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WEDNESDAY

POSTER SESSION | ODD

PRE-CLINICAL AND CLINICAL
APPLICATIONS OF MESENCHYMAL
CELLS

W1001

CLINICAL IMPROVEMENT IN MOTOR
FUNCTION FOLLOWING INTRACRANIAL
INJECTION OF MODIFIED BONE MARROW-
DERIVED MESENCHYMAL STEM CELLS
(5B623) IN ISCHEMIC STROKE PATIENTS WITH
CHRONIC MOTOR DEFICITS

Bates, Damien’, Steinberg, Gary?, Kondziolka,
Douglas?, Wechsler, Lawrence?, Lunsford, L. Dade?,
Kim, Anthony S.4, Johnson, Jeremiah? McGrogan,
Michael, Yankee, Ernest W., Liu, Wenzhong Jerry'
and Schwartz, Neil E.2, 'SanBio, Inc., Mountain View,
CA, U.S,, 2Stanford School of Medicine, Stanford,
CA, U.S,, 3University of Pittsburgh Medical Center,
Pittsburgh, PA, U.S,, “University of California, San
Francisco, San Francisco, CA, U.S.

Chronic stroke is a major cause of disability for which there
is a lack of clinically effective therapies. This is the prelim-
inary 12-month data analysis of a single-ascending dose
(2.5, 5, or 10 million cells), open label, Phase 1/2A clinical
study (NCT01287936). Patients with stable chronic stroke
(6-60 months post-stroke) were treated with stereotactic
intracranial implantation of modified bone marrow-de-
rived mesenchymal stem cells (SB623) and followed for
up to 24 months. The study was approved by an insti-
tutional review board, and patients provided written in-
formed consents. Preliminary pooled dose efficacy analy-
ses on the intent-to-treat population (N=18) demonstrated
statistically significant changes from baseline at Months 6
and 12 for the following scales: 1) European Stroke Scale
(ESS) total score: +6.50 (M6, 95% Cl: [2.6, 10.4]) / +6.88
(M12, 95% CI: [3.5, 10.3]), 2) National Institutes of Health
Stroke Scale (NIHSS) total score: -1.69 (M6, [-2.8, -0.6])
/ -2.00 (M12, [-2.7, -1.3]), 3) the Fugl-Meyer (F-M) total
score: +19.19 (M6, [11.9, 26.5]) / +19.20 (M12, [11.4, 27.0]),
and 4) the F-M motor function total score: +10.69 (M6,
[4.3,17.1]) / +11.40 (M12, [4.6, 18.2]). However, changes in
modified Rankin Scale (mRS) were not statistically signifi-
cant at Months 6 or 12: -0.13 (M6, 95% ClI: [-0.3, 0.1]) / 0.00
(M12, 95% CI: [-0.2, 0.2]). Sustained clinical improvements
in motor function following intracranial injection of SB623

co-sponsored by: 5

cells in chronic stroke patients were observed at 6 and 12
months after the surgery.

Funding Source: Funding for this research was provided
by SanBio, Inc.

W1003

ULTRASOUND-MEDIATED GENE TARGETING
TO ENDOGENOUS MESENCHYMAL STEM
CELLS: A NOVEL THERAPY FOR BONE
REGENERATION

Pelled, Gadi'?, Bez, Maxim', Tawackoli, Wafa?, Avalos,
Pablo?, Giaconi, Joseph?, Sheyn, Dmitriy?, Shapiro,
Galina', Ben-David, Shiran?, De Mel, Sandra?, Ferrara,
Katherine?, Bae, Hyun? Gazit, Zulma'? and Gazit,
Dan'?, 'The Hebrew University-Hadassah Faculty

of Dental Medicine, Jerusalem, Israel, 2Cedars-Sinai
Medical Center, Los Angeles, CA, U.S., 3University of
California, Davis, Davis, CA, U.S.

2.2 million bone-grafting procedures for segmental bone
defects are performed each year using autografts or al-
lografts. Yet due to various disadvantages of both types
of grafts there is a clear medical need for the develop-
ment of new therapies for massive bone loss. We hypoth-
esized that the attraction of endogenous MSCs to a bone
defect site followed by ultrasound-mediated bone mor-
phogenetic protein (BMP) gene delivery would induce
efficient bone regeneration and defect repair in a clinical-
ly relevant large animal model. We first determined that
implanting a biodegradable collagen scaffold in segmen-
tal bone defects created in the tibia bones of mini-pigs
led to the attraction of endogenous MSCs to the fracture
site, which peaked fourteen days post operation. Next,
we injected a GFP plasmid mixed in microbubbles (MBs),
under fluoroscopic guidance, to the defect site followed
by transcutaneous ultrasound application to induce MBs
cavitation and bursting. Flow cytometry analysis per-
formed five days later, showed that 50% of the cells in
the defect expressed GFP, and that 70-90% of the trans-
fected cells co-expressed MSC markers (CD 90, 29, and
44). In the next step, twenty-seven mini-pigs were oper-
ated. Segmental defects were created in their tibia bones
and implanted with collagen scaffolds. Two weeks later
the animals were treated with ultrasound-mediated BMP-
6 gene delivery, BMP-2 gene delivery, ultrasound only,
plasmid only or left untreated. Six weeks post treatment
the animals were sacrificed and the tibia bones analyzed.
MicroCT analysis demonstrated significantly more bone
volume and bone density in tibia defects treated with ul-
trasound and BMP-6, which healed completely, compared
to all other groups. Biomechanical analysis of the treat-
ed bones revealed mechanical superiority of tibia bones
treated with ultrasound and BMP-6. ELISA was used
to demonstrate BMP-6 secretion at the defect site that
peaked on Day 5 post gene delivery and was undetected



on Day 10. Plasmid biodistribution analysis did not detect
DNA copies in internal organs. Collectively these results
are a proof-of-concept for the feasibility of the proposed
“graft-less” therapy for segmental bone defect repair.
This is also the first report of ultrasound-mediated gene
delivery to endogenous MSCs in a large animal model.

Funding Source: CIRM grant # TR4-06713

W1005

MICRORNA-MEDIATED DOWN-REGULATION
OF ASK1 ATTENUATES APOPTOSIS OF HUMAN
MSCS TRANSPLANTED INTO ISCHEMIA/
REPERFUSION INJURED HEART

Lee, Chang Youn!, Lee, Jiyun? Seo, Hyang-Hee?,

Lim, Kyu Hee*, Kim, Hye-Min', Shin, Sunhye’, Kim,
Sang woo>¢, Choi, Eunhyun®%, Lim, Soyeon®%, Lee,
Seahyoung®® and Hwang, Ki-chul®>¢, 'Department of
Integrated Omics for Biomedical Sciences, Yonsei
University, Seoul, Korea, ?Brain Korea 21 PLUS project
for Medical Science, Yonsei University, Seoul, Korea,
South, 3Brain Korea 21 PLUS project for Medical
Science, Yonsei University, Seoul, Korea, “Department
of Veterinary Physiology, Chonbuk National
University, Jeonju, Korea, *Catholic Kwandong
University International St. Mary’s Hospital, Incheon,
Korea, ®Institute for Bio-Medical Convergence,
Catholic Kwandong University, Gangneung, Korea

Stem cell therapy using adult stem cells such as mesen-
chymal stem cell (MSCs) has produced some promis-
ing results in treating diseased heart demonstrating its
therapeutic potential for the repair of myocardial injury.
However, a low survival rate of MSCs after transplanta-
tion compromises the effectiveness of stem cell thera-
py. Therefore, developing strategy to support long-term
survival of MSC after transplantation has clinical signifi-
cance in terms of efficacy of stem cell therapy. In the
damaged heart, oxidative stress due to production of re-
active oxygen species (ROS) can cause death of trans-
planted MSCs. Apoptosis signal-regulating kinase 1 (ASK1)
has been implicated in the development of oxidative
stress-related pathologic conditions. Thus, we hypothe-
sized that down-regulation of ASK1in MSC may attenuate
post-transplantation death of MSC. To test this hypoth-
esis, we utilized miRNA to down-regulate endogenous
ASK1 expression of MSCs. We first screened miRNAs that
target ASK1 based on miR-target prediction databas-
es and empirical data. Our data indicated that miR-301
most significantly suppressed ASKI1 expression in MSCs.
Apoptosis-related genes were downregulated significant-
ly in miR-301 enriched MSCs exposed to hypoxia, and the
number of annexin V/PI stained cells also decreased. Fur-
thermore, when miR-301-enriched MSCs were transplant-
ed into ischemia/reperfusion injured heart of rats, the
number of MSCs survived after transplantation increased
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while the number of TUNEL-positive cells decreased. Ad-
ditional analysis indicated that miR-301-enriched MSCs
improved cardiac function compared to normal MSCs.
Taken together, these data indicate that miR-mediated
down-regulation of ASK1 may protect MSCs post-trans-
plantation and increases the efficacy of MSCs-based cell
therapy

W1007

FUNCTIONAL RECOVERY OF STROKE RATS
INDUCED MICROVESICLES DERIVED FROM
BRAIN EXTRACT-TREATED MESENCHYMAL
STEM CELLS

Choli, Seong-Mi', Lee, Ji Yong?, Jun, Eun Young?

and Kim, Han-Soo0?3, Institute for Bio-Medical
Convergence, Incheon, Korea, South, 2Catholic
Kwandong University International St. Mary’s
Hospital, Incheon, Korea, South, *Catholic Kwandong
University College of Medicine, Gangneung-si, Korea,
South

The transplantation of mesenchymal stem cells (MSCs)
has been shown to improve functional outcomes in a
rat model of ischemic stroke. Subsequent studies using
the same model have suggested that MSC microvesicles
(MVs) can replace the beneficial effects of MSCs. In this
study, we investigated the ability of normal and stroke rat
brain extract-treated MSC-derived microvesicles (NBE-
MSC-MVs and SBE-MSC-MVs, respectively) to attenuate
ischemic brain injury induced by permanent middle ce-
rebral artery occlusion (pMCAOQO) in rats. We found that
the cytokine profiles of normal and stroke brain extracts
were similar; the extracts contained a number of neuro-
genic and neurotrophic factors and cytokines that can
significantly influence the quality and quantity of MSC-de-
rived MVs. To examine the therapeutic benefits of MVs
of brain extract-treated MSCs in an ischemic stroke mod-
el, intracarotid MV injections (0.2 mg/kg) were adminis-
tered to Sprague-Dawley rats 2 days after pMCAO. Our
results demonstrated that NBE-MSC-MVs and to a lesser
extent SBE-MSC-MVs ameliorated ischemic brain injury
with improved functional recovery. Immunohistochemical
analyses showed that NBE-MSC-MVs reduced inflamma-
tion, enhanced angiogenesis with increased endogenous
neurogenesis in rat brain. To obtain mechanistic insights
into the therapeutic effect of these MVs, we performed an
integrative mass spectrometry-based proteomics analy-
sis and found that the NBE-MSC-MV proteome is highly
enriched for vesicular proteins. Finally, using a systems
biology approach, we reconstructed a network of NBE-
MSC-MV therapeutic factors linked to anti-inflammation,
angiogenesis, neurogenesis, and apoptosis; this network
may represent a proteome system stimulated by brain ex-
tract. Our study demonstrated the treatment of ischemic
rats with NBE-MSC-MVs promotes the functional recov-
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ery of damaged stroke brain via modulation of anti-in-
flammation, angiogenesis and neurogenesis.

Funding Source: Study supported by the Bio & Medical
Technology Development Program of the National Re-
searchFoundation (NRF) funded by the Ministry of Science,
ICT and Future Planning, Korea, No.2012M3A9B4028639.

W1009

A SMALL MOLECULE INHIBITOR FOR CULTURE
EXPANSION OF UNDIFFERENTIATED HUMAN
MESENCHYMAL STEM/STROMAL CELLS

Gurung, Shanti', Deane, James', Werkmeister,
Jerome? and Gargett, Caroline', 'The Ritchie
Centre,Hudson Institute of Medical Research, Monash
University, Melbourne, Australia, °?CSIRO, Melbourne,
Australia

Mesenchymal stem/stromal cells (MSCs) are popular
candidate cells for cell-therapy and regenerative medi-
cine. Due to their rarity and the large numbers required
for clinical use, extensive ex vivo expansion is required,
but MSCs undergo spontaneous differentiation into fibro-
blasts and replicative senescence, decreasing their puri-
ty, survivability and efficacy for clinical applications. We
showed that A83-01, a TGF-b receptor inhibitor promot-
ed SUSD2* human endometrial MSC (eMSC) proliferation,
and blocked senescence and apoptosis in vitro. The aims
of this study were to determine if A83-01 1) has similar
effects in MSCs derived from post-menopausal endome-
trium, bone marrow, adipose tissue, placenta and men-
strual blood in vitro and 2) improves eMSC survivability
in vivo. MSCs were isolated from dissociated tissues using
SUSD2 magnetic beads and cultured in serum free medi-
um (SFM) with bFGF/EGF in 5%0,/5%CO,. At passage
6 (P6), MSCs were incubated with or without A83-01 for
7 days, then analysed for MSC properties. A83-01 treat-
ment promoted SUSD2* MSC proliferation, increasing
the %SUSD2* post-menopausal endometrial, bone mar-
row, adipose tissue, placental, and menstrual blood MSC
cells in P6 cultures. There was no change in expression of
CD90, a standard MSC marker or CD140b, while CD146
was downregulated. P1 SUSD2* eMSC transduced with
a mCherry vector and treated with/without A83-01 re-
tained high expression of the fluorescent protein until P6,
after which 5X10° were transplanted under kidney cap-
sule of NSG mice until harvest at 7, 14, 30 days. The A83-
01 treated eMSC survived under the kidney capsule for a
longer duration and in greater number than the untreat-
ed eMSCs as detected by mCherry immunofluorescence,
SUSD2 flowcytometry and Alu sequence PCR. Small mol-
ecules such as A83-01 that promotes proliferation of var-
ious MSC types in the undifferentiated state may provide

co-sponsored by:

an approach for the expansion of undifferentiated MSC
for use in tissue engineering and cell-based therapies.

Funding Source: This study was funded by the NHMRC of
Australia grant, Senior Research Fellowship, Monash Uni-
versity Medicine Faculty Postdoctoral fellowship Youan-
mi Foundation and Victorian Infrastructure Support Pro-
gram.

WI10T11

PGE2 MAINTAINS SELF-RENEWAL OF
HUMAN ADULT STEM CELLS VIA EP2-
MEDIATED AUTOCRINE SIGNALING AND ITS
PRODUCTION IS REGULATED BY CELL-TO-
CELL CONTACT

Lee, Byung-Chul', Kim, Hyung-Sik?, Shin, Tae-Hoon3,
Kang, Insung?, Lee, Jin Young?®, Kim, Jae-Jun?3, Seo,
Yoo Jin®, Choi, Soon Won® and Kang, Kyung-5Sun?,
'Seoul National University, Seoul, Korea, South, Seoul
National University, Seoul, Korea, South, SAdult Stem
Cell Research Center, Seoul National University,
Seoul, Korea, South, 4Seoul National University, Seoul,
Korea, South, °Seoul National University, Seoul, Korea,
South, 6Adult Stem Cell Research Center, Seoul,
Korea, South

Mesenchymal stem cells (MSCs) possess unique immu-
nomodulatory abilities. Therefore, clinical efficacy and
underlying mechanisms of MSCs in immune disorders
have been elucidated by a number of studies. Although
several immunoregulatory factors including Prostaglan-
din E, (PGE,) and their mechanism of action on immune
cells have been revealed, their effects on MSC itself and
the regulation of their production by culture environment
have been less verified. Therefore, we sought to investi-
gate the autocrine effect of PGE, on MSCs and the reg-
ulation of its production by cell-to-cell contact, followed
by determination of immunomodulatory properties. MSCs
treated with specific inhibitors to suppress PGE, secre-
tion were determined for their proliferative phenotype.
PGE, exerted autocrine regulatory function in MSCs via
E-Prostanoid (EP) 2 receptor triggering and the inhibition
of its production led to the growth arrest, whereas addi-
tion of MSC-derived PGE, restored the proliferation. The
level of PGE, production from the equivalent number of
MSCs was down-regulated via gap junctional intercellular
communication. Cell contact-mediated diminish in PGE,
secretion resulted in the decline of immunosuppressive
effect. In conclusion, PGE, produced by MSCs contrib-
utes to the maintenance of self-renewal capacity through
EP2 in an autocrine manner, and the PGE, secretion is
down-regulated by cell-to-cell contact, attenuating im-
munomodulatory potency.

Funding Source: This work was supported by the Materi-
als and Components Technology Development Program
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of MOTIE/KEIT, Republic of Korea (10046508, Develop-
ment of immunomodulatory cell therapeutics through the
development of culture media s

W1013

LONG-TERM COMPARISON OF THERAPEUTIC
EFFICACY OF AUTOLOGOUS AND
ALLOGENEIC UMBILICAL CORD BLOOD
THERAPY FOR CHILDREN WITH CEREBRAL
PALSY RELATED TO PERIVENTRICULAR
LEUKOMALACIA

Min, Kyunghoon', Cho, Kye Hee? and Kim, MinYound/,
'Bundang CHA Medical Center, Seongnam-si, Korea,
South, 2CHA Bundang Medical Center, Seongnam,
Korea

Cerebral palsy (CP) is the leading cause of disability in
children. Brain damage is known to be persistent and such
active damage process can be the target of cell therapy.
Umbilical cord blood (UCB) has been highlighted as one
of the promising cell sources given that safety, availability
and immune tolerance for them. Autologous UCB thera-
py has been known to be feasible and efficient for chil-
dren with CP. For those lacking autologous UCB, alloge-
neic UCB can be alternative. Even though accumulating
studies on UCB therapy suggests its benefit, no study has
compared the difference in long-term effects between
the sources. This study aims to reveal the different effi-
cacy of autologous and allogeneic UCB in children with
CP with periventicular leukomalacia (PVL). Patients who
received UCB therapy from January 2010 until September
2015 were reviewed retrospectively. Total 423 patients
received UCB therapy. Among them, 170 patients were in-
cluded with the criteria of (1) CP (2) PVL in brain MRI and
(3) a single UCB therapy. The numbers of children treat-
ed with autologous and allogeneic UCB therapy were 16
and 154, respectively. Erythropoietin was used as an adju-
vant to potentiate the effects of UCB therapy. The care-
givers of children with the above inclusion criteria were
surveyed through the telephone about the gross motor
function, safety issues and the level of satisfaction for the
UCB therapy. The average duration of telephone survey
was about four years post UCB therapy. Autologous UCB
group (0.75) showed significant better improvements in
Gross Motor Function Classification System compared to
allogeneic UCB group (0.13) (0=0.012). In terms of safe-
ty, there was no report of malignant tumor. Tolerability
throughout the procedure was significantly higher in au-
tologous UCB group. These results suggest that auto-
glous UCB therapy may be more effective cell source for
children with CP. It might suggest that autologous UCB
therapy is more therapeutic potential to ameliorate motor
dysfunction in CP with PVL. Further studies with prospec-
tive, larger sample size are required to determine which
UCB is better in term of immunogenicity.
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W1015

HUMAN MESENCHYMAL STEM CELLS

INDUCE M2 MACROPHAGES THROUGH THE
DOWNREGULATION OF RAGE EXPRESSION IN
COLLAGEN-INDUCED ARTHRITIS

Shin, Yong Dae, Division of Rheumatology,
Department of Internal Medicine, Department of
Medical, Seoul, Korea, South

Mesenchymal stem cells (MSCs) have profound immuno-
modulatory properties. Macrophages are key regulators
of the innate immune system. Depending on the micro-
environment, macrophages can acquire distinct function-
al phenotypes as classically activated macrophages (M1
macrophages) and alternatively activated macrophages
(M2 macrophages). M1 macrophages are characterized by
the expression of proinflammatory cytokines and promo-
tion of Th1 response. In contrast, M2 macrophages have
immunoregulatory functions. In this study, we investigat-
ed the immunomodulatory property of MSCs on macro-
phages in vitro and in vivo. Macrophages were isolated by
lavage of the peritoneal cavity of DBA/1 mice. We co-cul-
tured human adipose-derived MSCs (hAD-MSCs) and
mouse peritoneal macrophages directly with 1:5 ratio for
24 hour. The effect of hAD-MSCs on macrophage pheno-
type polarization was assessed by flow cytometry, and su-
pernatants for induced production of cytokines were also
analyzed. Protein expressions were examined by western
blot. In addition, we evaluated the effect of hAD-MSCs
on macrophages of peritoneal cavity in collagen induced
arthritis (CIA) mice. hAD-MSCs significantly induced M2
macrophages in co-culture condition. And, the levels of
IL-10 and TGF-B1 were markedly elevated. The expres-
sions of RAGE were decreased in 1:5 co-culture ratio at
24 hour. Moreover, hAD-MSCs treated mice significantly
decreased clinical scores and induced M2 macrophage in
peritoneal cavity. The relative protein expression of Arg-1
was increased, and those of RAGE and NF-kB were de-
creased in hAD-MSCs treated CIA mice. Our data suggest
that the therapeutic effect of hAD-MSCs in CIA might be
related to M2 macrophages induction by hAD-MSCs and
showed that hAD-MSCs downregulate the RAGE expres-
sion in macrophages in both in vitro and in vivo.

Funding Source: This study was supported by a grant
of the Korean Health Technology R&D Project, Minis-
try of Health & Welfare, Republic of Korea (HI13C1270
and HR14CO006) and Basic Science Research Pro-
gram through the National Research Foundation of Ko-
rea (NRF) funded by the Ministry of Education (NRF-
2013R1A1A2058120)
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W1017

USING AN INDUCED PLURIPOTENT STEM
CELL MODEL TO UNDERSTAND AND TREAT
IDIOPATHIC PULMONARY FIBROSIS

Vijayaraj, Preethi, Durra, Abdo, Mehrabi, Mehrsa,
Chung, Kathy, Zhang, Kelvin, Darmawan, Kelly,
Karumbayaram, Saravanan, Damoiseaux, Robert
and Gomperts, Brigitte, University of California, Los
Angeles, Los Angeles, CA, U.S.

Idiopathic pulmonary fibrosis (IPF) is a chronic, progres-
sive and invariably lethal interstitial lung disease of un-
known etiology. IPF represents the most common cause
of death from progressive lung disease with no effective
therapy other than lung transplantation. This is in large
part due to the fact that the pathogenesis of IPF remains
unclear. It is thought to mostly be a complex disorder re-
sulting from an underlying genetic predisposition togeth-
er with an environmental trigger. There are currently no
assay systems for drug discovery nor animal models for
efficacy studies that truly recapitulate IPF. In an attempt
to identify a novel therapy for IPF, we have generated and
extensively characterized an induced pluripotent stem
cell (iPSC) based in vitro disease model that closely phe-
nocopies IPF in a dish. These cells scar spontaneously
and progressively when cultured over several days. Live
cell imaging, transcriptome analysis, atomic force micros-
copy, immunostaining, apoptosis assays and cytokine
arrays were used to characterize these scars. The pro-
gressive scarring is driven by a continuous signaling loop
involving damage associated molecular patterns and a ro-
bust pro-inflammatory response, leading to the observed
pathology. The inflammatory response is modulated
through the Wnt/B-catenin signaling pathway. Using the
model, we developed a primary phenotypic high through-
put assay to identify compounds that would target one or
more of the phenotypic characteristics of our model, such
as increasing apoptosis of hyper-proliferative fibroblasts,
targeting extracellular matrix interactions, targeting the
stiffness of the cells, inhibiting epithelial-to mesenchymal
transition etc. We have identified a small molecule (AA5)
that prevents the formation of fibrosis and resolves fibro-
sis that has already formed in the dish. Target deconvolu-
tion efforts are currently underway to identify the cellular
targets and to identify the mode of action of AAS.

co-sponsored by:

W1019

IDENTIFICATION OF OSTEOPROTEGERIN
AS ONE OF THE IMPORTANT PARACRINE
FACTORS OF MSC THAT FACILITATE
THE BENEFICIAL EFFECT OF MSC
TRANSPLANTATION

Lee, Jiyun', Lee, Chang Youn?, Seo, Hyang-Hee?,

Lim, Kyu Hee?, Kim, Hye-Min2 Shin, Sunhye?, Kim,
Sang woo>8, Choi, Eunhyun®%, Lim, Soyeon®%, Lee,
Seahyoung®’, Park, Jong-Chul®*® and Hwang, Ki-chul®’,
'Brain Korea 21 PLUS project for Medical Science,
Yonsei University, Seoul, Korea, South, ?2Department
of Integrated Omics for Biomedical Sciences, Yonsei
University, Seoul, Korea, 3Brain Korea 21 PLUS project
for Medical Science, Yonsei University, Seoul, Korea,
4Department of Veterinary Physiology, Chonbuk
National University, Jeonju, Korea, °Institute for
Bio-Medical Convergence, Catholic Kwandong
University, Gangneung, Korea, éCatholic Kwandong
University International St. Mary’s Hospital, Incheon,
Korea, ’Institute for Bio-Medical Convergence,
Catholic Kwandong University, Gangneung, Korea,
South, 8Department of Medical Engineering, Yonsei
University, Seoul, Korea

Stem cell therapy using adult stem cells such as mesen-
chymal stem cells (MSCs) and adipose-derived stem cells
(ADSCs) has been demonstrated to be a viable option for
treating damaged heart. Although in situ differentiation
and/or paracrine effect of stem cells are regarded as two
major mechanisms through which stem cells exert bene-
ficial effect after transplantation, evidence suggests that
the paracrine effect of stem cells is more likely to be the
major one. Even for now, thorough analysis of soluble fac-
tors released by stem cells has not been completed yet,
and thus, elucidating the underlying mechanisms of how
stem cell transplantation improves host tissue viability and
identifying the soluble factors involved deserve own sig-
nificance. Osteoprotegerin (OPG) can bind both TNF-re-
lated apoptosis-inducing ligand (TRAIL) and receptor
activator of NF-kB ligand (RANKL) that are known to fa-
cilitate apoptosis and hypertrophy of cardiomyocytes, re-
spectively. When OPG binds to these ligands, it functions
as decoy for those ligands suppressing the activation of
both TRAIL and RANKL-mediated signaling cascades.
Thus, in the present study, we investigated the expression
of OPG in MSCs under hypoxia and examined whether
MSC-released OPG contributes to the reported beneficial
effect of MSCs. Our data show that the expression and
release of OPG in MSC increased under hypoxic condition.
Furthermore, MSC-conditioned media treatment prevent-
ed apoptosis and hypertrophy of cardiomyocytes, and
this was abrogated when MSCs were treated with siRNA
specific to OPG prior to hypoxia. Our study demonstrates
that hypoxic condition induces OPG expression in MSCs
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and strongly suggest that the MSC-released OPG under
hypoxic condition is one of the important factors that fa-
cilitate the reported cardiac protective effect of MSCs.

MESENCHYMAL STEM CELL
DIFFERENTIATION

W1021

FGFR3 CONTROLS MESENCHYMAL STEM
CELL PROLIFERATION, MIGRATION AND
DIFFERENTIATION.

Carstairs, Alice, Quick, Sophie and Genever, Paul,
University of York, York, U.K.

Signaling through fibroblast growth factor receptor 3
(FGFR3) is essential for bone elongation during skele-
tal development, acting as a negative regulator of bone
growth. FGFR3 knockout (KO) mutations in mice results
in severe skeletal dysplasia in which bones formed by en-
dochondral ossification are dramatically elongated and
hypertrophic chondrocyte zones increase in size. A similar
phenotype is observed in humans with germline homozy-
gous loss-of-function mutations. Less well known are the
effects of FGFR3 on the mesenchymal cells from which
skeletal elements arise and the differences in FGFR3 sig-
naling during embryonic and post-natal development. We
generated an FGFR3-KO in an immortalized, clonal adult
human mesenchymal stem cell (MSC) line using CRISPR/
Cas9 to introduce a single base insertion, causing a frame-
shift in the extracellular domain of FGFR3, truncating the
protein. New single cell-derived MSC colonies were es-
tablished by serial dilution and the insertion verified by
sequencing. FGFR3-KO MSCs were viable but had altered
morphologies compared to wild type (WT) controls, with
elongated cell bodies, reorganized actin microfilaments
and broad lamellipodia, consistent with a migratory phe-
notype, however cell size was not significantly different.
In scratch wound assays, FGFR3-KO MSCs healed at
a faster rate versus WT over 12h (50% and 18% closure
respectively, p<0.05). In proliferation assays over 72h,
76.7% and 94.9% of WT MSCs and FGFR3-KO MSCs re-
spectively incorporated EdU (p<0.0001) demonstrating
increased cell cycling, supported by increased staining
in an MTT assay at 96 hours (p<0.05). In differentiation
assays, FGFR3-KO caused complete disruption of osteo-
genesis with significant decreases in Alizarin Red staining
(p<0.0001) and alkaline phosphatase activity was 2-fold
lower in FGFR3-KO MSCs (p<0.0001). Adipogenesis was
severely delayed in FGFR3-KO MSCs with a significant
decrease in lipid droplet accumulation compared to WT
MSCs (p<0.0001). Mutating FGFR3 in this manner results
in an altered behaviour of MSCs where proliferation and
migration are favoured over differentiation. Our findings
shed new light on the role of FGFR3 in development of
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skeletal dysplasias in vivo and identify an influential func-
tion for FGFR3 in post-natal MSC biology.

Funding Source: PhD funded by the National Centre for
the Replacement, Refinement and Reduction of Animals.

W1023

BIOMECHANICAL REGULATION OF HUMAN
MESENCHYMAL STEM CELL DIFFERENTIATION
INTO VASCULAR PHENOTYPES

Lee, Jason, Deb, Chaarushena, Armenta-Ochoa,
Miguel, Maceda, Pablo, Spencer, Adrianne, Yoon, Eun,
Samarneh, Lara, Crosby, Cody, Sligar, Andrew and
Baker, Aaron, University of Texas at Austin, Austin,
TX, US.

Over the past decades, scientific advances and econom-
ic pressures have driven the need for improving drug
discovery and screening technologies. Scientific studies
examining mechanobiology using conventional technolo-
gies have been limited by the relative low throughput of
the experimental systems. We have recently developed
two novel devices for the high throughput investigation
of stem cell mechanobiology, one that generates con-
trolled shear stresses in a 96-well format and another that
applies dynamic mechanical strain to cells in a 6 x 96-well
format. Using these systems we investigated the role of
mechanical forces in regulating the response of human
mesenchymal stem cells (hMSCs) to biochemical stimu-
lation with growth factors and a variety of differentiation
conditions. Using the shear device, we examined the acti-
vation of the transcription factors FOXO, SRE, TCF/LEF,
SMAD and HIF by the growth factors TGF-f1and VEGF-A
in combination with different shear conditions including
static culture, steady flow with 1 or 5 dynes/cm? of shear
stress or oscillatory shear stress. Our results indicate
that moderate steady or oscillatory shear stress reduces
FOXO activity and that oscillatory shear stress activates
SRE, TCF/LEF and HIF in comparison to static culture. In
addition, we found that oscillatory shear synergistically in-
creased SMAD activation in combination with TGF-B1. We
examined the differentiation of stem cells into vascular
phenotypes using multiple treatments and found that dif-
ferentiation toward the endothelial lineage only occurred
in the presence of 5 dynes/cm? of shear stress. Further
analysis demonstrated that this level of shear leads to an
increase in VEGFR]I, potentiating this response. Using the
mechanical strain system, we explored a variety of me-
chanical conditions and found that Smad2/3 and TCF-
LEF transcription factors were highly activated with low
frequency dynamic strain (0.1 Hz) with a maximum strain
magnitude of 7.5%. Mechanical strain regulated actin cy-
toskeletal remodel, focal adhesion formation, regulation
of nuclear Yap/Taz levels and led to a decrease in markers
for endothelial cells. Further investigations could unlock
the optimal mechanical conditions that could be used to
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drive hMSCs towards the desired differentiation pathway
for therapeutic use.

Funding Source: The authors would like to acknowl-
edge support through the American Heart Association
(10SDG2630139), the Welch Foundation (F-1836) and the
NIH Director’s New Innovator Grant (IDP2 OD008716-01)
to A.B.B.

W1025

UNDERSTANDING THE ROLE OF TET
ENZYMES IN HUMAN AND MOUSE
OSTEOBLAST DIFFERENTIATION

Grandi, Fiorella Carla, Smeriglio, Piera and Bhutani,
Nidhi, Stanford University, Stanford, CA, U.S.

Many important medical challenges, such as osteoporosis
and osteoarthritis, occur in the musculoskeletal system.
However, little is known about the epigenetic regulation
of mesenchymal stem cells (MSCs) differentiation to bone
and cartilage. These diseases will benefit from the poten-
tial of regenerative stem cell derived therapies; therefore,
understanding the epigenetics pathways that govern
their differentiation is crucial. DNA methylation is an im-
portant epigenetic mark, associated with gene silencing.
The recently discovered oxidized derivative, 5hmC, is as-
sociated with gene activation and has been found to be a
stable lineage mark in many tissues. 5hmC is deposited by
the TET(1/2/3) family of enzymes. This work aims to un-
derstand how the TET enzymes, and DNA demethylation
dynamics, affect the development and pathology of bone.
Underscoring the crucial role of this mark in the differenti-
ation of mesenchymal lineages, mouse ESCs with genetic
deletion of all three TET enzymes fail to form either car-
tilage or bone. We find that TET enzymes are expressed
in both mouse and human osteoblasts and that 5hmC
levels remain stable throughout osteoblast differentia-
tion. Using an in vitro model of osteoblasts differentiation,
the MC3T3-E1 cell line, we show that TET2 knockdown
impaired osteogenesis, including the expression of key
lineage genes, and decreased the amount of mineralized
matrix, suggesting a role for TET2 in controlling genes re-
lated to matrix mineralization. Supporting this hypothesis,
we show that in pediatric osteosarcoma samples, a bone
cancer hallmarked by the presence of undifferentiated os-
teoblast that fail to mineralize calcium, both levels of TET
enzymes as well as 5hmC deposition, is low. Furthermore,
gene expression studies of MSCs from women with os-
teoporosis, another disease where matrix mineralization
is deficient, find a reduction of TET2 levels. Collectively,
these findings underscore the critical role of TET2 in the
proper differentiation of osteoblasts and overall bone
health and regeneration.

co-sponsored by:

W1027

TRANSCRIPTOME ANALYSIS OF HUMAN
MESENCHYMAL STEM CELLS IN RESPONSE TO
TLR4 LIGAND

Kim, Sun Hwa', Das, Amitabh?, Chai, Jin Choul? Binas,
Bert?, Choi, Mi Ran?, Park, Kyoung Sun?, Lee, Young
Seek?, Jung, Kyoung Hwa? and Chai, Young Gyu?,
'Hanyang University, Ansan, Korea, South, 2Hanyang
University, Ansan, Korea

Due to their multipotentiality and immunomodulation, hu-
man mesenchymal stem cells (hMSCs) are widely stud-
ied for the treatment of degenerative and inflammatory
diseases. Transplantation of hMSCs to damaged tissue is
a promising approach for tissue regeneration. However,
the physiological mechanisms and regulatory process-
es of MSC trafficking to injured tissue are largely unex-
plored. Here, we evaluated the gene expression profile
and migratory potential of hMSCs upon stimulation with
the TLR4 ligand lipopolysaccharide (LPS). Using RNA
sequencing, we identified unique induction patterns of
interferon stimulated genes, cytokines and chemokines
involved in chemotaxis and migration. The -950 to +50
bp regions of many of these LPS-responsive genes were
enriched with putative binding motifs for the transcription
factors (TFs) interferon regulatory factor (IRF1) and nu-
clear factor kappa B (NF-kBIA), which were also induced
by LPS along with other NF-kB TFs. In addition, IRF1 at-
tenuation significantly down-regulated interferon stimu-
lated genes as well as key cytokines. Furthermore, using
pharmacological inhibitors, we showed that the NF-kB
and phosphatidylinositol 3-kinase (PI3K) pathways reg-
ulate the migratory and cytokine/chemokine response
to LPS. These unprecedented data suggest that IRF1 and
NF-kBIA orchestrate the TLR4-primed immunomodulato-
ry response of hMSCs.

