and therapeutic benefit of targeting Fzd receptors
in pre-clinical models of gastric cancer. Preliminary
experiments treating human gastric cancer cells with
an anti-Fzd blocking antibody (Vantictumab) reveal
significant cell proliferation arrest and a decrease in Wnt
activity and associated gene transcription. These in vitro
findings were extended in two different mouse models
of intestinal-type gastric cancer (gp130FF and TfflCre+;
Apcfl/fl), demonstrating significant reduction in tumour
burden following treatment with Vantictumab. Tumour
organoids derived from Lgr5GFP/+; gpl130FF mice
infected with an adenoviral Wnt-active reporter reveal
an overlap between active Wnt signalling and Lgr5+
cells in gastric tumour organoids, which was reduced
following treatment with Vantictumab, demonstrating
that Fzd inhibition in Wnt-active Lgr5+ cells leads
to reduced tumour organoid growth. Of the five
Fzd receptors inhibited by Vanticumab (1, 2, 5, 7 and
8), the expression of Fzd7 was found to be the most
downregulated compared to other Fzd receptors.
As such, we conditionally deleted Fzd7 from mouse
models (described above), which significantly reduced
overall in vivo tumour burden characterised by
significant reductions in cell proliferation, Wnt target
gene expression and angiogenesis. Our results show
that Fzd7 is critical for transmitting Wnt signals to Lgr5+
cells in gastric tumours, which are likely to fuel tumour
progression by providing oncogenic cues to cells.
Furthermore, we demonstrate that Vantictumab has

significant therapeutic utility in pre-clinical models of
intestinal-type gastric cancer and suggest a translational
clinical benefit to gastric cancer patients.

Funding Source: DF is supported by a Cancer Council
Victoria Postdoctoral Research Fellowship. This project
was funded by a National Health and Medical Research
Council (NHMRC) of Australia Project grant, awarded to
TP and EV
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CHEMICAL SCREENING IN ZEBRAFISH
EMBRYO CULTURES IDENTIFIES RETINOIC
ACID AS A TRANSCRIPTIONAL SUPPRESSOR
OF MYB AND LEADS TO A NEW TREATMENT
FOR MYB-DRIVEN ADENOID CYSTIC
CARCINOMA

Mandelbaum, Joseph', Shestopalov, llya' and Zon,
Leonard?

'Boston Children’s Hospital, Boston, MA, USA,
2Hematology,/Oncology and Stem Cell Program, Boston
Children’s Hospital, Boston, MA, USA

MYB translocations, and thus overexpression, are
molecular hallmarks of adenoid cystic carcinoma (ACCQC),
a salivary gland tumor. Surgical resection, whenever
possible, is the standard therapy for ACC, but there are
no available therapeutic options available if surgery fails.
Here, we used a novel culture system to find chemical
suppressors of a BAC transgenic reporter with GFP at
the ATG of the myb gene. By adapting an embryonic
blastomere culture system in zebrafish, we screened
3,840 small molecules for suppression of c-myb:GFP
expressed in blood cells and neural tissues. Retinoic
acid agonists were potent suppressors of c-myb:GFP
expression in the zebrafish embryo cell cultures. We
confirmed by in situ hybridization that retinoic acids
downregulate c-myb positive cells in wildtype zebrafish
whole embryos treated between 48 and 72 hours post
fertilization. Retinoic acids significantly downregulated
c-myb expression in U937 cells, a human leukemia
cell line, within 3 hours, likely suggestive of a direct
transcriptional mechanism of regulation as retinoic acid
receptors bind physically to the MYB locus by ChiP-seq.
Since MYB translocations in ACC retain MYB regulatory
regions, we reasoned that transcriptional suppression
of MYB by retinoic acid would be potentially useful in
treating ACC. Patient derived xenograft studies in mice
showed an average tumor size inhibition after 28 days
of treatment across three primary ACC models of 88%
for all-trans retinoic acid and 86% for isotretinoin, which
are among the highest levels for any drugs tested in
these xenograft models. Translocations involving MYB
have been previously described in ACC for bringing
strong enhancers into close proximity of the MYB
locus, and these translocated enhancers are also bound
by MYB protein, resulting in a positive feedback loop
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that drives MYB overexpression. ChlP-seq analysis
of the xenografts revealed that all-trans retinoic acid
treatment significantly decreased MYB binding at these
translocated enhancers. We propose that retinoic acids
act via retinoic acid receptors to directly suppress MYB
expression, thereby disrupting the oncogenic MYB
feedback loop at the translocated enhancers that drive
ACC. Our findings identify an important role of retinoic
acid in MYB regulation and will lead to a clinical trial for
ACC shortly.

Funding Source: Adenoid Cystic Carcinoma Research
Foundation.
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USE OF NEURAL STEM CELLS FOR TARGETED
ONCOLYTIC VIROTHERAPY IN PRECLINICAL
MODELS OF STAGE IIl OVARIAN CANCER

Aboody, Karen S.’, Abdul Majid, Asma?, Mooney,
Rachael?, Batalla, Jennifer?, Curiel, David® and Lesniak,
Maciej*

'Developmental & Stem Cell Biology, Beckman
Research Institute of City of Hope, Duarte, CA, USA,
?Developmental & Stem Cell Biology, City of Hope,
Duarte, CA, USA, 3Radliation Oncology and Cancer
Biology, Washington University, St. Louis, MO, USA,
4Neurological Surgery and Neurology, Northwestern
University, Evanston, IL, USA

Ovarian cancer is the most lethal of all gynecologic
malignancies with over 22,000 new cases and 14,200
deaths per year in the U.S. Once metastasized to the
abdominal cavity (stage lll), patients have only a 34%
5-year survival rate following standard surgical debulking
and combination chemotherapy. Use of intraperitoneal
(IP) chemo regimens has improved outcomes, but due
to increased complications and toxicities render most
patients unable to complete the treatment cycles. More
effective approaches for treating recurrent and/or drug-
resistant ovarian cancer are urgently needed. Oncolytic
virotherapy is a promising novel approach that uses
replication-competent viruses to induce cancer cell
death. Success in the clinic has been hampered by
rapid immune-mediated clearance/neutralization of
the virus, and poor viral distribution to tumor foci. To
overcome these barriers, we are using a tumor-tropic
NSC line that has demonstrated clinical safety and non-
immunogenicity in first-in-human glioma trials. These
NSCs have also demonstrated localization to peritoneal
ovarian cancer metastases in mice after IP injection.
We engineered our NSCs to produce a conditionally
replication-competent adenovirus, CRAd-S-pk7, driven
by the survivin promoter, which is highly expressed
in ovarian cancer, but not in normal differentiated
cells. We hypothesize the NSCs will shield the virus
from immune recognition on route to tumor, and
afford an unprecedented ability to seed and penetrate
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multiple tumor sites, allowing for amplification of viral
payloads in situ. NSG mice with established ovarian
mets were injected IP with PBS, cisplatin, CRAd-S-pk7
NSCs, or a combination of cisplatin and CRAd-S-pk7
NSCs. The combination treatment group resulted in
significantly decreased tumor burden, as measured by
bioluminescence imaging. In vitro data supports in vivo
results. Studies underway include free virus distribution
pharmacokinetic comparisons, and long-term survival.
This novel NSC-oncolytic virotherapy approach can
potentially increase survival, reduce toxicities, and
improve quality of life for patients with stage Il ovarian
cancer.

Funding Source: Funding provided by: Anthony F. &
Susan M. Markel Fund; Alvarez Charitable Foundation;
Rosalinde & Arthur Gilbert Foundation; City of Hope.
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DIFFERENTIAL GENE EXPRESSION
SIGNATURE OF CANCER STEM CELLS IN
HUMAN COLORECTAL CANCER

Manhas, Janvie', Bhattacharya, Aditi', Bhat, Muzzafar?,
Agrawal, Sandeep!, Das, Prasenjit?, Pal, Sujoy4, Deo,
SVS®, Ghosh, Debabrata? and Sen, Sudip'
'Biochemistry, All India Institute of Medlical Sciences,
New Delhi, India, ?Physiology, All India Institute of
Medlical sciences, New Delhi, India, 3Pathology, All
India Institute of Medical Sciences, New Delhi, India,
4Gastro Intestinal Surgery, All India Institute of Medlical
Sciences, New Delhi, India, *Surgical Oncology, All India
Institute of Medical Sciences, New Delhi, India

Cancer stem cells (CSC) are believed to be responsible
for invasion and metastasis in colorectal cancer (CRC)
but the exact mechanism is still unknown. We aim
to study the differences between CSC of different
grades of CRC to understand their role in metastasis.
This would help to identify critical targets for clinical
intervention to halt the progression and metastasis of
CRC. Paraffin embedded tissue samples of different
histopathological grades of primary, untreated CRC and
appropriate controls from 70 patients were analyzed for
the expression of CSC markers, CD44 and CD166 using
immunohistochemistry. Marker based isolation of CSC
and non-CSC cells from fresh CRC tissue and human
CRC cell lines was done using FACS. Tumor sphere assay
was performed with the sorted subsets. Microarray
was done using whole genome 4X44K array slides to
study transcriptomic changes between CSC and non-
CSC cells for both high grade (HG) & low grade (LG)
CRC. Data was analysed using Flow Jo, GeneSpringGX
13 and GeneGOMetaCore. Validation was done using
Real time PCR. FACS showed higher prevalence of
CSGCs in primary high grade CRC as compared to low
grade CRC. Sorted and cultured CSCs formed tumor
spheres. High throughput gene expression analysis of



CSCs showed over expression of the classical stemness
markers including Oct4, nanog, c-myc, kif4, MSH1 as
well as EMT markers including MMPs, Snail, Twist and
ZEBI. Gene expression profile of CSCs from HG and LG
tumors were found to be different. Posthoc analysis
(ANOVA with Tukey with Bonferroni FWER, p < 0.05,
fold change >2) revealed a total of 495, 481, 202, 119
genes differentially expressed between CSC from HG
and LG, non-CSC from HG and LG, CSC and non-CSC
from HG, CSC and non-CSC from LG respectively. A
unigue gene signature representing CSC and non-CSC
in LG and HG CRC was computed and validated in
arbitrarily selected 10 genes. Networks and enrichment
analysis revealed different metabolic pathways active in
CSC and enrichment of survival, ECM- cell interaction
and cell adhesion pathways. We hypothesize that the
high metastatic potential of HG CRC may be accredited
to the differential expression profile of CSCs. Our study
identified novel gene signatures and pathways for high
grade CSC which may be manipulated to target CSC in
aggressive CRC.

W-1171

THE BMP4-SHH CROSSTALK CONTROLS
MALIGNANCY AND CHEMORESISTANCE IN
ESOPHAGEAL CANCER BY MODULATING
STEM CELL FUNCTION

Calpe, Silvia, Hoefnagel, Sanne, Correia, Ana, Sancho-
Serra, Carmen, Straub, Daniell and Krishnadath, Kausilia
Academisch Medisch Centrum(AMC), Amsterdam,
Netherlands

BMP4 is a growth factor with a key role in carcinogenesis
and metastasis. In Gastro-Intestinal cancers presenting
mutations in the canonical transcription factor SMADA4,
BMP4 induces tumorigenesis through activation of non-
canonical signaling pathways. Our recent studies have
demonstrated a role of BMP4 as a positive regulator of
chemo-resistance and invasiveness in EAC, and suggest
that inhibition of BMP4 with highly specific antibodies
ameliorate the malignant behavior of aggressive SMAD4
negative esophageal adenocarcinoma (EAC). BMP4
controls quiescence and differentiation of stem cells.
Whether BMP4 controls malignancy in EAC through
modulating cancer stem cell function is not known.
To determine the role of BMP4 in EAC stem cells, we
analyzed the RNA expression profile of tumor biopsies of
74 EAC patients. An aggressive BMP high gene signature
profile which correlated to poor survival and recurrence
was identified. This gene signature is characterized by
the expression of BMP ligands as well as their receptors.
Expression of BMP4 was also correlated Sonic Hedgehog
(Shh), which is the BMP upstream ligand and a known
regulator of stem cell function. Interestingly, both BMP4
and Shh correlated to the expression of several stem
cell markers such as Igr5, HNF4A, and SOX9, suggesting

a possible role for the BMP4/Shh crosstalk in stem cell
function. To further examine the malignant role of this
crosstalk, we applied the BMP/Shh signature to a panel
of EAC cell lines and demonstrated that in a SMAD4
mutated cell ling, it correlated with chemoresistance,
migration as well as stem cell proliferation. Further, in
vitro analyses revealed that Shh signaling on epithelial
cells activated autocrine BMP4 secretion which resulted
in an increase in the malignant features of EAC cancer
cells, such as chemoresistance as well as the invasive
capacities. Most importantly, these malignant features
could be inhibited by our recently developed novel anti-
BMP4 antibodies. Together these results show how the
BMP4/shh crosstalk can modulate malignant features
in EAC with SMAD4 mutations by controlling stem cell
function. Of importance is the finding that specific anti-
BMP4 antibodies can inhibit these effects in vitro and
they might represent a novel therapy in targeting stem
cell function in EAC.

Funding Source: Targets4Barretts (ERC Starting Grant)
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THE HISTONE DEACETYLASE SIRT6
REGULATES TRANSCRIPTION ELONGATION
BY SUPPORTING RNA POLYMERASE

Il PROMOTER-PROXIMAL PAUSING IN
EMBRYONIC STEM CELLS

Etchegaray, Jean-Pierre', Zhong, Lei', Li, Catherine?,
Ross, Kenneth?, Samarakkody, Ann®, Nechaev, Sergei3,
Goren, Alon*4, Ramaswamy, Sridhar' and Mostoslavsky,
Raul

'Massachusetts General Hospital Cancer Center-Harvard
Medical School, Boston, MA, USA, ?Harvard University,
Boston, MA, USA, 3University of North Dakota, Grand
Forks, ND, USA, “University of California, San Diego, CA,
USA

How chromatin dynamics regulate transcription to
influence embryonic stem cell (ESC) function remains a
major question. The histone deacetylase SIRT6 targets
histone H3 at lysine’s 9 (H3K9ac) and 56 (H3K56ac)
to regulate glucose metabolism and cell fate lineage
specifications in ESCs. Earlier, we found SIRT6 to
suppress expression of metabolic and pluripotent genes
at the mRNA level. However, the mechanisms underlying
SIRT6-dependent transcriptional control remain unclear.
A key step during transcription regulation occurs via
promoter-proximal pausing of RNA polymerase Il (Pol
I1), which prevents transcription elongation. Chromatin
accessibility via histone acetylation accelerates
transcription  elongation, however the histone
deacetylase(s) modulating this step are unknown. We
found co-localization of SIRT6 and Pol Il at promoter-
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proximal regions in ESCs genome wide. In addition to
a global increase in H3K9ac and H3K56ac, we found
phosphorylation of the carboxy-terminal domain of Pol
Il at serine 2, a hallmark of transcription elongation, to be
elevated in ESCs derived from Sirt6 knockout (S6KO)
mice, suggesting SIRT6 as a repressor of transcription
elongation. We demonstrate SIRT6-dependent Pol
Il pausing by permanganate DNA footprinting and
Pol II ChlP-Seq analysis. Moreover, while the negative
transcription elongation factor NELE-e is evicted
from chromatin, the positive transcription elongation
proteins BRD4, Myc and the Pol ll-associated protein
1 (PAF1) accumulate in chromatin fractions of S6KO
ESCs. Concordantly, siRNA-mediated knockdown of
BRD4, Myc or PAF1 rescues the elevated expression
of metabolic genes in S6KO ESCs. Lastly, mehylation
of histone H3 at lysine’s 36 (H3K36me3) and 79
(H3K79me2), hallmarks of transcription elongation,
parallel the expression of metabolic and developmental
genes, which are upregulated in S6KO ESCs. Thus,
we unraveled a new mechanism involving SIRT6-
dependent histone deacetylation as a key regulator of
transcription elongation by sustaining Pol Il promoter-
proximal pausing in ESCs affecting genes implicated in
metabolism and early development.

W-1177

DEVELOPMENT OF A NOVEL ENHANCER
PREDICTION MODEL USING TRANSCRIPTION
FACTOR BINDING SEQUENCES OCCUPIED IN
EMBRYONIC STEM CELLS AND CONSERVED
AMONG MAMMALS

Singh, Gurdeep, Malek-Gilani, Nakisa and Mitchell,
Jennifer

Department of Cell and Systems Biology, University of
Toronto, ON, Canada

Enhancers regulate tissue specific gene expression and
play a major role in evolution, disease and development.
As aresult thereis great interest in identifying enhancers;
however, it has been a challenge due to their variable
location from their target gene, low overall sequence
conservation compared to genes and lower precision
of bioinformatics models based on histone modification
alone. To develop anovel sequence based bioinformatics
model, we first identified positive enhancers as Multiple
Transcription factor bound Loci (MTL) using the ChlIP-
seq data of nine transcription factors (TFs) in mouse
embryonic stem (ES) cells. MTL regions bound by
increasing numbers of TFs (MTL2-4 and MTL>5) were
found to have increased enrichment for enhancer
features, histone H3 K27 acetylation (H3K27ac) and
EP300, and were associated with higher expression
of nearby genes. Liftover of MTL2-4 and MTL>5 to the
human genome identified 432 regions with conserved
enhancer features in both species. Enhancer function
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was confirmed by luciferase reporter assays for a subset
of these regions. Clover analysis on these enhancers
using the JASPAR database revealed transcription factor
binding sites (TFBS) overrepresented in both mouse
and human. TFBS conservation in the corresponding
human and mouse enhancers was analyzed using multi-
sequence alignment (MSA). Average TFBS conservation
between mouse and human was found to be highest for
OCT4:SOX2 dimers (89%), while additional important
ES cell expressed TFs including: KLF4, ESRRB, STAT3
and TCFCP2L1 were found to have lower average TFBS
conservation ranging between 67-73%. Interestingly,
many novel TFs, which have not been previously linked
to pluripotency maintenance, were found to have higher
TFBS conservation (74-89%). Correspondence analysis
of the 432 enhancers using 122 overrepresented TFBS
revealed 86 TFBS to have a co-occurrence pattern in
enhancers similar to the OCT4:SOX2 TFBS. A novel
enhancer prediction model will be developed for ES
cells based on multiple occurrences of conserved TFBS
within 1000 bp windows in mouse and human genomes.
In addition, this approach could be applied to additional
cell types, which have a less well-characterized
regulatory network to discover novel enhancers and
regulatory TFs.

W-1179

DISSECTION OF SUPER-ENHANCER
HIERARCHY BASED ON CHROMATIN
INTERACTIONS

Huang, Jialiangd', Li, Kailong?, Xu, Jian? and Yuan, Guo-
Chend'

'Dana-Farber Cancer Institute, Boston, MA, USA,
2University of Texas Southwestern Medical Center,
Dallas, TX, USA

Super-enhancers (SEs) are groups of putative enhancers
with unusually strong enrichment for mediator binding.
Previous studies have shown that SE-associated genes
are enriched for master regulators for maintenance
of cell identity. However, it remains unclear to what
extent SEs are structurally and functionally distinct
from conventional enhancers. We hypothesize that
many super-enhancers are composed of a hierarchy
of constituent elements whose functional difference
is associated with long-range chromatin interaction
patterns. To test this hypothesis, we developed a
systematic approach to classify SEs into hierarchical
and non-hierarchical subtypes by integrating Hi-C
and ChlPseq data in ESC and differentiated cell types.
We find that, comparing with non-hierarchical SEs,
hierarchical SEs enriched with pluripotent regulators
in ESCs, but with cell-type specific regulators in the
differentiated cells. Furthermore, within each hierarchical
SE, we found that the hub enhancers are highly enriched
for disease-associated variants, which might suggest



their functional potency. In a few cases, the hierarchy
within a SE has been previously mapped out by using
CRISPR/Cas9-mediated. Comparison between this
functional hierarchy and that predicted from chromatin
interactions shows strong agreement. Taken together,
these results strongly support our hypothesis that many
SEs are composed of a hierarchical structure that is
associated with chromatin interaction patterns.

ORGANOIDS

W-1183

IN VITRO ASSESSMENT OF DRUG EFFECTS ON
HUMAN INDUCED PLURIPOTENT STEM CELL-
DERIVED CARDIAC SPHEROID CULTURES

Sirenko, Oksana', Chandy, Grischa', Crittenden, Carole',
Austin, Gaoder!, Carlson, Coby? and Hancock, Michael?
'Molecular Devices, LLC, Sunnyvale, CA, USA, ?Cellular

Dynamics Int, Fujifilm Co, Madison, USA

There is increasing interest in exploring the use of
three-dimensional (3D) cell culture for modeling
developmental and tissue biology with the goal of
accelerating translational research. Such 3D models
can provide different perspectives from traditional
2D cultures on the responses of cells and tissues to
drug treatments. Accordingly, the development of
quantitative assays in higher throughput using 3D
culturesisanimportant area of investigation. In this study,
we developed methods for the formation of 3D cardiac
spheroids using human iPSC-derived cardiomyocytes
(iCell Cardiomyocytes2). We used high content and fast
kinetic fluorescence imaging (FLIPR) to measure the
impact of various compounds on the beating patterns
and rates of cardiac spheroids as monitored by changes
in intracellular Ca2+ levels with calcium-sensitive dyes.
We tested a set of known cardioactive and cardiotoxic
compounds, including alpha- and beta- blockers, cardiac
glycosides, ion channel blockers, anti-cancer drugs, and
compounds with other mechanisms of action. This assay
was optimized for HTS in 384-well plates and allows
for the characterization of cardiac spheroid beating
profiles by using multi-parametric analysis, with outputs
such as beat rate, peak frequency and width, and
waveform irregularities. In addition, the impact of drug
treatment on cell viability and mitochondrial integrity
was evaluated by high content imaging. To further
evaluate the impact of 3D culture on cardiomyocyte
responses, we compared the effects (EC50 values) of
different compounds in 3D versus 2D culture formats
and demonstrated significant differences in assay
sensitivity to compound-induced effects. In conclusion,
we demonstrated that 3D cardiac spheroids formed
with human iPSC-derived cardiomyocytes can be used
for drug development and toxicity assessment.

W-1185

ORGANOID CULTURE OF L-MYC
IMMORTALIZED HUMAN NEURAL STEM CELLS

Barish, Michael', Velazquez Ojeda, Alejandra’,
Tsaturyan, Lusine®, Aboody, Karen? and Gutova,
Margarita?

'Beckman Research Institute of City of Hope, Duarte, CA,
USA, 2Developmental and Stem Cell Biology, Beckman
Research Institute/City of Hope, Duarte, CA, USA

Differentiation of progenitor cells in three dimensional
cultures to form self-assembling structures termed
organoids has emerged as a valuable technique in basic
biology and fundamental/translational medical science.
The utility of organiods derives from the extent to which
they serve as simulacra of their intended organs along
with their accessibility to genetic and environmental
manipulations. Here we have used L-myc immortalized
neural stem cells (NSCs) to initiate organoid cultures
in Matrigel. Culture techniques for LM-NSCO08 NSCs
are adapted from those previously published protocols
for growth of brain organoids. Immunochemical
technigues employ extensive permeabilization and
overnight exposures to antibody and other reagents
to ensure deep penetration, and confocal fluorescence
imaging with reconstruction from serial optical sections.
Organoids survive without signs of necrosis for over
two months. We are presently exploring temporal
and spatial expression of differentiation markers
including vimentin, nestin, GFAP, tubulin type 3 (Tujl)
doublecortin (DCX) and MAP2 to determine the extent
to which these organoids are recapitulating molecular
and structural patterns of human cortical development.

Funding Source: Supported by the Beckman Research
Institute and the California Institute for Regenerative
Medicine Bridges to Stem Cell Research program.

W-1187

NEURAL RETINA DIFFERENTIATION OF
HESCS AS AN IN VITRO MODEL FOR
RETINOBLASTOMA

Kanber, Deniz, Hiber, Michaela, Lohmann, Dietmar and
Steenpass, Laura

Institute of Human Genetics, University Hospital Essen,
University Duisburg-Essen, Essen, Germany

Retinoblastoma is the most common eye tumor of
early childhood. Inactivation of both alleles of the
retinoblastoma gene (RB1) results in the development
of retinoblastoma. Our aim is to establish a human cell-
based model for retinoblastoma. Using the CRISPR/Cas9
system we have generated human embryonic stem cells
(hESCs) carrying a mutation either on one or both RBI1
alleles. All detected mutations are located in exon 3 of
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the RB1 gene close to the splice donor site. Analyses on
DNA, RNA and protein level were performed for three
mutant and one double-mutant clone. The following

genotypes were identified by deep sequencing
(NM_000321.2): clone C2, c.364_380del, heterozygous;
clones C7 and G3, c.372_378del, heterozygous; clone
G4, c.[372_378del; c.367_368dup], homozygous (loss of
heterozygosity). The mutations of all four clones result
in a premature stop codon in exon 4. On RNA level we
detected expression of mutant RB1 transcripts reflecting
the genotype in all clones and an additional mutant
RB1 transcript with skipping of exon 3 in three clones.
As the heterozygous clones also showed expression of
the wildtype RB1 transcript, RB1 protein (pRb) could be
detected for these clones (C2, C7, G3) by western blot
analysis. However, the double-mutant clone G4 showed
no expression of pRb. So far, we have characterized 3
heterozygous and one homozygous clone. Another
three double-mutant clones are under investigation.
It has been shown that in 3D culture hESCs can be
differentiated into neural retina containing organoids.
We established this differentiation schedule and started
comparative differentiation of wildtype H1 hESCs and
the RB1 null derivative (G4, RBiImt/mt) into neural retina.
During the first weeks of differentiation into neural retina
organoids generated from the RBImt/mt hESCs have a
smaller diameter and thinner retina layer compared to
wildtype organoids. However, during the time-course
the mutant organoids began to catch up. Thus, at later
stages no difference in size and thickness could be
observed anymore. Comparative immunostainings of
cryosections at d19 show no difference in expression of
the markers PAX6 and SOX2 between the wildtype and
mutant hESCs. Further comparative immunostainings
for markers specific for neural retina like e.g. RX and
VSX2 at d19 and d33 are ongoing and will be presented.

W-1189

CO-SEEDING OF CARDIOMYOCYTES AND
PRO-EPICARDIAL CELLS FROM HUMAN IPS
CELLS ENHANCES CARDIAC ORGANOID
COMPLEXITY

Guyette, Jacques P.!, Tan, Jun Jie? and Ott, Harald?®
'Massachusetts General Hospital, Harvard Medical
School, Boston, MA, USA, 2Massachusetts General
Hospital, Boston, USA, 3Surgery, Massachusetts General
Hospital, Boston, MA, USA

In cardiac development, the proepicardial organ
originates from the anterior surface of the septum
transversum. It envelopes the heart to form the
epicardium, and plays a critical role in cardiac maturation
contributing to cardiomyocyte proliferation, myocardial
compaction, and expansion of the coronary plexus.
The absence of the proepicardial organ or epicardium
results in underdeveloped ventricles, ultimately leading
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to embryo lethality. To this end, strategies combining
proepicardial cells (PECs) with cardiomyocytes (CMs)
to engineer the maturation of cardiac tissues ex vivo
has not been studied. Previously, we generated human
iPS-derived CMs (85.6 = 85% cTnT+) using a Wnt-
mediated differentiation protocol. In resulting CM-
cultures, we also observed 8.8 + 3.3% of the supporting
non-CM cells expressed the proepicardial marker WT1
by flow cytometry. To enrich this subpopulation, we
first enhanced differentiation to lateral plate mesoderm
using CHIR99021 for 48 hrs, and then treated with
BMP4, VEGF, and retinoic acid for 96 hrs to increase
WT1+ expression to 86.8 = 7.1% within 7 days. Further
characterization suggested a definitive proepicardial
cell (PEC) population, with upregulated proepicardial
genes (WTI1, TBX18, TCF21, BNC) and proteins by IF
(WT1, ZO1, Tcf21), as well as downregulated cardiac
genes (TNNT1, Nkx2.5) and proteins (cTnT). We then
differentiated GFP-labeled CMs and mCherry-labeled
PECs independently, and recombined the two cell types
for co-culture in non-adherent plates. CMs and PECs
integrated to form cell aggregates within 24 hrs, and
generated spontaneously beating cardiac structures
within 72 hrs. Calcium signalimaging at day 7 showed CM/
PEC aggregates had shorter action potential durations
compared to CM aggregates. CM/PEC aggregates also
demonstrated action potential propagation across
formed cardiac structures. Immunohistological analysis
at day 15 revealed GFP-CMs stained positive for cardiac
markers (MHC, cTnT, a-Actinin). Conversely, mCherry-
PECs generated WT1+ cells that surrounded aggregates,
as well as E-cadherin+, smooth muscle actin+, and
calponin+ cells that formed vessel structures within
cardiac structures. Taken together, this data suggests
CM/PEC co-seeded structures may enhance the ex vivo
morphogenesis of engineered myocardial constructs.

W-1191

A NOVEL HIGH-THROUGHPUT PERSONALIZED
MEDICINE PLATFORM USING PANCREATIC
DUCTAL ADENOCARCINOMA DERIVED
ORGANOIDS IN THE ORGANOPLATE"

Van Vught, Remko', Kramer, Bart', Corbo, Vincenzo?,
Filippini, Dea? Harms, Amy?, Lawlor, Rita?, Lanz,
Henriétte!, Hankemeier, Thomas?3, Scarpa, Aldo? and
Joore, Jos'

'Mimetas, Leiden, Netherlands, 2ARC-NET Research
Centre, Leiden, Netherlands, SLACDR, Leiden University,
Leiden, Netherlands

Pancreatic cancer is one of the most deadly tumors
due to the limited treatment options and late diagnosis.
Here, we describe a novel high throughput personalized
medicine platform combining the OrganoPlate®, a
microfluidic based 3D-culture plate 1, and the recently
described Pancreatic Ductal AdenoCarcinoma



(PDAC) derived organoids 2. The OrganoPlate® is a
high throughput 3D cell culture microfluidic platform,
enabling a wide range of flow and co-culture conditions
(e.g. blood vessels), creating physiologically relevant
models with a minimal requirement of cell material.
Organoids were derived from human PDAC patients
and seeded in the OrganoPlate®. Due to the low amount
of material required (2500 cells per chip) and the high
amount of replicates on one plate (n=96 on a standard
microtiter format plate) this makes the OrganoPlate® an
efficient platform for personalized medicine and toxicity
assays. The viability of the organoids before and after
drug treatment is monitored with standard fluorescent
viability assays. In addition, medium and cell samples
are screened for the presence of metabolites. Metabolic
profiling gives insight in the phenotypic changes
cancer cells undergo after treatment. In conclusion,
the OrganoPlate® is compatible with human pancreatic
PDAC derived organoids. The platform can be used
for high throughput personalized medicine assays and
toxicity screening. 1. Trietsch, S. J., Israéls, G. D., Joore,
J., Hankemeier, T. & Vulto, P. Microfluidic titer plate for
stratified 3D cell culture. Lab Chip 13, 3548-54 (2013). 2.
Boj, S. F. et al. Organoid models of human and mouse
ductal pancreatic cancer. Cell 160, 324-338 (2015).

W-1193

TRASNPLANTED HUMAN LUNG ORGNAOIDS
DERIVED FROM PLURIPOTENT STEM CELLS
REQUIRE A SPECIFIC ENVIRONMENT IN
ORDER TO MATURE

Dye, Briana R., Youngblood, Richard', Kasputis, Tadas',
Clough, Daniel?, Oakes, Robert?, Nagy, Melinda?,
Spence, Jason? and Shea, Lonnie'

'Biomedlical Engineering, University of Michigan, Ann
Arbor, Ml, USA, ?University of Michigan, Ann Arbor, M,
USA, 3Internal Medicine, University of Michigan, Ann
Arbor, Ml, USA

Tissues derived from human pluripotent stem cell
(hPSC) often represent early developmental time points.
Yet, when transplanted into immunocompromised
mice, these derived tissue further mature gaining tissue
structure and adult cell types. Previously we have
demonstrated that hPSC-derived human lung organoids
(HLOs) resembled human fetal lung tissue in vitro
(Dye et al. 2015), but when transplanted onto a porous
Poly(lactide-co-glycolide) (PLG) scaffold in vivo, the
organoids formed tube-like structures that resembled
both the structure and cellular diversity of an adult lung
airway (Dye et al. 2016). Our initial hypothesis was that
the HLOs required a surface such as a microporous
scaffold in order for the lung epithelium to survive and
mature. However, we have determined that the type
of the material that comprises the scaffold is essential
for organoids to survive and mature into airway-like

structures. Our goal is to define the microenvironment
including the material properties of the scaffold, vascular
network, and immune response necessary for the
transplanted HLOs to mature into adult lung structures.

TISSUE ENGINEERING

W-1197

ADHESION AND VIABILITY OF MESENCHYMAL
CELLS OF DIFFERENT SOURCES ON ALIGNED
POLY(LACTIC-CO-GLYCOLIC ACID) FIBROUS
SCAFFOLDS

Sperling, Laura Elena., Pozzobon, Laura and Pranke,
Patricia
UFRGS, Porto Alegre, Brazil

Mesenchymal stem cells (MSCs) are a promising tool for
cell therapy through their ability to reduce inflammation
and differentiating into different lineages, including
neural cells. Peripheral nerve damage affects thousands
of people yearly worldwide. Tissue engineering products
offer an alternative to the traditional autologous nerve
grafts used to treat nerve defects. Conduits made of
aligned nanofibers and MSCs may contribute to nerve
regeneration by providing a platform for oriented nerve
fiber growth and may be an appropriate source of
cells for regeneration. The aim of this study has been
to analyze the cytocompatibility of mesenchymal stem
cells derived from human exfoliated deciduous teeth
and umbilical cord cultured onto conduits of aligned
PLGA fibers. An 18% poly lactic-co-glycolic acid (PLGA)
solution in hexafluor-2-propanol was used to produce
a scaffold of aligned nanofibers. A conduit with 1.5 mm
diameter and 5 mm length was produced by rolling the
aligned nanofibers around a needle and fixing the edges
with the polymer solution. MSCs from the two different
sources were seeded on the conduits, either only interior,
exterior or onboth surfaces. The conduits were cultivated
for 1 and 7 days to evaluate cell adhesion, migration
and viability by confocal microscopy, live/dead and
WST8 assays. Statistical analyses were performed by
the one-way ANOVA test. For evaluation of adhesion,
the cells were stained with DAPI/rhodamine-phalloidin
and analyzed by confocal microscopy. The MSCs from
the two different sources showed good adhesion and
spread onto the conduit, with more cells adhering into
the lumen of the conduit. Cell viability was assessed
by live/dead and WST-8 assays and showed that the
adhered cells of the three groups (cells inside the
conduit, cells outside and cells inside and outside the
conduit) maintained viable on the biomaterial. Despite
the MSCs from the deciduous teeth having shown
better cell adhesion and viability rate in comparison
with the MCSs from the umbilical cord , both sources of
cells showed good results in these biological analyses.
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In conclusion, the MSCs from both sources adhered and
maintained viability on the conduits, showing that the
conduit has good biocompatibility and can be used as a
regenerative product in peripheral nerve injury.

Funding Source: CNPq, FINEP, MCTI, and Stem Cell
Research Institute

W-1199

OSTEOGENIC PROGRAMMING OF HUMAN
MESENCHYMAL STEM CELLS WITH HIGHLY
EFFICIENT INTRACELLULAR DELIVERY OF
RUNX2

Thiagarajan, Lalitha, Shakesheff, Kevin and Dixon,
James
University of Nottingham, Nottingham, UK

Mesenchymal stem cells (MSCs) have versatile
regenerative potential due to their tri-lineage
differentiationandimmunomodulationactivity. Currently
there are two major challenges in directed differentiation
of MSCs for therapeutic applications. Firstly, MSCs are
difficult to transfect with existing approaches which
are clinically unattractive (viral transfection) or have
low efficacy (lipid-mediated transfection). Secondly,
chemical and growth factor strategies to direct
osteogenesisin vivo, lack specificity for targeted delivery
with desired effects. To overcome these challenges we
delivered recombinant transcription factors (TFs) with
the GAG-binding enhanced transduction (GET) delivery
system (fusion of P21 and 8R peptides). We used the
osteogenic master reguzlator, RUNX2 as a programming
factor due to its stage-specific role in osteochondral
differentiation pathways. We engineered GET-fusion
proteins and compared sequential osteogenic changes
in MSCs, induced by exposure to GET fusion proteins
or conventional stimulation methods (Dexamethasone
and BMP2). By assessing loss of stem cell-surface
markers, upregulation of osteogenic genes and matrix
mineralization, herein we demonstrate that GET-
RUNX2 effectively transduces MSCs and triggers
osteogenesis by enhancing target gene expression.
The high transduction efficiency of GET-system holds
great potential in stem cell therapies by allowing direct
transcriptional control over stem cells, bypassing
problems observed with high-concentration growth-
factor or steroid therapies.

Funding Source: We acknowledge funding from
the ERC under the European Community’s Seventh
Framework Programme, the MRC, the EPSRC, and
the BBSRC UK Regenerative Medicine Platform Hub
“Acellular Approaches for Therapeutic Delivery”
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W-1201

PROTEINS EXTRACTED FROM HUMAN BONE
MARROW ENHANCE MESENCHYMAL STEM
CELL ACTIVITIES

Li, Wan-Ju and Tsai, Tsung-Lin
Orthopedics, University of Wisconsin-Madison, W/, USA

Maintaining properties of human bone marrow-
derived mesenchymal stem cells (BMSCs) in culture for
regenerative applications remains a great challenge. An
emergingapproachofconstructingacultureenvironment
mimicking the bone marrow niche to regulate BMSC
activities has been developed. In this study, we have
demonstrated a systematic approach to identify soluble
factors of interest extracted from human bone marrow
and used them in BMSC culture for tissue regeneration.
We have found that lipocalin-2 and prolactin are key
factors in bone marrow, involved in regulating BMSC
activities. Treating the cell with lipocalin-2 and prolactin
delays cellular senescence of BMSCs and primes the
cell for osteogenesis and chondrogenesis. We have also
demonstrated that BMSCs pretreated with lipocalin-2
and prolactin can enhance the repair of calvarial defects
in mice. Together, our study provides research evidence
of using a viable approach to prime BMSC properties
in vitro for improving cell-based tissue regeneration in
vivo.

Funding Source: Research reported in this publication
was partially supported by the National Institute of
Arthritis and Musculoskeletal and Skin Diseases of the
National Institutes of Health under Award Number RO1
AR064803.

W-1203

PANCREATIC ALPHA CELL INDUCTION
OF POLYHORMONAL PRECURSORS IN A
BIOMIMETIC ISLET CAPSULE

Pope, Benjamin, Sinatra, Nina, Glieberman, Aaron,
Peterson, Quinn, Cowan, Chad, Melton, Douglas and
Parker, Kevin

Harvard University, Cambridge, MA, USA

Human islet research is limited by the inability
of conventional culture conditions to maintain
the functionality of cadavers or to mature islet
organoids derived from human pluripotent stem cells.
Recapitulation of the islet-specific microenvironment
is a promising potential solution, as the physical
properties of culture substrates demonstrably influence
the structure and function of islet cells. While popular
hydrogel substrates have tunable properties and
can protect islets from immune responses following
transplantation into animals, decreased viability is often
observed in hydrogel encapsulated islet cells in culture.
Inspired by the native extracellular matrix, we designed



a nanofibrous scaffold mimicking the three-dimensional
structure and stiffness of the human islet capsule.
Using stem-cell derived islet cells, we tested our force
spun scaffold in prolonged culture. After one week,
viability of islet cells cultured in the scaffold remained
unchanged while a near 50% reduction in viability
was observed for hydrogel encapsulated cells. Over
a one-month time course, multicolor flow cytometry
further revealed an increase in a-cell differentiation in
the scaffold via polyhormonal intermediates. We also
reconstituted the protein composition of the human
islet extracellular matrix on our scaffold and are now
determining the extent to which biomimicry of both the
physical and biochemical islet microenvironment can
mature gene expression profiles and glucose stimulated
insulin secretion in stem cell derived islet cells in vitro.

Funding Source: Benjamin Pope is a Good Ventures
Fellow of the Life Sciences Research Foundation. We
are supported by the Harvard Stem Cell Institute and
National Institutes of Health grants ROIDK0O97768 to
CAC and UC4DK104165 to DAM and KKP.

W-1205

ENGRAFTMENT AND FUNCTION OF HUMAN
PLURIPOTENT STEM CELL-DERIVED
HEPATOCYTE-LIKE CELLS IN MICE VIA 3D CO-
AGGREGATION AND ENCAPSULATION

Schwartz, Robert', Song, Wei?, Lu, Yen-Chum?, Frankel,
Angela’, An, Duo? and Ma, Minglin?

"Weill Cornell Medical College, New York, NY, USA,
2Cornell University, Ithaca, USA

Cellular therapies for liver diseases and in vitro models for
drug testing both require functional human hepatocytes,
which have unfortunately been limited due to the
paucity of donor liver tissues. Human pluripotent stem
cells represent a promising and potentially unlimited
cell source to derive human hepatocytes. However,
the hepatic functions of these human pluripotent stem
cells-derived cells to date are not fully comparable to
adult human hepatocytes and are more similar to fetal
ones. In addition, it has been challenging to obtain
functional hepatic engraftment of these cells with prior
studies having been done inimmunocompromised
animals. In this report, we demonstrated successful
engraftment of human induced pluripotent stem cell
derived hepatocyte-like cells in immunocompetent
mice by pre-engineering 3D cell co-aggregates with
stromal cells followed by encapsulation in recently
developed biocompatible hydrogel capsules. Notably,
upon transplantation, human albumin and al-antitrypsin
(ATAT) in mouse sera secreted by encapsulated induced
pluripotent stem cell derived hepatocyte-like cells/
stromal cell aggregates reached a level comparable
to the primary human hepatocyte/stromal cell control.
Further immunohistochemistry of human albumin

in retrieved cell aggregates confirmed the survival
and function of iPS-H. This proof-of-concept study
provides a simple yet robust approach to improve the
engraftment of induced pluripotent stem cell derived
hepatocyte-like cells, and may be applicable to many
stem cell-based therapies.

W-1207

ZONAL 3D PRINTING OF CELL-LADEN GENE
ACTIVATED BIOINKS FOR INTERFACE TISSUE
ENGINEERING

Gonzalez Fernandez, Tomas', Freeman, Fiona', Daly,
Andrew!, Jeon, Oju?, Alsberg, Eben?, Dunne, Nicholas?,
McCarthy, Helen*, O'Brien, Fergal® and Kelly, Daniel’
Trinity College Dublin, Ireland, ?Western Case Reserve
University, Cleveland, OH, USA, 3Dublin City University,
Dublin, Ireland, “Queen’s University Belfast, Belfast, UK,
SRoyal College of Surgeons in Ireland, Dublin, Ireland

Engineering complex interface tissues such as the
osteochondral unit requires precise spatial control
of cellular differentiation and matrix deposition and
organization. Additive fabrication techniques such
as 3D bioprinting can be used to spatially deposit
different materials (bioinks) and bioactive molecules.
The incorporation of gene delivery into a bioink offers a
unigue approach for the controlled release of therapeutic
factors in a spatially and temporally defined manner
in order to control the differentiation of bioprinted
mesenchymal stem cells (MSCs). The objective of this
study was to develop a chondro-inductive and an
osteo-inductive gene activated bioink (GAB) for the 3D
printing of an osteochondral construct. For this purpose,
two different MSC-laden GABs were developed: (1) a
chondro-inductive GAB consisting of the incorporation
of MSCs and RALA peptide-plasmid DNA (pDNA)
complexes into unmodified alginate, and (2) an osteo-
inductive GAB consisting of the incorporation of MSCs
and nanohydroxyapatite (nHA)-pDNA complexes into
a RGD-modified alginate hydrogel. Green fluorescent
protein (GFP) and luciferase analysis showed effective
transfection over time of the encapsulated MSCs. Co-
printing of GFP and red fluorescent protein (RFP)
transfected cells demonstrated precise spatial control
of protein deposition inside the construct, confirming
zonal MSC transfection. Next, bi-layered constructs were
printed by the serial deposition of chondro-inductive
(pTGF-B3 and pBMP2) and osteo-inductive (pBMP2)
bioinks. After 21 days of in vitro culture, significantly
higher levels of mineralization were observed in the
osteo layer, while significantly higher levels of cartilage
specific extracellular matrix accumulation were observed
in the chondro layer, reproducing the biochemical
gradients found in osteochondral tissue. This study
highlights the potential of the 3D bioprinting of gene
activated materials for the spatial delivery of genes for
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the local production of growth factors, thereby enabling
the recapitulation of the biochemical and phenotypical
gradients found in native tissues.

Funding Source: Science Foundation Ireland through
the Advanced Materials and Bioengineering Research
(AMBER) Centre and the European Research Council

W-1209

SUBSTANCE-P STIMULATED MOBILIZATION
OF BOTH EPC AND BMSC FROM THE BONE
MARROW TO THE BLOOD FOR ENGAGEMENT
IN THE HEALING TISSUE OF THE ALKALI
BURN RABBIT EYE

Son, Youngsook' and Hong, Hyun Sook?
'Department of Genetic Engineering and Graduate
School of Biotechnology, Kyung Hee University, Yong
In, Korea, °Kyung Hee University, Seoul, Korea

The bone marrow (BM) is a source of stem cells such
as hematopoietic stem cells, endothelial precursor
cells (EPC), and bone marrow stromal cell (BMSC, also
generally called as mesenchymal stem cell), which can
be mobilized to damaged tissues for repair. However,
molecules and mechanisms underlying mobilization
and homing of these cells to target tissues are not
clearly defined. Here, we report that substance-P (SP),
a known neuropeptide, stimulated the proliferation
of both EPC and BMSC in the bone marrow and their
mobilization to the peripheral blood via intra-bone
marrow injection of SP and BrdU incorporation assay.
This function of SP could be specifically blocked by NK-1
Receptor antagonist and compared with GCSF, which
could mobilize EPC only. SP-mobilized EPC and BMSC
harvested from the blood were concertedly engaged in
the neo-vasculogenesis as endothelial cells and alpha-
smooth muscle actin-expressing pericytes, respectively,
in the nude mice matrigel plug assay. SP injection
itself markedly increased the pericyte coverage on
the endothelia of the healing tissue in the alkali-burn
eye injury. Furthermore, PKH-26 labeled SP-mobilized
EPC and BMSC were engaged in the pericyte-covered
endothelia in the alkali burn eye in contrast to much
less pericyte coverage on the enlarged endothelia with
EPC only transfusion. This new function of SP may
substitute elaborate ex vivo cell culture of therapeutic
cells through its stimulation of stem cell proliferation
in the bone marrow in vivo and mobilization of those
therapeutic cells to the patient own blood stream for
the tissue repair such as myocardiac infarction, limb
ischemia, and stroke, whose example will be presented.

Funding Source: This study was supported by Korean
Health Technology R&D Project grant (HI13C1479)
from the Ministry of Health and Welfare and Bio &
Medical Technology Development Program (NRF-
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RHOA/ROCK SIGNALING DURING THE
DEVELOPMENT OF HUMAN MSC-BASED
ENGINEERED CHONDROGENIC TISSUE

Wang, Kuo-Chen', Wang, Kuo-chen?, Kwan, Emily?,
Aris, Katerina?, Caplan, Arnold', Egelhoff, Thomas3,
Welter, Jean? and Baskaran, Harihara?

'‘Biology, Case Western Reserve University, Cleveland,
OH, USA, ?Case Western Reserve University, Cleveland,
OH, USA, 3Cleveland Clinic, Cleveland, OH, USA

Chondrogenesis can be induced in vitro in hMSCs by
certain bioactive factors such as transforming growth
factor-B, but the biochemical and biomechanical
properties of the resulting cartilage constructs are
inferior compared to native tissue. The goal of this
study is to develop strategies to bridge this gap
in tissue constructs. RhoA/ROCK signaling drives
commitment of hMSCs between osteoblast and
adipocyte fate via regulating actomyosin contractility,
but its role in hMSC chondrogenesis has not been
studied. The actomyosin contractility is inferred to be
involved in hMSC rounding and aggregation at the
onset of chondrogenesis. Therefore, we hypothesize
that inhibition of RhoA/ROCK signaling will lead to
reduced cytoskeletal tension in chondrogenic hMSCs
and thereby forming less dense aggregates with
enhanced transport properties. The resulting ROCK-
inhibited hMSC aggregates supported our hypothesis
evidenced by down-regulated contraction force (28%
reduced) using traction force microscopy technique and
significantly increased construct size (198%). The larger
aggregates had lower cell density, and its cellularity
was closer to native adult articular cartilage. The
increased space between cells within the aggregate led
to overall enhanced transport proportional to the size
illustrated by the fluorescent-labeled dextran diffusion
and glucose uptake profiles. In addition, the increase in
water content upon ROCK inhibition could also account
for the diffusional enhancement. The key cartilaginous
matrix, glycosaminoglycans (GAG) and collagen, were
also significantly enhanced by 33% and 18% respectively
to fill the increased interstitial space between cells.
The increased glucose consumption upon ROCK
inhibition was, therefore, likely due to its enhanced
transport and was positively related to the enhanced
synthesis of GAG and collagen. Our findings indicate
that repression of cytoskeletal tension thus regulating
spontaneous cell rounding and contraction during early
differentiation could be important to achieve improved
microenviroment for hMSC-derived cartilage culture.
We expect that these findings will be ultimately applied
to facilitate cartilaginous tissue culture from hMSCs.



Funding Source: The above work is funded in part by a
grant from the National Institutes of Health (EB021911)
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ELIMINATION OF RESIDUAL IPS CELLS IN
IPS-DERIVED CARDIAC TISSUE BY CDKS
INHIBITION

Alsayegh, Khaled N.', Matsuura, Katsuhisa?, Sekine,
Hidekazu® and Shimizu, Tatsuya?

'Regenerative Medicine, King Abdullah International
Medical Research Center, Jeddah, Saudi Arabia,
?Institute of Advanced Biomedical Engineering and
Science, Tokyo Women'’s Medical University, Tokyo,
Japan, 3Tokyo Women's Medical University, Tokyo,
Japan

Induced Pluripotent Stem Cells (iPSCs) hold great
potential for being a major source of cells for regenerative
medicine. Since their discovery, human iPSCs were
successfully differentiated to numerous functional cell
types that closely resembled those found in primary
human tissue. However, one of the remaining issues that
need to be resolved before the full potential of iPSCs
can be seen in clinic, is the risk of teratoma formation.
The presence of undifferentiated cells in iPS-derived
tissue may cause tumor formation in patients following
transplantation. Therefore there is a pressing need to
develop highly efficient techniques that can completely
eliminate remaining iPSCs. The need for such techniques
substantially increases when treating major organs like
the heart, where a minimum of one billion of iPS-derived
cardiac cells are required. In this report we show that
the CDKs inhibitor, Dinaciclib, selectively eliminates
iPS cells without affecting the viability of cardiac
cells. We found that low nanomolar concentrations of
dinaciclib were enough to induce cell death, increase
DNA damage and p53 protein levels in human iPS
cells. This was accompanied by negative regulation
of the anti-apoptotic protein MCL-1. Gene knockdown
experiments revealed that p53 downregulation only
increases the threshold of dinaciclib induced apoptosis
in iPS cells but does not inhibit it. Dinaciclib inhibited
CDK9 activity and the phosphorylation of Serine 2 of
the C-terminal domain of RNA Polyemrase Il. This
resulted in the inhibition of transcription of MCL-1 and
the pluripotency genes, NANOG and c-MYC. Even
though dinaciclib caused a slight downregulation of
MCL-1 in iPS-derived cardiac cells, the viability of the
cells was not significantly affected, and beating iPS-
derived cardiac cell sheet could still be fabricated. These
findings suggest a difference in tolerance of MCL-1
downregulation between iPSCs and iPS-derived cardiac
cells which could be exploited to eliminate remaining
iPS cells in bioengineered cell sheet tissues.

Funding  Source: Projects for  Technological
Developmentin Research Center Network for Realization

of Regenerative Medicine of the Japan Science and
Technology Agency, JST and Japan Agency for Medical
Research and Development, AMED.

ETHICAL, LEGAL AND SOCIAL ISSUES;
EDUCATION AND OUTREACH

W-1217

MINI-ORGANS IN A DISH: HOW DO CF
PATIENTS VIEW ORGANOIDS

Boers, Sarah N.!, de Winter-de Groot, Karin?, Gulmans,
Vincent3, Noordhoek, Jacquelien®, van der Ent,
Cornelis?, van Delden, Johannes' and Bredenoord,
Annelien'

'Medical Humanities, Julius Center, University Medical
Center Utrecht, Netherlands, ?°Department of Pediatric
Pulmonology, Wilhelmina Children’s Hospital, University
Medical Center Utrecht, Netherlands, 3Dutch Cystic
Fibrosis Foundation (NCFS), Baarn, Netherlands,
“Wilhelmina Children’s Hospital, University Medical
Center Utrecht, Netherlands

The emerging possibility to culture human tissues in vitro
raises considerable expectation among the biomedical
community and general public. These organoids
promise various scientific and clinical merits. The
ability to bank and widely distribute organoids further
enhances their potential. Next to its promises, however,
organoid technology revives old and raises new ethical
challenges, such as questions about ownership, consent,
and commercialization. In the emerging ethical debate
the perspective of donors on organoid technology is still
missing. To what extend do they view the donation of
tissue for organoids the same or differently from other
types of cell and tissue research? Our study is as far as
we know the first empirical study that scrutinizes the
views of organoid donors. One promising field where
gut organoids of patients enable personalized medicine
is Cystic Fibrosis (CF) research and care. In a qualitative
interview study, we examined the experiences, opinions,
and attitudes of CF patients and their parents. From the
23 in-depth interviews that we conducted, it follows that
despite their initial positive attitude towards organoid
technology, our respondents raise three clusters of
concerns. First, CF patients relate the mini-guts to their
(bodily) identity and wellbeing, although in ambivalent
ways. Organoids are tangible and immortal entities
that can directly inform clinical treatment through
personalized drug testing. This personal connection can
clash with the technological and commercial potential
of organoids. Second, respondents struggle with the
open-endedness of organoid banking and use. They
wish to compensate this through restricted consent,
continuous engagement, and responsible stewardship.
Third, respondents are particularly cautious with regard
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to commercialization of organoid technology. Concerns
they raise relate to injustice, exploitation, incompatibility
with altruism, lack of oversight, and fear of adverse
consequences. Our findings have important policy
implications for the governance of organoid banking.
Flexible use of organoids, necessary for optimizing their
scientific and clinical merits, should be balanced with
individual control. Sound governance entails flexible
consent options, adaptive governance structures and
fair benefit-sharing.

W-1219

THE ANDALUSIAN INITIATIVE FOR
ADVANCED THERAPIES: A TECHNOLOGY
MATURATION PLATFORM FOSTERING
CLINICAL TRANSLATION OF CELL AND GENE
THERAPIES

Sanchez-Pernaute, Rosario, Mata, Rosario, Oruezabal,
Roke, Carmona, Gloria, Lora, Fabiola, Hernandez,
Angela, Unciti, Juan, Aguilar, Elisabeth, Cardesa,

Ana, Martinez, Blanca, Martinez-Atienza, Juliana and
Cuende, Natividad

Andalusian Initiative for Advanced Therapies, Sevilla,
Spain

Andalusia, with over 700 patients enrolled in academic
clinical trials or receiving investigational cell-based
therapies,isthemostactive EuropeanRegionintheclinical
translation of Advanced Therapy Medicinal Products
(ATMPs) within a public system. This outstanding result
has been made possible partly because of a pioneer
organizational model, the Andalusian Initiative for
Advanced Therapies (AIAT), created by the Regional
Government in 2009 to promote R&D&i activities in
the field of Regenerative Medicine. Our mission is to
foster research, maturation and translation of cell and
gene therapies, and to coordinate the provision of
regenerative medicine treatments within the Andalusian
Public Healthcare System (APHS). As part of the APHS,
provider of health services to 8.5 million people, we work
within an impressive network of hospitals, primary care
centres, research centres and institutes, and a Biobank
storing over 1 million samples, including hiPS and hES
cell lines. AIAT built and directly coordinates a network
of 10 GMP facilities where gene and cell-based therapies
are manufactured under strict regulatory standards. The
AIAT fosters national as well as international alliances
between academia, biotech, hospitals, SMEs and the
pharmaceutical industry. Indeed, the coordination unit of
AIAT has acted as promoter in 26 clinical trials involving
cell-based therapies and has established more than 50
licencing and public-private partnership agreements.
Notwithstanding, we would like to highlight here the
importance of education in the success of our program.
In addition to ethical, regulatory and scientific advice
with the support of the Spanish Medicine Agency, we
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have put a big effort in the organization of specific
training courses -Good Laboratory Practice (GLP), Good
Clinical Practice (GCP), Good Distribution Practice of
Medicinal Products (GDP)- and, in collaboration with the
University of Granada, an International Master degree in
ATMP Manufacturing, unique in Europe. Overall, we have
trained 1,375 professionals who will certainly contribute
to the advancement of this field.

W-1221

NEW GUIDELINES FOR CELL THERAPY
AGAINST STROKE ENCOURAGE THE
DEVELOPMENT IN JAPAN

Shichinohe, Hideo' and Houkin, Kiyohiro?

'Division of Clinical Research Administration, Hokkaido
University Hospital, Sapporo, Japan, 2Department of
Neurosurgery, Hokkaido University, Sapporo, Japan

A recent breakthrough in cell therapy is expected to
reverse the neurological sequelae of stroke. Although
some pioneer studies of cell therapy against stroke
have been reported, the failure of them declared
that certain problems still remained unsolved. Some
researchers in the US intended to formulate guidelines
for the development of cell therapy against stroke. In
2007, Stem cell Therapeutics as an Emerging Paradigm
in Stroke (STEPS) group, whose members belonged to
academia, industry, and National Institutes of Health
(NIH), launched an effort to set the standards for the
development of cell therapy. The first recommendation,
STEPS-I, was published in 2009. It included the design of
the pre-clinical studies and the design of the early phase
of clinical trials. Since a series of STEPS, many clinical
trials concerning cell therapy against stroke have been
initiated worldwide. These results show that a series of
STEPS has encouraged the development of new cell
therapies all over the world. To encourage basic science
to be translated into bedside in Japan, Ministry of Health,
Labour and Welfare started the new project, “Initiative
for Accelerating Regulatory Science in Innovative Drug,
Medical Device, and Regenerative Medicine” in 2012.
The project promoted to establish various guidelines
for the development of new cell-products. As a part of
the project, the working group (chairman, Dr. Kiyohiro
Houkin, Hokkaido University, Sapporo, Japan) about
new guidelines for cell therapy against stroke started
in November 2013. It consisted of physicians, basic and
regulatory scientists, and Pharmaceuticals and Medical
Devices Agency (PMDA) staffs. It was important to
show an original stance in Japan because of domestic
regulations for regenerative medicine, although a series
of STEPS was used as a reference. It was noteworthy
that not only the researchers but also PMDA could use
the guideline for reviews. In 2016, the guidelines will be
launched in Japanese, and then the text will be translated
into English to propagate it worldwide. It is believed



that the new guidelines will promote the development
of new cell therapies in Japan and will be established for
stroke management in the future.

W-1223

DEVELOPING TREATMENTS FOR
MITOCHONDRIAL DISEASE WITHIN THE
CONFLUENCE OF SCIENCE, ETHICS, AND
REGULATION

Roxland, Beth', Jakimo, Alan?, Loring, Jeanne® and
Siegel, Bernard*

'Division of Medlical Ethics, NYU Langone Medical
Center, New York, NY, USA, °School of Law, Hofstra
University, Hempstead, NY, USA, 3Department of
Molecular Medlicine, The Scripps Research Institute, La
Jolla, CA, USA, “‘Regenerative Medicine Foundation,
Palm Beach, FL, USA

Growing understanding of mitochondrial disease has
led to efforts now under way to develop treatments
based on techniques arising from stem cell science
and technology. These efforts have been, and will
continue to be, subject to the confluence of stem cell
science, ethics, and regulatory compliance. Recent U.S.
legislation (most notably, the signing into law of the
21st Century Cures Act) and the transition in the U.S.
executive branch are likely to have an impact on this
confluence. The 21Ist Century Cures Act, for example,
contains provisions intended to spur the development
of regenerative advanced therapies for serious and life-
threatening diseases through application of the U.S.
Food and Drug Administration’s expedited approval
pathways, and contemplates the promulgation by FDA
and other agencies of applicable regulations, guidances,
and standards for that purpose. At the same time, the
new administration is seeking to manage the growth
of regulations within the executive branch. Against this
backdrop, at least three questions arise: (1) generally,
will NIH propose and adopt any changes in its current
Guidelines on Human Stem Cell Research? (2) more
particularly, will pending amendments to the NIH
Guidelines regarding chimera research be adopted or
abandoned? (3) what will be the impact of the answers to
the first two questions on therapies under development
for treating mitochondrial disease? We will explore each
of these three questions.