Funding Source: This work was supported by the Nation-
al Research Foundation of Korea (NRF) grant funded by
the Korean government (MSIP) (2013R1AT1A3011026 to
K.H.J & 2011-0030049 to Y.G.C)

W1029

ISOLATION AND CHARACTERIZATION OF
HUMAN DENTAL PULP STEM CELLS UNDER
XENO-FREE CULTURE CONDITIONS FOR
CELL-BASED THERAPEUTIC APPLICATIONS

Mochizuki, Mai and Nakahara, Taka, The Nippon
Dental University School of Life Dentistry, Tokyo,
Japan

We previously isolated and characterized several types
of dental stem cells derived from extracted wisdom teeth
using a fetal bovine serum (FBS)-containing culture me-
dium. This study indicated that these stem cells exhibit
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a multidifferentiation potential and higher proliferative
activity than iliac bone-derived bone marrow stem cells.
However, the use of FBS allows for potential pathogenic
contamination and immunoreaction. In order to develop
safer cell-based therapies, the present study aimed to
isolate and characterize dental pulp stem cells (DPSCs)
using a xenogenic serum-free culture medium. Dental
pulp tissues were collected from the exfoliated decid-
uous teeth and wisdom teeth of healthy volunteers be-
tween the ages of 10 to 37 years, and were digested with
a solution of collagenase-dispase for 1 h at 37 °C. The
resulting cells were cultured using two types of culture
media, PRIME-XV MSC Expansion XSFM (XFM) or DMEM/
F12 with 15% FBS (SCM), and were subcultured at 5 x 104
cells in 60-mm dishes. The culture dishes for XFM cultiva-
tion were pre-coated with PRIME-XV Human Fibronectin.
A proliferative assay, estimation of population doubling
time, RT-PCR, flow cytometry, and multidifferentiation
induction experiments (osteogenic and adipogenic lin-
eages) were performed using cells at passage 3 or 4.
Compared to SCM cells, XFM cells exhibited significantly
greater growth and a shorter population doubling time.
Both types of cells expressed CD44, CD90, CD105, and
STRO-1 but not CD14 and CD34, as determined by flow
cytometry analysis. RT-PCR analysis revealed the gene
expression of osteogenic (Vimentin, Runx2, and Type
| collagen), neurogenic (Nestin), and stem cell markers
(Nanog, Oct3/4, and Sox2). XFM cells possessed a mul-
tidifferentiation potential, similar to SCM cells. XFM cells
exhibited a higher proliferative activity compared to SCM
cells, indicating that XFM cultivation can likely result in a
sufficient number of cells in a short time. Moreover, XFM
cells like SMC cells exhibit a multidifferentiation potential
and the stem cell phenotype; these findings indicate the
successful characterization of DPSCs. In conclusion, the
XFM culture medium allows for 1) cell isolation from the
harvested tissue of patients, 2) ex vivo expansion, and 3)
the maintenance of stemness as DPSCs.

W1031

HUMAN iPSCs DIFFERENTIATE INTO
FUNCTIONAL MSCs AND REPAIR BONE
DEFECT

Sheyn, Dmitriy', Ben-David, Shiran!, Shapiro, Galina?,
De Mel, Sandra’, Bez, Maxim?, Ornelas, Loren A,
Sahabian, Anais!, Sareen, Dhruv!, Da, Xiaoyu', Pelled,
Gadi*3, Tawackoli, Wafa!, Liu, Zhengiu', Gazit, Dan'?
and Gazit, Zulma'?, 'Cedars-Sinai Medical Center, Los
Angeles, CA, U.S., 2The Hebrew University-Hadassah
Faculty of Dental Medicine, Jerusalem, Israel, 3Cedars
Sinai Medical Center, Los Angeles, CA, U.S.

Mesenchymal stem cells (MSCs) are currently the most
established cells for skeletal tissue engineering and re-
generation; however, their availability and capability of
self-renewal are limited. Recent discoveries of somat-
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ic cell reprogramming may be used to overcome these
challenges. We hypothesized that induced pluripotent
stem cells (iPSCs) that were differentiated into MSCs can
be used for bone regeneration. Short-term exposure of
embryoid bodies to TGFB was used to direct iPSCs to-
wards MSC differentiation. During this process 2 types of
iPSC-derived MSCs (iMSCs) were identified: early (aiM-
SCs) and late (tiMSCs) outgrowing cells. The transition of
iPSCs toward MSCs was documented using MSC mark-
ers flow cytometry. Both types of iMSCs differentiated
in vitro in response to osteogenic or adipogenic supple-
ments. The results of quantitative assays showed that
both cell types retain their multi-differentiational poten-
tial, although aiMSCs demonstrated a higher osteogenic
potential than tiMSCs and bone marrow-derived MSCs
(BM-MSCs). The soft agar assay was performed to test
tumorigenicity and showed that BM-MSCs displayed sig-
nificantly higher colony formation rate in soft agar than
both iIMSC types despite having a lower doubling rate in
vitro. Transcriptomic analysis found significant differenc-
es in MSC-related genes, cell division and focal adhesion
between the two iIMSC types. Ectopic injections of bone
morphogenetic protein-6 (BMP6) overexpressing tiMSCs
produced no or little bone formation, whereas similar in-
jections of BMP6-overexpressing aiMSCs resulted in sub-
stantial bone formation. However, orthotopic injections
into radial defects, all three cell types regenerated bone
and contributed to defect repair. In conclusion, MSCs de-
rived from iPSCs exhibit self-renewal without tumorige-
nicity. Compared to BM-MSCs, aiMSCs acquire more of a
stem cell phenotype that might be useful in applications
that like avascular necrosis, where angiogenesis plays piv-
otal role in tissue regeneration. Whereas tiMSCs acquire
more of a differentiated osteoblast phenotype, which aids
bone regeneration, but does not allow the cells to induce
ectopic bone formation, even when triggered by BMPs,
unless in an orthotopic site of bone fracture. These prop-
erties are advantages for bone regeneration applications.

MESENCHYMAL CELL LINEAGE
ANALYSIS

W1035

PERIVASCULAR CELL-SECRETED PERSEPHIN
INFLUENCES THE GROWTH OF HUMAN
ADENOCARCINOMA EPITHELIAL CELLS

Kim, Eunbi', Park, Jeong-ah', An, Borim', Heo, Hye-
Ryeon!, Yang, Se-Ran?, Na, Sunghun?® and Hong, Seok-
Ho', 'Kangwon National University, Chuncheon, Korea,
South, 2Kangwon National University, Chuncheon,
Korea, 3Kangwon National University, chuncheon,
Korea

Understanding of the crosstalk between perivascular cells
(PVCs) and cancer might be beneficial for the prevention
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of cancer development and metastasis. In this study, we
investigated the paracrine actions of PVCs in the pro-
liferation of cancer cell lines using transwell co-culture
system. We non-enzymatically isolated PVCs from hu-
man umbilical cords and co-cultured with human cancer
cell lines including lung adenocarcinoma epithelial cells
(A549) and erythroleukemia cells (TF-1a and K562) for 48
hrs. We found that PVCs promote proliferative activity of
A549 cell lines without morphological changes. However,
PVCs had no effect on the proliferation of TF-1a and K562
cell lines. This finding suggests that augmented prolifer-
ation of A549 cells is mediated by the paracrine factors
of PVCs. To identify the factors secreted from PVCs, we
analyzed the conditioned medium (CM) harvested from
PVC cultures using antibody array. We identified a set of
cytokines including Persephin (PSPN), which is known
as a neurotrophic factor and key regulator of oral squa-
mous cell carcinoma progression. We further examined
the proliferative effect of PSPN (10, 20, and 40 ng/ml)
on A549 cell lines in vitro. Supplementation of 40 ng/ml
of PSPN significantly increased the proliferation of A549
cells. These results indicate that PVCs and their secreting
factors might be therapeutic targets to prevent cancer
development and metastasis.

Funding Source: This work was supported by Basic Sci-
ence Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Ed-
ucation, Science and Technology (2014-R1A1A2055021).

W1037

IDENTIFICATION OF A RICH POPULATION OF
CD34 POSITIVE MESENCHYMAL STROMAL/
STEM CELLS IN HUMAN FETAL PAROTID,
SUBLINGUAL AND SUBMANDIBULAR GLANDS

Togarrati, Padma Priya, Blood Systems Research
Institute, San Francisco, CA, U.S.

Mesenchymal stromal/stem cells (MSCs) play crucial
roles in maintaining tissue homeostasis during physio-
logical turnovers and injuries. Very little is known about
the in situ phenotype, distribution and molecular gene
expression profile of MSCs in freshly isolated human fe-
tal salivary glands (SGs) as most reports have focused
on phenotypic and functional analyses of culture grown
adherent MSCs. In this study we found that the cell ad-
hesion molecule CD34 was widely expressed by the
MSCs of human fetal parotid (PAG), sublingual (SLG) and
submandibular (SMG) glands. CD34* SG cells, especially
CD34* cells isolated from more branched glands such as
SLG and SMG showed significantly high expressions of
FGF7, FGFI0, BMP2 and BMP7 as compared to CD34
cells. These growth factors have earlier been shown to
be essential for branching morphogenesis and SG devel-
opment. Additionally, higher expressions of BMP6, EGF,
EDAR and TGFp1 were found in CD34* SMG cells as com-
pared to CD34- cells, however differences were not sta-

co-sponsored by:

tistically significant. Furthermore, FGFIO and BMP7 were
also expressed at significantly high levels in CD34* PAG
cells. Only CD34* SG cells retained fibroblast colony form-
ing potential and it was completely absent in CD34 cells.
Intraglandular transplantation of culture expanded CD34*
cell derived SG-MSCs in immunodeficient mice showed
that these cells were able to engraft in the stromal re-
gion surrounding the acini and ducts of injected as well as
uninjected contralateral and ipsilateral murine glands. In
summary, we show that CD34 marks a rich pool of MSCs
in human fetal major SGs, which express significantly
high levels important growth factors that are known to
play key roles in gland development and regeneration.
Moreover, CD34* SG cells had the ability to expand under
culture conditions and upon xenotransplantation could
engraft in the glandular stromal milieu. Hence, CD34* SG-
MSCs could be a promising cell source for adoptive cell
based SG-therapies, and in bioengineering artificial SGs.

Funding Source: This work was supported by the Nation-
al Institute of Dental and Craniofacial Research at the Na-
tional Institutes of Health - grant number ROIDE024188,
RIVA and CAPES foundations.

HEMATOPOIETIC CELLS

W1039

PARACRINE EFFECT OF HUMAN
PERIVASCULAR CELLS ON THE
MAINTENANCE AND HEMATOPOIETIC
DIFFERENTIATION OF HUMAN PLURIPOTENT
STEM CELLS

An, Borim', Park, Jeong-ah', Kim, Eunbi', Heo, Hye-
Ryeon', Yang, Se-Ran? and Hong, Seok-Ho', 'Kangwon
National University, Chuncheon, Korea, South,
2Kangwon National University, ChunCheon, Korea

In recent years, perivascular stem cells (PVCs) have at-
tracted increasing attention due to their greater pro-
liferative and regenerative capacity compared to mes-
enchymal stem cells. PVCs also create a specialized
microenvironment that regulates the self-renewal and dif-
ferentiation of hematopoietic stem cells in the bone mar-
row. However, the interaction between PVCs and other
stem cells has poorly investigated. In this study, we isolat-
ed PVCs from human umbilical cords and examined their
paracrine effect on the maintenance and hematopoietic
differentiation of human pluripotent stem cells (hPSCs).
Human PSCs maintained on mitomycin-inactivated PVCs
displayed typical features of hPSCs including undifferen-
tiated proliferative ability with the expression of pluripo-
tency markers, cell morphology and differentiation poten-
tial into three embryonic germ layers. We also found that
commitment of hemogenic precursors into hematopoiet-
ic lineage was robustly promoted in hPSCs induced in the
conditioned medium (CM) collected from PVC cultures.
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These results suggest that the long-term maintenance
and improved hematopoietic differentiation of hPSCs
is mediated by PVC-secreted factors. In order to define
the factors secreted from PVCs, we analyzed the PVC-
CM using antibody array. Some extracellular matrix pro-
teins were detected and might be involved in regulating
function of hPSCs. These findings suggest that PVCs can
be considered as critical niche component for the regula-
tion of stem cell functions as well as an alternative feeder
source to avoid xeno-contamination from animal feeders
for the maintenance of hPSCs.

Funding Source: This research was supported by Ba-
sic Science Research Program through the National Re-
search Foundation of Korea (NRF) funded by the Ministry
of Science, ICT & Future Planning (2015R1A4A1038666).

W1041

A DEVELOPMENTALLY RESTRICTED
HEMATOPOIETIC STEM CELL THAT GIVES RISE
TO INNATE-LIKE B- AND T-LYMPHOCYTES
BUT DOES NOT PERSIST IN SITU

Beaudin, Anna E.!, Boyer, Scott W.!, Perez-
Cunningham, Jessica', Hernandez, Gloria E.},
Derderian, S. Chris?, Mackenzie, Tippi C.2 and
Forsberg, E. Camilla', 'University of California Santa
Cruz, Santa Cruz, CA, U.S,, 2University of California
San Francisco, San Francisco, CA, U.S.

The generation of innate-like immune cells mediating
self-recognition and tolerance distinguishes fetal from
adult hematopoiesis, but the mechanisms underlying dif-
ferential cell production during prenatal hematopoietic
development remain unknown. We utilized a FIk2/FIt3
lineage tracing mouse model wherein Flk2-driven ex-
pression of Cre recombinase results in the switching of
a ubiquitous dual-color reporter from Tomato (Tom) to
GFP expression. As the switch from Tom to GFP expres-
sion in this model involves an irreversible genetic excision
of the Tom gene, a GFP+ cell can never give rise to Tom+
progeny. Importantly, we have shown that all adult he-
matopoietic stem cells (HSCs) in this model express Tom
and that only Tom+ cells within the adult bone marrow
(BM) possess long-term reconstituting potential. In con-
trast, both Tom+ and GFP+ fetal liver (FL) and neonatal
BM cells support serial reconstitution upon transplanta-
tion into irradiated adult recipients. We have therefore
identified a novel, developmentally restricted GFP+ HSC
that gives rise to long-term multilineage reconstitution
upon transplantation into irradiated adult recipients yet
does not normally persist into adulthood. These develop-
mentally restricted GFP+ HSCs display greater lymphoid
potential, lymphoid lineage-priming, and greater capacity
to generate innate-like B and T lymphocytes as compared
to coexisting Tom+ FL and adult HSCs. In contrast to their
demonstrated capacity to serially reconstitute irradiated
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adult recipients, GFP+ FL HSCs engrafted poorly when
transplanted into an unconditioned, fetal environment,
despite maintaining enhanced innate-like immune poten-
tial. Consistent with limited persistence into adulthood,
GFP+ FL HSCs express lower levels of CD150, are more
proliferative, and down-regulate self-renewal genes as
compared to Tom+ FL HSCs and adult HSCs. Our results
provide direct evidence for a phenotypically and func-
tionally unique developmentally restricted HSC that gives
rise to a layered immune system. As early lymphoid cells
play essential roles in establishing self-recognition and
tolerance, these findings are critical for understanding the
development of autoimmune diseases, allergies, and tol-
erance induction upon organ transplantation.

Funding Source: This abstract was supported by CIRM
TG2-01157 to AEB, and by NIH RO1-DK100917 and Alex's
Lemonade Stand Foundation Innovation Award to ECF.

W1043

THE HISTONE METHYLTRANSFERASE
ACTIVITY OF DOTIL IS CRITICAL FOR THE
MAINTENANCE OF NORMAL HEMATOPOIETIC
STEM AND PROGENITOR CELLS

Chase, Jennifer, Grigsby, Sierrah, Balbin Cuesta,
Ginette, Waas, Bridget, Friedman, Ann, Muntean,
Andrew, Nikolovska-Coleska, Zaneta and Maillard,
Ivan, University of Michigan, Ann Arbor, M|, U.S.

Disruptor of telomeric silencing 1-like (DOTIL) encodes the
only known mammalian H3K79 methyltransferase. DOTIL
interacts with fusion partners of the MLL1 oncogene and
its enzymatic activity is required for leukemic transforma-
tion by MLL1 fusion proteins. Thus, DOTIL is an attractive
new therapeutic target in MLL1-driven leukemias. Howev-
er, Dotll is also essential for hematopoietic homeostasis.
To date, the mechanisms of DOTIL action and the require-
ment for DOTIL’s enzymatic activity in normal hemato-
poiesis have not been elucidated. To address these ques-
tions, we used genetic and pharmacological methods to
inactivate Dotll or disrupt its enzymatic activity in vitro
and in vivo. In liquid culture, the DOTIL methyltransferase
inhibitor EPZ5676 induced a dose-dependent decrease
in hematopoietic progenitor expansion correlating with
loss of H3K79 methylation. EPZ5676 markedly decreased
accumulation of differentiated cells. In vivo, we induced
Dotll deletion with poly(l:C) in Mx1-Cre*Dot1l”* mice. We
observed loss of hematopoietic progenitor populations
starting seven days after poly(l:C) and first visible among
subsets of Linc-Kit* progenitors, with profound depletion
by day 10. Lin"Sca-1*c-Kit* (LSK) progenitors and phe-
notypically defined long-term hematopoietic stem cells
(LT-HSC: CD150*CD48LSK) became depleted only after
decreased numbers of downstream progenitors were de-
tected. These findings suggest that LT-HSCs and down-
stream progenitors are affected by Dotll loss, but that the
latter are exquisitely sensitive. To assess if DOTIL’s meth-
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yltransferase activity is required in normal hematopoiesis,
we transduced Mx1-Cre*Dotll”f progenitors with retrovi-
ruses expressing GFP vs. wild-type DOTIL or the methy-
transferase-defective mutant DOTIL-RCR. After reconsti-
tution of lethally irradiated hosts, recipients were treated
with poly(l:C) to inactivate endogenous Dotll. Unlike wild-
type DOTIL, DOTIL-RCR failed to rescue hematopoiesis,
leading to lethal hematopoietic failure or reconstitution
by residual host cells. Thus, DOTIL’'s methyltransferase
activity is essential for normal hematopoietic stem and
progenitor cell function. Ongoing studies focus on molec-
ular mechanisms of DOTIL action in normal hematopoie-
sis, as compared to its effects in leukemic transformation.

W1045

THE IMPACT OF AGING OF HEMATOPOIETIC
STEM AND PROGENITOR CELLS (HSPCs) IN

NON-HUMAN PRIMATES AS INTERROGATED
BY GENETIC BARCODE CLONAL TRACKING

Yu, Kyung-Rok', Wu, Chuanfengd', Espinoza, Diego',
Yabe, Idalia!, Panch, Sandhya', Hong, So Gun?, Koelle,
Samson', Lu, Rong?, Bonifacino, Aylin', Krouse, Alan’,
Metzger, Mark!, Donahue, Robert' and Dunbar,
Cynthia, 'National Institutes of Health, Bethesda, MD,
U.S., 2National Heart, Lung, Blood Institute/National
Institutes of Health, Bethesda, MD, U.S,, 3University of
Southern California, Los Angeles, CA, U.S.

Aging of the hematopoietic system is associated with a
number of observations, including diminished regenera-
tive potential, skewed lineage differentiation, increased
incidence of anemia, and higher rates of neoplastic trans-
formation. Despite advanced age being a strong poor
prognostic factor, an increasing number of older patients
are receiving hematopoietic stem and progenitor cell
(HSPC) transplantation. To quantitatively elucidate the
age-related changes that compromise hematopoietic
function at a clonal level, we applied a genetic barcod-
ing approach to quantitatively track the clonal behavior
of HSPCs in young versus old rhesus macaques following
autologous transplantation. We successfully transplanted
barcoded HSPCs into 2 macaques aged 18 and 25 years,
constituting “old” macaques based on an average lifespan
in captivity of 20-30 years, and compared results to clonal
patterns observed in 2 “young” macaques aged 3-5 years.
There were marked differences in the patterns of clon-
al lineage relationships between young and old animals,
as assessed via pairwise Pearson correlations of all con-
tributing clones as well as clustering algorithms allowing
interrogation of patterns of clonal behavior. We discov-
ered a pattern of clonal reconstitution distinct from that in
young animals, with persistent unilineage or highly-biased
lineage progenitors in the aged animals. In old animals,
clones contributing to Gr/Mo versus B or T lineages re-
mained almost completely distinct or markedly biased up
to 4m, and B and Gr/Mo became correlated from 5m, B/T/

co-sponsored by:

Mo/Gr multilineage clones appeared only by 6.5m, where-
as B/T/Mo/Gr multilineage clones appeared by 3-4.5m in
young animals. Furthermore, old animals showed the de-
layed reappearance of CD4+ and CD8+ naive T cells in the
blood, whereas CD4+ and CD8+ effector memory T cells
showed rapid and abundant recovery compared to young
animals. Longer follow-up will be required to determine if
this biased pattern persists, and detailed analysis of clon-
al distribution of each naive/memory T cell subsets will
be presented. This approach should improve our under-
standing of the effects of aging on the basic properties of
aging HSCs and provide insights important for improving
therapies in elderly patients being treated for hematolog-
ic diseases.

W1047

DISSECT THE ENDOTHELIAL TO
HEMATOPOIETIC TRANSITION THROUGH
TARGETING AN EGFP REPORTER GENE TO
GATA2 LOCUS IN HUMAN EMBRYONIC STEM
CELLS

Huang, Ke', Gao, Jiao? Du, Juan', Ma, Ning', Zhu,
Yanling', Wu, Pengfei', Wang, Wengian3, Li, Yuhand',
Chen, Qianyu', Hutchins, Andrew', Yang, Zhongzhou',
Zheng, Yi', Zhang, Jian', Shan, Yongli', Liao, Baojian',
Liu, Jiajun®, Wang, Jinyond', Liu, Bing? and Pan,
Guangjin', 'Guangzhou Institutes of Biomedicine and
Health, Chinese Academy of Sciences, Guangzhou,
China, 2307-lvy Translational Medicine Center,
Laboratory of Oncology, Affiliated Hospital of
Academy of Military Medical Sciences, Beijing, China,
3The Third Affiliated Hospital;Sun Yat-sen University,
Guangzhou, China

Hematopoietic stem/progenitor cells (HS/PCs) are orig-
inated from hemogenic endothelial cells (HECs) through
endothelial to hematopoietic transition (EHT). Under-
standing the regulatory network driving EHT and defin-
ing surface markers for HECs are critical for generating
transplantable HS/PCs in vitro. Here, we generated a
GATA2w/eGFP reporter in human embryonic stem cells
(hESCs) to trace cells expressing GATA2, a critical gene
for EHT. We show that hESC derived HECs are restricted
in GATA2/eGFP+ population. Then, through transcrip-
tome analysis by RNA-Seq, we generated a regulatory
network for HEC determination by transcription factors
enriched in GATA2/eGFP+ population. Significantly, we
also identified surface markers which could define bona
fide HECs in both hematopoietic differentiation of human
pluripotent stem cells (hPSCs) and mouse embryo. Our
data provide a valuable platform in understanding the
mechanism of EHT.
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HIGH RESOLUTION IMAGING AND
COMPUTATIONAL ANALYSIS OF
HEMATOPOIETIC CELL DYNAMICS IN VIVO

Koechlein, Claire Steeves', Harris, Jeffrey?, Lee,
Timothy3, Weeks, Joi*, Fox, Raymond*, Zimdahl,
Bryan4, Blevins, Allen*, Jung, Seung-Hye? Chute,
John?, Chourasia, Amit!, Covert, Markus® and Reya,
Tannishtha*, 'University of California, San Diego,

La Jolla, CA, U.S,, 2Duke University Medical Center,
Durham, NC, U.S., 3Stanford University, Stanford, CA,
U.S., “University of California San Diego School of
Medicine, La Jolla, CA, U.S.

During the past few decades, much has been learned re-
garding the phenotype and function of hematopoietic
stem and progenitor cells. However, a major challenge in
the field has been mapping the dynamic behavior of these
cells within their native microenvironment. This is primar-
ily due to limitations in the ability to gather quantifiable
dynamic information about hematopoietic stem and pro-
genitor cells in living animals. Here we describe a strategy
that uses backlighting of the microenvironment to image
cells in vivo with a high degree of spatial and temporal
resolution. Importantly, the resolution and time frame
of the imaging allowed the development of a computa-
tional approach to track in a quantitative high throughput
way the migration and interaction of hematopoietic cells
within the niche. With this strategy, we found that hema-
topoietic cells cluster in three distinct zones around the
vascular or endosteal domains, and are distributed across
contact, proximal and distal positions. Further, immature
hematopoietic cells display a high spatial affinity for being
in contact with the vascular niche relative to the endosteal
niche; this preference decreases as cells differentiate. At a
temporal level, we found that in contrast to more differen-
tiated progenitor cells, populations enriched for hemato-
poietic stem cells make more long term associations with
the vascular niche and more short/transient associations
with the endosteal niche, suggesting that differentiation
status is a key determinant of the spatial and temporal
behavior of hematopoietic cells, and that programs that
confer the undifferentiated state dictate preferential ex-
posure to signals from the vasculature. Importantly, we
used a novel knock-in reporter of the fate determinant
Msi2, that allowed us to track endogenous immature he-
matopoietic cells, and show that these cells also domi-
nantly interact with vascular domains. These data collec-
tively demonstrate that high-resolution imaging coupled
with a high-throughput computational-based approach
can provide new insight into the dynamic behavior of cells
in context of the living microenvironment.
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W1051

Grb2 REGULATES PROLIFERATION AND
SURVIVAL SIGNALING OF LONG-TERM
HEMATOPOIETIC STEM CELLS

Ofran, Yishai'?, Frelin, Catherine®, Hayun, Michal*4,
Derdikman, Yael?>?, Iscove, Norman N.°> and Louria-
Hayon, Igal'¢, 'Rambam Health Care Campus,
Haifa, Israel, 2Bruce Rappaport Faculty of Medicine,
Technion, Haifa, Israel, Haifa, Israel, SUniversity
Health Network, Ontario Cancer Institute, Toronto,
ON, Canada, “The Hematology Research Center,
Haifa, Israel, *Ontario Cancer Inst, University Health
Network, Toronto, ON, Canada, °(Rambam Health
Care Campus, Haifa, Israel, Israel

Although HSC proliferation, survival and expansion have
been shown to be supported by the cooperative action of
different cytokines, little is known about the intracellular
signaling pathways that are activated by cytokines upon
binding to their receptors. Growth factor receptor-bound
protein 2 (Grb2) is a ubiquitous adaptor protein known to
be involved in signaling induced by a variety of growth
factors and cytokines; however, its physiological role in
HSC has never been characterized. Our study has shown
that Grb2 mRNAs are highly expressed in HSC relative to
more differentiated cells of the myeloid and erythroid lin-
eages. Conditional deletion of Grb2 induced a progressive
decline of long-term (LT-) HSC numbers and cytopenia
with animal aging. While Grb2 deletion did not modify
LT-HSC quiescence, it impaired HSC regenerative and
self-renewing abilities in a cell-autonomous fashion. We
revealed that Grb2 deletion impaired LT-HSC proliferative
response to 5-FU treatment in vivo and to cytokine stim-
ulation in vitro and that cytokine-induced ERK phosphor-
ylation was dependent on both Sh2 and Sh3 domains of
Grb2. Our findings position Grb2 as a key adaptor protein
governs cytokines signaling in cycling LT-HSC and a mas-
ter regulator of LT-HSC transplantation, proliferation and
survival.

Funding Source: This research was supported by the
ISRAEL SCIENCE FOUNDATION (grant No. 1418/15), by
the Canadian Institute of Health Research (CIHR MOP-
6849), by Friends of Rambam Medical Center and by the
Clinical Research Institute at Rambam (CRIR).
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W1053

EphrinB1 1S IMPORTANT FOR BONE MARROW
MESENCHYMAL STEM/ STROMAL CELL
SUPPORT OF HEMATOPOIESIS

Nguyen, Thao Minh', Arthur, Agnes', Purton, Louise?,
Paton, Sharon' and Gronthos, Stan?, 'University of
Adelaide, Adelaide, Australia, ?St. Vincent's Institute,
Fitzroy, Australia, 3University of Adelaide, Adelaide
SA, Australia

Bone marrow stem/ stromal cells (BMSC) maintain bone
homeostasis and are fundamental regulators of bone mar-
row hematopoiesis. The contact-dependent erythropoie-
tin-producing hepatocellular (Eph) tyrosine kinase ligand,
ephrinB1, contributes to skeletal development. Mutations
of the ephrinB1 gene cause Craniofrontonasal Syndrome
in human. Deficiency of ephrin-B1 in osteoblasts results
in skull defect, reduced body size, bone mineral density
and trabecular bone volume in mouse. We have previ-
ously demonstrated that ephrinB1, expressed by human
BMSC, plays an important role in human BMSC attach-
ment, migration and osteochrondral differentiation. How-
ever, the role of ephrinB1in BMSC support of hematopoi-
esis remains unknown. Here we showed that EphB2, the
highest affinity binding partner of ephrinBl, is exclusively
expressed by human primitive hematopoietic stem cells
(CD34*CD38 HSC), but not by lineage committed he-
matopoietic cell populations such as CD3" T-cells, CD19*
B-cells, CD14* monocytes, CD15* granulocytes or Gly-A*
erythroid cells. Functional studies showed that eph-
rinB1-Fc molecules significantly promoted the frequency
of human CD34* HSC derived colony forming cells (CFC)
compared with human IgG-treated controls. Parallel stud-
ies indicated that blocking ephrinB1/EphB2 interactions
significantly inhibited BMSC capacity to support HSC de-
rived colony formation in long-term culture initiating cell
assays, using EphB2 inhibitor binding peptides. Moreover,
ephrinB1 conditional knockout mice (ephrinB1IKO), under
the transcriptional regulation of the Osterix (Osx) pro-
moter, a marker of osteoblast precursor cells, exhibited
lower frequencies of HSC and progenitor cell populations
correlating with a reduced output of CFCs compared with
the Osx-Cre control mice. Interestingly, we found that the
frequencies of B-cells (B220%) and myeloid cells (CD11b*)
were increased in the bone marrow, blood and spleen of
ephrinB1IKO mice compared with Osx-Cre control mice.
However, the frequency of T-cells (CD3*) were lower in
the blood, spleen and thymus of ephrinB1IKO mice com-
pared with Osx-Cre controls. Taken together, these ob-
servations indicate that ephrinB1 expressed by BMSC
plays an important role in mediating BMSC support of
hematopoiesis.
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W1055

COMPARISON OF INTEGRASE-DEFECTIVE
LENTIVIRAL VECTOR DONOR TEMPLATES
FOR GENE CORRECTION OF SICKLE CELL
DISEASE

Parma, Marie', Romero, Zulema?, Kuo, Caroline Y.2,
Lumaaquin, Dianne?, Koziol, Colin?, Hollis, Roger P.2
and Kohn, Donald B.2 'California State University
Northridge, Granada Hills, CA, U.S., 2University of
California, Los Angeles, Los Angeles, CA, U.S.

A single substitution mutation (A->T) at the sixth codon
of the B-globin gene locus gives rise to the hemoglobin
sickle (HbS) phenotype and causes the monogenic disor-
der sickle cell disease (SCD). HbS tetramers polymerize
under low oxygen conditions and form fiber aggregates
that disrupt the architecture of red blood cells, leading
to the occlusion of capillaries and tissue ischemia. The
only cure available for SCD is allogeneic hematopoietic
stem cell (HSC) transplant from bone marrow; howev-
er, the procedure is still limited by donor availability and
immune complications. Gene therapy offers an alterna-
tive to potentially treat SCD and restore normal B-globin
function by ex vivo manipulation of a patient’s own HSCs.
This manipulation can be achieved by the co-delivery of
programmable endonucleases that produce site-specific
double-strand DNA breaks and a homologous DNA donor
template with the normal base pair change. Current data
produced in our laboratory shows successful cleavage of
the target B-globin gene locus in cord blood (CB) CD34+
cells by in vitro transcribed mRNA encoding target-spe-
cific zinc finger nucleases, as well as high rates of gene
modification in the presence of either an integrase de-
fective lentiviral vector (IDLV) encoding a B-globin donor
template of 1.1kb in length or a 101 bp oligonucleotide (oli-
go) donor. It was observed that the oligo donor provided
higher and more consistent rates of gene modification,
but also resulted in higher toxicity to the cells than the
IDLV donor. We evaluate if a shorter IDLV donor (141 bp)
will provide gene modification rates comparable to the
oligo donor while maintaining the lower toxicity observed
in the IDLV-treated samples. We conduct the initial IDLV
donor comparison in K562 erythro-leukemia cells and
a more exhaustive comparison will be performed in CB
CD34+ cells.

Funding Source: This research was supported by the Cal-
ifornia Institute for Regenerative Medicine Bridges Grant
#TB1-01183 for CSUN/UCLA Bridges to Stem cell Re-
search Program.
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TRACING THE EMERGENCE OF
HEMATOPOIETIC STEM CELLS FROM THE
EXTRA-EMBRYONIC MESODERM.

Shukla, Ankita, University of California, Irvine, Irvine,
CA, US.

Hematopoietic stem cells (HSCs) have great therapeutic
potential to treat nearly all blood diseases as they can
give rise to all cells of the immune system. HSC trans-
plants, or bone marrow transplants, often result in graft
rejection, graft failure, or in the worst cases, graft versus
host disease, and are only performed in the most severe
cases. Generation of HSCs from patient-derived induced
pluripotent stem cells (iPSCs) will circumvent these is-
sues. However, this remains challenging because much
is unknown about HSC emergence during development,
including which tissues produce the first HSCs in the
embryo. We have previously identified putative embry-
onic precursors to adult HSCs (or pre-HSCs), defined as
CD43+ ckit+ Scal+ CD144+ CD1la-, which are able to give
rise to all hematopoietic lineages in vitro. Additionally,
these multipotent pre-HSCs are predominantly found in
the yolk sac and the placenta, regions which comprise the
extra-embryonic mesoderm (EEM). To trace the emer-
gence of pre-HSCs in vivo, we used a transgenic HoxB6
promoter to drive tamoxifen-dependent Cre recombinase
(HoxB6-CreER) to induce GFP expression in EEM. HoxB6
is homeobox gene that is transiently expressed in all me-
soderm. HoxB6 expression in the EEM precedes that in
the embryo proper, allowing EEM-specific labeling of pre-
HSCs. Tamoxifen and 4-Hydroxytamoxifen (4OHT) have
short half-lives in vivo (24 hours), and thus define a pre-
cise window for Cre induction after injection. The first he-
matopoietic cells arise in the yolk sac around embryonic
day 7.5 (e€7.5), and injection of 40HT at e6.5 allows report-
er labeling exclusively in the EEM, with minimal labeling of
mesoderm in the embryo proper. This system allows us to
trace the origin of pre-HSCs in HoxB6-CreER embryos as
well as the cells they give rise to in adults. Flow cytometry
analysis of adult blood revealed that at least 30% of all
adult blood lineages are labeled with GFP. Approximately
25% of adult HSCs were also GFP+. Therefore, our results
indicate that extra-embryonic tissues like the yolk sac and
placenta, which are not present after birth, substantially
contribute to adult hematopoiesis. Resolving the early
molecular events that occur in the EEM may allow us to
recapitulate them in vitro to advance the efforts of gener-
ating HSCs from patient-derived iPSCs.
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W1061

INTEGRATED BIOPHYSICAL AND
BIOCHEMICAL SIGNALS AUGMENT
MEGAKARYOPOIESIS AND THROMBOPOIESIS
IN A THREE-DIMENSIONAL ROTARY CULTURE
SYSTEM

Zhou, Jiaxi, Insitite of Hematology, Chinese Academy
of Medical Sciences, Tianjin, China

Platelet transfusion has been widely used in patients un-
dergoing chemotherapy or radiotherapy; however, the
shortage of the platelet supply limits the care of patients.
Although derivation of clinical-scale platelets in vitro
could provide a new source for transfusion, the devices
and procedures for deriving scalable platelets for clinical
applications have not been established. In the present
study, we found that a rotary cell culture system (RCCS)
can potentiate megakaryopoiesis and significantly im-
prove the efficiency of platelet generation. When used
with chemical compounds and growth factors identified
via small-scale screening, the RCCS improved platelet
generation efficiency by as much as~3.7-fold compared
with static conditions. Shear force, simulated microgravi-
ty, and better diffusion of nutrients and oxygen from the
RCCS, altogether, might account for the improved effi-
cient platelet generation. The cost-effective and highly
controllable strategy and methodology represent an im-
portant step toward large-scale platelet production for
future biomedical and clinical applications.

Funding Source: This work was supported by National
Basic Research Program of China (2012CB966403 and
2015CB964902 to J.Zhou)

CARDIAC CELLS

W1065

HUMAN DISEASE-CAUSING GATA4
MUTATION REDISTRIBUTES TRANSCRIPTION
FACTOR LOCALIZATION IN IPS-DERIVED
CARDIOMYOCYTES

Ang, Yen-Sin', Rivas, Renee', Ribeiro, Alexandre?,
Rivera, Janell', Srivas, Rohith?, Pratt, Karishma', Fu,
Ji-Dong', Mohamed, Tamer M A, Rand, Timothy/',
Yamanaka, Shinya', Hood, Leroy?, Pruitt, Beth?,
Snyder, Michael? and Srivastava, Deepak’, 'Gladstone
Institute, San Francisco, CA, U.S., 2Stanford University,
Stanford, CA, U.S,, 3Institute for Systems Biology,
Seattle, WA, U.S.