CLINICAL TRIALS AND REGENERATIVE
MEDICINE INTERVENTIONS

W-1225

EFFICIENT GENERATION OF CHEMICALLY
INDUCED MESENCHYMAL STEM CELLS FROM
HUMAN DERMAL FIBROBLASTS

Lai, Pei-Lun’, Lin, Hsuan?, Chen, Shang-Fu3, Huang,
Hsiao-Chun* and Lu, Jean®

'Genome and Systems Biology Degree Program, Taipei,
Taiwan

’Department of Pediatrics, National Taiwan University
Hospital and National Taiwan University Medical College,
Taipei, Taiwan, 3institute of Molecular and Cellular
Biology and Department of Life Science, College of
Life Science, National Taiwan University, Taipei, Taiwan,
4Genome and Systems Biology Degree Program, College
of Life Science, National Taiwan University, Taipei,
Taiwan, *°Stem Cell Program, Genomics Research Center,
Academia Sinica, Taipei, Taiwan

Due to the multipotency, immune-modularity, and
the safety concern without tumorigenicity, human
mesenchymal stromal/stem cells (MSCs) hold great
promise in regenerative medicine and cell therapies. To
date, MSCs already approved to treat Graft-versus-host
disease, degenerative arthritis, and anal fistula in human
and undergoing 685 clinical trials for the treatment of at
least 10 different kinds of disease. To avoid (1) insertional
mutagenesis by virus infection or plasmid transfection,
(2) the tedious processes of virus preparation, and
(3) repeated transfection/transduction, the use of
chemical/growth factors to convert fibroblasts to
functional cells has drawn substantial attention recently.
However, no previous study has generated induced
MSC (iMSCs) from skin fibroblasts with chemicals
and/or growth factors. Herein, we established the first
method to generate functional iIMSCs from primary
human dermal fibroblasts by solely small molecules
with or without growth factors. The protocol can enrich
iMSCs in only 6 days with an average conversion rate
of 38%. Like traditional stem cells, only iMSCs, but
not fibroblasts have clonogenicity. In addition, our
microarray displayed that iMSCs generated from one
neonatal and two adult fibroblasts are more similar to
bone marrow MSCs (BMMSCs) while compared to their
parental fibroblasts. The phenotype of iIMSCs fulfills
all of the criteria of traditional MSCs as determined by
the Mesenchymal and Tissue Stem Cell Committee of
the International Society for Cellular Therapy (ISCT).
Most of all, the iIMSCs can be further differentiated into
osteoblasts, adipocytes, and chondrocytes to a degree
comparable to BMMSCs. The chemicals can be removed,
and iMSCs can expand in regular culture medium up to
8 passages. Of note, the iIMSCs can suppress endotoxin
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(lipopolysaccharide, LPS)-mediated acute lung injury as
effectively as BMMSCs by completely recuse the lethality
and decrease injury score. We found 3 chemicals are
essential for producing iMSCs while 6 chemicals have the
best efficiency. Overall, in this study, we reveal a brand
new strategy and breakthrough protocol to generate
iMSCs from skin fibroblasts that mimic BMMSCs. Thus,
iMSCs can be an easily accessible resource to enrich
sufficient BMMSC like cells for research in cell biology
and regenerative medicine.

Funding Source: Academia Sinica, the National Health
Research Institute (NHRI-EX105-10515S1), and MOST
(102-2311-B-002-041-MY3, 103-2321-B-001-064, 104-
2320-B-001-005-, 104-0210-01-09-02, 105-0210-01-13-
01, 105-2320-B-001 -026 -MY2).

W-1227

INDUCTION OF OLIGODENDROCYTE
PROGENITOR CELLS AND FUNCTIONAL
OLIGODENDROCYTES FROM IPSCS WITH
MRNA FOR GMP MANUFACTURING AND CELL
THERAP

Ni, Yuhui, Zhao, Yuanyuan, Zhao, Xiong, Chammas,
Andrew, Wong, Antony and Wang, Jiwu
Allele Biotech, San Diego, CA, USA

Here we report a newly developed protocols, which
direct iPSCs differentiation to oligodendrocyte
progenitor cells (OPCs) and functional oligodendrocytes.
Oligodendrocyte lineage specific transcription factors
were introduced into iPSCs to direct the differentiation
via in vitro transcribed mRNA. In 2 weeks, typical
OPCs morphology appeared. These cells were “100%
homogenous, and were identified by NG2+, A2B5, O4
and PDGF R Alpha staining. These cells can be further
cultured in maturation medium in either suspension
or attached culture system. Mature oligodendrocytes
morphology appeared in 6 weeks, and were identified by
myelin-related proteins, such as MBP, MAG, MOG, OMgp,
and CNPase. Co-culture system of Oligodendrocyte
and Moto-neuron has been further developed. The
proliferation, migration, differentiation and membrane
wrapping will be observed for functional analysis. Animal
studies that aims at spinal injury therapy have been
planned and results will be presented. These protocols
will be adapted into Allele Biotech’s GMP Stem Cell
Manufacture system with full cGMP compliance, and
shall be ready for any GLP safety evaluation and clinical
studies.
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HIGH EXPRESSION OF SLC35F2 IN HUMAN
PLURIPOTENT STEM CELLS ENABLES YM155
MEDIATED SELECTIVE CELL DEATH

Kim, Keun-Tae', Han, Min-Joon? and Cha, Hyuk-Jin'
'Sogang University, Seoul, Korea, °St. Jude Children’s
Research Hospital, Memphis, TN, USA

Risk of teratoma formation has been considered to
one of the most serious technical hurdles of human
pluripotent stem cells (hPSCs) based cell therapy. To
resolve this, a variety of approaches including small
molecules have been developed to selectively ablate the
residual undifferentiated hPSCs. Previously, we reported
that treatment of YMI155, a Survivin inhibitor, selectively
eliminates hPSCs by inducing p53 mitochondrial
translocation and following apoptosis. However, it
remains still unclear how high sensitivity of YM155
in hPSCs but not differentiated cells is determined.
Herein, we demonstrate that YM155 induces selective
DNA damage in hPSCs, activating ‘high mitochondrial
priming’. By screening drug transporters, located in
plasma membrane, we found that a solute carrier
family member 35 F2 (SLC35F2), which was previously
reported to mediate YM155 intake in cancer cells were
highly expressed in hPSCs but not in differentiated
counterpart. By establishing SLC35F2 knockout (KO)
hPSCs, which were resistant to YM155 treatment, we
conclude that high expression of SLC35F2 in hPSCs is
responsible for YM155 mediated cell death.

W-1231

HIGHLY EFFICIENT RNA BASED
REPROGRAMMING AND GENE EDITING FOR
THE MODELING AND TREATMENT OF SKIN
BLISTERING DISEASES

Mcgrath, P Sean', Butterfield, Kiel?, Pavlova, Maryna?,
Roop, Dennis?, Bilousova, Ganna? and Kogut, Igor?
'Dermatology, University of Colorado Anschutz Medical
Campus, Aurora, CO, USA, 2University of Colorado
Anschutz Medical Campus, Aurora, USA

Coupling the reprogramming of somatic cells into
induced pluripotent stem cells (iPSCs) with targeted
gene correction using CRISPR/Cas9 offers the possibility
of developing a new stem cell-based approach for
the treatment of inherited skin blistering diseases
such as Epidermolysis Bullosa (EB). Many protocols
for reprogramming and gene correction depend on
viral- or plasmid-based expression, which are not ideal
for clinical applications due to the risk of insertional
mutagenesis. A more clinically suitable approach should
rely on footprint-free reprogramming and genome
modifications. Toward this goal, we have developed
a novel integration- and feeder-free RNA-based



approach for the reprogramming of patient-derived
cells into iPSCs with unprecedented efficiency. Using
this methodology, we have successfully generated
iPSCs from fibroblasts isolated from patients with EB
simplex (heterozygous KRT14, 125R>C) and recessive
dystrophic EB (homozygous COL7A1, c.7485+5G>A). To
correct these mutations, we designed two plasmids for
T7-based in vitro synthesis of Cas9 modified mRNA and
guide RNA. The Cas9 expression plasmid also encodes
the transcript stabilizing 3UTR from human B-Globin
followed by an 85-bp poly(A) tail. Co-transfection of
these two components efficiently induces double strand
breaks (>30% without positive selection), assessed by
a T7E1 assay for INDEL formation. Furthermore, we
have identified a guide RNA that can differentiate the
single base pair difference between mutant and wild
type alleles, thereby selectively cutting only the desired
mutant allele. This is an important design consideration,
as it is critical to avoid off-target mutagenesis in
paralogous genes containing extremely high homology
to KRT14. Additionally, selectively cutting mutant but
not corrected wild-type DNA should enhance repair
efficiencies without the need for introduction of
“scarring” silent mutations. We aim to combine these
approaches for simultaneous reprogramming and gene
correction, thereby avoiding lengthy cell culture periods,
drug selection, and multiple sub-cloning steps.

GERMLINE, EARLY EMBRYO AND
TOTIPOTENCY

W-2001

PDGFRA + CELLS IN MOUSE EMBRYONIC
STEM CELL CULTURES REPRESENT THE
IN VITRO EQUIVALENT OF THE PRE-
IMPLANTATION PRIMITIVE ENDODERM
PRECURSORS

Lo Nigro, Antonio’, De Jaime Soquero, Anchel?,
Khoueiry, Rita? Ferlazzo, Giorgia? Cho, Dong Seong?,
Perini, llaria?, Zwijsen, An4, Conaldi, Pier Giulio®, Lluis,
Frederic? and Verfaillie, Catherine?

'Regenerative Medicine and Biomedical Technologies
Unit/IRCSS-ISMETT (Mediterranean Institute for
Transplantation and Advanced Specialized Therapies),
Ri.Med Foundation, Palermo, Italy, °Stem Cell Institute
Leuven, Belgium, 3University of Minnesota, Minneapolis,
MN, USA, 4VIB Center for the Biology of Disease,
Leuven, Belgium, °*Ri.Med Foundation, Palermo, Italy

In early mouse pre-implantation development, primitive
endoderm (PrE) precursors are platelet-derived growth
factor receptor alpha (PDGFRa) positive. Here, we
demonstrated that cultured mouse embryonic stem cells
(MESCs) express PDGFRa heterogeneously, fluctuating
between a PDGFRa+ (PrE-primed) and a platelet

endothelial cell adhesion molecule 1 (PECAM1)-positive
state (epiblast-primed). The two surface markers can
be co-detected on a third subpopulation, expressing
epiblast and PrE determinants (double-positive). In vitro,
these subpopulations differ in their self-renewal and
differentiation capability, transcriptional and epigenetic
states. In vivo, double-positive cells contributed to
epiblast and PrE, while PrE-primed cells exclusively
contributed to PrE derivatives. The transcriptome
of PDGFRa+ subpopulations differs from previously
described subpopulations and shows similarities with
early/mid blastocyst cells. The heterogeneity did
not depend on PDGFRa but on leukemia inhibitory
factor and fibroblast growth factor signaling and DNA
methylation. Thus, PDGFRa+ cells represent the in vitro
counterpart of in vivo PrE precursors, and their selection
from cultured mESCs can yield pure PrE precursors.

W-2003

LOSS OF P66SHC ACCELERATES THE
CELL CYCLE AND THE ONSET OF GATA4
EXPRESSION IN MOUSE BLASTOCYSTS

Edwards, Nicole A., Watson, Andrew and Betts, Dean
Physiology and Pharmacology, Children’s Health
Research Institute, Western University, London, ON,
Canada

During oxidative stress, the adaptor protein p66Shc
produces mitochondrial reactive oxygen species that
trigger apoptosis and cell cycle arrest. However, p66Shc
is also known to regulate proliferation and metabolism
through MAPK and mTOR-dependent signaling. Due
to its varying functions in different cell types, it is
not clear what the biological role of p66Shc is during
preimplantation embryo development. We have recently
discovered that p66Shc expression is upregulated in
mouse blastocysts and p66Shc protein is detectable
in the trophectoderm. Thus, the aim of this study is
to determine the function(s) of p66Shc in regulating
mouse blastocyst development. Here we show that a
reduced p66Shc transcript abundance after its siRNA-
mediated knockdown in mouse zygotes accelerates
blastocyst development in vitro. Embryos with reduced
p66Shc formed blastocysts containing significantly
more cells than controls. Increased cell number in
p66Shc knockdown blastocysts is due to increased
cell proliferation, as p66Shc knockdown blastocysts
contained more BrdU positive cells. In addition,
p66Shc  knockdown blastocysts had significantly
decreased transcript abundance of retinoblastoma
1, a G1/S checkpoint marker, compared to controls.
Blastocyst lineage marker expression was altered in
p66Shc knockdown embryos. Sixty percent of p66Shc
knockdown blastocysts showed earlier (E3.5) OCT3/4
restriction to the inner cell mass compared to 25% of
control blastocysts. Furthermore, p66Shc knockdown
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embryos contained a higher percentage of cells positive
for the primitive endoderm marker GATA4. At E4.5, 36%
of p66Shc knockdown blastocysts contained GATA4
positive cells sorted to the primitive endoderm layer,
compared to 14% of the control blastocyst population
containing sorted GATAA4 cells. Our results suggest that
loss of p66Shc accelerates the embryonic cell cycle
and induces precocious specification of the primitive
endoderm. Therefore, in addition to its role during the
oxidative stress response, we predict that p66Shc may
act to regulate blastomere proliferation, which then
establishes normal timing for lineage commitment in the
blastocyst.

Funding Source: This research is supported by a
Canadian Institute of Health Research operating grant to
AJW and DHB. NAE is supported by a NSERC Doctoral
Canada Graduate Scholarship.

PLURIPOTENCY
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VITAMIN C DERIVATIVE STABLY INDUCES
NAIVE STATE OF MURINE EMBRYONIC STEM
CELL IN A TET DEPENDENT MANNER

Lee, Seungun', Lim, Jisun?, Lee, Hye-Yeon3, Ju, Hyein?
and Shin, Dong-Myung?

"Ulsan University College of Medicine, Seoul, Korea,
2Department of Biomedical Sciences, University of
Ulsan College of Medicine, Seoul, Korea, 3University of
Ulsan College of Medlicine, Seoul, Korea

Response to culture environment, pluripotent stem cells
(PSCs) change the epigenetic status, particularly DNA
methylation and the resulting gene expression program
could determine the developmental status of PSCs. It is
widely known that vitamin C (VitC) is beneficial to induce
a naive status or enhance somatic cell reprogramming
through various epigenetic mechanisms. However,
VitC is unstable because of structural problems, also
toxicity within the cell. Here, we show that a VitC
stabilized derivate, ascorbic acid 2-glucoside (AA2G)
overcomes the limits of VitC and more efficiently
induced the naive status of murine embryonic stem
cells (MESCs) and established the inducible pluripotent
stem cells (iPSCs). Unlike VitC, AA2G was very stable
more than 1 month in culture medium and increased
the proliferation of mMESCs with little cellular toxicity
even in high dosage. Cultivation of mESCs under
supplement of AA2G increased the naive stated cells
than normal FBS-containing medium, evidenced by
the increase in alkaline phosphatase activity, gene
expression profiling, and distal enhancer activity of
Oct4 promoter. Mechanistically, AA2G supplement
to mESCs, as similar to VitC, promotes ten eleven
translocation (Tet) dependent DNA demethylation
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and following upregulation of demethylated germline
genes which were significantly impaired in Tetl and Tet2
double knockout ESCs. Furthermore, AA2G enhances
the reprogramming process of murine somatic cells.
Taken together, the present study demonstrate that
culture of PSCs with AA2G supplement provide a
stable environment favorable to naive pluripotent
state through a distinct epigenetic mechanism that
could be beneficial to enforce epigenetic stability and
developmental potency of PSCs.

W-2007

ASSAY DEVELOPMENT AND CELLL
CHARACTERIZATION CHALLENGES OF
HUMAN INDUCED PLURIPOTENT STEM CELLS
FOR CELL THERAPY APPLICATIONS

Neo, Boon Hwa, Syama, Adhikarla', Sivapatham,
Renuka?, Pei, Ying?, Mukherjee, Odity', Fellner, Thomas*,
Tran, Huan?, Tian, Xinghui4, Zeng, Xianmin? and S. Rao,
Mahendra®

'Centre for Brain development and Repair, Institute

of Stem Cells and Regenerative Medicine (INSTEM),
Bangalore, India, ?Buck Institute for Researching on
Aging, Novato, CA, USA, 3XCell Science, Novato, CA,
USA, “Lonza, Walkersville, MD, USA, °Q therapeutics,
Salt Lake City, UT, USA

Human induced pluripotent stem cells ((PSC)
hold tremendous potentials for use in cell therapy
applications. To develop clinical quantities of
functional iPSC derived products under current good
manufacturing practices (cGMP), it is important to
develop characterization assays to evaluate the
critical quality attributes of these cells. However, assay
development is facing several challenges including (1)
establishing relevant characterization platform to meet
the quality requirements of these cells, (2) comparability
or equivalency of the products developed from iPSCs
that are intrinsically variable and can change during
the manufacturing process and/or after transplantation
in response to the environment, and (3) development
of sensitive assays that can quantitatively measure
cellular characteristics in particular the safety and
functionality of iPSC derived products. To address
these challenges, we first established a characterization
platform by classifying the assays into two main
groups: (1) release assays that require optimization and
qualification of the tests, and (2) For Information Only
(FIO) or characterization assays used to collect more
information about the final product. We implemented
new biological assays such as whole genome sequencing
(WGS), array-based analysis, and comparative genomic
hybridization (aCGH) single nucleotide polymorphism
(SNP) analysis in our characterization platform. Our
goal was to provide data to the end users to determine
which subset of tests will be required for on-going



monitoring, how such tests should be used to evaluate
the use of iIPSC subclones for preclinical studies or cell
therapy, and how comparability between manufacturing
sites needs to be established. We have been able to
use this characterization platform along with the new
biological assays for detailed characterization of two
human iPSC clones manufactured under cGMP. We
have demonstrated that these new assays can provide
comprehensive information to overcome the current
limitations with the sensitivity of analytical methods
and can serve as an unlimited source of information to
determine the biological utility of the final cell therapy
products.

W-2009

GENERATION OF COMPLETE-CHEMICAL
INDUCED PLURIPOTENT STEM CELLS FROM
ADULT GRANULOSA CELLS

Tian, Chenglei, Fu, Haifeng? Ye, Xiaoying® and Liu, Lin?
Tianjin, China, °College of Life Sciences, Nankai
University, Tianjin, China, 3Nankai University, College of
Life Sciences, Tianjin, China

Pluripotent stem cells can be induced from mouse
somatic cells by chemical approach, and full-chemical
induced pluripotent stem cells (CiPSCs) may have great
potential in clinical applications. However, successful
induction of CiPSCs has been limited to few cell types
and remains inefficient. Granulosa cells residing in the
ovarian follicles possess characteristics of stem cells,
as evidenced by expression of Klf4 and c-Myc and by
minimal level of nuclear membrane LaminA, such that
they can be reprogrammed into iPS cells with fewer
transcription factors. Moreover, granulosa cells and
cumulus cells surrounding oocytes are readily accessible
and as by-products are often discarded from in vitro
fertilization (IVF) clinic. Here we show that CiPSCs
can be effectively generated from granulosa cells
using a three-step method (Zhao et al. Cell 2015), and
notably by activation of Zscan4, a 2-cell embryo gene
that is sporadically expressed in a ES cell population
and involved in telomere lengthening and genomic
stability. In contrast, CiPSC clones were not formed
without activation of Zscan4 during reprogramming
induction, suggesting that Zscan4 expression plays
an important role in the full chemical reprogramming
of granulosa cells. Granulosa cells were isolated from
ovarian follicles of Oct4-DE-EGFP mice and 1-2% Oct4-
DE-EGFP positive cells were obtained by 30 days of
reprogramming induction, earlier than the induction
from mouse embryonic fibroblasts served as a control.
The CiPSCs induced from granulosa cells expressed
high levels of genes associated with pluripotency, and
can successfully differentiate into three embryonic
germ layers after differentiation induction in vitro, and
also in vivo by teratoma formation test after injection

into NOD-SCID mice. We will
production test and germline transmission experiment
data. Together, these results demonstrate that full
chemical reprogramming approach can be optimized
to accelerate and generate CiPSCs from granulosa cells,
the definitive female adult somatic cells.

report the chimera

W-2011

CDK11 SUPERVISES THE ACTIVATION OF
FGFR SIGNALING TO SUSTAIN HESC SELF-
RENEWAL AND PLURIPOTENCY

Ding, Jianyi and Jin, Ying

Institute of Health Science, Shanghai Institutes of
Biological Sciences, CAS/Shanghai JiaoTong University
School of Medicine, Shanghai, China

Human embryonic stem cells (hESCs) have two unique
characteristics, unlimited self-renewal and pluripotency.
Among the factors that control the properties of hESCs,
extracellular signals and intracellular core transcriptional
factors have been extensively investigated. However,
how extracellular signals connect to the transcriptional
circuitry remains poorly understood. To address this
question, we carry out a genome-wide siRNA screening
to find important protein kinases in hESCs, as protein
kinases are critical factors downstream of extracellular
signals, and find that CDK11 is required for self-renewal
and pluripotency of hESCs. Cdkll is known as a
critical gene required for early mouse embryogenesis.
However, its function in hESCs remains unexplored.
We find that knockdown of CDKIl induces hESC
differentiation and reduces the proliferation rate with
little influence on cell survival, cell cycle and expression
levels of core transcription factors. Interestingly, CDKT11
knockdown activates FGFR signaling abnormally and
the differentiation induced by CDKI11 knockdown can
be partially rescued by FGFR inhibitors, indicating that
aberrant activation of FGFR signaling may, at least
partially, account for hESC differentiation caused by
CDK11 knockdown. Our result points out that abnormal
activation of FGFR signaling could disrupt hESC self-
renewal, although the signaling pathway is indispensable
for hESC self-renewal. Taken together, this study
uncovers an essential role of CDKI11 in the maintenance
of hESC self-renewal and proposes that the balanced
level of FGFR signaling is critical to safeguard the hESC
identity. The molecular mechanism by which CDKI1
supervises the activation of FGFR signaling is currently
under intensive investigation.
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GENERATION AND CHARACTERISATION OF
HUMAN NAIVE PLURIPOTENT STEM CELLS

Guo, Ge', Rostovskaya, Maria?, Clark, James?, Von
Meyenn, Ferdinand*, Dietmann, Sabine?, Bertone, Paul?,
Reik, Wolf® and Smith, Austin?

'Cambridge Stem Cell Institute, Cambridge, UK,
?Wellcome Trust-Medical Research Council Stem Cell
Institute, University of Cambridge, UK, 3Babraham
Institute, Cambridge, UK

Comparative studies of pluripotency indicate that
conventional human pluripotent stem cells (PSC) may
represent post-implantationepiblast cellsthatare primed
for lineage commitment. Our attention has focussed on
capture of a more naive transcriptional and epigenetic
state analagous to the mouse embryonic stem cell.
We have established a simple transgene-free method
for resetting human ESC or iPSC to naive status via
transient exposure to histone deacetylase inhibition. This
chemical resetting protocol is effective across multiple
embryo-derived and induced pluripotent stem cells and
proceeds without karyotype changes. Furthermore, we
show that human somatic cells can be reprogrammed
directly to the naive stem cell state and that naive stem
cells can be stably expanded in feeder-free culture. The
global transcriptome profile of chemically reset cells
clusters with that of embryo-derived naive stem cells
and diverges markedly from conventional human PSC.
In addition to specific pre-implantation pluripotency
factors, naive cells and human inner cell mass (ICM)
show unique expression of transposable elements and
their KRAB-ZNF regulators. Moreover, resetting to the
naive status is accompanied by global reduction in DNA
methylation to the level observed in the ICM. Targeted
hypomethylation potentially erases aberrant epigenetic
marks that may compromise hPSC differentiation.
In this context, we will report on the multi-lineage
differentiation efficiency of reset cell lines compared to
their primed pairs.

W-2015

SPATIAL SEGREGATION OF SOX2 AND
NANOG DRIVES LOCAL EXTINCTION OF
PLURIPOTENCY IN POSTIMPLANTATION
MOUSE EMBRYOS

Chambers, lan', Wong, Frederick? Zhang, Man? and
Wilson, Val?

'Centre for Regenerative Medicine, Edinburgh, UK,
2University of Edinburgh, UK

Preimplantation pluripotency depends on the activity of
a pluripotency gene regulatory network in which Sox2
and Nanog are key components. Although Sox2 and
Nanog are expressed post-implantation, their roles in the
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post-implantation epiblast are unclear. Here we show
that Sox2 and Nanog dynamically change expression
during development from pre- to post-implantation
stages, with declining levels overall, resolving into
segregated protein expression domains. Strikingly, the
Sox2-low, Nanog-high domain of the proximal posterior
epiblast is the first region to lose pluripotency, being
unable to produce teratocarcinomas or to establish
pluripotent outgrowths in vitro. Pluripotent outgrowth
formation can be rescued by constitutive expression
of Sox2 but not Oct4. In postimplantation pluripotent
cells, interactions between Nanog and Sox2 provide a
mechanistic explanation of how segregated Nanog and
Sox2 expression fields are set up to enable subsequent
development.

W-2017

CONTINUOUS SUPPRESSION OF MEK1/2
IMPAIRS THE DEVELOPMENTAL POTENTIAL
OF MOUSE EMBRYONIC STEM CELLS

Choi, Jiho, Huebner, Aaron and Hochedlinger, Konrad
Masschusetts General Hospital, Boston, MA, USA

Simultaneous inhibition of Gsk3a/B and Mekl/2 activity
in the presence of LIF (2i/L) induces a naive state in
mouse embryonic stem cells (ESCs) that resembles the
inner cell mass (ICM) of the pre-implantation embryo.
Since the ICM exists only transiently in vivo, it remains
unclear how continuous propagation of naive ESCs in
vitro affects their stability and functionality. Here we
show that extended culture of male ESCs in 2i/L results
in the progressive erosion of genomic imprints, loss
of H2A.X binding, and accumulation of chromosomal
aberrations. Consistent with these observations, we
find that the developmental potential of ESCs cultured
in 2i/L is impaired. Mechanistically, we demonstrate
that Mek1/2 inhibition is predominantly responsible for
these effects, in part through downregulation of DNA
methyltransferases. Additionally, we demonstrate
that female ESCs cultured in conventional serum/LIF
media phenocopy male ESCs cultured in 2i/L, including
the aforementioned epigenetic and developmental
abnormalities. Finally, we show that replacement of
the Mekl/2 inhibitor with a Src inhibitor preserves
the epigenetic and genomic integrity as well as
developmental potential of ESCs. Taken together, our
data suggest that, while suppression of Mekl1/2 in ESCs
maintains an ICM-like epigenetic state, continuous
suppression results in irreversible changes that
compromise their developmental potential.



W-2019

GMP-COMPATIBLE IPSC DERIVATION FROM
MULTIPLE PERINATAL TISSUE SOURCES
FROM THE SAME DONORS

Brown, Katherine S.', Mack, Amanda?, Faust, Elizabeth?,
Monroe, Kevin?, Wachowiak, Ryan?, Wang, Wen Bo?,
Skiles, Matthew' and Brown, Heather!

'Scientific and Medical Affairs, Cbr Systems, Inc., San
Bruno, CA, USA, 2Cellular Dynamics International, Inc. -
A FUJIFILM Company, Madison, Wi, USA

Side by side comparisons of starting material for
generating iPSCs have been conducted but often
focus on adult tissues or tissue types from donors of
varying ages. We previously demonstrated that iPSCs
can be generated from umbilical cord blood processed
with manual or automated platforms at a cord blood
bank. Next we sought to compare the reprogramming
capacity of multiple newborn tissue types from the
same donor. iPSCs were generated from mesenchymal
stem cells isolated from thawed umbilical cord tissue,
previously cryopreserved as a composite material,
using an integration-free reprogramming method. The
resulting cord tissue derived iPSCs were characterized
and the reprogramming efficiency and line quality
compared to the cord blood derived iPSCs generated
from the same donor. iPSCs were successfully generated
from matched cord blood and tissue pairs from each
of 5 donors. iPSC derivation from cryopreserved cord
blood required less starting material than cord tissue.
However, the resulting cord blood and cord tissue
derived iPSC lines were equivalent in quality based on
a panel of tests including pluripotency gene expression
profiling, embryoid body formation, plasmid loss and
karyotype analysis. This study confirms that cord tissue
cryopreserved as a composite material in a cord blood
bank is a suitable alternative source material to generate
iPSCs. Having identified that donor specific cord blood
and cord tissue iPSCs are comparable in quality is of
interest in that it provides rationale for iPSC generation
from a newborn tissue source processed and stored
under relevant cord blood banking regulations while
preserving the cord blood unit in its entirety for future
clinical utility.

W-2021

CHARACTERIZING CELL CYCLE SPEED FROM
SINGLE CELL RNA-SEQUENCING OF STEM
CELLS

Natarajan, Kedar N.' and Teichmann, Sarah?
'Cellular Genetics, Wellcome Trust Sanger Institute,
Cambridge, UK, ?Wellcome Trust Sanger Institute,
Cambridge, UK

ESCs have a unigue cell-cycle structure with rapid
generation time that facilitates hyper-transcriptional
state. At single cell level, expressional heterogeneity
and noise within ESCs is intricately linked with cell
cycle speed that ultimately define individual cell state.
Consequently ESC differentiation is coupled with global
cell cycle restructuring, changes in cell cycle speed
and transcriptional programme. We performed single-
cell RNA Sequencing (scRNA-seq) on FUCCI ESCs
(Fluorescent Ubiquitination-based Cell Cycle Indicator)
across two culture conditions (2i+LIF and serum+LIF)
with precise cell cycle stage information (by index
sorting) and computationally determined cell cycle
speeds based on single cell transcriptomes.. We find
that single cells across Serum+LIF condition have faster
cell cycle speeds, increased heterogeneity and noisy
expression compared to slow cycling, homogenous
2i-LIF cells. We identify subpopulations in serum-LIF
conditions with increased differentiation propensity and
higher cycling speed. To assess direct impact of cell
cycle speed on transcriptional programme, we treated
FUCCI ESCs with varying concentrations of CDK4/
CDK®6 inhibitors and performed index-sorted scRNA-
seq on 1000 single cells. Alongside accumulation of cells
in G1, we observed minor changes in total generation
time without decreased viability. The significant
reduction of cell cycle speed across both 2i+LIF and
serum+LIF conditions was consistent with reduced
transcriptional heterogeneity and correlated cell cycle
stage determination. Psuedotime reconstruction
captures single cell trajectories with distinct temporal
transcriptome changes associated with cell cycle speed.
We identify putative, novel cell cycle and chromatin
regulators that respond earliest to inhibitors and
hallmark discrete points in pseudotime trajectory. Global
analysis of all cells uncovers distinct pattern of cell cycle
speed linked to underlying transcriptional programme
with varying differentiation propensity (Epiblast and
primitive endoderm). Our work highlights how altering
cell cycle speed provides an avenue to understand
heterogeneity, underlying transcriptional state and
ultimately cell state and its response to external cues.

Funding Source: This work was supported by European
Research Council grant ThASWITCH (number 260507)
and the Lister Institute to SAT. KNN is supported by
Wellcome Trust Strategic Award “Single cell genomics
of mouse gastrulation”
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DIRECT REPROGRAMMING OF SOMATIC
CELLS INTO HUMAN INDUCED NAIVE
PLURIPOTENT STEM CELLS, A NOVEL MODEL
OF PREIMPLANTATION EPIBLAST

David, Laurent, Kilens, Stéphanie', Moreno, Diego’,
Meistermann, Dimitri', Reignier, Arnaud', Chariau,
Caroline?, Gaignerie, Anne?, Leliévre, Yohann3, Vallot,
Céline?*, Charpentier, Eric®, Nedellec, Steven®, Donnart,
Audrey®, Redon, Richard’, Le Caignec, Cédric?,
Pecqueur, Claire®, Bourdon, Jérémie3, Barriére, Paul’,
Rougeulle, Claire*, Soumillon, Magali'®, Mikkelsen,
Tarjei' and Fréour, Thomas'

'CRTI - UMR INSERM 1064, Nantes, France, °CRTI,
INSERM U1064, Nantes, France, 2iPSC core facility,
Nantes, France, 3LINA UMR 6241, Nantes, France, {UMR
CNRS 7216, Paris, France, °GenoBRID, Nantes, France,
éMicropicell, Nantes, France, ’Institut du thorax, UMR
INSERM 1087, Nantes, France, SCHU Nantes, Nantes,
France, °CRCINA, UMR INSERM 1232, Nantes, France,
°BTL, Broad Institute, Cambridge, MA USA

Induced pluripotent stem cells (iPSC) have considerably
impacted human developmental biology and
regenerative medicine, notably because they circumvent
the use of cells from embryonic origin and offer the
potential to generate patient-specific pluripotent stem
cells. However, conventional reprogramming protocols
produce developmentally advanced, or primed, hiPSCs,
restricting their use to post-implantation human
development modelling. Hence, there is a need for
hiPSCs resembling preimplantation naive epiblast. Here,
we have generated naive hiPSCs (hiNPSC) directly from
somatic cells of multiple donors using culture conditions
supporting naive pluripotency in combination with
the classical OKMS cocktail. We benchmarked these
hiNPSCs against human preimplantation epiblast
and reveal a remarkable concordance in their
transcriptomic profiles, dependency on mitochondrial
respiration and X chromosome status. hiNPSCs offer
the potential to generate patient-specific counterparts
of preimplantation epiblast, which will accelerate the
understanding of pluripotency regulation throughout
preimplantation development and will generate new
opportunities for disease modeling and regenerative
medicine.

Funding Source: This work was supported by Région
Pays de la Loire and IHU CESTI. S.K. is recipient of
fellowships from Progreffe and Fondation pour la
Recherche Médicale (FDT20160435459). D.M. s
supported by FINOX Biotech FORWARD initiative.
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W-2025

HUMAN NAIVE PLURIPOTENT STEM CELLS
WITH GLOBALLY HYPOMETHYLATED
GENOMES AND EPIGENETICALLY STABLE
IMPRINTS POSSESS AUGMENTED NON-
BIASED MULTILINEAGE DIFFERENTIATION
POTENCY

Zimmerlin, Ludovic!, Park, Tea Soon? Huo, Jeffrey?,
Evans, Rebecca? and Zambidis, Elias?

TJohns Hopkins School of Medicine, Baltimore, MD, USA,
2Johns Hopkins University, Baltimore, MD, USA

Several transgenic and chemical methods were
recently reported that revert conventional human
pluripotent stem cells (hPSC) to naive-like states
sharing transcriptional and epigenomic commonalities
with mouse embryonic stem cells (MESC) and human
pre-implantation embryos. However, some methods
also led to chromosomal abnormalities and aberrant
CpG hypomethylation at imprinted gene promoters
with unclear downstream sequelae upon their functional
pluripotency. We recently reported that chemical
inhibition of GSK3, ERK and tankyrase signaling (LIF-
3i) was sufficient for stable naive reversion of a broad
repertoire of >20 conventional hPSC lines. LIF-3i
naive hPSC (N-hPSC) maintained normal karyotypes,
2-4x fold decreases in global 5-methylcytosine CpG
methylation activities, genome-wide CpG demethylation
at ESC-specific gene promoters, dominant distal OCT4
enhancer usage, phosphorylated STAT3 signaling,
and decreased ERK phosphorylation. LIF-3i induced
expressions of naive-specific human preimplantation
epiblast genes (e.g.,, NANOG, KLF2, NR5A2, DNMT3L,
HERVH). Methylation array analysis of >1400 known
imprinted CpG sites in 12 independent LIF-3i N-hPSC
revealed stability of imprints already established in
isogenic conventional hPSC. In contrast to some reports
of alternative naive reversion methods resulting in loss of
imprinted genomic regions, LIF-3i N-hPSC were devoid
of systematic loss of imprinted CpG patterns or loss of
DNA methyltransferase expression (e.g., DNMT1,3A,3B).
LIF-3i naive reversion resulted in decreased lineage-
primed gene expression, with concomitant improvement
in directed differentiation to all three germ layers. For
example, LIF-3i N-hPSC generated PAX6+SOX1+Nestin+
neural progenitors more rapidly and efficiently than
conventional isogenic hPSC counterparts. Improved
differentiation efficiencies were similarly achieved
for endodermal (CXCR4+FOXA2+) and mesodermal
progenitors, including improved generation of vascular
(KDR+CD73+ and ACE+) progenitors. LIF-3i N-hPSC
will greatly impact studies in human pluripotency and
regenerative medicine.

Funding Source: TEDCO
NHLBI  #5UO01THL099997-07118153

2013-MSCRF-I1I-114936,
(LZ), TEDCO



2014-MSCRFE-118153  (TSP), UOIHL099775, NEI
RO1EY023962, NICHD ROTHD082098, TEDCO
2013-MSCRFII-0032-00, Stein Innovation- and Novo
Nordisk-Award (ETZ)

W-2027

NON-CANONICAL BCOR-PRC1 COMPLEX
REGULATES SELF-RENEWAL OF HUMAN ESCS
VIA A NOVEL MECHANISM

Ivanova, Natalia B., Wang, Zheng?, Lee, Yu-Wei?,
Zhang, Yan? Kumar, Ishan?, Ramazanov, Bulat?, Kluger,
Yuval?, Geargart, Micah® and Bardwell, Vivian3®
'Department of Genetics, Yale University, New Haven,
CT, USA, 2Yale University, New Haven, CT, USA,
SUniversity of Minnesota, Minneapolis, USA

Polycomb group proteins are critical regulators of self-
renewal and differentiation in many stem cell systems.
They assemble into two complexes, PRC1 and PRC2,
which act sequentially to establish repressive chromatin
at the promoters of target genes. Core PRC1/2 subunits
and their associated chromatin marks are found at the
promoters of differentiation genes in ESCs. Surprisingly,
depletion of PRC1/2 components in mESCs results in
only a marginal increase in the expression of target
genes with little or no effect on the self-renewal which
indicates that PRC1/2 are dispensable for “naive”
pluripotency. In hESCs, which represent the “primed”
pluripotent state the requirements for PRC1/2 have not
been defined. We performed shRNA screen in hESCs to
determine the requirements for PRC1/2 in self-renewal.
We found that while PRC2 activity is dispensable for
hESC maintenance, PRC1 function is critical for self-
renewal. Indeed, simultaneous depletion of RINGIA
and RINGIB results in a rapid loss of self-renewal
and differentiation into endoderm and mesoderm.
A similar phenotype was obtained when the PRCI
associated protein BCOR was depleted leading us to
hypothesize that BCOR maintains hESC self-renewal
via its association with the PRC1 complex. Biochemical
and bioinformatics analyses revealed that BCOR co-
precipitates with PRC1.1 complex proteins RING1A/B,
PCGF1, KDM2B and SKP1 and co-localizes with PRC1/2
associated chromatin marks UbH2A and H3K27me3
at key differentiation genes. CRISPR/Cas9 deletion
of BCOR led to a rapid dissociation of PRC1 complex
from its genomic loci and activation of target genes
indicating that BCOR plays a critical role in maintaining
the integrity and the repressive activity of the PRCI.1
complex. Analysis of BCOR domain deletion mutants
further revealed that while C-terminal region of BCOR is
sufficient for the assembly of the PRC1 complex and its
binding to targets, it is insufficient for the repression of
BCOR target genes. Further studies identified N-terminal
region of BCOR which exhibit potent repressive activity
via the recruitment of accessory proteins that maintain

highly compacted chromatin at the target sites. Our
work identifies a novel mechanism of target recognition
and repression by the BCOR-PRC1 complex which could
be broadly applicable across the stem cell field.

Funding Source: This work was supported by NIH grant
RO1 GM107092 and Connecticut Innovations grants
12-SBC-YALE-10 and 16-RMB-YALE-07.

PLURIPOTENT STEM CELL
DIFFERENTIATION

W-2031

ADVANCEMENT OF A CGMP-
COMPLIANT IPSC-TO-MEGAKARYOCYTE
DIFFERENTIATION PROTOCOL FOR
PRODUCTION OF HUMAN PLATELETS

Dykstra, Brad', Beaulieau, Lea?, Peters, Christian?,
Italiano, Joseph' and Thon, Jonathan'

'Division of Hematology, Brigham and Women's
Hospital, Boston, MA, USA, ?Platelet BioGenesis,
Boston, MA, USA

Induced pluripotent stem cells (iPSCs) hold great
promise for cellular therapy because of their potential to
serve as an inexhaustible source for differentiation into
any cell type in the human body. Platelets are among the
most attractive cellular products of iPSCs because they
are anucleate and can be irradiated prior to transfusion
to eliminate any risk of tumorigenesis from iPSC-derived
cells. Methods for safe and effective administration
of platelets are already well established in the clinic,
however, clinical platelet supply is severely limited by
donor shortages, inconsistent quality, and a very short
usable shelf-life of under 2 days. Previous proof-of-
concept studies performed using research grade iPSC
lines have demonstrated that human iPSCs can be
effectively directed to differentiate into megakaryocytes
(MKs), large cells that are each capable of producing
hundreds of platelets. To produce donor-independent
platelets applicable for clinical use, we are advancing a
serum-free and feeder-free cGMP-compliant iPSC-to-
megakaryocyte (MK) differentiationprotocol. Tothisend,
we first procured and tested several established cGMP-
grade iPSC lines to identify an optimal source capable
of generating large quantities of CD41+ megakaryocytic
cells upon differentiation. The iPSC-derived MKs were
assessed by biomarker expression, ploidy, cytoskeletal
composition, morphology, ultrastructure, and platelet
yield, and were found to compare favorably to primary
MKs derived from human CD34+ umbilical cord blood
or mobilized peripheral blood cells (used as a positive
control). Functional testing of platelets derived from
these iPSC-MKs is ongoing. We are currently optimizing
our protocol to maximize MK vyield and minimize cost
of production, in a manner that is amenable for cGMP
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manufacture at industrial scale for clinical purposes.
Collectively, these studies demonstrate our continued
advancement towards the cost-effective production

of donor-independent platelets that will
revolutionize transfusion medicine.

ultimately

W-2033

DYNAMIC PROTEOME PROFILING OF
DIFFERENTIATION AND REPROGRAMMING

Abazova, Nade' and Krijgsveld, Jeroen?
'The European Molecular Biology Laboratory (EMBL),
Heidelberg, Germany, °DKFZ, Heidelberg, Germany

The profound transformations taking place during
cellular reprogramming and differentiation occur
on multiple levels and demand multi-scale, multi-
disciplinary research efforts. To study these processes at
a proteome-wide scale, we used a combination of ultra-
high resolution mass spectrometry and downstream
bioinformatic analysis to characterize global changes in
protein expression during differentiation and subsequent
reprogramming, within the same cellular system. To this
end, mESCs and iPSCs derived from a mouse strain
containing aninducible OKSM cassette and an Oct4-GFP
reporter were differentiated to mature glutamatergic
neurons, passing through a radial glia cell stage, and
cells were collected at 6 different time points over 12
days for proteome analysis. At the final differentiation
stage, the cells were 100% Oct4-negative, expressed
neuron-specific markers and displayed mature neuronal
morphology. This cell population was then subjected
to pluripotency induction by activation of the OKSM-
cassette until secondary iPSCs colonies were generated.
Cells were FACS-sorted for Oct4-GFP expression at
distinct time points, to distinguish populations that
were primed for differentiation (switching off Oct4)
and for reprogramming (switching on Oct4). To our
knowledge, the proteomic dataset we generated from
all collected and sorted cell populations presents a
first-of-a-kind, high-throughput Omics study on a full
cycle of cell-fate conversions. The dynamic expression
profiles of thousands (>5600) of proteins during
these transitions opens up a unique perspective into
the temporal regulation of entire pathways and sheds
light on the reciprocity of their activation and silencing
during the opposing processes of differentiation and
reprogramming. In addition, our findings lay a strong
basis for the search of novel regulators of pluripotency
gain and neural lineage specification. For example, we
identified a cluster of ~90 proteins which have the same
expression increase during differentiation and share
highly enriched ontology terms for differentiation and
neurological development. Interestingly, their expression
was predicted to be regulated by only 7 transcription
factor families, 13 members of which have previously not
been associated with stem cell differentiation.
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CARDIOVASCULAR PROGENITOR CELL
EXPANSION FOR DIFFERENTIATION INTO
CARDIOMYOCYTES FOR REGENERATIVE
CARDIAC THERAPY

Saenz, Jacqueline’, Wheat, Nickolas? Cuenin, Kyle? and
Nsair, Ali?

'CSUN-UCLA Bridges to Regenerative Medicine
Program, Northridge, CA, USA, 2University of California,
Los Angeles, Los Angeles, CA, USA,

Endogenous and human induced pluripotent stem cell
(hiPSC)-derived Cardiovascular Progenitor Cells (CPCs)
have the ability for self-renewal, clonogenicity, and
differentiation into endothelial cells, smooth muscle and
most important for this project cardiomyocytes (CMs).
After a myocardial infarction (MI) cells are damaged and
adult CMs do not have the innate ability to repair the
injury caused by a MI. The native myocardium has little
to no regenerative capabilities so any loss of functional
myocardial tissue is replaced by non-beating scar
tissue which leads to weakening of the heart’s pumping
capacity, heart failure and eventually death. Current
therapies lack the ability to restore cardiac tissue post-
MI. Studies for regenerative therapy using autologous
CPCs derived from the patient is currently a challenge.
The proposed research uses well-characterized hiPSC-
derived CPCs to assess ability to repair damaged
myocardium post-Ml in a large animal model. We have
developed reproducible protocols to differentiate
hiPSCs into CPCs and to expand these cells, eventually
differentiating them into cardiomyocytes (CM), smooth
muscle and endothelial cells in vitro. These CPCs have
been characterized by the following surface markers
FIkl, PDGFR, and TkrB. CPCs identified by these
markers have shown potential to differentiate into CMs
in vitro. The initial differentiation is an event that takes
place throughout a 5-day span, Days 0-4. Throughout
the differentiation process a base medium is used
consisting of different growth factors. Once the iPSCs
are at their desired confluency of 80%, Day O begins,
from Day O to Day 4 the cells are exposed to a variety of
growth factors that include the base medium in a series
of induction stages and incubation. Day 3 culminates
the induction and differentiation of CPCs, which is
then followed by Day 4. Following differentiation, we
have demonstrated that these CPCs have the ability
to engraft into the myocardium of rats in a post-Mi
model and to differentiate into CMs in vivo, improving
ventricular function. We plan next to expand this model
into a porcine Ml model.

Funding Source: This research was supported by the
California Institute for Regenerative Medicine (CIRM)
CSUN-UCLA Bridges to Stem Cell Research TB1-00183.
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ZINC REGULATES DIFFERENTIATION OF
HESCS TO DEFINITIVE ENDODERM

Lu, Junjie and Lerou, Paul
Massachusetts General Hospital/ Harvard Medical
School, Boston, MA, USA,

Differentiation of human pluripotent stem cells toward
definitive endoderm (DE) is the critical first step for
generating cells comprising organs such as the gut,
liver, pancreas and lung. Many in-vitro DE differentiation
protocols have been published with significant variations
in conditions such as plating condition, differentiation
initiation conditions, induction factors etc. But the final
product from all protocols is always heterogeneous with
a proportion of cells failing to differentiate properly and
maintaining expression of pluripotency factors such as
Oct4 and Nanog. To dissect the underlying mechanisms
leading to the resistance of these residual “pluripotent”
cells to DE differentiation, we employed single cell RNA-
sequencing technology on cells collected at four time
points during a 4-day DE differentiation. We identified
high levels of metallothionein (MT) genes in the
residual Oct4-positive cells. Using X-ray fluorescence
microscopy and multi-isotope mass spectrometry
imaging, we discovered that high MTs correlate with
high levels of nuclear zinc in the Oct4-positive cells. By
adjusting zinc concentration in the differentiation media,
we were able to modulate DE differentiation efficiency —
higher zinc levels resulted in less efficient differentiation
and, conversely, lower zinc improved differentiation
efficiency. This study improves our understanding of in-
vitro DE differentiation and provides actionable options
to improve DE differentiation efficiency.

W-2039

TARGETED EPIGENETIC EDITING
REVEALS MECHANISMS GOVERNING THE
SPECIFICATION OF INDUCED NEURONS

Black, Joshua and Gersbach, Charles
Duke University, Durham, NC, USA

The induction of specific cell types from pluripotent
stem cells or differentiated cells via epigenetic
reprogramming will advance applications in disease
modeling, drug screening, and cell therapies. These
cell types can be induced through the expression of
master regulatory transcription factors that program
the transcriptional networks that govern cell identity.
Recently, we developed a strategy to reprogram
fibroblasts to neuronal cells using epigenome editing
tools repurposed from the CRISPR/Cas9 gene editing
platform (Black et al., Cell Stem Cell 2016). This strategy
entailed targeting and activating endogenous proneural
genes within fibroblasts, rewriting the epigenetic marks

at the target loci, and enabling stable autonomous
expression of the target genes. Building on this work,
our aim is to apply epigenetic editing tools to perturb
transcriptional networks implicated in cell differentiation
in order to develop improved methods to generate
disease-relevant cell types. As a proof-of-principle

demonstration, we utilized a CRISPR/Cas9-based
transcriptional repressor, consisting of nuclease-null Cas9
fused to the KRAB heterochromatin-initiating domain
(dCas9-KRAB). We employed dCas9-KRAB to silence
endogenous transcription factors that were shown via
RNA-sequencing to be activated upon induction of the
proneural factor Ascll for reprogramming fibroblasts to
neurons. We found that targeted repression of Zfp238
significantly attenuated reprogramming, as determined
by a reduction in expression of the pan-neuronal
markers B-Tubulin 3 and Map2. Zfp238 has been shown
to play a role in neurogenesis during development,
and future work will entail genomic analyses to further
elucidate its role in the generation of induced neurons.
In addition, to enable the high-throughput perturbation
of transcriptional networks, we engineered an induced
pluripotent stem cell (iPSC) line to express mCherry as a
transcriptional reporter of B-Tubulin 3. This engineered
cell line facilitates the isolation of differentiated cells
from undifferentiated iPSCs via FACS. Ongoing work
entails exploiting the scalable nature of the CRISPR/
Cas9 system combined with our engineered iPSC
line to perform pooled epigenetic screens to uncover
transcriptional networks that modulate neuronal fate
specification.

W-2041

EFFICIENT DIFFERENTIATION OF HUMAN
PLURIPOTENT STEM CELLS INTO NEURAL
PROGENITOR CELLS

Flynn, Kevin C.!, Galitz, David? Sabat, Joanna' and Aho,
Joy'

'Bio-Techne, Minneapolis, MN, USA, 2Stem Cells, Bio-
Techne, Minneapolis, MN, USA

Neurological disorders are the leading cause of human
morbidity, accounting for over ten percent of all human
disease. Traditional approaches for studying nervous
system development, injury, and disease are largely
limited to animal models, which often fail to fully
recapitulate human disorders. Moreover, the variable
etiology of a given neurological disease in humans
demands a personalized approach to understanding
and treating individual patients. Human pluripotent
stem cells, including embryonic and induced pluripotent
stem cells, offer an essentially unlimited source of
neural cells that can be used not only to study the
mechanisms of human disease, but also as powerful
tools for neural regeneration. Here, we introduce our
StemXVivo® Neural Progenitor Cell Differentiation Kit,
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which efficiently converts human pluripotent stem cells
into neural progenitors. Within seven days, pluripotent
stem cells are converted to Pax6-, SOX1-, and Nestin-
positive neural progenitor cells. The derived neural
progenitor cells can be expanded for several passages
in vitro and differentiated into all three major cell
types of the nervous system: neurons, astrocytes, and
oligodendrocytes. These neural progenitors provide
an intermediate multipotent stem cell population for
further downstream differentiation, neuronal subtype
derivation and mechanistic studies. The StemXVivo®
Neural Progenitor Cell Differentiation Kit provides a
powerful platform for the reproducible generation of
neural progenitor cells from diverse pluripotent human
stem cell sources for use in disease modeling and drug
discovery.

W-2043

DERIVATION OF BLOOD-BRAIN BARRIER
ENDOTHELIAL CELLS FROM PORCINE
INDUCED PLURIPOTENT STEM CELLS

Kim, Mirae' and Hyun, Sang-Hwan?

'Institute for Stem Cell & Regenerative Medicine
(ISCRM), Chungbuk National University & Laboratory
of Veterinary Embryology and Biotechnology
(VETEMBIO), College of Veterinary Medicine,
Chungbuk National University, Cheongju 28644,
Republic of Korea, Cheongju, Korea, °College

of Veterinary Medicine, Institute for Stem Cell &
Regenerative Medicine (ISCRM), Chungbuk National
University & Laboratory of Veterinary Embryology and
Biotechnology (VETEMBIO), College of Veterinary
Medicine, Chungbuk National University, Cheongju
28644, Republic of Korea, Cheongju, Korea

Although porcine blood-brain barrier (BBB) models are
more analogous to humans than rodents, only a few
putative BBB models have been generated by co-culture
of porcine primary cells. They are not readily available
and lose some of their phenotypes when maintained
in vitro for long-term culture. To establish improved in
vitro porcine BBB models, we differentiated novel brain
microvascular endothelial cells (BMECs) from porcine
induced pluripotent stem cells (iPSCs) using a modified
human-based protocol. Briefly, the dissociated single
cells from iPSCs were seeded at 3 x 105 cells/cm2 in
Geltrex. For differentiation, cells were maintained for 3
days of expansion and then switched to unconditioned
medium (UM) lacking bFGF for 6 days. Then, we
subcultured cells onto collagen/fibronectin coated
plates and changed BMEC medium for 2-3 weeks. About
two weeks later, we observed a cluster of round cells
surrounded by spindle-shaped adherent cells termed
as colony-forming units (CFU) of putative BMECs.
Over time, the cluster of cells disappears and remained
adherent spindle-shaped cells showed properties of
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endothelial cells. Although further study will be needed,
porcine BMECs established in the present study would
be a great source to study comparative anatomy and
physiology of porcine versus human in vitro BBB.

Funding Source: This work was carried out with
the support of the "the Next-Generation BioGreen
21 Program (Project No. PJ011288, PJO11077)" Rural
Development Administration, Republic of Korea.

W-2045

A TRANSCRIPTOMIC APPROACH TO IDENTIFY
POTENTIAL MARKER GENES FOR PREDICTION
OF DIFFERENTIATION PROPENSITY OF
HUMAN INDUCED PLURIPOTENT STEM CELL
LINES

Kuroda, Takuya, Yasuda, Satoshi, Tachi, Shiori,
Matsuyama, Satoko and Sato, Yoji
National Institute of Health Sciences, Tokyo, Japan

Human induced pluripotent stem cells (hiPSCs) have
the ability to differentiate into a variety of cells and to
self-renew in vitro. Because of these two characteristics,
hiPSCs have been expected to provide new applications
for regenerative medicine/cell therapy. Although various
in vitro differentiation protocols have been developed
for efficient derivation of specific cell types, hiPSC lines
vary in their ability to differentiate into specific lineages.
Therefore,surrogate biomarkers that accurately predict
the differentiation propensity of hiPSCs could be helpful
for the development and manufacture of hiPSC-derived
differentiated cells for therapies or in vitro assays. In
the present study, we tried identifying the genes that
potentially predict the differentiation propensity of
hiPSCs into three germ layers. At the first step, we
obtained comprehensive mRNA expression profiles
of ten hiPSC lines, using microarray analysis. Next, we
induced bias-free differentiation of all the hiPSC lines
by embryoid body formation to acquire the expression
profiles of germ layer marker genes. To quantify a
differentiation propensity for three germ layers, the first
principal component scores of the post-differentiation
gene expression data were calculated by principal
component analysis. Subsequently, Spearman’s rank
correlation coefficients between the gene expression at
the undifferentiated state and the principal component
scores of the embryoid bodies were determined,
identifying 308 genes (probes) significantly correlated
with the differentiation propensity into the germ layers
Furthermore, loss/gain-of-function experiments showed
that one of these genes were functionally involved in the
germ layer differentiation. These results suggest that
our approach is simple and useful to identify potential
biomarkers for the selection of the suitable cell line
for manufacture of a specific cell-based product, as
well as to find novel factors to elucidate the molecular



mechanism of the differentiation of pluripotent stem
cells.

Funding Source: This research is supported by the
Research on Regulatory Science of Pharmaceuticals
and Medical Devices from Japan Agency for Medical
Research and development, AMED.

W-2047

YAP1 SAFEGUARDS MURINE EMBRYONIC
STEM CELLS FROM EXCESSIVE APOPTOSIS
DURING DIFFERENTIATION

Leblanc, Lucy, Chung, HaeWon and Kim, Jonghwan
University of Texas, Austin, TX, USA

Apoptosis plays critical roles in the regulation of
differentiation, development, and prevention of
tumorigenesis. Numerous signaling pathways tip the
balance between survival and programmed cell death.
In particular, the Hippo pathway, which is mutated in a
plethora of cancers, may promote or inhibit apoptosis
in a context-dependent manner. We have found that
deletion of Yapl, a Tead-mediated enhancer activating
protein, significantly increases programmed cell death in
murine embryonic stem (ES) cells during differentiation.
This is rescued by treatment with Z-VAD-FMK, a pan-
caspase inhibitor. However, neither necrostatin, a Ripkl
inhibitor, nor modulation of autophagy attenuate cell
death, implying that loss of Yapl sensitizes ES cells to
caspase-dependent apoptosis rather than activating
an alternative cell death pathway. Indeed, Yap1 -/- cells
undergo greater cleavage of caspases 8 and 3 as well as
Parpland Bid compared to wild type (WT) cells,and they
are more sensitive to cytotoxic stimuli. Transcriptional
profiling reveals that Bcl-2 is dramatically upregulated
in WT cells, but this upregulation is far weaker in Yap1 -/-
cells. Preliminary BH3 profiling shows that ES cells in the
early stages of differentiation, but not undifferentiated
cells, are susceptible to pharmacological inhibition of
Bcl-2 and related proteins in a dose-dependent manner.
Several ChlP-Seq data sets published by other groups
indicate that Yapl occupies a putative regulatory
element of Bcl-2 in cardiomyocytes and satellite cells,
and this same site is occupied by pP300, which can
predict enhancer regions, in embryonic ectoderm.
Collectively, our results suggest that Yapl safeguards
ES cells during differentiation by attenuating apoptosis
through activation of anti-apoptotic genes, particularly
Bcl-2. We propose to perform our own ChIP-gPCR
in differentiated ES cells using Yapl antibody for
immunoprecipitation and further characterize other pro-
and anti-apoptotic genes implicated in the mechanism
using genetic and pharmacological methods.

Funding Source: Support for this research was
graciously provided by the NIH (ROIGM112722) to JK
and UT Austin (Hamilton Seed Grant) to LL.