Proper lineage commitment and tissue function require
accurate transcription factor dosage and localization of
transcriptional complexes, and dysregulation of this pro-
cess can cause human disease. Heterozygous mutations in
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GATA4, a master cardiogenic transcription factor, cause
congenital heart defects and cardiomyopathy through
unknown mechanisms. Here, we used systems-level ap-
proaches on iPS-derived cardiomyocytes from patients
with a GATA4 G296S mutation—which affects interac-
tion with T-box protein, TBX5—to understand GATA4
gene regulatory mechanism in homeostasis vs. disease.
GATA4 mutant cardiac progenitors and myocytes had
attenuated cardiac gene program and aberrant up-reg-
ulated endothelial/endocardial gene program, as well as
impaired contractility, calcium handling and metabolic ac-
tivity. ChlP-seq showed GATA4 and TBX5 co-occupancy
at thousands of loci, and enrichment at H3K27ac-marked
enhancers and 213 Mediator-bound cardiac super-en-
hancers. GATA4 mutation resulted in diminished recruit-
ment of TBX5 to cardiac super-enhancers, while the two
proteins were mislocalized in endothelial topologically as-
sociating domains, consistent with activation of an anom-
alous endothelial gene program. ATAC-seq revealed in-
creased open chromatin at endothelial promoters with
enriched motifs for ETS family of endothelial regulators.
Computational prediction of the GATA4-TBX5 controlled
network revealed “hubs” centered on hyperactive PI3K
signaling and modulation of this pathway in mutant car-
diomyocytes confirmed the significance of this dysregu-
lation on cardiomyocyte physiology. These results reveal
that GATA4, TBX5 and Mediator complex cooperatively
establish transcriptional-epigenetic identities for cardiac
gene program and suggest novel regulatory nodes for re-
storing disease-related phenotypes.

W1067

MANUFACTURED LASER MICRO-
GROOVED CULTURE PLATES IMPROVE
THE MATURATION OF HUMAN INDUCED
PLURIPOTENT STEM CELL-DERIVED
CARDIOMYOCYTES

Dariolli, Rafael, Moyano, Juan José Augusto, Zezell,
Denise Maria, Rossi, Wagner and Krieger, José
Eduardo, University of Sao Paulo, Sao Paulo, Brazil

Heart muscle is a functional and organized interstitial
tissue. Human cardiomyocytes derived from pluripotent
stem cells (hiPSC-CMs) are promising source of contract-
ing cells and may benefit applications such as disease
modeling, drug screening, toxicity testing and therapeu-
tic regenerative strategies. The immature phenotypes ac-
quired by current differentiation protocols may limit some
of this potential and requires further refinement. Here,
we want to test the hypothesis that laser micro-grooved
cell culture plates improve maturation of hiPSC-CMs.
We differentiated human induced pluripotent stem cells
from skin fibroblasts to cardiac phenotype by standard
methods using small molecules to modulate Wnt path-
way (GSK-3 inhibitor and IWP-2/IWP-4). Beating cells
(day 7-10) were seeded in laser micro-grooved or stan-
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dard culture plates. Morphological assessments and RNA
extraction were performed 30 days after cell seeding on
both conditions. Immunofluorescence analysis to phalloi-
din and TNNI3 structural markers revealed cellular elon-
gation and sarcomere organization respectively only for
hiPSC-CMs seeded in laser micro-grooved plates. Atrial
Light Chain-2 (MYL7) gene expression increased versus
standard controls while the gene expression of a cardiac
progenitor marker NKX2.5 decreased. Gene expression of
structural protein such as PLN, MYH7, troponin T and |,
and channels proteins as HCN4, CACNAIC and CACNB2
remained unchanged in both conditions. Altogether,
these results provide morphologic and genetic evidence
that hiPSC-CMs cultivated in laser micro-grooved plates
are more mature than cells cultured in standard condi-
tions within a 30-day period.

Funding Source: This work was funded by grant of Fun-
dacao de Amparo a Pesquisa do Estado de Sao Paulo
(FAPESP Grant 2013/17368-0)

W1069

REACTIVE OXYGEN SPECIES AND OXIDATIVE
DNA DAMAGE REGULATE MURINE ADULT
BMI1+ CARDIAC PROGENITOR CELL FATE
DECISIONS

Herrero, Diego’, Tomé, Maria?, Candn, Susana'?
and Bernad, Antonio’, 'Spanish National Center for
Biotechnology, Madrid, Spain, 2Spanish National
Cardiovascular Research Center, Madrid, Spain

The adult mouse heart is a highly oxidative organ with no
notable regenerative capacity compared with embryon-
ic mouse or lower vertebrate heart, although it has very
limited cardiomyocyte proliferation and cardiac progen-
itor cell differentiation. Reactive oxygen species (ROS)
and oxidative DNA damage are important effectors in
various pathologies including several cardiac diseases. In
a physiological context, ROS are responsible for the loss
of cardiomyocyte proliferation capacity after post-natal
stage P7 and are necessary for optimal in vitrocardiomyo-
cyte differentiation from embryonic stem cells. The role
of ROS in the adult heart has nonetheless been very little
explored. A low redox balance is characteristic of adult
stem cells in several organs, where it is associated with
hypoxic niches, side population dye-efflux phenotype
and subsequent enhanced anaerobic glycolysis. The cells
most resistant to oxidative stress and DNA damage might
therefore constitute the limited source of cardiac turnover
in adult mouse heart. We focused on the Polycomb tran-
scription factor BMI1, previously linked to multipotent cell
populations, including those in the heart. The Bmil* cardi-
ac population corresponds mainly to a Scal*non-myocyte
subpopulation, which suggests a non-myocyte adult car-
diac progenitor identity. BMI1 also regulates mitochondri-
al function and is recruited to sites of DNA damage. Using
Bmi-1-green fluorescent protein (GFP)-knock-in mice and

19 ceo



the Bmil-Cre/LoxP-based conditional transgenic mouse
model, we demonstrate that cardiac Bmil* progenitors are
a population with low redox state, able to respond to dis-
tinct genotoxic stresses. After persistent oxidative stress,
Bmil*cardiac progenitors significantly increase their con-
tribution to the three main cardiac lineages. In conclusion,
deep ROS analysis in post-natal heart suggests a direct
relationship between ROS levels and differentiation sta-
tus in cardiac progenitor cells. These results reinforce the
relationship between low redox state and adult cardiac
progenitors in mouse heart, and suggest ROS as a key
regulator of in vivo cardiac turnover.

Funding Source: This study was supported by Ministry
of Science and Innovation (SAF2012-34327; PLE2009-
0147 PSE-010000-2009-3) Comunidad Auténoma
de Madrid (S52010/BMD-2420)and the ISCIll (RET-
ICS-RD12/0019/0018 and RETICS-RD12/0019/0023).

W1071

PROTEIN QUALITY CONTROL,
CARDIOMYOPATHY, AND CARDIOTOXICITY IN
ISOGENIC IPSCS

Judge, Luke M.'?, Truong, Annie?, Yoo, Jennie?,
Jensen, Christina?, Lizarraga, Paweena?, Huebsch,
Nathaniel?, Perez-Bermejo, Juan?, Mandegar,
Mohammad A2, So, Po-Lin? and Conklin, Bruce'?,
'University of California, San Francisco, San Francisco,
CA, U.S,, 2Gladstone Institutes, San Francisco, CA, U.S.

Dysregulation of protein quality control, due to either ge-
netic or acquired causes, is increasingly recognized as an
important mechanism contributing to various forms of
cardiac disease. Recent biochemical and genetic studies
suggest a central role for BAG3 in coordinating protein
quality control in various cell types, as well as involve-
ment in genetic forms of dilated cardiomyopathy (DCM).
We employed human iPS-derived cardiomyocytes as a
model system to study BAG3 function and protein qual-
ity control in the heart, using isogenic disease lines and
expression of transgenic reporters. BAG3 protein was
expressed at high levels with distinct localization pattern
at the sarcomeric Z-disk in cardiomyocytes, suggesting
that it may regulate folding and/or degradation of Z-disk
client proteins. Consistent with its proposed function as
a stress-induced co-chaperone, BAG3 was induced along
with HSP70 and specific HSPB family proteins, by con-
ditions of increased proteotoxic stress. Cardiomyocytes
with targeted mutations in BAG3 had increased propen-
sity for myofibrillar disarray, with characteristic disorgani-
zation and fragmentation of Z-disks. In order to monitor
Z-disk structure and processing in live cells, we generated
fluorescent alpha-actinin fusion proteins that were used
for single-cell time-lapse imaging and measurement of
protein turnover. Transgenic expression of actinin re-
porters demonstrated that proteasome inhibition by the
chemotherapy drug bortezomib led to progressive sarco-
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meric disruption, which was exacerbated in BAG3 mutant
cardiomyocytes. Video microscopy to measure contrac-
tile motion confirmed that BAG3 mutant cardiomyocytes
had enhanced sensitivity to the cardiotoxic effects of pro-
teasome inhibition by bortezomib. BAG3 has been shown
to regulate autophagy in other cell types; to determine
whether defects in autophagy contribute to the pheno-
type of BAG3 mutant cardiomyocytes we expressed a
photo-convertible LC3 fluorescent reporter to measure
autophagy flux. Our results highlight the critical role of
BAG3 in regulating the proteome in contractile cardiomy-
ocytes, which is disrupted in DCM and may contribute to
bortezomib cardiotoxicity. Our iPS-cardiomyocyte sys-
tem serves as a platform for future mechanistic studies
and development of therapeutic strategies.

W1073

HUMAN HEART RNAs INDUCE
DIFFERENTIATION OF STEM CELLS AND
FIBROBLASTS INTO CARDIOMYOCYTES IN
CULTURE

Lemanski, Larry F., Kochegarov, Andrei, Neal,
Michael, Davis, Allyson, Mitchell, Lena, Shahankary,
Kaitlyn, Fetters, Hallie, Scarcelli, Nikolas and Vaughn,
Greg, Texas A&M University-Commerce, Commerce,
TX, US.

We have developed two human-derived functional ho-
mologs of an RNA that promotes heart development in
cardiac non-function mutant salamanders, Ambystoma
mexicanum. These RNAs are termed Cardiac-Inducing
RNAs (CIR). One of the RNAs is associated with the mito-
chondrial cytochrome ¢ oxidase gene and a second with
the caspace recruitment gene. We have found that both
are capable of inducing myofibril formation in mutant ax-
olotl myocardial cells which ordinarily do not form myo-
fibrils. We have found further that human iPSCs, mouse
ESCs and mouse embryonic fibroblasts transfected with
the human CIRs significantly increase the expression of
cardiac specific proteins after only one week incubation
demonstrating that these RNAs have the ability to induce
nonmuscle cells, including fibroblasts, to form into cardiac
myoblast cell lineages. This approach may offer a novel
way to treat myocardial infarctions by reprogramming an
individual’s fibroblasts to form into functioning cardiomy-
ocytes. Stem cells or fibroblasts transfected with the hu-
man CIRs form into cells characteristic of early develop-
ing cardiomyocytes, and express cardiac protein markers
including cardiac specific cardiac troponin-T, tropomy-
osin and a-actinin as detected by immunohistochemical
staining. Furthermore, these contractile proteins organize
into sarcomeric myofibrils characteristic of striated car-
diac muscle cells. Computer analyses of the CIR second-
ary structures reveal significant similarities to the myofi-
bril-inducing RNA (MIR) secondary structure described in
salamander, that also promotes nonmuscle cells to differ-
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entiate into cardiac muscle. Thus, the axolotl and human
RNAs appear to have evolutionarily conserved secondary
structures suggesting that both may play major roles in
vertebrate heart development and in the differentiation
of cardiomyocytes from non-muscle cells. Our current
goal is to generate a myocardial infarction model in mice
by coronary artery ligation and use CIR-treated stem-
cell-derived cardiomyocytes to regenerate the damaged
areas of the infarcted mouse hearts in vivo. We hope in
the future that this type of approach can be used to treat
myocardial infarctions in human patients such that heart
attack victims could return to normal pre-heart-attack ac-
tivity levels.

Funding Source: Supported by NIH Grant HL61246, NS-
FRUI grant 1121151 and an American Heart Association
Grant to LFL

W1075

THE ROLE OF MICRORNAS IN REGULATING
STEM CELL DERIVED CARDIOMYOCYTE
MATURATION

Miklas, Jason Wayne', WANG, Yuliang?, Fischer,
Karin', Macadangdang, Jesse'!, Leonard, Andrea’,
Madan, Anup?, Sniadecki, Nathan', Kim, Deok-
Ho' and Ruohola-Baker, Hannele'!, 'The University
of Washington, Seattle, WA, U.S., 2The Chinese
University of Hong Kong, Shatin, Hong Kong,
3Labcorp, Seattle, WA, U.S.

The ability to generate human cardiomyocytes (CMs)
from human pluripotent stem cells (hPSC) provides an
unprecedented opportunity to establish human in vitro
cardiac models for the testing of novel cardiac therapeu-
tics. Yet, modeling human cardiac disease in vitro using
hPSC-CMs, has been questioned since differentiated CMs
do not recapitulate the adult cardiac phenotype. To ad-
dress this, we have previously shown that overexpressing
one microRNA (miR), Let7, can lead to a robust, albeit in-
complete, maturation of hPSC-CMs. We are now validat-
ing novel mMiRNAs and generating a cocktail of these miRs
with Let7 to rapidly shift the immature hPSC-CM gene
expression profile and functional parameters to one of an
adult CM. To elucidate impactful miRs for validation, we
performed pathway analysis on differentially regulated
miRs from our 1-year matured hESC-CM microRNA se-
guencing. The highly up-regulated miRs connected to a
strong MRNA network were -378e, -208b and -452. To
determine functional improvements of each of these new
miRs, we overexpressed miR-378e, -208b or -452 and
utilized micro-electrode arrays (MEA) to examine cardio-
myocyte electrophysiology, Seahorse to examine mito-
chondrial capacity and a micropost assay to determine
single cell force of contraction. MEA showed that miR-
378e brought a robust increase in sodium spike amplitude
and slope (0.79mV, -1.53V/s) as compared to empty vec-

co-sponsored by:

tor (EV) hPSC-CMs (0.24mV, -0.46V/s). This increase in
sodium spike amplitude in miR-378e samples correlates
with an increase in voltage gated sodium channel SC-
N3a levels, an indication of cardiomyocyte maturation
which was not found in Let7 hPSC-CMs. While miR-378e,
-208b and -452 do not show significant beneficial effects
in mitochondrial oxygen consumption rates, single cell
force of contraction showed that hPSC-CMs treated with
miR-208b and -452 were able to generate more pow-
er (21.8fW, 25.2fW) compared to EV (13.9fW). We have
shown that miR-378e is able to mature electrophysiology
while miR-208b and -452 are able to mature cell contrac-
tile machinery. These data show each novel miR elicits a
certain aspect of CM maturation suggesting the need for
a miR cocktail to mature hPSC-CMs. We will now combine
these miRs with Let7 to study their combinatorial actions
in maturation.

Funding Source: Natural Sciences and Engineering Re-
search Council of Canada

W1077

IDENTIFICATION OF KEY REGULATORS IN THE
DIFFERENTIATION OF CARDIOMYOCYTES

Pappoe, Herman A., California State University of
Northridge, Northridge, CA, U.S.

Hematopoietic and cardiovascular systems are major tar-
gets for cell-based therapies due to high mortality rates
associated with blood and heart diseases. Generating
cells in vitro that can be transplanted has not proven suc-
cessful so far, demonstrating, the undeniable need to bet-
ter understand the differentiation process of these lineag-
es in multipotent cardiovascular mesoderm and to clarify
how cell identity is appointed. Studying the transcriptome
and chromatin signatures in cardiomyocyte differentia-
tion, can result in the identification of key transcription
factors, novel transcripts and regulatory networks asso-
ciated with the process. A thirty-day directed differentia-
tion system for lineage determination in cardiomyocytes
was employed to generate RNA-seq data collected at five
time course samples specific to the developmental pro-
cess. Computational approaches focusing on epigenetic
transcriptional changes in relation to gene expression, his-
tone modifications and chromatin marks across the dif-
ferentiation, as well as analysis of highly induced LincRNA
help to define behaviors of stage-specific regulators and
relationships between transcription factors and induced
target genes during heart development.
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MODELING CARDIAC DEFECTS IN SPINAL
MUSCULAR ATROPHY

Yu, Hongbing', Rodriguez Muela, Natalia? Sun,
Chicheng?, Ng, Shi-Yan' and Soh, Boon-Sengd',
Institute of Molecular and Cell Biology, Singapore,
Singapore, ?Harvard Stem Cells and Regenerative
Biology Department, Cambridge, MA, U.S., *Harvard
University, Cambridge, MA, U.S.

SMN deficiency is known to cause spinal muscular atrophy
(SMA), which is the leading genetic cause of infant mor-
tality. Traditionally, SMA has been described as a motor
neuron disease that is characterized by motor neuron loss
and skeletal muscle atrophy. However, in recent years, a
growing body of evidence suggests that SMN deficien-
cy also leads to cardiac defects in SMA patients. Coupled
with our recent findings that SMN deficiency resulted in
elevated levels of ER stress in diseased motor neurons, we
attempted to investigate the effects of ER stress on car-
diac progenitors and cardiomyocytes derived from both
wild-type and SMA iPSCs. Our results demonstrated that
both cardiac progenitors and cardiomyocytes derived
from SMA iPSCs expressed elevated ER stress markers
and undergo apoptosis. In addition, SMN-deficient cardio-
myocytes also exhibited an arrhythmic phenotype. Mov-
ing forward, we are exploring the possibility of alleviating
the condition by inhibiting ER stress in the affected cells.

W1081

RISK ALLELE AT 9p21 UNIQUELY REGULATES
CONNEXINS TO INDUCE ARRHYTHMIC
PHENOTYPES IN PATIENT-DERIVED iPSCs

Kumar, Aditya', Wong, Kirsten Chiyen', Thomas,
Stephanie!, Tenerelli, Kevin', Lo Sardo, Valentina?,
Ferguson, William Corbett?, Topol, MD, Eric?, Baldwin,
Kristin K.2 and Engler, Adam’, 'University of California,
San Diego, La Jolla, CA, U.S,, ?The Scripps Research
Institute, La Jolla, CA, U.S.

Genome-wide association studies identifying single nu-
cleotide polymorphisms (SNPs) at non-coding locus are
difficult to interpret, especially when the locus and flank-
ing regions do not occur in or yield phenotypes in animal
models. To understand mechanism between the non-cod-
ing 9p21 locus and its increased risk of cardiovascular dis-
ease, induced pluripotent stem cell-derived cardiomyo-
cytes (CMs) were produced from patients homozygous
for (R/R) and without 9p21 SNPs (N/N). To future mim-
ic disease, CMs were cultured within a “heart attack-in-
a-dish” bioreactor that mirrors changes from normal to
disease, e.g. stiffening like a fibrotic scar. While CMs beat
synchronously in normal niche conditions independent of
genotype, R/R CMs exhibit asynchronous contractions
compared to N/N CMs when cultured on the remodeled
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niche. The dynamic shift in conditions downregulated
connexin 43 expression and gap junction assembly in R/R
CMs but not in N/N CMs. Isogenic deletion of the locus
from R/R CMs restored synchronous contraction, even in
the remodeled niche, demonstrating that niche changes
can differentially affect cell function depending on the
presence of a non-coding but risk associated locus. It
further suggests that this “heart attack-in-a-dish” model
could be used throughout biology to understand disease
phenotypes in vitro that require disease-like niche only af-
ter initially appearing normal, e.g. cancer.

W1083

A UNIQUE COMBINATION OF SMARTR
BIOINFORMATICS AND CARDIOMYOCYTE
SCREENING TECHNOLOGY ALLOWS

FOR DEVELOPMENT OF NOVEL CARDIO-
PROTECTIVE DRUGS

Park, Eunhye', Pham, Lisa? Cadag, Eithon?, Lum, Pek?,
Pike, Nirupama K.? and Armstrong, Chris', 'Stem Cell
Theranostics, Redwood City, CA, U.S., ?CapellaBio,
Palo Alto, CA, U.S.

Anthracyclines are a class of highly effective chemother-
apy drugs used in the treatment of many cancers, includ-
ing leukemias, lymphomas, breast, uterine, ovarian, blad-
der and lung cancers. Approximately 50% of childhood
cancer treatment regimens include anthracyclines. Dose
dependent cardiotoxicity is a major side effect of anthra-
cyclines. Cancer survivors receiving anthracycline thera-
py are 15 times more likely to develop heart failure and 8
times more likely to die of cardiovascular disease. Dexra-
zoxane is the only clinically approved cardio-protectant
that has been shown to reduce the risk of cardiotoxicity.
However, it is only indicated for metastatic breast can-
cer and has been linked to secondary malignancies. It is,
therefore, critical to develop safer and more effective car-
dio-protectant drugs to address this major unmet medi-
cal need. The recent advancement in generation of hu-
man cardiomyocytes from induced pluripotent stem cells
(hiPSC-CMs) enables a biologically relevant setting for
compound screening because hiPSC-CMs possess many
similar functional characteristics as primary human car-
diomyocytes and can be generated in significant quanti-
ties. We have established a platform to screen small com-
pounds and natural product for efficacy and safety across
multiple donor lines using hiPSC-CMs. Compounds to
be screened were selected in collaboration with Capella
Biosciences who used their SMarTR computational anal-
ysis platform to identify potential candidates for further
screening in hiPSC-CMs. Using this novel drug discov-
ery engine that combines bioinformatics-driven in-silico
screening and hiPSC-CM-based compound screening
platforms, we discovered four drugs that protect hiP-
SC-CMs from doxorubicin-induced cardiotoxicity. We
used two cancer cell lines to confirm that these candi-
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dates do not interfere with doxorubicin’s anti-cancer ac-
tivity. We also demonstrated that these candidates do not
show acute cardiotoxicity mediated through ion channels.
Thus, a unique platform combining SMarTR computation-
al approaches and hiPSC-CMs screening technology al-
lows for rapid identification of highly effective cardio-pro-
tective drugs.

MUSCLE CELLS

W1085

MECHANISMS OF ALTERNATIVE
POLYADENYLATION IN MUSCLE STEM CELLS

de Morree, Antoine’, Gan, Qiang' and Rando, Thomas
A2 Stanford University, Stanford, CA, U.S., 2Stanford
University School of Medicine, Stanford, CA, U.S.

Stem cell regulation depends on tight control of key reg-
ulatory factors. Pax3 is a key regulator in developmen-
tal myogenesis and expressed in adult quiescent muscle
stem cells. Its expression is tightly regulated at multiple
levels including post transcriptionally by miR206. Two
miR206 target sites in the 3'UTR of Pax3 allow for degra-
dation of the transcript in quiescent and activating muscle
stem cells in lower hind limb muscles. Surprisingly, muscle
stem cells in diaphragm maintain the expression of Pax3
transcript in the presence of miR206. In these cells, the
Pax3 transcripts have shorter 3UTRs that exclude the
mMiR206 target sites, making them resistant. As a result
these cells express higher levels of Pax3. We explored the
mechanisms that enable diaphragm muscle stem cells to
express Pax3 transcripts with shorter 3UTRs. Pax3 has
four sequential PolyAdenylation Sites (PASs) in its 3UTR
allowing the cell to cleave and polyadenylate nascent
pre-mRNA transcripts at different points along the gene.
We identified conserved elements flanking the PASs that
regulate the cell’s ability to choose a particular PAS, in-
cluding binding sites for Ul small nucleolar RNA (snR-
NA). Using morpholinos that block these binding sites we
could modify the 3UTR length of reporter genes bearing
the Pax3 3UTR in cultured cells and of endogenous tran-
scripts in vivo. Our results hint at a novel mechanism for
post transcriptional control of gene expression in muscle
stem cells.

Funding Source: Muscular Dystrophy Association, FSH
Society

W1087

SKELETAL MUSCLE MODELLING OF
MYOTONIC DYSTROPHY FROM HUMAN
PLURIPOTENT STEM CELLS

McKernan, Robert!, Main, Heather Marie', Dumevska,
Biljana?, Petersen, Suzanne', Caron, Leslie?, Schaft,
Julia' and Schmidt, Uli3, 'Genea Biocells, La Jolla,

CA, U.S., 2Genea Biocells, Sydney, Australia, *Genea
Biocells SD, San Diego, CA, U.S.

Myotonic dystrophy (DM) is the most common form of
muscular dystrophy in adults. There are two types, Myo-
tonic Dystrophy 1 (DM1), caused by a heterozygous CTG
repeat expansion (50-4,000 copies) in in the 3’ untrans-
lated region of the DMPK gene, and Myotonic Dystrophy
2 (DM2), caused by heterozygous CCTG repeat expan-
sion (75-11,000 repeats) in intron 1 of the ZNF9 gene.
Both diseases lead to nuclear ribonucleoprotein accu-
mulation, deregulated splicing and display clinical dys-
tonia. We have previously developed a protocol for ef-
ficient differentiation of human pluripotent stem cells to
skeletal muscle (SkM). Briefly, stem cells are induced to
differentiate to myogenic progenitors (Pax3/7+) and in-
termediate myoblast (MyoD+) stages to form terminally
differentiated (MF20+) skeletal muscle (SkM) myotubes
in 26 days using 3 defined culture media. This method
provides a virtually unlimited renewable source of mus-
cle cells for high-throughput, high-content screening and
cell-based therapy development. In order to develop a
scaleable human model for DM we have derived and char-
acterised male DM affected hESC lines, Genea0O66 (DM2)
and Genea067 (DM1). We show here that these lines are
genetically normal by CGH karyotyping and determined
their repeat length expansion. We further show that they
are pluripotent by immuofluoresence and PluriTest. We
then differentiated the pluripotent cells to skeletal muscle
myotubes and analysed differentiation efficiency, nuclear
ribonucleoprotein foci at multiple developmental stages
and myotube morphology compared to normal control
cell lines. Our results demonstrate the validity of using
these, and other muscular dystrophy-affected pluripotent
cells for disease modelling, therapeutic drug screening
and potentially for future clinical cell therapy applications.
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A PLURIPOTENT CELL BASED DUX4
REPORTER FOR FSHD MODELING

Cabral-da-Silva, Mauricio Castro’, Rickard, Amanda
Marie?, de la Garza-Rodea, Anabel?, Caron, Leslie],
Arjomand, Jamshid?, Miller, Daniel®* and Schmidt, Uli?,
'Genea Biocells, Sydney, Australia, 2Genea Biocells,
San Diego, CA, U.S,, SUniversity of Washington,
Seattle, WA, U.S.

Facioscapulohumeral Muscular Dystrophy (FSHD) is one
of the most common forms of muscular dystrophy and is
characterized by variable, progressive weakness in skele-
tal muscle that typically starts in the face, shoulder girdle
and arms, then progresses to the trunk and lower extrem-
ities. Though the pathogenesis of FSHD is not entirely
understood, the disease is thought to be caused by ab-
errant activation of the normally epigenetically repressed
gene Double Homeobox Protein 4 (DUX4). Variegated
and rare bursts of DUX4 protein can be detected in dif-
ferentiated FSHD patient biopsy-derived muscle cells (1),
though due to their restricted proliferative capacity these
cells offer limited potential for therapeutics screening or
cell therapy strategies. We have previously developed a
protocol for efficient differentiation of human pluripotent
stem cells through myogenic progenitor (Pax3/7+) and
intermediate myoblast (MyoD+) stages to terminally dif-
ferentiated (MF20+) skeletal muscle (SkM) myotubes in
26 days (2). This provides a virtually unlimited renewable
source of muscle cells for high-throughput, high-content
screening and cell-based therapy development. We have
combined our FSHD affected (Genea049/050/096) and
control (Genea016) human embryonic stem cell (hESC)
lines with a previously characterized fluorescent, nucle-
ar DUX4-activated turboGFP (tGFP) lentiviral reporter
(3) in order to identify DUX4+ cells in FSHD affected
muscle development. We report that while DUX4-ac-
tivated reporter fluorescence is undetectable in control
lines the reporter is readily detectable in later stages of
SkM derived from FSHD-affected hESCs. Maximal DUX4
expression was observed in FSHD myotubes. Using our
optimized protocol, we have documented DUX4 expres-
sion in FSHD-affected myogenesis. Our DUX4-reporting
FSHD cell lines will be invaluable as a screening platform
for assorted FSHD therapeutics to silence DUX4 without
inhibiting myogenesis.

Funding Source: Friends of FSH Research
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PANCREATIC, LIVER, LUNG, OR
INTESTINAL/GUT CELLS

W1093

IMPROVEMENT OF HUMAN IPS CELL-DERIVED
HEPATOCYTE FUNCTIONALITY USING 3D
CULTURE SYSTEMS

Lin, Zachary Yu Ching', Akahira, Rina', Annand,
Robert R.2, Yoshida, Shunsuke' and Hayashi,
Yasayuki', 'ReproCELL, Yokohama, Japan, °Stemgent,
Lexington, MA, U.S.

Human primary hepatocytes are utilized for high-through-
put screening in early-stage drug discovery in order to
evaluate thousands of potential compounds. Yet, human
primary hepatocytes have the disadvantage of a limited
supply from a single donor as well as high donor-to-donor
variability. To overcome these obstacles, functional hu-
man induced pluripotent stem (iPS) cell-derived hepato-
cytes are highly desirable, as they are available in unlimit-
ed quantities from the same donor. However, immaturity
and donor-to-donor variability are common drawbacks of
iPS cell-derived hepatocytes. To address hepatocyte mat-
uration, we evaluated multiple methods using 3D cultiva-
tion for maturing iPS cell-derived hepatocytes. We com-
pared different 3D culture systems with traditional 2D
cultures by analyzing the expression levels of specific cy-
tochrome P450 (CYP) enzymes, which play an important
role in drug-metabolism. By culturing human iPS cell-de-
rived hepatocytes using a 3D sphere culture system, the
CYP3A4 basal level increased, and CYP3A4 fold induction
doubled when compared to 2D cultivation. Further, when
we applied a 3D culture system during the hepatocyte
differentiation process, CYP3A4 basal expression was
similar to primary hepatocytes, and CYP3A4 expression
was induced five-fold by a typical inducer. Additionally,
basal levels of CYP1A2 and CYP2B6 expression increased
approximately 20-fold after 3D maturation, compared to
2D hepatic differentiation. In conclusion, 3D cell culture
promotes increased maturation of human iPS cell-derived
hepatocytes, potentially facilitating the creation of a hu-
man iPS cell-derived hepatocyte panel, which will enable
assessment of donor-to-donor variability in iPS cell-de-
rived hepatocyte function.
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W1095

ROLE OF Lrigl-EXPRESSING CELLS AS
GASTRIC EPITHELIAL PROGENITORS IN
MOUSE STOMACHS

Choi, Eunyound’, Vlacich, Gregory', Coffey, Robert],
Goldenring, James' and Powell, Anne?, 'Vanderbilt
University Medical Center, Nashville, TN, U.S.,
2University of Oregon, Eugene, OR, U.S.

Lrigl, a pan-ErbB-negative regulator, is a marker of prolif-
erative and quiescent stem cells in the skin, small intestine
and colon. Inthis study, we investigated Lrigl expressionin
the mouse stomachs, using Lrig1cER™2/+:R26RFP/* mouse-
based lineage tracing and Lrigl antibody detection. We
examined Lrigl-lineaged cells from Lrig1CcreERTZ+ R2GRYFP/+
mouse stomachs at 10 days after a single 2 mg dose of
tamoxifen. Consistent with expression pattern of Lriglin
the small and colon, Lrigl(+) cells were observed in the
progenitor compartments of both the gastric fundus and
antrum. Lrigl lineage-labeling also persists for at least
one-year post-injection. This lineage tracing indicates
the Lrigl(+) progenitor cells can give rise to differentiat-
ed cells in both the gastric fundus and antrum, in con-
trast to published results for Lgr5(+) cells, where Lgr5(+)
only marks progenitor cells within the gastric antrum. We
have also investigated the gastric progenitor cell activity
of Lrigl(+) cells during recovery phase from acute oxyntic
atrophy in the gastric fundus induced by treatment with
DMP-777, a parietal cell protonophore. Interestingly, the
Lrig1(+) progenitor cells gave rise to all of the differentiat-
ed gastric epithelial lineage cells within the gastric fundus
during recovery phase after damage. We next examined
endogenous Lriglin the gastric fundus. Immunoreactivity
with Lriglin the fundus was detected not only in the pro-
liferating cells, but also in differentiated cell types, such as
acid-secreting parietal cells and neuroendocrine cells (en-
terochromaffin-like cells). Moreover, expression of pEG-
FR was increased in Lrigl”- mouse stomachs, suggesting
that negative regulation of ErbB signaling by Lrigl may be
functionally important for proper regulation of Egfr, and
possibly other ErbB receptors, in both progenitor and dif-
ferentiated cells in the gastric oxyntic mucosa. In summa-
ry, Lrigl is a marker of gastric epithelial progenitor cells
and the Lrigl(+) progenitors can recover the damaged
gastric oxyntic glands by differentiating into normal gas-
tric lineage cells. Also, Lrigl may have physiological roles
on both progenitor cell differentiation and acid secretion.

co-sponsored by:

W1097

THE ROLE OF EZH2 IN THE DIFFERENTIATION
OF HEPATOCYTE-LIKE CELLS

Helsen, Nicky, Pistoni, Mariaelena, Vanhove, Jolien,
Boon, Ruben, Ordovas Vidal, Laura, Xu, Zhuofei and
Verfaillie, Catherine, SCIL, Leuven, Belgium

Currently, for drug toxicity and metabolisation studies,
the pharmaceutical industry still relies on the use of hep-
atoma cell lines and human primary hepatocytes which
both have conceivable limitations. Human embryonic
(hESC) and induced pluripotent stem cell (hiPSC) - de-
rived hepatocyte-like cells are an alternative source that
can overcome these limitations. hESC and iPSC have nu-
merous advantages compared to primary cells such as
the ability to indefinitely self-renew, the potential to dif-
ferentiate into any given cell type, the possibility to gen-
erate patient-specific disease models and the feasibility
to be genetically modified. However, the efficiency of
differentiation of pluripotent stem cells into mature he-
patocytes is still relatively low. Polycomb Group (PcG)
of proteins are implicated in controlling dynamics and
plasticity of gene regulation. It was demonstrated that
enchancer of zeste homolog 2 (EZH2), a functional en-
zymatic component of the polycomb repressive complex
2 (PRC2), which catalyzes tri-methylation of lysine 27 of
histone H3 (H3K27me3), plays a role in the regulation of
hepatocyte development. We here incorporated an in-
ducible EZH2 cassette in the AAVSI locus. EZH2 expres-
sion was induced during hPSC hepatocyte differentiation
from day O onwards. We observed a significant improve-
ment in definitive endoderm formation on day 4, which
also resulted in a significantly improved hepatocyte-like
cell generation on d20. Surprisingly, despite continuous
EZH2 overexpression, transcript and protein levels of
EZH2 decreased from day 4 onwards. We hypothesized
that specific microRNAs might inhibit EZH2 expression
during hepatocyte differentiation. We demonstrated that
miR101, miR26a, MiR124, miR214 and miR138, known to
be able to bind to the EZH2 transcript, were increased
during hepatocyte differentiation. We are currently as-
sessing which of these miRNA(s) might be responsible for
the post-transcriptional modification of EZH2 expression.
In conclusion, our studies demonstrate that EZH2 expres-
sion appears to be tightly post-transcriptionally regulated
during hepatocyte development, and that overexpression
of EZH2 during endoderm specification significantly en-
hances the differentiation efficiency of pluripotent stem
cells to hepatocyte-like cells.
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AMNIOTIC FLUID STEM CELLS REPROGRAM
THE INTESTINAL EPITHELIA DURING
NEONATAL NECROTIZING ENTEROCOLITIS

Li, Bo, Zani, Augusto, Lee, Carol, Zani-Ruttenstock,
Elke, Koike, Yuhki, Chen, Shigang, Martin, Zechariah,
Li, Xinpei and Pierro, Agostino, Hospital for Sick
Children, Toronto, ON, Canada

Necrotizing enterocolitis (NEC) is the most common gas-
trointestinal emergency and a major cause of death in
preterm infants. Despite recent advancements in neonatal
care, mortality from NEC still remains high at 30-50%. The
outcomes of NEC remain poor, demonstrating the need
for innovative treatment. Intestinal epithelial stem cells
(IESC) play a crucial role in intestinal epithelial homeosta-
sis and renewal. It has been shown that in experimental
NEC, amniotic fluid stem (AFS) cells administration im-
proves survival, clinical status, gut structure and function.
However, the underlying mechanism of this activity is not
clear. Our aim is to investigate whether AFS cell adminis-
tration prevent the intestinal damage that occurs in NEC
by reprogramming the intestinal epithelia thus restoring
intestinal epithelial homeostasis and renewal of the IESCs.
Experimental NEC was induced in 5-day old neonatal
C57BL/6 mice using gavage feeding of hyperosmolar for-
mula, hypoxia and lipopolysaccharide. On days 6 and 7,
mice received an intraperitoneal injection of PBS or 2x10%
AFS cells. Breastfed mice served as control. After sacrifice
onday 9, distal ileum was harvested and analyzed. Groups
were compared for IESC expression, enterocyte prolifer-
ation and differentiation, apoptosis, gut barrier function,
mucosal damage and inflammation. Mitotically active
Lgr5+ IESC were impaired in NEC and were activated by
AFS cells to promote intestinal proliferation at the bot-
tom of crypts and differentiation into intestinal epithelial
cells. Conversely, quiescent Bmil+ IESC were not affected
by experimental NEC or AFS cells. NEC triggered endo-
plasmic reticulum stress and induced mucosal apoptosis,
effects which were inhibited by AFS cells. In addition, AFS
cells restored intestinal permeability by releasing mucin
and improving tight junctions. NEC induced epithelial
damage and bowel inflammation, which were improved
after treatment with AFS cells. In summary, AFS cells
administration reduces the intestinal damage due to ex-
perimental NEC. This is achieved by reprogramming the
intestinal epithelia through cross talking with IESC and by
restoring intestinal epithelial homeostasis and renewal.
This study highlights the potential of stem cell therapy as
a novel treatment for NEC.
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THE TRANSCRIPTION FACTORS-
MEDIATED MURINE LIVER TO PANCREAS
TRANSDIFFERENTIATION IN SERUM-FREE,
THREE-DIMENSIONAL CULTURE SYSTEM

Motoyama, Hiroaki, Kobayaashi, Akira, Yokohama,
Takahide, Shimizu, Akira, Sakai, Hiroshi, Notake,
Tsuyoshi, Kitagawa, Noriyuki, Fukushima, Kentaro,
Shirota, Tomoki, Masco, Hitoshi and Miyazawa,
Shinichi, Shinshu University, Matsumoto, Japan

Pancreatic lineage-specific transcription factors (TFs)
display instructive roles in converting adult cells to en-
docrine pancreatic cells, in a process known as transdif-
ferentiation. However, little is known about whether the
culture system, namely culture format and supplemented
small molecules, influences the efficiency of such trans-
differentiation. The present study analyses the hypothesis
that three-dimensional culture system utilizing defined
small molecules optimizes the liver to pancreas transdif-
ferentiation. Using ectopic adenoviral expression of three
pancreatic TFs in adult liver-derived cells, we demon-
strate that c-peptide expression in these transfected cells
was manifested by 50-fold increase in aforementioned
serum-free, three-dimensional culture system compared
to those in conventional serum-contained monolayer cul-
ture. Furthermore, these cells not only expressed several
pancreas-related genes but also secreted insulin in a glu-
cose-dependent manner. Transplanting these differenti-
ated cells into streptozotocin-induced immunodeficient
diabetic mice led to the amelioration of hyperglycemia.
These results suggest that three-dimensional culture with
appropriate small molecules is crucial for the TFs-medi-
ated liver to pancreas transdifferentiation. Our findings
could facilitate the development of cell replacement ther-
apy modalities for several degenerative diseases includ-
ing diabetes.
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HBV-INFECTED HUMAN HEPATOCYTE-

LIKE CELLS DERIVED FROM INDUCED
PLURIPOTENT STEM CELLS ALLOWED LONG-
TERM VIRAL PROPAGATION AND WAS
SPECIFICALLY TARGETED BY CYTOKINE-
INDUCED KILLER CELLS

Sa-ngiamsuntorn, Khanit, Department of
Biochemistry, Faculty of Pharmacy, Mahidol
University, Bangkok, Thailand, Wongkajornsilp,
Adisak, Faculty of Medicine Siriraj Hospital,
Mahidol University, Bangkoknoi, Thailand,
Kongsomboonchoke, Pattida, Faculty of Science,
Silpakorn University, Nakhon Pathom, Thailand,
Thongsri, Piyanoot, Faculty of Pharmacy, Mahidol
University, Bangkok, Thailand and Hongeng, Suradej,
Faculty of Medicine Ramathibodi Hospital, Mahidol
University, Bangkok, Thailand

Hepatitis B virus (HBV) infects induces chronic liver in-
flammation which could eventually develop into hepa-
tocellular carcinoma. The study of HBV biology and
virus-host cell interaction have been hindered by the lim-
itation of the available host cells. The long-term cultured
functional hepatocyte that supports a complete HBV
life cycle for a long term is essential for this task. In this
study, hepatocyte-like cells (HLC) derived from human
iPSCs were examined for HBV associated receptors, in-
fectivity with HBV isolated from patient serum. The HBV
receptors for example; HSPG, NTCP and clathrin were
highly expressed in mature HLC as evaluated by immu-
nofluorescent and real-time gPCR. HLCs sustained viral
covalently closed circular DNA (cccDNA) replication and
produced HBV particles after challenging with HBV from
patient serum. The generation of HBV virions from HLCs
outperformed those from HepaRG cell. Infection of HLCs
with HBV from patient serum resulted in the expression
of HBcAg, HBeAg and HBV cccDNA that was consistent
with higher HBV protein synthesis and replication. The
conditioned medium from infected HLCs was able to
infect naive HLCs and HepaRG cells. The HLCs upregu-
lated the expression of IFN-a, TNF-a and IL-6 after the
HBV infection. The co-culture of HBV-infected HLCs with
cytokine-induced killer (CIK) cell exhibited 90% infected
cell lysis whereas the non-infected HLCs exhibited 0% ly-
sis. In summary, HLC could serve as an effective host for
the study of HBV life cycle, virus-host interaction with a
potential to develop hepatocellular carcinoma.