W-2049

DECELLULARIZED LIVER EXTRACELLULAR
MATRIX (DLM) MEDIATED HEPATIC
DIFFERENTIATION OF HUMAN INDUCED
PLURIPOTENT STEM CELLS (HIPSC)

Jaramillo, Maria, Yarmush, Martin and Uygun, Basak
Center for Engineering in Medicine, Massachusetts
General Hospital/ Harvard Medical School, Boston, MA,
USA

Liver tissue engineering has emerged as a promising
approach in organ transplantation, but has been
hampered by the lack of a reliable and readily available
cell source. Several characteristics highlight human
induced pluripotent cells (hiPSC) as a desirable source,
including their differentiation potential, ability to self-
renew and the possibility of making patient specific cells.
We developed a tissue decellularization protocol that
efficiently removes cellular material as demonstrated
by low DNA content, while retaining a high degree of
extracellular matrix components, including collagen
and glycosaminoglycans. Subsequently, hIPSC were
differentiated on the decellularized liver matrix (DLM)
scaffolds using an established hepatic differentiation
protocol. We demonstrated that using DLM leads to
significant upregulation of functional hepatic markers
(Albumin, CYP3A4, CYP2B6, CYP2CS8, and CYP2D6)
when compared to standard differentiation conditions
(hESC-qualified matrigel). In addition, expression
of a number of hepatic transcription and nuclear
factors were found to be within levels comparable
to those of primary human hepatocytes. Analysis of
progression of differentiation on DLM demonstrated
that hepatic developmental marker expression was
more consistent with in vivo hepatic development
comparted to matrigel. The DLM-derived cells exhibited
key hepatic characteristics - morphology, bile canaliculi,
glycogen storage, albumin expression and secretion
and cytochrome P (CYP3A4) activity - that were
comparable to those observed in primary neonatal
human hepatocytes. We investigated the appropriate
timing for the introduction of DLM into the differentiation
protocol, and found that best results are obtained when
cells are plated on DLM since the earliest stage of
differentiation, and accompanied by a progressive loss
of sensitivity to substrate composition at later stages.
The results presented in this study suggest that that
liver ECM provides specific cues that aid with hepatic
differentiation of hIPSC. The significance of this work
is that it allows for the development of differentiation
protocols that take into account signals from ECM, hence,
closely recapitulating of the in-vivo microenvironment
and resulting in cells that are phenotypically closer to
mature hepatocytes.
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STEMDIFF™ HEMATOPOIETIC KIT
REPRODUCIBLY GENERATES FUNCTIONAL
HEMATOPOIETIC PROGENITOR CELLS FROM
HUMAN PLURIPOTENT STEM CELLS

Kardel, Melanie D., Noort, Rebecca? Chen, Jenny?,
Wognum, Bert?, Szilvassy, Steve?, Chang, Wing?,
Thomas, Terry?, Eaves, Allen® and Louis, Sharon’
'Research and Development, STEMCELL Technologies
Inc., Vancouver, BC, Canada, °STEMCELL Technologies
Inc., Vancouver, BC, Canada, SSTEMCELL Technologies
Inc. and Terry Fox Laboratory, BC Cancer Agency,
Vancouver, BC, Canada

Hematopoietic cells generated from human pluripotent
stem cells (hPSCs) can be used to model blood
diseases and as an alternate source of blood cells
for transplantation. However, robust methods to
differentiate hPSCs to hematopoietic progenitor cells
(HPCs) have been difficult to develop. The STEMdiff™
Hematopoietic Kit reproducibly generates HPCs from
multiple human embryonic stem cell (H1, H9) and
induced pluripotent stem cell (WLS-1C, STiPS-FO16,
STiPS-MOO01, STiPS-B0O04) lines under serum- and
feeder-free conditions. To do this, hPSC aggregates
were plated on Corning® Matrigel® in TeSR™ medium.
The cells were then sequentially incubated in two
differentiation media from the kit, and harvested on day
12 for analysis. Results show that CD34+CD45+ HPCs
were detected at 41 + 2% (mean = SEM, n=69) in the
day 12 supernatant, with an average yield of 466,500 *
41,000 HPCs per well of a 12-well plate. The frequency
of hematopoietic colony-forming units (CFUs), as
assayed in Methocult™ medium (H4435), was 119 #
10 CFU/10%4 supernatant cells (n=63). To assess the
developmental stage of the HPCs, globin transcripts
of pooled erythroid colonies were measured by gPCR.
Both embryonic and fetal globin were highly expressed
(n=3), consistent with embryonic or early definitive
stage hematopoiesis. Further characterization indicated
that >94% supernatant cells expressed CD43 (n=8), a
pan-hematopoietic marker expressed in early human
development. When assessed for the hematopoietic
stem and progenitor cell phenotype CD34+CD38-
CD45RA-CD90+CD49f+CD45+, expression was variable
with 0.8 to 17% of cells expressing this phenotype
(n=3). The key transcription factors SCL, RUNXI,
GATA2, GATA1, and LMO2 were measured by gPCR
and were all highly upregulated compared to hPSCs
(n=8). As a proof-of-principle, these hPSC-derived
HPCs were further expanded and differentiated to the
erythroid lineage using StemSpan™ SFEM Il medium
with Erythroid Expansion Supplement. The 4 hPSC
lines tested showed 8- to 56-fold expansion of total cell
number over 14 days. At the end of the 14-day culture, all
hPSC lines had high purity of erythroid progenitors with
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79 - 95% CD71+GlyA+ cells. In summary, the STEMdiff™
Hematopoietic Kit reproducibly differentiates hPSCs to
functional HPCs expressing key cell surface markers and
transcription factors.

W-2053

DEVELOPMENT OF REAL-TIME IMAGING
ASSAYS FOR TOXICITY PREDICTION USING
HUMAN PLURIPOTENT STEM CELL-DERIVED
NEURAL STEM CELLS IN CHEMICALLY
DEFINED CULTURE CONDITIONS

Suga, Mika', Kii, Hiroaki?, Ueda, Naoko', Nakano,
Takako', Liu, Yu-Jungd', Uozumi, Takayuki?, Kiyota,
Yasujiro? and Furue, Miho'

'National Institutes of Biomedical Innovation, Health
and Nutrition, Osaka, Japan, ?Nikon Corporation, Tokyo,
Japan

Human pluripotent stem cells (hPSCs), including human
embryonic stem cells (hESCs) and human induced
pluripotent stem cells (hiPSCs), could be a promising
new tool for in vitro developmental neurotoxicity
(DNT) testing. Several DNT testing methods based on
hESCs have been proposed with “3R” concept; refining,
reducing and replacing the DNT tests on vertebrata.
However, these methods contain steps of multi-cellular
aggregation (embryonic bodies or neurospheres) and/
or culturing with ill-defined or variable animal-derived
materials such as fetal bovine serum (FBS), Knockout
serum replacement (KSR), B27 supplement, or Matrigel.
Such conditions hamper accurate monitoring cellular
response to drug exposure and reduce reproducibility.
Further, usage of animal-derived materials goes against
3R concept. More cost-effective, rapid and simple
alternative method aiming for 3R concept should be
expected. To address these issues, we developed a new
method for directed induction of hPSCs to neural stem
cells (NSCs) and imaging assays using the hPSC-derived
NSCs using chemically defined medium consisting of
minimum components, in adherent monolayer culture.
The NSCs derived by our new method were validated
by their cell morphology, protein expression profile,
and potency of further neural maturation. In this study,
we performed imaging assays using valproic acid
(VPA) to verify whether the hPSC-derived NSCs could
be suitable for usage on DNT testing. As a result, the
influence of VPA was detected at low dose. The culture
condition consisting of minimum essential components
enables us high sensitive detection of the drug toxicity/
efficacy. Further, it might be possible to predict toxic
potencies in humans by calculating toxicity reduction
by components in blood serum such as albumin from
results on our cell-based assay. Thus, our methods can
be applied to a high-sensitive, rapid and simple drug
testing to predict drug toxicity effect on early neural
differentiation as a part of DNT.
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CHARACTERIZATION OF HUMAN EMBRYONIC
STEM CELL DERIVED GABAERGIC
INTERNEURON PROGENITORS IN VITRO AND
IN THE EPILEPTIC BRAIN

Anderson, Nickesha C., Van Zandt, Meghan', Gupta,
Jyoti', Shrestha, Swechhya', Lawrence, Daniel', Aaron,
Gloster?, Naegele, Janice? and Grabel, Laura’
"Wesleyan University, Middletown, CT, USA,
?’Neuroscience and Behavior, Wesleyan University,
Middletown, CT, USA

The selective loss of GABAergic inhibitory interneurons
creates an electrical imbalance in the hippocampal
and cortical neural circuit and characterizes numerous
neurodegenerative diseases. Our long-term goal is to
replenish these inhibitory interneuron subtypes using
an embryonic stem cell (ESC) source. During embryonic
development, these inhibitory interneuron progenitors
arise predominantly from a transient ventral forebrain
structure known as the medial ganglionic eminence
(MGE) and are characterized by the expression of NKX2.1.
Cells for transplantation are generated from human
ESCs using an adherent monolayer protocol and sonic
hedgehog treatment. Human ESC-derived interneuron
progenitors transplanted into the mouse hippocampus
of NSG epileptic mice mature to express the neuronal
markers Hu, NeuN, and the inhibitory neurotransmitter
GABA by twelve weeks post-transplantation. In addition,
mice with transplanted cells exhibited significant
improvement in the Morris Water Maze spatial memory
task by six weeks post-transplant. Patch clamp analysis
indicates that hESC derived neurons are capable of
firing mature action potentials following long-term
in vitro culture and post transplantation into a mouse
host. hESC-derived interneuron progenitors expressing
channel rhodopsin eYFP are able to promote a blue
light-mediated increase in inhibitory post synaptic
current (iPSCs) in vitro. Preliminary analysis of the
potential of transplanted cells to suppress recurring
seizures in a mouse model of temporal lobe epilepsy
suggests no significant seizure suppression. We are
currently examining the potential of transplant-derived
neurons to suppress the activity of excitatory granule
cells in vivo and attempting to identify neuronal targets
of the transplanted neurons.

Funding Source: Connecticut Regenerative Medicine
Research Fund

W-2057

MODELING OF HUMAN SOMITE PATTERNING
USING IPSC

Nakajima, Taiki, Shibata, Mitsuaki, Alev, Cantas, Fukuta,
Makoto, Sakurai, Hidetoshi, Toguchida, Junya and
Ikeya, Makoto

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

Somite patterning is a significant event for vertebrate
development. In response to signals such as WNTs,
BMPs and SHH secreted from surrounding tissues,
somite give rise to myotome, sclerotome, dermatome
and syndetome, which in turn, are the origins of skeletal
muscle, axial skeleton, dorsal dermis and axial tendon/
ligament respectively. Therefore, induction of somite
from hiPSCs is a critical step to harness pluripotent stem
cells(PSCs) toward applications such as regenerative
medicine and disease research of orthopedic surgery
field. However, the efficient and reliable induction of
somite remain a major challenge, also nobody has ever
succeeded to generate dermatome and syndetome.
In our study, we tried to recapitulate human somite
patterning in vitro by mimicking the signal conditions
during chicken/mouse somite development, and finally
succeeded to generate the complete set of somite
derivatives through presomite(PSM) state and then
somite(SM) state in a stepwise manner. It indicates that
the knowledge of mouse/chicken somite development
was successfully applied to induction of human somite
by using hiPSCs. Our novel induction method serves as
an important foundation for the directed differentiation
of dermis and tendon/ligament cells from PSCs. Also
we’re planning to apply this induction method toward
FOP(Fibrodysplasia Ossificans Progressiva) study, in
addition, toward tendon/ligament injury model.

W-2059

IDENTIFICATION OF CELL SURFACE
MARKERS ON HUMAN LUNG PROGENITOR
CELLS EXPRESSING NKX2-1

Mcvicar, Rachael Noel.!, Leibel, Sandra' and Winquist,
Alicia?

'University of California, San Diego, CA, USA, ?Sanford
Burnham Prebys, San Diego, CA, USA

The mortality rate of infants with pediatric lung diseases
is 16.2% in the US. One condition, neonatal respiratory
distress (RDS) syndrome, is caused by the insufficient
production of pulmonary surfactant in distal lung
epithelial cells, the alveolar type Il cells (ATII), which
leads to increased surface tension at end expiration,
and occurs in preterm infants with arrested lung
development. Cystic fibrosis is a proximal lung epithelial
in disease that currently has no cure and affects 30,000
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individuals. These diseases are difficult to study because
the lung has 40 different cell types which are difficult
to isolate and obtain from a human patient. Human
induced pluripotent stem cells (hiPSCs) enables the
study of particular cell types, and although the lung is a
heterogenous tissue, specific cell types can be isolated
by surface marker expression and then studied in
vitro. Our hypothesis is to differentiate lung progenitor
cells (LPCs) from hiPSCs in order to study early lung
development, and discover surface markers that define
critical lung cell populations that reside in the proximal
and distal portions of the lung. Using published and
novel protocols for embryonic lung development, we
differentiated hiPSCs into definitive endoderm, anterior
foregut endoderm and lung progenitor cells (LPC)
using a cocktail of growth factors and small molecules.
LPCs express high levels of NKX2-1 and this expression
correlates with increased expression of the cell surface
antigen Carboxypeptidase M (CPM). To isolate LPCs for
further lung differentiation, we used positive selection
for NKX2-1/CPM expressing cells through the use of a
multifaceted comparative proteomic approach. We
used in vitro screening of 300+ cell surface antigens in
collaboration with the UHN monoclonal antibody core
facility to discover surface markers that co-expressed
CPM. The “top hits” generated will be further explored
in order to characterize distal and proximal lung tissues
derived from LPCs. We will then use RNA seqg to define
the genetic signature of the sorted cell types using the
novel surface markers which will allow the creation and
isolation of specific lung cells in which to study various
pediatric lung diseases.

Funding Source: CIRM 2.0 SDSU BRIDGES AWARD
W-2061

DYNAMIC CHANGES IN THE APOPTOTIC
MACHINERY ON DIFFERENTIATION OF
HUMAN EMBRYONIC STEM CELLS TO
NEURONS

Basundra, Richa', Gama, Vivian?, Poston, Jacqueline'
and Deshmukh, Mohanish'

'Neuroscience Center, University of North Carolina at
Chapel Hill, NC, USA, 2Cell and Developmental Biology,
Vanderbilt University School of Medicine, Nashville, TN,
USA

Recent studies have shown that the thresholds to
undergo apoptosis can be strikingly different in different
cell types. For example, while undifferentiated human
embryonic stem cells (hESCs) are highly sensitive to
DNA damage-induced apoptosis, postmitotic neurons
are highly resistant. These differences in sensitivities to
apoptosis are physiologically important, as it permits for
the rapid elimination of mutant hESCs in the developing
embryos while maintaining the long-term survival of
neurons. However, the exact mechanisms by which
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the distinct apoptotic thresholds are set in different
cell types remains unknown. We used the model of
hESC differentiation to identify the dynamic changes
in apoptotic machinery as the undifferentiated hESCs

become differentiated into postmitotic neurons. A
critical mediator of apoptosis is Bax, which is present
in the cytosol of most of the cells in an inactivated
state. Upon apoptotic stimuli, Bax is activated and
translocates to the mitochondria to induce apoptosis.
We reported that in contrast to other cell types, hESCs
are primed to undergo apoptosis as Bax is maintained
in a constitutively active state localized to the Golgi
in undifferentiated hESC’s; DNA damage triggers the
Golgi-to-mitochondrial tranalocation of active Bax to
induce rapid apoptosis. Interestingly, within two days of
differentiation, Bax is no longer maintained in an active
state and the cells are no longer capable of undergoing
rapid cell death. This novel discovery urged us to
examine the status of the other key apoptotic factors as
the hESCs cells are differentiated into neurons. hESCs
(H9) were differentiated into nociceptor neurons using
the Studer protocol and successful differentiation was
confirmed by immunofluorescence and quantitative
real time PCR for the markers of pluripotency and
differentiation. Importantly, we examined the status
of the key apoptotic proteins at the various stages
of hESC differentiation. Our study of the expression
pattern of various apoptotic factors and the correlation
to cell death sensitivity of cells with hESC differentiation
provides insight into the dynamic mechanisms by which
distinct apoptosis thresholds are established with hES
cell differentiation into neurons.

W-2063

DIFFERENTIATION OF HIGHLY-ENRICHED
MIDBRAIN SPECIFIC DOPAMINERGIC
NEURONS FROM HUMAN INDUCED
PLURIPOTENT STEM CELLS (IPSCS) ON
FEEDER-FREE CULTURE

Nonaka, Risa', Ishikawa, Kei-ichi?, Nakamura, Ryota?,
Jo, Takayuki3, Shiga, Takahiro3, Oyama, Genko?, Saiki,
Shinji®, Okano, Hideyuki4, Hattori, Nobutaka? and
Akamatsu, Wado®

"Juntendo University, Tokyo, Japan, ?Neurology,
Juntendo University, School of Medicine, Tokyo, Japan,
SJuntendo University, School of Medicine, Tokyo, Japan,
“Keio University, School of Medicine, Shinjyuku-ku,
Japan, °Genome and Regenerative Medicine Center,
Juntendo University, School of Medicine, Tokyo, Japan

Although iPSC-derived dopaminergic neurons
are expected one of the potential sources for cell
replacement therapy in Parkinson’s disease (PD),
efficiency of dopaminergic neuron induction from
human iPSCs by current protocols is relatively low
and several technologies including FACS sorting are



necessary to induce highly-enriched dopaminergic
neurons for regenerative medicine. Recently, we have
developed a neurosphere-based culture system to
control the regional identity of hiPSC-derived neural
progenitors by using small molecules. This system
facilitates effective induction of midbrain specific neural
progenitors that give rise to dopaminergic neurons. In
this study, we tried to fit this system into feeder-free
cultured iPSCs to obtain midbrain specific dopaminergic
neurons for regenerative medicine. To examine midbrain
specificity of neurospheres derived from feeder-free
iPSCs, we performed real-time PCR to detect midbrain
specific makers. EN1, which is expressed in the midbrain
and anterior hindbrain, and TH, which is the dopamine-
synthesizing enzyme and these markers were highly
expressed in neurospheres treated with 3uM CHIR99021,
a GSK3inhibitor. Then, these neurospheres with midbrain
identity were differentiated into dopaminergic neurons
in an attached culture condition. Approximately 60% of
Tuj-1 positive neurons were TH-positive dopaminergic
neurons, suggesting that highly enriched dopaminergic
neurons could be induced from feeder-free iPSCs by
optimized culture condition without cell sorting or
fluorescent reporters. We are trying to transplant these
midbrain specific neurospheres into the striatum of
6-OHDA-lesioned PD model mouse to examine whether
these midbrain specific neural progenitors are effective
for PD symptoms.

W-2065

VENTRICLE-SPECIFIC CARDIOMYOCYTE
DIFFERENTIATION OF MOUSE EMBRYONIC
STEM CELLS

Satthenapalli, Venkata R.!, Hore, Tim? Lamberts, Regis®
and Katare, Rajesh?®

"University of Otago, Dunedin, New Zealand,
?Department of Anatomy, University of Otago, Dunedin,
New Zealand, 3Department of Physiology, University of
Otago, Dunedin, New Zealand

Acute myocardial infarction leads to loss of large
number of cardiomyocytes causing severe ventricular
tissue damage. Pluripotent stem cells (PSC) are
gaining popularity as the ideal source to regenerate
the lost cardiomyocytes, due to their capability to
proliferate and differentiate into cardiac lineage.
Various differentiation protocols have been established
to differentiate PSC into cardiomyocytes, however all
resulted in the development of a heterogeneous (atrial,
nodal and ventricular) population of cardiomyocytes.
Unfortunately, once transplanted to the left ventricle,
these nodal cells will generate unwanted ventricular
arrhythmias. We aimed to design a protocol to
differentiate mouse embryonic stem cells (mESC) into
ventricle-specific cardiomyocytes. By inhibiting Wnt
signaling in the early stage, we aimed to trigger mESC to

develop into cardiomyocyte lineage while inhibition of
Retinoic acid signaling in the later stages would trigger
a ventricular phenotype. To enhance the differentiation,
ascorbic acid was added throughout the process. Gene
expression of stage specific cardiomyocyte markers was
validated by gPCR and protein expression was validated
by flow cytometry and immunofluorescence analysis
after 14 days of differentiation. Our preliminary results
showed that all the major cardiac markers (Isl-1, Nkx2.5,
Mef2C, CTnT, IRX4, and MLC2V) were expressed in a
stage specific manner. Importantly, ~77% of cells were
expressing the ventricle specific IRX4 after 14 days of
differentiation (n=3). Our approach is the first step to the
development of a differentiation protocol for ventricle-
specific cardiomyocytes, which will have a significant
contribution to the field of cardiac regeneration therapy.

Funding Source: Supported by Heart Foundation,
Otago School Of Medical Sciences, Dean’s Bequest
funding and JC Anderson Trust project grant, RSNZ
catalyst Seed Funding (CSG-UO001601), Department of
Physiology, University of Otago, New Zealand.

W-2067

WIP1 DIRECTLY DEPHOSPHORYLATES NLK
AND INCREASES WNT ACTIVITY DURING
GERM CELL DEVELOPMENT

Cho, Seung-Ju, Kwon, Ok-Seon and Cha, Hyuk-Jin
Sogang University, Seoul, Korea

Defective testis development and reduced
spermatogenesis are part of the distinct phenotype
of Wipl null mice. However, the molecular mechanism
underlying this aberrant testis physiology remains
unknown. Herein, we show that Wipl expression was
closely associated with Wnt activity in a B-catenin-
independent manner. Wipl directly interacted with
Nemo-like kinase (NLK) and dephosphorylated its
activating phosphorylation site, which retains close
homology with p38 MAPK, a well-known Wip1 substrate.
Inhibition of NLK activity by Wipl markedly decreased
the phosphorylation of Lymphoid Enhancer-Binding
Factor 1 (LEF1), thereby disrupting its interaction with
B-catenin. Notably, depletion of Wipl significantly
impaired the germ cell development, determined by re-
expression of Oct4 and germ cell marker such as Ddx4,
Nanos3 and Dnd1 during germ cell development from
OG2 (Oct4-GFP transgenic) mouse embryonic stem
cells. Re-expression of Wipl, which was dramatically
decreased after differentiation from mMESCs, was
manifested in parallel with the expression of germ
cell development markers and SRY-Box 17 (Sox17), a
downstream target of Wnt. This suggests that Wipl
expression is important for germ cell development
through Wnt activity.

Funding Source: This work was supported by the National
Research Foundation of Korea (NRF) grant funded by
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the Korea government (MSIP) [No. 2009-0093822,
2011-0030043 (SRC): HJC and 2016RID1AT1A02937487:
SJCI.

W-2069

SINGLE CELL-DERIVED HUMAN INDUCED
PLURIPOTENT STEM CELL DIFFERENTIATION
TO RED BLOOD CELLS

Varga, Eszter, Hansen, Marten, Burger, Patrick,
Heshusius, Steven, Wust, Tatjana, Eernstman, Jesse,
Thiel, Marijke, Heideveld, Esther, Sellink, Erica, Lindern,
Marieke and Akker, Emile

Sanquin Research, Amsterdam, Netherlands

Donor-derived red blood cells (RBCs) are the most
common form of cellular therapy. However the source
of cells dependent on donor availability with a potential
risk of allo-immunization and blood borne diseases.
An immortal source to produce in vitro cultured RBCs,
such as iPSC would provide an autologous product with
absence of immune reactions. The in vitro production
of iPSC-RBC has proven to be possible, however there
are barriers to overcome prior to clinical application.
e.g. virus- and transgene-free iPSC generation, xeno-
free culturing methods, scale up cultures to obtain
transfusion units (1-2*10"12 erythrocytes). To solve
the above mentioned issues a customized humanized
GMP-grade medium (Cellquin) was generated in order
to control erythroid culture parameters and to reduce
culture costs. This medium allowed 110" 8 times erythroid
expansion from PBMCs to pure adult erythroblast
(EBL) cultures within 25 days, comparable to non-
GMP commercial media. Non-integrative polycistronic
episomal vector containing (OCT4-SOX2-KLF4-cMYC-
LIN28) was used to reprogram PBMC-expanded
EBLs to iPSC, displaying pluripotency potential and
normal karyotype. iPSCs were adapted to single cell
dissociation allowing directed colony differentiation
using a feeder-free monolayer approach. From day 6 of
differentiation Cellquin was applied with lineage-specific
growth factors, resulted iPSC differentiation to EBLs
which was initiated by the appearance of hemogenic
endothelium following hematopoietic specification. Our
differentiation method resulted in ~1*10"5 fold expansion
to CD41- CD34- CD71+ CD235+ CD36+ EBLs within 21
days (12 days iPSC diff + 9 days EBL expansion), which
was reproducible using different iPSC lines. Further
maturation of iPSC-EBLs yielded CD71+ CD235+ CD36-
pure orthochromatic normoblasts expressing mainly
gamma globin chains (fetal ~85%), small amount of
beta- (adult <~5%) and epsilon- globins (primitive
~10%). Currently we are testing enucleation potential
of matured iPSC-EBLs. In conclusion, we showed that
our monolayer differentiation approach is simple, highly
controlled, robust and compatible with up-scaling.
Avoiding virus-, integrative reprogramming, feeders

SN SSCR 2 [EESTSHEREERN

and with our GMP-grade media we maintained a cost
effective system moving toward clinical application.

W-2071

INVESTIGATING THE MITOCHONDRIAL
DISULFIDE RELAY SYSTEM IN HUMAN
PLURIPOTENT STEM CELLS WITH
MITOBLOCK®6

Kennedy, Stephanie’, Zhang, Danyun?, Koehler, Carlas,
Malone, Cindy* and Teitell, Michael®

"University of California, Los Angeles (UCLA),
Woodland Hills, CA, USA, 2University of California,

Los Angeles, CA, USA, 3Chemistry and Biochemistry,
University of California, Los Angeles, CA, USA,
4California State University, Northridge, Los Angeles,
CA, USA, *Pathology and Laboratory Medicine,
University of California, Los Angeles, CA, USA

MitoBloCK6 (MB-6)wasidentifiedinascreenforinhibitors
of the protein Augmenter of Liver Regeneration/Growth
Factor Ervi-Like (ALR/GFER). ALR is a taxonomically
conserved protein involved in the disulfide relay system,
which facilitates import of cysteine rich proteins into
the mitochondrial intermembrane space (IMS). Previous
studies have shown that MB-6 causes apoptosis in
human pluripotent stem cells (hPSCs) while leaving
their differentiated derivatives intact. Our current work
aims to determine the mechanism for MB-6 rapid cell
death in hPSCs. Toward this goal, we have identified the
time of differentiation, which differs based on lineage
and tissue type, at which hPSC derivatives become
resistant to MB-6 exposure. Antioxidants mitoTEMPO
and N-acetylcysteine had little effect on hPSC death
after MB-6 treatment, suggesting that reactive oxygen
species (ROS) influence on the apoptotic mechanism is
minimal. We hypothesize that MB-6 causes preferential
death of hPSCs through differences in ALR protein
import activity, and that these differences are mediated
by differential protein interactions in pluripotent versus
differentiated cell states. To examine this hypothesis,
we are utilizing immunoprecipitation in combination
with mass spectrometry (IP-MS) to identify changes
in ALR interactions between undifferentiated hPSCs
and their differentiated progeny. We anticipate new
insights into differences in mitochondrial function in
pluripotent versus differentiated cells. In addition, MB-6
could become a tool to remove pluripotent cells that
fail to differentiate into the desired cell types, furthering
clinical stem cell applications.
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AN IMPROVED METHOD TO DIFFERENTIATE
HUMAN PLURIPOTENT STEM CELLS TO
ADULT-LIKE SKELETAL MUSCLE

Schmidt, Uli’, de la Garza, Anabel?, Main, Heather?,
Busse, Katelyn?, Rodriguez, Joe' and Kiselyov, Alex?
'Genea Biocells, San Diego, CA, USA, °Genea Biocells,
La Jolla, CA, USA

Differentiated human pluripotent stem cells have
become an invaluable tool to study development and
disease states as they are usually more relevant to human
pathologies than animal models and immortalized cells.
In addition, they provide an unlimited, uniform resource
to develop cell-based primary and secondary phenotypic
assays for drug development. However, a common
limitation is that the differentiated cells do not reach
a truly adult-like state and remain more embryonic in
their nature. Developing robust differentiation protocols
addressing this issue is expected to further increase
usefulness of hPSCs. Our interests at Genea Biocells
include development of stem cell models for muscle
disorders. Previously, we developed and published a fast,
robust and highly efficient differentiation method for
skeletal muscle that does not rely on the overexpression
of myogenic transcription factors or cell sorting to
enrich myogenic populations (Caron et al. 2016). Both
our method, as well as reported alternatives, yield
elongated myotubes with limited multinucleation typical
for embryonic muscle vs. primary adult muscle cultures
exhibiting a thick, branched morphology with many
nuclei per cell. In an effort to optimize our differentiation
protocol further, we conducted small molecule screens
and identified series of pharmacologically defined, lead-
like small molecule hits - compounds that 1) further
improve the number of MyoD-positive myoblasts and
2) enhance myoblast fusion to large multinucleated
myotubes resembling primary cultures. We also show
that these compounds make several growth factors
redundant in the new generation media which were
previously included for efficient differentiation. We are
now conducting a detailed functional and molecular
characterization of these myotubes, and we are testing
their suitability to model a panel of muscle diseases.

W-2075

IDENTIFICATION OF BMI(I) ON L-TYPE
CA2+ CHANNELS IN HESC-DERIVED
CARDIOMYOCYTES

Yoon, Jung Won', Han Sol, Kim?, Park, Jin Ju® and
Jeong, Geun Ok3

'Pusan National University, Yangsan, Korea, °Kangwon
National University School of Medicine, Chuncheon,
Korea, 3School of Medicine, Pusan National University,
Yangsan, Korea

Human embryonic stem cells (hESCs) were
differentiated to cardiomyocytes followed by metabolic
selection to enrich differentiated cardiomyocytes and
eliminate undifferentiated cells. 30 day differentiation
and selection protocol generated highly-pure and well-
differentiated cardiomyocytes from hESCs according to
the analysis by immunocytochemistry, flow cytometry,
and RT-PCR analysis. Highly-pure cardiomyocytes
derived from hESCs showed the expression of mature
cardiomyocyte markers, such as cTnT, MLC-2A, and
a-SA. In addition to the expression of cardiac marker
genes, the function of specific ion channels expressed in
cardiomyocytes was evaluated to confirm the successful
differentiation, which can contribute to establishing
the protocol for assessing the pharmaceutical efficacy
of hESC-derived cardiomyocyte in field of cardiac
research. In this study, we identify the Na+, Ca2+ and
K+ channels and recorded action potential in hESC-
derived cardiomyocytes. In addition, we investigated
the effect of bisindolylmaleimide (BIM) (I), which
inhibits native cardiac Ca2+ channels, on hESC-derived
cardiomyocytes. The difference of sensitivity between
native cardiac cells and hESC-derived cardiomyocytes
was present. The inhibitory effect of BIM (I) on L-type
Ca2+ channels was more sensitive in hESC-derived
cardiomyocytes than cardiomyocytes of rat ventricular
cells, which suggests that hESC-derived cardiomyocytes
is a superior platform for screening drugs for human
application. Although the hESC-derived cardiomyocytes
have several limitations for clinical application, hESC-
derived cardiomyocytes can be utilized for the
development of novel pharmaceuticals and screening
of cardiotoxicity.
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THE CIRCADIAN CLOCK DEVELOPMENT
DURING HEPATIC DIFFERENTIATION OF
HUMAN PLURIPOTENT STEM CELLS

Gagliano, Onelia', Cascione, Sara?, Michielin, Federica?
and Elvassore, Nicola?

'Department of Industrial Engineering- Venetian
Institute of Molecular Medicine, University of Padova,
Italy, °Department of Industrial Engineering, University
of Padova, Italy

Circadian rhythms are daily cycles of physiology and
behaviors that are driven by an endogenous oscillator
with a period of approximately (circa) one day (Diem).
This system is fundamental to achieve temporal
homeostasis with the environment at the molecular level,
by organizing physiology and behavior in a proactive
rather than a responsive manner. During development,
the environmental conditions surrounding and affecting
the embryo, such as the availability of nutrients or
the concentration of metabolites, change throughout
the day. The embryo does not yet possess a mature
functional clock able to anticipate these variations;
the development of such mechanism is accomplished
during gestation. It is clear that in mammals circadian
rhythmicity develops gradually during ontogenesis,
but the mechanisms involved at cellular level during
differentiation of embryonic stem cells are still
unknown. The characterization of the circadian system
and its complex network of interactions with relevant
physiologic and pathologic pathways is in continuous
evolution.Up to now, the knowledge of clock ontology
and development and its relevance during cellular
differentiation is restricted to a very few articles. This
work represents the first attempt of investigating the cell-
autonomous circadian clock onset in human pluripotent
stem cell during hepatic differentiation. Human
pluripotent stem cells differentiated in microfluidic
environment achieved sustained expression of hepatic
markers and of most of circadian genes (Rev-Erb alpha,
Bmall, Clock, Per2, Perl, Cryl and Cry2). Only after the
stage of definitive endoderm circadian rhythmicity of
24h cycles start to be observed in most of circadian
genes. The circadian onset seems to be correlated with
the daily variation of metabolic signals in which the
microfluidic cell culture is exposed.
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PLURIPOTENT STEM CELL: DISEASE
MODELING

W-2079

INDUCED PLURIPOTENT STEM CELL
CARDIOMYOCYTES FOR THE STUDY OF
VARIANT PATHOGENICITY IN LONG QT
SYNDROME (LQTS)

Luerman, Greg', Gélinas, Roselle?, El Khoury, Nabil?,
Chaix, Marie-A?%, Beauchamp, Claudine?, Alikashani,
Azadeh?, Ethier, Nathalie®, Boucher, Gabrielle?,
Villeneuve, Louis®, Robb, Lauras, Latour, Frédéric?,
Mondesert, Blandine?, Rivard, Lena3, Goyette, Philippe?,
Talajic, Mario?, Fiset, Céline? and Rioux, John David?
"Axiogenesis AG, Plymouth Meeting, PA, USA, °Montreal
Heart Institute, Montreal, PQ, Canada, SMontreal Heart
Institute, Cologne, Germany

Long QT syndrome (LQTS) is a condition with monogenic
inheritance for which 30% of patients are without a
genetically-confirmed diagnosis. Rapid identification of
causal mutations in LQTS, a potentially fatal condition,
is a priority to ensure optimal management of cardiac
eventsand toreduce mortality. Sequencing technologies
are useful for the identification of potentially novel
causal genes and mutations; however, they come with
significant challenges in data interpretation. LQTS
could therefore benefit from having a platform for
evaluating the functional impact of candidate variants
in the physiological context of human cardiomyocytes.
Using a variant in Kir2.1 (Gly52Val) revealed by whole
exome sequencing in a patient presenting with
symptoms of Andersen-Tawil syndrome as a proof of
principle, we demonstrate that commercially available
isogenic human induced pluripotent stem cell derived
cardiomyocytes (hiPS-CMs) are a powerful model for
the screening of variants involved in genetic cardiac
diseases. Indeed, confirming results previously obtained
using HEK cells, immunohistochemistry experiments and
whole-cell current recordings in hiPS-CMs expressing
the wild-type or the mutant Kir2.1 demonstrate that
Kir2.1-52V alters channel cellular trafficking and fails to
form the fully functional ion channel. Moreover, Kir2.1-
52V is associated with lower excitability, dramatic
prolongation of action potential duration with evidence
of arrhythmic activity, parameters which could not have
been studied using HEK cells. Our study indicates the
molecular mechanism underlying the effect of Kir2.1-
52V responsible for the clinical manifestations observed
in the patient also than provides evidence for the use of
isogenic hiPS-CMs as a physiologically relevant model
for the screening of variants.

Funding Source: Supported by the Fondation de I'Institut
de cardiologie de Montréal (JDR). JDR was supported
by infrastructure acquired via grants (202695, 218944,



and 20415) obtained from the Canada Foundation for
Innovation.

W-2081

THE IMPACT OF CYTOPLASMIC ASPARTYL-
TRNA SYNTHETASE MUTATIONS ON HUMAN
IPSC DERIVED NEURONAL CELL TYPES

Endes, Carola', Beak, Charles?, Ovchinnikov, Dmitry?3
and Wolvetang, Ernst*

"The University of Queensland, Brisbane, QLD,
Australia, ?Australian Institute for Bioengineering
and Nanotechnology, Brisbane, Australia, SAustralian
Institute for Bioengineering and Nanotechnology,

St Lucia, Queensland, Australia, “Australian Institute
for Bioengineering and Nanotechnology, Australian
Institute for Bioengineering and Nanotechnology,
Brisbane, Queensland, Australia

The role of aminoacyl-tRNA-synthetases (ARS) is to
accurately combine tRNAs with their corresponding
amino acids and therefore facilitate correct protein
synthesis. Interestingly, identified ARS-mutations lead
to diseases of the nervous system with disruptions in
myelination. One of these rare and poorly understood
diseases is Hypomyelination with Brain stem and Spinal
cord involvement leading to Leg spasticity (HBSL)
induced by mutations in the cytoplasmic aspartyl-tRNA
synthetase(DARS).Duetotheircentralroleinmyelination,
oligodendrocytes are the primary focus of research in
HBSL. How different mutations of DARS specifically
affect oligodendrocyte function and their myelinating
ability is to date unknown. To achieve insights into HBSL
pathology, footprint-free induced pluripotent stem cells
from four HBSL patients were generated. They display
increased spontaneous differentiation, a prolonged
G1 and reduced S1 Phase, additionally are prone to
heightened apoptosis in vitro. We hypothesise that
the defective protein synthesis due to DARS mutations
leads to ER stress via the unfolded protein response.
Interestingly, aspartate supplementation partly rescues
increased apoptosis as measured by TUNEL assay and
reduces mRNA levels of ER-stress markers assessed via
gPCR. The measurement of enzyme activity of DARS
in comparison to control cells is currently ongoing.
Oligodendrocytes differentiated from DARS hiPSCs are
subjected to morphological characterisation in terms of
specific cell markers such as O1, MBP, MOG and the HBSL
specific cellular DARS protein complex. Consecutively,
a systematic co-culture approach combining HBSL and
control neurons, oligodendrocytes and astrocytes in
engineered microfluidicdevices enablestheinvestigation
of myelinating ability as a function of mutation locus in
DARS and subsequently severity and onset of HBSL.
This project will provide comprehensive molecular
insights into the defects in HBSL oligodendrocytes
and permit pre-clinical testing of therapeutics for this

currently untreatable childhood leukodystrophy. This
type of precision medicine provides a paradigm for
treating other childhood leukodystrophies and guide
therapeutic avenues for other ARS deficiencies.

Funding Source: This research is supported by the Swiss
National Research Foundation, Early PostDoc mobility
Fellowship.
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AN EMPIRICAL LANDSCAPE OF CAS9-
MEDIATED GENOME EDITING IN HUMAN
PLURIPOTENT STEM CELLS

Hazelbaker, Dane’, Barrett, Lindy?, Eggan, Kevin?,
Herring, Amanda?, Bara, Anne?, Dabkowski, Nicole
Dabkowski?, Messana, Angelica? and Manning, Danielle*
'Broad Institute of MIT and Harvard, Cambridge, MA,
USA, ?Broad Institute, Boston, MA, USA, 3Harvard
University, Cambridge, MA, USA, “Department of
Pathology, Brigham and Women’s Hospital, Boston,
MA, USA

CRISPR-Cas9 facilitates genome editing across a wide
range of cell types and organisms. Human pluripotent
stem cells (hPSCs) are particularly promising for
studies of basic and disease mechanisms, but present
unigue challenges for the scaling of this technology.
Here, we investigate CRISPR-Cas9-mediated genome
editing in hPSCs at unprecedented scale by applying
a standardized editing approach to 58 distinct genes
implicated in psychiatric disease. We also present a
novel computational tool for resolving the effects of
CRISPR-Cas9 editing through targeted sequencing.
While efficiency of indel generation varied, this was
not correlated with transcription state or nucleosome
positioning around target loci. Although the majority
of genes proved amenable to editing, we detected
variability in indel generation and genomic stability
between different hPSC lines, underscoring the need for
careful cell line selection and unbiased assessments of
genomic integrity.

Funding Source: Stanley Center at the Broad Institute
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USING IPSCS TO DELINEATE THE MOLECULAR
MECHANISMS CAUSAL TO RAF1-ASSOCIATED
HYPERTROPHIC CARDIOMYOPATHY IN
NOONAN SYNDROME

Jaffre, Fabrice', Roberts, Amy?, Pu, William?3, Hahn,
Andreas* and Kontaridis, Maria®

'Cardiology, Beth Israel Deaconess Medlical Center,
Boston, MA, USA, ?Children’s Boston Hospital, Boston,
MA, USA, 3Cardiology, Boston Children’s Hospital,
Boston, MA, USA, “Justus-Liebig University, Giessen,
Germany, °Beth Israel Deaconess Medical Center,
Boston, MA, USA

Noonan Syndrome (NS), an autosomal dominant
RASopathy disorder, is caused by germ-line mutations
that affect the canonical RAS ERKI1/2-MAPK pathway.
Moreover, >95% of NS patients with an S257L/+ mutation
in Rafl exhibit severe hypertrophic cardiomyopathy
(HCM). However, the molecular mechanisms that elicit
HCM in these patients remain unknown. Here, we
modeled NS-associated HCM by differentiating iPSCs
generated from a patient with a Rafl S257L/+ mutation
into cardiomyocytes (iCMs). In addition, we corrected
the Rafl mutation using CRISPR-Cas9 double nickase
technology to generate an isogenic control iPSC line.
We found that, though proliferation rates were similar
(72.25% Kie7+ iCMs + 4.70 vs 72.50% Ki67+ iCMs *
2.53, n=4, p < 0.01), S257L/+ iCMs displayed increased
cell surface area, as compared to isogenic control cells
(3,742 ym2 * 212 vs 2,199 um2 + 178, n=6, p < 0.01). In
addition, S257L/+ iCMs exhibited significant myofibrillar
disarray and increased mRNA levels of hypertrophic
markers (ANP, BNP or TUBB2B), demonstrating that we
could reproduce the HCM phenotype exhibited by NS
RAF1 patients. At the molecular level, although S257L/+
iCMs had elevated RAF1 activity, as demonstrated by the
robust increase in phosphorylation of its downstream
effector, MEK1/2 (5 fold over control level, p < 0.01),
ERK1/2 itself was only modestly enhanced (1.5 fold
over control level, p < 0.01). To test whether enhanced
ERK1/2 activity was responsible for the increased
area of S257L/+ iCMs, we inhibited MEK1/2 or ERK1/2
activity with small molecules or by overexpressing
the specific ERK1/2 phosphatase MKP3. Surprisingly,
none of these interventions reduced mutant iCMs area,
indicating that ERK1/2 was not required for S257L/+-
associated hypertrophy. Finally, using RNA sequencing
and Ingenuity pathway analysis, we have identified
previously unrecognized pathways to be involved in
NS-associated RAF1 hypertrophy. Taken together, we
have recapitulated the HCM phenotype observed in
NS RAF1 S257L/+ patients using human iPSC-derived
cardiomyocyte technology and have found that, despite
the aberrant increased RAF1 activity in these cells,
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NS RAF1 S257L/+ mutation modulates hypertrophy
through ERK1/2-independent signaling mechanisms.

Funding Source: The project was funded by grants from
the Harvard Stem Cell Institute (HSCI) and from the
Saving Tiny Hearts Society to Maria Kontaridis. Fabrice
Jaffre is supported by an American Heart Association
Scientific Development Grant.
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PROFILING EPIGENETIC ALTERATIONS
DURING NEURAL DIFFERENTIATION OF
EMBRYONIC STEM CELLS CARRYING DNMT3A
OVERGROWTH SYNDROME MUTATIONS

Fan, Guoping' and King, Andrew?
'University of California, Los Angeles, CA, USA, ?Human
Genetics, University of California, Los Angeles, CA, USA

DNA methylation is an epigenetic modification that is
essential for normal development. DNA methylation
is catalyzed by a family of DNA methyltransferases
(DNMTs). We have recently profiled the DNA
methylome, transcriptome and global occupancy of
histone modifications (H3K4mel, H3K4me3, H3K27me3,
and H3K27ac) in a series of mouse embryonic stem cells
(MESCs) with variable DNA methylation levels. We
found that genome-wide demethylation alters histone
modification patterns in both promoters and enhancer
regions, which can be reversed by re-constitution of DNA
methylation. Our results support the notion that DNA
methylation influences gene expression pattern either
directly or via its instructive role for specific histone
modifications in regulatory regions. Recently, mutations
in the de novo methyltransferase DNMT3A have been
found to cause an overgrowth syndrome, characterized
by tall stature, macrocephaly, and intellectual disability.
To understand how mutations in DNMT3A result in
intellectual disability in patients, we have generated a
series of isogenic mouse ESC lines containing several
mutations identified in overgrowth syndrome patients.
We further conducted neural differentiation to study
how DNMT3A mutants may lead to epigenetic alterations
and affect neural cell differentiation in vitro. We have
profiled the transcriptome, methylome, and global
histone landscape in neural progenitors converted from
mouse control and mutant ESCs carrying DNMT3A
mutations. Furthermore, we are currently making
isogenic human control and DNMT3A mutant ESCs to
determine whether epigenetic alternations in murine
cells are conserved in human cell system. Taken
together, our study would shed light on the cellular
mechanism of human overgrowth syndrome via stem
cell differentiation models in vitro.

Funding Source: NIH and California
Regenerative Medicine
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DISTINCT GENE EXPRESSION CHANGES IN
INTESTINAL AND NEURAL ORGANOIDS FROM
FAMILIAL PARKINSON’S DISEASE PATIENT-
DERIVED IPSCS

Kim, Janghwan', Sim, Hyuna', Son, Mi-Youngd', Son, Ye
Seul', Jung, Kwang B0', Lee, Mi-Ok/, Oh, Jung-Hwa?,
Chung, Sun-Ku?® and Jung, Cho-Rok’

'Korea Research Institute of Bioscience and
Biotechnology (KRIBB), Daejeon, Korea, °Korea
Institute of Toxicology (KITOX), Daegjeon, Korea, SKorea
Institute of Oriental Medicine (KIOM), Daejeon, Korea

The leucine-rich repeat kinase 2 G2019S (LRRK2GS)
mutation is the most common genetic cause
of Parkinson's disease (PD). Genome-wide
association studies have shown that PD is not only a
neurodegenerative disease but also a gastrointestinal
disorder. However, its pathogenesis remains unclear.
Thus, we developed neural and intestinal tissue models
of PD patient harboring the LRRK2GS mutation and
investigated the gene expression signatures. We
generated induced pluripotent stem cells (iPSCs) from
several patient cells carrying the LRRK2GS mutation and
from normal individuals. The iPSCs were differentiated
into three-dimensional (3D) neuroectodermal sphere
(hNES) and intestinal organoid (hlO). To unravel the
gene and signaling networks associated with LRRK2GS,
differentially expressed genes in the microarray data
were analyzed by functional clustering, gene ontology
(GO), and pathway analyses. We found that the
expression profiles of LRRK2GS were distinct from those
of normal control and there are far more differentially
expressed genes in the hlO than in the hNES. We
suggest that these 3D hNES and hlO models from the
same iPSCs of PD patient could be invaluable resources
for understanding PD pathophysiology in intestinal as
well as neural tissues.

Funding Source: This research was supported by
KRIBB Research Initiative program and the NRF of
Korea funded by the Ministry of Science, ICT and Future
Planning (2013M3A9B4076483, 2015M3A9C7030128,
2016R1A2B4013501).
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FAMILIAL HYPERCHOLESTEROLEMIA IPSC-
DERIVED HEPATOCYTES ENHANCE LDL-C
CLEARANCE AND RESPOND TO LDL-C
LOWERING DRUGS IN LDLR-/-/RAG2-/-/
IL2RG-/- MICE

Yang, Jiayin', Esteban, Miguel A.? and Tse, Hung-Fat'
'The University of Hong Kong, Hong Kong, 2Guangzhou
Institutes of Biomedicine and Health, Chinese Academy
of Sciences, Guangzhou, China

Familial hypercholesterolemia (FH) causes elevation of
low-density lipoprotein cholesterol (LDL-C) in blood
and has increased risk of early-onset cardiovascular
disease. We have generated a comprehensive FH stem
cell model with differentiated hepatocytes (iHeps) from
human induced pluripotent stem cells (iPSCs), including
LDLR+/- and LDLR-/- iPSCs generated by zinc-finger
nucleases and also LDLR+/- patient-specific iPSCs, for
testing novel therapies for FH. We engrafted FH iHeps
into LdlIr-/-/Rag2-/-/112rg-/- (LRG) mice liver, and
assessed the effects of the engrafted iHeps, and their
response to statins and PCSK9 antibodies (alirocumab),
on LDL-C clearance and endothelial function in-vivo. Our
results showed that, the engraftment efficiency of iHeps
was around 5-10%, which was evaluated by staining
for human albumin in chimeric mice livers. Moreover,
the engrafted wild-type and -to a lesser extent- the
heterozygous FH iHeps could reduce plasma LDL-C in
LRG mice fed with high-fat and high-cholesterol diet.
We also observed that the engrafted FH iHeps were
responsive to treatment with simvastatin or alirocumab,
both of which reduced plasma LDL-C level and improved
mouse endothelial function. Although alirocumab was
more potent than statins in this model, it required an
intact LDLR allele. Thus, our model recapitulates clinical
observations of higher potency of alirocumab compared
with statins for reversing the consequences of FH,
demonstrating the utility for preclinical testing of new
therapies for FH patients in particular and in general
patients with dyslipidemia.

Funding Source: Hong KongRGC Theme Based Research
Scheme (T12-705/11); The Cooperation Program of the
Hong Kong RGC of HKSAR and the NSFC of China
(N-HKU 730/12 and 81261160506); Guangdong Province
Science and Technology Program (2016B030229007)
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W-2093

SYSTEMATIC CELLULAR DISEASE MODELS
REVEAL SYNERGISTIC INTERACTION OF
TRISOMY 21 AND GATA1 MUTATIONS IN
HEMATOPOIETIC ABNORMALITIES

Banno, Kimihiko', Omori, Sayaka?, Kitabatake, Yasuiji®
and Ozono, Keiichi?

Indiana University, Indianapolis, IN, USA, 2Graduate
School of Medicine, Osaka University, Suita, Japan,
3Pedlatrics, Graduate School of Medicine, Osaka
University, Suita, Japan

Transient myeloproliferative disorder (TMD) is a
unique hematologic abnormality in infants with
Down syndrome (DS). Constitutional trisomy 21 and
mutated GATAI, which leads to a truncated protein
(GATAT1 short; GATAIs), have been considered to be
necessary and sufficient for the generation of TMD.
Although several studies have shown each role of
trisomy 21 and mutated GATAI in early hematopoiesis
in vivo and in vitro, synergistic effects of an additional
copy of chromosome 21 and GATAIls remain elusive
due to the lack of appropriate disease models. To
better understand functional interplay between
trisomy 21 and GATA1 mutations in hematopoiesis,
we constructed cellular disease models using human
induced pluripotent stem cells (hiPSCs) and genome
editing technologies, and chromosome engineering
technigues. Twenty types of hiPSCs were generated
and subjected to hematopoietic differentiation.
Constitutive trisomy 21 not only accelerated the
production of hematopoietic progenitors (%CD43+),
which led to enhanced multilineage differentiation, but
also upregulated GATAIls expression, giving rise to the
excessive generation of abnormal megakaryoblasts
(CD34+CD41+). We also succeeded in isolating an ~4-
Mb region critical for hematopoietic defects in DS and
identified RUNXI1, ERG, and ETS2 as key molecules
involved in an interconnected regulatory network. Our
study provides insight into the genetic synergy that
contributes to multi-step leukemogenesis.

W-2095

MODELING DRUG RESPONSE FOR AUTISM
USING IPSC

Marchetto, Maria Carolina, Kim, Yeni, Santos, Renata,
Linker, Sara, Mendes, Ana, Amatya, Debha and Gage,
Fred

Salk Institute, La Jolla, CA, USA

Autism spectrum disorders (ASD) are complex
neurodevelopmental diseases that affect about 1% of
children in the United States. Individuals with ASD are
characterized by deficits in verbal communication,
impaired social interaction and present limited and
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repetitive interests and behavior. The major impediment

to testing hypotheses and potential therapeutic
interventions for autism is the lack of relevant animal
and cell models. Reprogramming of human somatic
cells to induced pluripotent stem cells (iPSC) provided
an exciting opportunity to produce a relevant human
cellular model for complex neurogenetic disorders such
as ASD. Here we use Multielectrode Arrays to perform
functional field potential analysis of iPSC-derived
neuronal populations from ASD individuals and controls
during development and after treatment with a drug
that is currently in clinical trials for ASD (Insulin growth
factor 1, IGF1). Our preliminary results indicate that
ASD neurons respond to drug treatment by increasing
neuronal spiking and neuronal bursts. Additionally, we
performed expression profile analysis on developing
ASD neurons and neurotypical controls after drug
treatment to uncover pathways that are potentially
involved in the recovery of the neuronal activity. Our
data indicates that IGF1 has a specific molecular effect
on ASD neurons. Studying biological basis of ASD and
cellular drug responsiveness would likely lead to the
development of clinically useful biomarkers of risk for
this disorder, which may lead to the development of
novel therapies.

W-2097

DIS3L2-MEDIATED SURVEILLANCE OF
RIBOSOMAL RNAS SAFEGUARDS PROTEIN
TRANSLATION AND CELL DIFFERENTIATION

Pirouz, Mehdi', Munafo, Marzia?, Ebrahimi, Aref?, Choe,
Junho?, Weir, Gordon?® and Gregory, Richard®

'Boston Children’s Hospital, Boston, MA, USA, 2Boston
Children’s Hospital, Stem Cell Program, Division of
Hematology,/Oncology, Boston, MA, USA, 3Section on
Islet Cell and Regenerative Biology, Joslin Diabetes
Center, Boston, MA, USA, “Division of Hematology,/
Oncology, Stem Cell Program, Division of Hematology,/
Oncology, Boston, MA, USA, °*Stem Cell Program,
Division of Hematology,/Oncology, Boston, MA, USA

Stem cells are emerging as valuable tools for modeling
diseases. Here, we use mouse embryonic stem cells
(ESCs) to unravel the mechanisms involved in Perlman
overgrowth syndrome and Wilms tumor susceptibility
caused by mutations in DIS3L2. DIS3L2 is a 3-5
exoribonuclease and is involved in degradation of
3’-oligo uridylated RNA substrates. Recently, we
identified a DIS3L2-mediated decay (DMD) pathway for
certain noncoding RNAs, including Rmrp, 7SL, U1l and
U2 snRNAs, as well as 5S ribosomal RNAs (rRNAs) and
other long noncoding RNAs. Now, we systematically
analyze the effect of DIS3L2 loss on rRNA biogenesis
intermediates. We find that upon DIS3L2 depletion, and
downstream of nuclear exosome function, a cytoplasmic
3’-uridylated 5.8S rRNA intermediate with a 13 nucleotide



extension accumulates. This intermediate, which we
name pre-6S rRNA, is incorporated into translating
polyribosomes in DIS3L2-deficient cells and impairs
homeostatic protein translation. While undifferentiated
cells appear unaffected by DIS3L2-deficiency with
obvious no defects in self-renewal or expression of
pluriptency markers, DIS3L2-depleted ESCs manifest
overgrowth and promiscuous protein translation upon
kidney-directed or spontaneous embryoid body (EB)
differentiation, consistent with the features of Perlman
syndrome . We will discuss how our ESC-based model
helps understand the etiology of Perlman syndrome and
Wilms tumor.

W-2099

DOSAGE COMPENSATING TRISOMY 21IN
DS IPSCS MITIGATES ABNORMALITIES
ASSOCIATED WITH HEMATOPOIETIC
DIFFERENTIATION

Chiang, Jen-Chieh!, Jiang, Jun', Newburger, Peter' and
Lawrence, Jeanne?

"University of Massachusetts Medical School, Worcester,
MA, USA, ?Department of Neurology and Pediatrics,
Umass Medical School, Worcester, MA, USA

Down syndrome (DS) patients have higher risks
of multiple pathologies including hematopoietic
abnormalities. Overproduction of hematopoietic cells
in fetal liver predisposes patients to myeloproliferative
disorder and acute megakaryocytic leukemia. We
previously showed the ability to dosage-compensate
chromosome 21 genes in DS iPSCs by targeted insertion
andexpression of XIST, which encodes along non-coding
RNA that spreads and silences its parent chromosome
in cis. Here, we test and demonstrate the feasibility
that DS associated hematopoietic abnormalities can be
prevented by XIST-mediated chromosome 21 silencing
during hematopoietic differentiation of transgenic
DS iPSCs. Additionally, analysis of different steps in
hematopoietic differentiation indicates that trisomy
21 enhances the differentiation of hematopoietic
progenitors from hemogenic endothelium. Results
further suggest involvement of non-chromosome 21
genes in trisomy 21 associated overproduction of early
hematopoietic progenitors. This study demonstrates
a proof-of-principle for the potential application of
this novel approach to both mitigate and understand
underlying pathologies of trisomy 21.

W-2101

CO-EXISTENCE OF R-LOOPS WITH SINGLE
STRAND DNA SLIP-OUTS ACROSS THE
CGG REPEATS IN FRAGILE X AFFECTED
PLURIPOTENT STEM CELLS WITH AN
UNMETHYLATED FULL EXPANSION

Eiges, Rachel', Epsztejn-Litman, Silvina?, Altarescu,
Gheona?, Eldar-Geva, Talia?, Avitzour, Michal?> and Mor-
Shaked, Hagar?

'Medical Genetics, Shaare Zedek Medlical Center
affiliated with the Hebrew University of Jerusalem,
Jerusalem, Israel, °Shaare Zedek Medical Center
affiliated with the Hebrew University School of
Medicine, Jerusalem, Israel

Fragile X syndrome (FXS) is the most common non-
chromosomal form of heritable mental retardation.
It results from a CGG repeat expansion in the 5'-
UTR of the X-linked FMR1 gene. When the CGGs
exceed 200 copies (full mutation) they lead to CpG
methylation and epigenetic gene silencing of FMR1 in a
developmentally regulated process. In addition, when
the CGGs expand, they become increasingly unstable,
leading to high degree of variation in expansion size
between and within tissues of affected individuals
(repeat somatic instability). Our research focuses on
when and how FMRI1 gains aberrant methylation, and
whether hypermethylation is mechanistically associated
with CGG somatic instability. Taking advantage of a
large set of FXS HESC lines (9 in total) and patient-
derived iPS cells, we demonstrate that CGG instability
exists in these cells, and is tightly correlated with the
methylation status and transcriptional activity of FMRI1.
Furthermore, we provide evidence for the existence of
persistent DNA:RNA hybrids (R-Loops) across the CGG
repeats in FXS HESCs/iPSCs with an active FMRI1, and
demonstrate their co-existence with single strand DNA
displacements from the G-rich non-template DNA by
finely mapping their 5 and 3’ boundaries. In accordance
with our findings, we put forward a model that relies on
R-loop formation to explain how epigenetics and gene
transcription are mechanistically associated with CGG
somatic instability in fragile X syndrome.

Funding Source: This research was supported by the
Israel Science Foundation (grant No. 1480/15) and The
Legacy Heritage Bio-Medical Program of the Israel
Science Foundation (grant No. No.1260/16).
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W-2103

NEURODEVELOPMENTAL ABERRATIONS IN
AUTISM SPECTRUM DISORDERS ARE CAUSED
BY INTRINSIC DYSREGULATION OF TIME-
CRITICAL GENE NETWORKS

Schafer, Simon Thomas, Paquola, Apua, Stern, Shani,
Mertens, Jerome, Marchetto, Carol and Gage, Fred
The Salk Institute, La Jolla, CA, USA

Autism spectrum disorder (ASD) is a disorder of early
brain development. One of the current challenges in
understanding ASD pathophysiology is to determine
critical neurodevelopmental periods and cellular states
that might provide the ground for disease propensity.
Here we use a longitudinal approach to investigate
neurodevelopmental alterations in individuals with
severe idiopathic ASD by employing induced pluripotent
stem cell (iPSC)-based model systems that recapitulate
fetal cortical development. Longitudinal reconstruction
of the transcriptome revealed altered expression
dynamics of genes involved in neuronal differentiation,
cell morphogenesis and distinct pathways with critical
temporal features during development. Using gene
network analysis in combination with dynamic time
warping, we identified three common time-related
modules with high enrichment for autism risk factors.
ASD-derived neurons exhibited an early structural
growth acceleration with premature initiation of
the neuronal program corresponding to a specific
neurodevelopmental module, whose temporal
progression appeared markedly accelerated in ASD
neurons. Temporal reconstruction of this module
revealed permissive neurodevelopmental signatures
in ASD progenitors with insufficient suppression of
network hubs. To evaluate our findings, we showed
that circumventing the neural progenitor stage by using
direct conversion of iPSCs into induced neurons (iPSC-
iN) restored the altered neurodevelopmental trajectory
in ASD neurons. These results show that developmental
growth rates and structural development of cortical
neurons are partly determined early in the linage and
identify intrinsic differences in neural progenitor cells as
developmental precursor for ASD propensity.
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W-2105

ZIKA VIRUS ALTERS DNA METHYLATION
PATTERN OF NEURAL GENES

Janssens, Sylvie', Schotsaert, Michael? Karnik, Rahul?,
Balasubramaniam, Vinod?, Dejosez, Marion?, Meissner,
Alexander®, Garcia-Sastre, Adolfo? and Zwaka, Thomas*
'lcahn School of Medicine at Mount Sinai, New York,

NY, USA, ?°Department of Microbiology, Icahn School

of Mediicine at Mount Sinai, New York, NY, USA,
SHarvard Stem Cell Institute, Broad Institute of MIT and
Harvard, Cambridge, MA, USA, “Department of Cell,
Developmental and Regenerative Biology, Icahn School
of Mediicine at Mount Sinai, New York, NY, USA, *Broad
Institute of MIT and Harvard, Cambridge, MA, USA

Zika virus (ZIKV) infection in early pregnancy is
known to cause microcephaly at birth, but it remains
unclear whether it can cause neurological sequelae
later in life. We hypothesized that the virus might
cause epigenetic changes and examined its effects
on DNA methylation in human neural development by
performing DNA methylation profiling of ZIKV-infected
human embryonic stem cell-derived cerebral organoids
and neuronal cells. We found that ZIKV infection alters
the DNA methylation landscape of neural progenitor
cells, astrocytes and terminally differentiated neurons.
Many of the genes most prominently affected have
been implicated in neural disorders such as mental
retardation and schizophrenia. These results suggest
that ZIKV infection of the nervous system could lead to
myriad post-infectious neuropsychiatric complications.

W-2107

CEREBELLAR DIFFERENTIATION AND
MATURATION FROM HUMAM INDUCED
PLURIPOTENT STEM CELLS

Silva, Teresa P.!, Bekman, Evguenia', Fernandes, Tiago
G.2, Rodrigues, Carlos A. V.2, Diogo, Maria Margarida?,
Cabral, Joaquim M. S.2 and Carmo-Fonseca, Maria'
'Instituto de Medicina Molecular, Faculdade de
Medlicina, Universidade de Lisboa, Lisboa, Portugal,
2Department of Bioengineering and iBB - Institute for
Bioengineering and Biosciences, Instituto Superior
Técnico, Universidade de Lisboa, Portugal

Human induced pluripotent stem (iPS) cells have great
potential for disease modeling. However, generating
iPS cell-derived models to study brain diseases remains
a challenge. In particular, our ability to differentiate
cerebellar neurons from pluripotent stem cells is still
limited (Muguruma et al. 2015). Here we describe
the long-term culture of cerebellar neuroepithelium
formed from human iPS cells, recapitulating the early
developmental events of the cerebellum. Pluripotent
cells were differentiated into cerebellar organoids in



a 3D culture system by sequential addition of growth
factors, including FGF2, FGF19 and SDF1. We observed
the formation of a multilayered neuroepithelial structure

with well-defined apico-basal polarity of distinct
cerebellar layers consisting in Rhombic-lip-derivative
(BARHL1+), Purkinje cells precursors (Olig2+ and
SKOR2+) and Ventricular zone of progenitors (Sox2+
and N-cad+). Differentiating cells were maintained for
up to 145 days using the recently described serum-free
neuronal basal medium (Bardy et al. 2015). Distinct
types of cerebellar neurons were generated, including
Purkinje cells (Calbindin+), Granule cells (BARHL1+
and Pax6+), Golgi cells (Neurogranin+ and GADG5+),
Deep cerebellar nuclei projection neurons (TBRI1+)
and Non-Golgi-type interneurons (Parvalbumin+ and
Calbindin-). When organoids were dispersed and cells
replated on a laminin-coated surface, intricate networks
of matured (MAP2+) neurons formed. In conclusion,
we have established for the first time a methodology
to differentiate cerebellar neuroepithelium from iPS
cells using defined serum- and feeder-free culture
conditions. We believe this work sets the foundation to
develop new models to study neurodegenative diseases
such as ataxias that are caused by dysfunction of the
cerebellum.

W-2109

HUNTINGTON’S DISEASE PATIENT-DERIVED
INDUCED PLURIPOTENT STEM CELLS AND
NEURAL STEM CELLS: INSIGHTS INTO EARLY
METABOLIC AND MITOCHONDRIAL DEFECTS

Lopes, Carla Nunes.', Pereira de Almeida, Luis!, Daley,
George Q? and Rego, Ana Cristina3®

'Center for Neuroscience and Cell Biology, CNC,
Coimbra, Portugal, 3Stem Cell Program, Harvard
Medical School, Boston, MA, USA, 3University of
Coimbra, Portugal

Huntington's disease (HD) is an autosomal dominant
disease caused by an expansion of CAG repeats in the
HTT gene encoding for mutant huntingtin (mHTT).
Selective loss of striatal medium spiny neurons is a
major hallmark of HD, with symptoms ranging from
psychiatric  disturbances, involuntary movements
and cognitive deficits, leading to dementia. mHTT
expression alters cellular physiological mechanisms
inducing mitochondrial and metabolic dysfunction. An
attractive model to study early disease mechanisms
are HD patient-derived induced pluripotent stem cells
(HD-iPSC). Thus, in this study we aimed to investigate
detailed mitochondrial-based mechanisms in HD-iPSC
and derived neural stem cells (NSC) versus respective
control cells. Mitochondria from HD-iPSC and NSC
appear more fragmented with immature round shape
morphology linked to decreased levels of OPA],
required for mitochondrial fusion. Additionally, both

HD-iPSC and NSC mitochondria exhibited lower basal
respiration, decreased ATP/ADP levels, decreased
levels of nuclear-encoded complex Il subunits and
corresponding activity, and were highly dependent on
glycolysis, when compared to control cells. This was
accompanied by increased levels of mitochondrial
reactive oxygen species. Mitochondria from HD cells
were also more hyperpolarized due to ATP synthase
reversal, and showed enhanced ability to accumulate
calcium. HD-iPSC and HD-NSC also displayed increased
phosphorylation of pyruvate dehydrogenase (PDH)
Ela subunit at Ser232, 293 and 300, reflecting reduced
PDH catalytic activity, which was related with increased
mMRNA levels of PDH kinase 1 and reduced mRNA levels
of PDP1 (PDH Ela phosphatase), observed in HD-iPSC.
In conclusion, HD-iPSC and HD-NSC are more glycolytic,
supported by diminished PDH activity, reduced complex
Il activity and decreased oxidative phosphorylation,
resulting in reduced ATP generation. These data
reinforce metabolic and mitochondrial dysfunction as
early events in the HD pathogenic cascade.

Funding Source: ‘Fundacdo Luso-Americana para o
Desenvolvimento’ Life Science 2020 prize; FEDER -
Operational Programme Competitiveness Factors; CNC.
IBILI strategic project PEst-C/SAU/LA0001/2013-2014
and UID/NEU/04539/2013.

W-211

EFFICIENT DIFFERENTIATION OF
HUMAN ASTROCYTES FROM IPS CELLS
- APPLICATIONS FOR SCHIZOPHRENIA
STUDIES

Koskuvi, Marja', Puttonen, Katja A, Hyotylainen, Ida’,
Shakirzyanova, Anastasia', Naumenko, Nikolay', Gao,
Yanyan', Wojciechowski, Sara', Ojansuu, llkka?, Vaurio,
Olli?2, Cannon, Tyrone?, Lonnqvist, Jouko*, Therman,
Sebastian®, Suvisaari, Jaana*, Kaprio, Jaakko®, Tavi,
Pasi', Lehtonen, Sarka', Koistinaho, Jari' and Tiihonen,
Jari’

TA. I. Virtanen Institute for Molecular Sciences, University
of Eastern Finland, Kuopio, Finland, ?Department of
Forensic Psychiatry, University of Eastern Finland,
Kuopio, Finland, SDepartment of Psychology and
Psychiatry, Yale University, New Haven, CT, USA,
4Mental Health Unit, Department of Public Health
Solutions, National Institute for Health and Welfare,
Helsinki, Finland, *Mental Health Unit, Department of
Public Health Solutions, National Institute for Health
and Welfare, Helsinki, Finland, Helsinki, Finland,
Sinstitute for Molecular Medicine FIMM, University of
Helsinki, Helsinki, Finland, "Department of Forensic
Psychiatry, University of Eastern Finland, Niuvanniemi
Hospital, Kuopio, Finland

Schizophrenia (SZ) is a devastating mental disorder with
a prevalence of 1% worldwide. Although the etiology of
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SZ still remains unclear, the changes in both genetic and
environmental factors already in the first trimester of
pregnancy can lead to the activation of pathologic neural
circuits at young adulthood and to the appearance of
positive and negative symptoms. Twin studies are a vital
resource for understanding genetic contribution to the
etiology of SZ. The concordance rate for monozygotic
twins is only 41-65%, even though sharing the same
genome and childhood environment. While the majority
of studies have focused on neuronal pathology and
possible perturbations of neuronal development in SZ,
astrocytes exert a number of important functions in
the brain and there is growing evidence that astrocytes
have a contributing role in the pathophysiology of SZ.
The aim of this study was to generate a human cell
model by differentiating a pure population of astrocytes
from iPSC of six monozygotic twin pairs discordant for
SZ and healthy controls. Astrocytes were differentiated
from iPSC via neuroepithelial interphase. Rosette-like
structures were picked up and cultured as spheres for
up to 5 months before maturation in the presence of
CNTF and BMP4. Cells were characterized based on
morphology, RNA and protein expression. The cells
were positive for GFAP (60 %), Vimentin (80 %) and
S100b (100 %). Up to 85% of the cells were able to
uptake glucose. Inflammatory stimulation of astrocytes
by TNFa and IL-1B but not IFNy resulted in release of IL-6
inducing reactive astrocytic phenotype. Regulation of
Ca2+ release from the astrocyte ER showed statistically
significant difference not only between the healthy
controls and twin pairs, but also between the twins from
pairs discordant for SZ. The differences between the
groups will be investigated by the whole-transcriptome
analysis in order to identify the key mechanisms
responsible for the phenotype of SZ. Taken together,
this model offers a valuable tool for studying the disease
mechanisms of schizophrenia as well as in vitro testing
of drugs.

W-2113

MODELING CYSTIC FIBROSIS FOR DRUG-
PROFILING ON HEPATIC-BILIARY ORGANOIDS
FROM HUMAN PLURIPOTENT STEM CELLS

Ogawa, Mina', Ogawa, Shinichiro!, Yang, Donghe',
Hernandez, Marcela', Cui, Changyi', Ahmadi, Saumel?,
Bear, Christine? and Keller, Gordon'

'"McEwen Centre for Regenerative Medicine, Toronto,
ON, Canada, ?2Programme of Molecular Structure and
Function, Hospital for Sick Children, Toronto, Canada

Cystic Fibrosis (CF) associated liver disease (CFLD) isthe
third most common death in CF patients. In the liver, the
cystic fibrosis transmembrane conductance regulator
(CFTR) anion channel protein (conducting chloride and
bicarbonate ion) is anchored in the apical membrane
of cholangiocytes (bile duct epithelial cells), where it
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regulates the flux of electrolytes and water. Abnormal
CFTR protein function in CF patients leads to impaired
secretion and deposition of viscous, acidic bile resulting
in damage to the liver. In this study, we have used
human pluripotent stem cells (hPSCs) to model human
biliary duct development and CFLD in vitro, building on
our previous studies that showed that NOTCH signaling
promotes the specification of cholangiocytes from
hepatic progenitors known as hepatoblasts (Ogawa et al.
Development, 2013, Ogawa et al. Nat. Biotechnol. 2015).
To induce Notch signaling in our current studies, we
cultured hPSC-derived hepatoblasts as aggregates with
OP9 stromal cells engineered to express Jagged1. Within
2 weeks of culture, these chimeric aggregates formed
cysts that expressed CFTR and contained primary cilia,
characteristics of cholangiocytes. These cysts displayed
a forskolin-induced CFTR mediated swelling response,
indicative of cholangiocyte function. CF patient iPSC-
derived organoids, showed a deficiency in the swelling
response that was partially rescued by small molecule
CFTR modulators (VX809+VX770), currently being
used in the clinic. When plated on a matrigel substrate,
the cysts generate a monolayer of cholangiocyctes that
maintain expression of CFTR. To analyze CFTR function
in these cells, we used an apical chloride conductance
assay that measures channel activity through changes
in membrane potential detected in a plate reader. Using
this assay, we are currently profiling drug responses in
iPSC-derived cholangiocytes generated from patients
carrying different CFTR mutations (F508del and
p.lle1234_Argl1239del), enabling the development of
patient and tissue specific therapies for this disease.

REPROGRAMMING

W-2115

EVIDENCE OF CLINICAL SIGNIFICANCE

OF MONOCYTE/MACROPHAGES IN
OSTEOARTHRITIS AND THE EFFECT OF
OSTEOARTHRITIS MICROENVIRONMENT ON
MONOCYTE/MACROPHAGE FUNCTIONALITY

Gomez-Aristizabal, Alejandro’' and Viswanathan,
Sowmya?

'University Health Network, Toronto, ON, Canada,
2IBBME, University of Toronto, ON, Canada

Osteoarthritis (OA) is a progressive and debilitating joint
disease with high prevalence in an ageing demographic.
Inflammatory cells, particularly monocytes/
macrophages (M®) are present in the OA synovium
and involved in its progression. Modification of local
M®s may thus be of therapeutic value. However, it is
unknown whether M®s have clinical significance in OA,
even less is known about how the OA microenvironment
modulates the M®s. Synovial fluid (SF) from OA knees



were acquired during arthroscopy (defined here as early
OA) and arthroplasty (late OA). Patients completed
standard questionnaires to determine their Knee injury
and Osteoarthritis Outcome Score (KOOS). Monocytes
were isolated from blood of healthy donors. M®s were
functionally polarized towards M2 (IL10+TGFB) and M1
(IFNy+LPS) or left in medium alone (MO) for 2 days
and later exposed to OA SFs for 7 days. M®s were
characterized by flow cytometry. The characterization
of monocytes in SFs, indicated that levels of pro-
inflammatory subsets inversely correlate with patient’s
KOOS quality of life. Ex-vivo polarized M®s displayed a
clear M1 and M2 phenotype, with high levels of HLADR
and CD86, low levels of CD163 and endocytosis for M1-
M®s; and a contrasting phenotype and functionality for
M2-M®s. Upon stimulation with OA SFs for 7 days, there
was an upregulation of CD163 and CD206 expression in
all M®s, but to a greater extent in early OA SFs where
they remained higher in M2-M®s. This was mirrored
by greater inhibition of T helper cell proliferation by
M2 and MO-M®s in early OA SFs. Endocytosis was
upregulated in both early and late OA SFs, but M2-M®s
retained the highest endocytic capacity. Interestingly,
both early and late OA SFs also upregulated CD86 (an
M1 marker) in all M®s. HLADR, another M1 marker, had
greater upregulation in late OA SFs on M2 and MO-
M®s with no changes in M1-M®s. Taken together pro-
inflammatory M®s appear to have clinical relevance in
OA. Our preliminary data indicates that the early OA
microenvironment is more conducive to maintaining
the M2-M®s phenotype and functionality vs. the late OA
microenvironment. This suggests that early OA patients
might be more promising candidates for the therapeutic
use of ex-vivo polarized M2-M®s.

Funding Source: Work funded by The Arthritis Society
(Canada).

W-2117

NON-VIRAL INDUCTION OF TRANSIENT
CELL REPROGRAMMING IN MOUSE
SKELETAL MUSCLE TO ENHANCE TISSUE
REGENERATION

Yilmazer, Acelya, de Lazaro, Irene?, Nam, Yein? Qubisi,
Sarah?, Abdul Razak, Fazilah Maizatul?, Cossu, Giulio?
and Kostarelos, Kostas?

TAnkara University, Ankara, Turkey, °Centre for Tissue
Injury and Repair, The University of Manchester, UK

Somatic cells can be reprogrammed to pluripotency in
vivo by overexpression of defined transcription factors.
While their sustained expression triggers tumorigenesis,
transient reprogramming induces pluripotency-like
featuresand proliferation only temporarily, without
teratoma formation. We sought to achieve transient
reprogramming within mouse skeletal muscle with
a localized injection of plasmid DNA (pDNA) and

hypothesized that this would enhance regeneration
after severe injury. Intramuscular administration of
reprogramming pDNA rapidly upregulated pluripotency
(Nanog, Ecatl, Rexl) and early myogenesis genes
(Pax3) in the healthy gastrocnemius of various mouse
strains.Mononucleated cells expressing such markers
appeared promptly in clusters among myofibers, but
proliferated only transiently and did not lead to the
generation of teratomas. Nanog was also upregulated in
the gastrocnemius when reprogramming factors were
administered 7 days after laceration of its medial head.
Enhanced tissue regeneration after reprogramming was
manifested by the accelerated appearance of centro-
nucleated myofibers and reduced fibrosis. These results
suggest that in vivo transient reprogramming may
constitute a novel strategy towards the acceleration
of regeneration following muscle injury, based on
the induction of transiently-proliferative, pluripotent-
like cells in situ. Further research to achieve clinically
meaningful functional regeneration is warranted.

W-2119

HIGHLY EFFICIENT ONE-STEP GENERATION
OF PARKINSON’S DISEASE PATIENT DERIVED
INDUCED NEURONS USING A NOVEL VECTOR
SYSTEM

Drouin-Ouellet, Janelle’, Lau, Shong', Brattas, Per
Ludvik?, Ottosson, Daniella!, Pircs, Karolina', Grassi,
Daniela', Collins, Lucy?, Vuono, Romina3, Andersson
Sjéland, Annika', Westergren-Thorsson, Gunilla', Graff,
Caroline?, Minthon, Lennart®, Toresson, Hakan®, Barker,
Roger®, Jakobsson, Johan? and Parmar, Malin'

'Lund University, Lund, Sweden, ?Department of
Experimental Medical Science, Lund University, Lund,
Sweden, 3University of Cambridge, UK, *Karolinska
Institutet, Huddinge, Sweden, °Lund University, Malmo,
Sweden, *Cambridge Stem Cell Institute, University of
Cambridge, UK

Direct conversion of adult human fibroblasts into
mature and functional neurons, termed induced neurons
(iNs) was achieved for the first time five years ago. This
technology offers a shortcut for obtaining patient and
disease specific neurons for disease modeling, drug
screening and other biomedical applications. Despite
their great promise, reprogramming roadblocks
have prevented the generation of iNs at a sufficiently
high vyield from adult dermal fibroblasts, which has
significantly limited the adoption of this technology. To
overcome this, we have developed a new highly efficient
dual promoter-based vector system that results in
efficient co-delivery of the two reprogramming factors
Brn2a and Ascll in combination with either neuron
specific microRNAs or the inhibition of the RE1-silencing
transcription factor (REST). Global gene expression
analysis showed that while both strategies resulted
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in induction of a neuronal program and similar level
of neural conversion, the inhibition of REST induces
the expression of additional genes that are related
to neuronal identity and function. Based in this, we
developed an optimized one-step method to efficiently
reprogram dermal fibroblasts from elderly individuals
using a single vector system and demonstrate that it is
possible to obtain iNs of high yield and purity from aged
individuals, including Parkinson’s disease patients. We
are now evaluating the conversion capability of these
skin fibroblasts and our preliminary results suggest
that iN cells from sporadic PD patients reprogram in a
similar fashion as that of healthy individuals and could
thus serve as a tool to model intracellular pathological
features associated with PD.

W-2121

ACTIVATION OF THE TRANSCRIPTION
FACTOR SRF DESTABILIZES CELLULAR
IDENTITY BY SUPPRESSING CELL-TYPE-
SPECIFIC GENE EXPRESSION PROGRAMS

Masui, Shinji', lkeda, Takashi? and Hotta, Akitsu'
'Center for iPS Cell Research and Application (CiRA),
Kyoto University, Kyoto, Japan, 2Kyoto University,
Kyoto, Japan

Multicellular organisms consist of multiple cell types,
of which identity is stably maintained to secure
organismal homeostasis. The identity of each cell type
is primarily maintained by cell-type-specific gene
expression programs, but mechanisms that suppress
these programs are poorly defined. Here we show that
serum response factor (Srf), a transcription factor that
is activated by various extracellular stimuli, can repress
cell-type-specific genes and promote dedifferentiation.
Manipulations that decrease B-actin monomer resulted
in the activation of Srf, which downregulated cell-type-
specific genes and altered epigenetics in enhancers
and chromatin organization. Mice overexpressing
Srf exhibited various pathologies, which had been
associated with single nucleotide polymorphisms on
cell-type-specific enhancers. Our results demonstrate
an unexpected function of Srf via a mechanism by which
extracellular stimuli actively destabilize cell identity and
suggest Srf involvement in a wide range of diseases.
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W-2123

EFFECT OF REPLACEMENT OF C-MYC WITH
L-MYC ON SENDAI-BASED REPROGRAMMING
METHOD

Coggan, Alyssa', Lakshmipathy, Uma? and MacArthur,
Chad?

'California State University San Marcos, Escondido, CA,
USA, °Thermo Fisher Scientific, Carlsbad, CA, USA

As induced pluripotent stem cells (iPSCs) move
toward clinical applications, it is necessary to minimize
oncogenic risk in order to ensure safe transplantation
of the cells. Previously used reprogramming protocols
utilize the transcription factor c-Myc that is a known
proto-oncogene associated with different cancers.
Another transcription factor in the Myc family, L-Myc
has been found to have low transformation activity and
is less frequently observed in human cancers. The aim of
this study is to compare the reprogramming efficiencies
of c-Myc and L-Myc in a variety of different blood cell
types. Peripheral blood mononuclear cells (PBMCs),
CD34+ cells, and T-cells were cultured using a xeno-
free workflow and reprogrammed using both a Sendai
virus containing c-Myc and L-Myc. The number of AP+
colonies and relative reprogramming efficiencies were
determined by terminal alkaline phosphatase staining.
Statistical data analysis was carried out using JMP.
Results indicate that although for some cell types L-Myc
yielded lower reprogramming efficiencies, the colonies
obtained had the same morphology as c-Myc colonies.
The ability of L-Myc to reprogram blood cells into iPSCs
while reducing the oncogenic risk makes it a good
candidate for the generation of clinical-grade iPSCs.

Funding Source: This research was funded by California
Institute for Regenerative Medicine and Thermo Fisher
Scientific.

W-2125

MAPPING DEDIFFERENTIATION IN VIVO

Chondronasiou, Dafni', X.Real, Francisco? and Serrano,
Manuel®

'Spanish National Cancer Research Center (CNIO),
Madlrid, Spain, °Cancer Cell biology, CNIO, Madrid,
Spain, 3Molecular Oncology, CNIO, Madrid, Spain

The manipulation of cell fates through reprogramming
is one of the most exciting advances in recent years.
The most important breakthrough in the field occurred
when Yamanaka first illustrated the possibility to
convert differentiated cells into pluripotent stem cells
by the ectopic expression of 4 transcription factors,
Oct4, Sox2, KIf4 and cMyc (4F). Our laboratory has
demonstrated that transient expression of these 4
factors leads to teratoma formation in mice, indicative
of in vivo reprogramming. We are interested in



deciphering de-differentiation induced by the 4F
in vivo. Using the reprogrammable mice, we test if
dedifferentiation recapitulates intermediate phases of
embryonic development in reverse. For this purpose,
we focused on pancreas which we found to be the
organ with the highest reprogramming efficiency in
vivo. We found that in vivo reprogramming of pancreas
leads to the loss of its acinar identity and the acquisition
of an atypical tubular morphology different from
ductal cells. Moreover, these atypical tubular cells are
able to form organoids in culture in contrast to normal
pancreatic acinar cells. Our preliminary data suggests
that reprogramming in vivo may generate a type of
progenitor cells distinct from those already described
during pancreatic development. Taking into account
that the presence of adult pancreatic stem cells is still
debated, this new aspect of pancreas dynamics could
be of great importance for regenerative medicine and
especially diabetes.

Funding Source: This project is funded by European
Research Council grant (Avdanced ERC grant) and LA
CAIXA foundation fellowship.

W-2127

THE FIRST STEP TO CONSERVING
ENDANGERED SPECIES THROUGH STEM
CELLS

Korody, Marisa L., Nguyen, Tom', Pivaroff, Cullen?,
Schell, J.P?, Tran, Ha Thu?, Ryder, Oliver!, Peterson,
Suzanne? and Loring, Jeanne?®

'San Diego Zoo Institute for Conservation Research,
Escondido, CA, USA, °The Scripps Research Institute, La
Jolla, CA, USA, 3Department of Molecular Medicine, The
Scripps Research Institute, La Jolla, CA, USA

Since the development of induced pluripotent stem cells
(iPSCs), stem cell research has expanded dramatically,
but most of this research focuses on human and mouse
models. The first reported generation of endangered
species iPSCs was published in 2011 (Nature Methods 8,
829). These iPSC lines, from the drill and the northern
white rhinoceros (NWR), were reprogrammed using the
integrating lentivirus. To make integration-free iPSCs,
we have reprogrammed NWR fibroblast cell lines from
several animals using Sendai virus. Fibroblast cell lines
were obtained from the San Diego Zoo’s Frozen Zoo®
repository of biomaterials, which contains cell lines from
12 different NWRs, and captures high genetic variability
of this species. These cell lines were established from
3mm biopsy punches and banked over the last 38
years. Fibroblasts were grown in a medium optimized
for the growth of rhino cells, which has now also been
incorporated into the formulation of a rhino specific
stem cell medium (KB medium). Compared to human
iPSCs, NWR iPS cells and colonies have distinctive
morphologies, which are consistent among lines from

this species. Pluripotency and differentiation potential
was confirmed with immunocytochemistry markers
for pluripotency in the iPSCs and markers for all three
germ layers in differentiated embryoid bodies (EBs).
gRTPCR and RNAseq analyses confirmed expression of
pluripotency-associated genes in the iPSCs, and germ
layer-associated genes in the EBs. All fibroblast cell
lines and corresponding iPSC lines were found to be
karyotypically normal. The NWR is functionally extinct,
with only three, non-reproductive, living individuals
remaining. These NWR iPSCs are the first step in a plan
to rescue this species through assisted reproduction
(Zoo Biology. 35: 280, 2016).

W-2129

DETERMINISTIC IPSC REPROGRAMMING
PLATFORM BASED HIGH-THROUGHPUT
SMALL MOLECULE SCREENING
IDENTIFIES NOVEL MODULATORS OF IPSC
REPROGRAMMING

Peles, Shani, Mor, Nofar and Hanna, Jacob
Weizmann Institute of Science, Rehovot, Israel

Somatic cells can be reprogrammed into iPSCs the
exogenous expression of four transcription factors:
Oct4, Sox2, KlIf4, c-Myc (OSKM). This process holds
a great promise for research and future therapeutic
potential, but is currently hard to investigate due to its
low efficiency and inherent stochastic nature. Our lab
has previously demonstrated that optimized reduction
of core component in the NURD complex (Nucleosome
Remodeling Deacetylase), Mbd3 or Gatad2a can
dramatically improve the efficiency of reprogramming
and to alter its dynamics towards a deterministic and
synchronized process (up to 100% efficiency in 8 days).
Here | describe the use of such defined and highly
efficient systems in order to gain new knowledge on the
reprogramming process, its roadblocks and facilitators.
These platforms were customized and adapted to reveal
novel pathways and players affecting reprogramming
via two different high-throughput small molecule
screens: 1) The first screen sought to reveal suppressors
of iIPSCs formation and is conducted using Gatad2a-
Mbd3/NuRD-deficient cells. 2) The second screen
was designed for identifying reprogramming boosters
facilitating a similar phenotypic effect on wild type
cells, as seen in NuRD-deficient cells. Top candidates
from both screens were identified and validated. The
signaling, transcriptional and/or epigenetic pathways
influenced by these novel candidates, were investigated
using different pathway modifiers and by genetic
manipulations, in order to reach a deeper understating
of the mechanisms underlying the iPSC reprogramming
process.
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W-2131

FLUORESCENT TOOLS TO MONITOR THE
EFFICIENCY OF NON-INTEGRATIVE SOMATIC
CELL REPROGRAMMING

Chu, Vi, Lu, Min, Zhang, Wenying and Su, Kevin
MilliporeSigma, Temecula, CA, USA

Reprogramming of somatic cells to human iPSCs is
a complex process typically taking 12-15 days before
formation of small iPSCs colonies are observed and
25-30 days before colonies are of sufficient size to
passage. In most cases, researchers have had to wait the
requisite 15-30 days to determine whether their specific
reprogramming conditions were effective. We previously
developed a synthetic self-replicative RNA (srRNA) that
efficiently generated human iPSCs by expressing the
reprogramming factors (OKSG and OKSG-cMyc) using
the RNA replicon of Venezuelan Equine Encephalitis
(VEE) virus. To assess the transfection efficiency
of srRNAs in somatic cells that may have differing
proliferative capacity, we generated two self-replicating
RNAs that express either the green fluorescent protein
(TagRFP2) or the red fluorescent protein (TagRFP). We
also generated a srRNA that simultaneously express
the five reprogramming factors (OKSG-cMyc) along
with the TagRFP gene (5F-RFP). In the presence of
B18R protein which suppresses the cellular interferon
response, self-replicative TagRFP and TagGFP2 RNAs
resulted in continuous stable red and green fluorescence,
respectively. Removal of B18R protein resulted in rapid
degradation of the srRNAs with an accompanying
disappearance of the fluorescent proteins. Similarly,
the 5F-RFP was able to monitor transfection efficiency
and importantly, iPS generation for the first 15 days with
observations of small iPS colonies with red fluorescence.
5F-RFP is currently being used to further optimize the
kinetics and efficiency of human iPS reprogramming. In
summary, new fluorescence tools have been developed
to monitor iPS generation. These fluorescently labeled
srRNAs are compatible with fluorescent microscopy and
flow cytometry and will greatly aid in the optimization
of experimental conditions for iPS generation.
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TECHNOLOGIES FOR STEM CELL
RESEARCH

W-2133

PRECISE GENE EDITING OF HUMAN STEM
CELLS USING NOVEL NANOPARTICLES
CONTAINING CRISPR NUCLEASES WITH DNA
REPAIR TEMPLATES

Carlson-Stevermer, Jared', Kohlenberg, Lucy? Abdeen,
Amr? and Saha, Krishanu?

'Biomedlical Engineering, University of Wisconsin-
Madison, Madison, WI, USA, 2University of Wisconsin-
Madison, Madison, WI, USA

The CRISPR-Cas9 system has rapidly revolutionized the
genome editing field. However, there are still significant
hurdles in generating precise edits in stem cells for
various applications in genomic and regenerative
medicine as well as drug discovery, disease modeling
and toxicology. For in vivo clinical applications, high
efficiency editing of stem/progenitor cells can promote
regeneration. For in vitro applications, cultured cells
are often subjected to many rounds of replication
while screening for desired mutants, particularly when
multiple genes are targeted. This prolonged period
of culture results in the accumulation of undesired
mutations throughout the genome. To address these
issues we have developed a novel sgRNA that, when
combined with Cas9, is capable of forming an all-in-one
gene-editing particle that simultaneously delivers all
components necessary for precise gene-editing. These
particles can be engineered to increase the speed and
accuracy in which gene-edited cell lines can be created.
In one design of the nanoparticle, we are able to
conjugate fluorochromes to specific sgRNA-donor pairs
of interest. Through the use of fluorescence activated
cell sorting (FACS) we are able to preferentially sort
out cells that are accurately edited in a multiplexed
manner at up to four targeted loci, with minimal editing
or no undesired indel mutations. Use of these new gene-
editing materials with human stem cells should advance
our abilities to directly write the genome within the lab
and within the body.



W-2135

GENERATION AND CHARACTERIZATION OF
TEN MOST FREQUENT HLA-HOMOZYGOUS
IPSC LINES IN KOREAN POPULATION

Song, Jihwan', Lee, Suji?, Lee, Soo Hyeon?, Huh, Ji
Young?, Shim, Sung Hwan?, Kim, Minchul?, Kim, Hyun
Sook*, Hong, Chang Pyo®, Ko, Jung Jae? and Kang,
Myung Seo?®

'CHA University, Gyeonggi-do, Korea, °CHA Stem
Cell Institute, Department of Biomedical Science,
CHA University, Gyeonggi-do, Korea, SDepartment of
Laboratory Medicine, CHA Bundang Medical Center,
CHA University, Gyeonggi-do, Korea, “‘Department
of Neurology, CHA Bundang Medical Center, CHA
University, Gyeonggi-do, Korea, >Theragen Etex,
Suwon, Korea

Although induced pluripotent stem cells (iPSCs) can be
potentially useful for treating patients without immune
rejection, in reality, it will be extremely expensive and
labor-intensive to make autologous iPSCs to realize
personalized medicine. To overcome these limitations,
we have utilized the advantage of Human Leukocyte
Antigens (HLA) system, in which HLA-matched cells
or tissues can be transplanted into recipients without
or with minimal immune rejection. In this study, we
screened over 4,000 frozen cord blood samples that
have been HLA typed using 4-digit method. Among
them, we selected samples homozygous for ten most
frequent HLA haplotypes in three loci (i.e.,, HLA-A, B,
and DRBI1). Afterwards, we generated and established
the corresponding ten iPSC lines using a non-
integrating episomal plasmid-based reprogramming
method under feeder-free and xeno-free conditions.
Next, we performed a comprehensive analysis in order
to characterize the cell lines, which include morphology,
expression of pluripotent markers and cell surface
antigens, three-germ layer formation, vector clearance,
mycoplasma/microbiological contamination, endotoxin
and short tandem repeat (STR). We also conducted
various genomic analyses using the microarray and
comparative genomic hybridization (aCGH)-based
single nucleotide polymorphism (SNP) and the copy
number variation (CNV) to confirm whether these
established cell lines are genetically stable following
iPSC generation and the subsequent culture period. In
theory, these ten HLA-homozygous iPSC lines can cover
41.2% of Korean population. According to comparative
HLA type analysis, these Korean iPSC lines are not only
useful for Korean population but also useful for diverse
Asian populations, including Japan. Taken together,
these results strongly suggest that these ten HLA-
homozygous iPSC lines that we have established largely
meet the criteria required for clinical-grade cells, which
will serve as an important basis for developing clinical-
grade iPSC lines in the future.

Funding Source: This work was supported by grants
from the Korea Health Industry Development Institute
(KHIDI), funded by the Ministry of Health and Welfare
(HIN5C3042010016 and HI16C1699010016), Republic of
Korea.

W-2137

CREATING AN OPEN SOURCE COLLECTION
OF GFP-TAGGED HUMAN IPSC LINES TO
MODEL STEM CELL ORGANIZATION AND
DYNAMICS

Gunawardane, Ru
Allen Institute, Seattle, WA, USA

The Allen Institute for Cell Science (AICS) is creating a
dynamic visual model of hiPSC organization to aid in
understanding and predicting normal and pathological
cell states. Our approach utilizes CRISPR/Cas9 gene
editing to introduce fluorescent tags via homology
driven repair (HDR) into genomic loci whose products
localize to specific organelles. Editing yields isogenic
hiPSC lines expressing fusion proteins unigue to each
cell line under endogenous regulation. Live cell imaging,
image analysis and modeling, and open distribution to
the scientific community of each unigue cell line defines
our endeavor. Because we will perform systematic
editing at numerous genomic loci, our data has begun
and will continue to elucidate variables and trends
important for gene editing in stem cells. Here we present
our CRISPCR/Cas9- based gene editing protocol and
workflow to introduce fluorescent tags into the genome
of stem cells and our initial progress and conclusions
from the generation of ~1000 clones spanning 10
different targets. We will describe our screening strategy
to identify clones harboring precisely incorporated GFP
tags at the genomic loci and demonstrate the various
consequences of imprecise editing. We will also present
our quality control assays including the characterization
of stem cell properties, off-target analysis, karyotyping,
directed differentiation into cardiomyocytes, and next
generation sequencing. Furthermore, we will present
data supporting the correct subcellular localization of the
tagged proteins from imaging studies. In experiments
initiated to date we have generated hiPSC lines for ~15
major cellular structures including cell-matrix adhesions,
the actin and microtubule cytoskeleton, mitochondria,
desmosomes, endoplasmic reticulum, and nuclear
envelope.
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W-2139

INCORPORATING AUTO- AND PARACRINE
SIGNALING TO OPTIMIZE HUMAN STEM CELL
DIFFERENTIATION EFFICIENCY: A VERSATILE
MICROFLUIDIC CELL CULTURE PLATFORM

Chadly, Duncan M.', Kobayashi, Shun?, Kessler, John?
and Matsuoka, Akihiro*

'Northwestern University, Chicago, IL, USA,
20Otolaryngology, Northwestern University, Chicago,
IL, USA, 3Neurology; Feinberg School of Medicine,
Northwestern University, Chicago, IL, USA,
“Otolaryngology; Feinberg School of Medicine,
Northwestern University, Chicago, IL, USA

We present a versatile microfluidic platform capable
of efficient optimization of differentiation conditions
for pluripotent stem cells (PSCs). The device has three
main advantages: ease of manufacture, minimization of
manual labor by passive, on-chip dilution and mixing, and
a large surface area to volume ratio in on-chip culture
wells, permitting study of auto/paracrine signaling.
Wells are kept isolated from diffusive contact, allowing
for controlled culture with or without continuous
perfusion. Microfluidic devices are typically created
using photolithography to produce a silicon wafer mold
on which to cast polydimethylsiloxane (PDMS), a labor
intensive process requiring a cleanroom facility that
creates a cost barrier for researchers not associated
with a dedicated microfluidics group. By designing
a mold that can be 3D printed, we bypass the need
for special facilities and incur dramatic cost savings.
Although process optimization is most efficiently
achieved through iterative factorial design, the number
of experimental conditions that must be setup can
be limiting. To address this problem and improve
reproducibility, the device automatically performs
combinatorial mixing, dilutions, and distribution for a 3
factor experimental design with center points. Notably,
this is accomplished passively by the device without
the need for pneumatic control. Using multiple devices
in parallel, the number of experimental factors can be
increased and include variables such as time spent in
differentiation medium or, indirectly, endogenous factor
accumulation through medium exchange frequency.
Accumulation of endogenous factors has been shown
to significantly affect cell survival and differentiation
efficiency, however relevant concentrations are largely
unattainable in traditional culture plates and flasks. We
demonstrate device utility by optimizing differentiation
medium composition for a recently published protocol
for the differentiation of human PSCs toward auditory
neurons. In addition to medium optimization, our device
has the potential to be used for rapid optimization of
other processes including antibody concentration
in immunocytochemistry, reagent concentration for

N [SSCR 2 [ESUSETREERN

lipofection protocols, siRNA delivery protocols, in vitro
testing for combination drug effects, and more.

Funding Source: NIH (NIDCD (KO8 Clinician Scientist
Award)); American College of Surgeons Clinician
Scientist Grant; Trilogical Society Clinician Scientist
Grant

W-2141

EARLY RESULTS: HIGH SENSITIVITY
MAGNETIC PARTICLE IMAGING SYSTEM FOR
STEM CELL RESEARCH

Gaudet, Jeff M., Kronkle, Justin?, Teeman, Eric3, Troksa,
Alyssa3, Krishnan, Kannan® and Goodwill, Patrick?
"Alameda, CA, USA, °Magnetic Insight, Alameda, CA,
USA, 3Materials Science and Engineering, University of
Washington, Seattle, USA

Magnetic Particle Imaging (MPI) is an emerging cellular
imaging technique that can non-invasively detect iron
oxide (10) labeled stem cells in vivo. The technique does
not use ionizing radiation and can be scaled to humans.
Stem cells can be loaded with 10s by co-incubation,
without negatively impacting phenotype or viability.
MPI images have an unambiguous contrast that shows
both the concentration and position of a tracer, enabling
linear quantitation of cell number at any location (2).
The spatial resolution is on the order of MRI, and MPI
ease of use echoes Optical imaging. In this study, we
optimized the resolution, signal linearity, and sensitivity
of a field-free line (FFL) MPI scanner. Phantoms were
prepared from commercial nanoparticles (VivoTrax,
Magnetic Insight Inc, CA) and MPI tailored I1Os.
Imaging was performed with the MOMENTUM MPI
system (Magnetic Insight Inc.,, CA). Data analysis was
performed in VivoQuant (inviCRO, MA). To measure
spatial resolution, two TuL point sources were imaged
at various distances. At 600 um separation, both point
sources can still be distinguished, suggesting better
than 400 pm system resolution. To measure signal
linearity and sensitivity, stock solutions were serially
diluted with deionized water to 550 pg Fe/uL- 5.5 ug
Fe/uL. The MPI tailored IOs were found to display 3-fold
more signal then VivoTrax, in agreement with previously
published work (Ferguson 2015). The linear signal range
extends over 4 orders of magnitude with exceptional
linearity (R"2 = 0.99). Images of both a 100 yL sample
containing 550 pg Fe/uL and of a 1 yL point source
containing 1100 pg Fe showed good signal-to-noise
ratio, demonstrating a MPI Fe detection threshold on the
order of picograms. Recent publications report an agent
specific intracellular loading of 2-9 pg Fe/cell and 13-50
pg Fe/cell for NSCs and MSCs, respectively (Bulte 2015,
Zheng 2016), which suggests MPI has a sensitive cell
detection threshold. This initial work indicates the spatial
resolution, sensitivity, and linear signal quantification of



the MOMENTUM MPI platform could make it a potent
tool for stem cell research.

Funding Source: Research reported in this publication
was supported by NIBIB of the NIH under award number
R43EB020463. The content is solely the responsibility
of the authors and does not necessarily represent the
official views of the NIH.

W-2143

MULTIWELL OPTOGENETICS FOR ENHANCED
CONTROL OF HUMAN IPSC-DERIVED CELLS

Clements, Mike, Millard, Daniel, Clements, Michael,
Peritore, Carina, Swift, Owen, Nicolini, Anthony and
Ross, James

Axion Biosystems, Atlanta, GA, USA

Optogenetic techniques enable precise optical
manipulation of cells via integrated light-activated
channels (opsins). Expression of light-sensitive proteins
allows the user to activate or suppress activity intargeted
cell types or selected biomolecular pathways. Pairing of
optical stimulation with simultaneous microelectrode
array (MEA) recordings provides a powerful tool for
monitoring and manipulating cultured cell activity in
vitro, offering insight into neuronal network interactions,
stem cell characterization, toxicology screening, and
drug safety and development. Here we explore various
applications of Lumos, a commercial multiwell optical
stimulation system, when paired with the Maestro, a
system for high throughput MEA recording. In one
case-study, human iPSC-derived cardiomyocytes were
optically paced and challenged with test compounds in
a Maestro MEA assay. Light-mediated pacing of hiPSC-
cardiomyocyte activity was found to reduce well-to-well
variability and allowed rate-dependent effects of test
compounds to be explored. These findings demonstrate
how scaling in vitro optical stimulation and MEA-based
recording to high well counts enables enhanced, high-
throughput studies.

W-2145

AN INDUCIBLE CRISPR-ON SYSTEM FOR
CONTROLLABLE GENE ACTIVATION IN
HUMAN PLURIPOTENT STEM CELLS

Na, Jie and Guo, Jianying
Tsinghua University, Beijing

Human pluripotent stem cells (hPSCs) are an important
system to study early human development, model
human diseases, and develop cell replacement
therapies. However, genetic manipulation of hPSCs is
challenging and a method to simultaneously activate
multiple genomic sites in a controllable manner is sorely
needed. Here, we constructed a CRISPR-ON system
to efficiently upregulate endogenous genes in hPSCs.

A doxycycline (Dox) inducible dCas9-VP64-p65-Rta
(dCas9-VPR) transcription activator and a reverse Tet
transactivator (rtTA) expression cassette were knocked
into the two alleles of the AAVSI locus to generate an
iVPR hESC line. We showed that the dCas9-VPR level
could be precisely and reversibly controlled by the
addition and withdrawal of Dox. Upon transfection
of multiplexed gRNA plasmid targeting the NANOG
promoter and Dox induction, we were able to control
NANOG gene expression from its endogenous locus.
Interestingly, an elevated NANOG level promoted naive
pluripotent gene expression, enhanced cell survival and
clonogenicity, and enabled hESCs to integrate with
the inner cell mass (ICM) of mouse blastocysts in vitro.
Thus, iVPR cells provide a convenient platform for gene
function studies as well as high-throughput screens in
hPSCs.

Funding Source: This work was supported by the
National Basic Research Program of China, 973 program
grant 2012CB966701, the National Natural Science
Foundation of China (NSFC), grant 31171381 (to J.N.).

W-2147

TARGETED OPTIMIZATION OF CHEMICALLY-
DEFINED MEDIUM FOR MSC GROWTH IN
BIOREACTORS

Levine, Kara B., Schnitzler, Aletta, Lawson, Tristan,
Pease, Megan, Murrell, Julie, Lalli, Mark and Rook,
Martha

MilliporeSigma, Bedford, MA, USA

The long-term outlook for stem cell therapy predicts
an increased need for high quality animal origin-
free materials compatible with limited downstream
processing steps. Large scale manufacturing of human
mesenchymal stromal/stem cells (hMSCs) necessitates
movement toward technologies such as stirred tank
bioreactors that support scalable cell culture processes.
Serum-free media often fail to support robust
attachment and expansion of adherent MSCs grown
on microcarriers in bioreactors. The lack of small scale
high throughput (HTP) models for microcarrier culture
make media optimization challenging which can inhibit
successful transition of planar processes into bioreactors.
In this presentation we describe an approach to media
optimization that uses gene expression fingerprinting to
better predict media performance in microcarrier based
systems. We will highlight the use of genome-wide
expression analysis to identify a target transcriptome
associated with successful expansion of bone marrow
derived MSCs on microcarriers. In addition, we will
summarize results from a high-throughput formulation
DOE and multivariate analysis used to identify candidate
media formulations with the target transcriptome.
Finally, the utility of this approach will be demonstrated
via performance of top candidate formulations identified
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in planar culture that are transitioned to suspension
culture in bioreactors. High quality reagents are key
enabling technologies for success in commercializing
cell therapies.

W-2149

CLASSIFICATION OF MULTIPOTENTIAL
STROMAL CELLS USING MASSIVELY
PARALLEL MONTE CARLO LINEAR
DISCRIMINANT ANALYSIS OF SINGLE CELL
MRNASEQ DATA

Moos, Malcolm', Simonyan, Vahan?, Thompson, Elaine®
and Biachi, Alexa'

'Division of Cellular & Gene Therapies, Office of Tissues
and Advanced Therapies, United States Food & Drug
Administration, Silver Spring, MD, USA, ?Office of
Biostatistics & Epidemiology, United States Food &
Drug Administration, Silver Spring, MD, USA, 3Office of
Computational Sciences, United States Food & Drug
Administration, Silver Spring, MD, USA

Sufficient characterization of stem cell derived
products to allow selection of in-process and release
tests that predict in vivo performance reliably has
been a formidable challenge. Methods in common use,
including population-average molecular assays (e.g.,
gPCR, microarray) or flow cytometric evaluation of
selected antigens, have not yielded a definitive solution
to this problem.To assess whether more detailed single
cell analyses might provide greater discriminating
power than methods currently in use, we cultured bone
marrow stromal cells (also called mesenchymal stem
cells or Multipotential stromal cells (MSCs)) for varying
periods at 3% or 20% oxygen. Under these conditions,
the cells all display surface antigens (CD29+, CD44+,
CD105+, CDl166+, CD45-, CD14-, CD34-) considered
characteristic of MSCs. We then analyzed them by single
cell RNAseq. To overcome limitations in floating point
precision and RAM size encountered with conventional
computing platforms confronted with the very large
data sets generated, we devised a novel computational
workflow incorporating Monte Carlo sampling and
massive parallelization. This allowed us to apply
Fisher’'s Linear Discriminant Analysis (LDA), which is
computationally intensive, to the data sets we generated,
in which hundreds of cells were assayed for thousands
of transcripts. We found that this approach was able
to identify sets of transcripts comprising classifiers in
the high-dimensional LDA space that distinguished
between each group of cells tested unambiguously,
thus affording level of discriminating power between
closely similar cell populations that has not been
achieved previously. We believe these findings offer the
possibility a generally applicable approach to evaluating
effects of cell therapy manufacturing process variables
and to identification of potential molecular attributes
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indicative of product quality of higher discriminating
power than methods currently in use.

W-2151

SENSITIVITY OF HUMAN PLURIPOTENT STEM
CELLS TO INSULIN PRECIPITATION INDUCED
BY PERISTALTIC PUMP-BASED CULTURE
MEDIUM CIRCULATION

Massai, Diana', Bolesani, Emiliano?, Robles Diaz, Diana?,
Kropp, Christina?, Kempf, Henning?, Halloin, Caroline?,
Martin, Ulrich3, Braniste, Tudor?, Isu, Giuseppe®,
Morbiducci, Umberto®, Harms, Vanessa’, Drager,
Gerald” and Zweigerdt, Robert?

'Department of Cardiac, Thoracic, Transplantation

and Vascular Surgery - HTTG, Leibniz Research
Laboratories for Biotechnology and Artificial Organs -
LEBAO, Hannover Medical School, Hannover, Germany,
?Hannover Medical School, Hanover, Germany,
3Department of Cardiothoracic-, Transplantation and
Vascular Surgery, REBIRTH-Cluster of Excellence

, Hannover Medical School, Hannover, Germany,
4Technical University of Moldova, Hannover, Germany,
SUniversity of Basel, Basel, Switzerland, °Politecnico

di Torino, Torino, Italy, “Leibniz Universitét Hannover,
Hannover, Germany

Human pluripotent stem cells (hPSCs) have the
potential to revolutionize biomedical sciences but their
standardised mass production, indispensable for clinical
use, is still a challenge. In the perspective of advanced
hPSC bioprocessing, “matrix-free cell only aggregate”
suspension culture within stirred-tank bioreactors
represents a promising strategy. However, aggregate
size heterogeneity and linear - rather than exponential -
growth kinetics which may result from the hydrodynamic
conditions in impeller stirred bioreactors trigger
investigations into alternative technologies. Recently, an
impeller-free bioreactor for dynamic suspension culture
was proposed. In this system, dynamic suspension
is achieved by specific hydrodynamic conditions
established by continuous peristaltic pump-based
medium circulation. In order to test the applicability of
this platform for advanced suspension culture of hPSCs,
this study investigated how specific hPSC expansion
media (i.e. E8, TeSR™-E8™, mTeSR™1 and StemMACS™
iPS-Brew XF) comply with continuous peristaltic pump-
based circulation. The study revealed an unexpected
sensitivity of specific media components to the
applied circulation mode. In particular, in low protein
media E8 and TeSR™-E8™ peristaltic pumping induced
physical instability of the growth hormone insulin,
which precipitated into insoluble particles. The drastic
reduction of insulin in the medium induced a severe
viability loss in hPSC aggregates cultured in suspension,
serving as a relevant cell assay. In contrast to insulin
depletion, individual withdrawal of other medium



proteins such as bFGF, TGFR1 or transferrin, essential
for maintaining hPSCs pluripotency, showed minor
short term effects on cell viability and the integrity of
hPSC aggregates. Supplementation of the surfactant
glycerol or the use of the insulin analogue Aspart did not
overcome the issue of insulin precipitation. In contrast,
the presence of bovine or human serum albumin (BSA or
HSA, respectively) stabilized insulin rescuing its content,
possibly by molecular chaperone-like activity, ultimately
supporting hPSC maintenance. Given the necessity to
progress towards GMP-compliant media compositions
and automated hPSC processing technologies, this
study has substantial impact for hPSC manufacturing.

Funding Source: Grants: DM - Horizon 2020 Marie
Sktodowska-Curie IF  POSEIDON (660480); RZ
- DFG (REBIRTH EXC62/3, ZW64/4-1), BMBF
(13N12606, 13N14086), StemBANCC (IMI 115439-2), EU
TECHNOBEAT (668724); HK - MHH HIiLF program,
Joachim Herz Stiftung.

W-2153

MITOSORT: A NEW USER-FRIENDLY
MITOCHONDRIAL DNA SEQUENCING
ANALYSIS TOOL FOR QUALITY CONTROL OF
HIPSC CLONES

Perales Clemente, Ester, Evans, Jared and Nelson,
Timothy
Mayo Clinic, Rochester, MN, USA

Quality control of human induced pluripotent
stem cells (hiPSCs) is crucial for the success of this
technology. Genetic stability of hiPSCs is critical to
avoid misinterpreting data in basic research, and
to avoid unexpected complications in regenerative
medicine. hiPSCs can harbor mutations in nuclear
DNA, but also in mitochondrial DNA (mtDNA). In fact,
the mutation rate in mtDNA is at least 10 to 20 fold
higher than nuclear DNA. The genes encoded in mtDNA
have a fundamental role in energy production in the
mitochondria. The coexistence of multiple variants of
mMtDNA in a cell is referred to as heteroplasmy, and
even healthy somatic mammalian cells harbor mtDNA
variants at very low levels. Recently, our group showed
how these mutations can be revealed through nuclear
reprogramming producing hiPSC clones with damaging
mutations that may lead to respiratory defect in
differentiated cells. Moreover, mutations in mtDNA can
be accumulated in somatic tissues during aging, and
the amount of mtDNA mutations is higher in hiPSCs-
derived from old individuals. These findings highlight
the importance of deep characterization of mtDNA as
a quality control of hiPSCs. Here, we present an open-
source software package to process and analyze Next
Generation Sequencing (NGS) mtDNA data with the
goal to screen and identify potentially damaged hiPSC
clones and prevent unintended consequences. Currently

researchers use multiple tools and annotation sources
to analyze mtDNA samples which are time consuming.
As the throughput of mtDNA samples increases there
is a greater need for a comprehensive software tool
that quickly performs the analysis on a large number
of samples. Our tool allows users to start with raw NGS
data in either FASTQ or BAM format from PCR-targeted
mtDNA sequencing, whole exome sequencing, or whole
genome sequencing. Results are presented in a user-
friendly report with hiPSC quality scores that allow
researchers to easily assess the quality of their hiPSCs.
To date we have analyzed the mtDNA sequence of 214
hiPSC clones derived from a cohort of 32 individuals (17
healthy donors, 9 patients with congenital heart disease
and 6 patients with mitochondrial disease). MitoSort
tool is able to quickly identify damaged hiPSC clones,
even derived from healthy donors, preventing their use
in further applications.

Funding Source: This work was supported by the
Marriott Mitochondrial Disorders Clinical Research
Network and the Todd and Karen Wanek Family
Program for Hypoplastic Left Heart Syndrome.
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LIVE CELL FLUORESCENCE LIFETIME
IMAGING MICROSCOPY (FLIM) OF
INTESTINAL ORGANOID PROLIFERATION

Dmitriev, Ruslan I.’, Foley, Tara?, Papkovsky, Dmitri B.3
and Okkelman, Irina A3

'Cork, Ireland, 2Department of Anatomy and
Neuroscience, University College Cork, Ireland, 3School
of Biochemistry and Cell Biology, University College
Cork, Cork, Ireland

Intestinal organoids display villi-crypt organization,
presence of heterogeneous epithelial cell monolayer
and lumen. The complex composition of organoids
includes stem and Paneth cell niches, amplification
zones and differentiated enteroendocrine, enterocyte
and goblet cells. While organoids represent advanced
in vitro model to study development and therapy of
intestine there is a lack of tools allowing their analysis
in live state with single cell resolution. The organoid
heterogeneity caused by nutrient, metabolite and O2
availability (hypoxia) also remains poorly studied. Here,
we used fluorescence lifetime imaging microscopy
(FLIM) to develop experimental approaches for
organoid analysis in live culture. With the help of
environment-sensitive fluo- and phoshorescent probes,
FLIM allows quantitative measurements of various
physiological parameters such as O2, pH or T. We found
that incorporation of 5-Bromo-2'-deoxyuridine (BrdU) in
cell nuclei results in prominent quenching of fluorescent
dye Hoechst 33342, which can be detected by FLIM
and used for detection of cells in S phase of cell cycle.
Compared to antibody-aided detection, FLIM approach
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is more versatile, allowing analysis of live cells in both 2D
(adherent) and thick 3D tissue models, including tumor
spheroids and mouse intestinal organoids. We observed
strong red autofluorescence of lumen in intestinal
organoids, which can interfere with certain fluorescent
probes. However, we found that S phase cells, present in
amplification-transition zone can be efficiently detected
with FLIM. We studied whether the anti-diabetic drug
metformin affects cell proliferation in intestinal organoid
model. Using normalization per number of crypts, we
found no significant effect of metformin on proliferation
of cellsin organoids. To illustrate the versatility of live cell
FLIM, we combined labeling of proliferating cells with
analysis of organoid oxygenation. Using staining with
phosphorescent O2 probe and FLIM we found highly
variable oxygenation in resting organoids, ranging from
27 to 88 uM. In conclusion, our data points that intestinal
organoids differ by size, shape, number of crypts, cell
proliferation and oxygenation. Our results emphasize
the importance of live fluorescence imaging analysis in
studies of organoids.

Funding Source: Supported by Science Foundation
Ireland (SFI) grant 13/SIRG/2144.
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TP53 INHIBITION ENHANCES CRISPR/CAS9
ENGINEERING IN HUMAN PLURIPOTENT STEM
CELLS BY BLOCKING DSB-INDUCED TOXICITY

lhry, Robert John. and Kaykas, Ajamete
Novartis Institutes for Biomedical Research, Cambridge,
MA, USA

CRISPR/Cas9 has revolutionized our ability to make
targeted genomic changes and to conduct genome-
wide screens in human cells. While some cell types
are easily modified with Cas9, human pluripotent stem
cells (hPSCs) poorly tolerate Cas9 and are difficult
to engineer. We developed a method for efficiently
engineering hPSCs using a drug-inducible Cas9. We
found that double strand breaks (DSBs) induced by Cas9
are toxic, kill the majority of hPSCs and demonstrated
this response is tp53-dependent. In addition, transient
inhibition of TP53 dramatically improved the efficiency
of precise transgene knock-in by over fifteenfold. These
results are directly relevant to the use of CRISPR/Cas9
in high-throughput genome engineering. They also
suggest that groups using CRISPR/Cas9 for therapeutic
applications should monitor tp53 toxicity which may
cause cell loss or tissue damage, and the inadvertent
selection of tp53 mutations upon engineering which
poses a risk for patients.

Funding Source: Novartis Institutes for Biomedical
Research
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QUANTIFYING THE CENTRAL DOGMA OF
MOLECULAR BIOLOGY WITH SINGLE CELL
RESOLUTION

Kimmey, Samuel', Bendall, Sean? and Borges, Luciene'
Stanford University School of Medicine, Stanford, CA,
USA, ?Department of Pathology, Stanford School of
Medlicine, Palo Alto, CA, USA

Despite the role of RNA and protein synthesis in
governing cellular function, there remains little
information on how these activities are controlled during
heterogeneous processes such as differentiation. This
knowledge gap stems largely from inadequate methods
to quantify these processes in a high-throughput, single-
cell manner. To address this problem, we developed
a simple, ‘one-step’ method to non-specifically label
and quantify nascent DNA, RNA and protein molecules
simultaneously. With this, we can now measure relative
amounts of newly synthesized DNA, RNA and protein
in single cells by mass-cytometry (CyTOF). This is
accomplished by pulsing live cells with an optimized
combination of 5-iodo-2'-deoxyuridine, 5’-bromouridine,
and puromycin prior to collection and fixation. Each
small molecule is metabolically incorporated in DNA,
RNA, or protein, respectively, and then detected using
epitope-specific monoclonal antibodies or incorporated
elemental label. When combined with single cell mass
cytometry, DNA, RNA and protein synthesis is quantified
in single cells simultaneously with 40+ parameters (i.e.
phenotypic, intracellular, phospho-, etc.), and can be
performed on adherent and non-adherent cells, ex vivo
isolates, and should be extendible to applications in
vivo. lllustrated here, we investigate the synchronization
of DNA, RNA and protein synthesis in the context of
cell cycle and across lymphopoiesis in a healthy human
immune system. First, this method was used to highlight
the progressive restriction of DNA, RNA, and finally
protein synthesis as asynchronously growing Hel a cells
transition from S phase through G2 and into mitosis.
Second, this method was used to label DNA, RNA, and
protein synthesis in healthy human bone marrow cells.
Simultaneous quantification 43 phenotypic parameters
were used to cluster cells across B-cell maturation.
Our initial results show dynamic synthesis of RNA and
protein, irrespective of proliferative status, in select
progenitor and differentiated B-cell subsets. Our simple,
one-step protocol for quantifying DNA, RNA and protein
synthesis simultaneously with phenotypic and regulatory
features in single cells can now reveal systems-level
roles these fundamental cellular process play in cellular
homeostasis, differentiation, and dysfunction.