Funding Source: This study was funded by the research
grants of Mahidol University and the Thailand Research
Fund (TRF).

W1105

HUMAN INDUCED PLURIPOTENT STEM CELLS
SURVIVED AND INITIATED HEPATOCYTE
DIFFERENTIATION IN WILLIAM'S E

MEDIUM FOLLOWED BY HEPATOCYTE
DIFFERENTIATION INDUCER MEDIUM

Tomizawa, Minoru, National Hospital Organization
Shimoshizu Hospital, Yotsukaido City, Japan

If hepatocytes are produced from iPS cells of patients with
liver insufficiency, these hepatocytes can be transplanted
into those patients as a curative treatment. Glucose and
arginine are essential for cell survival. Hepatocytes pro-
duce glucose from galactose and arginine from ornithine
through gluconeogenesis and the urea cycle, respectively.
Hepatocytes can survive in a medium without glucose or
arginine and with added galactose and ornithine. Hepato-
cyte differentiation inducer medium (HDI) does not con-
tain glucose or arginine but contains galactose, ornithine,
and oncostatin M. HDI initiates the differentiation of iPS
cells into hepatocytes, as demonstrated by increased al-
pha-feto protein (AFP) expression. A major problem con-
cerning HDI is that most cells cultured in HDI die within
three days and no cells survive beyond 7 days. To increase
the number of the cells obtained, iPS cells were cultured
in conventional media after being cultured for 48 h in HDI.
To determine the most appropriate media for use follow-
ing HDI incubation, iPS cells were cultured in 13 different
conventional media for 7 days, and AFP expression levels
in these media were analyzed. The highest AFP expres-
sion in iPS cells was observed in William’s E medium (WE)
and Dulbecco’s Modified Eagle’s Medium/Nutrient F-12
Ham (DF12). The AFP expression levels were evaluated in
iPS cells cultured in HDI for 48 h and then cultured in WE
or DF12 for 5 days. The number of cells decreased to 5.4%
of that on day O after 48-h culture in HDI and recovered
to 60% of that on day O after 48-h culture in HDI followed
by 5-day culture in WE. The AFP expression was higher in
iPS cells cultured in HDI for 48 h and WE for 5 days than
in iPS cells cultured in HDI only . These results suggested
that culture in HDI for 48 h followed by culture in WE for
5 days was suitable to promote the differentiation of iPS
cells into a hepatocyte lineage. To determine the culture
period, iPS cells were cultured in HDI for O, 3, 6, 12, 24, or
48 h and were then cultured in WE for 7 days, following
which their AFP and albumin expression levels were ana-
lyzed. The AFP and albumin expression levels were high-
est in iPS cells cultured in HDI for 48 h followed by culture
in WE for 5 days. Taken together, culture in HDI for 48 h
followed by culture in WE for 7 days was suitable for the
differentiation of iPS cells into a hepatocyte lineage.
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ENDOTHELIAL CELLS/
HEMANGIOBLASTS

W11

PATIENT-SPECIFIC IPSC DERIVED
ENDOTHELIAL CELLS UNCOVER MECHANISMS
CAUSING REDUCED PENETRANCE OF THE
BMPR2 MUTATION IN PULMONARY ARTERIAL
HYPERTENSION

Gu, Mingxia', Shao, Ningyi', Sa, Silin'?, Li, Dan',
Grubert, Fabian3, Cao, Aigin', Ameen, Mohamed?,
Wu, Joseph C.2, Snyder, Michael? and Rabinovitch,
Marlene?, 'Stanford School of Medicine, Stanford,
CA, U.S,, 2Stanford University, Stanford, CA, U.S,,
3Stanford, Stanford, CA, U.S., “Stanford University
School of Medicine, Stanford, CA, U.S.

Pulmonary arterial hypertension (PAH) in its familial form
(FPAH) is a heritable autosomal dominant disorder that
results in progressive right heart failure and death within
five years of diagnosis. Loss of function mutations in bone
morphogenetic protein receptor (BMPR)2 occur in over
70% of FPAH patients. Intriguingly, only 20% of the mu-
tation carriers develop clinical symptoms, indicating that
the mutation is necessary but not sufficient for the dis-
ease. Thus, uncovering the molecular mechanisms under-
lying the protective phenotype in those BMPR2 mutation
carriers without FPAH (Mut. Carriers) could lead to new
therapeutic approaches for all PAH patients. A cohort of
eight FPAH patients and Mut. Carriers from three fami-
lies carrying different BMPR2 mutations and three gender
matched controls were recruited for the study. IPSC-ECs
from the Mut. Carriers showed a compensatory p-p38
signaling pathway, not observed in FPAH patients. This
compensatory signaling accounted for preserved cell ad-
hesion to six different extracellular matrices and reduced
vulnerability to apoptosis. We related compensatory
p-p38 signaling to an increase in the BMPR2 activators
LRP1 and caveolinl and a decrease in BMPR2 repressors
gremlin 1and FKBP12 in Mut. Carriers vs. FPAH iPSC-ECs.
Gene expression profiling by RNA-Seq uncovered po-
tential downstream targets such as matrix metallopro-
teinase-3 (MMP3) and BIRC3 that could explain the com-
pensatory phenotype in the Mut. Carriers. To determine
to what extent the BMPR2 mutation is required for the
abnormal FPAH iPSC-EC function, the BMPR2 mutation
in family 1 was corrected using CRISPR-Cas9 technology.
FPAH iPSC-ECs after BMPR2 correction show significant-
ly improved cell adhesion as well as reduced apoptosis
in response to either serum withdrawal overnight or hy-
poxia- reoxygenation. These results suggest that in this
FPAH family member, the BMPR2 mutation is required for
the impaired iPSC-EC function. This is the first study to
use iPSC-ECs to show functional and signaling differenc-
es related to BMPR2 that distinguish PAH patients from
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unaffected BMPR2 Mut. Carriers. Since reduced function
and expression of BMPR2 is also seen in patients with id-
iopathic and associated forms of PAH, these studies re-
veal compensatory mechanisms that might be targeted
in developing novel therapies.

Funding Source: AHA postdoctoral fellow-
ship 14POST20460111
W1113

EXOSOMES DERIVED FROM HUMAN
ENDOTHELIAL PROGENITOR CELLS
ACCELERATE CUTANEOUS WOUND HEALING
BY PROMOTING ANGIOGENESIS THROUGH
Erk1/2 SIGNALING

Li, Qing', Zhang, Jieyuan?, Niu, Xin?, Hu, Bin?

and Wang, Yang?, 'Institute of Microsurgery

on Extremities, Shanghai, China, ?Institute of
Microsurgery on Extremities, Shanghai Jiao Tong
University Affiliated Sixth People's Hospital, Shanghai,
China

Chronic skin wounds represent one of the most common
and disabling complications of diabetes. Endothelial pro-
genitor cells (EPCs) are precursors of endothelial cells and
can enhance diabetic wound repair by facilitating neovas-
cularization. Recent studies indicate that the transplant-
ed cells exert therapeutic effects primarily via a paracrine
mechanism and exosomes are an important paracrine
factor that can be directly used as therapeutic agents for
regenerative medicine. However, to date, there are few
reports regarding the application of exosomes in diabetic
wound repair. In this study, we demonstrated that the exo-
somes derived from human umbilical cord blood-derived
EPCs (EPC-Exos) possessed robust pro-angiogenic and
wound healing effects in streptozotocin (STZ)-induced
diabetic rats. By a series of in vitro functional assays, we
found that EPC-Exos could be incorporated into endo-
thelial cells and significantly enhance endothelial cells’
proliferation, migration, and angiogenic tubule formation.
Moreover, gene expression profiling demonstrated that
exosomes treatment significantly altered the expression
of a class of genes involved in Erkl/2 signaling pathway.
Inhibiting Erk1/2 signaling abolished the pro-angiogenic
effect induced by EPC-Exos, indicating that this signaling
was the critical mediator of exosomes-induced angiogen-
ic responses of endothelial cells. In conclusion, EPC-Exos
are able to stimulate angiogenic activity of endothelial
cells by activating Erk1/2 signaling pathway, which finally
facilitates cutaneous wound repair and regeneration.

Funding Source: This study was financially supported by
the National Natural Science Foundation of China (Grant
No0.:81472152, 81572120 and 81572223).
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RNA SEQUENCING ANALYSIS OF
PULMONARY ARTERIAL HYPERTENSION
NATIVE ENDOTHELIAL CELLS AND INDUCED
PLURIPOTENT STEM CELL DERIVED
ENDOTHELIAL CELLS REVEALS NOVEL
PATHOGENIC GENES

Sa, Silin', Gu, Mingxia', Chappel, James?, Shao, Ningyi',
Li, Dan', Ameen, Mohamed?, Grubert, Fabian3, Wu,
Joseph?, Snyder, Michael? and Rabinovitch, Marlene',
Stanford School of Medicine, Stanford, CA, U.S.,
2Stanford University, Stanford, CA, U.S., 3Stanford,
Stanford, CA, U.S.

Pulmonary arterial hypertension (PAH), a potentially lethal
disease leading to right-sided heart failure, is character-
ized by loss and obliteration of the vasculature. Induced
pluripotent stem cells (iPSC) provide an opportunity to
study the cell-specific pathology, and to test and develop
new generic or personalized treatments for PAH. We have
shown that pulmonary artery endothelial cells (PAEC)
and iPSC differentiated EC (iPSC-EC) from the same PAH
patients have comparable functional impairment and re-
spond to potential PAH therapies in a patient-specific
manner. To identify differentially expressed genes relat-
ed to the PAH phenotype we analyzed RNA Seq datasets
in PAEC and iPSC-EC from 6 control subjects and 6 PAH
patients. We found 6 down-regulated and 10 up-regulat-
ed genes in PAH PAEC and iPSC-EC vs. controls. We next
investigate the relevance of the differentially expressed
transcripts to impaired PAH PAEC function. siRNA was
used to reduce the level of KISS1, a transcript increased
in both PAH PAEC and iPSC-EC. We observed that PAH
PAEC and iPSC-EC transfected with KISST siRNA versus
control siRNA, showed accelerated closure of ‘wound’ ar-
eas, suggesting that the impaired migration in PAH cells
is related to elevated KISS]1, an anti-angiogenic factor. We
also reduced CEST in control PAEC and iPSC-EC, and this
resulted in increased susceptibility to apoptosis, a feature
of PAH cells related to reduced CES1. The PAEC and
iPSC PAH lines, were matched in their responsiveness
to potential PAH drugs as assessed by angiogenesis as-
says (tube formation in matrigel). RNA Seq identified a
set of 3 up-regulated and 8 down-regulated genes that
distinguished drug non-responders from responders in
both PAEC and iPSC-EC. Reducing gene expression level
of Silt3 an anti-migratory factor, which is up-regulated in
non-responders, resulted in improved migration of these
cells. No single transcript manipulation could, however,
reverse all the functional abnormalities that are necessary
for improved angiogenesis. This suggests that in different
PAH patients, deregulation of various genes may be in-
volved in a similar functional abnormality or drug respon-
sivity and iPSC-ECs are valuable in developing personal-

co-sponsored by:

ized gene expression signatures, identifying pathogenic
mechanisms and optimizing pharmacotherapy.

Funding Source: NIH-NHLBI 5UO1 HL10739302

EPITHELIAL CELLS (NOT SKIN)

W17

DEFINING PROGENITOR CELLS AND THEIR
REGULATORS IN THE LACRIMAL GLAND

Finley, Jennifer K', Cruz-Pacheco, Noel? and Knox,
Sarah?, 'University of California San Francisco, San
Francisco, CA, U.S., 2Program in Craniofacial Biology,
University of California San Francisco, San Francisco,
CA, US.

Tear secretion is essential for maintaining ocular acuity
and vision. An aqueous deficient dry eye due to dysfunc-
tion of the tear producing lacrimal glands is one of two
forms of the disorder and affects millions of people world-
wide. With no cure and limited short-term treatment op-
tions available regenerative therapy offers a promising
approach for restoring tear production. However, the
identity of the progenitor cells that reconsitute the gland
after injury and the mechanisms controlling these cells
are not known. Here we demonstrate that cells marked by
KRT14 are progenitors in lacrimal gland that are positively
regulated by parasympathetic nerve derived factor neu-
ropeptide Y. Using lineage tracing, we show that KRT14+
cells are multipotent progenitors in the developing gland
that contribute to each of the 3 major epithelial lineag-
es (acinar, ductal and myoepithelial). We further show
that ablation of NPY receptors in KRT14+ cells reduced
epithelial morphogenesis (production of acini and ducts),
caused aberrant localization KRT14+ cells basal epitheli-
um and disrupted myoepithelial cell formation. Finally,
we demonstrate that KRT14+ cells are also progenitors in
the adult tissue and that NPY serves a regenerative func-
tion by driving repopulation of the myoepithelial com-
partment by KRT14+ cells after radiation-induced injury.
Thus, parasympathetic nerves positively regulate lacrimal
gland progenitors and thus development and regenera-
tion through an NPY dependent mechanism. We believe
these studies will enable us to better understand what
maintains the lacrimal gland and provide tools to find ef-
fective treatment options for patients suffering from dry
eye disease.

Funding Source: This research is supported by the
Kirschstein-NRSA grant awarded to Jennifer Finley from
National Eye Institute. (F32EY025139).

29 coeeo



WI1119

CROSS-TALK BETWEEN HUMAN AIRWAY
EPITHELIAL STEM CELLS AND 3T3-J2 FEEDER
CELLS IN CO-CULTURE

Hynds, Robert E.|, Gowers, Kate? Butler, Colin R/,
Préle, Cecilia M.3 and Janes, Sam M.2, 'University
College London, London, U.K,, 2Lungs for Living
Research Centre, London, U.K,, SUniversity of Western
Australia, Perth, Australia

Human airway basal epithelial cells are a stem/progenitor
population that regenerates the mucosal surface follow-
ing injury. In airway mucosecretory diseases, the epitheli-
um is implicated in chronic inflammation and overproduc-
tion of mucous but the cellular mechanisms underlying
these changes remain incompletely understood due to the
complexity of signaling between epithelial, stromal and
immune cell types. We describe a human airway epithelial
cell culture system involving epithelial cell expansion from
small endobronchial biopsy samples and subsequent
co-culture with mitotically inactive 3T3-J2 fibroblasts in
the presence of the small molecule Rho-associated pro-
tein kinase (ROCK) inhibitor Y-27632. This system rapidly
expands cells expressing basal epithelial stem/progenitor
cell markers. The molecular interactions between stromal
cells and epithelial cells were investigated. HGF secretion
increased following mitotic inactivation of feeder cells and
incompletely activated the human MET receptor on epi-
thelial cells, meaning that it cannot explain the increased
epithelial proliferation caused by feeder cells. Contrary to
previous reports that murine HGF is inactive on human
cells, other downstream signaling pathways were never-
theless activated by murine HGF. The transcription factor
STAT®G, classically activated by interleukin 4 (IL-4) and IL-
13, was activated in cells stimulated with HGF and altered
the production of epithelial cytokines associated with
neutrophil recruitment. These results suggest that stromal
cells, which produce HGF in response to airway injury and
disease in vivo, might alter the innate immune function of
basal epithelial cells during airway regeneration.

Funding Source: British Biotechnology and Research
Council (BBSRC), UHU Seed Funding Initiative

WT121

POUSF1 POSITIVE MOUSE AMNIOTIC CELLS
CONTRIBUTE TO ALL THREE GERM LAYERS IN
CHIMERAS

Miki, Toshio, Garcia, Irving and Nguyen, Samantha,
University of Southern California, Los Angeles, CA,
u.s.

Amniotic epithelial cells represent multipotent cells that
arise from epiblasts before gastrulation. The differenti-
ation capabilities of amniotic epithelial cells have been
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shown in vitro and in vivo. However, pluripotency of the
single cells has not been demonstrated due to the lack of
the ability to form teratomas. The aim of this study was to
investigate the developmental potential of amniotic epi-
thelial cells in a rodent platform that would allow generat-
ing chimeras and demonstrating the integration of plurip-
otent stem cell marker expressing mouse amniotic stem
cells (mASCs) into the embryo. Using pou5fl promoter
driven green fluorescent protein (GFP) transgenic (Oct4-
GFP) mouse, we confirmed that GFP positive cells were
scattered in the mouse amnion. Transcriptional analysis
revealed that the GFP positive cells maintained stem cell
marker genes expression compared to the negative cells.
In order to obtain traceable mASCs, Oct4-GFP homo-
zygous mice and Rosa26/LacZ homozygous mice were
crossed and GFP positive mASCs were isolated from the
F1 fetal placenta at embryonic day (ED) 18.5. Ten mASCs
were microinjected into each donor blastocyst, which
were surgically transferred to pseudopregnant recipient
females. Chimeric fetuses were analyzed at ED 10.5-13.5
to visualize the LacZ positive cells. Five of 58 fetuses
demonstrated LacZ positive cell chimerism in various or-
gans including the brain (ectoderm), heart (mesoderm),
and liver (endoderm). Similarly, postnatal mice derived
from injected embryos displayed LacZ positive cells
in multiple tissues. However, the contribution level of
MASCs found in the tissues was lower than that of mouse
pluripotent stem cells. The results indicate that some of
the stem cell marker positive mASCs can integrate into
the embryo and contribute to all three germ layers with
limited developmental potential.

WT1123

3D IN VITRO CULTURE SYSTEM FOR
DIFFERENTIATION OF SENSORY HAIR CELLS
FROM MURINE Lgr5+ SOMATIC COCHLEAR
STEM CELLS AND PLURIPOTENT STEM CELLS
FOR OTO-TOXIC AND OTO-REGENERATIVE
COMPOUNDS SCREENING

Roccio, Marta'?, Perny, Michael'3, Ting, Ching-Chia'?
and Senn, Pascal?4, 'Department of Clinical Research
University of Bern, Bern, Switzerland, 2University
Hospital, Insel, Bern, Switzerland, 3University of Bern,
Bern, Switzerland, “University Hospital Geneva (HUG),
Geneve, Switzerland

Sensory hair cells located in the inner ear mediate sound
perception and balance. Widely used antibiotics, chemo-
therapeutics, diuretics and anti-malaria drugs result in the
death or damage of hair cells. Due to the lack of regen-
erative capacity of the sensory epithelium, this causes
permanent hearing loss. In vitro screening methods to
identify oto-toxic, pro-regenerative or protective com-
pounds have not yet been developed. To this end, we are
making use of state-of-the-art organoid technology for
in vitro differentiation of murine Embryonic Stem Cells
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(MmESCs) or Lgr5+ somatic cochlear hair cell progenitors
into hair cells for screening purposes.

MESCs are differentiated using previously described 3D
organoid culture methods. Briefly, following definitive
ectoderm induction, non-neural ectoderm is specified by
addition of BMP-4, and concomitant inhibition of TGFb
signaling. Subsequently, pre-placodal ectoderm is in-
duced by addition of FGF2 and inhibition of BMP signal-
ing. Self-guided organogenesis is then exploited to drive
otic vesicles formation and eventually hair cell differenti-
ation. Lineage differentiation is monitored by making use
of an Atohl-GFP engineered mESC line, in combination
with immunostainings, flow cytometry and gene expres-
sion analysis. We show here that activation of Wnt signal-
ing and inhibition of Notch by small molecule compounds
are effective novel strategies to further increment hair cell
generation. In parallel, we are tesing the efficacy of 3D
organoid cultures to improve hair cell differentiation ef-
ficiency of somatic Lgr5+ supporting cells resident in the
murine cochlea. These cells have been shown by genet-
ic means to act as hair cell progenitors in vivo. Lgr5-GFP
sorted cells are cultured using 3D methods. Similarly to
the differentiation of mESCs, activation of Wnt signaling
and inhibition of Notch in Lgr5+ progenitors results in in-
creased hair cell numbers. Optimization of in vitro differ-
entiation protocols to obtain high number of mature hair
cells is ongoing and feasibility to upscale this approach
for HTP screen is being evaluated.

Funding Source: The project is partially funded by the EC
(FP7-Health-603029 ) and the Novartis Foundation for
Medical-Biological Research.

W1125

SOX10-POSITIVE CELLS EMERGE IN THE
RAT PITUITARY GLAND FROM THE LATE
EMBRYONIC STAGE AND SETTLE IN

THE POSTNATAL PITUITARY AS STEM/
PROGENITOR CELLS

Ueharu, Hiroki', Yoshida, Saishu'?, Kanno, Naoko',
Nishimura, Naoto', Kato, Takako?® and Kato, Yukio',
'Division of Life Science, Graduate School of
Agriculture, Meiji University, Kawasaki-Shi, Japan,
2Qrganization for the Strategic Coordination of
Research and Intellectual Property, Meiji University,
Kawasaki-shi, Japan, 3Institute of Reproduction and
Endocrinology, Meiji University, Kawasaki-shi, Japan,
4Department of Life Science, School of Agriculture,
Meiji University, Kawasaki-shi, Japan

The pituitary gland is composed of the anterior, inter-
mediate and posterior lobes. The adult stem/progenitor
cells are essential for maintenance of biological function
of the pituitary by supplying the endocrine cells. Our re-
sent analysis of the rat pituitary had demonstrated that

co-sponsored by:

qualitative transition in the pituitary stem/progenitor
cell niche occurs during the postnatal growth wave. The
marked alteration was emergence of S100b* cells. On the
other hand, analysis of quail-chick chimeras had revealed
that neural crest cells invade the pituitary. Hitherto, we
have interested in whether S100b* cells derive from neu-
ral crest cells, and analyzed by immunohistochemistry
using anti-SOX10 antibody, although Sox70 is expressed
not only in the neural crest derived tissues but also in the
oligodendrocytes and the embryonic otic vesicles. In ad-
dition, immunostaining for S100b, SOX2 (a stem/progen-
itor cell marker) and PROP1 (a pituitary specific factor)
was performed. The preliminary data had been reported
in ISSCR 2015. In the present study, further experiments
were performed to improve the previous report. Results
showed that SOX10* cells emerge in the rostral side of the
late embryonic posterior lobe and then in the caudal side
on postnatal day (P) 3. In the intermediate lobe by P15,
they localized in the margin of the lobule structures and
the marginal cell layer (MCL), a pituitary stem/progenitor
cell niche. Some of them showed elongated shape pos-
sessing phalloidin-positive signals in leading end, reveal-
ing migration toward the MCL. In the postnatal anterior
lobe, only a few SOX10-postiive cells were found. Further
immunostaining showed that all SOX10* cells in the pitu-
itary were positive for SOX2 but negative for SI00b when
they first detected. The number of SOX10/S100b* cells in-
creased to reach 16% of SOX10* cells by P60. In the inter-
mediate lobe, about 50% of SOX10* cells were S100b* on
P15 and the proportion reached to 100% by P60. Remark-
ably, some of them were positive for PROP], indicating
that they acquired characteristics of the pituitary stem/
progenitor cell. In conclusion, this study demonstrated
that, after emergence in the posterior lobe, SOX10* cells
alter to positive for SI00b* and spread into the intermedi-
ate and anterior lobes taking part in adult pituitary stem/
progenitor cells.

W1127

MIR205 CONTROLS MOUSE MAMMARY GLAND
DEVELOPMENT THROUGH REGULATION OF
WNT AND YAP STEM CELL SELF-RENEWAL
SIGNALING

Lu, Yang', McManus, Michael? and Rosen, Jeffrey

M.}, 'Baylor College of Medicine, Houston, TX, U.S,,
2University of California San Francisco, San Francisco,
CA, US.

Mammary gland development is fueled by stem cell
self-renewal and differentiation. However, the molecular
mechanisms that regulate mammary stem cell behavior
remain incomplete. Here we identify a miR205 regulato-
ry network required for mammary gland morphogenesis
and stem cell maintenance. MiR205 is the only miRNA re-
ported to date whose deletion causes embryonic lethality.
As a direct ANp63 target gene, miR205 is predominant-
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ly expressed in the basal/stem cell enriched population
of the postnatal mammary gland. Conditional deletion
of miR205 in mammary epithelial cells severely impaired
stem cell self-renewal and mammary repopulating po-
tential both in the in vitro mammosphere formation as-
say and in vivo cell/tissue transplantation assay. miR205
null glands displayed significant decrease in the K5* basal
population, discontinuous basement membrane and loss
of collagen deposition. Furthermore, three unique bas-
al cell subpopulations representing stem (ANp63*/K5/
aSMA), progenitor (ANp63/K5*/aSMA-) and differenti-
ated states (ANp63/K5/aSMA*) were first identified fol-
lowing miR205 deletion. Mechanistically, NKD1, PP2A-B56
and AMOT, which inhibit the Wnt stem cell self-renewal
signaling pathway and the YAP oncoprotein, respectively,
were identified as miR205 targets. The elevated expres-
sion of NKD1, PP2A-B56 and AMOT upon miR205 dele-
tion results in the loss of nuclear YAP expression as well as
the activation of non-canonical Wnt signaling mediated
by alternative Ror2 receptor to inhibit canonical Wnt sig-
naling mediated by B-catenin. Collectively these findings
reveal an essential role of miR205 in balancing mammary
stem cell self-renewal and differentiation.

Funding Source: NIH Grant CA16303-38

EPIDERMAL CELLS

W2001

A 3D IN VITRO MODEL OF WOUND HEALING
RE-EPITHELIALIZATION PHASE: A TOOL TO
STUDY HUMAN EPIDERMAL PRECURSORS
AND CUTANEOUS REGENERATION

Deshayes, Nathalie, Bloas, Fabienne and Paris,
Maryline, L'Oreal R&l, Aulnay-sous-Bois, France

Keratinocytes of the basal layer (the niche of epidermal
stem cells and precursor cells) are involved in cutaneous
regeneration process. Their function is to maintain tis-
sue homeostasis in physiological condition and to fulfill
skin repair in response to an external aggression such as
a wound. In humans, clinical observations of the skin in-
dicate that regenerative potential, preservation of tissue
homeostasis and more widely skin functions are altered
with ageing. In wound-healing, during re-epithelializa-
tion phase, epithelial precursor cells are highly request-
ed and migrate gradually from the edges of the wound.
The process is stimulated and controlled by growth fac-
tors produced by fibroblasts or by keratinocytes. The 3D
epidermal reconstruction model called “standard model”,
allows to study the vertical cutaneous regeneration pro-
cess (proliferation/ differentiation), and appreciate kerat-
inocyte function in preserving cutaneous homeostasis. In
this study, we developed and characterized a “migration
model” which introduces a step of keratinocyte migration
such as the one observed in the phase of re-epithelializa-
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tion in wound-healing process. We validated the added
value of this model by demonstrating a pro-epithelializing
effect of several compounds: an unsaturated fatty acid
(Punicic Acid), a plant polyphenol (Ellagic Acid), an es-
sential oil of flower and Ascorbic Acid. No effect of these
compounds has been shown on standard model. The new
3D model allows the role of keratinocytes in different bio-
logical, biomechanical and environmental requests to be
better understood, and brings a new tool to assess the im-
pact of alteration of epidermal precursors on mechanisms
involved in cutaneous regeneration.

W2003

ROLE OF EPIDERMAL BASEMENT MEMBRANE
IN MAINTAINING EPIDERMAL STEM/
PROGENITOR CELLS

Iriyama, Shunsuke, Nishikawa, Saori, Hosoi, Junichi
and Amano, Satoshi, Shiseido Global Innovation
Center, Yokohama, Japan

Epidermal basement membrane (BM) plays important
roles in epithelial proliferation and differentiation, con-
tributing to epidermal homeostasis. However, the role of
epidermal BM in maintaining epidermal stem/progenitor
cells remains unclear. In this study, we investigated the
age-dependent changes of epidermal stem/progenitor
cells in sun-protected and sun-exposed human skin. We
selected melanoma chondroitin sulfate proteoglycan
(MCSP) and betal integrin as markers of stem/progenitor
cells and analyzed MCSP and betal integrin-positive cells
in epidermal basal layer by immunestaining. We found
that MCSP and betal integrin-positive cells decreased
earlier in sun-exposed skin than in sun-protected skin. A
significant decrease in MCSP and betal integrin-positive
cells was also observed during culture of human abdomi-
nal skin. Since we have previously reported that MMPs and
heparanase are involved in deterioration of the epidermal
BM in sun-exposed skin, we examined MMPs and hepara-
nase in epidermis. MMPs and heparanase were markedly
increased and the staining intensity of basement mem-
brane components, such as laminin 332 or type VIl colla-
gen, was reduced with increasing culture time. Treatment
with both N-hydroxy-2(R)-[[(4-methoxyphenyl)sulfonyl]
(3-picolyl)-amino]-3-methylbutanamide  hydrochloride
(CGS27023A; a MMP inhibitor) and 1-[4-(1H-Benzoimid-
azol-2-yDphenyl]-3-[4-(1H-benzoimidazol-2-yl)  phenyl]
urea (BIPBIPU; a heparanase inhibitor) protected the BM
structure and, intriguingly, also protected MCSP-positive
cells in epidermis, suggesting a role of the BM in main-
taining epidermal stem/progenitor cells. Overall, our data
suggest that improving the integrity of BM structure by
controlling enzymatic degradation may be an effective
way of maintaining stem/progenitor cells.
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W2005

OVEREXPRESSION OF sPLA2 IIA IN

MICE EPIDERMIS DISRUPTS EPIDERMAL
HOMEOSTASIS AND HAIR FOLLICLE
STEM CELL DEPLETION WITH INCREASED
DIFFERENTIATION

Sarate, Rahul MARUTI, Advanced Centre for
Treatment, Research and Education in Cancer
(ACTREC), Navi Mumbai, India

Epidermis is maintained throughout the adult life by stem
cells that self-renew and generate progeny that under-
go terminal differentiation. Secretory phospholipase A2
Group-IlA (sPLA2-11A), a growth factor modulator, is in-
volved in lipid biogenesis and deregulated in various can-
cers; however, its role in epidermal homeostasis and hair
follicle stem cell regulation is yet to be explored. In the
transgenic mice overexpressing sPLA2 IIA (K14-sPLA2 IIA
mice), we investigated the hair follicle cycle at various
postnatal day (PD) ages by performing histological anal-
ysis, tail whole mount and immunofluorescence staining
by using the stem cells, proliferation and differentiation
markers. Here we show a transgenic mice overexpressing
SPLA-IIA (K14-sPLA,-IIA) showed epidermal hyperpla-
sia, increased differentiation, loss of ortho-parakeratotic
organization and enlargement of sebaceous gland, infun-
dibulum and junctional zone. Flow cytometry and immu-
nofluorescence analysis showed depletion of hair follicle
stem cell pool with the age. In addition, the BrdU pulse-
chase was performed to investigate the slow-cycling
Label Retaining Cells (LRCs) in the hair follicle stem cell
niche which showed loss of long-term BrdU label retain-
ing cells. Functional characterization showed reduction in
colony forming efficiency in transgenic keratinocytes. Our
study for the first time uncovered the role of sPLA2 lIA in
epidermal stem cell regulation and homeostasis.

Funding Source: Indian Council Of Mesical Research,India

W2007

PEDF SHORT PEPTIDES FACILITATE FULL
THICKNESS CUTANEOUS WOUND HEALING
BY PROMOTING EPITHELIAL BASAL CELL AND
HAIR FOLLICLE STEM CELL PROLIFERATION

Tsao, Yeou-Ping, Mackay Memorial Hospital, Taipei,
Taiwan

A 44 amino acid pigment epithelium-derived factor
(PEDF) derived short peptide was shown to facilitate cor-
neal epithelial wound healing. In this study, the 44 amino
acid peptide was shortened further into 20 amino acid
and 29 amino acid short peptide, and we investigated
their promoting effect on the healing of full thickness skin
wounds. Peptides were delivered periodically by topical
application to punch wounds. The wound healing speed

co-sponsored by:

was evaluated by measuring the reduction of wound ar-
eas at 4 and 7 days after injury. Histological analysis with
Masson’s trichrome staining was used to confirm epithe-
lialization and dermal collagen deposition. Proliferation
of epithelial basal cells was documented by BrdU incor-
poration. Hair follicle stem cells were identified by Lgré
immunostaining. The results indicated that both the 20
amino acid and 29 amino acid short peptides significantly
reduce the time needed for wound healing compared to
the vehicle group. Histological analysis confirmed faster
epithelial cell coverage of open wounds. PEDF peptide
treatment also contributed to granulation tissue forma-
tion by increasing the fibroblast population and enhanc-
ing collagen deposition in dermis. Wound treated with
PEDF peptides contained more proliferated basal cells in
the epithelium. Moreover, hair follicle stem cells were also
stimulated to proliferate by peptide exposure. In conclu-
sion, we report the identification of two short peptides
that can enhance the healing of full thickness skin wounds
following topical application. The underlying mechanisms
may involve activation of basal cell proliferation and mo-
bilization of hair follicle stem cells.

EYE OR RETINAL CELLS

W2009

SUBRETINAL TRANSPLANTATION OF
PHOTORECEPTOR PRECURSORS AND
RETINAL PIGMENT EPITHELIUM DERIVED
FROM HUMAN EMBRYONIC STEM CELLS IN
RETINAL DEGENERATION RATS

Park, Un Chul', Park, Jung Hyun?, Shin, Joo Youngd',
Cho, In Hwan', Cho, Myung Soo® and Yu, Hyeong
Gon', 'Seoul National University College of Medicine,
Seoul, Korea, South, 2Seoul Paik Hospital, Seoul,
Korea, South, 3Jeil Pharmaceutical Co Ltd, Seoul,
Korea, South

Degeneration and loss of photoreceptor or retinal pig-
ment epithelium (RPE) is the major pathologic change in
retinal degenerative diseases such as retinitis pigmentosa
and age-related macular degeneration. We developed a
defined, effective method to differentiate photoreceptor
precursors and RPEs from human embryonic stem cells
(hESCs) with a relatively high efficiency and short incu-
bation time via the formation of cell clumps with neural
structures, spherical neural masses (SNMs). SNMs are
able to expand for long periods without loss of differen-
tiation capability, to be stored easily and do not need for
feeder cells. The differentiated photoreceptor precursors
and RPEs were characterized with immunocytochemistry
and reverse transcription-polymerase chain reaction. To
investigate therapeutic potential of these differentiated
RPE and photoreceptor precursors, we transplanted RPE
or photoreceptor precursors into subretinal space of Roy-
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al College Surgeon rats which were divided into 3 groups;
a photoreceptor group (n=25) transplanted with photo-
receptor precursors, an RPE group (n=25) transplanted
with RPE cells, and a control group (n=26) transplanted
only with culture media. After subretinal transplantation
of photoreceptor precursors or RPEs, the transplanted
cells were integrated into the retina and there was no evi-
dence of severe inflammation or tumor formation until 24
weeks of observation. The thickness of outer nuclear layer
was higher in the photoreceptor and the RPE groups com-
pared with the control group both at 4 and 24 weeks after
transplantation. The amplitudes of b-wave in the photore-
ceptor and RPE groups were higher compared with the
control group at 4, 12, and 24 weeks after transplantation.
These results suggest that subretinal transplantation of
photoreceptor precursors or RPE was well tolerated and
delayed retinal degeneration and the differentiated RPE
and photoreceptor precursors from hESCs have potential
to preserve visual function in the retinal degenerative rats.

Funding Source: This research was supported by the
Bio & Medical Technology Development Program of the
National Research Foundation (NRF) funded by the Min-
istry of Science, ICT & Future Planning (grant number
2015M3A9B4067070).

W20T1

INDUCTION OF CORNEAL EPITHELIAL CELLS
FROM HUMAN PLURIPOTENT STEM CELLS
BY A METHOD BASED ON SPONTANEOUS
OCULAR CELL DIFFERENTIATION

Hayashi, Ryuhei', Ishikawa, Yuki', Sasamoto, Yuzurul,
Katori, Ryosuke', Ichikawa, Tatsuya', Nomura, Naoki',
Soma, Takeshi', Kawasaki, Satoshi', Quantock,
Andrew?, Sekiguchi, Kiyotoshi?, Tsujikawa, Motokazu'
and Nishida, Kohji', 'Osaka University Graduate School
of Medicine, Suita, Japan, 2Cardiff University, Cardiff,
U.K,, 3Institute for Protein Research, Osaka University,
Osaka, Japan

Human induced-pluripotent stem cell (hiPSC) has a great
potential to treat severe ocular surface disorders such
as corneal limbal stem cell deficiency caused by alka-
line burn or Stevens-Johnson’s syndrome. However, the
method for the generation of functional corneal epithelial
cells hasn’t been established. Here, we demonstrate the
generation of corneal epithelial cells and the isolation of
functional corneal epithelial stem/progenitor cells from
hiPSCs. hiPSCs were maintained in StemFit™ medium on
Laminin-511 E8 fragment coated culture plates. The dif-
ferentiation was initiated by changing the medium to 10%
KSR containing differentiation medium (DM) and the cell
were cultivated for 4 weeks at 37°C in 5% CO,,. After DM
culture, the hiPSCs were cultivated in corneal differentia-
tion medium (CDM) for 4 weeks. After CDM culture, the
hiPSCs were cultivated in corneal epithelium maintenance
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medium (CEM) for 2 to 8 weeks (10-16 weeks in total).
Then, the cells were harvested and subjected to FACS
for isolating corneal epithelial progenitor cells. After 3-4
weeks differentiation, hiPSCs spontaneously formed col-
onies with multi-cellular zones. Each zone showed distinct
ocular cell phenotypes including neuronal cells, retinal
cells, neural crest cells and ocular surface epithelial cells
co-expressing PAX6 and p63. By cell sorting, corneal epi-
thelial progenitor cells were isolated as SSEA-4*/ITGB4*/
TRA-1-60" cells. The hiPSC-derived corneal epithelial pro-
genitor cells formed PAX6* colonies on 3T3 feeder layer.
After stratification culture, the reconstructed corneal epi-
thelial cells expressed corneal specific markers K12, PAX6
and MUCI16. In conclusion, we have successfully induced
corneal epithelial progenitor cells from hiPSCs and fabri-
cated corneal epithelial cell sheets.

Funding Source: This work was supported in part by the
Grants-in-Aid for Scientific Research from Ministry of Ed-
ucation, Culture, Sports, Science and Technology of Ja-
pan and the project for the realization of regenerative
medicine from The Japan Agency for Medical Resear

W2013

RAPID AND EFFICIENT GENERATION OF
hESC/HIPSC-DERIVED RETINAL PIGMENTED
EPITHELIUM FOR THE STUDY OF RARE
CAU.S.TIVE ALLELES IN AGE-RELATED
MACULAR DEGENERATION

Michelet, Fabio, Genome Institute of Singapore,
Singapore, Singapore

Age-related macular degeneration (AMD) is a common
cause of irreversible vision loss among individuals over 65
years old in the developed world. Advanced AMD is esti-
mated to affect 10 million patients world-wide, with the
number of affected individuals reaching more than 150
million for earlier stages. AMD is characterized by dam-
age to a tissue complex composed of the retinal pigment
epithelium (RPE), Bruch’s membrane and choriocapillaris.
There are limited prevention options and no treatments
available for the majority of AMD patients. Retinal pig-
ment epithelium translocation surgeries have provided
evidence that healthy RPE can support photoreceptor
survival and visual function in human patients. Thus, un-
derstanding the pathophysiology of RPE degeneration
will be crucial to prevent or cure AMD. Here we use hES/
hIPSC derived RPE cells, obtained through a modified
published protocol, to study the role of rare highly pen-
etrant variants, with particular focus on the alternative
complement pathway and the CFH protein. CFH is one of
the main inhibitory factors of the alternative complement
pathway and it is expressed by RPE cells where it regu-
lates inflammatory processes caused by RPE senescence
during ageing. Many rare CFH variants has been proved
to be involved in AMD onset, suggesting a major role for
inflammation in AMD. To shed more light on CFH activ-

q INTERNATIONAL SOCIETY
ISSCR FOR STEM CELL RESEARCH



POSTER ABSTRACTS

ity in AMD, hES or hIPS cells will be genome edited via
CRISPR/Cas9 to present homozygous alleles carrying dif-
ferent AMD-causative or -protective CFH variants. Each
mutated cell line will be tested for the ability to enhance
or weaken the alternative complement pathway response
to pro-inflammatory stimuli.

W2015

MODELING AGE-RELATED MACULAR
DEGENERATON USING PATIENT-DERIVED
INDUCED PLURIPOTENT STEM CELLS:
NICOTINAMIDE REDUCES AMD-RELATED
PROTEIN PRODUCTION

Saini, Janmeet S'?, Corneo, Barbara3, Miller, Justine?,
Boles, Nathan?, Kiehl, Thomas R?, Blenkinsop, Timothy
A4, Stern, Jeffrey? and Temple, Sally?, 'University at
Albany, Albany, NY, U.S., 2Neural Stem Cell Institute,
Rensselaer, NY, U.S., *Columbia University Medical
Center, New York, NY, U.S., 4lcahn School of Medicine
at Mount Sinai, New York, NY, U.S.

Age-related Macular Degeneration (AMD) is the leading
cause of visual impairment in the elderly, affecting the
retinal pigment epithelium (RPE), a monolayer of cells es-
sential for photoreceptor survival. AMD manifests in two
forms: dry AMD is characterized by extracellular sub-ret-
inal deposits termed drusen in the macular region of the
retina, and wet AMD by the invasion of choroidal blood
vessels into the central retina, accompanied by rapid vi-
sion loss. There are no disease-altering therapies for dry
AMD nor that check its progression. Drusen are rich in
components of the complement cascade, which contrib-
utes to the inflammatory environment and the upregula-
tion of VEGF-A, promoting the transition from dry to wet
AMD. The mechanism of drusen formation, including the
cell types involved, is not fully understood, although stud-
ies have implicated RPE cells as these can produce sever-
al drusen proteins. In addition to environmental risk fac-
tors such as smoking, multiple genome-wide association
studies for AMD have identified a significant association
of a risk allele in the ARMS2 gene (SNP rs10490924) and
a linked SNP (rs11200638) in the promoter region of the
nearby HTRA1 gene. We tested whether hiPSC-derived
RPE (hiPSC-RPE) from AMD and control patients could
model early AMD pathogenesis and investigated the ef-
fect of the ARMS2/HTRAI1 risk genotype on the produc-
tion of AMD-associated proteins. We report higher ex-
pression of complement/inflammatory proteins in AMD
hiPSC-RPE, more significant in the ARMS2/HTRA1 subset
compared to control hiPSC-RPE, corroborating involve-
ment of the complement cascade and inflammation in
AMD pathogenesis. Using a panel of AMD biomarkers and
candidate drug screens, we discovered that Nicotinamide
(NAM) could significantly inhibit the production of dru-
sen-associated proteins, repress inflammatory pathways
and VEGF-A secretion. We found that NAM treatment of
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hiPSC-RPE markedly affects complement and extracellu-
lar matrix pathways, and significantly increases expression
of Sirtuin-1, an NAD-dependent protein deacetylase impli-
cated in chronic inflammation and aging. In conclusion,
we created an in vitro model of AMD, using patient-spe-
cific/genotype-specific hiPSC-RPE, which sheds light on
the mechanism of increased AMD risk, and identified NAM
as a potential drug for AMD.

Funding Source: Supported by NIH/NIA grant 1RF-
1AG042932-01, NIH/NEI grant ROIEY022079, and by the
Empire State Stem Cell Fund through NYSDOH Contract
# C028504.

W2017

GENERATION OF CORNEAL ENDOTHELIAL
CELLS FROM HUMAN PLURIPOTENT STEM
CELLS

Thakore-Shah, Kaushali, University of California Los
Angeles, Los Angeles, CA, U.S.

The cornea is the transparent tissue in front of the eye.
The pump and barrier function of the corneal endothe-
lium (CE), the most posterior corneal layer, is crucial for
maintaining corneal thickness and transparency. Howev-
er, corneal endothelial cells (CECs) are severely limited
in their proliferative ability. Decreased CEC density can
result in edema, loss of corneal clarity, and ultimately,
blindness. Developing an approach for in vitro generation
of CECs would significantly increase the number of indi-
viduals whose vision could be restored. Thus, we set out
to develop a protocol for derivation of CECs from human
pluripotent stem cells (hPSC). Differentiation of hPSCs to
CECs was carried out in two steps: 1) derivation of neural
crest cells (NCC) from hPSCs, and 2) derivation of CECs
from NCCs. The derivation of NCCs was performed using
a published protocol, with the modification that hPSCs
were cultured on either Matrigel or human recombinant
Laminin-521 matrix. Efficiency of derivation was measured
by flow cytometry for P75NTR, a marker of NCCs as well
as proliferative CECs. P75NTR expressing NCCs as well
as unsorted NCCs were then seeded onto Laminin-521
coated wells and induced to differentiate towards CEC
by addition of growth factors. Expression of P/5NTR and
three additional CEC markers was measured by gPCR.
We found that NCCs derived on Matrigel (Mat-NCCs) had
a 1.86 fold increase in the number of P75NTR expressing
cells compared to NCCs derived on Laminin521 (Lam-
NCCs). P75NTR expression was higher in CECs derived
from Lam-NCCs compared to Mat-NCCs. As expected,
P75NTR expression was also higher in sorted compared
to unsorted cells. The three additional CEC markers test-
ed were expressed at higher levels in CECs derived from
Mat-NCCs compared to Lam-NCCs. These markers were
also expressed at higher levels in unsorted cells compared
to P75NTR sorted cells. These results demonstrate that
it is feasible to derive CEC like cells from hPSCs. Future
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experiments will test protein expression of CEC markers
and barrier function of the CEC monolayer.

NEURAL CELLS

W2019

LUNATIC FRINGE IS A SELECTIVE MARKER
OF HIPPOCAMPAL NEURAL STEM CELLS,
NECESSARY FOR THEIR MAINTENANCE

Semerci, Fatih'?, Choi, William Tin-Shing'?, Bajic,
Aleksandar?3, Thakkar, Aarohi?3, Encinas, Juan
Manuel?*4, Depreux, Frederic®, Segil, Neil®, Groves,
Andrew Kelton” and Maletic-Savatic, Mirjana'?,
'Graduate Program in Developmental Biology Baylor
College of Medicine, Houston, TX, U.S,, 2Jan and Dan
Duncan Neurological Research Institute at Texas
Children’s Hospital, Houston, TX, U.S., *Department of
Pediatrics Baylor College of Medicine, Houston, TX,
U.S., “The Basque Foundation for Science, Bizkaia,
Spain, *Rosalind Franklin University of Medicine and
Science, Chicago, IL, U.S., ®Broad CIRM Center, Keck
School of Medicine, University of Southern California,
Los Angeles, CA, U.S., "Department of Neuroscience
Baylor College of Medicine, Houston, TX, U.S.

Adult hippocampal neurogenic niche is confined to a spa-
tially restricted area where stem cells cannot propagate
indefinitely. However, the mechanisms that control the
amount of neural stem cell (NSC) proliferation are not
known. The optimization of the NSC proliferation could
be accomplished if there is a feedback communication
from the progeny. A known mechanism for such cell-cell
communication involves the Notch pathway. Thus, we hy-
pothesized that amplifying neuroprogenitors (ANPs), the
first progeny of NSC in direct contact with the primary
NSCs, may participate in regulating the NSC quiescence
vs. active proliferation. Indeed, the key components of the
Notch pathway are expressed in a cell-type specific man-
ner in the neurogenic niche: Notch receptor is expressed
in the NSCs, while Notch ligands, Jagland Deltal, are ex-
pressed in ANPs and granule cells, respectively. More-
over, utilizing a comprehensive bioinformatics query, we
discovered that Lunatic Fringe (Lfng), a key modifier of
Notch receptor, is selectively expressed in NSCs. Further
characterization of the Lfng-eGFP expressing cells con-
firmed that they are NSCs, as they gave rise to neurogenic
progeny, decreased in number with increased age, and
responded to the neurogenic stimuli known to increase
NSC proliferation. Using this mouse, we were able to
gain first insight into the stimulus-dependent molecu-
lar responses of NSCs to running and electroconvulsive
shock. Functionally, removal of Lfng resulted in increased
NSC proliferation followed by a decrease in NSC num-
ber and neuron production, suggesting the necessity of
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Lfng for proper NSC function and maintenance. On the
other hand, constitutive heterozygote deletion of Notch
ligand Jagl resulted in increased NSC and ANP cell cycle
duration with no change in their absolute numbers. These
results strongly implicate Notch signaling in the control
of NSCs and their progeny, and suggest a potential com-
munication and feedback mechanism between the NSCs
and their progeny to fine tune adult neurogenesis. Overall,
we present Lfng-eGFP and Lfng-CreERT2 as new mouse
models that permit comprehensive and specific studies of
NSC properties and propose a novel mechanism for pres-
ervation of NSCs that may operate in the adult hippocam-
pal neurogenic niche.

Funding Source: This work was supported by the BCM
Microscopy and In situ Hybridization Cores (NICHD P30
HD024064 Intellectual and Developmental Disabilities
Research Grant), the BCM Cytometry and Cell Sorting
Core (NCRR grant SIORR024574, NIAID Al036211 and
NCI P30CA125

W2023

IN VIVO RIBOTAG ANALYSIS REVEALS
TRANSLATIONAL CONTROL DURING NEURAL
STEM CELL DIFFERENTIATION

Baser, Avni, Llorens Bobadilla, Enric, Fischer, Bernd
and Martin-Villalba, Ana, German Cancer Research
Center (DKFZ), Heidelberg, Germany

It is well known that epigenetic modifications as well as
regulation of transcription factors are closely associated
to cellular identity, highly distinguishing between the plu-
ripotent and committed status of cells. However, little is
known about the importance of changes at the posttran-
scriptional level. Recent studies on hematopoietic stem
cells emphasize that protein translation is tightly con-
trolled in the stem cell compartment and changes in both
directions severely deregulate the system and deplete the
stem cell pool. Highly polarized cells including neurons are
characterized by a significant degree of post-transcrip-
tional regulation. Here we look at the gradual changes
of the translatome while differentiation of subventricular
zone neural stem cells (NSCs) to olfactory bulb interneu-
rons. Using Ribotag mouse lines which express a HA-
tagged variant of a ribosomal protein at different stages
along the differentiation path of NSCs, we profiled both,
the total mMRNA as well as the ribosome-bound mRNA in
vivo. By this approach, we show that total mRNA is an
inaccurate measure for protein levels for a significant part
of the genome. Several genes including key transcription
factors show comparable levels in their mMRNA expression
over the investigated cell populations, their action how-
ever is limited to certain stages by actual translation into
proteins. The degree of this uncoupling increases with dif-
ferentiation and maturation of the cells, which is in line
with the literature describing local and temporal protein
synthesis in mature neurons. However, the fact that trans-
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lation is already specifically regulated in NSCs indicates
that these mechanisms already exist very early in cells
which will later become neurons. This study adds a novel
layer of complexity to the process of neuronal differenti-
ation. Identification of upstream regulators as well as as-
sociated mechanisms will be key to further complete this
picture.

W2025

THE ROLE OF BREAST CARCINOMA
AMPLIFIED SEQUENCE 2 (BCAS2) IN ADULT
NEUROGENESIS

Chen, Show-Li, National Taiwan University, Taipei,
Taiwan

Adult neurogenesis occurs in the dentate gyrus (DG)
throughout life; the disruption of neurogenesis would
cause neurodegenerative diseases. Breast carcinoma am-
plified sequence 2 (BCAS2) is a lethal gene in prenatal.
Now we generated conditional knock out mice to deplete
BCAS2 expression (cKO) in hippocampus and cortex to
investigate BCAS2 role in adult neurogenesis. BCAS2
cKO mice showed microcephaly-like phenotype with
the reduced volume of DG and the decreased thickness
of cortex those resulted in low learning and fear memo-
ry by Morris water maze analysis and passive avoidance
respectively. The Golgi staining revealed the less dendrite
length, dendrite order, the short distance from soma, the
less spine density of distal region; those could be further
confirmed the disordered MAP2-positive dendrites by
confocal analysis. Moreover, the cKO displayed short den-
drite length by dendrite marker-DCX; and slow dendrite
growth by BrdU incorporation in postnatal-born neurons.
To further examine the mechanism of BCAS2 role in adult
neurogenesis, exon array showed the b-catenin be a tar-
get of BCAS2 splicing regulation. b-catenin is well docu-
mented to regulate dendrite growth and morphology. In
primary neuron culture showed that b-catenin could re-
store the dendrite growth in the absence of BCAS2 that
further supported from N2A cells by fiolopodia assay. In
summary, we provide the BCAS2 cKO mice revealing the
impairment dendrite growth with the defect cognition
that can be a microcephaly animal model for future ther-
apeutic target.

co-sponsored by:
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TRANSPLANTATION OF CONTACTIN2+
MIDBRAIN DOPAMINERGIC PROGENITOR
CELLS DERIVED FROM HUMAN EMBRYONIC
STEM CELLS INTO THE RAT MODEL OF
PARKINSON'S DISEASE

Dolatyar, Banafsheh'?, Fathi, Ali?, Sahraei, Seyedeh
Saeideh?, Hosseini Salekdeh, Ghasem3+4, Baharvand,
Hossein? and Javan, Mohammad?®, 'Department

of Developmental Biology, University of Science
and Culture, ACECR,Tehran,Iran., Tehran, Iran,
?Department of Stem Cells and Developmental
Biology, Cell Science Research Center, Royan
Institute for Stem Cell Biology and Technology,
ACECR, Tehran, Iran., Tehran, Iran, 3Department

of Systems Biology, Agricultural Biotechnology
Research Institute of Iran,Karaj, Iran., Karaj, Iran,
“Department of Molecular Systems Biology, Cell
Science Research Center, Royan Institute for Stem
Cell Biology and Technology, ACECR,Tehran.lran.,
Tehran, Iran, >Department of Physiology, Faculty of
Medical Sciences, Tarbiat Modarres University,Tehran,
Iran., Tehran, Iran

Parkinson’s disease is a progressive neurological disorder
which results from degeneration of dopaminergic neurons
in the substantia nigra. To overcome disease symptoms
there are custom medications for balancing dopamine
neurotransmitter in the striatum and using deep brain
stimulation for relaxing the muscle rigidity. The only cure
for these types of movement disorders is cell replacement
therapy by fetal midbrain cells or pluripotent sources of
cells. In the present study we used a defined method
to generate human dopaminergic (DA) progenitor cells
from human embryonic stem cells that is based on dual
SMAD inhibition and embryoid body formation. We con-
firmed the expression of DA specific marker genes in the
MRNA and protein level. In our protocol differentiated DA
progenitor cells purified by fluorescence-activated cell
sorter using novel cell surface proteins based on our un-
published proteomics data and characterized with their
differentiation capacity to mature dopaminergic neurons
and transplantation to animal model of the Parkinson’s
disease. The results showed that human DA progenitor
cells expressed midbrain DA progenitor markers and
can be successfully differentiate into tyrosine hydroxy-
lase positive mature neurons. Flow cytometry analysis of
these cells indicated that DA progenitor cells on day 12
of differentiation expressed contactin2, as a novel surface
protein. After transplantation of contactin2* cells and un-
sorted human DA progenitors into the 6-OHDA-lesioned
rats the histological results and behavioral results of mo-
tor performance tests showed that sorted cells can sur-
vive and significantly improve motor behavior in compar-
ison to the control cells. Our method is favorable in terms
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of efficiency and indicates promise for development of
cell-based therapies in Parkinson’s disease.

Funding Source: Project code 90223002 at Royan Insti-
tute

W2029

NANOFIBROUS SCAFFOLD-MEDIATED

REST KNOCKDOWN INFLUENCE ON
DIFFERENTIATION OF HUMAN FETAL NEURAL
STEM CELLS

Fan, Yiping', Diao, DJ?, Lee, Jh?, Choolani, Mahesh3,
Chew, Sing Yian? and Chan, Jerry', 'KK Women's
and Children's Hospital, Singapore, Singapore,
2NTU, Singapore, Singapore, *National University of
Singapore, Singapore, Singapore

Controlled differentiation of neural stem cells into relevant
cells for therapy represents a promising treatment strat-
egy for neurodegenerative disorders. However, directed
differentiation remains a challenge and further under-
standing of the developmental differentiation pathways
is necessary. REST is downregulated during neurogen-
ic differentiation in development. Here, the influence of
REST knock down (kd) on differentiation of human fetal
neural stem cells (hfNSCs) was examined. hfNSC were de-
rived in serum-free media from early mid-trimester clin-
ical waste after informed consent (15-21 wks gestation).
Tissues were minced and dissociated enzymatically (n=3).
Neurospheres at passage 1 were subcultured and placed
into one of 3 different media (DMO containing B27, bFGF,
hEGF and LIF, DM1 containing IL-18 and DM2 containing
BDNF, dopamine, forskolin and retinoic acid) over nanofi-
brous meshes loaded with REST siRNA or scrambled siR-
NA (neg control). RNA was extracted on D5 to determine
RESTkd and ICC for MAP2ab, tyrosine hydroxylase (TH),
nestin, PDGFRa, GFAP were performed on D7.

REST kd was observed at D5 in all 3 media. Scaffold me-
diated RESTkd resulted in lower MAP2ab & TH in DMO
and DM1 and a higher expression in DM2 at D5. Under the
condition of DMO, RESTkd resulted in a upregulation of
GFAP (81.5%£3.8 vs 50.2%+6.0, p=0.01), PDGFRa (83.8+£5.0
vs 0.8+0.8, p<0.001) and a downregulation of nestin (00
vs 9.6+2, p<0.01) by ICC. There is minimal differences for
MAP2ab (13.0£2.7 vs 15.8+1.5, p=0.44) and TH (81.0+3.8
vs 73.0£9.1, p=0.47). In DM1, RESTkd did not affect dif-
ferentiation, although a trend was observed for MAP2ab
(11+£0.7 vs 3.1+1.1) and TH (65.3+16.3 vs 39.1+3.6) after
kd. In DM2, REST kd resulted in a reduced expression of
PDGFRa (22.7£4.0 vs 55.6%£7.8, p=0.01) and TH (65.1x6.4
vs 86.0+3.2, p=0.09). We demonstrated that REST kd
affects the differentiation of hfNSCs, particularly into oli-
godendrocytes. More needs to be done to further deter-
mine the effect of REST silencing in combination with the
nanofiber topography. These comparisons can potentially
shed more light on the differentiating potential of hfNSCs,
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allowing a well-informed choice of cell source for direct-
ed differentiation aimed for cellular therapeutics and drug
testing.

Funding Source: NIL
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MGE-DERIVED NSC TRANSPLANTATION INTO
THE HIPPOCAMPUS INHIBITS POST-STATUS
EPILEPTICUS SPONTANEOUS RECURRENT
SEIZURES AND MEMORY DYSFUNCTION ON A
LONG-TERM BASIS

Hattiangady, Bharathi'?, Upadhya, Dinesh'?,

Shuai, Bing'? and Shetty, Ashok K.'?, lInstitute for
Regenerative Medicine, Texas A&M HSC College of
Medicine, Temple, TX, U.S,, 20lin E. Teague Veterans'
Medical Center, Central Texas VA Health Care
System, Temple, TX, U.S.

An episode of status epilepticus (SE) can lead to temporal
lobe epilepsy (TLE) in a sizeable fraction of SE patients.
The attributes of TLE comprise spontaneous recurrent
seizures (SRS) and memory dysfunction, which are linked
with substantial loss of principal and GABA-ergic inter-
neurons and altered neurogenesis in the hippocampus.
We tested whether grafting of chlorodeoxyuridine (CldU)
labeled neural stem cells (NSCs) derived from the embry-
onic (E13.5) medial ganglionic eminence (MGE) into the
hippocampus early after SE would modulate the evolu-
tion of SE into TLE. The choice of MGE-NSCs is based on
their ability to generate GABA-ergic interneurons and as-
trocytes secreting GDNF. We induced SE in young adult
F344 rats via graded intraperitoneal injections of kainic
acid, terminated acute seizures two-hours after SE by an
injection of diazepam, and grafted MGE-NSCs into the hip-
pocampus a week later (3 grafts/hippocampus, 100,000
live cells/graft, SE-grafted animals). Another group of
rats that underwent SE was maintained as controls (SE-
alone animals). Evaluation of spatial learning and mem-
ory retrieval function in the 6th month after SE through
a water maze test revealed spatial memory retrieval
dysfunction in SE-alone animals but not in SE-grafted
animals. Analyses of SRS through continuous video-elec-
troencephalographic recordings taken in the 8th month
after SE revealed that, in comparison to SE-alone ani-
mals, SE-grafted animals display dramatic reductions in
the frequency and intensity of SRS. The reductions were
87% for the frequency of SRS, 30% for the duration of
individual SRS, and 90% for the percentage of time spent
in seizure activity. Graft-derived cells survived well and
displayed pervasive migration in the host hippocampus.
A significant fraction of graft-derived cells also migrated
into the neurogenic subgranular zone. The hippocampus
of SE-grafted animals in addition displayed greater levels
of normal neurogenesis, higher numbers of host neuro-
peptide Y and parvalbumin expressing interneurons and
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reduced aberrant neurogenesis than the hippocampus of
SE-alone animals. Phenotypic analyses of graft-derived
cells are in progress. Thus, MGE-NSC grafting interven-
tion into the hippocampus early after SE is effective for
greatly restraining SRS and memory dysfunction on a
long-term basis.

Funding Source: Emerging Technology Funds from the
State of Texas to A.K.S.; VA Merit Award from the Depart-
ment of Veterans Affairs to A.K.S.

W2033

USING MESC-DERIVED NEURONS GROWN

ON MULTI-ELECTRODE ARRAYS AS AN IN-
VITRO BIOASSAY FOR THE DETECTION OF
CLOSTRIDIUM BOTULINUM NEUROTOXINS

Jenkinson, Stephen P.'?, Avondet, Marc-André?,
Grandgirard, Denis!, Heidemann, Martina3, Tscherter,
Anne® and Leib, Stephen L.', 'Neuroinfectiology
Laboratory, Institute for Infectious Diseases (IFIK),
University of Bern, Bern, Switzerland, ?Biology
Division, The Spiez Laboratory, Swiss Federal Office
for Civil Protection, Spiez, Switzerland, 3Department
of Physiology, University of Bern, Bern, Switzerland

Clostridium botulinum neurotoxins (BoNTs) are the most
poisonous naturally occurring protein toxins known to
mankind, the toxicity range in humans starting as low as
0.3 ng/kg when administered intravenously. All BoNT
serotypes (A-G) consist of two subunits, a = 100-kDa
heavy chain (HC) and a = 50-kDa light chain (LC), which
are linked by a disulphide bond. Upon binding to specif-
ic membrane receptors on the neurolemma of neurons,
the HC translocates the LC over the membrane where it
exerts its cleaving activity against SNARE proteins, thus
inhibiting neurotransmitter release. Currently, the poten-
cy of biologically active BoNT is monitored using the mu-
rine LD, -assay. Using differentiated neurons from mouse
embryonic stem cells (MESC), we intend to develop an
in-vitro assay capable of detecting BoNT activity using
electrophysiological recording techniques. mESC are dif-
ferentiated towards neurons by embryoid body (EB) for-
mation. After 7 days the EBs are dissociated and the cells
are cultured for 3 weeks on multi-electrode arrays (MEAS)
allowing the extracellular recording of spontaneous neu-
ronal activity. The cultures are then treated with different
concentrations of BoNT serotype A (BoNT/A) and spon-
taneous network bursts, evoked through synaptic trans-
mission, as well as total network activity are recorded 6
hours after exposure to the toxin. 48 cultures from 6 in-
dependent experiments were assessed. 23 cultures were
used to quantify the effect of the toxin on synapses and
treated with either 25ng/ml or 2.5ng/ml BoNT/A. 25 cul-
tures served as control and did not receive any treatment.
Exposure to BoNT/A for 6 hours resulted in a significant
decrease of the burst rate for toxin concentrations of

co-sponsored by:

25ng/ml (49.5 + 27.2; p<0.0005; n=7) and 2.5ng/ml (66.7
+ 42.5; p<0.005; n=16) compared to untreated cultures
(100 * 20.3; n=25). A significant decrease in the total net-
work activity was observed for toxin concentrations of
25ng/ml (45.5 + 48.0; p<0.005; n=7) and 2.5ng/ml (78.0
+ 70.9; p<0.05; n=16) compared to untreated cultures
(100 * 31.9; n=25) The present assay detects toxin activi-
ty of BoNT/A. Thus proof of principle has been achieved.
Given sufficient robustness and a further increase in sen-
sitivity to detect BoNT/A, this assay may replace the mu-
rine LD50-assay in e.g. the batch control of pharmaceuti-
cal products.

W2035

SINGLE CELL RNA SEQUENCING RESOLVES
DISTINCT LMX1A EXPRESSING NEURAL
LINEAGES IN THE DEVELOPING VENTRAL
MIDBRAIN

Kee, Nigel', Dahl, Lina', Volakakis, Nickolaos', Kirby,
Agnete?, Nolbrant, Sara®, Joomardi, Eliza', Gillberg,
Linda', Bjoklund, Asa*, Storvall, Helena', Sandberg,
Rickard', Parmar, Malin®* and Perlmann, Thomas®,
'LICR, Stockholm, Sweden, ?Wallenberg Neuroscience
Center, Lund, Sweden, 3Lund University, Lund,
Sweden, “Scillfe Laboratories, Stockholm, Sweden,
SDepartment of Cell and Molecular Biology (CMB),
Karolinska Institutet, Stockholm, Sweden

Neural stem cells, in response to developmental cues,
form a stringently patterned neural tube that in time gen-
erates the immense neural diversity and anatomical intri-
cacy found in the adult CNS. Dopaminergic (DA) neurons
arising in the ventral midbrain (vMB) have been exten-
sively studied, in part due to the prospect of engineering
stem cells into dopamine neurons for cell replacement in
Parkinson's disease. However, classical approaches used
to interrogate VMB neuron development and diversity
are hamstrung by the mixtures of multiple neural lineages
and maturation stages found in whole tissue dissections.
To circumvent this challenge, we have utilized single-cell
RNA-sequencing to reconstruct the differentiation of
neuronal lineages in the mouse vMB between embryon-
ic day 10.5 and 13.5. This comprehensive and unbiased
approach provided a robust genome-wide reconstruc-
tion of how neural stem cells expressing the transcription
factor Lmxla transition into postmitotic differentiating
neurons. In vivo validation of one distinct gene signature
has uncovered an unexpected but considerable similar-
ity between developing DA neurons, and more rostrally
developing glutamatergic neurons of the Subthalamic
Nucleus. Importantly, this similarity was preserved also in
the developing human vMB, highlighting the significant
challenge of generating pure cultures of DA cells for use
in transplantation settings. Thus, single-cell RNA-seq can
successfully interrogate fine lineage diversity, revealing
developmental insights pertinent to stem cell engineering.
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REGION-SPECIFIC NEURAL STEM CELL
LINEAGES REVEALED BY SINGLE-CELL RNA-
SEQ FROM HUMAN EMBRYONIC STEM CELLS

Levi, Boaz', Krostag, Anne-Rachel', Ku, Sherman!,
Martinez, Refugio’!, Menon, Vilas', Mich, John Kenneth,
Yao, Zizhen', Mulholland, Heather!, Bort, Susan’,
Fuqua, Maggie', Furchtgott, Leon?, Gregor, Ben

W., Hodge, Rebecca D.!, Jayabalu, Anu', May, Ryan
C.!, Nelson, Angelique', Ngo, N. Kiet!, Shapovalova,
Nadiya V., Shehata, Soraya |., Tait, Leah J.!, Thomsen,
Elliot!, Ye, Chaoyand!, Glass, lan3, Kaykas, Ajamete',
Yao, Shuyuan!, Phillips, John W.,, Thompson, Carol,
Grimley, Joshua S|, Wang, Yanling' and Ramanathan,
Sharad?, 'Allen Institute for Brain Science, Seattle,
WA, U.S., 2Harvard University, Cambridge, MA, U.S,,
SUniversity of Washington, Seattle Children’s Hospital,
Seattle, WA, U.S.

The human brain is a profoundly complex organ com-
posed of billions of neurons, representing tens to hun-
dreds of interconnected cell types, and elegantly assem-
bled into an organ capable of consciousness, reason, and
personality. The functions of human brain are orchestrat-
ed through highly inter- or intra-connected regions that
are developmentally defined as the forebrain, the mid-
brain and the hindbrain. Here, we present a human brain
cell-type lineage tree through analysis of differentiated
human embryonic stem cells (hESCs), and comparison
with primary in vivo samples. Progenitors and neurons
were transcriptionally profiled at single-cell resolution
throughout the differentiation time-course. The regional
identities of the stem cell-derived cells - including devel-
oping cortex, ganglia eminences, and mid/hindbrain at
early to mid-gestation - were validated by mapping the
gene expression data to existing atlases and primary hu-
man fetal tissue. An inferred lineage tree was derived from
the single-cell gene expression data and was consistent
with clonal fate-mapping analyses. This work highlights a
forebrain and mid/hindbrain lineage branch and the earli-
est molecular steps in establishing region-specific neural
lineages. In summary, through comprehensive single-cell
transcriptomic profiling, we present a hESC-derived lin-
eage tree of multiple brain regions and demonstrate its
similarity to progenitors and neurons found in primary
tissues.
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W2039

MUTATED Nox3 CAUSES EXCESSIVE
CEREBELLAR GRANULE CELLS PROGENITORS
PROLIFERATION

Mazzonetto, Patricia Camacho’, Ariza, Carolina
Batista? Sousa, Tiago Antonio3, Ko, Gui Mi4, Galindo,
Layla Testa', Massironi, Silvia Maria Gomes?® and
Porcionatto, Marimélia?, 'Universidade Federal de

Sao Paulo, Sdo Paulo, Brazil, 2Universidade Estadual
de Londrina, Londrina, Brazil, *Universidade de Sdo
Paulo, Sdo Paulo, Brazil, “Universidade Federal de Sao
Paulo, Sdo Paulo, Brazil

The cerebellum is the region in the central nervous sys-
tem responsible for motor coordination and balance. It is
an excellent model to study central nervous system de-
velopment as it gathers important cellular events such
as proliferation, migration and differentiation of neuronal
precursors. A mouse lineage presenting lack of motor co-
ordination was selected in an ENU mutagenesis project
and was named equilibrio (eqlb; balance, in Portuguese).
These mice have increased proliferation of cerebellar
granule neuron progenitors during early postnatal de-
velopment (up to 15 days after birth), as well as disorga-
nized Purkinje cell layer. Genetic mapping by polymorphic
microsatellite analysis and Next Generation Sequencing,
identified the mutation as an A>T transversion at posi-
tion 190 (transcribed sequence) in Nox3 gene, located on
mouse chromosome 17. The mutation causes the substitu-
tion of Asp by Tyr at position 64 of the protein, generat-
ing a putative phosphorylation site inexistent in wild type
NOX3. Furthermore, eglb mice (renamed Nox3"¢4Y) has
higher expression of Noxl, indicating a possible compen-
sation caused by the expression of mutated Nox3. NOX3
is a NADPH oxidase belonging to a family of transmem-
brane proteins which main function is to reduce molecu-
lar oxygen to form reactive oxygen species (ROS). ROS
produced by NOX can modulate cell signaling in various
physiological processes including proliferation. Because
SHH (Sonic Hedgehog), secreted by Purkinje cells, is the
main mitogen for neuronal cell precursors in the develop-
ing cerebellum, our goal was study the role of NOX and
ROS in the control of proliferation of granule cell progen-
itors and cerebellar neural stem cells by SHH signaling
pathway. Nox3N64Y mice cerebellar neural stem cell and
neuronal progenitors produce high levels of ROS after 7
days in culture. Moreover, Nox3N64Y cells show increased
expression of Glil, Gli2, and Rb1 (Retinoblastoma 1), and
decreased expression of Cdkn2A (cyclin-dependent ki-
nase inhibitor 2A). Our hypothesis is that SHH is the main
pathway affected by mutated Nox3 and ROS has an im-
portant role for the increased proliferation in Nox3N64Y
cerebellar neural stem cell and neuronal progenitors.