Funding Source: SK is supported by NIGMS of the
National Institutes of Health under award number
T32GM007276
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CELL CLUSTERS COMPOSED OF INDUCED
PLURIPOTENT STEM CELLS ANALYZED

BY LARGE PARTICLE FLOW CYTOMETRY
PARALLELS THE CHARACTERIZATION OF THE
COMPONENT SINGLE CELLS

Pulak, Rock!, Leeb, Martin? Lackner, Andreas® and
Bongaarts, Rico*

'Union Biometrica, Inc., Holliston, MA, USA, ?Vienna
Biocenter (VBC), Max F. Perutz Laboratories, Vienna,
Austria, 3Max F. Perutz Laboratories, Vienna, Austria,
4Union Biometrica, Inc., Geel, Belgium

Stem cell clusters, embryoid bodies, organoids and
other types of 3D cultures have been enormously
important biological systems for the discovery of signals
responsible for normal development and differentiation.
There is an increased interest in studying how cells
grow, divide and differentiate in a more natural context
provided by these 3D cell culture models. Many cell
types will naturally form cell clusters when given the
opportunity. This research approach allows for cell-cell
interactions to occur and provides biological insights
otherwise missed when studying flat sheets of cells
growing on plastic surfaces or as cells grow in isolation.
Furthermore, there are many methods that enable the
introduction of genes for fluorescent proteins expressed
from promoters of interest. Researchers can use these to
identify when a cell or group of cells has transitioned to a
different state. Using this approach, cell clusters can be
analyzed for these types of changes and transitions, and
clusters of different types isolated for further studies.
One type of analysis of these cell clusters involves
determining the contribution of each of the different
types of cells to the clusters. The level of fluorescence
in a cell cluster can be used for this determination and is
a result of the number of positive cells and the intensity
of light emitted from the fluorescent marker on/in those
cells. We compared the analysis of the fluorescence
level of an entire cell cluster with the fluorescence
measurement of the individual cells of that particular
cell cluster. The BioSorter® was used to measure and
dispense an individual cell cluster into the well of a
multiwell plate. Then, cells of the cluster were separated
from each other and analysed by conventional single cell
flow cytometry. We compared the fluorescence mean
intensity of the cluster as measured on the BioSorter with
the total number and mean channel of fluorescent cells
within the cluster measured on a conventional single cell
flow cytometer. Our data shows that the measurements
from the cell clusters parallels that determined by single
cell analysis.

W-2163

A STANDARDIZED AND CHARACTERIZED
CLINICAL GRADE HUMAN PLATELET LYSATE
FOR EFFICIENT EXPANSION OF HUMAN BONE
MARROW MESENCHYMAL STEM CELLS

Viau, Sabrina', Eap, Sandy', Chabrand, Lucie,

Lorant, Judith?, Rouger, Karl?, Bertholet, Pauline',
Bouchenooghe, Thomas', Lagrange, Anais', Goudaliez,
Francis® and Delorme, Bruno'

'Biotherapy Division, Macopharma, Mouvaux, France,
2UMR 703 PAnTher, INRA, Nantes, France, *Transfusion
Division, Macopharma, Tourcoing, France

Human platelet lysate (hPL) is rich in growth factors
(GF) and nutritive elements and represents a powerful
xeno-free alternative to fetal bovine serum (FBS)
notably for mesenchymal stem cell (hMSC) proliferation.
However, there is a large variability in hPL sources and
production protocols, resulting in discrepancies in
product quality, low management of product safety
and poor batch-to-batch standardization. We describe
here the development and the characterization of a
standardized hPL prepared from transfusional grade
screened normal human donor platelet concentrates
(PCs), manufactured on an industrial scale (250 donors)
and following a highly qualified process (clean room,
trained operators, validated aseptic filtration). PCs were
frozen and thawed to lyse platelets. Cell debris were
removed by centrifugation and the supernatant (hPL)
was recovered. Clinical grade batches of aseptic filtered
hPL were characterized. By contrast to hPL prepared
from a limited number of donors, we observed a robust
standardization between industrial batches of hPL
in terms of GF contents (bFGF, EGF, VEGF, PDGF-
AB, TGF-betal and IGF-1), biochemical analyses (total
proteins, albumin, vitamin B12 and triglycerides) and
chemical parameters (osmolality and pH). We also
documented the stability over time of hPL stored at
-80°C and -20°C in terms of GF contents and chemical
parameters. Then we showed that clinical grade hPL
enables an increase and batch-to-batch reproducible
proliferation of bone marrow (BM)-hMSCs versus
MSC-screened FBS (+/- bFGF). We compared the
expression level of a large panel of membrane markers
between hPL- and FBS-expanded hMSCs using RT-
gPCR and flow cytometry analysis and observed that
their variation between batches was higher in FBS
conditions than in hPL conditions. We also documented
an over expression of a number of membrane markers
in hPL conditions (MRNA and protein levels). Finally,
using quantitative methods, we observed a similar
adipogenic and osteogenic differentiation potential
and that immunosuppressive properties of BM-hMSCs
(inhibition of T-cell proliferation) cultivated in parallel
in both conditions remained identical. In conclusion,
we demonstrated the feasibility to use a standardized,
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efficient and clinical grade hPL for research and cell
therapy applications.

Funding Source: Judith LORANT received financial
support from French government (National Research
Agency), Nantes Métropole and the Région Pays de la
Loire.
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EFFICIENT LARGE-SCALE 2D CULTURE
SYSTEM FOR HUMAN PLURIPOTENT
STEM CELLS AND DIFFERENTIATED
CARDIOMYOCYTES

Tohyama, Shugo', Fujita, Jun?, Fujita, Chihana?,
Kanaami, Sayaka? Yamaguchi, Miho?, Ohno, Rei? and
Fukuda, Keiichi?

'Department of Cardiology, Keio University School
of Medicine, Tokyo, Japan, ?Keio University School of
Medlicine, Tokyo, Japan

Cardiac regenerative therapy using human induced
pluripotent stem cells (hiPSCs) is a potentially promising
strategy for patients with heart disease, but the inability
to eliminate residual hiPSCs and generate a massive
amount of pure cardiomyocytes has been a barrier
to realizing this potential. Recently, we established a
novel method for purifying the bulk of hiPSC-derived
cardiomyocytes by focusing on glucose, glutamine
and lactate metabolism in hiPSCs and differentiated
cardiomyocytes (Tohyama S, Cell Metabolism 2016).
However, there are no efficient two-dimensional culture
systemstoobtainalargeamountof pure cardiomyocytes.
Here, we developed an advanced two-dimensional
culture system using multilayer culture plates with active
gas ventilation that yielded a large number of hiPSCs
and pure cardiomyocytes. One million hiPSCs per one
culture plate were cultured in ten-layered culture plates
with active gas ventilation, and they stably proliferated
and maintained pluripotency. As a result, 1-2 x 10E9
hiPSCs were harvested in one week. Additionally, hiPSCs
were sequentially differentiated into cardiomyocytes in
a 2D differentiation protocol. The efficiency of cardiac
differentiation was 50-70% on average. Approximately
3-5 x 10E8 cardiomyocytes were obtained in four-
layered culture plates with active gas ventilation. After
metabolic purification with glucose- and glutamine-
depleted and lactate-supplemented media, a large
amount of pure cardiomyocytes was finally prepared.
This advanced cell culture system will facilitate the
clinical application of iPSC-derived cardiomyocytes.

Funding Source: \Work was mainly supported by the
Highway Program for Realization of Regenerative
Medicine from the Japan Science and Technology
Agency.
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TOOLS TO VALIDATE, COMPARE, AND
OPTIMIZE CAS9-CRISPR GENOME EDITING
METHODS AND REAGENTS IN HUMAN
PLURIPOTENT STEM CELLS

Shi, Michael A., Tang, Yang? Capi, Ana? Nechleba,
Jeffrey?, Daley, George? and Schlaeger, Thorsten?
ThESC Core / Stem Cell Program, Boston Children’s
Hospital, Boston, MA, USA, 2Stem Cell Program, Boston
Children’s Hospital, Boston, MA, USA

Precise genome editing in hiPSCs can suffer from low
efficiencies even when using the often highly efficient
Cas9-CRISPR approach. For some loci, efficiencies below
1% have been reported, thus requiring the analysis of
hundreds of clones. Here we describe two independent
reporter systems and use them to compare different
genome editing approaches, reagents,and methods. The
first system (plasmids developed and kindly provided by
Susan Byrne/George Church) entails the replacement of
the endogenous hCD90 coding exons with those of the
mCd90 gene by homology-directed repair (HDR) using
a conventional targeting vector lacking a drug selection
cassette. Precisely targeted hiPS cells or colonies
can easily be identified by mCd90/hCD90/SSEAS
triple color live immunoflurescence imaging or flow
cytometry. Live imaging also reveals whether clones
or lines are mixed (containing targeted and untargeted
cells), allowing stem cell biologists to optimize their
procedures and hone their skills. We use this system
to compare the relative efficiencies of several nucleic
acid delivery systems (lipofection, nucleofection) and
Cas9 sources (EFlalpha promoter driven Cas9, CAG
promoter driven Cas9-GFP, Cas9 modified mRNA). This
system also allowed us to optimize the ratio of targeting
vector, gRNA construct, and Cas9. We show that the
quality of the transfected plasmid DNA preparations
is @ major contributing factor determining targeting
efficiencies. Using FACS sorting of Cas9GFP positive
cells we were able to achieve targeting efficiencies of
~80%. We also generated a second system that allowed
us to similarly optimize oligo-directed repair (ODR). To
this end we first generated an indel in the GFP portion of
the OCT4-GFP knock-in hES cell line HIOGN (efficiency
>50%) that removed the GFP chromophore encoding
codons. We then desinged gRNAs to target the GFP
indel of one clone and restored the GFP ORF by Cas9/
CRISPR ODR using a ssDNA oligo. Targeting efficiencies
were assessed by GFP fluorescence microscopy and
FACS, and Sanger sequencing confirmed the presence
of diagnostic SNPs in the targeted locus. We believe
these tools could be valuable for hPSC CRISPR training
courses, to systematically optimize genome editing
protocols, and to perform chemical or genetic screens
to identify modifiers of DNA repair processes in hPSCs.



W-2169

TOXICOLOGICAL RESPONSES IN CULTURED
HUMAN IPSC-DERIVED NEURONAL
NETWORKS USING HIGH-THROUGHPUT MEA
SYSTEM

Suzuki, Ikuro', Odawara, Aoi', Arant, Ryan? and
Matsuda, Naoki'

"Tohoku Institute of Technology, Sendai, Japan, ?Alpoha
Med Scientific, inc, Osaka, Japan

The functional network of human induced pluripotent
stem cell (hiPSC)-derived neurons is a potentially
powerful in vitro model for evaluating drug toxicity.
Epileptiform activity is one of phenomena in neuronal
toxicology. To evaluate the dynamics of epileptiform
activities and the effect of anti-convulsant drug in
cultured hiPSC-derived neurons, we used the high-
throughput multielectrode array (MEA) system, where
we simultaneously record extracellular potentials
for 16 channels per well across 24-well plates. We
firstly confirmed the modulation of activity by typical
glutamatergic and GABAergic receptor antagonists/
agonists in spontaneous firings. Spontaneous activities
and typical responses against synaptic related
drugs were detected with high S/N ratio using high-
throughput MEA system. Next, we examined chemically
evoked epileptiform activity. Electrophysiological
seizes were induced by pentylentetrazole (PTZ),
4-Aminopyridine (4-AP), and kainic acid (KA), the most
widely used chemical convulsant in animal models to
screen for new anti-epilepsy drugs. We also examined
the anti-convulsant effects of common clinical anti-
epilepsy drugs (AEDs), phenytoin. PTZ, 4-AP and KA
induced an increase in synchronized burst firings (SBFs)
in a concentration-dependent manner. Phenytoin
suppressed induced epileptiform activity. However, the
patterns of epileptiform activities and phenytoin effects
were different with respect to each epilepsy drugs. From
these results, we suggest that the electrophysiological
assay in cultured human iPSC-derived neuron using high-
throughput MEA system is a useful to investigate the
neuronal toxicity in drug screening and pharmacological
effects of human neurological disease.

W-2171

HIGH-THROUGHPUT EXTRACELLULAR
MATRIX MICROENVIRONMENTS FOR
PROBING ENDOTHELIAL DIFFERENTIATION
OF HUMAN PLURIPOTENT STEM CELLS

Hou, Lugia, Kim, Joseph, Wanjare, Maureen, Coller,
John, Natu, Vanita and Hastie, Trevor

Stanford University, Stanford, CA, USA

The basement membrane extracellular matrix (ECM)
plays an important role in modulating endothelial

cell function and phenotype. In order to harness the
interaction effects between endothelial cells (ECs) and
their surrounding ECM for vascular tissue engineering,
we systematically examined the role of combinatorial
ECMs on endothelial differentiation using an arrayed
microscale platform. ECM microarrays were developed
by covalent conjugation of basement membrane proteins
(gelatin (G), fibronectin (F), laminin (L), heparan sulfate
proteoglycan (H), collagen IV (C), and matrigel (M))
and all the multi-component combinations thereof, onto
glass slides. Endothelial differentiation was induced on
the microarray using human induced pluripotent stem
cells (iPSCs) or embryonic stem cells (ESCs). After 5 days
of differentiation on these unique combinatorial ECM
environments, we observed significantly higher CD31
expression when the cells were differentiated on collagen
IV + gelatin + heparan sulfate (CGH) combinatorial
ECMs, compared to other combinations across three
human pluripotent stem cell lines (N=13; p < 0.05). This
enhancement in endothelial differentiation on an arrayed
microsystem was confirmed under conventional cell
culture platforms in which a marked relative increase in
CD31 expression was observed in CGH modified-dishes
(201.1£11.18%, N=5; p < 0.01), compared to collagen V-
modified dishes (100£0%, N=5). To elucidate the role of
cell-ECM interactions on endothelial differentiation, the
temporal expression pattern of endothelial phenotypic
genes was matched by the similar expression pattern
of integrin subunits B3 (51.69£13.28 fold, N=3; p < 0.01),
relative to undifferentiated ESCs. To demonstrate
the functional importance of integrin 3 in promoting
endothelial differentiation, the addition of neutralization
antibody abrogated the enhancement of endothelial
differentiation on CGH modified-dishes. Together, these
findings demonstrate that combinatorial ECMs CGH
promote higher levels of endothelial differentiation,
compared to many single-factor ECMs, in part through
integrin B3-mediated pathways. This work highlights
the importance of combinatorial cell-ECM interactions
in modulating stem cell fate.

W-2173

AN AUTOMATED WALK-AWAY SYSTEM
TO PERFORM DIFFERENTIATION OF 3D
MESENCHYMAL STEM CELL SPHEROIDS

Larson, Brad', Seldin, Jan? and Souza, Glauco?®
'BioTek Instruments, Inc., Winooski, VT, USA, °Greiner
Bio-One, Monroe, NC, USA, 3n3D Biosciences, Inc.,
Houston, TX, USA

Human mesenchymal stem cells (hMSCs) are a type
of multipotent stem cell found in multiple areas of the
body including bone marrow, skeletal muscle, dermis,
and blood. The cells are highly sought after due to their
ease of isolation, ability to differentiate and mature into
multiple lineages, and critical role in tissue engineering

HSCG

Harvard
Stem Cell Institute 95



and adult tissue repair. One area of particular interest
is using chondrocyte derived hMSCs for adult cartilage
repair. Initial experimentation with hMSCs involved
two-dimensional (2D) culture of cells in a monolayer.
However, culturing the cells in this manner resulted

in a loss of replicative ability, and differentiation
capability over time. A number of technigues to culture
hMSCs in a three-dimensional (3D) format were then
incorporated, such as pellet and micromass culture.
These methods better exemplified the differentiation
process, but requiring large cell numbers, involved
difficult processing steps, and were expensive. Newer
3D cell culture technologies, where spheroids of smaller
cell number in high density microplates can overcome
earlier limitations and still provide the necessary
stem cell differentiation environment. Complete
differentiation from multipotent hMSCs to final target
lineages, such as chondrocytes, typically takes 14-28
days. Performing media exchanges every 2-3 days
with unattached cells can be tedious and risks spheroid
removal. Adding automation allows for performance of
other tasks and increases repeatability. When combined
with 3D magnetic bioprinting, where magnetic
nanoparticles attach to spheroidal cells, spheroid loss is
eliminated by placing test plates onto magnets during
media exchanges. Here we demonstrate a solution to
perform automated chondrocyte differentiation from
3D hMSC spheroids. A combination washer/dispenser
with magnetic plate adapter was used for media
exchanges, while an automated incubator maintained
proper microplate environmental conditions in between
exchanges. Label-free cellular imaging following media
exchanges confirmed maintenance of spheroids during
processing. The entire system was contained within a
laminar flow hood. Immunofluorescence carried out
following differentiation confirmed the ability of the
system to be used for critical stem cell differentiation.
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NLRP3 AS A NOVEL REGULATOR OF HUMAN
MESENCHYMAL STEM CELL FUNCTION

Kim, Hyung-Sik', Shin, Tae-hoon?, Lee, Byung-Chul?,
Seo, Yoojin® and Kang, Kyung-Sun?

'School of Medicine, Pusan National University, Busan,
Korea, °Seoul National University, Seoul, Korea, 3Pusan
National University Hospital, Busan, Korea

Inflammasome is a multimeric protein complex which
senses inflammatory stimuli. Mesenchymal stem cells
(MSCs) are promising tool for regenerative medicine and
immune-related diseases. Previous reports demonstrate
that MSC function can be altered by stimuli derived from
innate and adaptive immunity. In the present study, we
investigated the expression and functional regulation of
inflammasomes in human umbilical cord blood-derived
MSCs (hUCB-MSCs). The hUCB-MSCs expressed the
components of inflammasomes. Among several types
of inflammasomes, NLRP3 activation did not alter the
characteristics of hUCB-MSCs norinducedthe pyroptosis
of MSCs. Surprisingly, NLRP3 activation promoted the
proliferation and osteogenic differentiation of hUCB-
MSCs. Moreover, the immunomodulatory effects
of MSCs on T cell proliferation, dendritic cell (DC)
and regulatory T cell were changed in response to
NLRP3 activation. In addition, the expression levels of
immunomodulatory factors were elevated in hUCB-MSC
after NLRP3 stimulation. In conclusion, for the first time,
our data suggest that NLRP3, one of the inflammasome
family, is expressed in hUCB-MSCs and its activation can
regulate the functions of hUCB-MSCs along with the up-
regulation of multiple soluble factors.



PLACENTA AND UMBILICAL CORD
DERIVED CELLS

W-1004

GMP ISOLATION AND IMMUNOMODULATORY
CHARACTERIZATION ON HUMAN

AMNION EPITHELIAL CELL FOR CLINICAL
TRANSPLANTS

Gramignoli, Roberto', Morandi, Fabio?, Srinivasan,
Raghuraman?® and Strom, Stephen*

'L aboratory Medicine / Karolinksa Institutet, Stockholm,
Sweden, ?IRCCS Istituto Giannina Gaslini, Genoa, Italy,
3Karolinska Institute, Huddinge, Sweden, “Laboratory
Medlicine, Karolinska Institute, Huddinge, Sweden

Placenta is a non-controversial and readily available
source of stem cells for regenerative medicine. We
previously reported that human amnion epithelial
cells (hAEC) from term placenta are not tumorigenic,
have immunomodulatory and anti-inflammatory
properties and once transplanted differentiate into
functional hepatocyte-like cells. In preclinical studies
with immune-competent mice, hAEC engrafted and
survived without administration of immunosuppressive
drugs, resulting in correction of metabolic liver diseases
(iIMSUD and PKU) or the reversal of acute liver failure.
Amnion characteristically lacks HLA class 2 expression
and expresses both class 1a and non-canonical class
1b. Expression of the class 1b proteins by placenta
supports maternal immune-toleration of the fetus.
Recently, purinergic mediators, hydrolyzed by plasma
membrane nucleotidases, have also been shown to
regulate immune cell response. We quantified the
level of expression of both HLA molecules and ecto-
enzymes in hAEC preparations. hAEC from 20 full
term placentae have been isolated in accordance with
current Good Manufacturing Practice (cGMP). Flow
cytometric evaluation routinely validates hAEC identity.
Ectonucleotidases CD39 and CD73, and HLA molecules
were measured on all preparations, after isolation
and pre-transplant. Immunogenicity of the hAEC was
determined on purified immune effector cells (T-, B-
and NK-cells). hAEC preparations were positive for
epithelial markers (CD49f and EpCAM), and negative
for hematopoietic and stromal markers. We measured
high level of expression for ectonucleotidases (CD39
and CD73) in all hAEC preparations. The results showed
the constitutive presence of both membrane-bound
and soluble HLA-G isoforms. Ongoing analyses are
focused on confirmation in HLA class 1b expression
after long-term engraftment in immunocompetent
animals. High level expression of ecto-enzymatic axis
and non-canonical HLA molecules likely play a key role
in immunological tolerance and long-term acceptance
of the human xeno-cell graft in immunocompetent mice.

Based on their safety and the successful preclinical
studies, approval was granted to begin isolation and
banking of hAEC under cGMP procedures at Karolinska
Institutet, and to perform hAEC transplants on up to 10
patients with liver disease.

ADIPOSE, MUSCULOSKELETAL, AND
CONNECTIVE TISSUE

W-1006

ADULT STEM AND PROGENITOR CELL
HETEROGENEITY IN HUMAN BONE AND
ADIPOSE TISSUES

Qadan, Maha A, Piuzzi, Nicolas?, Boehm, Cynthia?,
Bova, Wesley?, Midura, Ronald? Hascall, Vincent? and
Muschler, George?®

'Biomedical Engineering/Lerner Research Institute-
Cleveland, Ohio - School of Biomedical Sciences/
Kent State University-Kent, Ohio - Department of
Biotechnology and Genetic Engineering/Philadelphia
University-Jordan, Cleveland Clinic, Hudson, OH,
USA, °Biomedlical Engineering, Cleveland Clinic,
Cleveland, OH, USA, 3Orthopaedic Surgery - Biomedical
Engineering, Cleveland Clinic, Cleveland, OH, USA

Advancing the understanding of the heterogeneous
population of native stem and progenitor cells
(Connective Tissue Progenitors/CTPs) in different
tissues and batches of culture expanded cells is key to
define the ideal cell source to use in cell therapy. The aim
of this study was to compare sources and characterize
the biological features of human CTPs derived from
bone and adipose tissues in primary culture and after
culture expansion to passage 2 (P2). Cancellous bone
and subcutaneous adipose tissues were collected from 8
patients undergoing hip arthroplasty in an IRB approved
protocol. Three cell fractions were isolated per patient:
1) MS, bone-derived marrow space; 2) TS, bone-derived
trabecular surface; and 3) AT, adipose tissue-derived
cells. We assessed colony formation using ColonyzeTM
software to determine CTP prevalence (PCTP), colony
metrics, and cell counts; and phenotypic characteristics
using flow cytometry to determine percentage of cells
expressing the classical MSC surface markers: CD73,
CD90, CD105, as well as CD146, E-cadherin, Ep-CAM,
hyaluronan; and pluripotency markers: Oct3/4, Sox-2,
Nanog, SSEA-4, SSEA-3, Cripto-1. Mean PCTP and cell
density in TS fraction were significantly higher (p =
0.0003 & p = 0.0002, respectively) than in MS. Mean
total adherent cells/10"6 cells plated was significantly
different between tissue sources, with AT > MS (p =
0.01) and TS > MS (p < 0.0008). P2 cells showed similar
doubling time. All P2 cell sources expressed classical
MSC markers >95%. However, large variations were
observed between patients and tissue sources in all
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other markers. Greater emphasis needs to be placed
on establishing critical quality attributes based on other
markers that will be predictive of future biological
behavior and therapeutic potency of stem/progenitor
cells. Differences between tissue sources and the

heterogeneity in stem/progenitor cell populations
derived from various tissues is an untapped opportunity
for improving the performance of culture expanded
cells. The prevalence and biological potential of CTPs
are different from one patient and one tissue to another.
The lack of variation in classical MSC markers limits their
value as metrics of quality. Other markers are much
more likely to discriminate differences between cell
populations in biological performance.

W-1008

ISOLATION AND DIFFERENTIATION

OF HUMAN ADIPOSE-DERIVED STEM
CELLS FROM FAT TISSUE BY MEMBRANE
FILTRATION METHOD

Higuchi, Akon’, Alarfaj, Abdullah?, Munusamy, Murugan?
and Suresh Kumar, Suresh Kumar?

'National Central University, Jhong-Li, Taiwan, ?King
Saud University, Riyadh, Saudi Arabia, University Putra
Malaysia, Selangor, Malaysia

Human adult stem cells, such as human adipose-derived
stem cells (WADSCs), are an attractive source of stem
cells in regenerative medicine. However, the isolated
hADSCs possess different purity levels and divergent
properties depending on the purification methods used.
We developed a hybrid-membrane migration method
that purifies hADSCs from a fat tissue solution with
extremely high purity and pluripotency. A primary fat-
tissue solution (SVF) was permeated through the porous
polymeric membranes with a pore size from 8 to 25
um, and the membranes were incubated in cell culture
medium for 15-18 days. The hADSCs that migrated from
the membranes contained an extremely high percentage
(e.g., >98%) of cells positive for mesenchymal stem cell
markers and showed one order of magnitude higher
expression of some pluripotency genes (Oct4, Sox2,
KlIf4 and Nanog) compared with cells isolated using the
conventional culture method. We found that we could
successively purify hADSCs by the hybrid-membrane
filtration method using (a) PLGA/silk membranes with
a pore size (r)=18.2-24.4 um, (b) nitrocellulose (NC-8,
r=8 um), (c) nylon mesh filter (NY-11, r=11 um) and (d)
polyurethane (PU-11, r=11 um). The porous membranes
having variety of synthetic materials could be used in
this method. However, porous membranes made of
extracellular matrices (ECMs) and membranes coated
with ECMs was less effective to use in the purification
of hADSCs because of hADSCs adhesion on ECMs on
the membranes. Another important characteristics of
the membranes is the pore size. Almost no permeation
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of the primary fat-tissue solution (SVF) was observed
through the membranes having less than 8 um. When
the nylon mesh filter having r=20 um was used, we could
collect hADSCs by the membrane filtration method.
Furthermore, the yield of hADSCs became less than 10%
using the nylon mesh filter having r=40 um compared to
that purified using NY-11 from SVF solution. Therefore,
the optimal pore size of the membranes used in the
hybrid-membrane filtration method was determined in
the range of 8-25 um. hADSCs purified by the hybrid
membrane migration method showed much better
osteogenic differentiation ability than hADSCs isolated
from the conventional culture method.

Funding Source: A Grant-in-Aid for Scientific Research
(15K06591) from the Ministry of Education, Culture,
Sports, Science, and Technology of Japan and Deanship
of Scientific Research at King Saud University (No RG-
1435-065) are acknowledged.

W-1010

PEPTIDE YY RECAPITULATES THE
PROLIFERATIVE EFFECTS OF BFGF IN HUMAN
MUSCLE PROGENITOR CELLS IN LATE BUT
NOT EARLY PROLIFERATION

Gheller, Brandon John-Forde, Blum, Jamie, Roman,
Heather and Thalacker-Mercer, Anna
Cornell University, Ithaca, NY, USA

Satellite cells (SCs), skeletal muscle specific stem
cells, are integral to regeneration after injury or stress.
Microenvironment and systemic factors regulate
SC function and thus regeneration. Basic fibroblast
growth factor (bFGF) and high levels of serum facilitate
proliferation in cultured SCs (muscle progenitor cells,
MPCs). Peptide YY (PYY), which we have detected in
MPCs, may also play an important role. In proliferative
MPCs, PYY levels decrease after 168 h of proliferation.
After 72 h in normal growth medium, replacing bFGF
with exogenous PYY for 96 h promotes proliferation.
Exogenous PYY stimulates proliferation at the same
time-point endogenous PYY levels decline. Therefore,
our objective was to determine if the pro-proliferative
effect of PYY in the absence of bFGF is temporal in
nature. Human SCs were obtained from the vastus
lateralis of young (22-40 y) females (n = 5) and sorted
by FACS using SC specific markers. MPCs were cultured
in a modified growth medium (GM) of Ham’s F12, 20%
fetal bovine serum, and 1% antibiotics supplemented
with or without 5 ng/mL bFGF and 0.5 nM PYY creating
four conditions: 1) GM (GM-only); 2) GM + bFGF
(GM+bFGF); 3) GM + PYY (GM+PYY); and 4) GM +
bFGF and PYY (GM+bFGF+PYY). Medium was replaced
every 24 h for 10 d. Every 24 h an imaging cytometer
was used to measure confluence and count live/dead
cells after co-staining with Hoechst 33342 (nuclei) and
Propidium lodide (dead cells). Confluence was not



different among the conditions tested (P>0.05). After
168 h of growth, GM+bFGF and GM+bFGF+PYY had
more nuclei (approximately double) than GM-only (P <
0.05) and GM+PYY (P < 0.05). All medium resulted in
< 10% cell death. Cell death was lower in the GM+bFGF
medium compared to GM-only (P < 0.05), but cell death
in GM+bFGF was not different from GM+PYY (P>0.05).
Exogenous PYY did not rescue proliferation when
MPCs were seeded in medium without bFGF. Despite
a greater number of nuclei with bFGF containing
medium, the confluence increased similarly for all
conditions, suggesting increased cell size in cultures
lacking bFGF. While PYY and bFGF may both maintain
MPC proliferation, exogenous PYY alone cannot initiate
proliferation. Ongoing studies will elucidate the temporal
relationship between endogenous and exogenous PYY
on MPC proliferation and mechanisms driving this
relationship.

Funding Source: Canadian Institute of Health Research
Doctoral Foreign Study Award

W-1012

THE 2-OXOGLUTARATE ANALOGUE DMOG
COMPARED TO FE2+ DEPLETION ENHANCES
CHONDROGENESIS OF HUMAN BONE
MARROW MESENCHYMAL STROMAL CELLS
VIA HIF-1A

Taheem, Dheraj K., Loaiza, Sandra? Foyt, Daniel’, llic,
Dusko', Auner, Holger?, Grigoriadis, Agamemnon3, Jell,
Gavin* and Gentleman, Eileen3

'King'’s College London, UK, ?Centre for Haematology,
Department of Medicine, Imperial College London, UK,
3Craniofacial Development & Stem Cell Biology, Dental
Institute, King’s College London, UK, ‘Department of
Nanotechnology, Division of Surgery & Interventional
Science, University College London, UK

The chondrogenic differentiation of bone marrow
mesenchymal stromal cells (BM-MSC) is regulated
by hypoxia, the effects of which are mediated by the
hypoxia inducible factor (HIF) transcription complex.
HIF at normoxia is downregulated by the hydroxylases
prolyl hydroxylase 2 (PHD2) and factor inhibiting HIF
(FIH), which both utilise Fe2+ and 2-oxoglutarate (2-0OG)
to target the HIF-1a subunit. Stabilisation of HIF-Ta using
PHD2 inhibitors may therefore be an effective means to
control HIF activity and chondrocyte differentiation for
cartilage tissue engineering. We compared the effects of
hydroxylase inhibitors on human BM-MSC from healthy
paediatric donors, cultured in Transforming Growth
Factor B3-containing chondrogenic media (TGFB3-
CDM), examining HIF-1a function and chondrogenesis
by gRT-PCR and immunohistochemistry. The 2-OG
analogue, dimethyloxalylglycine (DMOG), and
compounds which reduce Fe2+ availability (cobalt
chloride and deferoxamine) mediated similar levels

of HIF-la nuclear localisation. Only DMOG however,
increased MRNA expression of chondrocyte markers,
SOX9 (p=0.0240), COL2A1 (p=0.0278) and enzymes
required for collagen matrix assembly, LOX (p=0.0027),
P4HA1 (p=0.0039) whilst reducing mRNA encoding
COLI0A1, a hypertrophic marker (p=0.0037). These
effects were abolished by the HIF-la inhibitor,
acriflavine, indicating that reduction in 2-OG availability,
but not Fe2+, increases the function of HIF-1a in the HIF
complex, without altering HIF-1a protein levels. FIH acts
to inhibit binding of co-factors to HIF-1q, as opposed to
PHD2 which reduces HIF-1a protein stability. Therefore
our observations suggest an effect on FIH and not PHD2
in governing expression of HIF targets in BM-MSC.
Despite DMOG’s role in upregulating the expression of
chondrogenic mRNA, immunohistochemical staining
showed decreases in cartilage-like matrix formation
compared to that induced by TGFB3-CDM only.
However, treating BM-MSC with DMOG for the last 7
days of chondrogenic differentiation resulted in mRNA
expression similar to that in response to constant
treatment, but without reduced collagen type Il protein
formation. Taken together, these data suggest the use
of 2-OG analogues to regulate HIF activity in BM-MSC,
and direct cartilage regeneration for repair of acute
chondral defects.

Funding Source: Orthopaedic Research UK
W-1014

A POSITIVE FEEDBACK MEDIATED BY
TWO RNA BINDING PROTEINS REGULATES
MYOGENESIS

Hu, Ping, Yang, Lele, Liu, Yan, Yang, Wenjun, Li, sheng,
Cheng, Hong and hui, Jingyi

Shanghai Institute of Biochemistry and Cell Biology,
Chinese Academy of Sciences, Shanghai, China

Myogenesis is a complex process orchestrated by
many factors to precisely regulate the proliferation and
differentiation of muscle stem cells. The transcriptional
regulatory network knitted by key myogenesis related
transcription factors such as MyoD and myogenin
has been well documented. The post-transcription
regulation steps have emerged to play critical roles
in myogenesis regulation. MyomiRs (miR1, miR133,
and miR206) and other miRs have been shown to be
among the key regulators of myogenesis. However, the
role of RNA binding protetins coupled miR processing
in myogenesis has not been well documented. We
found that RNA binding protein HUR and Msi2 work
coordinately to regulate the processing of microRNAs.
HuR forms the basic scaffold to recruit another RNA
binding protein Msi2. The amount of Msi2 serves as a
trigger for the processing of pri-miR7. Sufficient amount
of Msi2 will prevent the processing of pri-miR7 and
facilitate muscle stem cell differentiation. To initiate this
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process, more HUR protein was exported to cytoplasm.
The cytoplasmic HUR can bind the 3 UTR of Msi2 and
facilitate its translation. More Msi2 protein was produced
and imported to the nuclei. Therefore, more Msi2 was
recruited to the Msi2-HUR complex to prevent miR7
processing and further enhance differentiation of muscle
stem cells. The positive feedback circuit mediated by
HuR and Msi2 facilitate the efficient differentiation of
muscle stem cells.

W-1016

APOLIPOPROTEIN A-I PINPOINTED BY A
HIGH THROUGHPUT SCREEN PREVENTS
OSTEOPOROSIS IN TRANSGENIC MICE AND
TREAT OSTEOPOROSIS BY THE APPLICATION
OF I-BET151

Lu, Jean', Liu, Yu-Chuan?, Huang, Wei-Kai*, Chang,
Ching-fangd’, Lin, Hsuan?, Lee, Yi-Hsuan' and Lu, Frank
Leigh®

"Academia Sinica, Taipei, Taiwan, °Genomics Research
Center, Academia Sinica, taipei, Taiwan, >John Hopkins,
Baltimore, USA, “National Taiwan University, Taipei,
Taiwan, *Department of Pediatric, National Taiwan
University, Taipei, Taiwan

By a high throughput screen with 12380 cDNA, we
discovered that ApoA-l could significantly promote
osteogenic  differentiation of human  primary
mesenchymal stem cells in vitro. ApoA-1transgenic mice
increase the CFU-ALP, while knockout mice decrease
it. Elevated ApoA-l expression efficiently prevented
osteoporosis in  ovariectomized mice that mimic
postmenopausal osteoporosis in human. Interestingly,
thetreatment of I-BET151,an ApoA-Tinducer, significantly
treat osteoporosis. The bone density of the mice is
equivalent to the wild-type mice that performed the
sham surgery control. ApoA-I promoted osteogenesis
through concurrently increasing osteoblast numbers
and inhibited osteoclastogenesis through decreasing
osteoclast numbers. Of note, ApoA-lI significantly
increased the expressionamounts of CXCL 6 and 8 during
osteogenesis that is mediated through STAT3. Both
CXCL6 and CXCLS8 are essential for ApoA-I-mediated
osteogenesis. However, only CXCL6 but not CXCLS,
is sufficient to trigger osteogenesis in the absence of
ApoA-I. Thus, although different chemokines have the
same cognate receptor(s), different chemokines might
still have different ability to alter MSC differentiation.
Therefore, the roles of chemokines in osteogenesis
remain unclear. We will perform transcriptomic analysis
to measure the effects of additional chemokines on
osteoporosis.

Funding Source: This project was supported by national
health research institute (NHRI-EX106-10415S1),
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W-1018

VASCULAR ENDOTHELIAL GROWTH FACTOR
MAY IMPAIR PRO-CHONDROGENIC ACTIVITY
OF PLATELET RICH PLASMA ON HUMAN
ADIPOSE STEM CELLS

Liou, Jr=-Jiun J. and Tuan, Rocky
University of Pittsburgh, PA, USA

Autologous cell-based repair of cartilage injury,
e.g., autologous chondrocyte implantation (ACI), is
limited by donor site morbidity and the need for ex
vivo chondrocyte expansion. Mesenchymal stem cells
(MSCs), which are more accessible and have extensive
expansion and chondrogenic potential, represent an
alternative cell type for cartilage repair. Platelet-rich
plasma (PRP), a popular biologic-based treatment
for injured/inflamed articular joint, has previously
been shown to promote stem cell proliferation and
tissue healing. To test the effect of PRP on MSC
chondrogenesis, MSCs were isolated from infrapatellar
fat pad (IFP-ASCs) of arthroplasty donors and PRP
was collected from anticoagulated human whole blood
and activated with CaCl2. For pellet culture, IFP-ASCs
were pelleted in chondrogenic medium supplemented
with different PRP concentrations (1, 5, 10, and 20%)
for different durations (1-, 3-, 7-, and 21-day pulse at the
beginning of culture period). For 3D culture, IFP-ASCs
were resuspended in methacrylated gelatin/hyaluronic
acid and photopolymerized as hydrogel constructs. Our
results showed that increasing duration of PRP exposure
corresponded to decreased expression of collagen
type Il (COL2) and aggrecan (ACN), while varying PRP
treatment duration did not affect DNA content, but
proportionally decreased GAG/DNA content in IFP-
ASC pellet cultures. Histological examination showed
that increasing PRP treatment time led to decreasing
deposition of cartilage-specific extracellular matrix in
IFP-ASC pellets, including proteoglycans and COL2.
Similar results were observed in 3D hydrogel cultures.
As vascular endothelial growth factor (VEGF), a growth
factor found in PRP, has been suggested to impair
chondrogenesis and cartilage repair, its involvement in
PRP action was tested here by examining the effect of
VEGF immuno-neutralization in IFP-ASC pellet cultures.
Our results showed that at day 7, ACN gene expression
decreased in the PRP group but addition of anti-VEGF
antibody ablated this reduction. Taken together, our
findings suggest that although PRP is reported to be
beneficial for pain relief and joint function improvement,
it may not enhance hyaline cartilage formation, likely
due to the adverse effect of VEGF on chondrogenic
differentiation.

Funding Source: This work is funded by US Department
of Defense (W81XWH-14-2-0003) and International
Foundation for Ethical Research (IFER).



W-1020

MOLECULAR MECHANISMS OF CELL
ADHESION AND ACTIN TENSION IN THE
REGULATION OF HUMAN ADIPOSE STEM
CELL ADIPOGENIC AND OSTEOGENIC
DIFFERENTIATION

Hyvadri, Laura, Ojansivu, Miina, Juntunen, Miia,
Kartasalo, Kimmo, Miettinen, Susanna and Vanhatupa,
Sari

BioMediTech, University of Tampere, Tampere, Finland

Cell adhesion and cytoskeletal tension are known to
guide the differentiation of mesenchymal stem cells.
Cell adhesion is mediated mainly through integrins and
focal adhesion proteins, such as focal adhesion kinase
(FAK). FAK is interconnected with signaling pathways
including extracellular signal-regulated kinase (ERK)
and cytoskeleton -related Rho-Rho-associated protein
kinase (ROCK) pathway and its downstream mediator
myocardin related transcription factor-A (MRTF-A).
However, the role and interplay of these mechanisms
in the regulation of human adipose stem cell (hASC)
differentiation remains unclear. The present study
assesses these cell signaling mechanisms in hASC
differentiation by wusing small molecule inhibitors
against FAK, ERK and ROCK-MRTF-A pathways.
Differentiation capacity of the hASCs is evaluated
under basic, osteogenic and adipogenic media using
RT-PCR, and analyses of alkaline phosphatase activity,
matrix mineralization and lipid accumulation. Our
results indicated that the inhibition of FAK, ERK and
ROCK function suppressed both cell proliferation and
osteogenic differentiation dose-dependently suggesting
that the activity of these pathways is required for
the osteogenic fate of the hASCs. ERK inhibition was
found to reduce the adipogenic differentiation as well.
FAK suppression decreased the cell density, while
adipogenesis of the remaining cells was stimulated.
Inhibition of cytoskeletal tension with ROCK inhibition
resulted in increased adipogenesis, and the MRTF-A
inhibition was also shown to moderately enhance the
adipogenic outcome. These results suggest that the cell
adhesion and actin tension modulated by FAK, ERK and
Rho-ROCK-MRTF-A pathways are relevant regulators
of differentiation fate of hASCs.

W-1022

METABOLOMICS AS A SENSITIVE TOOL TO
ASSESS THE EFFICIENCY OF UMBILICAL
CORD BLOOD MESENCHYMAL STEM CELL
OSTEOGENIC DIFFERENTIATION

Klontzas, Michail E.!, Vernardis, Spyros', MacFarlane,
Robert!, Heliotis, Manolis?, Tsiridis, Eleftherios® and
Mantalaris, Athanasios'

'Biological Systems Engineering Laboratory, Imperial
College London, London, UK, ?2Department of Oral and
Maxillofacial Surgery, London North West Healthcare
NHS Trust, Northwick Park Hospital, London, UK,
SAcademic Orthopaedic Unit, Aristotle University
Medlical School, Thessaloniki & Imperial College London,
Thessaloniki, UK

Musculoskeletal regeneration with the use of umbilical
cord blood mesenchymal stem cells (UCBMSCs) holds
great clinical potential due to their high proliferation
capacity, low immunogenicity and the possibility of
autologous and off-the-shelf use. Current knowledge
on the metabolic transitions during the osteogenic
induction of MSCs is limited to energy production
pathways and the differences between the metabolic
effects of various osteoinductive agents still remain
unclear. Herein, we utilize gas chromatography-
mass spectrometry for the metabolomics analysis of
UCBMSCs differentiated into the osteoblastic lineage
under the effect of two commonly used osteoinductive
agents, dexamethasone and BMP-2. Metabolism
and differentiation of UCBMSCs was assessed at
day 7, day 14 and day 21 after induction with 100 nM
dexamethasone or 100ng/mL BMP-2 and compared to
the metabolism of undifferentiated MSCs and primary
osteoblasts. Culture mineralization was lower in the
BMP-2 group at the end of differentiation (P < 0.001)
and BMP-2 failed to increase alkaline phosphatase (ALP)
activity at all time points throughout the differentiation
process (P < 0.01). The superior osteoinductive
efficiency of dexamethasone was subsequently
reflected by metabolomics, where in contrast to BMP-
2, dexamethasone profiles demonstrated high similarity
to osteoblast profiles on principal component analysis
and hierarchical clustering. Significance analysis of
microarrays and on-network representation showed
that apart from a reduction in glycolytic activity and
increase in oxidative phosphorylation towards the end of
the differentiation, each agent resulted to a differential
pattern of non-linear metabolic shifts in glutaminolysis,
tricarboxylic acid cycle amino acid pools, threonine
and one-carbon cycle metabolism. Those results show
discrepancies in the osteogenic efficiency of the two
agents are reflected into the metabolic profiles with the
use of metabolomics. Moreover, complex fluctuations in
metabolic pathways during osteogenic differentiation
dictate revisiting of current culture strategies to enable
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customized, metabolism-tailored optimization of culture
protocols.

Funding Source: This project has received funding
from the European Union’s Horizon 2020 research and
innovation programme, under the Marie Sktodowska-
Curie grant agreement No 675585.

W-1024

HUMAN IPSC-DERIVED NOTOCHORDAL CELLS
IN PORCINE IVD DEGENERATION MODEL

Gazit, Zulma, Sheyn, Dmitriy, Ben-David, Shiran,
Tawackoli, Wafa, Chan, Virginia, Giaconi, Joseph and
Gazit, Dan

Cedars-Sinai Medical Center, Los Angeles, CA, USA

A link between back pain, experienced by 80% of the
adults and intervertebral disc (IVD) degeneration
was established in 40% of patients. Initiation of the
degeneration of the disc originates in the nucleus
pulposus (NP). As an avascular tissue, the NP possesses
minimal regeneration capacity. Notochordal cells (NCs)
are involved in NP development and homeostasis,
but disappear during maturation. The disappearance
of NCs correlates with the initiation of degeneration.
Human NCs are in short supply, therefore in this study
we generate them from iPSCs (iNCs). Human iPSCs,
reprogrammed from normal dermal fibroblasts using
non-integrating plasmids, were treated with GSK3i to
induce differentiation towards Primitive Streak cells
(PS). Following the treatment, the iPSCs changed
their morphology, PS markers were upregulated and
pluripotency markers were downregulated. Then PS
cells were nucleofected with Brachyury encoding
plasmid, encapsulated in a hydrogel that mimics the NP
environment and cultured in hypoxia (2% O2) and NP-
specific media. The gene expression analysis showed
the cells acquired and retained the NC phenotype for
up to 8 weeks. The iPSC-derived NCs (iNCs) were co-
cultured with mesenchymal stem cells (MSCs) in 1:1 ratio
and MSCs’ expression of the NP markers increased. To
evaluate the iNC paracrine effect, MSCs encapsulated
in alginate beads were grown in iNC-conditioned media
(iNC-CM) and induced significantly higher expression of
NP markers comparing to primary porcine NC-CM. IVD
degeneration in pigs was induced by annular puncture
and detected by MRI and histology. The iNCs were
labeled with Dil and injected into the NP 6 weeks post
annular injury. The IVDs were harvested 4 weeks after
injection. The iINCs were detected and IF stains showed
that their NC phenotype was consistent throughout
the study. The next step will be to co-inject the iNCs
with MSCs and to induce NP regeneration. We show
differentiation of iPSCs to functional iINCs following
the developmental pathway. No inflammation was
observed in the disc, reassuring the notion that NP is
immunoprivileged organ. The iNC affect MSCs in a
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paracrine manner, however they most probably do not
differentiate to NP cells in short period of time tested.
The iINCs have the potential to rejuvenate the NP, one of
the most commonly degenerating tissues of the body.

CARDIAC TISSUE

W-1026

NOVEL BIOLOGICAL ROLE OF SUBSTANCE P;
A BOOSTER FOR PROMOTES RIGHT ATRIUM
ENDOGENOUS C-KIT+STEM/PROGENITOR
CELL ACTIVATION VIA CXCR7-C-KIT
EXPRESSION

Jeong, Yun-Mi', Lee, Sora?, Xian Wu, Cheng?, Haneul,
Choi?, KyungHye, Lee® and Kim, Weon?

'Department of Cardiovascular Medicine, Kyunghee
Medlical Center, Seoul, Korea, °Department of
Cardiovascular of Internal Medicine, KyungHee
University, Seoul, Korea, KyungHee University, Seoul,
Korea

To improve the effective cardiac stem/progenitor
cell (CSC) therapy for the infarcted heart, we need to
challenge two factors: 1) chemical modulation using
agents; 2) strategies to enhance stem cell ability and
engraftment of both endogenous and exogenous
sources of CSCs. We demonstrate the unknown action
of neuropeptides substance P (SP) on c-Kit+CSCs. Using
a Sprague-Dawley rat ischemia/reperfusion-injury (I/R)
model at 1 day, we noted that endogenous c-Kit+CSCs
dramatically expanded in only the right atrium (RA)
of I/R with SP injection, which expresses higher levels
of c-Kit, pluripotency-associated markers, and CXCr7/
SDF-1a via NKI1R activation, compared with I/R groups.
Consistently, the SP/NKIR pathway up-regulates Akt/
CXCr7 and c-Kit activation, which resulted in enhanced
stem cell properties of c-Kit+CSC proliferation,
migration, cardiosphere formation, and potential to
differentiate into cardiomyocytes in vitro. Our findings
reveal a novel insight into how SP/NKIR signaling may
open possible enhancing strategies to target the basic
underlying endogenous RA CSCs-mediated cardiac
repair following I/R.

Funding Source: grant NRF-2012M3A9C6050507 and
NRF-2016R1A6A3A11933448 of the National Research
Foundation, Republic of Korea.
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HUMAN IPS CELL-ENGINEERED HEART TISSUE
TO REPRODUCE “TORSADE DE POINTES”
ARRHYTHMIA IN VITRO

Masahide, Kawatou', Masumoto, Hidetoshi', Fukushima,
Hiroyuki', Morinaga, Gaku?, Sakata, Ryuzo?, Ashihara,
Takashi* and Yamashita, Jun’

'Centre for iPS Cell Research and Application (CiRA),
Kyoto University, Kyoto, Japan, °Nippon Boehringer
Ingelheim Co. Ltd Kobe Pharma Research Institute,
Kobe, Japan, 3Cardiovascular Surgery, Department

of Cardiovascular Surgery, Kyoto University, Kyoto,
Japan, ‘Department of Cardiovascular Medicine, Shiga
University Graduate School of Medlicine, Shiga, Japan

“Torsade de Pointes” (TdP) is a serious arrhythmia
that compromises clinical health care and drug
discovery. Although numerous attempts to reproduce
arrhythmias in vitro have been made with ion channel
transgenic cell models or human induced pluripotent
stem cell (hiPSC)-derived cardiomyocytes, such
simple 2-dimensional (2D) cell culture system was
insufficient to reproduce actual occurrence of TdP.
Here we show an in vitro drug-induced TdP model
using hiPSC-derived cardiac tissue sheets (CTSs).
With the use of temperature-responsive culture dishes
(UpCell; CellSeed, Tokyo, Japan), we prepared CTSs
as a 3D structure that contained a mixture of hiPSC-
derived cardiomyocyte and non-myocytepopulations.
We simultaneously monitored the extracellular field
potential (EFP) of CTSs with a multi-electrode array and
the cellular movement of contraction in CTSs with a live
cell imaging system (Motion Vector Prediction; Sony,
Tokyo, Japan). Upon treatment of an IKr channel blocker,
E-4031, prolongation of field potential duration, which
corresponds to QT-prolongation in electrocardiogram,
was observed. Furthermore, CTSs exhibited reentrant
tachyarrhythmias not only as a typical polymorphic
EFP pattern but also as the reentrant spiral wave
propagation accompanied by meandering of the
waveform center which is a characteristic of TdP. The
induction rate of TdP-like waveform in cell sheets with
the mixed cell populations was 80% (12/15), whereas
that in cell sheets with cardiomyocytes alone was 0%
(0/18) (p < 0.001). The TdP-like waveform induction rate
in 2D culture condition with the mixed cell populations
was only 30% (3/10) (p < 0.05). These results indicate
that the heterogeneity of the cellular components
and the multi-layered 3D structure are both essential
factors for reproducing TdP-like arrhythmia in vitro.
Thus, we succeeded in inducing and visualizing TdP-
like arrhythmia in our novel in vitro model using entirely
stem cell-derived human heart tissue. This model would
broadly contribute to provide novel understanding and
analyzing method of TdP as actual tissue behaviour by
3D in vitro modelling.

Funding Source: This study was funded by research
grants from Japan Agency for Medical Research and
Development, Nippon Boehringer Ingelheim Co. Ltd.
and Takara Bio Inc.

W-1030

IN VITRO DRUG SCREENING ON FABRY
DISEASE MODEL WITH CRISPR/CAS9-
MEDIATED GLA GENE KNOCKOUT

Tien-Chun, Yang', Song, Hui-yung? Chiang, Huai-chih?
and Chiou, Shih-Hwa?

"Taipei Veterans General Hospital, Taiepi, Taiwan,
?National Yang Ming University, Taipei, Taiwan

The CRISPR / Cas9 gene editing system is a powerful
tool that can be used to generate mutations, deletions
and corrections of genes in human cells. However,
how to apply this tool to Fabry disease (FD) is worth
exploring. Enzyme replacement therapy (ERT), a
regular administration of recombinant human alpha
Gal A (rha-GLA), is a currently available and effective
treatment to clear the accumulated GL-3 in FD
patients. However, the rha-GLA is physiologically
instable and quickly degraded in cells. Moreover, lack
of an appropriate in vitro disease model restricted the
high throughput drug-screening for improving ERT
efficacy. In addition, the lack of appropriate in vitro
disease model is used to carry out studies to improve
enzyme replacement therapy. Therefore, it is worth to
establish a in vitro model of FD for screening potential
candidates that can enhance and prolong ERT potency
or half-life. In 293Tcells, knockout of the GLA gene using
CRISPR / Cas9 technology resulted in GLA-null cells
with a clear background of GLA and used to study the
pharmacokinetics of rha-GLA cells. The administrated
rha-GLA was decreased with time and had a half-life
of 24 hrs in the GLA-null cells; co-administration of
MG132 and rha-GLA significantly restored the GLA
enzyme activity by two-folds compared with rha-GLA
alone. In addition, co-treatment with rha-GLA / MG132
in patient-derived fibroblasts resulted in an increase in
GL-3 clearance of 30% compared to rha-GLA alone.
Collectively, CRISPR / Cas9-mediated GLA knock-out
of HEK293T cells can be used to assess the intracellular
pharmacokinetics of rha-GLA as well as in vitro FD
models for screening for prolonging rha-GLA potency.
To shed light on the direction of enhancing ERT efficacy
in FD treatment, we established an effective in vitro
model and demonstrated that co-treatment of MG132
prolonged the half-life of rha-GLA and enhanced the
clearance of GL-3.
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CRISPR CAS9-BASED TARGETING OF
FLUORESCENT REPORTERS TO HUMAN IPSCS
TO ISOLATE ATRIAL AND VENTRICULAR-
SPECIFIC CARDIOMYOCYTES

Chirikian, Orlando N.!, Dzilic, Elda?, Shieh, Alice?,
Ribeiro, Alexandre?, ltzhaki, llanit?, Serpooshan, Vahid?,
Li, Guang? Sharma, Arun?, Zhang, Yuan?, Plonowska,
Karolina?, Kumar, Anusha?, Wu, Joseph?, Pruitt, Beth?
and Wu, Sean?

'Stanford University School of Medicine, Stanford, CA,
USA, 2Stanford, Stanford, CA, USA,

The discovery of induced pluripotent stem cell (iPSC)
and CRISPR/Cas9 technologies has made it possible
to investigate cardiovascular diseases with increased
efficiency. Human iPSC-derived cardiomyocytes
(hiPSC-CMs) have demonstrated significant promise
for drug screening, disease modeling, and regenerative
medicine applications. However, current approaches
to generate hiPSC-CMs lead to a heterogeneous cell
mixture containing atrial, ventricular, and nodal cells,
limiting the accuracy and consistency of their read
out. Here, using the CRISPR/Cas9 technology, we
demonstrated the development of ventricular and
atrial-specific fluorescent reporter lines by targeting
the highly conserved chamber-specific genes MYL2
and SLN, respectively. We showed high efficiency
insertion of MYL2-tdTomato (78%) and SLN-eGFP
(86%) targeting cassettes into the expected genome
loci following nucleofection and antibiotic selection.
The MYL2-targeted hiPSC reporter lines expressed
tdTomato in 57.8% of beating cardiomyocytes. By gPCR
analysis, MYL2-tdTomato hiPSC reporter lines showed
downregulated expression of pluripotent markers
such as Nanog and Oct-4 and progressively increasing
expression of cardiac genes such as cTNT, cardiac actin,
and MYL2 over time. Immunohistochemical analysis
confirmed the specificity of tdTomato expression
in  MYL2-expressing cardiomyocytes. Furthermore,
single cell-based assessment of electrophysiological
characteristics by patch clamp recordings validated
the ventricular phenotype of the dTomato+ cells while
traction force microscopy showed increased contractile
force. The availability of a reliable method to isolate
atrial and ventricular-specific cardiomyocytes from
healthy and patient-derived hiPSCs should significantly
improve the consistency and reliability of hiPSC-CMs for
drug screening and disease modeling.
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EFFICIENT PRODUCTION AND PROCESSING
OF CARDIOMYOCYTES FROM HUMAN
PLURIPOTENT STEM CELLS USING STEMDIFF™
CARDIOMYOCYTE PRODUCTS

Macri, Vincenzo S.', Norberg, Jessica', Umali, Colleen’,
Sampaio, Arthur!, Thomas, Terry', Eaves, Allen?,
Szilvassy, Stephen' and Louis, Sharon®

ISTEMCELL Technologies, Vancouver, BC, Canada, °Terry
Fox Laboratory, Vancouver, BC, Canada, SResearch and
Development, STEMCELL Technologies Inc., Vancouver,
BC, Canada

Human pluripotent stem cell-derived cardiomyocytes
(hPSC-CMs) are used for disease modelling, drug
discovery, and toxicology screening. However, the
efficiency of producing hPSC-CMs is variable and,
once established in culture, processing of hPSC-
CMs for downstream assays is cumbersome. To
overcome these limitations, we developed a complete
workflow comprising several novel products: 1)

STEMdiff™ Cardiomyocyte Differentiation Kit, 2)
STEMdiff™ Cardiomyocyte Maintenance Kit, 3)
STEMdiff™ Cardiomyocyte Dissociation Kit, 4)
STEMdiff™ Cardiomyocyte Freezing Medium, and

5) STEMdIiff™ Cardiomyocyte Support Medium. The
STEMdiff™ Cardiomyocyte products are compatible
with TeSR(TM)-E8(TM) and mTeSR(TM)1 media. The
STEMdiff™ Cardiomyocyte Differentiation Kit produces
a confluent beating monolayer of hPSC-CMs at day 15
of the differentiation protocol. More than 80% of the
cells express cardiac Troponin T with a yield of >1x106
cardiomyocytes per well from 12-well plates seeded with
all hPSC lines tested. The STEMdiff™ Cardiomyocyte
Maintenance Kit maintains the health, quality and
excitability of the hPSC-CMs for at least 1 month. Once
the confluent beating monolayer of cardiomyocytes is
established, cultures canbe quickly and easily dissociated
into single cells using the STEMdIiff™ Cardiomyocyte
Dissociation Kit, producing >80% viable cardiomyocytes.
The dissociated single cardiomyocytes can be safely
cryopreserved using STEMdIiff™  Cardiomyocyte
Freezing Medium. The cryopreserved cardiomyocytes
can then be successfully thawed and replated using
STEMdiff™ Cardiomyocyte Support Medium, producing
>75% viable cardiomyocytes. In summary, the STEMdiff™
Cardiomyocyte products facilitate the robust production
and maintenance of hPSC-CMs, and their processing
to yield high quality, viable cells during dissociation,
harvesting, cryopreservation, and re-plating. Such
hPSC-CMs can then be used for a variety of downstream
applications including FACS, immunocytochemistry,
and electrophysiology.