Funding Source: Fapesp and Cnpqg
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W2041

HUMAN LEUKOCYTE ANTIGEN (HLA)-
MATCHED CELL TRANSPLANTATION FOR
PARKINSON'S DISEASE WITH INDUCED
PLURIPOTENT STEM CELLS

Morizane, Asuka', Kikuchi, Tetsuhiro', Doi, Daisuke?,
Okita, Keisuke', Mizuma, Hiroshi®, Takara, Sayuki®,
Onoe, Hirotaka3, Hayashi, Takuya?®, Shiina, Takashi4,
Ishigaki, Hirohito®, Ogasawara, Kazumasa®, Yamanaka,
Shinya' and Takahashi, Jun’, 'Center for iPS Cell
Research and Application, Kyoto University, Kyoto,
Japan, 2Center for IPS Cell Res & Application,
Kyoto city, Japan, *RIKEN Center for Life Science
Technologies, Kobe, Japan, “Tokai University,
Kanagawa, Japan, °Shiga University of Medical
Science, Shiga, Japan

One of the advantages of induced pluripotent stem cells
(iPSCs) for regenerative medicine is the possibility of
autologous cell transplantation. The autologous strat-
egy, however, need long time and high cost to prepare
the donor cells for each patient. Human leukocyte anti-
gen (HLA)-matched allogeneic transplantation would be
more practical in the clinical situation. For this purpose, iP-
SCs from healthy volunteers that have HLA homozygotes
(homo-iPSCs) will be stocked in our iPSC stock project.
To confirm the efficacy of this strategy, we investigated
the monkeys that received the major histocompatibility
complex (MHC)-matched allogeneic dopamine neural cell
grafts differentiated from the MHC-homo monkey iPSCs.
The dopamine neural cells were differentiated through a
protocol that included the dual SMAD inhibition strategy.
The differentiated dopamine neurons were transplanted
to the brains of both MHC-matched and -mismatched an-
imals. After transplantation, positron emission tomogra-
phy (PET) images of (S)-"C-KTP-Me and "C-PK11195 were
taken periodically for the estimation of the host brain’s
inflammation. Finally histological observations were per-
formed. The MHC-matched allogeneic grafts showed less
inflammatory response and better survival of the graft-
ed dopamine neurons than the MHC-mismatched grafts.
In some MHC-mismatched animals we observed accu-
mulation of lymphocytes and activated microglia in the
graft. Those animals with post-operative inflammation
had shown higher reactivity in the pre-operative mixed
lymphocyte reaction between the donor and the hosts.
The PET scan also detected the post-operative inflamma-
tion in the live animals. The brain has been considered as
immunologically privileged site. However, increasing evi-
dence has shown the brain has an immune response after
cell transplantation. Our results showed this response is
less in MHC-matched transplantation than -mismatched
one. Although immune suppression was not performed
in this study at all, in the clinical situation, immune sup-
pressive drugs might work for controlling the immune re-
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sponse. Preoperative MLR and postoperative PET imag-
ing study will be helpful to monitor the immune response
and to adjust the immunosuppressive strategies.

W2043

RESCUE OF MYELINATION DEFECTS IN
PELIZAEUS MERZBACHER DISEASE PATIENT-
DERIVED IPS CELLS BY IRON-CHELATION
THERAPY

Nobuta, Hiroko', Yang, Nan?, Ng, Yi Han?, Marro,
Samuele?, Zhao, Chao3, Franklin, Robin?, Kriegstein,
Arnold R, Rowitch, David" and Wernig, Marius?®, 'Eli
and Edythe Broad Center of Regeneration Medicine
and Stem Cell Research, University of California

San Francisco, San Francisco, CA, U.S., 2Institute

for Stem Cell Biology and Regenerative Medicine,
Stanford University, Stanford, CA, U.S,, 3Wellcome
Trust-MRC Cambridge Stem Cell Institute, University
of Cambridge, Cambridge, U.K., “Department of
Neurology, University of California, San Francisco,
San Francisco, CA, U.S., *Department of Pediatrics,
University of California, San Francisco, San Francisco,
CA, U.S,, 6Stanford University, Stanford, CA, U.S.

Pelizaeus Merzbacher Disease (PMD) is a pediatric onset,
progressive central nervous system disorder affecting
oligodendrocytes, the myelinating glial cells. Causative
mutations in PLP1 gene identified in patients afford us to
study mechanisms underlying the disease. We demon-
strate using patient-derived iPS cells, targeted gene cor-
rection, pharmacological intervention, human brain slice
culture model, and mouse in vivo transplantation model
that phenotype of PLP1 mutations causing severe, ear-
ly-onset PMD can be rescued by controlling iron-mediat-
ed toxicity. In iPS cell-based disease modeling, the patient
iPS cells produced reduced number of oligodendrocytes
associated with increased apoptotic cell death, matura-
tional arrest, and morphological abnormality, all of which
were rescued in the gene-corrected isogenic wildtype
cells. The gene-corrected cells were capable of forming
compact myelin sheaths /in vivo in transplanted mouse
brains. When cells were plated on human brain slice cul-
ture, they differentiated to mature oligodendrocytes with
similar morphology to endogenous human oligodendro-
cytes. Interventional screenings inferred from rodent PMD
models identified overt iron-mediated toxicity as a poten-
tial disease mediator. When the iron levels were reduced
with iron-binding protein apo-transferrin or iron-chelating
drug deferoxamine, the patient-derived cells regained ca-
pacity to differentiate into mature oligodendrocytes. The
rescued disease phenotype was associated with reduced
oxidative stress and apoptotic cell death. Mechanistically,
the mutant cells showed hypersensitivity to iron and ac-
cumulated lipid specific reactive oxygen species. Coun-
teracting lipid oxidative stress with lipophilic antioxidants
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but not hydrophilic antioxidants was effective in rescuing
the mutant phenotype similar to iron chelation. Thus, PLP1
mutation renders intolerable iron-mediated lipid oxidative
stress in oligodendrocytes, and iron chelation or lipophilic
antioxidants are potential therapeutic interventions that
necessitate further validations.

W2045

REGULATION OF MAMMALIAN HINDBRAIN
NEURAL STEM/PROGENITOR POOL
MAINTENANCE BY B-CATENIN AND
SUPPRESSOR OF FUSED (SUFU)

Pan, Wenaqi', Hor, Catherine Hong Huan?, Hui, Chi-
chung® and Sham, Mai Har?, 'the University of Hong
Kong, Hong Kong, Hong Kong, The University of
Hong Kong, Hong Kong, Hong Kong, 3SickKids, The
Hospital for Sick Children Research Institute, Toronto,
ON, Canada

Wnt/B-catenin signaling is well characterized for the
proliferation and differentiation control of stem and pro-
genitor cells in various systems. However the potential
regulators and molecular mechanisms for the pathway
during embryonic central nervous system development is
not very clear. In this study, we have found that B-catenin
is playing an essential role in the maintenance of devel-
oping hindbrain neural progenitor pool using B-catenin
mutant mouse models. Conditional knock-out of B-cat-
enin in mouse developing rhombomere 4 (b-cat-r4LoF)
leads to an expansion of Tujl+ population at the expense
of Sox2+ neural progenitors. Moreover, Tujl+ neurons are
identified at the ventricular side of the neuroepithelium
in b-cat-r4CKO embryos. The expressions of dorsal-ven-
tral progenitor patterning genes including Nkx2.2, Nkx6.1,
Pax6 and Pax7 seem unaffected in b-cat-r4LOF, although
the neural progenitors are not well aligned along the
ventricular layer. In contrast, conditional stabilization of
B-catenin in r4 (b-cat-r4GoF) displays a reversal of Sox2/
Tujl population imbalance. Interestingly, progenitor pat-
terning genes such as Nkx2.2, Pax6 are not expressed in
b-cat-rdGOF rhombomere, while Nkx6.1 and Pax7 remain
expressed. What is more, the suppression of Pax6 by sta-
bilized B-catenin seems cell-autonomous. These data sug-
gest that a proper level of B-catenin is required for progen-
itor pool maintenance and patterning gene expressions in
developing hindbrain. In addition, we identified Suppres-
sor of fused (Sufuw), a negative regulator of Hedgehog/Gli
signaling pathway, as a potential modulator of p-catenin
in r4, since loss of Sufu (Sufu-r4CKO) will lead to a rise
in the protein amount and nuclear localization of active
B-catenin. Sufu-r4CKO shows an expansion of Sox2+ neu-
ral progenitor pool together with a loss of Tujl+ neurons.
In Sufu; B-catenin compound loss-of-function mutant,
the imbalance between progenitor/neurons is alleviated
compared with Sufu-rdCKO. What is more, when Sufu is
removed in the b-cat-r4dGOF mutant, the progenitor pro-
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portion is further enhanced against neurons. In summary,
our data indicate that Sufu may be a possible regulator
of B-catenin signaling in controlling neural stem cell/ pro-
genitor pool maintenance during mammalian hindbrain
development.

Funding Source: This project is supported by a research
grant from the Hong Kong Research Grant Council (RGC
GRF 17118314)
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OPTOGENETIC INVESTIGATION OF
EFFECTS OF BETA-CATENIN SIGNALING
DYNAMICS ON ADULT NEURAL STEM CELL
DIFFERENTIATION

Rosenbloom, Alyssa', Bugaj, Lukasz? Kane, Ravi® and
Schaffer, David', 'University of California, Berkeley,
Berkeley, CA, U.S., 2University of California Berkeley,
Berkeley, CA, U.S,, 3Georgia Institute of Technology,
Atlanta, GA, U.S.

Adult neural stem cells (NSC) contribute new neurons
in specific regions of the brain to modulate learning and
memory, and they represent therapeutic targets due to
their potential roles in disease pathologies and promise
in cell replacement therapies. The adult NSC microenvi-
ronment is highly dynamic, with signaling molecules like-
ly varying in concentration and duration at timescales
ranging from electrophysiological activity, to circadian
rhythm, to environmental cues. Wnt signaling activates
B-catenin signaling, which regulates the differentiation of
adult hippocampal neural stem cells in vivo and in vitro.
To address the question of how dynamics in signaling
impacts cell function, our lab developed a tunable opto-
genetic system to modulate B-catenin signaling via Cry2
oligomerization of the LRP6 intracellular domain (Nature
Methods, 2013). Similar to Wnt3a activation of the canon-
ical Wnt pathway, blue light illumination of Cry2-LRP6¢c
expressing NSCs induces robust neuronal differentiation.
This raises the question: do stem cells differentiate sim-
ply when the integral of a signal during a given temporal
window exceeds a key threshold, or do dynamics in signal
presentation matter? Continuous illumination at different
light intensities in vitro resulted in a progressive, saturable
increase in neuronal differentiation from 5% to 60%. How-
ever, variation in signaling intensity over time yielded dif-
ferent results. Specifically, we observed that initial pulses
of light for variable duration, or oscilllating illumination at
frequencies >12 hours, yielded considerably less neuronal
differentiation than in cells that received the same overall
signal dosage but with continuous illumination. Further-
more, this signal stimulation followed by signal loss led
to increased apoptosis, indicating exposure to the differ-
entiation signal also rendered cells dependent upon it for
survival, potentially offering a mechanism for removal of
incompletely or poorly differentiated stem cells from tis-
sue. In sum, these results harness optogenetics to demon-
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strate that not only the overall dosage of a signal but
temporal dynamics in its presentation can exert a strong
impact on stem cell behavior, work that offers further in-
sights into the biology and translational potential of adult
neurogenesis.

Funding Source: Ruth L. Kirschstein National Research
Service Award Fellowship from the National Institute of
Neurological Disorders and Stroke (NIH)

W2049

NEURONAL DIFFERENTIATION OF
ENGINEERED INDUCED PLURIPOTENT STEM
CELLS AS AN APPROACH TO STUDY THE
PATHOPHYSIOLOGY OF PARKINSON'S
DISEASE

Sivapatham, Renuka'?, Pei, Ying®, Gerenscer, Akos

Al, Meyer, Morten?, Rao, Mahendra S* and Zeng,
Xianmin'®, 'Buck Institute for Research on Aging,
Novato, CA, U.S., 2University of Southern Denmark,
Novato, CA, Denmark, *Buck Institute for Research on
Aging, Novato, CA, U.S., “NxCell Science, Novato, CA,
U.S., 3XCell Science, Novato, CA, U.S.

Parkinson’s disease (PD) is one of a class of neurodegen-
erative diseases, which cause a progressive loss of specific
subclasses of neurons. Both familial and sporadic version
of the disease has been identified and several of the genes
underlying familial PD have been identified. Many of these
genes appear to affect mitochondrial biology and some
may interact with each other. PINK-1 is a mitochondrial
protein kinase that was identified as a gene regulated by
the AKT/PTEN pathway. Mutations in the gene encoding
PINK-1 are a cause of early-onset, autosomal-recessive
PD. In this study, we used isogenic PINK1 induced plurip-
otent stem cells (iPSC) to show that mutations in PINK1
alter neuronal proliferation. The same phenotype was
confirmed in an isogenic PARK2 null line. Whole genome
expression profiling at various stages of differentiation
confirmed the mitochondrial phenotype and identified
pathways altered by PINK1 dysfunction. The mitochondri-
al phenotype was also seen in non-midbrain neurons dif-
ferentiated from the PARK2 null line, as was the functional
phenotype of reduced proliferation in culture. Our results
are consistent with current model of PINK1 function where
damaged mitochondria are targeted for degradation via a
PARK2/PINK1 mediated mechanism.

co-sponsored by:

W2051

MIGRATORY CHARACTERISTICS OF SKIN-
DERIVED NEURAL PRECURSORS: A NOVEL
STEM CELL REPLACEMENT THERAPY FOR
ALZHEIMER'S DISEASE.

Truong, Nguyen T.A.!, Lowe, Aileen?, Valenzuela,
Michael®* and Duncan, Thomas? 'The University of
Sydney, Camperdown, Australia, ?The University of
Sydney, Sydney, Australia, 3School of Psychiatry,
University of New South Wales, Sydney NSW,
Australia

Skin-derived neural precursors (SKNs) are a novel source
of autologous stem cells with the potential to overcome
currentissues impeding regenerative therapy for neurode-
generative diseases. While their capability for proliferation
and neuronal differentiation in vitro has been well-estab-
lished, and their therapeutic potential to restore neuronal
connectivity demonstrated in aged rats, the migratory
characteristics of SKNs have yet to be characterised and
is therefore the focus of this study. SKNs were generat-
ed from adult canine and human skin biopsies using our
unique 2-step culture method. In vitro chemotaxis assays
were performed using the IBIDI microfluidic device to
identify molecular cues of SKN migration. To study migra-
tion in vivo, fluorescently-labelled SKNs were transplant-
ed into the aged rat hippocampus, followed by histolog-
ical analysis at days 3, 7, 10 and 140 post-transplantation
to track their displacement, maturation and integration
over time. In vitro, canine SKNs exhibited random move-
ments in the absence of chemoattractants, as indicated
by p > 0.05 in the Rayleigh test for chemotactic potential
and lack of moving direction. Conversely, directed migra-
tion was induced by concentration gradients of growth
factors BDNF (p < 0.0001), IGF-1 (p = 0.0015) and VEGF
(p = 0.0056). Calculating the Euclidean distance travelled
by SKNs showed the greatest migratory potential oc-
curred when exposed to BDNF (p < 0.05) and VEGF (p <
0.001). In vivo, transplanted canine SKNs migrated exten-
sively over large distances by day 7 post-transplantation,
with a predilection to the CA1 hippocampal subregion. In
vitro results demonstrate a strong migratory potential of
SKNs, and is supported by in vivo findings that show ca-
nine SKNs migrate extensively following transplantation,
differentiating into mature neurons and populating all
hippocampal subregions. More importantly, despite their
non-neural origin, SKNs respond to chemotactic factors
known to be important for migration of endogenous hip-
pocampal neural precursors, suggesting a similar migra-
tory mechanism to hippocampal neurogenesis. Ongoing
studies will identify other molecular regulators of SKN mi-
gration and further characterize the migration of human
SKNs in the aged rat hippocampus.
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SUFU REGULATES THE SPECIFICATION AND
PROLIFERATION OF NEURAL PROGENITORS
VIA DISTINCT MECHANISMS IN THE
DEVELOPING NEOCORTEX

Yabut, Odessa', Fernandez, Gloria!, Huynh, Trund',
Ng, Hui-Xuan', Yoon, Keejung? and Pleasure, Samuel’,
'University of California San Francisco, San Francisco,
CA, U.S., 2Sungkyunkwan University, Suwon,
Gyeonggi-do, Korea

Neural progenitors in the embryonic neocortex must be
tightly regulated to generate the proper number and
subtypes of neurons and glial cells in the mature neo-
cortex. Our studies reveal that the intracellular protein,
Suppressor of Fused (Sufu), regulate the specification
and proliferation of cortical progenitors via distinct mo-
lecular mechanisms. Conditional deletion of Sufu in cor-
tical progenitors at early stages of corticogenesis (E10.5;
Emx1ere+:Sufuf) results in the ectopic activation of Sonic
Hedgehog (Shh) signaling due to the complete degrada-
tion of both Gli3 activator (Gli3A) and repressor (Gli3R).
These defects lead to the misspecification of Pax6+ and
Tbr2+ progenitors and the progressive loss of Tbr2+ pro-
genitors. Also, widespread abnormalities in progenitor
proliferation are present in a region-specific manner (i.e.
the dorsomedial regions exhibit an increase in progenitor
proliferation while the dorsal regions exhibit a decrease).
Indeed, RNA-Seq analyses of the E12.5 Emxlce/*;Sufu®/
fi identified altered expression of prominent cell cycle
and proliferation genes. In contrast, conditional deletion
of Sufu at mid-corticogenesis (E13.5; hGFAP*;Sufuf/m )
does not disrupt the specification of progenitors but only
cause an increase in the proliferation of neuronal and glial
precursors. However, unlike in the Emx1e¢/+;Sufuf® mice,
Gli3A and GIli3R proteins are present. This suggests that
Sufu regulates specification and/or proliferation using
distinct mechanisms during corticogenesis. These find-
ings emphasize the need to further dissect the molecular
properties of cortical progenitors spatially and tempo-
rally, and how these properties influence the function of
critical regulators, such as Sufu, in the specification and
proliferation of neuronal and glial lineages.

Funding Source: This research is supported by NIH NINDS
RO1 NSO75188 (SP) and Ruth L. Kirschstein National Re-
search Service Award F32NS087719 (QY).
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W2055

AMYLOID BETA-ACTIVATED mTORCI
INCREASES CYCLIN D1/CDK4 AND CYCINE/
CDK2 LEVELS LEADING TO TAU HYPER-
PHOSPHORYLATION-INDUCED NEURONAL
APOPTOSIS

Han, Ho Jae', Lee, Ki Hoon', Kim, Dah Ihm!, Choi,
Gee Eun', Ko, So Hee!, Lee, Hyun Jik!, Ryu, Jung Min?
and Mohamed, Gabr Amr Ahmed', 'Seoul National
University, Seoul, Korea, South, 2Chonnam National
University, Gwang-ju, Korea, South

Alzheimer’s Disease (AD) is neurodegenerative disor-
der induced by AP resulting in Tau hyperphosphoryla-
tion, which is associated with neuronal cell apoptosis. As
there has been no defined therapeutic target for AD, we
investigated critical signaling pathway regulating AB-in-
duced apoptosis in SK-N-MC. In our results, AB increased
cleaved caspase 3 expression and apoptosis in a dose-
dependent manner. We also demonstrated that Ap in-
creased ROS generation, followed by HIF-la expression.
In addition, AB stimulated mTOR phosphorylation, which
is inhibited by HIF-1a siRNA transfection. Our results show
that AB-induced mTOR activation increased CDK2 and
CDK4 mRNA expressions, but not CDKI. Moreover, we
confirmed that inhibition of autophagy by AB-induced
MTOR activation increased CDK2 and CDK4 accumula-
tion, which are blocked by autophagy inducer. mTOR-in-
duced CDKs upregulation contributed to Tau hyperphos-
phorylation. Furthermore, we confirmed that both mTOR
and CDKs inhibition and mTOR-independent autophagy
induction prevented AB-induced apoptosis. Especially,
mMTOR inhibition had more protective effect than either
CDKs inhibition or autophagy induction. In conclusion, we
demonstrated that AB-activated mTOR by HIF-Ta regulat-
ed both transcription and autophagy of CDK2 and CDK4
which are essential for tau hyperphosphorylation leading
neuronal cell apoptosis.

REPROGRAMMING

W2061

APPROACHES TO ACHIEVE CONSISTENT
REPROGRAMMING FROM HUMAN BLOOD
CELLS

MacArthur, Chad C., Sridharan, Mahalakshmi and
Lakshmipathy, Uma, Thermo Fisher Scientific,
Carlsbad, CA, US.

A major use of induced pluripotent cells (iPSCs) is the
ability to create patient-derived cells that may be used
in a number of different applications including disease
modeling, drug screening, and personalized medicine. Fi-
broblasts collected by skin punch biopsy are a common
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source of cells used to create iPSC, but this collection pro-
cess is more inconvenient to the patient than a standard
blood draw. Various sources of blood cells have been
used for the generation of iPSC such as CD34+ cells from
bone marrow or umbilical cord, total mononuclear cells
from peripheral blood, and a single drop of blood from a
finger prick. Here, we evaluate different blood cell types
from different sources for relative consistency in generat-
ing iPSCs. CD34+ cells consistently provided a high lev-
el of iPSC generation both under feeder- dependent and
feeder-free conditions. Mononuclear cells from peripheral
blood cells comprised of several subcell types including
CD34+, erythroblastoid, T- and B- cells, can be consistent-
ly reprogrammed using an optimal combination of culture
media and cytokines using Sendai virus. However, 5-fold
greater numbers of cells are required compared to CD34+
cells. In order to enable reprogramming with smaller vol-
umes, a single drop of blood was successfully used to
generate iPSC, albeit with varying efficiency based on the
donor age. This further highlights the need for identifying
sources of variability and optimizing workflows required
for consistent iPSC generation from small sample sizes.
The relative convenience of collection and the high num-
ber of reprogrammable cells make blood a viable source
of cells to generate patient-derived iPSC.

W2063

IMPAIRED STAT3 FUNCTION AND
ATTENUATED REPROGRAMMING IN HIPSCS
FROM PATIENTS WITH AUTOSOMAL
DOMINANT HYPER IgG SYNDROME

Chen, Guibin, Laboratory of Cardiovascular
Regenerative Medicine, Center for Molecular
Modeling, National Heart, Lung, and Blood Institute,
National Institutes of Health, Bethesda, MD, U.S.

The induced pluripotent stem cell (iPSC) technology of-
fers a powerful tool to reprogram somatic cells to a plu-
ripotent state, which provides an opportunity to achieve
various types of stem cells for basic research and regener-
ative medicine. While the protocol to achieve pluripoten-
cy in human somatic cells is well established, the precise
molecular mechanisms regulating reprogramming have
not been fully elucidated, including the roles played by
the JAK/STAT3 signaling pathways. It has been demon-
strated that the Signal transducer and activator of tran-
scription 3 (Stat3) plays a central role for pluripotency
maintenance of mouse iPSCs, and for the complete re-
programming of mouse somatic cells. Although activation
of STAT3 was dispensable in maintaining human plurip-
otent stem cells, understanding of the STAT3-mediated
reprogramming in human somatic cells still remains un-
achieved. Autosomal dominant Hyper IgE Syndrome (AD-
HIES) is a rare, primary immunodeficiency that arises from
mutations in STAT3. To investigate the role of STAT3 in
reprogramming in human somatic cells, we generated iP-

co-sponsored by:

SCs from dermal fibroblasts and umbilical vein endothelial
cells (HUVECSs) isolated from AD-HIES patients. We found
that the reprogramming efficiency of both HUVECs and
fibroblasts is significantly reduced in AD-HIES compari-
son with that of health donor. Over-expression of STAT3
in fibroblasts of HIES rescue the defect of reprogram-
ming efficiency while knock-down expression of STAT3
in fibroblast of health donor mimic the results generated
from AD-HIES. The results indicated that the activation of
STAT3 in human somatic cells is indispensable in repro-
gramming. Furthermore, We investigated the mechanism
in more details and found that STAT3 is critical in repro-
gramming of somatic cells through regulating of NANOG
and NANOG p8 expression. Notably, these HIES-iPSCs
generated can be further expanded, with growth rates
comparable to that of iPSCs derived from health donors
(WT-iPSCs). The HIES-iPSCs maintained normal karyo-
type and exhibit expression of pluripotency, and are able
to successfully differentiate into all three germ layers in
vitro. Therefore, our finding demonstrates the novel func-
tions of STAT3 enhancing its reprogramming efficiency in
human somatic cells.

W2065

DEFINING AN ESSENTIAL TRANSCRIPTION
FACTOR PROGRAM FOR MAMMALIAN INNER
EAR SENSORY HAIR CELL FATE USING
LINEAGE REPROGRAMMING

Gopalakrishnan, Suhasni', Menendez, Louise? Llamas,
Juan’, Tao, Litao', Makamura, Welly', Ichida, Justin'
and Segil, Neil', 'Broad CIRM Center, Keck School

of Medicine, University of Southern California, Los
Angeles, CA, U.S., ?Broad CIRM University of Southern
California, Los Angeles, CA, U.S.

Sensory hair cells located within the inner ear are vital for
our sense of hearing and balance. Hair cells are specialized
cells that detect movement in their environment through
mechanotransduction. These cells are remarkably sensi-
tive to both genetic and environmental stress, including
aging, excessive noise, and exposure to a number of oth-
erwise therapeutic drugs, such as aminoglycoside anti-
biotics and chemotherapy agents. Mammals, including
humans, are incapable of sensory hair cell regeneration,
leading to permanent hearing and balance impairments
in millions of people worldwide. Extremely limited avail-
ability and accessibility of biological material is a critical
roadblock to translational research for hearing loss. To
overcome this problem, we used viral transduction of lin-
eage specific transcription factors in human and mouse
fibroblasts to generate induced hair cells (iHCs). The iHCs
are positive for hair cell markers such as parvalbumin, My-
osinVI, otoferlin, and display polarized phalloidin staining.
Additionally, the iHCs appear to have functional mecha-
nosensitive channels based on rapid uptake of FM4-64
dye and the known ototoxin gentamicin. Furthermore,
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gene expression profiles of iIHCs and primary hair cells are
similar, and iHCs exhibit subtype specific markers of co-
chlear and vestibular hair cells. We are currently pursuing
a systematic identification of the key molecular networks
that specify and maintain hair cell fate and subtype spec-
ification using a combination of single cell analysis and
chromatin profiling (ATACseq) by comparing iHCs to the
primary hair cells. Strikingly, we find that the reprogram-
ming transcription factors induce robust conversion of in
vitro cultured inner ear supporting cells. The supporting
cells are normally resistant to transdifferentiation into hair
cell-like cells, suggesting that these factors could be used
for in vivo reprogramming to stimulate hair cell regenera-
tion. These studies establish our approach as a scalable in
vitro mammalian platform to generate hair cells to investi-
gate and elucidate molecular mechanisms of sensory hair
cell development and physiology, in vitro disease model-
ing, and drug discovery.

Funding Source: CIRM postdoctoral training grant, USC

W2067

DEVELOPMENT OF AN ENABLING SYSTEM
FOR HIGH EFFICIENCY REPROGRAMMING
AND CRISPR-BASED GENOME EDITING

Kehler, James', Pachiappan, Manickam', Yokoe,
Hiroko!, Liu, Binjun!, Gebeyehu, Gulilat!, Auerbach,
Jonathan', Jessee, Joel', Chen, Alice E.? and Yang,
Miranda?, 'MTI-GlobalStem, Gaithersburg, MD, U.S,,
2BioTime, San Diego, CA, U.S.

Two major recent advances in cell biology have ushered
in an age of functional human genetics. Reprogramming
of human somatic cells to induced pluripotent stem cells
(iPSC) is now performed routinely in many labs studying
various aspects of biology to capture unique genotypes
and phenotypes. Another emergent technology enabling
labs to perform controlled experimentation through pre-
cise genome editing is CRISPR/Cas9. Pluripotent stem
cells are an excellent starting point for genome editing.
However, the process has several technical bottlenecks
making it somewhat cumbersome. In order to streamline
the workflow and increase throughput while simultane-
ously enhancing accuracy, we have developed an inte-
grated transfection and culture system in which cells can
be reprogrammed and the resultant iPSC can undergo
genome editing. This platform consists of defined growth
medium, substrate and non-enzymatic passaging solution
that support single cell plating and clonogenic expansion,
and unique reagents and methodologies for efficient
nanovesicle-mediated transfer of macromolecules for
reprogramming and editing with high efficiency and low
toxicity. By optimizing unique chemistries and the timing
of delivery, we have created a flexible platform for the ef-
ficient delivery of CRISPR/Cas9 as a DNA plasmid or Cas9
MRNA in combination with small guide RNAs, or double
stranded oligomers expressing gRNA, supporting robust
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indel formation. Using this platform, we have established
optimal conditions for high levels of cellular transfection
at low confluency.

W2069

REACTIVE OXYGEN SPECIES - MEDIATED
IMPAIRMENT OF THE MESENCHYMAL TO
ENDOTHELIAL TRANSITION IN DIABETIC
HYPERGLYCEMIA

Lai, Li, Houston Methodist Research Institute,
Houston, TX, U.S.

Endothelial-to-mesenchyme transition plays a major role
in fibrotic disorders including the cardiac fibrosis that is
associated with diabetes. Recently, the reverse phenom-
enon i.e., Mesenchyme-to-endothelial transition (MEn-
doT) has been discovered as a physiological response
to myocardial ischemia. These induced endothelial cells
(iECs) contribute to the expansion of the microvascula-
ture so as to improve perfusion in the ischemic tissue. It is
known that angiogenesis is impaired in diabetes mellitus,
and contributes to poor wound healing and diabetic foot
ulcers. This study is to test whether high levels of glucose
impair MEndoT and whether inhibition of reactive oxygen
species (ROS) can ameliorate this transition. Previously
we have developed a non-viral methodology to generate
iECs which comprises a formulation containing a TLR3
agonist and EC growth factors. We assessed the effect
of high glucose conditions on iEC generation. Inhibitors
of most sources of ROS were imposed during the pro-
cess. We observed that high glucose conditions markedly
reduced the generation of iECs, an effect that could be
reversed by inhibitors of mitochondrial or cytoplasmic
ROS generation, as well as ROS scavengers. The quality
of iECs generated under high glucose conditions was also
impaired, as assessed by endothelial function assays, e.g.
tube formation on matrigel. This functional impairment
of iECs could also be reversed by antioxidants. We fur-
ther assessed transdifferentiation in vivo by matrigel plug
assay. In a subcutaneous pocket we embedded matrigel
containing human fibroblasts together with the iEC for-
mulation in vehicle- or streptozotocin-treated SCID mice.
After 2 weeks we analyzed the percentage of cells staining
for human CD31 within the matrigel plugs. We observed
a reduction in human CD31+ cells in the hyperglycemic
mice, an effect which was reversed by co-administration
of N-Acetyl-Cysteine in the matrigel. In conclusion, our
study identified for the first time the role of hyperglyce-
mia upon MEndoT, a newly discovered response to tissue
ischemia, and provides a mechanism for understanding
the impairment in endothelial transdifferentiation in dia-
betes mellitus.
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W2071

EFFECTS OF ADIPOSE TISSUE-DERIVED
MESENCHYMAL STEM CELLS ENGINEERED
WITH OCT4/SOX2 ON ANTI-INFLAMMATORY

Li, Qiang, Han, Sei-Myoung, Song, Woo-Jin, Park,
Sangchul, Ryu, Min-Ok, Lee, Ji-Ye, Jeon, Kee-Ok, Lee,
Bo-Yeon, Kweon, Kyeong, Chae, Hyung-Kyu, Kim,
Hyeon-Jin, Kim, Su-Yeon, Yang, Hye-Mi and Youn,
Hwa-Young, College of Veterinary Medicine, Seoul
National University, Seoul, Korea, South

During the inflammation process, macrophages as main
innate immune cell play a central role in mediating many
different immunopathological phenomena including the
overproduction of pro-inflammatory cytokines. Recent
works have been shown that Oct4 and Sox2 as main
self-renewal factor enhance proliferation and pluripo-
tency of adipose tissue-derived mesenchymal stem cells
(ATMSCs). However, anti-inflammatory effects of ATM-
SCs overexpressing Oct4 and Sox2 (Oct4/Sox2-ATM-
SCs) have not been determined. The aim of the present
study was to evaluate the anti-inflammatory effects of
Oct4/Sox2-ATMSCs. In vitro, green-fluorescent protein
(GFP) (control) and Oct4/Sox2-ATMSCs were cultured
for 48 h and the supernatant (conditioned media) was
collected to treat lipopolysaccharide (LPS)-induced Raw
264.7 cells. Subsequently, the levels of inflammatory cy-
tokines expression were determined using quantitative
real- time polymerase chain reaction analysis. In LPS
induced systemic inflammatory mice models, GFP- and
Oct4/Sox2-ATMSCs (1x107 cells/kg) were injected in-
traperitoneally and monitored by survival rate and sick
score (diarrhea, eye condition, activity and condition of
their fur). Oct4/Sox2-ATMSCs group further decreased
expression of pro-inflammatory cytokines (IL-1B, IL-6. and
TNF-a) from Raw 264.7 cells than GFP-ATMSCs group.
Comparison to GFP- with Oct4/Sox2-ATMSCs injected
mice, the total sick score was reduced to 1.53 fold, while
the survival rate was increased by 11.1%. Although further
studies of mechanisms are needed, these results suggest
Oct4/Sox2-ATMSCs may be developed as a novel thera-
py strategy of inflammatory diseases.

W2073

REPROGRAMMING CELLS IN THE BRAIN: THE
INFLUENCE OF CONVERSION FACTORS AND
ENVIRONMENT ON NEURONAL IDENTITY

Pereira, Maria'?, Ottosson, Daniella Rylander'3, Torper,
Olof® and Parmar, Malin®3, 'Lund University, LUND,
Sweden, ?Lund University, Experimental Medical
Science Department, Lund, Sweden, SLund University,
Lund, Sweden

Cellular reprogramming is a new and rapidly emerging
field where somatic cells can be turned into pluripotent
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stem cells or other somatic cell types simply by expres-
sion of specific combinations of genes. By viral expres-
sion of neural fate determinants, it is possible to directly
reprogram mouse and human fibroblasts into function-
al neurons, termed induced neurons (iNs). Direct neural
conversion can also be performed in vivo, where resident
glia is reprogrammed into neurons. We have developed a
Cre-dependent AAV-based vector system that efficiently
converts astrocytes and NG2-glia into functional neurons
in vivo (Torper et al., 2015). When converting striatal glia
using Ascll, Lmxla and Nurrl, the majority of the new neu-
rons are GABAergic and Glutamatergic, despite that the
same genes give rise to dopaminergic neurons when fi-
broblasts or astrocytes are converted in vitro (Caiazzo et
al., 2011; Addis et al., 2011).

In this study, we explore how cell fate identity is gov-
erned during conversion. In the first set of experiments,
the same conversion factors (Ascll, Lmxla and Nurr1) are
used to convert glia in different regions of the brain. After
12 weeks, the subtype identity of the resulting neurons in
the striatum, cortex and globus pallidus is analyzed based
on morphology, neurotransmitter identity and function-
al properties. In the second set of experiments, different
factor combinations are injected into the striatum and the
subtype identity of the resulting cells is analyzed after 12
weeks.