W-1036

APPLYING IPSC TECHNOLOGY,
NANOTECHNOLOGY, AND BIOINFORMATICS
IN BIOMIMIC MODELS OF CARDIOMYOCYTE
INJURY AND RESTORED THERAPEUTIC
CONTRACTILITY

Paluh, Janet', Bourgeois, Julianna?, Otu, Hasan® and
Rasmusson, Randall*

ISUNY Polytechnic Institute Colleges of Nanoscale
Science & Engineering, Albany, NY, USA,
?’Nanobioscience, SUNY Polytechnic Institute, Albany,
NY, USA, 3Electrical and Computer Engineering,
University of Nebraska-Lincoln, Lincoln, NE, USA,
“Physiology and Biophysics, SUNY Buffalo, Buffalo, NY,
USA

Heart disease remains prevalent across the world as
the number one killer spanning diverse populations.
Stem cell based cardiomyocyte therapies have shown
potential to play a critical role in recovery from
myocardial infarctions directed at improving short
and long-term outcomes of heart disease. However,
cardiomyocyte therapeutic cells fromn multiple sources of
adult, embryonic, and induced cells show differences in
clinical trials that requires a more detailed understanding
of the derived cardiomyocytes and their ability to
integrate and direct changes. By use of transcriptomics,
epigenomics, and bioinformatics analysis coupled
with biomarker and functional analysis we previously
evaluated replicate lines of ethnically diverse iPSC-
derived cardiomyocytes. That study provided a first step
using diverse donor tissues to generate cardiomyocytes
and evaluate differences in differentiation pathways
critical for function. Towards advancing cell therapeutic
goals for cardiac health that use diverse iPSC derived
cardiomyocytes we are now using these iPSC lines in
combination with nanotechnology to establish a 3D
model of infarction and repair in a dish to understand
cardiomyocyte grafting and electromechanical coupling.
Hypoxic damage is induced chemically by CoCl2 and
by hypoxic chambers for comparison. By multifactorial
analysis we evaluate cell biological parameters,
including functional biomarkers, adherens and gap
junctions, and cardiomyocyte or fibroblast characters
to gauge electromechanical coupling with repairing
cardiomyocytes. We are also tracking gene expression
in GO pathways previously identified in our study and
in others as relevant to successful contractility. The
longterm goal of this work is to establish a reliable in
vitro model for evaluation of cell therapeutic potential
of cardiomyocytes. Such models could facilitate drug
screening as well as expand our understanding of
timelines, biomarkers and cell-integration/scarring
and innervation. Such a detailed understanding is
expected to be vital to advance and optimize future
cardiomyocyte based therapies.

Funding Source: This work was supported in part by
NYSTEM C026186.

ENDOTHELIAL CELLS AND
HEMANGIOBLASTS

W-1038

BST2 ENHANCED OEC AND EC ADHESION IN
ACUTE VASCULAR INJURY

Chang, Hyun-Kyung', Lee, BomNaeRin?, Son,
YeonSung? Kim, Pyung-Hwan?, Kwon, Sang-Mo* and
Cho, Je-Yoel?

'College of Veteriary Medicine / Seoul National
University, Seoul National University, Seoul, Korea,
2Seoul National University, Seoul, Korea, SKonyang
University, Deajeon, Korea, “College of Medical Science,
Pusan National University, Yangsan, Korea

Outgrowth endothelial cells (OECs), the subtype of
circulating endothelial progenitor cells (EPCs), home to
injured vessel, initiating blood vessel regeneration. This
process requires OECs initial adhesion to endothelial
cells within the wounded site. Since its characteristic
circulatory nature, injecting isolated OECs display
troubling issues that injected OECs disperse through
the blood vessel. In this study, we investigated IFN-r
treated OECs enhanced wound healing through BST2-
induced adhesion to endothelial cells. We found that
IFN-r significantly up-regulated BST2 expression in both
OECs and ECs. Up-regulated BST2 enhanced OECs to
ECs interaction. However, IFN-r induced BST2 did not
affect OECs adhesion independently. We found out
BST2 increased OECs adhesion to ECs through tight
homophiliac interaction of its extracellular domain
(ECD). Treatment of BST2 ECD prior to OECs to ECs
interaction decreased OECs adhesion to ECs. To find
out whether there is adversary effect of treating IFN-r
to OECs, we examined angiogenesis, migration and
proliferation after treating IFN-r. We found out there
was no effect of treating IFN-r to isolated OECs. Finally
we injected IFN-r treated OECs to the wounded tail vein.
We found out superior therapeutic effects on wound
closing than injecting OECs alone or treating with BST2
ECDs to OECs prior to injection. Our data provide useful
tool to enhance OECs adhesion to promote vessel
regeneration and wound closing.

Funding Source: This research investigation was
supported by grants from the National Research
Foundation (NRF) funded by the Ministry of Science, ICT
and Future Planning (grants No. 2012M3A9C6049716).
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ROLE OF CXCR2 IN N-ACETYLATED
PROLINE-GLYCINE-PROLINE (AC-PGP)-
INDUCED ENDOTHELIAL PROGENITOR
CELLS MOBILIZATION AND VASCULAR
REGENERATION DURING THE REPAIR OF
HINDLIMB ISCHEMIA

Kwon, Yang Woo/, Jang, Il Ho?, Yoon, Jung Won3, Lee,
Tae Wooks3, Park, Gyu Tae® and Kim, Jae Ho®

'Pusan National University, Yang san-si, Korea, 2School
of Dentistry, Pusan National University, Yangsan, Korea,
3School of Medicine, Pusan National University, Yang
san, Korea

Various therapeutic approaches to treat ischemic
diseases using endothelial progenitor cells (EPCs) have
been developed, in which EPCs integrate into blood
vessels or stimulate neovascularization in the ischemic
tissues. Therefore, mobilization and recruitment of
bone marrow (BM)-derived EPCs are critical for de
novo repair of ischemic tissue with neovascularization.
Thus, the improvement in mobilization and recruitment
of EPCs to sites of ischemic injury will enhance the
therapeutic potential of EPCs and the regeneration of
damaged tissues. Chemokine receptor 2 (CXCR2), a
receptor of interleukin 8 (IL-8), mediates .inflammatory
cell migration and angiogenic responses. We
hypothesized that CXCR2 is involved in the mobilization
and recruitment of EPCs from BM to the site of ischemic
injury for tissue protection via neovascularization. We
evaluated the role of CXCR2 in angiogenesis and tissue
regeneration by stimulating EPCs with Acetylated Pro-
Gly-Pro (Ac-PGP), which is the endogenous degradation
product of extracellular collagen and binds to CXCR2.
Intramuscular injection of Ac-PGP at ischemic hindlimb
promoted blood perfusion, neovascularization, and
limb salvage. The mobilization of Flk-1+ Sca-1+ EPCs in
peripheral blood increased after intramuscular injection
of Ac-PGP, which peaked on day 3 after ischemia
induction. Furthermore, in chimeric mice in which BM
was reconstituted from GFP mice, Ac-PGP stimulated
recruitment of BM-derived EPCs in ischemic hindlimb
and incorporation of GFP-positive cells to newly-
generated ILB4- and «a-SMA-positive blood vessels,
which verifies the contribution of BM-derived EPC
to neovascularization during the repair of ischemic
hindlimb. In CXCR2 knockout mice, Ac-PGP-induced
EPC mobilization, de novo neovascularization, and
ischemic hindlimb salvage were significantly declined.
These results suggest that Ac-PGP has a therapeutic
effect by stimulating neovascularization through
mobilization of BM-derived EPCs via CXCR2-dependent
mechanism.
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GENERATION OF MONOCYTE DERIVED
DENDRITIC CELLS USING XENO-FREE
CLINICAL GRADE HUMAN PLATELET LYSATE

Ma, Yiwei', Reilly, Samantha’, Fischer, Stephen', Selvaraj,
Ahalya?, Smith, Caitlin? and Samberg, Meghan'

'R&D, Compass Biomedical, Inc., Hopkinton, MA, USA,
?R&D, Compass Biomedical, Cleveland, OH, USA

Dendritic cells (DCs), a major antigen-presenting cell
type, have been used widely for vaccine development in
cancer immunotherapy. Among all the sources of DCs,
those derived from CD14+ monocytes (Mo-DCs) are
favored for therapeutic use because they: 1) have strong
T cell immunity inducing ability, 2) are relatively easy to
generate, and 3) do not require cytokine pretreatment.
Clinical manufacturing of Mo-DCs has traditionally relied
on the use of either fetal bovine serum (FBS) which
poses potential risks for viral and prion transmission
as well as for adverse immunological reactions, or
human AB serum (hABS) which is collected from a
small number of donors and has considerable lot-to-lot
variability. To address these issues, we have developed
a method for Mo-DC production using a xeno-free cell
culture supplement: PLUSTM human platelet lysate.
PLUSTM is manufactured in large lots under Good
Manufacturing Practice (GMP) standards using platelet
units obtained from AABB-accredited blood banks. We
undertook this study to characterize the maturation
state and functionality of PLUSTM-generated Mo-DCs
in comparison to those generated using FBS or hABS.
To perform the experiments, freshly isolated CD14+
monocytes (n=3) were differentiated into immature Mo-
DCs by 4-days incubation in RPMI 1640 containing IL-4
(400 U/mL), GM-CSF (1000 U/mL) and either 5-10%
FBS, 2.5-5% hABS, or 2.5-5% PLUS™, followed by 2-days
maturation in FBS, hABS, or PLUSTM supplemented
media with either TNF-qa, IFN-y or lipopolysaccharide.
Flow cytometry analysis demonstrated that PLUSTM-
generated Mo-DCs had a mature phenotype, with
equivalently negative CD14 expression and equivalently
positive CD209, CD83, CD86 and HLA-DR expression
as FBS and hABS generated Mo-DCs. Phagocytosis
of FITC-dextran was similar for Mo-DCs generated
under all culture conditions. In a 6 day co-culture
study, PLUS™-generated Mo-DCs stimulated allogeneic
T cell proliferation as efficiently as FBS and hABS.
Antigen expressions, dextran phagocytosis, and T cell
stimulation were consistent between all maturation
pathways and were independent of FBS, hABS, or
PLUSTM concentration. These studies demonstrate that
PLUS™ human platelet lysate can successfully replace



FBS or hABS for ex vivo production of clinical-grade
Mo-DCs for immunotherapy applications.

W-1044

A HUMAN IPS MODEL IMPLICATES
EMBRYONIC B-MYELOID FATE RESTRICTION
AS A DEVELOPMENTAL SUSCEPTIBILITY TO
ETV6-RUNX1

Boiers, Charlotta’, Richardson, Simon?, Zriwil, Alya’,
Laycock, Emma?, Turati, Virginia?, Brown, John?, Wray,
Jason?, Wang, Dapeng?, James, Chela?, Herrero, Javier?,
Sitnicka, Ewa', Karlsson, Stefan', Smith, Andrews?,
Jacobsen, Sten Eirik* and Enver, Tarig?

'Lund University, Lund, Sweden, 2UCL, Cancer Institute,
London, UK, 3SMRC, Oxford, UK, “Karolinska Institutet,
Stockholm, Sweden

Childhood acute lymphoblastic leukemia (cALL) is
clinically distinct from that in adults with a higher
incidence, better prognosis and distinct mutational
spectrum. One hypothesis for this difference is that
cALL arises in transient cells unique to early human
development. We explored this in ETV6-RUNX1 cALL
where evidence from twins and neonatal heel prick
testing has shown that this mutation arises in utero
and is an initiating event. We characterized B-lymphoid
development in first trimester human embryos aiming
to identify a transient compartment vulnerable to the
pre-leukemic initiating effect of ETV6-RUNXIT, the most
common mutation in cALL. The first B cells emerging in
human ontogeny uniformly express surface IL7 receptor
(IL7R) and appear to derive from a CD19 negative IL7R+
progenitor compartment. The IL7R+ progenitor has
B and myeloid potential in vitro and single cell gPCR
analysis revealed a transition during development from
a primarily myeloid to a predominantly lymphoid state,
transiting through a B-myeloid state that was rare or
not present at other developmental stages investigated.
In vitro B cell differentiation of human pluripotent
stem cells (hPSCs) recapitulates these features. Global
gene expression analysis further supports that in vitro
differentiation of hPSCs closely resembles what is
seen during human development, thereby providing a
tractable and developmentally relevant model in which
to study pre-leukemic initiation of cALL. hPSCs were
genomic engineered to express ETV6-RUNX1 from
the endogenous ETV6 locus. Differentiation of ETV6-
RUNX1+ hPSCs demonstrated impairment of B lineage
commitment from the IL7R+ compartment, blocking
differentiation and producing proB cells that aberrantly
co-express B and myeloid genes and that retain myeloid
potential. We propose that the lineage dynamics of the
fetal IL7R+ compartment are particularly susceptible to
dysregulation by ETV6-RUNXI, thereby providing an
explanation for the childhood restriction of cALL.

Funding Source: Wellcome trust Research Training
Fellowship, UK NIHR Academic Clinical Fellowship,
Swedish Childhood Cancer Foundation, Swedish Cancer
Society, Crafoord foundation, Hemato-Linné Grant,
Tobias Foundation and Bloodwise.
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REAL-TIME PLATELET PRODUCTION FROM
HUMAN IPS-DERIVED MEGAKARYOCYTES IN
A MICROPILLAR-TEXTURED MICROFLUIDIC
CHIP

Sicot, Geraldine', Khelloufi, Kamel', Magniez, Aurelie’,
Le Goff, Anne? Corbineau, Sebastien?, Nivau, Audrey’,
Hamdi, Feriel', Teste, Bruno?, Debili, Najet3, Reyssat,
Mathilde? and Baruch, Dominique*

'PlatOD, Paris, France, 2ESPCI Gulliver, UMR 7083,
Paris, France, 3SINSERM UT170, Villehuif, France, “PlatOD,
UMRI140, Paris, France

Bioreactors that recapitulate some features of the bone
marrow microenvironment and cell reprogramming
techniques to produce megakaryocytes (MKs) represent
major improvements towards ex vivo platelet generation
for therapeutic applications to treat or prevent bleeding
in severe thrombocytopenic patients. In this study, we
provide evidence of efficient production of platelets,
based on a new microfluidic chip that upregulates and
synchronizes platelet production by exposure of MKs to
von Willebrand Factor (VWF) at a high shear rate. Mature
MKs are directly injected into microchannels comprising
arrays of VWF-coated pillars acting as anchors.
Captured MKs adopt a beads-on-a-thread conformation
before being fragmented into proplatelets and releasing
platelets in the flow of the perfusion. MKs derived
from hUES cells and iPS cells, as well as from primary
hematopoietic stem cells (HSC), including cord blood
and peripheral blood, underwent similar sequences of
fragmentation into proplatelets and platelets, indicating
an efficient and robust process. Time-lapse observation
allowed measuring single MK elongation velocity, as
well as number of releasable platelets per MK, calculated
as ratio of released bead volume / smallest volume of
released element defined as a platelet. In each of the 4
experiments, mean elongation velocities of MKs obtained
from hUES cells and iPS cells were calculated and varied
between 23.7 and 48.1 um/min and 30.0 and 57.3 ym/
min, respectively. These values were slightly higher
than those of 19 um/min previously reported using iPS-
derived MK in another platelet bioreactor. The number
of releasable platelets per MK varied between 20 and
800, and 39 and 833, for MK derived from hUES cells
and iPS cells, respectively. Newly formed platelets were
collected for characterization showing specific hallmarks
of platelet such as CD42b expression and the presence
of a tubulin ring. In conclusion, these data indicate that
high numbers of platelets are releasable from iPS cell-
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derived MK anchored onto VWF-coated micropillars
at high shear rates and provide an innovative way to
overcome the limitations of low platelet shedding from
iPS cell-derived MKs in static conditions.

Funding Source: Anne Le Goff, Bruno Teste and
Sebastien Corbineau were funded by ANR-RPIB
PLASMIS.
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EXPANSION OF HSCS FROM CORD BLOOD
CD34+ CELLS BY VALPROIC ACID REQUIRES
BOTH MITOCHONDRIAL REMODELING AND
P53

Papa, Luena’, Zimran, Eran?, Djedaini, Mansour® and
Hoffman, Ronald?®

'lcahn School of Medicine at Mount Sinai, Manhattan,
NY, USA, ?Hematology and Oncology, Icahn School
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SHematology,/Oncology, Icahn School of Medicine,
Manhattan, NY, USA

The use of Umbilical Cord Blood (UCB) as a graft for
adults has been restricted due to the limited numbers
of HSCs. We have previously reported that UCB CD34+
cell number can be expanded by ex vivo treatment with
a cytokine combination and the histone deacetylase
inhibitor, valproic acid (VPA). We show that VPA
triggered two distinct phases of HSC behavior. The
first phase was characterized by a slight increase in the
numbers of HSCs due to expression of pluripotency
genes. The second phase was characterized by a greater
number of cell divisions and loss of quiescence. These
events resulted in a drastic increase in the number of
phenotypically defined HSCs. VPA-induced HSCs
maintained a mitochondrial profile characterized by
low mitochondrial potential, ROS levels and mass. The
low metabolic profile was correlated with a primitive
mitochondrial network comprised of cristae-poor
mitochondria. Notably, these events are reversible and
do not result in the malignant transformation of the
CD34+ cells. Removal of VPA from the culture after
24, 48 and 72hrs of incubation suppressed the HSC
expansion and increased mitochondrial ROS, mass
and potential. Thus, the epigenetic reprograming and
mitochondrial remodeling triggered by VPA were
tightly linked to fuel dedifferentiation of CD34+ cells
into HSCs. Besides remodeling the mitochondrial
network, the ex-vivo expanded HSCs transiently
upregulated p53. P53 inhibition by siRNA and pifithrin-a
led to a significant reduction of the HSC pool induced
by VPA. The diminished expansion was correlated with
a significant elevation of the mitochondrial ROS, but
not the mitochondrial mass. P53 inhibition suppressed
MnSOD and sestrin2, both critical for the antioxidant
defense mechanism. Conversely, co-treatment with VPA
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and anti-oxidant NAC or nutlin (1uM), an inhibitor of p53
degradation decreased further mitochondrial ROS levels
and augmented the expansion of HSCs. Given that ROS
limit the lifespan and long-term characteristics of HSCs,
our findings suggest that the VPA-expanded HSCs are
equipped with mechanisms that monitor and ensure
their fitness. Therefore, VPA triggers both mitochondrial
remodeling and p53 activation to suppress ROS and
metabolically support the epigenetic modifications
leading to expansion of HSCs from UCB CD34+ cells.

Funding Source: NYSTEM
W-1050

DIFFERENTIAL IMMUNOGENICITY OF HUMAN
INDUCED PLURIPOTENT STEM CELLS (HIPSC)
IS DETECTABLE IN HUMANIZED NSG MICE
WITH AUTOLOGOUS IMMUNE SYSTEM

Dagur, Raghubendra Singh., Makarov, Edward,
Poluektova, Larisa and Gorantla, Santhi

University of Nebraska Medical Center, Omaha, NE,
USA

Different cell lineages derived from autologous
human induced pluripotent stem cells (hiPSC) would
offer great advantages in transplantation medicine,
as this procedure can bypass the major problems
with transplantation, such as graft versus host (GVH)
reaction, tissue rejection, and immunosuppression.
To further validate the prospective utility of hiPSC for
clinical use, pre-clinical evaluation of both differentiated
and undifferentiated hiPSC in appropriate animal
models is essential. We used a humanized mouse
model reconstituted with autologous human immune
system to test the immune compatibility of ex vivo-
engineered hiPSC. NOD/scid-IL-2Rg null  (NSG)
mice were injected with cord blood-derived CD34+
hematopoietic stem cells (HSCs), which develop into
functional human immune system. Umbilical cord tissue-
derived fibroblasts were used for hiPSC generation and
pluripotency was confirmed using flow-cytometry,
immunocytochemistry and RT-PCR. For the teratoma
assay, hiPSC were injected into humanized mice with
both autologous and allogeneic human immune system.
Non-humanized NSG mice injected with hiPSC were
also included as controls to compare teratoma growth.
Mice were euthanized 7-8 weeks post hiPSC injection
to harvest teratoma and analyzed for immune cell
infiltration by immunohistochemistry. Blood and spleen
were also collected to determine immune activation by
flow-cytometry. All mice injected with hiPSC developed
well-characterized (with ectoderm, endoderm and
mesoderm germ layers) teratomas ranging from 1-2 cm
in size. Significant infiltration of cytotoxic T (CD8+) cells
was observed in teratomas generated from allogeneic
hiPSC with concomitant increase in T cell (CD8+, HLA
DR+) activation. All iPSC-injected mice showed human



immune cell activation when compared to humanized
mice without iPSC. However, mice with allogeneic
hiPSC displayed increased memory T cells (CD45RO+,
CCR7+ and CD45R0O+, CD62L+), pro-inflammatory
(intermediate ornon-classical CD14+, CD16+) monocytes,
and activated cytotoxic T-cells (CD8+, HLA DR+) when
compared to autologous hiPSC injected mice. Hence, ex
vivo engineered hiPSC derived tissue immunogenicity
can be evaluated in the humanized mouse model for
autogenic and allogeneic immune reactions before
therapeutic use in human.

W-1052

INHIBITION OF ALDEHYDE DEHYDROGENASE
EXPANDS HUMAN HEMATOPOIETIC
PROGENITOR CELLS WITH VASCULAR
REGENERATIVE FUNCTIONS

Cooper, Tyler, Sherman, Stephen, Kuljanin, Miljan,
Lajoie, Giles and Hess, David
Western University, London, ON, Canada

The transplantation of blood-derived progenitor cells
holds clinical potential for the treatment of severe
diabetic comorbidities, such as critical limb ischemia.
Umbilical cord blood (UCB)-derived hematopoietic
progenitor cells (HPC) initially purified using high
aldehyde dehydrogenase (ALDH) activity demonstrate
potent pro-angiogenic functions in NOD/SCID mice
with unilateral hind limb ischemia. However, UCB
ALDHhi cells are extremely rare and fail to retain
vascular regenerative functions when expanded
beyond 6 days. ALDH is the rate-limiting enzyme
involved with the intracellular production of retinoic
acid (RA), a potent driver of HPC differentiation via the
RAR/RXR complex. Thus, expansion of UCB ALDHhi
cells represents a paradoxical challenge to maintain
proliferation while limiting differentiation. We sought
to determine if inhibition of RA-production would
delay differentiation of UCB ALDHhi cells ex vivo, and
prevent the loss of vascular regenerative function after
transplantation. Human UCB ALDHhi cells were cultured
under serum-free conditions (X-vivo 15 + SCF, TPO,
FLT-3L) for 9 days, with or without the reversible ALDH-
inhibitor diethylaminobenzaldehyde (DEAB). Although
total cell numbers were increased >70-fold after 9
days expansion, CD34+/CD133+ expression and high
ALDH-activity were severely diminished under basal
conditions. In contrast, DEAB-inhibition increased the
total number of cells retaining high ALDH-activity and
primitive surface marker expression by 20-fold. DEAB
supplementation enhanced the myeloid multipotentcy
of day 9 HPC coinciding with reduced differentiation
towards the megakaryocyte lineage (CD41+/CD42+/
CD38+). RT-PCR confirmed DEAB inhibition reduced
RA-signaling within HPC. Comparative proteomic
analysisrevealed HPC expanded under DEAB-conditions

upregulated anti-apoptotic proteins and diminished the
production of extracellular matrix proteins implicated
in platelet coagulation. Intramuscular transplantation
of DEAB-treated HPC promoted the recovery of hind-
limb perfusion by stimulating murine endothelial cell
proliferation in vivo. Collectively, we demonstrate
inhibition of RA-production delays HPC differentiation
towards the megakaryocyte lineage and expands early
myeloid HPC with pro-angiogenic functions.

Funding Source: Hear and Stroke Foundation of Canada,
Juvenile Diabetes Research Foundation

W-1054

INHIBITION OF RECEPTOR PROTEIN
TYROSINE PHOSPHATASE-SIGMA (PTPZ)
PROMOTES HEMATOPOIETIC STEM CELL
(HSC) REGENERATION

Zhang, Yurun', Quarmyne, Mamle?, Himburg, Heather3,
Yan, Xiao®, Fang, Tiancheng?, Zhao, Liman3, Jung,
Michael®, McBride, William? and Chute, John*
'Molecular Biology Institute, University of California Los
Angeles,, CA, USA, ?Bayer Healthcare, San Francisco,
CA, USA, 3University of California, Los Angeles, CA,
USA, “Hematology,/Oncology, University of California,
Los Angeles, CA, USA

Receptor tyrosine kinases, such as c-kit, Flt-3 and Tie2,
regulate hematopoietic stem cell (HSC) proliferation,
differentiation and maintenance. Substantially less is
known about the function of receptor protein tyrosine
phosphatases in HSCs. We discovered the receptor
protein tyrosine phosphatase sigma (PTPg) is highly
expressed by murine and human HSCs. Constitutive
deletion of PTPo caused a marked increase in HSC
repopulating capacity as measured in primary and
secondary competitive repopulation assays (Quarmyne
et al. JCI. 125:177-182, 2015). Negative selection for
PTPo expression also conferred a 10 fold increase in the
engraftment of human cord blood cells in mice. Here, we
sought to develop a pharmacologic strategy to inhibit
PTPo function as a means to augment HSC functional
capacity. Via a small molecule screen, we identified small
molecule 5483071 (Chembridge) as a candidate PTPo
inhibitor. In silico simulation indicated that 5483071
(3071) rigidly docked into the binding site of PTPo
intracellular domain through hydrogen bonding and
electrostatic interactions. Subcutaneous administration
of 3071 to irradiated (750 cGy) C57BL/6 mice for 10
days conferred 100% survival compared to 40% survival
in control mice (p=0.0007). 3071 treated mice displayed
accelerated recovery of white blood cells (P=0.002),
neutrophils (P=0.02), HSCs (P=0.02), and bone marrow
(BM) colony forming cells (P=0.001) compared to saline
treated, irradiated controls. In a model of bone marrow
transplantation, treatment with 3071 also significantly
increased the survival of mice transplanted with a
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limiting dose of 1x 10"5 BM cells compared to identically
transplanted mice treated with saline (P=0.03) and

significantly increased donor hematopoietic cell
engraftment (P=0.003). Mechanistically, treatment
with 3071 decreased HSC apoptosis after irradiation
(P=0.02) and caused the activation of the RhoGTPase,
Racl, in HSCs (P=0.0004). Importantly, treatment of BM
Lin- cells from PTPo -/- mice with 3071 caused no effect
on Racl activation or HSC regeneration, suggesting
that 3071 binds specifically to PTPao. Inhibition of PTPo
promotes hematopoietic regeneration and augments
hematopoietic reconstitution following transplantation,
suggesting the potential of PTPo inhibitors for
regenerative medicine in hematology.

W-1056

INTEGRATION-FREE SYSTEM FOR
GENERATION OF HEMATOPOIETIC STEM
AND PROGENITOR CELLS FROM HUMAN
PLURIPOTENT STEM CELLS

Soria-Valles, Clara’, Sugimura, Ryohichi', Kumar Jha,
Deepak!, Lummertz da Rocha, Edroaldo! and Daley,
George?

'Boston Children’s Hospital, Boston, MA, USA, °Stem Cell
Program, Boston Children s Hospital, Boston, MA, USA

The generation of hematopoietic stem cells (HSCs)
from human pluripotent stem cells (PSCs) constitutes
a valuable tool with promising applications for research
and therapy. However, derivation of HSCs with in vivo
long-term engraftment and multi-lineage potential
remains elusive. We have described a combinatorial
approach, based on the directed differentiation of
hemogenic endothelium (HE) and transduction with five
transcription factors (TF) (RUNXI, ERG, LCOR, HOXAS
and HOXA9) expressed in lentiviral vectors that allowed
the conversion of human PSCs into hematopoietic stem
and progenitor cells (HSPCs). The resulted cells exhibited
long-term and multi-lineage hematopoietic capabilities
when injected into irradiated immune-deficient mice.
Despite this proof of principle, the engineered cells have
a limited self-renewal capacity due to the integration
of the transgenes and are still molecularly distinct from
bona fide HSCs. Thus, in an attempt to achieve bona
fide HSCs and make them safer for future therapeutic
interventions, we have established integration-free
systems that have shown comparable efficiency to
the previously developed lentiviral strategy through
in vitro and in vivo experiments. Therefore, this new
method may overcome some limitations of the lentiviral
approach and hold the key for future regenerative
medicine advances in blood diseases.
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IPSC-BASED MAPPING OF GLOBIN
EXPRESSION THROUGHOUT HUMAN
HEMATOPOIETIC DEVELOPMENT

Vanuytsel, Kim', Leung, Amy', Naing, Zaw!', Chui, David?,
Steinberg, Martin? and Murphy, George'

'Center for Regenerative Medicine (CReM), Boston
University and Boston Medical Center, MA, USA,
2School of Medicine, Boston University, MA, USA

It has recently become clear that in vitro hematopoietic
differentiation protocols using pluripotent stem cells
capturetheprimitivewaveofhematopoieticdevelopment
with limited induction of the definitive wave that gives
rise to cells with adult-type characteristics such as the
ability to express adult B-globin. Recent efforts from our
group to derive more definitively patterned erythroid
cells from induced pluripotent stem cells (iPSCs) have
resulted in a significant increase in B-globin transcripts.
To better quantify our progress in augmenting 3-globin
expression and to track globin ontogeny in real-time,
we have created a B-globin reporter iPSC line that
allows for the mapping of globin expression throughout
erythropoietic development. To create this tool, a
promoterless GFP cassette was fused in frame to the first
codon of the B-globin gene allowing for visualization of
B-globin expression at single cell resolution by looking
at GFP expression via FACS. Whereas a clear increase
in B-globin transcripts is seen by gRT-PCR as the cells
progress through differentiation, only about 1% of cells
exceed the GFP detection threshold at the most mature
stage of differentiation, suggesting a discrepancy
between RNA level and protein level expression of
B-globin in our iPSC-based system. The creation of a
tool to distinguish live cells expressing B-globin at the
protein level allows us to interrogate both negative and
positive populations via single cell RNA sequencing and
gain insight into this observed discordance between
transcriptional and protein level expression. At the same
time, this approach is expected to result in a signature
for B-globin expressing cells that will be instructive for
future strategies aimed at increasing B-globin protein
levels in iPSC-derived erythroid cells to improve the
resolution with which we can study hemoglobinopathies
such as B-thalassemia and sickle cell disease. Such
strategies can then immediately be tested using the
B-globin reporter iPSC line as a screening platform.

Funding Source: Cooley’s Anemia Foundation Research
Fellowship



W-1060

A SPECIFIC CHEMICAL AND TRANSCRIPTION
FACTOR COMBINATION SPECIFIES AND
EXPANDS HEMATOPOIETIC STEM AND
PROGENITOR CELLS IN ZEBRAFISH
EMBRYONIC CELL CULTURE

Robertson, Anne L., Mandelbaum, Joseph?, Daily,
Madeleine?, Henderson, Rachel?, Vinas Gaza, Helena®
and Zon, Leonard*

'Hematology,/Oncology, Boston Children’s Hospital,
Boston, MA, USA, °Boston Children’s Hospital, Boston,
MA, USA, 3Karolinska Institute, Stockholm, Sweden,
4Hematology,/Oncology and Stem Cell Program, Boston
Children’s Hospital, Boston, MA, USA

Advances in transcription factor reprogramming and
directed differentiation strategies have brought us
tantalizingly close to generating HSCs for regenerative
medicine, but these cells are embryonic in nature and
lack the essential properties of true, definitive blood
stem cells. To identify new chemical and genetic
ways to specify and expand HSCs, we developed a
zebrafish embryo culture system in which we can
examine activation of specific blood and endothelial
markers. Fluorescent transgenic zebrafish embryos
are dissociated into single cells prior to hemangioblast
development at 9 hours post fertilization (hpf), or prior
to HSC birth at 24 hpf, then plated with chemicals. This
system is similar to iPSC differentiation, but tissues
form in just 1 to 2 days. A high-content automated
imager reads out fluorescence from the transgene
after 24 or 48 hours in culture. We screened 3,840
compounds using scla:dsRed/sclB:GFP embryos, which
delineate endothelial cells that are about to bud into
HSCs. Inhibition of Rho-associated kinase (ROCK)
signaling and the TGF-B pathway caused expansion
of these cells, indicating differentiation of hemogenic
endothelium that can ultimately give rise to HSCs. A
methyltransferase inhibitor and an endocannabinoid
receptor agonist also expanded scla/sclB cells. However,
none of these chemicals were able to activate expression
of the specific HSC marker runxl:GFP, which has been
notoriously difficult to switch on ex vivo. To overcome
this barrier, we sought to identify transcriptional
regulators of HSC development. We previously showed
that ERG, HOXA9, MYB, RORA and SOX4 reprogram
iPSC derived hemogenic cells to a transplantable fate.
In vivo studies showed that injection of these factors
into transgenic cd41:GFP embryos leads to expansion
of HSPCs by 44 hpf. When injected embryos were
dissociated at 24 hpf and plated in our culture assay, we
observed an increase in both cd41:GFP and runxl:GFP
cells. Our studies have identified a combination of
transcription factors and small molecules that switch
on runxl to drive differentiation of HSPCs from early
cultured hemogenic endothelial cells, which could not

be achieved with chemicals alone. This will provide new
insight towards the ultimate goal of generating patient-
specific HSCs from iPSCs for the treatment of blood
diseases and cancers.

Funding Source: The authors would like to acknowledge
support from the NHLBI (5ROTHL04880-24).
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W-1062

DOE BASED STAGE-WISE OPTIMIZATION
FOR DIRECTING THE DIFFERENTIATION OF
DORSAL PANCREAS

Bukys, Michael', Finney, Krystal?, Mihas, Alexander® and
Jenswen, Jan'

'Cleveland Clinic, Cleveland, OH, USA, ?Trailhead
Biosystems, Inc., Cleveland, OH, USA, 3Stem Cell
Biology and Regenerative Medicine, Cleveland Clinic,
Cleveland, OH, USA

During the onset of organogenesis the pancreas
buds from two spatially distinct regions occurring on
the dorsal and ventral side of the gut tube. Although
these two pancreatic buds eventually merge there are
distinguishing characteristics between them including
differences in gene expression as well as their final
contributions to the tail and the head of the pancreas.
Substantial effort is given to direct the differentiation of
pluripotent cells towards pancreatic lineages with the
objective of generating insulin producing cells; however,
this work is done with little consideration to the identity
of the pancreatic progenitor created. Using a systems
developmental biology approach resting on high-
dimensional experimental designs we have investigated
differentiation of pluripotent cells to the pancreatic state.
This method is unbiased and highly predictive resting on
mathematical modeling of key fate determining genes.
By following induction of endodermal and pancreatic
genes we identify a novel induction method for
definitive endoderm (DE) patterned to an anterior dorsal
endodermal (ADE) state. Comparing this approach for
endoderm induction to using Activin/Wnt to induce
DE (literature standard) it is noted that both methods
activate core endoderm genes including EPCAM,
CXCR4, FOXA2, FOXA3 and GATAG, however, the ADE
protocol is shown to have elevated levels of anterior
endoderm genes SOX2 and SFRP5. Furthermore, ADE
induction results in higher expression of MNX1, PTCH1,
NOGGIN, NEUROD and PAX6 all genes known to be
enriched in dorsal pancreatic bud. In contrast the DE
generated using literature standard is shown to have a
higher expression of the posterior/ventral gene SOX17
and the ventral-specific genes HHEX and NR5A2. We
believe that literature standard protocols generate
a ventral DE population (VDE), with more posterior
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aspects including stray fate opportunities to Liver and
intestine. In this work, we noted that both VDE and ADE
protocols generate pancreas (PDX1) with comparable
efficiency, and downstream competence for endocrine,

ductal, and acinar differentiation. Altogether we
demonstrate a novel approach for generating dorsal
endoderm that in turn has pancreatic potential, arguing
that as in the normal embryo, there exist two distinct
pathways for creating pancreas from pluripotency.

W-1064

SCALABLE GENERATION OF FUNCTIONAL
AND TRANSPLANTABLE HEPATIC CELLS
FROM HUMAN ENDODERM STEM CELLS

Feng, Sisi', Deng, Xiaogang? Wu, Jiaying? Yang, Li%,
Zhang, Ludi?, Li, Xiao?, Hui, Lijian*, Xu, Chenran® and
Cheng, Xin?

'Shanghai Institutes for Biological Sciences,CAS,
Shanghai, China, ?Institute of Biochemistry and Cell
Biology, Shanghai Institutes for Biological Sciences,
Shanghai, China, 3Ministry of Education Key Laboratory
of Cell Proliferation, College of Life Sciences, Peking-
Tsinghua Center for Life Sciences, Bejing, China,
4Shanghai Institute of Biochemistry and Cell Biology
(SIBCB), Institute of Biochemistry and Cell Biology,
Shanghai Institutes for Biological Sciences, CAS, China,
Shanghai, China,

The ability to generate in large scale the functional and
transplantable hepatic cells, including hepatocytes and
cholangiocytes, is critical for cell-based therapy for the
treatment of liver diseases. The in vitro differentiation
system of Pluripotent Stem Cells (PSCs) that allows
the efficient generation of functionally mature hepatic
cells in large quantities is still missing. Also, the use of
PSC-derived hepatic cells for cell-based therapies is
undermined by the teratoma-forming potential of any
residual undifferentiated cells in the system. The self-
renewable human Endoderm Stem Cells (EP Cells) that
are derived from PSCs are non-tumorigenic in vivo
and have robust hepatic differentiation capacity, and
therefore can serve as better starting material than PSCs
to prepare hepatic cells in large quantities for future
clinical applications. Here we report the establishment
of a three-dimensional suspension culture system
that enables efficient large-scale generation (~1079)
of mature hepatocytes and cholangiocytes from EP
cell within a month. The newly developed protocol
yields polarized cystic structures that are important
for the maturation and viability of hepatocytes. Two
Signaling pathways have been identified in this study to
play important roles in the maturation of hepatocytes
or cholangiocytes. The gene expression profiling by
single-cell transcriptomic analyses and the functionality
assays reveal that the EP cell-derived hepatocytes and
cholangiocytes are comparable to their siblings in the
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adult rather than fetal livers. When transplanted into the
animals with FAH deficiency or DDC-induced liver injury,
the EP cell-derived hepatocytes or cholangiocytes are
able to repopulate the host livers. The liver repopulating
efficiencies of the CYP3A4+Albumin+ cells and the
CYP3A4-Albumin+ cells are being measured in non-
human primate models. The establishment of the large-
scale hepatic differentiation system of EP cells lays the
foundations for the cell-based applications for liver
diseases.

W-1066

MESENCHYMAL STEM CELLS TRANSFOR INTO
MESANGIAL CELLS AS THEY REPAIR THE
DAMAGED MESANGIUM

Teng, Jiamin', Zeng, Chun?, Liu, Bing?, Turbat-Herrera,
Elba? and Herrera, Guillermo?

'L ouisiana State University Health Sciences Center,
Shreveport, LA, USA, ?Pathology and Translational
Pathobiology, Louisiana State University Health
Sciences Center, Shreveport, LA, USA

Mesenchymal stem cells (MSCs) have been indicated
that they only provide paracrine effects when engaged
in the process of tissue repair. In order to assess the
specific role of MSCs in mesangial repair, a combined
model of in-vitro and in-vivo was used for the MSCs
interaction with glomerulopathic light chains (G-LCs)
induced mesangial cells (MCs) injury. A 6 dimensional
(6D) live cell imaging system was the in-vitro system
used. MCs were incubated with G-LCs obtained from
the urine of patients with renal biopsy-proven AL-
amyloidosis (AL-Am) and light chain deposition
disease (LCDD). Similar amyloidogenic and light chain
deposition-associated G-LCs were perfused through
the renal artery in the ex-vivo platform. The respective
lesions were reproduced in both platforms. Then,
tagged MSCs were introduced. Immunofluorescence,
immunohistochemistry and electron microscopy were
used to evaluate samples obtained at different time
frames. Stains for smoothelin, a smooth muscle specific
actin; CD68, a microphage cell marker; CD29 and CD
54 two mesenchymal stem cell markers were used to
monitor phenotypic transformation of MSCs in the
process of repair. Ultrastructural morphology and
activation by using electrical field stimulation to assess
the ability of cells to contract was utilized as the method
to assess functionality. MSCs transformed from an
undifferentiated to a macrophage phenotype to clear
the damaged mesangial areas. The process showed
transformed MSCs phagocytosing cellular debris
resulting from apoptotic mesangial cells and damaged
matrix elements, and amyloid fibrils. After the cleaning
process was finished, MSCs acquired morphologic,
functional, and immunophenotypic characteristics of
MCs as they proceeded to lay down new mesangial



matrix. MSCs manifest great plasticity as they proceed
to repair the G-LCs damaged mesangium. The fact that
they transform to a macrophage phenotype followed
by transformation to MCs allows them to perform
different crucial functions during the process of repair.
The restored mesangium is possible as new MCs derived
from MSCs are able to reproduce the normal mesangium
and function as normal MCs.

W-1068

PANCREATIC DIFFERENTIATION FACTORS
IDENTIFIED BY A NOVEL BIOINFORMATICS
WORKFLOW

Strutt, James', Berry, Andrew?, Gerrard, David?,
Tsuneyoshi, Norihiro®, Dunn, Norris' and Hanley, Neil?
TAgency for Science, Technology and Research
(A*Star), Singapore, Singapore, 2 Division of Diabetes,
Endocrinology & Gastroenterology , University of
Manchester, Manchester, UK, 3Institute of Medical
Biology, A*STAR, Singapore, Singapore

Understanding how the human pancreas develops in
vivo is essential for efforts in regenerative medicine
to produce in vitro clinically relevant cell types for
the treatment of pancreatic diseases, such as human
pluripotent stem cell (hPSC)-derived, insulin-secreting
beta cells for the treatment of diabetic patients. In
an effort to decode some of the earliest molecular
events during human pancreatic morphogenesis, we
have combined numerous datasets, both published
and unpublished, into a bioinformatics workflow that
aims to elaborate the gene regulatory network (GRN)
downstream of the atypical homeobox gene Pancreatic
and Duodenal Homeobox 1 (PDX1). PDX1 is situated high
atop the pancreatic GRN, as patients with inactivating
mutations display pancreatic agenesis. Our workflow
thus incorporates (1) PDX1 ChIP-Seq on hPSC-derived
human pancreatic progenitors; (2) multi-organ RNA-Seq
including the developing human pancreas from CS17-
19 stage embryos; and (3) comparative microarrays
between wild-type and PDXI-deficient cell populations
that have been differentiated in parallel. From these
analyses, we have shortlisted four genes for further
study that we predict are direct transcriptional targets
of PDX1—HES4, SEMAGA, SARM1 and HRK, all of whom
are interestingly known to function during neuronal
development. We independently validated the selection
of these four by demonstrating that their expression
kinetics closely follow that of PDX1 during pancreatic
differentiation in vitro. Next, we intend to examine the
roles of these genes during pancreatic differentiation,
and this will be accomplished by engineering mutations
in each gene with a high fidelity CRISPR-cas9 indel
mutation approach in hPSCs. Once differentiated, we
will identify the downstream DNA targets of HESA4,
for example, which is a human-specific transcription

factor belonging to the HES family of transcriptional
repressors and additionally perform comparative RNA-
Seq between mutant and wild-type cells. HES proteins
are known to heterodimerise, and we hypothesise
that HES4 signals through the non-canonical NOTCH
signalling pathway to repress HES1 and/or NGN3.

W-1070

AGE-LINKED CHANGES IN MURINE
PERIVASCULAR CELLS DURING KIDNEY
INJURY AND REPAIR

Shaw, Isaac William', Ferenbach, David', Hughes,
Jeremy' and Peault, Bruno?

"University of Edinburgh, Edinburgh, UK, ?Orthopaedic
Hospital Research Center and BHF Centre for Vascular
Regeneration, University of California, Los Angeles, Los
Angeles, CA, USA

The kidney is susceptible to ageing. Injuries in old
patients more rapidly progress to end stage renal
disease, and mouse models show increased injury in
aged animals, yet the reasons for this are unknown. As
in other organs, pericytes play a key role in the kidney’s
injury response, and a minority of pericytes expressing
Gli-1, a sonic hedgehog (Shh) receptor, contribute the
majority of renal myofibroblasts and fibrosis following
injury in mice. We hypothesise that differences in
pericyte subtypes between old and young organs can
explain the age-linked deterioration in tissue repair. This
project aimed to interrogate pericyte subpopulations
using surface marker expression, to identify potential
differences in the starting or responsive pool of cells
between ages, and whether such differences are
meaningful to the wound healing response, with the
ultimate aim of defining beneficial/pathological pericyte
subpopulations. The effects of Shh inhibitor Vismodegib
during injury were also investigated. Pericytes were
detected in baseline old and young kidneys using the
markers platelet derived growth factor receptor f
(PDGFR-B) and CD146, which together show differential
expression across kidney regions. Old kidneys had more
CD146 positivity in the outer stripe of the outer medulla
(OuS). Old and young animals were subjected to
unilateral ischemia reperfusion injury and experienced
similar levels of tubular death in the OuS. However
although both age groups had increased fibrosis in
injured kidneys old animals also had increased fibrosis in
contralateral uninjured kidneys. When PDGFR-$ and -a
were observed together, the PDGFR-a+ ratio increased
in old animals. Other cellular differences detected
include a population of CD45+ ICAM2+ cells exclusive
to old kidneys. When treated with Vismodegib following
a unilateral ureterial obstruction no difference in fibrosis
was detected. Together these results report pericyte
marker heterogeneity between kidney regions, and
increased fibrosis in uninjured organs of old mice, but
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no influence of Shh inhibition on myofibroblast activity.
Further elucidating changes in cell populations of aged
animals, which have increased susceptibility to injury and
impaired recovery, should improve understanding of
optimal repair processes and produce novel therapeutic
targets.

Funding Source: This work was funded by the Medical
Research Council (UK)’s Tissue Repair PhD program at
the University of Edinburgh.

W-1072

A DESIGN-OF-EXPERIMENT APPROACH
TOWARDS DIFFERENTIATION OF HUMAN
PLURIPOTENT STEM CELLS INTO DEFINITIVE
KIDNEY CELL LINEAGES

Wessely, Oliver, Tran, Uyen, Bukys, Michael and
Jensen, Jan
Cleveland Clinic, Cleveland, OH, USA

The kidney is a vital organ required for waste excretion
as well as water and solute reabsorption. Its functionality
relies on a range of highly specialized cells that are
arranged into nephrons, the functional units of the
kidney. While we understand many of the properties
of the different renal cell types, we lack effective
methods to generate large quantities of terminally
differentiated human-derived kidney epithelial cells
from human pluripotent stem cells. To address this
critical knowledge gap we utilize Quality-by-Design-
based methods, in particular the Design-of-Experiment
(DoE) theory, to provide a systematic, data driven
approach towards renal cell differentiation. In a single
experiment we simultaneously test the effect of up to
12 morphogen inputs on more than 50 target genes.
Experimental design and statistical methods provide
an in-depth understanding of the input parameters.
Moreover, compilation of a series of these experiments
lead to a systems-developmental biology representation
of the control logics underlying renal epithelial cell
differentiation from pluripotent stem cells. Here we now
report our progress for the generation of podocytes,
a specialized renal epithelial cell type found in the
glomerulus of the kidney. Starting from established
protocols we differentiate human embryonic stem cells
into nephric mesenchyme precursors. Using DoE we
then identify culture conditions to differentiate these
cells along the podocyte lineage in a stepwise protocol.
These cells not only express transcription factors (e.g.
WT1or MAFB) as well as structural proteins (e.g. PODXL)
characteristic for podocytes, but also exhibit structural
and physiological properties of these highly specialized
renal epithelial cells. Importantly, the conditions are
highly robust and lead to the formation of a homogenous
culture of human podocytes. Together, this study, to our
knowledge, is the first of its kind identifying a protocol
for the generation of stem cell-derived podocytes. It
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will provide a unique resource to understand podocyte
biology and its disturbance during disease formation.
The cells will also provide a valuable tool to develop
and/or test clinically relevant therapies and devices
towards treating the range of human kidney diseases
characterized by podocyte dysfunction.

Funding Source: This project is funded by a grant from
NIH/NIDDK (1UH2DK107357-01) to OW and JJ as part
of the (Re)Building the Kidney Consortium.

EPITHELIAL TISSUES

W-1074

EPIDERMAL YAP ACTIVITY DRIVES ROCK
SIGNALING AND DERMAL FIBROSIS TO
PROMOTE EPIDERMAL STEM/PROGENITOR
CELL PROLIFERATION IN THE MOUSE SKIN IN
VIVO

Beverdam, Annemiek’, Akladios, Bassem?, Pyne,
Natasha?®, Lambie, Duncan* and Samuel, Michael®
'School of Medical Sciences, UNSW Australia, Sydney,
New South Wales, Australia, ?°UNSW Sydney, Sydney,
New South Wales, Australia, 3Centre for Cancer
Biology, SA Pathology and the University of South
Australia, Adelaide, South Australia, Australia, 4/1Q
Pathology, Brisbane, Queensland, Australia, *Centre
for Cancer Biology, SA Pathology and the University
of South Australia; Faculty of Health Sciences, School
of Medicine, University of Adelaide, Adelaide, South
Australia, Australia

Yes-associated protein (YAP) is a pivotal regulator of
stem cells that acts as a mechanosensor in the control
of tissue regeneration. The molecular mechanisms that
control stem cell proliferation in response to YAP activity
remain unknown. We discovered that YAP activity in the
mouse epidermis drives mechanotransduction pathways
regulated by Rho kinase (ROCK), independently of
epidermal [B-catenin, to elevate collagen-mediated
dermal stiffness. The dermal fibrosis causes increased
integrin ligation and FAK activation, eventually resulting
in increased B-catenin activity and epidermal stem/
progenitor cell proliferation in vivo. Furthermore,
we observed increased nuclear YAP and [B-catenin
localization with tumour progression in murine and
in human cutaneous SCC, together with gradually
increasing ROCK-dependent mechanosignalling and
stromal fibrosis. Our work reveals that YAP acts as a
central mechanoprotein capable of not only responding
tobutalso driving mechanical force. This has implications
for our understanding of normal tissue regeneration and
the development of cancers displaying increased YAP
activity.



Funding Source: National Health and Medical Research
Council of Australia, UNSW Sydney, Australian Research
Council, Cancer Council SA and the Health Services
Charitable Gifts Board SA

W-1076

HIGH EXPRESSION LEVELS OF CD200
AND CD20OR1 DISTINGUISH STEM AND
PROGENITOR CELLS IN THE MAMMARY
REPOPULATING UNITS

Barash, Itamar', Rauner, Gat?, Gilad, Shlomit3, Kudinov,
Tania* and Hornung, Gil®

'Institute of Animal Science, ARO, The Volcani Center,
Rishon LeZiyyon, Israel, ’ARQO, The Volcani Institure and
The Robert H. Smith Faculty of Agriculture, Food and
Environment, The Hebrew University of Jerusale, Rishon
LeZiyyon, Israel, 3The Nancy & Stephen Grand Israel
National Center for Personalized Medlicine, Weizmann
Institute of Science, Rehovot, Israel, “ARO, The Volcani
Center, Rishon LeZjyyon, Israel

Elucidating the top of the mammary epithelial cell
hierarchy is highly important for understanding its
regeneration capabilities and identifying target cells for
transformation. Aiming to obtain an enriched mammary
epithelial stem cell population, CD200highCD200R1high
epithelial cells were identified. These cells represented
~50% of the CD49highCD24med mammary repopulating
units (MRUs) and are termed here MRUCD200/CD200R1.
Following transplantation into  de-epithelialized
mammary fat pads, a larger area was occupied by new
outgrowths from these cells as compared to the rest
of the MRUs, termed MRUnot CD200/CD200R]1. Gene-
expression profile of 1000 representative cells indicated
that MRUCD200/CD200R1 maintains a much lower
number of divergently defined highly expressed genes
and metabolic pathways that support cellular movement,
tissue development, cellular development and cell
growth and differentiation, as well as progenitor activity
than their MRUnot CD200/CD200R1 counterpart.
The complement system was among the few highly
expressed pathways in MRUCD200/CD200RI1. A
selected expression profile corresponding to a single-
cell hierarchy topped by stem cells assembled 114 genes
with decreased expression in MRUCD200/CD200R1
down to MRUnot CD200/CD200R1 and further down
toward CD200+CD200R1- and CD200R1+CD200-
cells. Thirty-two of these genes were integrated into
integrin-based and muscle-based complexes, as well
as into a connecting branch. Of the listed genes, ~40%
were shared by a previously published database of
upregulated genes in mammary/breast stem cells (Lim
et al, 2010). Most of these common genes encoded
proteins that are part of the complexes and may serve
as a core of genes involved in mammary stemness.
Taken together, high CD200/CD200R1 expression in

mammary epithelial cells enables the elucidation of stem
cells and progenitors within the MRU population. The
complement system may assume a non-inflammatory
role and support mammary epithelial cell regeneration.

W-1078

TISSUE ARCHITECTURE COORDINATES
DIFFERENTIATION AND APICAL EMERGENCE
IN THE DROSOPHILA INTESTINAL EPITHELIUM

Moreno-Roman, Paola', Kolotueva, Irina?, Humbel,
Bruno? and O’Brien, Lucy?

'Biology (Cellular and Molecular Biology), Stanford
University, Stanford, CA, USA, 2University of Lausanne,
Lausanne, Switzerland, 3Molecular and Cellular
Physiology, Stanford University, Stanford, CA, USA

Epithelial tissues interface with the outside world
through a specialized luminal surface which is formed
collectively by the apical surfaces of differentiated
epithelial cells. Although epithelia undergo constant
turnover, their progenitor cells are often restricted to
the tissue’s basal region. To integrate properly into
the tissue, new cells must thus coordinate epithelial
differentiation with physical emergence into the luminal,
apical surface. However, the mechanisms that achieve
this coordination are poorly understood. To investigate
these mechanisms, we use the intestinal epithelium of
Drosophila. In this tissue, basally localized stem cells give
rise to committed, but still undifferentiated, daughters
called enteroblasts. Enteroblasts then undergo apical
emergence and terminally differentiate into mature
epithelial enterocytes. Examining these three cell types
by correlative light electron microscopy, we find that
enterocytes and enteroblasts, but not stem cells, form
septate junctions, a structural feature of invertebrate
epithelia that is analogous to vertebrate tight junctions
and demarcates the apical surface. This observation
suggests that the formation of septate junctions
during epithelial differentiation may be a crucial
control point. Indeed, genetic interference of septate
junction formation in enteroblasts both prevents apical
emergence and blocks full enterocyte differentiation. In
this case, enteroblastsarrestinanaberrant, ‘Frankenblast’
state in which they exhibit hybrid characteristics of
both enteroblasts and enterocytes. Our results indicate
that epithelial differentiation and apical emergence
are coupled by the formation of septate junctions in
committed progenitors. In this manner, epithelial tissue
architecture ensures that new cells integrate seamlessly
into the epithelium. This mechanism may shed light
on how loss of tissue architecture deregulates cell
differentiation in epithelial cancers.

Funding Source: Stanford Bio-X Fellowship, EMBO
Short-Term Fellowship
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EFFICIENT IN VIVO GENE EDITING USING
RIBONUCLEOPROTEINS IN SKIN STEM CELLS
OF RECESSIVE DYSTROPHIC EPIDERMOLYSIS
BULLOSA MOUSE MODEL

Wu, Wenbo, Lu, Zhiwei, Li, Fei, Wang, Wenjie, Qian,
Nannan, Duan, Jinzhi, Zhang, Yu, Wang, Fengchao and
Chen, Ting

National Institute of Biological Sciences, Beijing, China

The prokaryotic CRISPR/Cas9 system has recently
emerged as a powerful tool for genome editing in
mammalian cells with the potential to bring curative
therapies to patients with genetic diseases. However,
efficient in vivo delivery of this genome editing
machinery and indeed the very feasibility of using
these techniques in vivo remain challenging for most
tissue types. Here, we show that nonreplicable Cas9/
sgRNA ribonucleoproteins can be used to correct
genetic defects in skin stem cells of postnatal recessive
dystrophic epidermolysis bullosa (RDEB) mice. We
developed a novel method to locally deliver Cas9/
sgRNA ribonucleoproteins into the skin of postnatal
mice. This results in rapid gene editing in epidermal
stem cells. Using this method, we show that Cas9/
sgRNA ribonucleoproteins efficiently excise exon80,
which covers the point mutation in our novel RDEB
mouse model, and thus restores the correct localization
of the collagen VIl protein in vivo. The skin blistering
phenotype is also significantly ameliorated after
treatment. This study provides a novel in vivo gene
correction strategy using ribonucleoproteins as curative
treatment for genetic diseases in skin and potentially in
other somatic tissues.

Funding Source: Beijing Municipal Science & Technology
Commision

W-1082

GENERATION OF KERATINOCYTES FROM
INDUCED PLURIPOTENT STEM CELLS
DERIVED FROM A KINDLER SYNDROME
PATIENT

Moriyama, Mariko', Taniguchi, Yuki', Amemiya, Nina,
Ozawa, Toshiyuki', Hayakawa, Takao' and Moriyama,
Hiroyuki'

'Pharmaceutical Research and Technology Institute,
Kindai University, Higashi-Osaka, Japan, °Osaka City
University, Osaka, Japan

Kindler syndrome is an autosomal recessive disorder
caused by the mutations in the kindlin-1 gene, which is
knowntobindtointegrinsandregulateintegrinactivation
at cell adhesions. Kindler syndrome is characterized
by skin blistering, erosion and photosensitivity.

SPRN [SSCR 2 O e

Radical treatments, such as regenerative therapies
using stem cells are strongly desired because of its
difficulties of complete cure. Therefore, we decided to
establish induced pluripotent stem cells (iPSCs) from
human adipose tissue-derived stem cells (hADSCs)
or keratinocytes isolated from patient with Kindler
syndrome, and differentiate them into keratinocytes
in order to discover the pathogenic mechanism. In this
study, we have established patient-specific, transgene-
free iPSCs through electroporation of episomal
vectors and growth under 5% O, or 20% O, condition.
Consistent with previous report, 5% O, significantly
increased the iPSCs-like colony formation. The resulting
iPSC lines were verified by the expression of pluripotent
stem cell markers through immunofluorescent staining,
quantitative PCR analysis, and flow cytometry analysis.
Pluripotency of the iPSC lines were also confirmed by
differentiation capacity into three germ layers. Then,
the patient-specific iPSCs were differentiated into
keratinocyte lineage through sequential applications of
retinoic acid and bone-morphogenetic protein-4 and
growth on collagen IV-coated plates. Keratinocytes
differentiated from iPSCs displayed similar expression
profiles with normal epidermal keratinocytes. We also
found that iPSCs derived from patient’s keratinocytes
possessed a more pronounced ability to differente
into keratinocyte lineage than those from patient’s
hADSCs. This study is expected to be a first step in the
investigation of the underlying mechanism and a novel
therapeutic development of Kindler syndrome.

W-1084

ORAL ADMINISTRATION OF CONDITIONED
MEDIUM OBTAINED FROM AMNION-DERIVED
MESENCHYMAL STEM CELL CULTURE
PREVENTS ESOPHAGEAL STRICTURE AFTER
ENDOSCOPIC SUBMUCOSAL DISSECTION IN
PIGS

Ohnishi, Shunsuke’, Mizushima, Takeshi', Hosono,
Hidetaka', Tsuda, Momoko!, Yamahara, Kenichi? and
Sakamoto, Naoya'

'Department of Gastroenterology and Hepatology,
Hokkaido University, Sapporo, Japan, °Hyogo College
of Medicine, Nishinomiya, Japan

Endoscopic  submucosal dissection (ESD) for
gastrointestinal neoplasms has been widely accepted
in past decades; however, ESD for esophageal cancer
often causes postoperative stricture when more than
three-quarters of the circumference of the esophagus
is dissected. To prevent stricture after ESD, balloon
dilation, local injection or oral administration of steroid
are generally performed. Although these methods
are effective, complications such as perforation,
mediastinum abscess and steroid-induced side effects
are of concern. Mesenchymal stem cells (MSCs)



are a valuable cell source in regenerative medicine,
and conditioned medium (CM) obtained from MSCs

reportedly inhibits inflammation. In this study, we
evaluated whether CM obtained from human amnion-
derived MSC culture could prevent esophageal stricture
after ESD. We resected a semi-circumference of pig
esophagus by ESD. We prepared CM gel by mixing with
5% carboxymethyl cellulose, and endoscopically applied
it onto the wound bed immediately after ESD, and on
day 8 and 15 (weekly CM group), or orally administered
from day 1 through day 4 (daily CM group). We also
injected triamcinolone acetonide into the remaining
submucosa immediately after ESD (steroid group). We
euthanized the pigs on day 8 or day 22 to measure the
stricture rate and perform histological analysis. Stricture
rate in weekly and daily CM groups and steroid groups
were significantly lower than in the control group
on day 22 (56.3+7.1%, 52.7+19.3% and 49.3+4.2% vs
80.0+2.0%, respectively). Moreover, CM significantly
attenuated the number of activated myofibroblasts
(26.8%8.6, 21.5+4.9 and 20.6%2.3 vs 68.3+5.7 cells/um2)
and fiber thickness (833+26, 9874145 and 9441251 vs
1,609+418 um) on day 22. Oral administration of CM also
significantly decreased the infiltration of neutrophils and
macrophages compared with the control group on day 8
(31.7+£5.9 vs 68.1+14.2 and 13.2+1.7 vs 33.9+2.8 cells/HPF,
respectively). In conclusion, CM gel prevents esophageal
stricture formation by suppressing myofibroblast
activation and fibrosis following the infiltration of
neutrophils and macrophages. Oral administration of CM
gel would be a promising treatment for the prevention
of post-ESD stricture.

Funding Source: This study was funded by Japanese
Society of Gastroenterology, Japanese Foundation
for Research and Promotion of Endoscopy, and by
Translational Research Network Program of Japan
Agency for Medical Research and Development (AMED).

W-1086

QUIESCENT ZEB1+ CELLS ARE IMPORTANT
FOR MOUSE MAMMARY REGENERATION &
TUMORIGENESIS

Wu, Ting and Zeng, Yi
Chinese Acadamy of Science,Institute of Biochemistry
and Cell Biology, Shanghai, China

Quiescent stem cells exist in many to avoid genomic
insults and prevent exhaustion caused by excessive
proliferation. Our previous work identified the
multipotent mammary stem cells (MaSCs) by Protein
C Receptor (Procr) expression. In this study, we
discovered the heterogeneity of Procr+ MaSCs
and found that half of the Procr+ MaSC population
expressed Zebl. To study Zebl+ cells and the role of
Zebl in development, we generate Zebl-CreERT2 and
Zebl-flox mouse models. Lineage tracing of Zebl+ cell

indicated that they are rare, quiescent and long-lived in
homeostasis. Knockdown of Zebl did not affect MaSC
colony formation capacity, while Zebl conditional
knockout did not affect mammary development.
However, Knockdown of Zebl led to impaired mammary
regeneration and inhibition of MMTV-Wntl mammary
tumor formation, suggesting that this novel quiescent
population, marked by Zeb1 expression, is important for
regeneration and tumorigenesis.

STEM CELL NICHES

W-1088

ACTIVATION OF THE MOUSE RESIDENT
SKELETAL STEM CELL FOR ARTICULAR
CARTILAGE REPAIR

Murphy, Matthew Philip', Lopez, Michael', Ransom,
Chases3, Owen, Marecic!, Gulati, Gunsagar?, Chan,
Charles? and Longaker, Michael’

'Institute for Stem Cell Biology and Regenerative
Mediicine, Stanford, Stanford, CA, USA, 2Surgery,
Stanford, Stanford, CA, USA

Osteoarthritis (OA) afflicts 15% of the adult population,
with a lifetime risk of 40%. In OA, the articular cartilage
made up of hyaline has alow propensity for regeneration.
Microfracture (MF) is believed to encourage stem cells
from the bone marrow to form new fibrocartilage. We
have identified the mouse Skeletal Stem Cell (mSSC)
with its entire lineage and have identified a subset of
CD49f positive mSSC activated after bone injury.Our
aim is to examine the effect of MF on articular cartilage
in activating the native mSCC and Bone Cartilage
Stromal Progenitor (BCSP) population and direct
their fate towards chondrogenesis. We performed
MF on the articular surface of the left distal femur of
skeletally mature, 9week old male mice. At each time-
point (1,2,4weeks post-op) we euthanized the mice
and assessed the populations of SCC and BCSP in MF
and control right femurs by Fluorescence Assisted Cell
Sorting (FACS). We assessed clonality by using our
Rainbow mouse model. Histological composition was
assessed using Movat’s Pentachrome Stain. Mice were
operated in groups of 10 for each time-point. Statistically
significant increases in the mSCC and BCSP populations
followed MF. The maximum effect of MF on mSCC and
BCSP populations was seen at week 2. We also show
preliminary data, indicating the MF activated mSSC can
be directed towards cartilage differentiation through
the action of recombinant factors that we administer
exogenously. Our MF model that we will develop is an
easily translatable, clinically-relevant therapy.
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W-1090

EXTRACELLULAR AND INTRACELLULAR
MMP12: DISTINCT FUNCTIONS IN THE
POSTNATAL DEVELOPMENT OF THE SVZ
NEURAL STEM CELL NICHE

Shan, Xiwei, Yang, Qian, Tomlinson, Lyl and Colognato,
Holly
Stony Brook University, Stony Brook, NY, USA

The subventricular zone (SVZ) houses the largest neural
stem cell (NSC) niche in the mammalian brain. In the adult
SVZ, molecular cues from specialized niche support
cells and extracellular matrix (ECM) tightly regulate NSC
function. Multiciliated ependymal cells arise postnatally
from NSCs and adopt a distinct planar cell polarity to
coordinate ciliary movement. The apical surfaces of NSCs
become surrounded by pinwheels of ependymal cells
along the ventricle surface, with distinctive hubs of ECM
at NSC-ependymal cell interfaces. This dramatic cellular
and ECM remodeling led us to hypothesize that matrix
metalloproteinases (MMPs), a family of endopeptidases
that regulate cellular and ECM remodeling in many
tissues, may be important in forming the postnatal
SVZ niche. We found that, among all 24 mouse MMPs,
MMP12 is particularly upregulated during ependymal
cell maturation. Surprisingly, we discovered that in an
MMP12 mutant mouse line, a truncated, intracellular
isoform of MMP12 (icMMP12) remains expressed in
ependymal cells. Extracellular MMP12 has recently
been found to translocate into cells and function as
intracellular proteinase and transcription factor, but
an endogenous icMMP12 has not been previously
reported. To tease out the functions of extracellular
and intracellular MMP12 in the developing SVZ, we took
advantage of the MMP12 mutant mice as an extracellular
MMP12 knockout model, and combined it with in vivo
MMP12 knockdown, icMMP12 overexpression, as well
as cell permeable and impermeable MMP12 inhibitors.
We found that extracellular MMP12 regulates the
development of SVZ niche structures, including
pinwheel organization, the formation of ECM hubs, and
ependymal cell planar cell polarity, while ciliogenesis in
ependymal cells is unaffected by extracellular MMP12.
In contrast, icMMP12 has a unique function in regulating
ependymal ciliogenesis, which may be related to actin
cytoskeleton organization. Finally, we found that
icMMP12 regulates SVZ niche output by suppressing
NSC proliferation. Together, these findings describe a
novel icMMP12 isoform in ependymal cells, and reveal
the unique roles of extracellular and intracellular MMP12
in the development of the SVZ NSC niche.
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W-1092

ROLE OF PDGF-BB IN HUMAN PDL STEM
CELLS PROLIFERATION, MATRIX SYNTHESIS
AND MINERALIZATION

Mihaylova, Zornitsa, Mitev, Vanyo, Stanimirov, Pavel,
Tsikandelova, Rozaliya and Ishkitiev, Nikolay
Medical University - Sofia, Bulgaria

Platelet-derived growth factor-BB (PDGF-BB) is one of
the most abundant growth factors in human platelets
and has been shown to significantly participate in
regeneration after tissue injury. There is a population of
mesenchymal stem cells in human periodontal ligament
(PDL) which can contribute to tissue regeneration
under appropriate conditions. PDL cells were isolated
and characterized using stem cell and differentiation
markers via immunofluoresce and flow cytometry
and then cultured in vitro and treated with different
concentrations of PDGF-BB. The effect of PDGF-BB on
cell proliferation, stem cell and differentiation markers
expression, soluble collagen production, lysyl oxidase
(LOX) activity, alkaline phosphatase (ALP) activity and
calcium nodules formation was assessed. PDGF-BB
stimulated the proliferation of cells with the maximum
effect at 50 ng/mL. The growth factor increased the
expression of stem cell markers and SPARC; Colla2
expression was decreased, whereas the expression of
Col3al and BSPIl remain unchanged. Soluble collagen
production, ALP activity and calcium nodules formation
were also significantly decreased by PDGF-BB; LOX
activity was significantly increased. PDGF-BB is a
powerful promoter of cell proliferation and increases
the expression of stem cell markers; inhibits collagen
production and mineralization but accelerates the
maturation of collagen chains through increased LOX
activity and SPARC expression.

Funding Source: The project was supported by Grant
Ne DFNI B02/15; 12.12.2014, Annex 1/23.11.2016, NSF,
Ministry of education and science, Bulgaria and Grant Ne
55/2016 Medical Science Council MU - Sofia

W-1094

ROLE OF CCL4 AND CCR5 DURING
OSTEOCLASTOGENESIS OF MURINE BONE
MARROW-DERIVED MONOCYTES

Lee, Dabin', Shin, Kyung-Ju', Yoon, Kyung-Ae', Choi,
Young-Jin?, Lee, Bom Nae Rin®* and Cho, Je-Yoel
'Seoul National University, Seoul, Korea, 2University
of Ulsan College of Medicine, Seoul, Korea, 3Yale
University, New Haven, USA

Chemokine CCL4 (MIP-1B) is released from osteoblast
cells to restore the homeostasis of hematopoietic stem
cells during the activation of bone marrow. In this
study, the function of CCL4 during osteoclastogenesis



was investigated. CCL4 promoted the migration and
viability of pre-osteoclast cells. However, CCL4 had no
direct effect on the receptor activator of nuclear factor-
kB ligand (RANKL)-induced osteoclastogenesis in
mouse pre-osteoclast cells. During osteoclastogenesis,
the expression of CCR5, the CCL4 receptor, was rapidly
reduced by RANKL treatment. CCR5 down-regulation by
RANKL was mediated by MEK and JNK in pre-osteoclast
cells and played a role in osteoclastogenesis. These
results suggest that the chemoattractant effect and
viability of CCL4 is involved in recruiting pre-osteoclasts
but is diminished later its effect on osteoclastogenesis
by the reduction of CCR5 when RANKL is prevalent.

W-1096

BMP4 AND FGF8 AFFECT DTPCS
PROLIFERATION AND DIFFERENTIATION

Ishkitiev, Nikolay, Dimitrova, Violeta, Tsikandelova,
Rozaliya, Mihaylova, Zornitsa, Mitev, Vanyo and
Dragneva, Maria

Medical University - Sofia, Sofia, Bulgaria

The aim of this research is to isolate primary
mesenchymal stem cell cultures from deciduous tooth
pulp and to characterize them for expression of specific
mesenchymal markers using immunofluorescence
and flow-cytometry. The cells were characterized for
expression of stem-cell markers (Nestin, Vimentin,
CD146, CD44, CD49f) and markers associated with
dental tissues (ALP, COL1A2, COL3A2, DSPP) using
flow-cytometry and immunofluorescence. Primary
mesenchymal stem cell cultures from deciduous tooth
pulp were isolated from routinely extracted, healthy
deciduous teeth. For this research cells between 4-th
and 6-th passages were used. The results showed that
the mesenchymal stem cell cultures are heterogeneous.
We proved that there are cells expressing characteristic
reparative dentinogenesis markers COL1A2, COL3A1,
DSPP, ALP as well as stem cell markers nestin, vimentin,
CD44, CD49f, CD146. After revealing the phenotype of
DTPSC we treated the cell cultures with 10 ng/mL FGF8
or BMP4 for 48 h. Cell proliferation, collagen production
and expression of differentiation markers COL1A2, DSPP
and ALP were assessed. FGF8 was found to significantly
increase cell proliferation. Both growth factors increased
expression of differentiation markers COLIA2, DSPP
and ALP. Soluble collagen secretion in the supernatant
was also significantly increased by both BMP4 and
FGF8. Revealing the phenotype of the mesenchymal
stem cells from deciduous teeth pulp will give us
invaluable information about the potential of these cells
and will help us to better understand the regenerative
potential of tooth pulp and the processes of dentine
production and reparation. Interaction between FGF8
and BMP4 sets the beginning of differentiation of both
odontoblasts and ameloblasts. Revealing the intimate
interaction mechanism between FGF8 and BMP4 in

DTPSC may lead to developing new dental regenerative
techniques.

Funding Source: The project was supported by Grant
Ne DFENI B0O2/15; 12.12.2014, and Annex 1/23.11.2016 NSF,
Ministry of Education and Science, Bulgaria

W-1098

REVEALING THE HIERARCHICAL LINEAGE
RELATIONSHIP BETWEEN PRIMITIVE AND
DEFINITIVE NEURAL STEM CELLS IN THE
ADULT MOUSE FOREBRAIN

Xu, Wenjun', Sachewsky, Nadia', Morshead, Cindi' and
van der Kooy, Derek?

'Department of Surgery, University of Toronto, Canada,
2University of Toronto, Canada

Adult neural stem cells (NSC) reside in the periventricular
region along the entire neuraxis. Two distinct populations
of NSCs persist into adulthood: a rare, Oct4 expressing
primitive NSC (pNSC) and a more abundant, GFAP
expressing definitive NSC (dNSC). Previous studies
using in vitro passaging and in vivo cell transplantation
have supported the lineage relationship between the
distinct NSC populations, indicating that pNSCs lie
upstream of the dNSCs. Herein we have performed in
vivo experiments that provide direct evidence to the
lineage hierarchy. We have built on the finding that
the specific ablation of dNSCs invariably results in
their return over time. Using various transgenic mouse
models we first confirmed that dNSC and pNSC have
distinct, non-overlapping marker expression (Oct4 in
PNSCs, GFAP in dNSCs). In GFAPCreERT2;ROSAyfpfl/
fl, GFAPtk mice, tamoxifen (tam) labels a cohort of
GFAP+ dNSCs. The subsequent, specific ablation of
GFAP expressing dNSCs using GCV leads to an initial,
complete loss of dNSCs however, the dNSC population
returns over time (as previously reported). In all cases,
therepopulationis from a GFAP negative cell, supporting
the hypothesis that the GFAP negative pNSCs are
activated to repopulate the dNSCs. In a separate set
of experiments, GFAPtk;ROSAyfpfl/fl mice injected
with a Cre-recombinase expressing retrovirus (RV)
during dNSC ablation (i.e. during GCV infusion) lead to
a small percentage of YFP expressing dNSCs in addition
to YFP+ pNSCs. Hence, GFAP-negative, pNSCs were
proliferating during dNSC repopulation. Finally, we took
advantage of the unique marker expression of Oct4 in
PNSCs to selectively label pPNSCs in dNSC depleted mice
(tam fed Oct4CreERT2;ROSAyfpfl/fl;GFAPtk receiving
GCV). As predicted, some dNSCs that returned over
time expressed YFP, revealing a direct contribution
from pre-labeled Oct4 expressing pNSCs. Together,
these findings confirm the NSC lineage relationship in
vivo, whereby the pNSC lies upstream of the dNSC in
the adult forebrain.
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W-1100

CONTINUOUS BLOCKING OF THE
DIFFERENTIATION OF RETINAL
PROGENITOR INTO NON-CONE FATES
PERMITS THE ISOLATION OF LARGE CONE
PHOTORECEPTOR SPECIFIC RETINAL
PROGENITOR CLONES

Ballios, Brian G.!, Ballios, Brian', Justin Belair-Hickey,
Justin', Bader, Gary', Grisé, Kenneth', Coles, Brenda',
Liu, Jeff!, Wallace, Valerie!, Bernier, Gilbert? and van der
Kooy, Derek!

'University of Toronto, ON, Canada, 2University of
Montreal, Canada

Adult retinal stem cells (RSCs) are rare pigmented
cells in the ciliary epithelium of the retinal periphery
of many mammals, capable of giving rise to all types
retinal neurons, including cone and rod photoreceptors.
Here we report the induction and characterization of
large purified populations of cone photoreceptors from
mouse RSC progeny by way of the induction of cone
specific retinal progenitors. Following 28 days of COCO
(a TGFB, Wnt and BMP antagonist) treatment added to
pan-retinal (1% fetal bovine serum + fibroblast growth
factor + heparin) conditions during the differentiation
of RSC progeny, 56% of RSC progeny were positive for
cone arrestin and 46% were positive for S-opsin (mature
cone markers). In contrast, in pan-retinal differentiation
conditions alone, RSC progeny produced clones with O
- 1% cones. A similar enrichment of cone photoreceptor
differentiation was seen with COCO treatment of
embryonic neural retina clones. The COCO induced cone
arrestin positive cells did not express the rod marker
rhodopsin or the retinal pigmented epithelial cell (RPE)
marker (RPEG5), suggesting COCO is not inducing RSC
progeny to ectopically express photoreceptor or RPE
genes non-specifically. Next, we sorted undifferentiated
clonal RSC progeny into single non-pigmented (NP) or
pigmented (P) progenitors, plated them at a single-cell-
per-well and differentiated the clones in COCO or pan-
retinal control conditions for 45 days. We found that
only clones from NP progenitors in COCO were cone
arrestin positive (nearly 100% of the clones consisted of
cone only clones, including clones of several hundred
cells), suggesting that COCO may act in a cell specific
inductive manner. Moreover, RNA sequencing analysis
revealed a very close gene expression similarity between
the endogenous cones and the cones produced from
retinal progenitors in COCO. Most important, COCO
must be present throughout the entire differentiation
period to allow differentiation of large numbers of cone
photoreceptors. These data suggest that the NP neural
retinal progeny of RSCs can differentiate into cone
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photoreceptor-specific progenitors by default if their
differentiation into non-cone fates is inhibited.

Funding Source: CIHR, CIHR Biotherapeutic, Medicine
by Design, Foundation Fighting Blindness Canada,
Krembil Foundation, OIRM

W-1102

GENERATION OF MESC-DERIVED CONE
PHOTORECEPTOR PRECURSORS

Llonch, Silvia, Hentschel, Jochen and Ader, Marius
TUD CRTD, Dresden, Germany

Cell-based strategies by means of photoreceptor
transplantation have been shown to be a feasible
therapeutic approach for retinal degeneration diseases.
Indeed, after transplantation of primary rod/cone -
photoreceptor precursors, some visual restoration
has been observed in different mouse models of
retinal degeneration. Nonetheless, in the human
system, primary photoreceptor precursors are not the
ideal cell source for such treatment approach, since
transplantable photoreceptor precursors can only be
obtained at embryonic stages of development, which
is ethically and legally concerning. Therefore, derivation
of photoreceptor precursors from pluripotent stem cells
(PSC) is being currently developed as an alternative
cell source. Several studies have already demonstrated
the ability of mouse/human embryonic/induced
pluripotent stem cells (m/h E/iPSC) to differentiate into
3D retinal tissue, so called retina organoids, in a self-
organised manner. Rod photoreceptor precursors have
been isolated from retinal organoids via fluorescent/
magnetic - activated cell sorting (FACS/MACS
respectively) and have been shown to survive and
mature after transplantation into the sub-retinal space
of retinal degeneration mouse models. In contrast to the
nocturnal mouse, human vision highly depends on cone
photoreceptors that are active in daylight conditions.
As rods represent the vast majority of photoreceptors
in the mouse retina and PSC-derived retina organoids,
factors required for cone photoreceptor cell fate
acquisition are not well studied. This lack of knowledge
leads to a delay in the development of cell therapies
for cone degeneration diseases compared to those
for rod degeneration. Therefore, we are currently
developing and optimising protocols and tools that
allow us to increase the amount of cone photoreceptor
precursors and detect them in retinal organoids for
further development of cell therapies tailored for cone
degeneration diseases.



W-1104

HUMAN RETINAL GANGLION PROGENITOR
CELL INTEGRATES INTO RETINAS IN A
MURINE MODEL

Qin, Yu', Mirotsou, Maria? Chan, Ann', Luo, Chenmei?,
Kwong, Jacky', Levinson, Ralph', Lanza, Robert? and
Gordon, Lynn'

"University of California Los Angeles, Los Angeles, CA,
USA, ?Astellas, Marlborough, MA, USA

Retinal ganglion cells (RGC) are retinal neuronal cells
that form the inner layer of retina and the axons of
these cells form the optic nerve. Loss of RGC is a
significant cause for vision loss in glaucoma and other
optic neuropathies. Optic nerve crush (ONC) is an acute
optic nerve damage animal model which is used in many
studies of optic neuropathy. We investigated whether
human RGC progenitor cells could be integrated into
the appropriate retinal layer post ONC in a murine
model. Unilateral ONC was performed surgically on 6-8
weeks old C57BL/6 mice. After mice were anesthetized,
a conjunctival incision was made on the temporal side
and optic nerve was exposed following blunt dissection.
Retinal progenitor cells were provided by Astellas
Institute for Regenerative Medicine. Immediately
after ONC, 1x105 RGC progenitor cells in 1 yl saline
were injected intravitreally using a 33-gauge needle.
Vehicle was injected as control. Mice were treated with
cyclosporine in the drinking water to prevent rejection
of cell transplant from 2 days prior to transplant through
the duration of the experiments. At the end of each study
(2-6 weeks) retinas were dissected and wholemount
retinas and frozen vertical sections were analyzed
for incorporation of the cells into the retina using
immunofluorescent staining with RBPMS (RGC marker)
and antibodies to reveal cells of human origin. Staining
of wholemount retinas showed the presence of human
cells within the retina at 2 weeks (n=23 mice), 4 weeks
(n=10 mice) and 6 weeks (n=10 mice) post cell transplant.
Confocal microscopy identified colocalization of human
cells with RBPMS positive cells, indicating that some of
the RGC progenitor cells are in the RGC lineage. Staining
of retinal vertical cross sections showed cells of human
origin at 4 and 6 weeks in the RGC layer as well as in
vitreous and they co-expressed RGC marker RBPMS.
RGC progenitor cells integrate into retina and survive at
least 6 weeks post ONC. Some of the cells gain the RGC
transcription factor RBPMS, suggesting differentiation
towards the RGC lineage. Additional work is needed
to examine the efficacy of cell transplantation after
the establishment of ONC and examine the long-term
survival and axonal regrowth of RGC progenitor cells in
the retina.

W-1106

TRANSCRIPTOMIC PROFILING OF EPITHELIAL
TO MESENCHYMAL TRANSITION IN

STEM CELL-DERIVED RETINAL PIGMENT
EPITHELIUM

Sripathi, Srinivasa Rao’, Liu, Melissa? Wan, Jun3, Han,
Xiaomei?, Cheng, Jie?, Wahlin, Karl4, Maruotti, Julien®,
Yang, Xue?, Mertz, Joseph?, Berlinicke, Cynthia? Qian,
Jiang?, Esumi, Noriko? and Zack, Donald!

"The Johns Hopkins University School of Medicine,
Baltimore, MD, USA, 2Ophthalmology , The Johns
Hopkins University School of Medicine, Baltimore,
MD, USA, 3Medlical and Molecular Genetics, Indiana
University, Baltimore, MD, USA, “Shiley Eye Institute,
University of California, La Jolla, CA, USA, *Phenocell,
Evry cedex, France

RPE stress and injury often lead to RPE dedifferentiation
and epithelial to mesenchymal transition (EMT), whose
characteristics include alteration of the RPE’s normal
cobblestone morphology to a more spindle-shaped
fibroblast morphology. RPE dysfunction and EMT have
been implicated in a number of retinal diseases. In order
to better understand the molecular mechanisms of
EMT in the human RPE, and determine its similarities
and differences to EMT processes associated with
malignant transformation in other cell types, we used
RNA-seq to determine the transcriptome of human
stem cell-derived RPE cells induced to undergo EMT.
Human iPS-RPE monolayers were cultured using our
previously published methods (Maruotti et al, 2013
and 2015). For inducing EMT, RPE monolayers were
enzymatically dissociated and re-plated for 3, 12 and
48 hrs in duplicates. Un-dissociated RPE monolayers
were considered as controls. First and second strand
synthesis was performed from total RNA using
anchored oligo-dT and DNA Polymerase | respectively.
RNA-seq libraries were constructed using the Nextera
XT DNA Library Preparation Kit and sequenced on an
Illumina HiSeq 2500 with 50 bp paired-end reads. Reads
were aligned to NCBI build 37.2 using Tophat (v2.1.0).
Cuffquant and Cuffnorm (Cufflinks v2.2.1) were used
to quantify expression levels and calculate normalized
FPKM values. Pathway analysis was performed using
Gene Set Enrichment Analysis (GSEA) and validated by
gRT-PCR. The key mesenchymal transcription factors
SNAI, ZEBI1, and TWIST1 were up-regulated, whereas
the RPE-specific markers MITF, BEST1, RPEG5, RLBP],
and LRAT were down-regulated after the dissociation of
monolayers. GSEA uncovered a number of key signaling
pathways, including ECM-receptor, focal adhesion,
TGF-B, NOTCH, and WNT/TCF. Our data provide a
novel insight into both positively/negatively correlated
transcription factors and miRNA-regulated target genes
whose expression is altered by the induction of EMT in
human RPE cells. Temporal transcriptome analysis of
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RPE EMT enables the identification of early and late
intrinsic molecular pathways and their possible link to
RPE degeneration. Moreover, defining the transcriptional
networks involved in human RPE cells undergoing EMT
may provide novel therapeutic targets for treatment of
retinal diseases.

Funding Source: NIH, Edward N. and Della L Thome
Memorial Foundation, Beckman Foundation, Maryland
Stem Cell Research Fund, Foundation Fighting
Blindness, Research to Prevent Blindness, Bright Focus
Foundation, and Guerrieri Family Foundation.

NEURAL DEVELOPMENT AND
REGENERATION

W-1108

POST-TRANSCRIPTIONAL REGULATION
OF MOUSE NEUROGENESIS BY PUMILIO
PROTEINS

Zhang, Meng’, Chen, Dong?, Xia, Jing®, Han, Wenq;i4,
Hermes, Gretchen®, Sestan, Nenad* and Lin, Haifan3®
'Stem Cell Center, Yale University, New Haven, CT,
USA, ?Yale Stem Cell Center, Department of Microbial
Pathogenesis, Yale University, New Haven, CT, USA,
3Yale Stem Cell Center, Department of Cell Biology,
Yale University, New Haven, CT, USA, *Department of
Neuroscience, Yale University, New Haven, CT, USA,
Department of Psychiatry, Yale University, New Haven,
CT, USA

Mammalian  neurogenesis occurs during fetal
development and persists throughout adult life. Despite
extensive studies of transcription, epigenetics, and cell-
cell signaling in regulating this process, little is known
about post-transcriptional control. Here we report
the neurogenic function of two post-transcriptional
regulators in mice, Pumilio (Pum) 1 and 2, of the
evolutionarily conserved PUF RNA binding protein
family. PUF proteins are known to mediate post-
transcriptional regulation in stem cells and development
in lower organisms, but their function in mammalian
neurogenesis remains unknown. We show that Nestin-
cre driven neural specific conditional double knockout
of PumT; Pum2 led to severely reduced number of neural
stem cells (NSCs) in the dentate gyrus (DG) after birth,
drastically increased perinatal apoptosis, accumulation
of Tbr2+ neuronal progenitors but fewer DCX+
immature neurons, as well as largely impaired learning
and memory. Consistently, in neurosphere assays, the
mutant DG gave rise to fewer NSCs which displayed
defects in proliferation, survival and differentiation in
vitro. All these defects indicate a major role of Pum1and
Pum2 in hippocampal neurogenesis and function. To
investigate Pum-mediated mechanism, we employed
Pum1/2 crosslinking immunoprecipitation (iCLIP) assay,
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which detected Pum binding sites at single nucleotide
resolution and identified 3,588 Pum1l- and 2,763 Pum2-
target mRNAs, with 1,476 as common targets that are
involved in multiple pathways crucial to neurogenesis.
The majority of Pum targets showed upregulation at the
protein level but remained unchanged at the transcript
level upon depleting Pum1 or Pum2 or both. Hence,
Pum1 and Pum2 achieve their neurogenic function by
post-transcriptionally regulating their RNA targets.
Lastly we discovered an RNA-dependent interaction
between Fmrp and Pum. Pumil, Pum2, and Fmrp are
targets of each other. While depletion of Fmrp did
not affect Pum binding, depletion of Pum2 or both
Pum proteins significantly diminished Fmrp binding,
supporting the interaction between Fmrp and Pum in
regulating neurogenesis, including the role Pum2 plays
in facilitating Fmrp function. In addition, the difference
between Puml and Pum?2 in interacting with Fmrp
might indicate differential roles of Puml and Pum2 in
neurogenesis.

Funding Source: This work was supported by the G.
Harold & Leila Y. Mathers Award and NIH ROIGM121386
to Haifan Lin. During this work, Meng Zhang received
the K.S. and Feli Lo Graduate Fellowship for Excellence
in Stem Cell Research.

W-1110

LONG TERM STABILITY OF L-MYC
EXPRESSING NSCS: DEVELOPMENT OF
COMPUTATIONAL PREDICTION MODELS FOR
PERSONALIZED MEDICINE

Gutova, Margarita', Rockne, Russell?, Masihi, Mehers3,
Tsaturyan, Lusine?, Adhikarla, Vikram?, Li, Zhongaqis,
Aboody, Karen® and Barish, Michael®

'City of Hope National Cancer Center, Duarte, CA, USA,
?Information Sciences, City of Hope Medical Center,
Duarte, CA, USA, 3Developmental and Stem Cell
Biology, City of Hope Medical Center, Duarte, CA, USA

Several preclinical studies indicate that neural stem
cells (NSCs) can limit or reverse central nervous system
(CNS) damage through cell replacement, regeneration,
or delivery of therapeutic agents to sites of degeneration
or tumor. Allogeneic NSC lines are in growing demand
due to the limitations of autologous stem cells including
time for modification, costs and availability to patients.
We generated and characterized a new human NSC
line, immortalized by transduction with a single gene,
transformation deficient L-myc (LM-NSCO008). At
present study, we demonstrated long-term fate, stability
and luck of tumorigenicity of LM-NSCOOQ08 cells in vitro
and in non tumor-bearing naive mouse brain (up to 9
month). LM-NSCO0O08s displays self-renewal and stable
L-myc expression up to passage 50 in vitro and were
easily expanded to a large cell banks using Quantum
fiber bioreactor. Cortically-injected LM-NSCOO08 cells



migrate long distances across hemispheres and generate
specialized cell types through differentiation in vivo. In
mouse xenograft models of brain tumors and injury,
intranasally-administered cells showed tumor homing
as visualized in thick cleared brain sections. These data
approaches for NSC administration and therapeutic
targeting will support further use of LM-NSCOO08 cells
in brain tumor and injury models to explore novel and
noninvasive routes of stem cell delivery to the brain.
The inability to visualize, quantitatively analyze, and
predict exogenous stem cell migration is a barrier to
successful translation of stem cell therapies to the clinic.
The developed computational model of NSC migration
in the brain which provides a way to predict the
numbers of NSCs that will reach a tumor depending on
the injected dose, route of delivery and location of the
target site within the brain. This method could also be
used in areas of brain injury and regenerative medicine.
This computational tool may be used to identify brain
tumor patients that are good candidates for NSC
therapy depending on tumor/injury location, or the best
NSC administration method for a patient.

Funding Source: Alex Lemonade Stand Foundation
W-1112

DERIVATION OF HUMAN EXCITATORY
NEURONS WITH NMDAR-MEDIATED
SYNAPTIC TRANSMISSION FOR DISEASE
MODELING

Nehme, Ralda', Zuccaro, Emanuela?, Ghosh, Sulagna?,
Pietilainen, Olli*, Sherwood, John4, Li, Chenchen?,
Barrett, Lindy®, Cacchiarelli, Davide? Arlotta, Paola?, Fu,
Zhanyan®, Feng, Guoping’ and Eggan, Kevin*

'Broad Institute of Harvard and MIT and Harvard
University, Cambridge, MA, USA, °Harvard University,
Cambridge, MA, USA, 3Department of Stem Cell and
Regenerative Biology, Broad Institute, Cambridge,

MA, USA, “Broad Institute and Harvard University,
Cambridge, MA, USA, *Broad Institute, Cambridge, MA,
USA, "MIT, Cambridge, MA, USA

Neuronal populations derived by direct reprogramming
of pluripotent stem cells retain an immature phenotype,
and modeling mature synaptic transmission remains
challenging. This in turn impedes disease modeling and
drug discovery. Here, we combined forced expression
of NGN2 with small molecule patterning via inhibition
of SMAD signaling to induce neuronal differentiation
in hPSCs. We find that this approach generates
homogenously patterned excitatory cortical neurons,
which we named human patterned induced neurons
(hpiNs). Using single-cell RNA sequencing, along
population RNA sequencing and electrophysiological
recordings, we identified CAMK2A-expressing highly
differentiated and synaptically active hpiNs that
expressed AMPA and NMDA receptor subunits. This

underscores the utility of this approach for modeling
diseasesassociated withglutamatereceptordysfunction,
including schizophrenia, epilepsy and autism. Finally,
we describe a pipeline for defining statistically sound
and reproducible cellular, molecular, and physiological
phenotypes associated with disease.

W-1114

GFAP-NEGATIVE NSCS IN THE PERI-NATAL
MOUSE SEZ DIRECTLY MAKE ASTROCYTES
VIA A GFAP-NEGATIVE PROGENITOR

Yammine, Samantha, Gosio, Jessica, Johns, Jessica and
van der Kooy, Derek
University of Toronto, ON, Canada

We define two distinct types of neural stem cells (NSCs)
in the developing and adult mouse brain that generate
the diversity of neural progenitor cells (NPCs) that build
the brain. Primitive (p)NSCs do not express GFAP, and
form clonogenic neurospheres when grown in LIF.
PNSCs arise ~E5.5 and persist into the adult brain, where
we have shown that they are very rare and quiescent,
express Oct4, and give rise to GFAP+ definitive (d)NSCs
that form neurospheres in EGF and FGF2. We used
the neurosphere assay in vitro to enrich for progenitor
cells downstream of either NSC type to characterize
the functional differences between these two NSC
populations. Here we show both NSC types derived
from the E17.5 mouse brain give rise to NPCs that are
bipotent in the neuronal and glial lineages, though
PNSCs give rise to many NPCs specified to only make
neurons. Interestingly, progenitor cells from either NSC
that gave rise to both lineages generated significantly
more progeny than those committed to either glial or
neuronal fates, suggesting that multipotent progenitors
proliferate more than unipotent progenitors. As pNSCs
can give rise to dNSCs as well as neurons and glia, we
asked whether pNSCs can directly produce neurons
and glia without a dNSC intermediate step. To test
this, we grew clonal spheres from early postnatal mice
with herpes simplex virus thymidine kinase expression
driven by the GFAP promoter, which causes GFAP-
expressing cells (ie. definitive NSCs) to be killed upon
division following administration of ganciclovir. There is
a significant reduction in the number of neurospheres
that form in EGF and FGF2 from definitive NSCs from
the subependymal zone (SEZ) of early post-natal mice
with this manipulation, as expected. Preliminary results
show pNSCs from these mice could still form GFAP+
astrocytes, suggesting that downstream of pPNSCs,
astrocytes are made via a progenitor that is GFAP- while
it is proliferative. By combining the retroviral lineage
tracing and GFAP-TK data, we have constructed a novel
hierarchy for progenitor cells downstream primitive and
definitive neural stem cells. We will continue to explore
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this heterogeneity of neural precursors using single cell
RNA-sequencing.

W-1116

DERIVING SENSORY SPINAL INTERNEURONS
FROM HUMAN PLURIPOTENT STEM CELLS

Hain, Samantha C., Sivalingam, Daniel, Gupta, Sandeep,
del Castillo, Lorenzo and Butler, Samantha
University of California, Los Angeles, CA, USA

Spinal sensory interneurons (INs) integrate and relay
somatosensory information, such as the experience of
touch or pain. The loss of somatosensation after injury
or disease can be debilitating both physically and
emotionally. One means of restoring sensory function
is to repopulate diseased or damaged areas of the
nervous system with stem-cell derived sensory INs. We
are working towards this goal by developing directed
differentiation protocols based on the mechanisms that
specify sensory INs during spinal cord development.
Sensory INs arise as a result of signaling from the
Bone Morphogenetic Proteins (BMPs) family of growth
factors. BMPs pattern the dorsal spinal cord, including
the progressive production of roof plate (RP) cells
at the dorsal midline, and the dI1 and dI3 populations
of sensory INs, which mediate proprioception and
mechanosensation respectively. As a first step, we have
determined the culture conditions in which BMPs can
induce dorsal spinal IN fates from mouse embryonic
stem cells (MESCs). We have shown that BMP4 and
BMP6 specifically direct mESCs toward different dorsal
identities: BMP4 is most effective at directing mESCs
into dlls and dI3s, whereas BMP6 allows for efficient
differentiation into RP cells. As a second step, we
are now assessing whether these BMPs can similarly
direct human stem cells towards dorsal spinal fates.
The successful implementation of these protocols will
permit us to work towards the ultimate goal of restoring
sensory function using patient specific INs generated in
vitro.

Funding Source: California Institute for Regenerative
Medicine (CIRM)
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PATIENT-SPECIFIC NEURAL STEM CELL
THERAPY REVERSES AN ALZHEIMER’S
DEMENTIA SYNDROME IN OLDER PET DOGS

Duncan, Thomas', Lowe, Aileen!, Siette, Jocye?, Sidhu,
Kuldip3, Westbrook, Frederick?, Chieng, Billy', Lewis,
Trevor3, Toole, Sarah?, Voss, Katja', Brunel, Laurencie?,
Jacobsen, Erica®, McGreevy, Paul' and Valenzuela,
Michael

'The University of Sydney, Sydney, New South Wales,
Australia, ?‘Macquarie University, Sydney, New South
Wales, Australia, *University of New South Wales,
Sydney, New South Wales, Australia, “University of
Wollongong, Wollongong, New South Wales, Australia,
SPrince of Wales Hospital, Sydney, New South Wales,
Australia

Dementia currently affects 32 million individuals
worldwide, with projections of 130 million by the year
2050. Due to limited progress in medical management
dementia remains an incurable and fatal disorder. The
underlying clinicopathologic issue in early dementia is
mass neuronal loss in the hippocampus. Repopulation
by exogenous neural precursors is therefore a promising
therapeutic strategy but has yet to reach clinical trial.
One of the major challenges has been poor translational
fidelity between rodents and humans. We therefore
have focused on Canine Cognitive Dysfunction (CCD),
a neurodegenerative disorder in older pet dogs with
many parallels to human Alzheimer’s dementia. Dogs
with CCD display amnesia, spatial disorientation and
agitation, and express neurodegeneration alongside
Alzheimer pathology. To date, we have produced >50
genetically non-modified skin-derived neural precursor
(SKN) lines from adult canine skin. These are highly
homogenousin culture (CD133+Nestin+P75+ >97.9%; CV
< 1.8%), rate-limited by virtue of low number of maximal
cell doublings, and differentiate almost exclusively
into neurons, endogenously upregulating neuronal
specification genes Ascll, Brn2, Mytll and NeuroD
(p=0.04). We show that canine SKN transplantation
into the aged rodent hippocampus is safe and leads to
widespread neuronal engraftment. Donor cells become
electrophysiologically active, and integrate synaptically
into host neuronal circuitry. Moreover, we observe
rescue of hippocampal-dependent place recognition
memory deficits, with normalized exploration ratio
restored from categorically impaired (0.57), back to
levels equivalent with young rats (0.71; n=9; p=0.02;
d=1.1). Accordingly, we are now assessing the safety and
efficacy of our SKN therapy in a world-first therapeutic
trial to treat dementia in a higher-order animal model.
We can report that 18-months following MRI-guided
intra-hippocampal injection of autogenic SKNs, two
consecutive patients demonstrate stable and clinically
meaningful improvement in CCD signs, such that they



are functionally cured. These results are paralleled by
dramatic improvements on objective spatial memory
testing. These exciting early trial results indicate that
SKN therapy can in-principle reverse a naturalistic
dementia-like syndrome.

W-1120

GENERATION OF A NERVE ORGANOID WITH
HUMAN STEM CELL-DERIVED NEURONS

Ikeuchi, Yoshiho', Kawada, Jiro?, Kaneda, Shohei?,
Kirihara, Takaaki?, Maroof, Asif4, Eggan, Kevin* and Fujii,
Teruo?

'Institute of Industrial Science, The University of Tokyo,
Meguro, Japan, °The University of Tokyo, Japan,
4Harvard University, Boston, USA

During development, axons spontaneously assemble
into a bundled structure to form nerves and tracts in
the nervous system as they extend within a spatially
constrained path. However, understanding of the axonal
fascicle has been hampered by lack of an in vitro model
system. Here, we report the generation of a nerve
organoid bearing a robust fascicle of axons extended
from human stem cell-derived motor neurons within our
custom-designed microdevice. The device is equipped
with a narrow channel providing a microenvironment
that mimics the in vivo axon growth path and facilitates
the growing axons to spontaneously assemble into a
unidirectional fascicle. We characterized the fascicle
and found that it was specifically made with axons,
electrically active, and elastic. Our data suggests
that the nerve organoid can be used as a model for
evaluating degeneration of axon bundles in vitro. This
nerve organoid model should allow future studies on
the development of the axonal fascicle and facilitate
drug screens aimed at diseases affecting axon fascicles.

W-1122

ASCL1 INDUCED NEURONAL
DIFFERENTIATION USING A NOVEL
TRANSCRIPTION DELIVERY VEHICLE

Pelle, Shaneen, Jacobsen, Marianne, Teece, David and
Buttigieg, Josef
University of Regina, Regina, SA, Canada

During spinal cord injury (SCI), both primary and
secondary injury events lead to a substantial reduction
of both neuronal and glial cells. This cell death, in turn,
resultsinsignificantinhibition of neuronalcommunication
and an ensuing loss of both motor and sensory function.
While there are pools of endogenous neural stem cells,
a variety of local environmental factors inhibit both their
differentiation and migration to the injury site. Although
endogenous sources of stem cells require extra
stimulation, they do have the potential to circumvent

many issues commonly encountered by exogenous
stem cell use. One mechanism by which endogenous
stem cell differentiation is induced is via the use of either
growth factors and/or use of gene manipulation via
viral transduction. However, such treatments also have
significant side effects. Here we propose the use of a
novel mechanism of transcription factor delivery. Using
a modified fusion peptide consisting of the transcription
factor Achaete-scute homolog 1 (ASH1) and a modified
internalization peptide sequence, we canreliably transfer
the transcription factor into endogenous stem cells both
invitroand in vivo. ASHTis a transcription factor required
for neuroblast differentiation into neurons. Using a
model of SCl in the rat, we delivered this fusion construct
to the endogenous stem cells surrounding the injured
spinal cord. Using gait analysis, immunocytochemistry
and electrophysiology, we demonstrated that ASH1
treatment lead to improvements in both gait stride and
electrophysiological function of the injured rat spinal
cord. Furthermore, in vitro experiments demonstrated
that this fusion peptide construct induced neuronal
differentiation in mouse neural stem cells. These findings
demonstrate that this technology has the capacity to
reliably induce stem cell differentiation in the injured
organism and thus potentially lead to improved
treatments for related injuries such as SCI and stroke.

Funding Source: NSERC Engage grant; Saskatchewan
Health Research Foundation research grant

W-1124

SOX2 AND B-CATENIN COMPETE AT BINDING
SITES IN THE ATOH1 3’-ENHANCER DURING
EARLY DEVELOPMENT OF MURINE INNER
EAR HAIR CELLS

Lenz, Danielle and Edge, Albert
Massachusetts Eye and Ear Infirmary, Boston, MA, USA

Sox2 and B-catenin are important transcription factors
in the regulation of proliferation and differentiation
of stem cells during development and regeneration.
Interactions of Sox2 and B-catenin with binding partners
determine the biological role of these transcription
factors and their role is level-dependent. Sox2 and
B-catenin have been demonstrated to be essential for
specification of the prosensory domain in the inner ear
and for differentiation into hair cells during development.
Atohl is a key regulator of hair cell differentiation and
its 3’-enhancer is an important site for regulation. It
can drive transdifferentiation and hair cell regeneration
after injury in addition to its role in development. Sox2
and B-catenin bind at two sites in the Atohl enhancer.
The binding sites for each transcription factor overlap,
and the two factors can independently regulate Atohl
expression. ChlP, mRNA and luciferase analysis of Sox2
and B-catenin interaction at the Atohl 3’-enhancer
show a complex competitive mechanism. High levels
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of Sox2 drive proliferation over differentiation, while
low levels of Sox2 upregulate Atohl when B-catenin
levels are low. High levels of B-catenin however, are
required to drive later differentiation and involve DNA-
binding of B-catenin and upregulation of Atohl and
downstream targets in the absence of Sox2 binding.
The interplay between Sox2 and B-catenin is essential
for Atohl regulation during development and might be
useful in efforts to drive Atohl upregulation in hair cell
regeneration.

W-1126

RESTORATION OF REELIN/APOER2
INTERACTION RESTORE COGNITIVE
DYSFUNCTION OF DEMENTIA MODER MICE
AFTER TRANSPLANTATIOB OF HUMAN IPS
CELL-DERIVED NEURAL STEM/PRECURSOR
CELLS

Fujiwara, Naruyoshi, Takai, Kenji, Shimizu, Jun and
Suzuki, Noboru

St. Marianna University School of Medlicine, Kawasaki-
shi, Japan

[Purpose] Cell replacement is one of the radical
treatments on regenerative medicine. We have already
reported that transplantation of neural precursor cells
derived from human iPS (hiPS) cells restored the spatial
memory learning of human APP transgenic mouse
(PDAPP) in last year’s ISSCR. In this conference, we are
going to show that Reelin is a key molecule in improving
cognitive function. Several circumstantial evidences that
Reelin is involved in the pathology of dementia have
been proposed, but in either case there are few results
showing direct involvement in circumstantial evidence.
[Materials and methods] (Culture of hiPS cells) The hiPS
cell lines, 253G1 (RIKEN, Tsukuba, Japan), were used in
this study. We first developed embryoid bodies (EB).
Then EB were cultured on fibronectin (FN)-coated
dishes and we added retinoic acid (RA), noggin-Fc
(NOG) and sonic hedgehog (SHH). (Transplantation
and Morris water maze( MWM) test) We transplanted
the neuronal precursors into the PDAPP mice at day
8. Neuronal precursors derived from hiPS cells (2 x
105 cells per 2ul of saline; n=21) and PBS (n=19) were
stereotaxically transplanted into hippocampus. MWM
test was conducted 14 days before and 15 days after the
transplantation to assess the spatial memory learning
of PDAPP mice. [Results] The expression of Reelin was
29.0%£1.8% in wild type mice (B6, n=3), but 19.0£1.8% in
dementia model mice (PDAPP, n=3). It was revealed
that expression was decreased in mice with decreased
cognitive function. After neural transplantation, the
expression of Reelin was elevated in mice with improved
cognitive function. Furthermore, the expression of
ApoER2, which is a receptor of Reelin was also up-
regulatedin host brain,and activation(pshosphorylation)
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of the ApoER2 downstream signaling molecules (DAB],
Akt, GSK3beta) was also observed. [Conclusions] After
transplantation, expression of Reelin and its receptor
ApoER2 was remarkably enhanced in the host brain.
Our results suggested that decreased expression of
Reelin negatively affects cognitive function and that
increased expression of Reelin may lead to cognitive
function improvement.The restoration of Reelin/
ApPoER2 interaction may be importantly associated
with the improvement of cognitive dysfunction in the
dementia model mice.

W-1128

SURVIVAL AND INTEGRATION OF STEM CELL-
DERIVED MOTOR NEURONS TRANSPLANTED
TO THE MOUSE HYPOGLOSSAL NUCLEUS

Thams, Sebastian, Khalili, Pendar, Brundin, Lou and
Svensson, Mikael

Clinical Neuroscience, Karolinska Institutet, Stockholm,
Sweden

Lesions in the central nervous system (CNS) often
lead to permanent neurological deficits due to limited
regenerative capacity. It is therefore essential to develop
methods to replace lost neurons in order to restore
function. Transplantation of stem cell-derived neurons is
an attractive option, but inefficient integration of grafted
cells with host tissue constitutes an obstacle before
clinical applications can be considered. In this project, we
developed a mouse model for studying transplantation,
survival and integration of motor neurons (MNs), a cell
type commonly affected in CNS injury and disease, e.g.
amyotrophic lateral sclerosis (ALS). MNs expressing
eGFP under the Hb9-promoter were generated by
directed differentiation of mouse embryonic stem cells
and transplanted to the mouse hypoglossal nucleus by
stereotaxic technique. Graft survival and integration
was assessed at 1, 2 and 4 weeks post transplantation
to uninjured animals, and at different time points after
hypoglossal nerve injury. Graft survival was poor at early
time points after hypoglossal nerve injury, correlating
with high glial reactivity. However, we determined an
optimal window for transplantation at a later time point.
Local integration was assessed by analyzing synaptic
inputs onto grafted cells. We measured synaptic covering
using immunohistochemical markers for cholinergic
(VAChT), glutamatergic (vGLUT2) and GABAergic/
glycinergic (VIAAT) terminals. The composition of
excitatory and inhibitory synapses was compared
to that of resident MNs. We detected formation of
glutamatergic and inhibitory synaptic terminals on
grafted MNs as early as 1 week post transplantation,
and increased at later time points. However, cholinergic
terminals were not observed throughout the study.
In terms of long range integration, we detected GFP-
positive axons in the hypoglossal nerve and we are now



in the process of staining for neuromuscular synapses
derived from the graft. Assessment of cortical input
to the graft is ongoing. In summary, we present a new
mouse model for studying engraftment of transplanted
stem cell-derived MNs. By employing different methods
for stimulating survival and integration, we hope to
improve overall outcome for transplanted neurons, as
a first step towards cellular therapy in a clinical setting.

Funding Source: Swedish Wenner-Gren Foundations.
Vetenskapsradet. Karolinska Institutet.  Stiftelsen
for strategisk forskning (SSF). Torsten och Ragnar
Séderbergs stiftelser

NEURAL DISEASE AND DEGENERATION

W-1132

PHOSPHOLIPASE D3 CONTRIBUTES TO
ALZHEIMER’S DISEASE RISK VIA DISRUPTION
OF AMYLOID-BETA CLEARANCE THROUGH
THE LYSOSOME

Karch, Celeste’, Hsu, Simon', Martinez, Rita', Norton,
Joanne!, Cirrito, John!, Lee, Jin-Moo!, Cuervo, Ana
Maria?, Cruchaga, Carlos' and Goate, Alison®
"Washington University in St Louis, Saint Louis, MO,
USA, ?Albert Einstein College of Medicine, Bronx, USA,
3lcahn School of Medlicine at Mount Sinai, New York,
USA

Alzheimer’s disease (AD) is characterized by the
accumulation of amyloid-B (AB) in the brain. We recently
identified several coding variants in the phospholipase
D3 (PLD3) gene that double the risk for late onset
AD. PLD3 A442A was predicted to disrupt a splicing
enhancer binding site such that splicing is reduced. We
confirmed this splicing defect in human brain tissue
from PLD3 A442A carriers. Human fibroblasts from a
PLD3 A442A carrier were reprogrammed into induced
pluripotent stem cells (iPSC). We then used CRISPR/
Cas9 to correct PLD3 A442A using a seamless design.
Differentiation of the isogenic pairs into cortical neurons
produced cells that were morphologically similar. At the
molecular level, the PLD3 A442A neurons displayed a
similar defect in PLD3 splicing as was observed in human
brains and a significant increase in AB levels compared
with isogenic control lines. Thus, these findings illustrate
that the PLD3 risk variant is sufficient to alter PLD3
splicing and AR metabolism. While the normal function
of PLD3 is poorly understood, PLD3 is highly expressed
in neurons and in brain regions most susceptible to
amyloid pathology. PLD3 expression is significantly
lower in AD brains compared with controls, and PLD3
expression is highly correlated with expression of
lysosomal genes. Thus, we sought to determine whether
PLD3 contributes to AB accumulationin AD via disrupted
AR metabolism. We found that overexpression of PLD3

in immortalized cells decreased AR levels while shRNA
silencing of PLD3 increased AP levels. In an AD mouse
model, overexpression of PLD3 in hippocampal neurons
produced decreased interstitial fluid (ISF) AR levels
and accelerated AB turnover. Conversely, silencing of
endogenous PLD3 increased ISF AB and reduced AP
turnover. We hypothesize that reduced turnover of ISF
AB leads to AB accumulation. To begin to determine
whether PLD3 influences AB turnover via lysosomal
function, we isolated lysosomal fractions from human
AD and control brains. We found that PLD3 was enriched
in lysosomal subfractions and that PLD3 distribution
in these subfractions was altered in AD. Furthermore,
PLD3 stability in the lysosomal fractions was disrupted
in AD brains. Together, these findings demonstrate that
PLD3 may contribute to AD risk via altered AP clearance
through the lysosome.

W-1134

AMYLOID-B DEGRADATION IN CORTICAL
NEURONS DERIVED FROM ALZHEIMER’S
DISEASE IPSCS

Rowland, Helen A., Jones, Alys, Kellett, Katherine and
Hooper, Nigel

Division of Neuroscience & Experimental Psychology,
University of Manchester, Manchester, UK,

In familial forms of Alzheimer’s disease (AD), increased
production of amyloid-B (AB) is linked with AB deposition.
However, the majority of AD patients are sporadic
cases, where it is hypothesised that impaired clearance
of AR may be the more important cause. These cases
are typically late-onset, and aging remains the largest
risk factor. This study aimed to assess AR degradation
in different iPSC-derived neuron lines, where treatment
with cell stressors may better model aging and sporadic
AD. A method of assessing AR degradation has been
adapted for use with cell lysates and intact cells in
vitro. Fluorescently tagged AB (FAM-AB-Biotin) was
incubated with cortical neurons (>60 days after neural
induction) from healthy control and AD patient iPSC
lines with and without hypoxic conditions to induce
cell stress. At the end of the incubation with FAM-ARB-
Biotin, streptavidin coated dynabeads were added and
uncleaved FAM-AB-Biotin separated by magnetic force.
The supernatant containing the cleaved FAM-AB was
measured. The assay established demonstrated that
the AB-degrading metalloendopeptidases neprilysin
(NEP) and insulin-degrading enzyme (IDE) can degrade
the FAM-AB-Biotin substrate. AR degradation was
then assessed in the iPSC-derived cortical neuron
lines with and without hypoxic conditions and have
indicated differences in their capacity to degrade AR.
The addition of the protease inhibitor phosphoramidon,
which is specific for NEP, indicates that this enzyme
does not contribute significantly to AR degradation in
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vitro. These data suggest that the various AD related
iPSC-derived cortical neurons have different capacity
to degrade AP that can also be altered by cell stress.
Further investigation into how AR degradation in iPSC-
derived neurons can be affected by the addition of
external factors such as other cell stressors may better
model ageing and sporadic AD.

W-1136

HUMAN GMP GRADE NEURAL STEM CELL
TRANSPLANTATION RESCUES DEFICITS IN
HUNTINGTON'’S DISEASE MICE

Reidling, John', Relafno-Ginés, Aroa?, Holley, Sandra?,
Ochaba, Joseph?, Fury, Brian3, Cepeda, Carlos? Bauet,
Gerhard?, Chesselet, Marie-Francoise? Levine, Michael?
and Thompson, Leslie’

'University of California, Irvine, CA, USA, 2University

of California Los Angeles, Los Angeles, CA, USA,
SUniversity of California, Davis, CA, USA

Huntington’s  disease (HD) is an inherited
neurodegenerative disorder with no disease modifying
treatment. Expansion of the glutamine-encoding repeat
in the Huntingtin (HTT) gene causes broad deleterious
effects challenging single treatment strategies.
Effective strategies based on human stem cells offer
promising long-term options. We transplanted a Good
Manufacturing Practice (GMP) grade, human embryonic
stem cell derived, human neural stem cell (hNSC) line into
striatum of R6/2 HD modelmice and foundimprovements
in motor deficits. Extended studies demonstrated that
implanted hNSCs are electrophysiologically active and
rescue synaptic alterations. hNSCs also improved motor
and late stage cognitive impairment in another HD
model, Q140 knock-in mice. Disease modifying activity
is suggested by reduction of the aberrant accumulation
of mutant HTT protein and production of BDNF in both
models, as well as increased synaptophysin and reduced
neuroinflammation in Q140 mice. These findings hold
promise for future pre-clinical and clinical development.

Funding Source: CIRM
W-1138

DEVELOPING AN IN VITRO MODEL OF
SENSORY HAIR CELLS USING DIRECT
CELLULAR REPROGRAMMING

Menendez, Louise, Gopalakrishnan, Suhasni, Llamas,
Juan, Tao, Litao, Makmura, Welly, Segil, Neil and Ichida,
Justin

University of Southern California, Los Angeles, CA, USA

Hearing loss affects 360 million people worldwide and
the primary cause is the loss of sensory hair cells in the
cochlea. Hair cells are few in number and extremely
fragile, making studies difficult. Here we have used
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direct lineage conversion to generate hair cell like cells in
vitro. Our results demonstrate that a specific set of hair
cell transcription factors is sufficient for reprogramming
mouse and human somatic cells towards a hair cell fate.
The induced hair cells (IHCs) express the respective
fluorescent reporters, mouse Atohl:nGFP or human
Brn3c-TdTomato, as well as markers of primary hair
cells, Myosin VI, Myosin Vlla, Phalloidin, Otoferlin and
KCNQ4. The functionality of the iHCs has been assayed
by their ability to take up Styryl dyes in a similar manner
as primary hair cells. These results imply the proper
expression and function of the ion channels believed to
be responsible for the rapid entry of these compounds
into primary hair cells. Whole cell patch clamping was
also used to assay functionality and the iHCs repeatedly
demonstrate positive outward currents that have
activation kinetics characteristic of primary hair cell
currents. We have conducted experiments to test the
ototoxic vulnerability of iHCs. Ototoxins are compounds
that have been implicated in hair cell loss. One known
ototoxin is gentamicin, an aminoglycoside antibiotic,
which is used in the clinic to treat severe infections. We
performed a longitudinal survival tracking experiment
with iHCs to assay for gentamicin-induced cell death.
Time-lapse data was used to quantify the survival of iIHCs
following treatment. The results demonstrated a clear
dose-dependent loss of iHCs in response to gentamicin.
A preliminary otoprotectant screen was performed on
iHCs treated with gentamicin. The screen examined 640
compounds for their ability to rescue the iHC survival
deficit previously identified. The screen gave rise to
5 potentially protective compound that rescued the
survival of iHCs by greater than 3 standard deviations
from the mean survival of gentamicin treated controls.
These compound hits are involved in known pathways of
hair cell degeneration, namely the JNK, NF-kB, and DNA
damage repair pathways. In Vitro mammalian iHCs will
help us pursue protective and regenerative initiatives
for the vulnerable sensory hair cells of the cochlea.