Together, the results will give a comprehensive picture of
how conversion factors and environment influence neu-
ronal identity after conversion of glia into neurons in vivo.

W2075

DIRECT CONVERSION OF PATIENT SPECIFIC
HUMAN NEURAL STEM CELLS FROM
NIEMANN-PICK DISEASE TYPE C PATIENT-
DERIVED FIBROBLAST

Shin, Ji-Hee', Sung, Eun-Ah', Yu, Kyung-Rok!, Choi,
Soon Won', Seo, Yoojin!, Kang, Insung' and Kang,
Kyung-Sun?, 'Seoul National University, Seoul, Korea,
South, 2Adult Stem Cell Research Center, Seoul
National University, Seoul, Korea, South

Niemann-Pick disease type C (NPC) is a neurodegener-
ative and lysosomal lipid storage disorder, characterized
by abnormal accumulation of unesterified cholesterol and
glycolipids, which is caused by mutations in NPC1or NPC2
genes. Here, we report the generation of human induced
neural stem cells from NPC patient-derived fibroblasts
(NPC-iNSCs) using only two reprogramming factors with-
out going through the pluripotent state. NPC-iNSC lines
were stably expandable and showed trilineage neural
differentiation potential. However, NPC-iINSCs displayed
cholesterol accumulation, defective self-renewal, and
neuronal differentiation, suggesting that NPC-iNSC lines
retain main features of NPC disease. We found that val-
proic acid (VPA), a histone deacetylase (HDAC) inhibi-
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tor, significantly ameliorated the cholesterol accumula-
tion and restored cholesterol homeostasis. Furthermore,
VPA corrected the impaired self-renewal and neuronal
differentiation of NPC-INSC lines. Taken together, these
findings suggest that NPC-iNSCs could provide a pow-
erful platform for pathological study or drug screening in
a patient specific manner and that this direct conversion
technology may extend to other human neurodegenera-
tive diseases.

W2077

A NOVEL SCREENING PLATFORM TO
IDENTIFY DRUGS WHICH REPROGRAM
PANCREATIC CANCER

Villarino, Nicholas, Sanford Burnham Prebys, La Jolla,
CA, US.

A Novel Screening Platform to Identify Drugs which Re-
program Pancreatic Cancer

Pancreatic Ductal Adenocarcinoma (PDA) is the 4t |ead-
ing cause of cancer in the US and has a predominantly
lethal prognosis. Unlike most other cancers, patient
lifespan post-PDA diagnosis has not changed in over 50
years, emphasizing the need for a breakthrough in thera-
peutic research. PDA originates in acinar cells, which se-
crete proteolytic digestive enzymes into the duodenum.
In response to oncogenic Kras, these cells undergo acinar
to ductal metaplasia and become highly proliferative. Our
lab has shown that expression of many basic helix loop
helix (bHLH) transcription factors declines as PDA pro-
gresses, suggesting a role for bHLH proteins in pancreas
homeostasis. Indeed, we showed that overexpression of
the bHLH protein E47 in PDA cell lines and patient de-
rived xenograft lines results in a return to a quiescent, ac-
inar-like state in part through the activity of the cell cycle
inhibitor p21 (CDKNI1A). In order to translate these find-
ings into a clinical setting, our group developed a screen-
ing platform to identify inducers of bHLH activity and
carried out a drug screen of 4375 FDA approved com-
pounds. Among the hits we identified the statin class of
drugs as significant inducers of bHLH activity. Characteri-
zation of these drugs is being performed on three unique
human PDA cancer cell lines, one of which is a recent pa-
tient-derived line. We have determined that this class of
compounds inhibits the cell cycle, greatly upregulates the
tumor suppressor p21, and induces acinar differentiation
markers. Given that statins are in clinical trials for PDA, the
data establish the ability of this novel screening assay to
identify pharmaceuticals of interest for pancreatic cancer.
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W2079

DIRECTED REPROGRAMMING OF HUMAN
CELLS TOWARD ASTROCYTES AS A DISEASE
MODELING PLATFORM

Kohyama, Jun'?, Zhou, Zhi'3, Sanosaka, Tsukasa',
Banno, Satoe!, Chai, MuhChyi', Blanchi, Bruno? Ge,
WeiHong?, Okano, Hideyuki' and Sun, Yi Eve?4, 'Keio
University, Tokyo, Japan, 2UCLA Medical School, Los
Angeles, CA, U.S., 3Japan Society for the Promotion
of Science, Tokyo, Japan, 4Tongji University,
Shanghai, China

Accumulated evidence indicates that astrocytes, one of
the three major cell types in the central nervous system,
play important roles in the pathophysiology of neurolog-
ical and psychiatric disorders in cell-autonomous and/or
non-cell-autonomous manners. Therefore, studying dis-
ease mechanisms from a gliocentric perspective helps to
fully elucidate disease etiologies. However, spontaneous
differentiation of human pluripotent stem cells into as-
trocytes requires long culture period, hindering intensive
studies. Here, we report the development of an efficient
and prompt method to directly convert mouse and hu-
man fibroblasts into functional astrocyte-like cells (iA
cells) by defined factors. We also show the applicability
of our system to human neural stem cells yielding mature
iA cells within two weeks in high purity. Using this sys-
tem, we attempted to establish disease-in-a-dish models
of Alexander disease and Rett syndrome, and successfully
recapitulated some aspects of disease phenotypes. Taken
together, this technology provides novel perspectives to
better understand the complex pathophysiologies of vari-
ous neurological disorders, facilitating future drug screen-
ing and the development of novel therapies.
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IPS CELLS

W2083

GENERATION OF DISEASE-SPECIFIC IPSCS
AND DEVELOPMENT OF TRANSGENIC
CELL LINES FOR CYSTIC FIBROSIS DISEASE
MODELLING AND DRUG SCREENING

Schubert, Madline', Merkert, Sylvia?, Haase,
Alexandra'?, Engels, Lena'?, Haller, Ralf*?, Lachmann,
Nico'3, Moritz, Thomas'?, de la Roche, Jeanne'?,
TUummler, Burkhard'®, Galietta, Luis® and Martin,
Ulrich'?, 'Hannover Medical School, Hannover,
Germany, ?Leibniz Research Laboratories For
Biotechnology And Artificial Organs, Hannover,
Germany, ®Institute of Experimental Hematology,
Hannover, Germany, 4Institute for Neurophysiology,
Hannover, Germany, °Clinic for Paediatric
Pneumology, Allergology and Neonatology,
Hannover, Germany, éIstituto Giannina Gaslini,
Genova, ltaly

The genetic disorder cystic fibrosis (CF) is caused by mu-
tations in the cystic fibrosis transmembrane conductance
regulator (CFTR) gene coding for a cAMP-activated
chloride-channel. So far, immortalized cell lines overex-
pressing mutant CFTR-variants have been used to screen
compound-libraries. In fact, CFTR-modulators have been
identified, but show modest effects at best. Obviously,
the complexity of the mutant CFTR-maturation and turn-
over kinetics including the influence of genetic modifiers
require the use of advanced personalized cellular mod-
els that closely recapitulate the properties of the clinically
most affected organs. To address these unmet needs we
focus on the generation of induced pluripotent stem cells
(iPSCs) from CF-patients homozygous for F508del muta-
tion with mild and severe phenotype and with known in-
tragenic recombination. CF-iPSCs were generated via re-
programming of CD34* cells isolated from small volumes
of non-mobilized peripheral blood. The resulting CF-iP-
SCs were analysed regarding their karyotype, pluripoten-
cy status and potential to differentiate. Moreover, differ-
ent transgenic iPSC lines were generated overexpressing
a halide sensitive yellow fluorescent protein (eYFP) mon-
itoring CFTR-function, in combination with the overex-
pression of an artificial CFTR or an endogenous CFTRtemato
fluorescence reporter. Several CF-iPSC lines were estab-
lished and characterized in detail. The generated eYFP re-
porter cell lines showed stable transgene expression also
during in vitro differentiation. The differentiation of eYFP
expressing CFTR™™M° reporter iPSCs towards cholangio-
cytes revealed eYFPrs/tomatores cells, displaying CFTR
channel specific response after Forskolin application.
Preliminary measurements revealed that the endogenous
CFTR expression level of differentiated cells should be
sufficient to analyze CFTR function via the halide sensi-
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tive eYFP. Hence, the stable integration of the eYFP into
CF patient-specific iPSCs in combination with integration
of the CFTR™™° reporter should enable disease modelling
of F508del-based CF with regard to the individual genet-
ic context and the implementation of high-throughput
screening for the identification of novel correctors and
potentiators of CFTR-trafficking mutations.

Funding Source: German Center for Lung Research (DZL,
82DZL00201), the German Research Foundation (Cluster
of Excellence REBIRTH, EXC 62/3) and the Mukoviszi-
dose Institut GmbH (SO

W2085

USING HUMAN INDUCED PLURIPOTENT STEM
CELLS TO INVESTIGATE THE CONTRIBUTION
OF RISK VARIANTS AND AGING TO THE
ONSET AND PROGRESSION OF ALZHEIMER'S
DISEASE

Brookhouser, Nicholas David, Raman, Sreedevi,
Potts, Chris and Brafman, David, Arizona State
University, Tempe, AZ, U.S.

Developing therapies for the treatment of Alzheimer’s
disease (AD) requires an understanding of the mecha-
nisms that cause the disease. Animal models of AD have
provided important insights but do not display important
AD-related pathologies and have not been useful in mod-
eling the complex genetics associated with “sporadic”
AD. Although the majority of AD patients are sporadic,
multiple genetic risk variants have been identified, the
most powerful and prevalent of which is the E4 variant
of Apolipoprotein E (APOE) gene. Compared to individ-
uals with an APOE 3/3 genotype, heterozygosity for the
E4 allele increases AD risk by 3 fold, and homozygosity
for the E4 allele increases risk up to 12 fold. Amyloid-de-
pendent and -independent mechanisms have been pos-
tulated to explain the APOE4 effect, but currently how
APOE4 modulates AD disease risk, especially during ag-
ing, remains unclear. To that end, we are generating a di-
verse set of human induced pluripotent stem cell (hiPSC)
lines from AD and non-demented control (NDC) patients
with no (i.e. APOE 3/3) and two (i.e. APOE 4/4) copies
of the E4 allele. We are using these hiPSCs to elucidate
the potential genetic, molecular, and cellular mechanisms
by which the APOE 4 allele contributes to AD onset and
age-related disease progression. By using a novel 3D cor-
tical neuronal culture model and genome-wide expres-
sion analysis (RNA-seq), we are identifying unique gene
expression profiles that are independently defined by
APOE genotype, disease status, and age. Future bioinfor-
matic analysis will reveal candidate genetic, biochemical,
and signaling pathways that will provide more definitive
relationships between APOE genotype and AD onset and
age-related progression. In the future, we will investigate
how modulation of these candidate target genes and
pathways regulates the manifestation of AD-related phe-
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notypes. Such future investigations will have significant
impact on the design of molecularly targeted therapeu-
tics to treat AD.

Funding Source: Arizona Alzheimer's Consortium

W2087

GENOME EDITING IN HUMAN INDUCED
PLURIPOTENT STEM CELLS

Chen-Tsai, Ruby, Diaz, Robert, Yan, Lin and Kong,
Ling-Jie, Applied StemcCell, Inc., Milpitas, CA, U.S.

Genome editing/correction in patient-specific induced
pluripotent stem cells (iPSCs) offers one of the most
promising approaches for personalized therapy in regen-
erative medicine. CRISPR/Cas9 has been widely used as
an effective gene editing tool in the past two years for
site-specific gene modification including insertion, dele-
tion and nucleotide replacement. CRISPR works most ef-
ficiently in gene knockout through the non-homologous
end joining (NHEJ) pathway. However for DNA knockin,
the efficiency of CRISPR mediated homology-directed
repair (HDR) remains low, limiting its application in ther-
apeutics. Our TARGATT™ technology allows site-specific
gene insertion at a higher efficiency in a genomic safe har-
bor locus. We will discuss the results on knockin, knock-
out and point mutation efficiency in iPSCs using CRISPR/
Cas9. We will also report using a “master” iPSC line for
efficient site-specific insertion of large DNA fragments.
With TARGATT™ and CRISPR, we are empowered with a
complete set of genome editing tools to manipulate hu-
man iPSCs.

W2089

DEGRADATION OF SACCHARIDE ABO
EPITOPES IN FABRY AND SCHINDLER
DISEASE iPSC MODELS

Dobrovolny, Robert', Rybova, Jitka'!, Asfaw,
Befekadu', Poupetova, Helena', Kuchar, Ladislav' and
Ledvinova, Jana'?, 'Charles University, First Faculty
of Medicine, Prague, Czech Republic, ?First Faculty
of Medicine, Charles University in Prague, Prague 2,
Czech Republic

Fabry disease (FD) is an X-linked defect of lysosomal
a-galactosidase A ( agalA, GLA gene). The enzymatic
defect leads to intralysosomal accumulation of glycolipid
moieties with terminal a-linked galactose, predominant-
ly globotryaosylceramide (Gb3) in tissues. Clinically the
disorder is multisystemic with symptoms including angio-
keratomas, cardiomyopathy and kidney disease. Anoth-
er group of substrates that are affected by deficiency of
agalA is blood group B epitope that contains a-galactose.
Even though an increased amount of B active substances
are detected in FD patients it has never been shown that
blood group B would have any detrimental effect on se-
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verity of the disease. It has long been hypothesized that
reason for these findings is partial overlap of substrate
specificity between agalA and related a-N-acetylgalac-
tosaminidase (NAGA). To verify that NAGA can degrade
the substrates of aGalA, especially polar B- glycolipids
with longer saccharide chains (e.g. B-6-2), we have pre-
pared iPSC based model of FD (aGalA KO), NAGA KO (
in fact model of Schindler disease) and double KO with
both aGalA and NAGA disrupted. The KO cell lines were
generated from healthy individual iPSC using the CRISPR/
Cas9 protocol. The successful generation of desired iPSC
lines was confirmed by detection of pluripotency marker,
demonstration of deficient activities and sequencing of
the GLA and NAGA loci. The lines were also differentiat-
ed to multiple cell types. The degradation study of aGalA
and NAGA substrates was performed by pulse-chase ex-
periments with three tritium labeled substrates. 1) globo-
tetraosylceramide (Gb4), degradation precursor of Gb3.
2) A-6-2, blood group A glycolipid that serves as control
of NAGA enzymatic block as it contains a-N-acelylgalac-
tosamine and 3) B-6-2, typical blood group B glycolipid
that was found to be partially degraded in FD cell cul-
tures. The expected partial degradation of B-6-2 in aGa-
IA KO lines and total block of degradation in double KO
cultures was not observed. Based on three independent
metabolic experiments, it seems that even in double KO
lines the B-6-2 is partially degraded in contrast to Gb3.
These results suggest that there may be another glyco-
sidase that can degrade polar substrates of aGalA. The
generated iPSC will be used for further characterization
of these catabolic pathways.

Funding Source: Supported by Ministry of Health of the
Czech Republic, grant nr. 15-33297A.

W20091

GENETIC DETERMINANTS OF GENE
EXPRESSION IN A COLLECTION OF 215
HUMAN INDUCED PLURIPOTENT STEM CELLS

DeBoever, Christopher, Jakubosky, David, Arias,
Angelo, D'Antonio-Chronowska, Agnieszka, Li, He
and Frazer, Kelly, University of California San Diego,
La Jolla, CA, U.S.

In this study, we examined gene expression regulation in
a collection of 215 human induced pluripotent stem cells
(iPSCs). We systematically reprogrammed fibroblasts
from a diverse set of 215 individuals and performed tran-
scriptome sequencing for the iPSCs (at passage 12) as
well as germline whole genome sequencing. Using these
data, we identified expression gquantitative loci (eQTL)
for 5,816 genes including markers of pluripotency such
as POUSF1 (OCT4), LCK, IDO1, and CXCL5. We found 99
genes whose eQTL lead variant was a biallelic copy num-
ber variant (CNV) and 1,043 significant CNV-expression
associations in total. We also identified 98 genes whose
expression was associated with multi-allelic CNVs. Tran-
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scription factor (TF) binding sites for NANOG, SP1, JUND,
JUN, and other TFs were highly enriched for disruption by
lead eQTL variants implicating these factors as important
regulators of gene expression. Lead eQTL variants were
also enriched for GWAS hits from several phenotypes
such as LDL cholesterol, height, and mean corpuscular
volume indicating that characterizing iPSC regulatory
variants is relevant for a number of diverse phenotypes.
We used various functional genomics datasets (H1-hESC
DNase | HSs, TF ChIP-Seq peaks and ChIA-PET data) to
fine map putative causal eQTL variants and found variants
that disrupt TF binding sites are enriched for 3D interac-
tions with gene promoters. We compared the power to
detect eQTLs using iPSC to other tissue types and found
that hiPSCs are relatively well-powered for genetic asso-
ciation analyses. In separate analyses, we used allele spe-
cific expression to investigate the rate of X chromosome
reactivation after reprogramming and showed that it is
heterogeneous in that it occurs at different rates across
the X chromosome and is correlated with XIST and TSIX
expression levels in the iPSCs. We also found evidence
that imprinting can be retained in iPSCs suggesting that
reprogramming does not completely erase imprinting.
Our work demonstrates the utility of iPSCs for genetic as-
sociation analyses, helps define the role of CNVs in the
regulation of gene expression and identifies novel TFs as
potential key regulators in stem cells. Additionally, it pro-
vides information on the heterogeneity of X reactivation
in iPSCs and the resetting of imprinted loci after repro-
gramming.

Funding Source: Research reported in this abstract was
supported by NHLBI of the National Institutes of Health
under award number UOTHL107442. The content is solely
the responsibility of the authors and does not

W2093

DEVELOPING ONLINE OPEN RESOURCES FOR
THE HIPSCI iPSC CATALOGUE

Harrison, Peter, Streeter, lan, Bradley, Holly
Zheng, Datta, Avik, Fairley, Susan, Lowry, Ernesto,
Consortium, HipSci and Clarke, Laura, EMBL-
European Bioinformatics Institute, Cambridge, U.K.

The Human Induced Pluripotent Stem Cells Initiative (Hip-
Sci) is a collaboration of institutes and individuals across
genomics, proteomics, cell biology and clinical genetics
with the aim of creating an open iPSC resource. It in-
cludes a large number of phenotypically ‘normal’ donors
to allow the study of how common genetic variations af-
fect cellular phenotypes. It is generating over 500 iPSC
lines from healthy volunteers and individuals with genetic
disease through the projects strong links with the UKs Na-
tional Health Service (NHS). Consortium researchers are
employing these lines to conduct cellular genetic studies
to discover how genomic variation impacts on cellular
phenotypes and to identify new disease mechanisms. A
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key aspect of this project is its open access model of data
sharing and community engagement, with the lines being
made available through the European Collection of Au-
thenticated Cell Cultures (ECACC). Our role at EMBL-EBI
is to coordinate the transfer, storage and distribution of
the data generated by consortium members for each
of the cell lines, with a particular focus on development
of online resources to provide the greatest impact from
this large open project. The HipSci portal that we have
developed www.hipsci.org provides a central catalogue
of all of the cell lines generated by the project, provid-
ing direct links to all open access assay data and added
value resources such as a visual display of data through
Trackhubs that utilise the EBIs new Trackhub registry.
Alongside powerful metadata searches we are currently
developing the capability to search lines based on their
underlying genetic variation data, enabling querying by
specific mutations or particular alleles which will impor-
tantly include managed access lines for which the user
has an access agreement in place.

Funding Source: The HipSci project is funded by the Well-
come Trust and Medical Research Council.

W2095

REPROGRAMMING GENES (OSKM)
CONTROLS DIFFERENTIATION OF iPSCs INTO
HEPATOCYTE-LIKE CELLS

Jeong, Jaemin', Lee, Seung Bum?, Kang, Kyo Jin3,
Kim, Yohan® and Choi, Dongho?3, 'Department of
Surgery, Seoul, CA, Korea, South, ?Lab. of Radiation
Exposure & Therapeutics, National Radiation
Emergency Medical Center,Korea Institute of
Radiological & Medical Science, Seoul, Korea,
3SHanyang University, Seoul, Korea

Induced pluripotent stem cells (iPSCs) that have become
an important tool of human diseases therapy have gen-
erated by introducing four Yamanaka factors using retro
viurs. However, these genes are integrated into the host
genome so that cannot use for the clinical application.
Foreign genes results in insertion mutation, residual ex-
pressions, and reactivation of transgenes during differen-
tiation. In this report, we introduce transgene-free iPSC
generation method and its differentiation into hepato-
cytes. We generate transgene-free iPSCs with Cre-loxp
system that is removing of integrated transgenes from
the genome. To remove transgene from iPSCs colony,
Cre recombinase was treated for 2hrs and then cultured
until colonies grow out. We confirmed that transgene is
not expressed in genome by PCR. These colonies were
expressed Tra-1-81, Oct4, Nanog, Sox2 and Myc as well as
Tra-1-60. Though without transgene, pluripotent marker
expression was not altered. And we find efficient differ-
entiation methods iPSCs into homogeneous population
of functional hepatocytes. For endoderm differentiation,
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activing A was treated for 6 days, and HGF and FGF4
were treated for 5 days. hiPSC-derived hepatocytes is
expressed not only hepatocyte specific markers, but also
have liver functions, such as albumin, AFP, ASGPR, and
glycogen storage and cytochrome P450 acitvity. In con-
clusion, we have generated a transgene-free iPSCs and
functional hepatocytes in vitro, and these results repre-
sent a step forward for clinically applicable patient-specif-
ic hepatocytes for cell-based therapeutics.

W2097

MODELING AND FUNCTIONAL CORRECTION
OF STRUCTURAL VARIATIONS IN NORMAL
OR PATIENT-DERIVED IPS CELLS USING
ENGINEERED NUCLEASES

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

Structural variations include chromosomal inversions,
trinucleotide repeats and translocations etc. These are
complicated and difficult to model or correct in the ge-
nome using programmable nucleases. Here, | introduce
strategies we use to edit these structural variations. As
an example, there is hemophilia A. Hemophilia A is an
X-linked genetic disorder caused by mutations in the F8
gene, which encodes the blood coagulation factor VIII.
Almost half of all severe hemophilia A cases result from
two gross (140-kbp or 600-kbp) chromosomal inversions
that involve introns 1 and 22 of the F8 gene, respectively.
A hemophilia A disease model (inversion) was first con-
ducted in normal induced pluripotent stem cells (iPSCs)
by causing double-strand breaks by TALEN inside the in-
tron 1 homolog of the F8 gene, with an efficiency of 1.4%.
The inverted model cells mimicked the disease phenotype
(i.e., no expression of the F8 gene), and interestingly, the
inverted segment could be reverted to its normal state
using the same TALEN mainly via HR. Furthermore, we
recently generated iPSCs from hemophilia A patients with
two types of inversion genotypes and used CRISPR-Cas9
nucleases to revert these chromosomal segments back
to the WT situation. We isolated inversion-corrected iP-
SCs with frequencies of up to 6.7% without detectable
off-target mutations based on whole-genome sequenc-
ing or targeted deep sequencing. Endothelial cells differ-
entiated from corrected iPSCs expressed the F8 gene and
functionally rescued factor VIII deficiency in an otherwise
lethal mouse model of hemophilia. Our results therefore
provide a proof of principle for modeling and functional
correction of large chromosomal rearrangements in nor-
mal or patient-derived iPSCs and suggest potential thera-
peutic applications.

Funding Source: This research was supported by grants
from the National Research Foundation of Korea (the
Bio and Medical Technology Development Program,
2012M3A9B4028631 and 2012M3A9C7050126) and from
the Korean Ministry of Health and Welfare (HI15C0916).
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W2099

CRISPR-MODIFIED IPS CELLS TO VALIDATE
NEW TARGETS FOR CYSTIC FIBROSIS

Li, Hongmei Lisa', Agrawal, Pankaj', Mahoney, John??3,
Gupta, Manav?, Schlaeger, Thorsten'?, Gerard, Craig
J.»2, Kim, Carla F.'? and Daley, George Q.'?, 'Boston
Children’s Hospital, Boston, MA, U.S., 2Harvard
Medical School, Boston, MA, U.S., *Cystic Fibrosis
Foundation Therapeutics, Lexington, MA, U.S.,
“Harvard University, Boston, MA, U.S.

Cystic Fibrosis (CF) is a genetic disorder that affects more
than 30,000 people in the United States. CF particularly
affects the lungs and digestive system, and disrupts the
normal function of epithelial cells that make up the sweat
glands in the skin and line passageways inside the lungs,
liver, pancreas, and digestive and reproductive systems.
CF is caused by autosomal recessive mutations in the
CF transmembrane conductance regulator (CFTR) gene,
which leads to abnormal transport of chloride and sodium
across the respiratory epithelium, resulting in thick secre-
tions. It is well known that CF presents in a broad range
of severity, which may be related to the molecular nature
of the CFTR mutations in individuals as well as to modifier
loci. We have identified rare CF patients who have near-
ly normal lung function despite living many decades with
their CFTR gene mutation. By whole exome sequencing
of DNA from these “long term non-progressor (LTNP)”
CF patients, we have discovered rare genetic variants in
candidate modifier loci. We have generated iPS cells from
typical and LTNP CF patients, and performed CRISPR-me-
diated repair of the CFTR mutation. We have differentiat-
ed these mutant and repaired CF-iPS cell lines into lung
epithelia cells and confirmed the ability of iPS cells from
typical and LTNP to make differentiated NKx2.1 positive
cells. Efforts are underway to perform physiologic assays
of CFTR channel function to demonstrate the effect of
both the CFTR mutation and the candidate gene mod-
ifiers. Our in vitro studies should inform the physiologic
mechanisms by which candidate disease-modifying mu-
tations function in patients with extreme CF phenotypes,
thereby pointing towards critical therapeutic targets to
ameliorate disease.

Funding Source: Cystic Fibrosis Foundation Therapeutics
Fellow
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W2101

GMP-COMPATIBLE IPSC DERIVATION FROM
HUMAN UMBILICAL CORD BLOOD AND
TISSUE ACROSS MULTIPLE DONORS

Mack, Amanda', Faust, Elizabeth’, Monroe, Kevin',
Wachowiak, MS, Ryan', Wang, Wen Bo', Brown,
Katherine?, Skiles, Matthew? and Brown, Heather?,
Cellular Dynamics International, Inc- a Fujifilm
company, Madison, WI, U.S., 2CBR Systems Inc, San
Bruno, CA, U.S.

Induced pluripotent stem cells (iPSCs) can be generated
from newborn tissues stored in one of the world’s largest
cord blood banks, Cord Blood Registry®, using an inte-
gration-free, clinically applicable reprograming method.
We demonstrate the ability to generate iPSCs from um-
bilical cord blood units processed manually using a Ficoll
gradient or on the fully automated AutoXpress® (AXP)
platform (Cesca Therapeutics). AXP and Ficoll processed
cord blood units were cryopreserved for up to 5 and 10
years respectively. Resulting iPSCs exhibit characteristic
gene expression profiling, do not contain residual repro-
gramming factors, are normal in karyotype, and match
the identity of the original starting material. This study
also compares reprogramming capacity of cord blood
and mesenchymal stem cells isolated from thawed umbil-
ical cord tissue, previously cryopreserved as a composite
material, from the same donor. Furthermore, we demon-
strate that less than 1 million cells can be used as starting
material for iPSC derivation making for a tractable system
when tissue amounts and types are limited. This study
serves as a proof of principle that stem cells from multiple
newborn tissues cryopreserved at a cord blood bank can
be used as starting material for iPSC reprogramming un-
der conditions compatible for subsequent transition to a
GMP facility for clinical applications.

W2103

A NOVEL METHOD USING CONDITIONALLY
REPLICATING ADENOVIRUS FOR
SPECIFICALLY KILLING TUMORIGENIC CELLS
DERIVED FROM PLURIPOTENT STEM CELLS

Mitsui, Kaoru, |de, Kanako and Kosai, Ken-ichiro,
Kagoshima University Graduate School of Medical
and Dental Sciences, Kagoshima, Japan

Human pluripotent stem cells (hPSCs), are promising can-
didate cell sources for regenerative medicine. However,
the risk of formation of tumors, including teratomas and
cancers originating from contaminating undifferentiated
and transformed cells, hinder therapeutic applications of
hPSC-based regenerative medicine. Most previous stud-
ies focused on reducing the risk of carcinogenesis, such
as improvement in generation of hiPSCs or differentia-
tion methods. However, these indirect tumor suppression
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approaches cannot completely abolish tumorigenic risk.
Here, we present a novel “oncolytic virus” strategy that
can directly target and kill tumorigenic cells derived from
hPSCs. Conditionally replicating adenoviruses (CRAS),
also called oncolytic adenoviruses, can selectively repli-
cate in and kill cancer cells; consequently, CRAs represent
attractive anticancer drugs. Previously, we developed a
method for generating CRAs that can target cancers with
multiple cancer-specific factors (m-CRASs); this approach
further increased cancer specificity without reducing the
anticancer effects, and demonstrated that survivin-re-
sponsive m-CRA (Surv.m-CRA) is one of the most prom-
ising anticancer agents, in two respects: superior cancer
specificity (ie., safety) and therapeutic efficacy relative
to clinically tested telomerase reverse transcriptase (TER-
T)-responsive m-CRAs (Tert.n-CRAs), and strong an-
ticancer effects against currently incurable cancer stem
cells. We demonstrate that m-CRAs may also be useful as
novel anti-tumorigenic agents in hPSC-based therapy. We
show that the survivin promoter was more active in undif-
ferentiated hPSCs than the TERT promoter, whereas both
promoters were minimally active in differentiated normal
cells. Accordingly, Surv.m-CRA killed undifferentiated
hPSCs more efficiently than Tert.m-CRAs; both m-CRAs
exhibited efficient viral replication and cytotoxicity in un-
differentiated hPSCs, but not in co-cultured differentiat-
ed normal cells. In addition, Pre-infection of hPSCs with
m-CRA abolished in vivo teratoma formation following
hPSC implantation into mice. Thus, we demonstrate that
m-CRAs, in particular Surv.m-CRAs, are potentially useful
as both potent anticancer drugs and as novel anti-tumori-
genic agents in hPSC-based regenerative medicine.

W2105

STUDYING THE IMPACT OF RET MUTATIONS
IN HIRSCHSPRUNG DISEASE PATHOGENESIS
USING INDUCED PLURIPOTENT STEM CELLS

Lau, Sin-Ting, Lai, Frank, Tam, Paul Kwong-hang and
Ngan, Elly, The University of Hong Kong, Hong Kong,
Hong Kong

Hirschsprung (HSCR) disease is a complex congenital dis-
order and is attributed to failure of enteric neural crest
cells (NCCs) to fully colonize the bowel, leading to bowel
obstruction and megacolon. Genetic lesions that affect
NCC development (proliferation/survival, migration and
differentiation) may lead to HSCR disease. RET/GDNF
signaling is crucial for ENCC development and RET is the
most predominant susceptibility gene for HSCR. Genetic
mutations in coding (CD) and non-coding (NCD) regions
of RET are respectively associated with the severe (to-
tal colonic aganglionosis, TCA) and mild (short segment,
S-HSCR) forms of HSCR. In addition, many of these ge-
netic lesions directly lead to reduced or defective RET/
GDNF signaling, suggesting that these mutations may
impair NCC development. The goal of the studies is to in-
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vestigate how these RET CD and NCD mutations affect
NCC development. Recently, we have successfully estab-
lished and characterized three induced pluripotent stem
cell (HSCR-iPSC) lines from patients who presented with
S-HSCR and TCA, harboring RET NCD and CD variant/
mutations, respectively. Moreover, we have used CRIS-
PR/CAS9 system to generate an isogenic mutant iPSC
with homologous deletion of RET gene. In combination
of dual inhibition of BMP and TGFB and activation of
WNT signaling, vagal NCCs (HOX3+, HOX4+ and HOX5+)
were obtained from these human iPSC lines. Consistently,
NCCs derived from all these diseased iPSC lines carrying
RET mutations showed defects in migration and neuro-
nal differentiation. Importantly, the expression of genes
involved in migration and neuronal differentiation was
dysregulated, accompanied by reduced RET expression.
These results suggest that RET/GDNF signaling is crucial
for both differentiation and migration of human NCCs and
its disruption may lead to HSCR disease.

Funding Source: The work was supported by the grants
from the Research Grant Council and Health Department
of HKSAR (HMRF 02132396, HMRF 01121476, HKU17119514
and TRS T12C-714/14)

W2107

REVERSION OF FMR1 METHYLATION AND
SILENCING BY EDITING THE TRIPLET REPEATS
IN FRAGILE-X iPSC-DERIVED NEURONS

Park, Chul-Yong', Halevy, Tomer?, Lee, Dongjin

R., Sung, Jin Jea', Lee, Jae Souk!, Yanuka, Ofra?,
Benvenisty, Nissim? and Kim, Dong-Wook'3, 'Yonsei
University College of Medicine, Seoul, Korea, South,
2Hebrew University, Jerusalem, Israel, *Yonsei
University College of Medicine, Seoul, Korea

Fragile X syndrome (FXS) is the most commmon form of in-
herited intellectual disability, resulting from a CGG repeat
expansion in the fragile X mental retardation 1 (FMRT)
gene. Here we report a strategy for CGG repeat correc-
tion using CRISPR/Cas9 for targeted deletion in both
embryonic stem cells and induced pluripotent stem cells
derived from FXS patients. Following gene correction in
FXS induced pluripotent stem cells, FMRT expression was
restored and sustained in neural precursor cells and ma-
ture neurons. Strikingly, after removal of the CGG repeats,
the upstream CpG island of the FMRI promoter showed
extensive demethylation, an open chromatin state, and
transcription initiation. These results suggest a silencing
maintenance mechanism for the FMRI promoter that is
dependent on the existence of the CGG repeat expansion.
Our strategy for deletion of trinucleotide repeats provides
new insights into the molecular mechanisms of FXS and
future therapies of trinucleotide repeat disorders.

Funding Source: D.W. was supported by grants from
the National Research Foundation of Korea (the Bio
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and Medical Technology Development

Program,
2012M3A9B4028631 and 2012M3A9C7050126) and from
the Korean Ministry of Health and Welfare (HI15C0916).
N.B.

W2109

NEURONS AND GLIAL CELLS GENERATED
FROM INDUCED PLURIPOTENT
STEM CELLS OF PATIENT WITH
MUCOPOLYSACCHARIDOSIS TYPE Il AS A
MODEL OF CNS INVOLVEMENT

Rybova, Jitka', Ledvinova, Jana!, Sikora, Jakub',
Knesplova, Irena’, Kuchar, Ladislav' and Dobrovolny,
Robert?, 'First Faculty of Medicine, Charles University
in Prague, Prague 2, Czech Republic, 2Charles
University, Prague, Czech Republic

Mucopolysaccharidosis type Il (MPSII, Hunter syndrome)
is an X-linked recessive lysosomal storage disorder
caused by mutations in the iduronate-2-sulfatase gene
(IDS, Xg28). The emzymatic defect of IDS leads to an ac-
cumulation of two main glycosaminoglycans (GAG) - der-
matan sulfate and heparan sulfate in tissues throughout
the body leading to skeletal deformities, hearing loss, air-
way obstruction, hepatosplenomegaly, cardiomyopathy
and progressive neurological impairment. Previous stud-
ies in MPSII mouse model focused on the mechanism of
the CNS pathology of the disease. However, it has been
repeatedly shown that mouse models does not always
reflect human disorders accurately. Modeling human
diseases with induced pluripotent stem cells (iPSC) has
remarkable potential to generate new insights into un-
derstanding disease pathogenesis and to study possible
therapeutic approaches. Here we report successful re-
programing of patient’s blood cells with MPSII into iPSC
by non-integrating Sendai virus protocol. Generated iPSC
expressed pluripotency markers and can be differentiated
to all three germ layer. We differentiated generated iPSC
into neurons and glial cells for pathophysiology studies
due to poor understanding of GAG storage pattern in hu-
man neural cell types and inpact of enzyme replacement
therapy (ERT) on these cells. Immunofluorescent analy-
sis confirmed presence of B-Tubulin Il and MAP2 positive
neurons, GFAP positive astrocytes and CNPase positive
oligodendrocites. Lysosomal aggregation was detected
in all neural-iPSC of patient by co-localization of neural
markers with lysosomal marker Lamp1 and Cathepsin D.
Analysis by electron microscopy showed lysosomal ab-
normalities mainly in glial-iPSC of patients compared to
control. Quantitative determination of GAG by photomet-
ric methods revealed moderate increase in GAG level in
neural-iPSC with deficient IDS activity.