W-1140

CHARACTERIZATION OF TSC2 DEFICIENT
HUMAN IPSC DERIVED PURKINJE CELLS IN
AN IN VITRO MODEL OF AUTISM

Sundberg, Maria K., Tochitsky, lvan?, Buchholz, David3,
Winden, Kellen?, Cataltepe, Deniz*, Han, Min-Joon®,
Woolf, Clifford*, Hatten, Mary® and Sahin, Mustafa*
'Neurobiology, Boston Children’s Hospital, Harvard
Medical School, Boston, MA, USA, °Neurology, Boston
Children’s Hospital, Boston, MA, USA, 3Rockefeller
University, New York, NY, USA, “Boston Children’s
Hospital, Boston, MA, USA, >St. Jude Children’s
Research Hospital, Memphis, TN, USA

Tuberous sclerosis complex (TSO) is a
neurodevelopmental disorder causing cortical tuber



formation, epilepsy and autism. TSC1/2 mutations
dysregulate the mechanistictarget of rapamycin (mTOR)
pathway and disturb neuronal protein synthesis, which
leads to the development of ASD approximately in 50 %
of all TSC-patients. Previous PET imaging studies have
indicated that cerebellar deficits, such as cerebellar
lesions and glucose hypermetabolism in deep cerebellar
nuclei, are associated with a higher prevalence of autism
in TSC-patients. However, the exact cellular deficits
that occur during development of autism hasn’t been
investigated in detail with patient derived neural cells.
We have previously created a mouse model lacking
the Tscl gene specifically in cerebellar Purkinje cells
(L7-Cre+;Tsclf/f). This mouse model displayed autistic-
like behavioral deficits including increased repetitive
behaviors, decreased social interaction and cellular
abnormalities (Tsai et al, 2012, Nature). Together, the
clinical findings from TSC-patients and the phenotype
of the Tscl conditional knock-out mice indicate that
cerebellar Purkinje cells have a crucial role in the
development of ASD. To characterize the disease
phenotypes of TSC at the cellular and molecular level
we have developed a novel differentiation protocol
for generation of Purkinje cells from human iPSCs
with patient specific TSC2-mutations. In this study,
we derived pluripotent stem cell lines from three TSC-
patients and four unaffected familial controls or age-
matched controls for neuronal differentiation in vitro.
We find that TSC2-deficient patient iPSC-derived PCs
have mTOR-pathway hyperactivation that was detected
with increased levels of phospho-S6 and phospho-S6
kinase. Our comprehensive RNA sequencing analyses
revealed several interesting genes related to neuronal
differentiation deficits of TSC2-mutant iPSC-derived
Purkinje cells. We also detected deficits in the
electrophysiological properties of hiPSC-derived PCs.
According to our data, inhibition of mTOR-pathway may
improve the electrophysiological properties of TSC2-
deficient human Purkinje cells, and could be a target for
pharmacotherapy for treatment of ASD in TSC.

Funding Source: U.S. Army Medical Research
Tuberous Sclerosis Complex Research Program
(W81XWH-15-1-0189), Nancy Lurie Marks Family
Foundation Harvard Stem Cell Institute, and the
Children’s Hospital Boston Translational Research
Program.
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UTILIZING AN INDUCIBLE CRISPR/CAS9
PLURIPOTENT STEM CELL SYSTEM TO
IDENTIFY CRITICAL RECEPTORS FOR ZIKA
VIRUS INFECTION OF THE DEVELOPING
HUMAN BRAIN

Salick, Max R', Wells, Michael?, Wiskow, Ole?, Ho,
Daniel', Worringer, Kathleen', Ihry, Robert!, Kommmineni,
Sravya', Bilican, Bilada', Klim, Joseph?, Hill, Ellen?, Kane,
Liam?, Ye, Chaoyand', Kaykas, Ajamete' and Eggan,
Kevin?

'Novartis Institute for Biomedical Research, Cambridge,
MA, USA, ?Harvard University, Cambridge, MA, USA

The rapid spread of the Zika virus (ZIKV) in South
and Central America has led to a resulting surge in
microcephaly casesinnewborninfants.Duetotheseverity
and long-term impact of this disease, it is imperative
that researchers develop treatments and vaccines as
quickly as possible, and a better understanding of ZIKV
tropism is a key step in this process. ZIKV infection,
like other viruses in the Flaviviridae family, has been
strongly linked to the presence of the TAM receptors:
TYRO3, AXL, and Mer. Additionally, it has been shown
that neural progenitor cells (NPCs) and astrocytes
are particularly vulnerable to infection both in vivo
and in vitro. Single-cell and population sequencing of
neuronal differentiation models have indicated that AXL
expression peaks substantially during the early NPC
stage, which caused many to hypothesize that this is an
essential route of entry for the virus into the developing
brain. Through a dox-inducible CRISPR/Cas9 induced
pluripotent stem cell (iPSC) system, we were able to
quickly produce AXL-/- NPCs in 2D and 3D, and showed
that these cells are equally vulnerable to ZIKV as isogenic
wildtype controls. In 2D NPCs, both lines showed similar
infectivity, cell death, and active viral RNA replication.
Infected cerebral organoids from both lines showed
similar rates of size reduction, cell death, and cleaved
caspase-3 upregulation. These results are of clinical
importance, indicating that AXL inhibitors may not be
sufficient to prevent ZIKV infection of NPCs, as well as
other cell types with a likely expression of alternative
anchoring receptors. Further investigation into early
expression of these TAM receptors has indicated that
TYRO3 expression peaks during NPC differentiation
much like AXL, though with a higher baseline expression.
Additionally, recent studies have shown that astrocytes,
which lack TYRO3 expression, appear to respond to
antibody blocking of AXL. These combined observations
indicate that ZIKV may be capable of utilizing either AXL
or TYRO3 to anchor to vulnerable cell types. Utilizing
the accelerated rate at which the dox-Cas9 iPSC system
can produce knockouts, as well as a new method for
rapidly producing screenable NPCs, we have developed
AXL-/- TYRO3-/- double knockouts to discover if these
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receptors are truly critical for ZIKV infection of the
developing brain.

Funding Source: Funding support was provided by the
Stanley Center for Psychiatric Research, the Harvard
Stem Cell Institute, and the Novartis Institutes for
Biomedical Research.
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BONE MARROW MESENCHYMAL STROMAL
CELLS FROM SPORADIC AMYOTROPHIC
LATERAL SCLEROSIS PATIENTS EXHIBIT
DECREASED IMMUNOMODULATORY AND
TROPHIC FUNCTIONS AND ALTERED NON-
CODING RNA EXPRESSION

Berenstein, Peter', Cazacu, Simona?, Waldman Ben-
Asher, Hiba3, Jegga, Anil4, Poisson, Laila® and Brodie,
Chaya?®

'Bar llan University, Ramat Gan, Israel, 2 Hermelin
Brain Tumor Center, Department of Neurosurgery,
Henry Ford Hospital, Detroit, MI, USA, 3The Mina and
Everard Goodman Faculty of Life Sciences, Bar-llan
University, Ramat Gan, Israel, “Division of Biomedical
Informatics, Cincinnati Children’s Hospital Medical
Center, Cincinnati, OH, USA, *Department of Public
Health Sciences, Center for Bioinformatics, Henry Ford
Hospital, Detroit, MI, USA

Amyotrophic lateral sclerosis (ALS) is a fatal
neurodegenerative disease characterized by progressive
loss of cortical and spinal motor neurons. Cell therapy
using mesenchymal stromal cells (MSCs) has been
proposed as a promising therapeutic approach for the
treatment of various neurological diseases including
ALS. MSCs can be obtained from autologous (bone
marrow (BM) and adipose tissues) or from allogeneic
sources (umbilical cord and placenta) and these
cells exhibit immunomodulatory potential, migratory
capacity to injured areas and paracrine regenerative
effects. Although phenotypic and functional changes
have been reported in MSCs derived from patients with
different diseases, the characteristics of MSCs from ALS
patients are not fully understood. Here we compared
the secretome, gene, miRNA expression and exosome
secretion of MSCs derived from sporadic ALS (sALS)
and healthy controls. We found that MSCs from ALS
patients exhibited similar mesenchymal differentiation
abilities and a transient higher growth rate in culture.
Using gene array analysis we found that MSCs obtained
from sSALS patients demonstrated a decrease in the
expression of genes associated with angiogenesis,
cardiovascular system development, cell migration,
adhesion, morphogenesis, chemotaxis, wound healing
and muscle system processes. In contrast, pathways
associated with mitotic cell cycle, DNA metabolic
processes, protein kinase A signaling and E2F4 targets
were upregulated in these cells. We also found that
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MSCs obtained from sALS patients expressed lower
levels of SOCST1 and IL-10 that are associated with the
anti-inflammatory effects and lower levels of TGF-
beta2, IGF-1 and VEGF that are associated with trophic
and regenerative capabilities of these cells. MSCs
obtained from sALS patients also varied in the levels
and miRNA content of secreted exosomes compared
with cells secreted from healthy donors. In summary,
the major phenotypic and functional changes observed
in this study may provide an important information
regarding the role of endogenous BM-MSCs in various
stages of ALS initiation and progression, contributes
to the identification of novel disease markers and have
important implications for the use of autologous cells
for cell therapy in ALS and other neurodegenerative
diseases.

W-1146

HUMAN ESC-DERIVED MSC PROMOTE
RECOVERY OF MONKEYS FROM
EXPERIMENTAL AUTOIMMUNE
ENCEPHALOMYELITIS

Xu, Ren-He', Yan, Li?, Niu, Yuyu?, Jlang, Bin*, Si, Wei3,
Yan, Yaping?, Chang, Shaohui®, Wang, Hongxuan?, Li,
Engin?, Chen, Guokai* and Ji, Weizhi®

'Faculty of Health Sciences, University of Macau, Taipa,
Macau, 2University of Macau, Macau, China, 3Yunnan
Key Laboratory of Primate Biomedical Research,
Kunming, China, *University of Macau, Taipa, Macau

Non-human  primate experimental autoimmune
encephalomyelitis (EAE) is a valuable model for
evaluation and translation of new therapies for
inflammatory demyelinating diseases. We have
previously demonstrated that human embryonic stem
cell (hESC) derived mesenchymal stem cells (hES-
MSC) are efficacious in treatment of a murine EAE
model. However, it remains unknown whether the
efficacy of hES-MSC is translatable to humans. In this
study, we induced EAE in a non-human primate species
cynomolgus monkeys (Macaca fascicularis) via injection
of a peptide from human myelin/oligodendrocyte
glycoprotein (MOG35-55) and complete Freund’s
adjuvant. Magnetic resonance imaging and clinical
evidence show that EAE was successfully induced in
all seven injected monkeys. We administrated some of
the animals through intrathecal infusion of hES-MSC
at 10 million cells/time for three times post-onset and
upon relapses. Clinical symptoms relieved rapidly within
3 days post the cell injection. During follow-up for
three months, disability score in the treated monkeys
declined gradually although some low-degree relapses
occurred. No tumor was found in isolated monkey
organs and tissues. Thus, our results suggest that hES-
MSC administered intrathecally are effective and safe in



the treatment of EAE in monkeys, a promising evidence
to advance the therapy to humans.

Funding Source: University of Macau Research
Committee funds MYRG #2015-00169-FHS and 2016-
00070-FHS, and Macau Science and Technology
Development Fund (FDCT) #128-2014-A3 and
028/2015/A1to R.X.
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INTERROGATING INTRINSIC MICROGLIAL
ABNORMALITIES AND THEIR FUNCTIONAL
IMPACT ON NEURONS USING ISOGENIC
HUNTINGTON DISEASE HUMAN PLURIPOTENT
STEM CELLS

Zeng, Ruizhu', Ooi, Jolene?, Utami, Kagistia? and
Pouladi, Mahmoud?

TAgency for Science, Technology and Research
(A*Star), Singapore, °TL.GM, Singapore

Microglia are resident macrophages in the central
nervous system and constitute about 10% of the total
cellsinthe adult brain. Under normal conditions, microglia
contribute to the maintenance of tissue homeostasis
and are also involved in synaptic plasticity and learning.
Conversely, microglia have been implicated in a number
of brain conditions, including Huntington disease (HD),
a progressive neurodegenerative disorder and the most
common genetic cause of dementia. HD is caused by a
polymorphic mutation in exon 1 of the huntingtin (HTT)
gene, namely a CAG repeat expansion whose length
correlates inversely with the rate of clinical onset. While
the evidence points to HD microglia being hyperactive,
the impact of this abnormal activation on neurons and
its relationship to disease onset remains poorly defined.
Here we sought to develop a human pluripotent stem
cell (hPSC)-based model system to address this issue.
First, | established and refined methods to differentiate
hPSCs into macrophages. The hPSC-derived cells
expressed canonical macrophage markers including
CD1b, CD14, and CD163 and exhibited bona fide
macrophage functions such as efficient phagocytosis
and robust secretion of inflammatory mediators upon
activation. Second, | established long-term co-cultures
of macrophages with neurons derived from hPSCs.
Longitudinalimaging analysis revealed the macrophages
to behave in microglia-like manner, interacting with the
neurons and in particular the axonal extensions. Using
this system and a novel panel of isogenic HD (IsoHD)
hPSCs harbouring HTT alleles with different CAG repeat
expansions, | am examining HD hPSC-derived microglia
and their impact on neuronal health and function.
Specifically, | am examining whether HD hPSC-derived
microglia (a) exhibit intrinsic functional abnormalities
and (b) have adverse effects on neuronal health and
function. Finally, | will examine the extent to which
any of the microglial abnormalities correlate with CAG

repeat length and, by extension, possibly contributor to
the rate of disease progression. We anticipate that our
study using IsoHD hPSC-based approach will provide
new insights into the role of microglia in HD and will
shed light on neuroinflammation as a pathogenic factor
for neurodegenerative disorders in general.

Funding Source: Agency for Science, Technology and
Research (A*STAR, Singapore); National University of
Singapore (NUS, Singapore)
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FROM YEAST TO NEURONS TO PATIENTS:
PROTEOME-SCALE DISSECTION OF
PROTEINOPATHY FOR TARGETED
TREATMENT OF NEURODEGENERATION

Khurana, Vikram', Peng, Jian?, Chung, Chee Yeun3,
Vidal, Marc?, Fraenkel, Ernest®, Berger, Bonnie® and
Lindquist, Susan®

'Harvard Stem Cell Institute, Boston, MA, USA,
2University of lllinois, Urbana-Champagne, IL, USA,
SYumanity Therapeutics, Cambridge, MA, USA,

4Dana Farber Cancer Institute / Harvard Medical
School, Boston, MA, USA, *Massachusetts Institute of
Technology, Boston, MA, USA, Whitehead Institute for
Biomedlical Research, Cambridge, USA

It is unclear how diverse genetic risk factors for
neurodegenerative diseases relate to the misfolding of
specific proteins that characterize their neuropathology.
Alpha-synuclein is a small lipid-binding protein that
misfolds in diverse neurodegenerative diseases known
as synucleinopathies. These include Parkinson’s disease,
multiple system atrophy and dementia with Lewy
bodies. Currently, there are no therapies targeting alpha-
synuclein-induced cellular pathologies. We have recently
developed a suite of experimental and computational
approaches to model and target alpha-synuclein
toxicity in cellular systems, ranging from simple yeast
cells to complex patient-derived stem-cell models. We
have now employed unbiased proteome-scale screens
to assemble molecular networks comprised of genetic
and physical interactors of alpha-synuclein. These
approaches have linked alpha-synuclein proteotoxicity
to diverse genetic risk factors for parkinsonism through
specific molecular pathways. We have been able to
predict convergent pathologies in pluripotent stem cell-
derived neurons from patients with diverse forms of
parkinsonism, and identified small-molecules capable of
reversing the toxicity in these models. Targeted exome
sequencing of genes in our molecular alpha-synuclein
network has revealed putative novel genetic risk factors
for Parkinson’s disease, and we present approaches
being pursued for functional validation in our cellular
models. Thus, proteome-scale cellular screens combined
with computational network approaches, stem-cell
models and human genetic analysis offer promising
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approaches to stratify patients and target treatments
according to molecular mechanisms.

Funding Source: JPB Foundation, Howard Hughes

Medical Institute, NIH, Multiple System Atrophy
Coalition, American Brain Foundation, Parkinson’s
Disease Foundation
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GENERATION AND PHENOTYPE
CHARACTERIZATION OF AD PATIENT-
SPECIFIC IPSC LINES

Song, Jihwan, Li, Ling?, Kim, Hee Jin3, Chang, Jong
Wook* and Na, Duk L2

'CHA University, Gyeonggi-do, Korea, °CHA Stem
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CHA University, Gyeonggi-do, Korea, SDepartment
of Neurology, Samsung Medical Center, School of
Medicine, Sungkyunkwan University, Seoul, Korea,
‘Department of Health Sciences and Technology,
Samsung Advanced Institute for Health Sciences and
Technology, Sungkyunkwan University, Seoul, Korea

Alzheimer’'s disease (AD) is the most common
neurodegenerative disease which is pathologically
characterized by the formation of amyloid-beta (AR)
plagues and neurofibrillary tangles. Recent studies have
demonstratedthatexcessiveaccumulationof ABpeptides
can increase hyperphosphorylation of tau, leading to
the formation of neurofibrillary tangles. In this study,
we have generated several induced pluripotent stem
cell (iPSC) lines from familial and sporadic AD patients,
and then differentiated them into cortical neurons.
Extracellular deposition of AR levels were dramatically
increased in the neurons differentiated from iPSC lines
generated from the patients carrying presenilin-1 (PS1)-
S170F mutation, amyloid precursor protein (APP)-
V715M mutation or sporadic AD. Furthermore, some
of these AD iPSC-derived neurons exhibited high
expression levels of phosphorylated tau, especially in
AT8 (Ser202/Thr205), which are also detected in the
soma and neurites by immunocytochemistry. We next
investigated the mitochondrial dynamics in AD iPSC-
derived neurons, which exhibited abnormal patterns of
mitochondria velocity, and fission and fusion process
using Mito-tracker. We also found that the levels of Mfn1
(membrane proteins mitofusin 1) and Mfn2 (membrane
proteins mitofusin 2) were significantly reduced in AD
iPSC-derived neurons. We also observed that LC3b and
ubiquitin is highly increased in AD iPSC-derived neurons,
indicating that the autophagy system is also defective.
Taken together, we have characterized the pathological
features of AD patients carrying mutations for PS1-
S170F or APP-V715M using iPSC technology for the first
time, which will serve as useful resources for studying
AD pathogenesis and drug screening in the future.

ISSCR B peisfahntzaiot

132

Funding Source: This work was supported by a grant
from the Korea Health Industry Development Institute
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A HIGH-THROUGHPUT DISEASE-SPECIFIC
PHENOTYPE DETECTION SYSTEM OF
PARKINSON’S DISEASE FOR DRUG
SCREENING
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Keio University School of Medicine, Shinjuku-ku, Japan,
“Keio University School of Medicine, Shinjyuku-ku,
Japan, °Genome and Regenerative Medicine Center,
Juntendo University School of Medicine, Tokyo, Japan

Disease-specific induced pluripotent stem cells (iPSCs)
established from one of the familial Parkinson’s
diseases (PDs), PARK2, showed impaired mitochondria
clearance (Mol. Brain 2012) due to the impaired function
of the parkin gene. To perform efficient drug screening
using dopaminergic neurons differentiated from
PARK2-iPSCs, we sought to establish a 96-well based
high-throughput neural differentiation and phenotype
detection system. PARK2-iPSCs were differentiated
into dopaminergic neurons on the 96-well plates by
neurosphere based differentiation protocol (Stem Cell
Reports 2016). Then, several PD-related phenotypes,
including impaired mitophagy, accumulation of ROS,
and increased apoptosis were quantified automatically
by using In Cell Analyzer 2200 and In Cell Developer
Toolbox (GE healthcare). By using this high-throughput
assay system, we performed library screening (320
compounds) evaluating phenotypic recovery. We
identified several compounds that improve multiple
phenotypes observed in PARK2 dopaminergic neurons.
This high-throughput neural differentiation of patient
specific iPSCs and phenotype detection system is an
effective tool for drug screening to explore disease-
modifying drugs in PD.
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AUTOPHAGIC AND LYSOSOMAL ACTIVITIES
IN LRRK2 OR GBA1 MUTANT IPSC-DERIVED
MIDBRAIN DOPAMINERGIC NEURONS
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GENZYME, Flamingham, USA, “Columbia University,
New York, USA

In this study we aim to better understand the
dysfunctional changes in autophagic pathways and
a-Synuclein accumulation caused by known genetic
mutations related to Parkinson’s disease (PD). The
subjects included 3 healthy donors, 4 PD patients
carrying heterozygous LRRK2 (leucine-rich repeat
kinase 2) G2019S mutation, and 2 individuals with
heterozygous GBA1 (glucocerebrosidase) N370S
mutation. We successfully differentiated and isolated
iPSC-derived mid-brain dopaminergic (mDA) neurons
and systematically characterized the cellular changes
of these cells. We showed a significant increase of
monomeric a-Synuclein in genetically affected neurons.
This result suggested that GBA1 and LRRK2 mutant
neurons failed to degrade a-Synuclein in a timely
manner. To tease out the probable cause to this defect,
we investigated the function of chaperone-mediated
autophagy (CMA) and macroautophagy. Photo-
convertible CMA reporter was employed to assess the
general CMA activity. LRRK2 mutant mDA neurons
had impaired CMA activity. Consistently, the numbers
of intracellular foci of CMA receptor Lamp2A were
decreased in LRRK2 mutant neurons. Interestingly,
the Lamp2A expression levels were increased in GBAI
mutant mDA neurons while that of LRRK2 mutant was
decreased. The defects in CMA were accompanied by
an increased LC3 flux in both LRRK2 and GBA1 mutant
mDA neurons. Our results suggested different regulation
of the CMA pathway by LRRK2 and GBAI. Dysregulated
CMA might result in a compensatory mechanism of
elevated macroautophgy.
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CANCER STEM CELL PROLIFERATION IN
HUMAN PROSTATE AND BREAST CANCER
CELL LINES UTILIZING A NEW DEFINED
SERUM-FREE 3D CANCER STEM CELL MEDIA

Asbrock, Nick, Chu, Vi, Saito, Kan and Su, Kevin
MilliporeSigma, Temecula, CA, USA

Solid tumors grow in a three-dimensional (3D) spatial
conformation, resulting in a heterogeneous exposure
to oxygen and nutrients as well as to other physical
and chemical stresses. To mimic the 3D spatial
conformation, 3D in vitro culture models have been
used in cancer research since the diffusion-limited
distribution of oxygen (hypoxia), nutrients, metabolites,
and signaling molecules is not mimicked in conventional
two-dimensional (2D) monolayer cultures. Cancer stem
cell (CSCs) are defined as a small subset of cells within
a tumor with the ability to self-renew and often drive
tumor progression and recurrence after chemotherapy
treatment. Traditionally, cancer stem cells have been
isolated from cancer cell lines and tumor biopsies and
grown in undefined serum containing media using 3D
tumorsphere cultures. Here we report a new defined
serum-free cancer stem cell media that supports the
expansion of human prostate (EOO6AA) and breast
(MCF-7) cancer cell lines using a 3D tumorsphere culture
method. Both cells showed continuous proliferation
supported during serial passage of 3D tumorsphere
cultures. In addition to the stable proliferation, increased
Aldehyde Dehydrogenase (ALDH) expressing cancer
stem cell populations was observed after multiple
passages in this new 3D cancer stem cell media.

W-1162

USING PLURIPOTENT STEM CELLS TO
IDENTIFY EMBRYONIC-MECHANISMS
MEDIATING AGGRESSIVE BREAST CANCER

Panopoulos, Athanasia D.’, Conner, Henry', Lager,
Tyson'!, Wu, Michael?, Hishida, Yuriko?, Hishida,
Tomoaki?, Ruiz, Sergio®, Batchelder, Erika?, Yamasaki,
Amanda?, Gilson, Robert*, Gray, Peter?, Kelber,
Jonathan® and Izpisua Belmonte, Juan Carlos?
"University of Notre Dame, IN, USA, 2The Salk Institute,
La Jolla, CA, USA, 3Spanish National Cancer Research
Centre, Madrid, Spain, “The University of Notre Dame,
Notre Dame, IN, USA, >California State University-
Northridge, Northridge, CA, USA

Reliable approaches to identify and target stem-cell
mechanisms that mediate aggressive cancer could have
great therapeutic value, based on the growing evidence
of stem-like signatures in metastatic cancers. However,
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how to best identify and target stem-like mechanisms
aberrantly acquired by cancer cells has been challenging.
We harnessed the power of iPSCs to identify embryonic
mechanisms exploited by cancer. A screen comparing
the cell surface proteome of iPSCs and breast cancer
cells identified GRP78, a protein which is normally ER-
restricted, but which has been shown to be aberrantly
expressed on the cell surface of several cancers, where
it can act as a signaling molecule by poorly understood
mechanisms. Although cell surface GRP78 (sGRP78)
has emerged as an attractive chemotherapeutic target,
understanding how sGRP78 is functioning in cancer has
been complicated by the fact that GRP78 can function
toregulate a variety of cellular responses, using a diverse
array of reported binding partners, which can vary by
cell type. Therefore, without insight into the specific
GRP78-dependent mechanisms that are responsible
for specifically mediating aggressive cancer, it will be
difficult to determine how to best target GRP78. We
have discovered that (1) sGRP78 is expressed on iPSCs
(but not their somatic parental populations) and plays an
important role in reprogramming, (2) sGRP78 promotes
cellular functions such as proliferation/survival and
migration in both stem cells and breast cancer cells (3)
overexpression of GRP78 in breast cancer cells leads to
an induction of a previously established CD24-/CD44+
‘cancer stem cell’ (CSC) population (4) sGRP78+ breast
cancer cell populations are enriched for stem-like genes
and appear to be a subset of previously established
CSCs (5) sGRP78+ breast cancer cell populations show
a significantly enhanced ability to seed metastatic
organ sites in vivo. These collective findings suggest
that sGRP78 marks a stem-like population in breast
cancer cells that has increased metastatic potential in
vivo. We are currently identifying the sGRP78-mediated
mechanisms utilized by cancerthatare commontoiPSCs,
to reveal the specific sGRP78 stem-like mechanisms that
lead to the most aggressive cancer outcomes, critical
for potential future therapeutic targeting of sGRP78.

W-1164

RECRUITING THE TIP60-P400 COMPLEX
TO MAX/DNA IS REQUIRED FOR IPSC
GENERATION AND INVOLVED IN
TUMORIGENESIS

Cheng, Jingwei', Park, Donglim?, Berrios, Christian?,
White, Elizabeth?, Florens, Laurence?, Bradner, James?,
Howley, Peter?, Washburn, Michael* and DeCaprio,
James?

'Medlical Oncology, Dana-Farber Cancer Institute,
Boston, MA, USA, ?°Dana-Farber Cancer Institute,
Boston, USA, 3Harvard Medical School, Boston, USA,
4Stowers Institute, Kansas city, USA

The Tip60-p400 histone acetyltransferase (HAT)
complex, also called human NuA4 complex, is involved
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in multiple biological events including DNA damage

response, stem cell maintenance, interaction with
factors relevant to tumorigenesis. Several Tip60-p400
complex subunits, including the common HAT complex
subunit TRRAP, have been reported to bind c-Myc.
However, the scaffold protein EP400 is the only subunit
not also found in distinct complexes. Therefore, it is still
inconclusive if c-Myc recruits the intact Tip60-p400
complex to c-Myc target genes, if this transcription
activator and HAT complex interaction is the causal
factor of any human cancer, and if it contributes to the
reprogramming activity of MYC in induced pluripotent
stem cell (iPSC) generation. Merkel cell carcinoma (MCC)
is an aggressive neuroendocrine skin cancer frequently
containing integrated Merkel cell polyomavirus
expressing small T antigen (ST), which has been implied
as the causal factor of MCC tumorigenesis. From
multi-dimensional protein identification technology
(MudPIT) analysis, we found that ST antibody enriched
a Tip60-p400 complex containing L-Myc and MAX
as stable subunits instead of weakly associated
transcription coactivators. We further demonstrate that
ST bridges the stabilized interaction between L-Myc/
Max and TRRAP. Disruption of the L-Myc-ST-p400
complex led to decreased MCC cell proliferation and
increased levels of differentiation associated genes. Wild
type ST, but not a Tip60-p400 binding mutant, could
coordinate with L-Myc in transforming primary human
cells. MYC interaction with the Tip60-p400 complex
has been implicated in maintenance of ESC and iPSC.
However, previous study using c-Myc mutants deficient
in TRRAP binding suggested that TRRAP might not be
involved in c-Myc induced iPSC generation. Our data
argue that Myc family proteins and their mutants, unlike
ST, are weak interacting coactivators not sensitive
for analyzing biological functions of TRRAP binding.
In fact, we demonstrate that wild type ST, but not a
Tip60-p400 binding mutant, can replace L-Myc and
cooperate with OCT4/SOX2/KLF4 to generate iPSC.
Therefore, ST provides insight into the biological
functions of otherwise elusive MAX/DNA-p400 HAT
complex interaction mediated by MYC family members
in tumorigenesis and reprogramming.
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THE ENHANCED SELF-RENEWAL
CONFERRED ON HSPCS BY COHESIN
HAPLOINSUFFICIENCY CAN BE REVERSED
BY DIMINISHING HOXAZ7 AND HOXA9 GENE
EXPRESSION USING DOTIL INHIBITORS

Fisher, Joseph B., Stelloh, Cary, Pulakanti, Kirthi and
Rao, Sridhar

Stem Cells and Transcriptional Regulation, BloodCenter
of Wisconsin, Milwaukee, WI, USA

Acute myelogenous leukemia (AML) is a high-risk
hematopoietic malignancy with a poor prognosis.
Developing novel treatments for AML has been difficult
due to the heterogeneity of genetic mutations observed
across patients. Recent studies have demonstrated
that haploinsufficiency of the cohesin complex
leads to enhanced self-renewal in Hematopoeitic
Stem and Progenitor Cells (HSPCs). We sought to
delineate the molecular mechanisms by which cohesin
mutations promote enhanced HSPC self-renewal
and to identify possible therapeutic interventions to
reverse the phenotype conferred on HSPCs by cohesin
haploinsufficiency. In the present study we observed
that reduced cohesin levels elicit enhanced self-renewal
of murine HPSCs in vitro in serial-replating assays. Gene
arrays and RT-gPCR identified significant increases in
the HSPC self-renewal factors Hoxa7 and Hoxa9. Rad21
depletionresultedindecreasedlevelsof H3K27me3 at the
Hoxa7 and Hoxa9 promoters, indicating that Rad21 plays
arolein proper PRC2-mediated silencing of these genes.
Using immunoprecipitation experiments we further
demonstrate that cohesin and PRC2 directly interact
and are bound in close proximity to Hoxa7 and Hoxa9.
Consistent with this finding we observed reduced global
levels of PRC2’s repressive histone mark H3K27me3
arguing that PRC2 requires the cohesin complex for
proper targeting. Importantly, knockdown of either
Hoxa7 or Hoxa9 suppressed self-renewal, implying both
are critical downstream effectors of reduced cohesin
levels. Given the established role of Dotll in regulating
Hoxa9 gene expression by depositing the histone mark
H3K79me2, we sought to evaluate whether decreasing
Dotll functionreverses the phenotype caused by cohesin
haploinsufficiency. Interestingly, inhibition of Dotll
function reverses the enhanced self-renewal capacity
of cohesin haploinsufficient HSPCs. Consistent with
our proposed mechanism, this reduced self-renewal
occurred concomitant with a reduction in Hoxa7 and
Hoxa9 gene expression. Our data demonstrate that the
cohesin complex regulates PRC2 targeting to silence
Hoxa7 and Hoxa9 and negatively regulate self-renewal
and establishes feasibility for the use of Dotll inhibition
as a targeted therapeutic treatment for AML patients
harboring cohesin mutations.

W-1168

EARLY EXPOSURE TO ELEVATED IGF-1
LEVELS EXPANDS MAMMARY STEM CELL
COMPARTMENT AND INCREASES MAMMARY
TUMOR SUSCEPTIBILITY

Luo, Linjie', Santos, Andres?, Hillhouse, Andrew?,
Konganti, Kranti?, Gunaratna, Ramesh?, Threadgill,
David? and Fuchs-Young, Robin'

'Molecular & Cellular Medicine, Texas A&M University
Health Science Center, College Station, TX, USA, °Texas
A&M University, College Station, USA

Breast cancer (BrCa) is the most common cancer in
women. Despite substantial research, BrCa incidence
continues to rise, and outcome disparities persist.
African American (AA) women suffer higher mortality
than White Caucasians. Assessment of this disparity
reveals that AA women are more likely to develop
the early onset, treatment refractory, triple negative
BrCa subtype associated with worse prognosis. The
mechanistic basis for the difference in development
of BrCa subtypes remains unresolved, but it has been
shown that young AA girls have significantly higher
circulating levels of Insulin-like growth factor 1 (IGF-1)
than their age-matched White counterparts, implicating
early exposures to this mitogenic and pro-tumorigenic
growth factor in mediating BrCa subtype. To investigate
the role of IGF-1in mammary tumorigenesis, we use the
transgenic (Tg) BK5.IGF-1 model, which recapitulates
the paracrine effects of IGF-1 exposure on the mammary
epithelium. We previously showed that exposure to
elevated levels of IGF-1 are strongly pro-tumorigenic
in the mammary gland, and pre-pubertal Tg mice have
an increased number of terminal end buds, which are
known to be important stem cell niches. In this study,
we found that the mammary stem cell (MaSC) pool
was expanded in both pre- and post-pubertal Tg mice
compared to age-matched WT animals. Flow cytometry
and immunolocalization identified the expression
of IGF-IR on both WT and Tg MaSCs. Single-cell
transcriptomic analysis of MaSC compartment revealed
that IGF-1 stimulated Cyclin D1 and Cyclin G2 gene
expression and increased the proliferation of “activated”
transient stem cells (T-MaSCs). Moreover, Gene Set
Enrichment Analysis demonstrated that genes involved
in stemness, proliferation, EMT, invasion and metastasis
were highly upregulated in T-MaSCs from Tg mice
compared to age-matched WT animals. Interestingly,
GO enrichment analysis also showed downregulation of
genes associated with cell polarity in T-MaSCs from Tg
animals, suggesting an increased number of stem cells
undergoing symmetric cell divisions. Overall, our results
identify a novel tumorigenic mechanism, by which early
exposure to IGF-1 expands the MaSC compartment
and “primes” these cells for transformation, thereby
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increasing mammary tumor incidence and reducing
latency.

W-1170

THE NOVEL ROLE OF THE DEVELOPMENTAL
REGULATOR SALL4 IN MELANOMA
TUMORIGENESIS

Diener, Johanna', Baggiolini, Arianna'!, Varum Tavares,
Sandra!, Treier, Mathias? and Sommer, Lukas'
'University of Zurich, Switzerland, 2Max Delbrlick Center
for Molecular Medicine, Berlin-Buch, Germany

During embryonic development, Neural Crest Stem
Cells (NCSCs) gives rise to many neuronal cell types
of the peripheral nervous system, as well as to non-
neuronal cell types, amongst others the melanocytes.
Cutaneous melanoma, which originates from the
melanocytes of the skin, is one of the most aggressive
cancers. Melanoma cells can in fact often metastasize
to proximal and distant organs and their invasive
capacity is to some extents reminiscent to the great
migratory and invasive properties of the neural crest
(NC) cells. This has contributed to the hypothesis that
NC-derived malignant cells may exploit developmental
regulatory programs to gain an advantage over normal
non- malignant cells and to progress to more advanced
stages of the disease. The transcription factor Sall4
is a well-known developmental regulator involved in
embryonic patterning, limb formation and embryonic
stem cell maintenance but only little is known about
its role in NC biology. An ongoing study in our lab had
identified Sall4 to be downregulated in NCSCs which
were isolated from mouse embryos, primed towards
differentiation by exposing them to instructive growth
factors, and compared to multipotent (non-primed)
NCSCs. While the developmental role of Sall4 in the
NC is still under investigation, we started to address
its putative role in melanoma. To do that, we used
the Tyr:NrasQ61KINK4a—/-Tyr:CreERT2Sall4lox/
l[oxR26R::GFP murine model, which allows us to
conditionally ablate Sall4 in the melanocytes of mice
spontaneously developing melanoma. Interestingly,
those mice having Sall4 ablation did not form primary
tumors compared to the control animals but strikingly
had more melanoma metastasis (GFP+ cells) in the lungs.
With siRNA-mediated SALL4 knock down experiments
in human cell lines in vitro, we could additionally verify
that SALL4 decrease correlates with upregulation of
melanoma invasiveness genes. Since SALL4 is known
to act as an epigenetic regulator in development, we
carried out Co-Immunoprecipitation experiments on
human melanoma cell lines and could show that SALL4
binds to histone deacetylase 2 (HDAC2). We therefore
hypothesize that SALL4 functions as epigenetic
regulator to modify transcription of its target genes.
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MICROVESICLES DERIVED FROM
NORMAL AND MULTIPLE MYELOMA BONE
MARROW MESENCHYMAL STEM CELLS
DIFFERENTIALLY MODULATE MYELOMA
CELLS’ PHENOTYPE AND TRANSLATION
INITIATION

Dabbah, Mahmoud', Attar-Schneider, Oshrat?,
Tartakover Matalon, Shelly?, Shefler, Irit?, Jarchowsky,
Osnat?, Lishner, Michael? and Drucker, Liat?

"Tel Aviv University, Tel Aviv, Israel, °Meir Medlical
Center, Kfar Saba, Israel

Multiple myeloma cells’ (MM) interaction with the bone
marrow (BM) microenvironment critically hinders
disease therapy. We have shown that co-culture of MM
and BM-mesenchymal stem cells (MSCs) co-modulated
translation initiation (TI) and cell phenotype with
involvement of microvesicles (MVs). Here, we studied
the effects of MVs derived from normal donors (ND)
MSCs and MM-MSCs on MM cell lines’ phenotype and
TI. Particularly, we studied the MVs initial influence
upon contact and later effect after uptake into MM
cells. BM-MSCs were extracted, propagated and
validated as previously (ND- femur heads and MM
patients’ aspirates). MVs were isolated from BM-MSCs
secretomes. Bona-fide BM-MSCs’ MVs were applied to
MM cell lines, their uptake outlined, and recipient MM
cells were assayed for viability; proliferation; death;
migration; invasion; autophagy; TI status; MAPKs
activation. The interdependence of MAPKs, TI, and
autophagy was determined using inhibitors. The
significance of MVs’ cargo components (RNA, proteins)
to MM cells’ response was tested (RNase A, 65°c). The
role of integrins in initial contact induced MM cells
response was tested (RGD). MVs protein cargo was
assayed by mass spectrometry. ND-MSCs MVs’ treated
MM cells demonstrated a rapid (5min) activation of
MAPKs followed by a persistent decrease (1-24h), while
MM-MSCs MVs’ treated cells demonstrated a continued
activation of MAPKs and Tl (5min-24h; 125-200%). Upon
uptake (24h, 95%) ND-MSCs’ MVs decreased viability,
proliferation, migration, invasion and TI (|15-80%),
whereas MM-MSCs’ MVs increased them (110-250%).
Inhibition of MAPKs in MM-MSCs MVs treated MM cells
decreased Tl and inhibition of autophagy elevated cell
death. Inhibition of the MM-MSCs MVs’ uptake into MM
cells diminished their effects. Denaturation/degradation
of protein/RNA contents in MM-MSCs’ MVs decreased
their stimulation of proliferation and Tl in recipient MM
cell lines’. Higher integrin a4 in MM versus ND-MSCs
MVs highlighted its possible role in MVs-MM contact
and initial signaling. Indeed, RGD reduced the rapid
MAPKs and Tl activation in MM cells treated with MM-
MSCs MVs. These results show that BM-MSCs MVs have



a two phase effect on MM cells’ phenotype contingent
on source and implemented via Tl modulation.

CHROMATIN AND EPIGENETICS

W-1174

TWO CONSERVED HISTONE H3 LYS9
DEMETHYLASES KDM3A AND KDM4C
REGULATE MSCS SENESCENCE PROGRESS

Huang, Biao and Jiang, Xiao Hua
School of Biomedical Sciences, The Chinese University
of Hong Kong (CUHK), Hong Kong

Cellular senescenceis a process in which cells experience
the gradual loss of proliferation and differentiation
potential. Senescence at cellular level contributes to
organism aging. Bone Marrow Stromal Cells (BMSCs)
are extremely important adult stem cells for tissue
homeostasis, regeneration and repair. The regenerative
function of BMSCs declines in aged people. Reciprocally,
BMSC senescence contributes to geriatric diseases,
such as osteoporosis and osteoarthritis. Previous work
has shown that cellular senescence is accompanied by
extensive spatial rearrangement of heterochromatin.
However, the question of whether heterochromatin
reorganization underlies BMSC aging and the
mechanisms involved in initiating and maintaining this
unique epigenetic state remain unclear. Here, we show
that BMSC senescence is accompanied by a dynamic
heterochromatin reorganization process. Moreover, we
have identified two H3K9 demethylases, KDM3A and
KDM4C, which are highly expressed in senescent BMSCs.
Knockdown of KDM3A or KDM4Cinduces DNA-damage-
induced cellular senescence whereas overexpression of
KDM3A or KDMA4C results in heterochromatin collapse
and subsequent cellular senescence. Mechanically, we
have revealed that KDM3A and KDM4C play critical roles
in the assembly and disassembly of heterochromatin
structure. The regulatory effects of KDM3A and KDM4C
on heterochromatin remodeling are not only executed
by their demethylase activity, but also by their scaffold
function which enables the interaction with chromatin
condenser proteins. In addition, increased expression of
KDM3A/KDM4C is detected in BMSCs derived from both
osteoporotic rats and aging mice. More importantly,
the association of KDM3A/KDM4C and dynamic
change of heterochromatin has been recapitulated
in the osteoporotic rats. In conclusion, our study we
have revealed a previously undefined role of histone
demethylase in controlling MSC senescence. Moreover,
the findings of our study provide novel insights into
the chromatin reorganization that governs stem cell
senescence and aging process.

W-1178

REVEALING THE DEVELOPMENTAL
IMPLICATIONS OF GENOMIC IMPRINTING
USING ANDROGENETIC AND
PARTHENOGENETIC HUMAN EMBRYONIC
STEM CELLS

Sagi, Ido’, De Pinho, Joao?, Zuccaro, Michael?,
Benvenisty, Nissim' and Egli, Dieter?

"The Azrieli Center for Stem Cells and Genetic Research,
Department of Genetics, Silberman Institute of Life
Sciences, The Hebrew University of Jerusalem, Israel,
2Columbia University,NY, USA, 3Columbia University,
The New York Stem Cell Foundation Research Institute,
NY, USA

Parental genomes in mammals are functionally non-
equivalent due to genomic imprinting, an epigenetic
process that confers the parent-specific differential
regulation of particular genes. Imprinting renders the
co-contribution of maternal and paternal genomes
indispensable for development, and its dysregulation
is associated with human disease. Whereas imprinting
has been extensively studied in the mouse, mechanistic
investigation into human-specific aspects of this unique
phenomenonhasbeen challenging. Toexploreimprinting
in humans at the molecular and functional levels, we
utilized human embryonic stem cells (ESCs) with
distinct parental origins. We derived three completely-
paternal human androgenetic ESC (aESC) lines using
sperm injection into human oocytes with removal of the
maternal genome. This procedure resulted in efficient
development to the blastocyst stage and subsequent
derivation of pluripotent aESCs capable of self-renewal
and differentiation. In addition, we analyzed completely-
maternal parthenogenetic ESCs (pESCs) derived by
activation of unfertilized oocytes, and bi-parental ESCs
derived by in vitro fertilization (IVF-ESCs). Comparing
the transcriptomesand methylomes ofaESCs, pESCsand
IVF-ESCs enabled the identification of known imprinted
loci, as well as several putative imprinted genes at novel
regions. We next harnessed human aESCs and pESCs
to study parent-specific developmental biases. It has
long been appreciated that the maternal and paternal
genomes are developmentally biased towards the
embryonic and extraembryonic lineages, respectively,
as reflected by mouse uniparental embryos and human
uniparental tumors. Differentiation into embryoid
bodies in vitro and teratomas in vivo both recapitulated
the tendency of androgenetic cells to contribute to the
placenta, and remarkably, revealed another significant
paternal bias towards liver differentiation. We therefore
differentiated aESCs and pESCs into trophoblast cells
and hepatocytes by directed differentiation, aiming
to study the mechanistic roles of specific imprinted
genes that may underlie these phenotypes. Our results
demonstrate the potential of ESCs from different
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parental origins for studying the impact of imprinting on
human development and disease.

W-1180

ENDOGENOUS RETROVIRUSES UNDERLIE

A PRIMATE-SPECIFIC GENE REGULATORY
NETWORK IN HUMAN NEURAL PROGENITOR
CELLS

Johan, Jakobsson', Brattas, Per? Jonsson, Marie3 and
Parmar, Malin®

"Wallenberg Neuroscience Center, Lund University,
Lund, Sweden, ?Department of Experimental Medical
Science, Lund University, Lund, Sweden, 3Lund
University, Lund, Sweden

The complexity of human brain development differs
markedly from other mammals and is thought be
important for the emergence of higher cognitive
functions. However, the precise genetic changes, as
well as the existence of human-specific gene regulatory
networks underlying the evolution of the human brain
remains poorly explored. Most of our knowledge about
human brain development is restricted to evolutionary
conserved developmental pathways, while much
less is known about primate- and human-specific
developmental mechanisms. |dentification of novel
mechanisms that regulate human brain development
is important for our understanding of the human brain
and may also provide new links to the biology of human
brain disorders. About 8% of the human genome is
composed of endogenous retroviruses (ERVs). These
sequences are derived from retroviruses that have
invaded vertebrate hosts for millions of years leaving
traces as inherited ERVs through germ line infection and
subsequent transposition. Several studies have found
that ERV transcription is tightly controlled at multiple
levels in early human development and they have
been proposed to participate in the control of gene
regulatory networks. In this study, we find a region- and
developmental stage-specific expression pattern of
ERVs in the developing human brain, which is linked to a
transcriptional network based on ERVs. We demonstrate
that several thousand primate-specific ERVs act as
docking platforms for transcriptional repression, either
by attracting the epigenetic co-repressor protein
TRIM28 or by recruiting DNA methylation. This results
in the establishment of local heterochromatin around
these ERVs. This repressive transcriptional network
modulates expression of protein-coding transcripts
important for brain development, thereby providing
an additional layer of transcriptional regulation. Our
findings open up for several exciting future studies on
the role of ERVs as potential drivers of human brain
evolution, their contribution to individual variation and
the implication in human brain disorders.
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W-1184

A XENOGENEIC-FREE SYSTEM GENERATING
FUNCTIONAL MINI-GUTS FROM HUMAN
EMBRYONIC STEM CELLS

Akutsu, Hidenori', Uchida, Hajime? Machida, Masakazu?,
Okazaki, Takuya*, Kawasaki, Tomoyuki', Sasaki, Kengo?,
Sakamoto, Seisuke?, Kasahara, Mureo? and Umezawa,
Akihiro!

'National Center for Child Health & Development,
Setagaya-ku, Japan, 2Transplantation Centre, NCCHD,
Tokyo, Japan, 3Center for Regenerative Medicine,
NCCHD, Tokyo, Japan, “Life Science Laboratory, Dai
Nippon Printing Co., Tokyo, Japan

Functional intestines are generated through a highly
orchestrated, serial developmental process and are
composed of cell types from all three primary germ
layers. Directed differentiation of human pluripotent
stem cells (hPSCs) can yield gut-specific cell types;
however, these structures do not replicate some of
the critical functional interactions between cell types
of different germ layers. Here, we developed a simple
protocol based on a tissue self-organization concept
for generation of mature functional intestinal organoids
from human embryonic stem cells (hESCs) under
xenogeneic-free (XF) conditions. Cells were placed in XF
differentiation medium and seeded on a circle-patterned
dish. This surface was coated with the polyethylene
glycol micropatterning substrate, which stimulated cell
assemblage. By day 30, self-organized cystic spheroids
began to detach from the plate, and some exhibited
contractile movements. In the early differentiation
phase, growing patterned cells expressed markers of
definitive endoderm, FOXA2, SOX17, and CXCR4, and
of early endoderm, GATA4 and GATAG; their relative
levels of expression increased in the hemispheric dome-
like structures at dayl4. The level of the hindgut marker
CDX2 increased during early growth and was maintained
at a relatively high level as differentiation progressed.
During subsequent differentiation, cell accumulations
formed cavitated structures and detached from the
substratum. The organoids showed the gut tube-like
architecture consisted of mucosa and submucosa
by histological, immunofluorescence and electron
micrograph examinations. Stem cell-derived functional
gut organoids, mini-guts were derived from all three
germ layers and contained distinct types of intestinal
cells, including enterocytes, goblet cells, Paneth cells,
and enteroendocrine cells. They demonstrated intestinal
functions including peptide absorption and innervated
bowel movements in response to stimulation with
histamine and anticholinergic drugs. Our xenogeneic-
free approach for generating mini guts from hESCs



provides a novel platform for studying human intestinal
diseases and for pharmacological testing.

W-1186

LONG-TERM EXPANSION OF MOUSE HEPATIC
STEM CELLS IN 3-DIMENSIONAL CULTURE
USING HEPATICULT™, A SERUM-FREE
HEPATIC ORGANOID EXPANSION MEDIUM

Segeritz-Walko, Charis', Stingl, John', Riedel, Michael’,
Thomas, Terry!, Eaves, Allen? and Louis, Sharon?
ISTEMCELL Technologies Inc., Vancouver, BC, Canada,
2STEMCELL Technologies Inc / Terry Fox Laboratory,
BC Cancer Agency, Vancouver, BC, Canada, 3Research
and Development, STEMCELL Technologies Inc,
Vancouver, BC, Canada

Growing hepatocytes asorganoidsina 3-dimensional (D)
cell culture environment represents a more physiological
model system than conventional 2-D adherent cell
culture for studying many different aspects of liver cell
biology. These hepatic organoids are spherical structures
composed of a polarised monolayer of epithelial cells
that retain many key features of hepatocytes in vivo
(Huch et al, Nature 2013). We are currently developing
HepatiCult™, a serum-free medium that promotes the
generation of hepatic organoids from mouse liver tissue.
Mouse livers were enzymatically digested to remove
mature hepatocytes, and the resulting hepatic ducts
were embedded in Corning® Matrigel® and cultured in
HepatiCult™. Liver organoids can be visualised budding
from nearly 100% of plated ducts within 24 hours after
plating, thereby indicating the presence of a putative
population of liver stem and progenitor cells. These
hepatic organoids were then serially passaged every 5-7
daysat1:4 to 1:10 split ratios and maintained long-term for
> 1year, thereby indicating the presence of self-renewal
of hepatic stem cells. Cells within organoids expressed
Lgr5, Sox9, Keratin (Krt) 7, Krt19, EpCAM and Hnf4aq, but
not markers of mature hepatocytes; and can be induced
to differentiate into mature functional hepatocytes
using published protocols (Huch et al, Nature 2013).
These results demonstrate that HepatiCult™ efficiently
generates and expands hepatic organoids from mouse
livers, and promotes the long-term maintenance and
self-renewal of mouse hepatic stem cells that still
maintain their differentiation capacity.

W-1188

IPSC-DERIVED HEPATIC ORGANOID
RECAPITULATES LIVER DEVELOPMENT AND
FUNCTION

Goulart, Ernesto’, de Caires, Luiz Carlos!, Silva, Kayque',
Musso, Camila', Kobayashi, Gerson', Araujo, Bruno?,
Assoni, Amanda', Caldini, Elia', Rangel, Thadeu', Passos-
Bueno, Maria Rita', Raia, Silvano', Lelkes, Peter® and
Zatz, Mayana'

"University of Sao Paulo, Brazil, ?’Federal University of
Sao Paulo, Brazil, Temple University, Philadelphia, PA,
USA

Organogenesis is a complex multicellular process which
turns in vitro differentiation and culture of many cells
and tissues a difficult task. Primary and iPSC-derived
hepatocytes in isolated 2D environment are usually
poorly functional and frequently de-differentiate after
few days in culture. Many protocols have already
demonstrated that co-culture with cellular phenotypes
that resembles tissue specific early development
enhances final differentiation product and sustain
function over time. Organoids have been extensively
investigated for modeling early development diseases,
tissue engineering approaches, and drug response
assays in personalized medicine. Despite great interest,
liver organoids have very few available protocols. Here
we describe a new protocol that recapitulates early liver
development in a 3D environment using donor specific
iPSC-differentiated cells encapsulated in matrigel.
iPSCs cell lines from human fibroblast and erythroblast
were derived and used in these experiments. After
pluripotency characterization, every specific donor
cell line was further differentiated towards hepatoblast
and/or hepatocytes, endothelial cells and mesenchymal
cells using standard 2D protocols. The final cellular
phenotypes were then mixed in specified proportions
and encapsulated in matrigel. Cells survival after
encapsulation was on average greater than 90%. After
14 days of encapsulation cells presented spontaneous
tissue organization with sustained expression of
important markers such as HNF4, ALB, CD31and CD105.
Preliminary experiments shows that secretion of albumin
was maintained for several days more than 2D culture
of isolated iPSC-derived hepatocytes and primary
human hepatocyte. The resulting tissue stained positive
for PAS, and presented CFDA-stained bile canaliculi
formation. More experiments will be performed to assess
the metabolic function of the encapsulated organoids.
These preliminary findings supports the importance of
multi-cellular 3D culture to enhance liver function in
vitro modeling.

Funding Source: FAPESP, CnPQ and Ministerio da
Saude.
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Zafeiriou, Maria Patapia', Hudson, James?, Bao,
Guobin3, Halder, Rashi4, Fischer, Andre?, Schild, Detlev?
and Zimmermann, Wolfram Hubertus'

'University Medical Center Goettingen, Germany,

2The University of Queensland, Brisbane, Queensland,
Australia, 3University of Goettingen, Germany, ‘German
Center for Neurodegenerative Diseases, Goettingen,
Germany

3D modellingofhumanbraindevelopmentincombination
with reprogramming technologies is a novel tool to
uncover the underlying molecular mechanisms of human
neuronal diseases. Despite the advances in human brain
modelling there is still little known about functional
organization and neuronal network formation. The aim
of this study was to develop a protocol for robust and
reproducible neuronal differentiation in a defined 3D
cell culture system that will allow us to study human
neuronal network formation. Human bioengineered
neuronal organoids (hBNOs) were formed by culturing
pluripotent stem cells (PSC) in a Matrigel-free
collagen matrix for 40-60 days. Neural induction was
controlled by SMAD inhibition under defined serum-
free conditions. Calcium imaging, transcript and whole
mount immunofluorescence (WmIF) analysis were used
to screen for optimal protocol development. To obtain
insight on the developing cell types and their degree of
maturation we performed RNA-sequencing at different
time points of hBNO-development (n=3-6/time-
point). By culture day 30-40 we observed the highest
transcript expression for different neuronal markers
providing molecular evidence for the formation of
dopaminergic, cholinergic, serotonergic, glutamatergic,
and GABAergic neurons. The presence of these
neurons was further validated by (WmIF; MAP2, NF,
TH, CHAT, VGLUT, GABA)). By day 50-60, astrocyte
markers (i.e. GFAP, AQP4, S100B) as well as different
collagen types (i.e. COL3Al, COLIAT-2, COLBAI-2)
were significantly increased. Calcium imaging revealed
neuronal activity by d28 with fast Tetradotoxin (1 uM)-
sensitive signals by d40-60. To test neuronal network
activity, hBNOs (day 30-60) were subjected to calcium
imaging under GABAergic (picrotoxin, 58 uM; saclofen,
330 uM; n=3) or glutamatergic (CNQX, 15 uM; (-) MK-
801 25 uM concentration; n=2) inhibition. Interestingly,
we observed spontaneously synchronized neurons
becoming asynchronous upon GABAR inhibition. Upon
washout, the same neurons re-synchronized suggesting
the presence of a functional GABAergic network. Taken
together, we demonstrate a novel collagen-based,
serum-free directed differentiation protocol for the
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engineering of electrically active neuronal networks
from human pluripotent stem cells.
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HPSC DIFFERENTIATION TO DEFINITIVE
ENDODERM CELLS IN DIFFERENT FLEXIBLE
THREE-DIMENSIONAL CELL CULTURING
SYSTEMS: LIMITATIONS AND POSSIBILITIES

Harjumadki, Riina Maria., Taalas, Ara, Bogacheva, Mariia,
Kanninen, Liisa, Yliperttula, Marjo and Lou, Yan-Ru
University of Helsinki, Finland

There is an urgent need for better in vitro liver models
for drug testing. Despite development, even in the 21st
century there have been withdrawals of new drugs
from the markets due to liver toxicity. Cells commonly
used for these studies have many drawbacks; primary
hepatocytes are difficult to obtain and have a short
culturing life, and human hepatocarcinoma cells have
abnormalities compared to hepatocytes in vivo. Human
pluripotent stem cells (hPSCs) offer a great supply of
all kinds of human somatic cells with normal functions.
Human PSCs have been differentiated to hepatic-like
cells, but obtaining mature hepatocytes has proven
challenging. Cells cultured in a three-dimensional (3D)
environment have showed to retain better cell polarity
and cellular functions than cells cultured on a traditional
two-dimensional matrix. Despite this knowledge, a
good 3D liver cell model from hPSCs still does not
exist; differentiation of hPSCs to hepatocytes is a long
stepwise protocol and matrix-based systems used for
3D cell culturing do not allow stepwise tuning of the
physical environment and later versatile analysis. The
first differentiation step to hepatocytes is definitive
endoderm (DE). Due to a great tendency of hPSCs to
spontaneous differentiations, culturing environment at
this differentiation step has to be very controlled. Here,
we compare DE differentiation efficiency of two flexible
3D culturing systems: a matrix-based nanofibrillar
cellulose (NFC) hydrogel and a matrix-free suspension
culture for hPSC spheroids created in a NFC hydrogel.
With both of these systems it is possible to create a
whole new environment after every differentiation
step. Here we show that based on the expression of DE
markers, differentiation efficiency of hPSCs to DE cells
is much higher in suspension culture system than in NFC
hydrogel. Our simulation data reveal the underlying
reason; essential medium supplements: growth factors
with a short half-life, restrict the use of matrix-based
culturing systems. In conclusion, 3D cell culturing
matrices prevent the flow of growth factors. When
choosing the 3D cell culturing system, the application
and key features in there have to be taken into account.



W-1194

GENERATION OF PERFUSABLE
VASCULARIZED HUMAN NEURAL ORGANOIDS
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Pluripotentstemcells (PSCs),includinghumanembryonic
stem cells (hESCs) and induced pluripotent stem cells
(iPSCs) have enhanced the ability to capture the cellular
diversity and native characteristics of human tissues.
Using defined methods, PSCs can be differentiated into
region-specified neural progenitor cells (NPCs) of the
developing nervous system in 2D. However, capturing
the cellular diversity, complexity and maturity of the
developing human brain is a major challenge in neural
stem cell engineering. 3D neural organoids have been
generated to address this challenge but to date have
limited long term growth potential and suffer from poor
reproducibility. Limited growth in neural organoids can
be attributed to the lack of a vascular system within the
neural organoids resulting in the generation of a necrotic
core. Overreliance on Matrigel (a poorly defined material
with large batch to batch variation) and lack of control of
culture conditions (flow rate) limit their reproducibility.
To address this issue, we have generated a vascularized
neural organoid using defined differentiation methods,
synthetic hydrogels and a custom made bioreactor.
PSCs were differentiated into NPCs, endothelial cells,
pericytes and microglial precursors for inclusion in our
neural assemblies. Vascular networks were formed in
3D in defined synthetic hydrogels under controlled flow
conditions in the bioreactor system. NPCs were seeded
on the surface of a degradable synthetic hydrogel
overlay to form a defined neuroepithelium before
integrating with the underlying vasculature. Vascular
and neural integration were tracked using a combination
of confocal microscopy, label-free fluorescent lifetime
imaging microscopy (FLIM), cyrosectioning, and
standard florescence microscopy. Thick vascular
networks were shown to form within the 3D hydrogels
under flow, and endothelial progenitor cells integrated
with the developing neuroepithelium. Changes to
the vascular network during the integration process
were tracked by FLIM. The neuroepithelial layer was
allowed to assemble for a further 21 days for additional
characterization. Future work will include incorporation

of IPSCs from Rett Syndrome patients differentiated
into neural, vascular and microglial components for
assembly into vascularized neural organoids.

Funding Source: The authors acknowledge the National
Institutes of Health for funding (NIH TUH2 TROO0506-01,
3UH2 TROO0O506-02S1, 4UH3 TROO0506-03, and NIH
R21 EBO16381-01) and the Environmental 565 Protection
Agency (STAR grant no. 566 83573701).
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Murin is a flavonoid isolated from the leaves of Psidium
guajava, being an isomer of quercitin, with a variety
of kno