Funding Source: This work was supported by Grant IGA
MZ NT14015-3/2013; project RVO-VFN64165; Grant SVV
266 504; Grant GAUK 56214 and AZV 15-33297A.
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XENO-FREE SUSPENSION CULTURE OF
HUMAN INDUCED PLURIPOTENT STEM CELLS

Shoji, Shinichiro', Yanagihara, Kana', Furue, Miho
Kusuda? and Tsukahara, Masayoshi?, 'Kyowa Hakko
Bio Co., Ltd, Tokyo, Japan, ?National Institutes of
Biomedical Innovation, Health and Nutrition, lbaraki
Osaka, Japan, *Kyowa Hakko Kirin Co.,Ltd., Tokyo,
Japan

Human induced pluripotent stem cells (hiPSCs) can be
routinely maintained on extracellular matrix (ECM)-coat-
ed surface without feeder cells. Recently, several meth-
ods have been reported to culture hiPSCs in three-dimen-
sional suspension culture. These studies, however, rely
on media that have been optimized for culturing hiPSCs
on two-dimensional ECM-coated surface and require fre-
guent medium change to remove Rho-associated pro-
tein kinase (ROCK) inhibitor. Here, we developed novel
xeno-free culture media optimized specifically for sus-
pension culture of hiPSCs. Interestingly, these hiPSCs in
suspension culture exhibited higher expression of several
key pluripotency markers than hiPSCs maintained on an
ECM-coated plate, suggesting distinct intracellular sig-
naling of hiPSCs in floating cell aggregates. Addition and
removal of ROCK inhibitor is not required, reducing effort
of medium change.

W2113

THE DEVELOPMENT AND
CHARACTERIZATION OF HUMAN IPSCS
DERIVED MYOFIBROBLASTS

Suyama, Satoshi, Hiroto, Miwa, Takahashi, Koji and
Takemoto, Hiroshi, SHIONOGI&CO.,LTD., Osaka,
Japan

Neural Crest Cells (NCCs) are the source of the peripheral
nervous system, craniofacial tissues and adult tissue-spe-
cific stem cells such as those found in the kidneys. These
adult tissue-specific stem cells contribute to tissue ho-
meostasis and regeneration. A misregulation of adult tis-
sue-specific stem cells causes a variety of diseases. It was
reported that myofibroblasts which lead to development
of fibrosis are derived from tissue specific stem cells like
mesenchymal stem cells. In this study, we made myofi-
broblasts form Neural Crest-Like Cells (NCLCs) which are
derived from human iPSCs. Expression of Collal in human
iPSCs derived myofibroblasts was very high, and was in-
creased by TGF-beta stimulation. These results indicate
that human iPSCs derived myofibroblasts can be useful
tools for studying fibrosis in vitro.

co-sponsored by:

W2115

GLUTAMINE OXIDATION IS ESSENTIAL FOR
CELL SURVIVAL OF HUMAN PLURIPOTENT
STEM CELLS

Tohyama, Shugo, Fujita, Jun, Hishiki, Takako,
Tanosaki, Sho, Someya, Shota, Hattori, Fumiyuki,
Suematsu, Makoto and Fukuda, Keiichi, Keio
University School of Medicine, Tokyo, Japan

Human pluripotent stem cells (PSCs) such as embryonic
stem cells (ESCs) and induced pluripotent stem cells (iP-
SCs) uniquely depend on aerobic glycolysis to generate
adenosine triphosphate (ATP). However, the importance
of oxidative phosphorylation (OXPHOS) has not been elu-
cidated. Minute research of amino acid profiles revealed
that glutamine oxidation was essential for survival of hu-
man PSCs. Under glucose- and glutamine-depleted con-
ditions, human PSC quickly died due to loss of ATP. The
metabolome analyses using [U-®C]-labeled glucose or
[U-BC]-labeled glutamine unraveled that human PSCs
poorly oxidize pyruvate and that glutamine was a main
energy source for OXPHOS, because human PSCs poor-
ly expressed aconitase 2 (ACO2) and isocitrate dehy-
drogenase 2/3 (IDH2/3) which were important enzymes
to utilize pyruvate-derived citrate in the tricarboxylic
acid cycle. In contrast, human PSC-derived differentiat-
ed cardiomyocytes with mature mitochondria were able
to take advantage of lactate-derived pyruvate to synthe-
size ATP via OXPHOS under glucose- and glutamine-de-
pleted conditions with lactate because of higher expres-
sion of ACO2 and IDH2/3. Interestingly, the metabolome
analysis using [U-¥C]-labeled lactate showed cardiomyo-
cytes could produce glutamate and glutamine from lac-
tate under these conditions. This distinguished metabolic
feature of human PSCs allows us to prepare clinical-grade
cell sources by eliminating residual undifferentiated stem
cells and purifying differentiated cardiomyocytes, which
prevents tumor formation in stem cell therapy using hu-
man PSCs.

W2117

AUTOMATIC AND NON-INVASIVE IPSC
EVALUATION SYSTEM BASED ON IMAGE
ANALYSIS OF THE MICRO CELL STRUCTURES

Wakui, Takashi', Matsumoto, Tsuyoshi', Matsubara,
Kenta', Kawasaki, Tomoyuki?, Yamaguchi, Hiroshi' and
Akutsu, Hidenori?, 'FUJIFILM, Kanagawa, Japan, ?Natl
Ctr for Child Health & Development, Tokyo, Japan

Recently, the need for automatic induced pluripotent
stem cells (iPSCs) production system is rapidly increased
due to the expansion of the iPSC research for regenera-
tive medicine and new drag discovery. Although an auto-
matic cell evaluation method is crucial for producing scal-
able and uniform iPSCs in large quantity, the evaluation
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method still remains as a manual way by visual inspection
of operators. Visual inspection causes inter- and intra-ob-
server variations and leads to a bottleneck in expansion
and industrialization of iPSC production. To overcome
these limitations, we have developed an automatic and
non-invasive iPSC evaluation system based on the image
analysis of the micro cell structures such as nucleoli and
nuclei, which are observation targets by stem cell experts
in conventional visual inspection. The image recognition
techniques realize the highly sensitive and robust de-
tection of microscopic features of iPSCs and the quality
index of iPSCs is calculated by the detected features. In
this study, we examined our developing iPSCs evaluation
system using several iPSC lines. The multi quality indices
of human iPSCs were accessed for cellular morphology
and stem cell-surface marker (SSEA4, TRAT-81) expres-
sion. Our results demonstrated that the iPSCs evaluation
system produced reliable correspondence with the visual
scores for all human iPSC lines. Thus, our providing the
micro cellular structural features would be valuable to de-
tect cellular quality and to automatic scalable expansion
system. Integrating this evaluation system with automat-
ic culturing equipments, a fully-automated production
of iPSC can be realized. This technology can be widely
utilized in scalable expansion of human pluripotent stem
cells for further application.

W2119

ABNORMAL MITOCHONDRIAL TRANSPORT
AND MORPHOLOGY AS EARLY
PATHOLOGICAL CHANGES IN HUMAN
MODELS OF SPINAL MUSCULAR ATROPHY

Xu, Chong-Chong', Denton, Kyle!, Wang, Zhi-Bo’,
Zhang, Xiaoqing? and Li, Xue-Jun'3, 'University of
Connecticut Health Center, Farmington, CT, U.S,,
2Tongji University, Shanghai, China, 3Stem Cell Institue
University of Connecticut, Farmington, CT, U.S.

Spinal muscular atrophy (SMA), the leading genetic cause
of infant mortality, is caused by mutations in the survival
of motor neuron 1 (SMNT) gene, which leads to specific
degeneration of spinal motor neurons and subsequent
muscle atrophy. How the deficiency of SMN, a ubiqui-
tously expressed protein, leads to specific degeneration
of spinal motor neurons remains unknown. Here, we ex-
amined the role of SMN in mitochondrial axonal transport
and morphology in human motor neurons by generating
SMA type 1 patient-specific induced pluripotent stem cells
(iPSCs) and differentiating these cells into spinal motor
neurons. The initial specification of spinal motor neurons
was not affected, but these SMA spinal motor neurons
specifically degenerated following long-term culture.
Moreover, at an early stage in SMA spinal motor neurons,
but not in forebrain neurons, mitochondrial number, area,
and transport were significantly reduced in axons. Knock-
ing down of SMN expression led to similar mitochondri-
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al defects in spinal motor neurons derived from human
embryonic stem cells, confirming that SMN deficiency
results in impaired mitochondrial dynamics. Finally, the
application of N-acetylcysteine (NAC) mitigated the im-
paired mitochondrial transport and morphology, and then
rescued motor neuron degeneration in SMA long-term
cultures. Furthermore, NAC ameliorated the reduction in
mitochondrial membrane potential in SMA spinal motor
neurons, suggesting that NAC might rescue apoptosis
and motor neuron degeneration by improving mitochon-
drial health. Together, our data demonstrate that SMN
deficiency results in abnormal mitochondrial transport
and morphology and subsequent reduced mitochondrial
health, which are implicated in the specific degeneration
of spinal motor neurons in SMA. In the future, a deeper
understanding of how and why mitochondrial dynamics
and function are impaired will provide valuable insights
into identifying potential therapeutics for SMA.

Funding Source: This study was supported by a Con-
necticut Stem Cell Research Grant (11ISCB24) and the Uni-
versity of Connecticut Health Center Emergency Grant.
K.R. Denton was supported by a grant from Parkinson’s
and Movement Disorder Foundation

W2121

THERAPEUTIC POTENTIALS OF EQUINE IPS
CELLS AND MSCS FOR MUSCULOSKELETAL
DISEASES IN MICE AND HORSES

Lee, Eun-Mi', Kim, Ah-Young?, Lee, Eun-Joo' and
Jeong, Kyu-Shik', 'Kyungpook National University,
Daegu, Korea, South, 2Kyungpook Nattional
University, Daegu, Korea, South

Musculoskeletal diseases are common in horses. Stem
cells have gained attention due to their potential as ther-
apeutic agents for musculoskeletal injuries and disorders.
In this study, we successfully generated equine iPSCs and
applied equine stem cells, including MSCs and iPSCs, for
the musculoskeletal therapy. Equine ASCs were repro-
grammed into iPSCs using polycistronic lentiviral vector
and tested them for pluripotent characteristics. Subse-
guently, established E-iPSCs were transplanted into mus-
cle-injured rag/mdx mice. Histopathology showed that
E-iPSCs transplanted mice exhibited enhanced muscle
regeneration compared to controls. In addition, E-iP-
SC-derived myofibers were observed in injured muscles,
although undifferentated cells also existed. And finally, to
investigate therapeutic potential of equine stem cells in
horses, equine MSCs and E-iPSCs transplanted into skel-
etal system-injured horses. Symptom and condition were
generally improved in all horses. In conclusion, in this
study, we showed that E-iPSCs successfully generated
respectively from equine ASCs, and showed transplant-
ed equine MSCs and E-iPSCs into injured musculoskeletal
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system have capacity to induced musculoskeletal regen-
eration, although challenges remain for safety assurance.

Funding Source: This research was supported by the
Bio-industry Technology Development Program, Korea
Institute of Planning & Evaluation for Technology in Food,
Agriculture, Forestry & Fisheries (312062-5).

IPS CELLS: DIRECTED
DIFFERENTIATION

W2127

HIGHLY EFFICIENT DIFFERENTIATION OF
PORCINE INDUCED PLURIPOTENT STEM
CELLS TO NEURAL PROGENITOR CELLS
REQUIRES SYNERGISTIC CONTRIBUTION
OF DUAL SMAD INHIBITION AND HIGH
LOCALIZED CELL DENSITY

Kim, Eunhye and Hyun, Sang-Hwan, College of
Veterinary Medicine, Chungbuk National University,
Cheongju, Korea, South

Neural progenitor cells (NPCs) derived from induced plu-
ripotent stem cells (iPSCs) are promising candidates for
autologous neural cell therapy. However, prior to trans-
plantation, preclinical study of safety and efficacy are
needed in large animal models such as pigs which have
similar neural anatomy and physiology. In this study, we
focused on the influence of initial cell density and relevant
signaling pathways during neural commitment of porcine
iPSCs into NPCs. The porcine iPSCs seeded at different
densities (low: 40,000- ; mid: 60,000- ; high: 80,000 cells
per cm?) to neural induction medium containing the dual
SMAD inhibitors (dSMADI), SB431541 (TGF-b inhibitor)
and LDN 193189 (BMP4 inhibitor) to promote neural in-
duction. After neural induction using dSMADiI, the high
density group showed significantly higher number of
colonies than the low and mid density group (0.8 + 0.4
and 2.4 + 0.5 vs. 10.2 £ 0.9, P< 0.01). By day 14; 81.9 % of
high density group treated dSMADI derived colonies con-
taining robust neural rosette (NR) structures while low
density group failed to form neural rosettes. The mRNA
expression of pluripotency marker (NANOG) which was
clearly detected in porcine iPSCs was found to signifi-
cantly decrease in the iPSC-derived neural rosettes of
control group and disappeared in those of dASMADi group.
The NR structures derived from high density group treat-
ed dSMADI showed representative NR markers such as
PLAGT and neural stem cell markers such as NESTIN and
VIMENTIN. The mRNA expression levels of markers (as-
trocyte marker - GFAP; oligodendrocyte marker - MBP;
and neuronal marker - TUJ/) were detected in further dif-
ferentiated cells from NR. These results highlight our abili-
ty to define an efficient method for production of porcine
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iPSC-derived neural precursors that mimic human neural
system.

Funding Source: This work was supported by a grant
from the Cooperative Research Program for Agricul-
ture Science & Technology Development (Project No.
PJO11077, PJO11288), Rural Development Administration,
Republic of Korea.

W2129

INCREASED MITOCHONDRIAL FISSION
CONTRIBUTES TO HIGH GLUCOSE-

INDUCED ATTENUATION OF ANESTHETIC
CARDIOPROTECTION IN STEM CELL-DERIVED
CARDIOMYOCYTES

Bai, Xiaowen, Canfield, Scott, Zaja, lvan, Yan,
Yasheng and Bosnjak, Zeljko, Medical College of
Wisconsin, Milwaukee, WI, U.S.

Hyperglycemia has been shown to attenuate cardiopro-
tective effects of isoflurane. Previous studies have indi-
cated that reactive oxygen species (ROS) and increased
mitochondrial fission may play a role in cardiomyocyte
death during ischemia-reperfusion injury. The aim of this
study was to investigate, for the first time, the role of glu-
cose-induced increase in ROS production and subsequent
increase of mitochondrial fission on the attenuated anes-
thetic cardioprotection in a clinically relevant model of
human induced pluripotent stem cell-derived cardiomy-
ocytes (iPSC-CMs). Cardiomyocyte differentiation from
iPSC was characterized by observing cell contractility and
analyzing sarcomeric a-actinin and connexin 43 expres-
sion using immufluorescence staining. iPSC-CMs were ex-
posed to varying glucose conditions (5, 11, 25 mM) for 24
hours. Mitochondrial permeability transition pore (mPTP)
opening, cell viability, and ROS generation were used to
assess the effects of various treatment conditions. Mito-
chondrial fission was monitored using confocal micros-
copy. Expression of activated dynamin-related protein 1
(Drpl), a key protein responsible for mitochondrial fission
was assessed by western blot. The results showed that
elevated glucose conditions (11 and 25 mM) significant-
ly increased ROS generation, while only the 25 mM high
glucose condition induced mitochondrial fission and in-
creased the expression of activated Drplin spontaneously
contracting iPSC-CMs. Isoflurane delayed mPTP opening
and protected iPSC-CMs from oxidative stress in 5 and 11
mM glucose conditions. Scavenging ROS with Trolox or
inhibiting mitochondrial fission with mdivi-1 restored the
anesthetic cardioprotective effects in iPSC-CMs in 25 mM
glucose conditions. Collectively, human iPSC-derived car-
diomyocytes is a useful, relevant model for studying iso-
flurane cardioprotetion, and can be manipulated to reca-
pitulate complex clinical perturbations. We demonstrate
that the cardioprotective effects of isoflurane in elevated
glucose conditions can be restored by scavenging ROS or
inhibiting mitochondrial fission. These findings may con-
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tribute to further understanding and guidance for restor-
ing pharmacological cadioprotection in hyperglycemic
patients.

Funding Source: Supported by grants POIGM066730
and ROTHL034708 from the National Institutes of Health,
Bethesda, MD (to Dr. Zeljko J. Bosnjak) and RO1GM112696
from the National Institutes of Health (to Dr. Xiaowen Bai).

W2131

THE SCALABLE DERIVATION OF OFF-THE-
SHELF AND GENETICALLY ENHANCED
HEMATOPOIETIC CELLULAR THERAPEUTICS
FROM NAIVE HUMAN INDUCED PLURIPOTENT
STEM CELLS

Clarke, Raedun Laurie', Groff, Brian!, Bjordahl, Ryan?,
Abujarour, Ramzey J.!, Robinson, Megan', Lynn,
Chris', Raynel, Sarah', Moreno, Stacey’, Lan, Weijie',
Lee, Tom', Burrascano, Michelle!, Bonello, Gred],
Rogers, Paul', Abbot, Stewart!, Shoemaker, Dan' and
Valamehr, Bahram', 'Fate Therapeutics, Inc., San
Diego, CA, U.S,, ?Fate Therapeutics, San Diego, CA,
u.s.

Encouraging clinical outcomes in T and natural killer (NK)
cell adoptive therapy have garnered hope and excite-
ment. However, limitations associated with autologous
lymphocyte engineering and manufacturing will most
likely reduce the successful treatment of large number of
patients. Harnessing the power of human induced plurip-
otent stem cell (hiPSC) technology to generate an “off-
the-shelf” source of hematopoietic cellular therapeutics
with enhanced potency through genome-engineering of
persistence, targeting and safety mechanisms represents
a powerful approach to make cell-based immunothera-
pies available to a wide range of patients. To advance the
promise of hiPSC technology it is essential to efficiently
and reproducibly generate the diverse repertoire of im-
mune effector populations, through a robust and scalable
process. Additionally, because the in vitro derivation of
effector lymphocytes is complicated by the existence of
distinct waves of blood cell formation during embryon-
ic development, our ability to accurately recapitulate the
stages of early embryonic hematopoiesis towards the
definitive program is vital to the successful derivation of
effector lymphoid cells. Here we describe a method for
the derivation of hematopoietic cells from naive hiPSCs
in a highly scalable manner, void of an embryoid body in-
termediate, under serum- and feeder-free conditions. This
platform represents a well-defined, small molecule-driv-
en, staged protocol that can readily be translated to meet
current good manufacturing practice requirements. The
derived hematopoietic population is definitive in nature
as determine by Notch dependency and exhibits multi-lin-
eage potential, as demonstrated through the formation of
functional T and NK lymphoid cells. Hematopoietic cells

oo 58

‘ POSTER ABSTRACTS

generated can be successfully cryopreserved and banked,
serving as a highly-stable feedstock for subsequent der-
ivation of various cell types for therapeutic use. Further-
more, we demonstrate that when properly designed, hiP-
SC-level engineered modalities such as controllable safety
systems, continue to remain functional during the hema-
topoietic differentiation process. Our study indicates that
ground state hiPSCs are an ideal source for “off-the-shelf”
hematopoietic cell-based immunotherapies.

W2133

ASTROCYTE PATHOLOGY IN A CRISPR/
CAS9 ISOGENIC IPS CELL MODEL OF
FRONTOTEMPORAL DEMENTIA CAUSED BY
MUTANT TAU PROTEIN

Hargus, Gunnar'?, Hallmann, Anna-Lena? Arauzo-
Bravo, Marcos J.34, Ehrlich, Marc?, Scholer, Hans R.5,
Kuhlmann, Tanja? and Zaehres, Holm?, 'Columbia
University, New York, NY, U.S., 2University of
Muenster, Muenster, Germany, *Basque Foundation
for Science, Bilbao, Spain, “Biodonostia Health
Research Institute, San Sebastian, Spain, *Max Planck
Institute for Molecular Biomedicine, Muenster,
Germany

Mutations in the MAPT gene encoding the microtubule-as-
sociated protein TAU can cause frontotemporal dementia
(FTD), a group of neurodegenerative diseases leading to
early-onset dementia. These MAPT mutations result in
excessive accumulation of phosphorylated TAU protein
within neurons but also glial cells in various brain areas
including the frontal and temporal cortex and the sub-
stantia nigra leading to progressive degeneration at these
sites. We have recently shown that induced pluripotent
stem cell-derived neurons from FTD patients with MAPT
mutations demonstrate pronounced TAU pathology, dis-
turbed neurite outgrowth and increased oxidative stress.
Here, we investigated the role of astrocytes on neural
degeneration by applying an isogenic stem cell model
of FTD. We applied CRISPR/CAS9 technology to repair
the pathogenic N279K MAPT mutation in iPS cell-derived
neural stem cells and differentiated mutation-carrying
and gene-corrected progenitor cells into mature astro-
cytes. Both groups showed an equal astrocyte differen-
tiation potential and similar functional characteristics as
evidence by comparable responses in L-glutamate up-
take assays and propagation of calcium waves. Howev-
er, FTD astrocytes expressed increased levels of 4R TAU
isoforms, acquired phenotypes of reactive astrocytes and
exhibited changes in whole genome expression profiles.
Interestingly, co-culture experiments of FTD astrocytes
and healthy neurons did not reveal significant effects on
neurite outgrowth but FTD astrocytes induced robust
changes in gene expression profiles in previously healthy
neurons. Our isogenic stem cell model of FTD thus pro-
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vides a suitable platform to further elucidate the role of
glial cells in the pathogenesis of FTD.

W2135

DOWNREGULATION OF A G PROTEIN-
COUPLED RECEPTOR INHIBITS
CARDIOMYOCYTE DIFFERENTIATION
WHILE POTENTIATES ENDOTHELIAL
CELL DIFFERENTIATION FROM HUMAN
PLURIPOTENT STEM CELLS

Jha, Rajneesh’, Singh, Monalisa?, Wu, Qingling?3,
Preininger, Marcela K23 and Xu, Chunhui?3, 'Emory
University School of Medicine, Atlanta, GA, U.S.,
2Division of Pediatric Cardiology, Department of
Pediatrics, Emory University School of Medicine
and Children’s Healthcare of Atlanta, Atlanta, GA,
U.S., 3Wallace H. Coulter Department of Biomedical
Engineering, Georgia Institute of Technology and
Emory University, Atlanta, GA, U.S.

Differentiation of human pluripotent stem cells (hPSCs)
to cardiomyocytes and endothelial cells is tightly reg-
ulated by signaling molecules and transcription factors.
Hence, understanding molecules involved in their lineage
commitment and differentiation is important for explor-
ing their potential use for cell therapy and drug testing.
Here, we have identified a G Protein-coupled receptor
(GPCR) that is transiently upregulated during early stages
of growth factor-mediated cardiomyocyte differentiation
from hPSCs. Knockdown of the GPCR using short hairpin
RNA (shRNA) did not affect undifferentiated cell mor-
phology, growth and expression of pluripotency markers,
but reduced the expression of mesodermal and endoder-
mal lineage marker expression upon the growth factor
induction. Moreover, knockdown of the GPCR also sig-
nificantly reduced the expression of key cardiac transcrip-
tion factors and other cardiomyocyte-associated genes,
leading to poor differentiation. Interestingly, knockdown
of the GPCR directed mesoderm towards endothelial
cells as shown by upregulated expression of endothelial
cell markers. Differentiation of endothelial cells was fur-
ther confirmed by in vitro functional assays including their
ability to form capillary-like structures and uptake acetyl-
ated low density lipoproteins. These data suggest that
the GPCR is an important molecule for both cardiac and
endothelial cell lineage commitment.

co-sponsored by:
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MODELING THE BLOOD-BRAIN BARRIER
OF ADRENOLEUKODYSTROPHY

(X-ALD) PATIENTS USING DIRECTED
DIFFERENTIATION OF HUMAN iPSCs INTO
BRAIN MICROVASCUALAR ENDOTHELIAL
CELLS (BMECS)

Lee, Catherine', Azarin, Samira? and Tolar, Jakub'3,
'University of Minnesota, Minneapolis, MN, U.S.,
2University of Minnesota, Minnepolis, MN, U.S., 3Stem
Cell Institute, University of Minnesota, Minneapolis,
MN, U.S.

X-linked adrenoleukodystrophy (X-ALD) is an inherited
metabolic storage disorder caused by mutations in the
ABCD1 gene. ABCD1 is a peroxisomal transporter protein
responsible for transporting very long-chain fatty acids
(VLCFAs) from the cytosol into the peroxisome for sub-
sequent degradation. Accumulation of VLCFAs causes
demyelination in the long tracts of the spinal cord and the
progressive axonopathy seen in adrenomyeloneuropa-
thy (AMN). A more severe phenotype that only affects
males is cerebral ALD (CALD). CALD is characterized by
rapid inflammatory demyelination in the brain and death
within a few years. The molecular mechanisms responsi-
ble for the onset and progression of CALD remain poorly
understood. Due to the absence of biomarkers to predict
this conversion, MRI of the brain remains the only tool
to detect the progression at an early state. We are us-
ing a previously published method for directed differen-
tiation of human pluripotent stem cells into blood brain
barrier (BBB) endothelium with iPSCs from patients with
CALD. This protocol includes a singularized iPSC seeding
approach that greatly enhances the reproducibility of this
model. Key questions include (1) are there differences in
BBB integrity and (2) BMEC gene expression between pa-
tients with CALD and wild type (WT) controls. gRT-PCR
and immunocytochemistry of the BMEC markers clau-
din-5, GLUT-1, PECAM-1, occluding, and p-glycoprotein
are used to assess BMEC cell identity. To assess barrier
integrity across these cells we are using trans endothe-
lial electrical resistance (TEER) and a sodium fluorescein
permeability assay. Preliminary results indicate decreased
TEER and increased sodium fluorescein permeability of
BMECs derived from CALD-iPSC compared to WT-iPSC.
To investigate differences in gene expression, we will be
performing RNA-seq of these BMECs to identify potential
biomarkers contributing to the onset of CALD. Addition-
ally, the BBB represents an additional challenge for ther-
apies that target the brain in patients with X-ALD. This
protocol provides us with a renewable source of BBB en-
dothelium from X-ALD patients that can be used as a dis-
ease model to test chemicals or enzymes that can cross
the BBB of X-ALD patients to halt the progression of this
disease.
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DERIVATION AND FACS-MEDIATED
ISOLATION OF RETINA PROGENITORS FROM
HUMAN PLURIPOTENT STEM CELLS

Muniz, Alberto and Barberi, Tiziano, Texas
Biomedical Research Institute, San Antonio, TX, U.S.

Human pluripotent stem cells (hPSCs) constitute a prom-
ising resource for use in cell-based therapies and a valu-
able in vitro model for studying early human development
and disease. There is a lot of interest in using these cells to
derive retinal elements such as Retinal Pigmented Epithe-
lium (RPE) and neural Retinal Progenitor Cells (RPCs) that
may provide a source of specialized retinal cells. While
isolation of RPE has been achieved and hPSC-derived RPE
cells are currently used in clinical trials, major limitations
in the advancement towards translational and pre-clinical
testing in retinal disease include the specific selection and
expansion of RPCs from heterogeneous cell populations.
To fill this gap, we have derived RPCs under specific hPSC
culture conditions that allow these progenitors to be de-
tectable within 3 weeks of differentiation. Significantly,
using a three-color FACS sorting strategy we were able
to isolate them as Pax6+/Chx10+ RPCs from the rest of
the differentiating cells. Purified RPCs have been main-
tained and passaged for up tol4 weeks in post-sorting
cultures. These cells then showed differentiation toward
multiple retinal cell types including Muller, Bipolar, Amac-
rine, Horizontal, Ganglion and photoreceptors. Our study
demonstrates that RPCs can be isolated from a hetero-
geneous cell population of differentiated hPSCs and re-
main viable. Additionally, these RPCs retain the ability to
generate all retina subtype cells. Carefully selected and
expanded RPCs will provide platforms to develop drug
discovery and therapeutic strategies for retinal degener-
ative disease.

W2141

ESTABLISHMENT OF A MODY DISEASE MODEL
IN INDUCED PLURIPOTENT STEM CELLS
USING CRISPR

Rasmussen, Mikkel', Honoré, Christian?, Holst, Bjoern3,
Schmid, Benjamin3, Hansson, Mattias? and Clausen,
Christian?, 'Bioneer A/S, Harsholm, Denmark, 2Novo
Nordisk, DK-2760 Malgv, Denmark, *Bioneer A/S,
Hoersholm 2970, Denmark

Maturity onset diabetes of the young (MODY) is a rare
inherited form of diabetes leading to impairment of beta
cell function before the age of 25. The most common
form of MODY is caused by the duplication of a cytosine
at position 872 in the HNFla gene (MODY3; P291fsinsC),
which is believed to lead to nonsense mediated decay
(NMD) and haploinsufficiency. In this study, the HNFla
P291fsinsC mutation was introduced into induced pluri-
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potent stem cells (iPSCs) derived from a healthy individ-
ual by use of CRISPR-Cas9 technology. Restriction frag-
ment length polymorphism and sequencing analysis was
used to identify a heterozygous and a homozygous HN-
Fla P291fsinsC line. The gene-edited iPSC lines displayed
a normal karyotype, and the top three top most likely
off-target sequences were unaffected. To investigate the
disease etiology in more detail, the gene edited and the
wild-type iPSC lines were differentiated toward pancreat-
ic endoderm (PE). Flow cytometry analysis showed that
75-85% co-expressed the PE markers PDX1 and NKX6.1
at this stage, which was confirmed by immunocytochem-
istry. gPCR analysis showed that HNF1la transcripts were
significantly downregulated in the heterozygous (42%)
and the homozygous (38%) HNF1la P291fsinsC lines com-
pared to the wild-type line, whereas transcript levels of
HNF4a, PDX1and NKX6.1 remained unchanged. Attempts
to rescue HNF1a transcript levels by treatment with var-
ious NMD inhibitors are currently ongoing. The present-
ed cellular model could be useful for elucidating disease
mechanisms related to early-onset diabetes.

Funding Source: This work was funded by the European
Bank for induced pluripotent Stem Cells (EBISC) support-
ed by the Innovative Medicines Initiative (IMI) under grant
agreement 115582.

W2143

STUDYING THE FUNCTION OF HUMAN
HIPPOCAMPAL NEURONS IN A DISH

Sarkar, Anindita, Mei, Arianna, Paguola, Apua, Bardy,
Cedric, Kim, Hyung Joon, Japelli, Roberto and Gage,
Fred H., Salk Institute for Biological Studies, La Jolla,
CA, US.

The hippocampus is the site of learning and memory in
the brain and a growing body of evidence suggests some
dysfunctions in the hippocampal circuitry of patients af-
fected by psychiatric and neurological disorders. More
specifically, synaptic transmission deficits in hippocam-
pal neurons have been implicated in schizophrenia, major
depression disorder, and bipolar disorder. The availabil-
ity of human ES and pluripotent stem cells (hPSCs) of-
fers an opportunity to generate lineage-specific neuronal
subtypes to investigate mechanisms of human diseases
in brain regions such as the hippocampus. In this study,
we investigated the development and functioning of a hu-
man hippocampal neuronal circuitry derived from human
ES cells. We utilized a two-step human stem cell based,
directed differentiation protocol to generate hippocam-
pal neurons in a monolayer culture. In the first step, we
have used HUES6 cells to generate neuronal progenitor
cells (NPC) with forebrain-specific identities. In the sec-
ond step, we further differentiated these NPCs to gen-
erate a neuronal culture enriched in mature hippocam-
pal neurons. We confirm that these neurons in culture
express appropriate molecular markers, and proven to
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be active as they fire mature spontaneous and evoked
action potentials. We used microfluidic devices, as an in
vitro platform that allowed us to study synaptic connec-
tivity between neurons. To identify the nature of different
neuronal hippocampal types, we have developed pro-
moter specific lentiviral reporters. We demonstrated the
establishment of a functional neuronal network as read
by time-lapse multielectrode extracellular electrophysiol-
ogy recordings during differentiation. We show that this
model recapitulates many of the features of hippocampal
neuronal circuitry. The ability to mimic the developmental
process of disease-relevant cell types in an in vitro setting
is important for providing insights into the mechanisms of
neurodevelopmental disorders. Furthermore, our finding
is relevant to the factors regulating neuronal network as
it offers mechanistic insight into the development of lin-
eage-specific network and represents a promising tool for
future disease modeling studies.

Funding Source: Bob and Mary Jane Engman Laboratory
for Schizophrenia Research, NARSAD, Takeda Pharma-
ceuticals International, Inc. and a training Grant (TG2-
01158) from the California Institute of Regenerative Med-
icine

W2145

ENGINEERING PATIENT SPECIFIC
NEURAL TISSUE USING CELL PERMEABLE
TRANSCRIPTION FACTORS

Willerth, Stephanie’, Robinson, Meghan' and
Vaidyanathan, Ranjani?, 'University of Victoria,
Victoria, BC, Canada, %iProgen Biotech, Vancouver,
BC, Canada

Pluripotent stem cells can become any cell type found
in the body. However, one of the major challenges when
working with pluripotent stem cells is producing a highly
homogenous population of differentiated cells which can
then be used for various applications such as cell ther-
apies or drug screening. Previous work has shown that
overexpression of the transcription factor Ascl using vi-
ral vectors can reprogram fibroblasts directly in neurons.
Ascl plays a key role in neural development and here we
characterize how recombinant Ascl functionalized with
intracellular protein delivery technology (Ascl-IPTD) can
be used to influence human induced pluripotent stem
cells (hiPSCs) to differentiate into neurons. We evaluated
a range of protein concentrations to determine the most
effective concentration for generating neurons from hiP-
SCs cultured in DMEM/F12 media. Next, we looked at the
frequency of Ascl-IPTD supplementation on differentia-
tion and found that one time supplementation is sufficient
enough to trigger the neural differentiation process. We
also found that the Ascl-IPTD was efficiently taken up by
the hiPSCs and by 7 days, enabled rapid differentiation
into TUJ1-positive and NeuN-positive population with
neuronal morphology. The neurite length and branch

co-sponsored by:

points were higher than in neural progenitor population
obtained from using a neural induction protocol. The re-
sults are reproducible, with no additional trophic factors
and neural enrichment media required. This work vali-
dates Ascl-IPTD as a powerful tool for engineering neural
tissue from pluripotent stem cells. We are currently eval-
uating if this novel protein construct can directly repro-
gram human fibroblasts into neurons.

Funding Source: Natural Sciences and Engineering Re-
search Council

W2147

GENERATION OF RETINAL PHOTORECEPTORS
FROM CGMP-MANUFACTURED HUMAN IPSC
LINE

Zhu, Jie, Cifuentes, Helen, Reynolds, Joseph and
Lamba, Deepak, The Buck Institute for Research on
Aging, Novato, CA, U.S.

Retinal degeneration often results in the loss of photore-
ceptors, which leads to permanent vision loss. Generating
transplantable photoreceptors using human induced plu-
ripotent stem cells (iPSCs) to replace lost or dysfunctional
photoreceptors holds a promise to treat a variety of reti-
nal degenerative diseases. Developing effective methods
to produce retinal cells including photoreceptors using
available cGMP-manufactured human iPSC lines is a crit-
ical step for advancing cell replacement therapy to clin-
ical application. This study aims to make transplantable
photoreceptors using a cGMP-manufactured iPSC line.
The generated retinal cells were tested for their differen-
tiation capability and integration in a host mouse retina.
An iPSC line, derived from CD34+ cord blood cells in cG-
MP-compliant conditions at Lonza Bioscience, was ob-
tained from Dr. Zeng’s lab. The iPS cells were directed to
gain retinal cell fate via a modified version of our previous
directed differentiation protocol (Lamba et al 2006). The
cells were induced to optic field stage for 1 week using
small molecules to inhibit Wnt, BMP and TGFp signaling
pathways along with IGF-1 in culture medium. The cells
were then expanded to generate neuro-retina and RPE.
Neuro-retinal progenitor cells were manually isolated
from RPE and expanded further to a relatively pure pop-
ulation of retinal neurons including differentiated photo-
receptors by 3 months of culture based on expression of
PAX6, OTX2, TUJ-1, CRX and AIPL1. The GFP labeled ret-
inal cells were injected into the subretinal space of 4-6
week old IL2ry” recipient mice to analyze their ability to
integrate into the ONL layer of host retina. The eyes were
collected at 2 months post transplantation for analysis by
ICC. We observed robust integration of photoreceptors
with typical mature photoreceptor morphology and pres-
ence of Otx2, Recoverin, and Rhodopsin markers in the
integrated cells. This study provides strong evidence that
transplantable photoreceptors can be generated from a
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cGMP-manufactured human iPS cell line which could then
be fast-tracked to the clinic.

T2149

PREDICTING HEPATIC, MESENCHYMAL
AND CARDIAC STEM CELL FATE THROUGH
GLOBAL PROTEIN EXPRESSION PROFILE IN
HUMAN PLURIPOTENT STEM CELLS

Laco, Filip, Woo, Tsung Liang and Oh, Steve,
Bioprocessing Technology Institute, Singapore,
Singapore

Differentiation of human pluripotent stem cells (hPSCs)
can be induced via a small molecule that inhibits GSK
(CHIR99021). Dose dependent addition of growth factor
BMP-4 showed differentiation into all germ layers includ-
ing certain endoderm and mesoderm linages such as car-
diac, muscle-mesenchymal and hepatic. While reproduc-
ibility was demonstrated with embryonic stem cell lines, it
has been observed that quantitative differences between
induced pluripotent stem cell lines and embryonic stem
cells lead to unpredictable and often low differentiation
results, as shown with cardiac differentiation. hPSCs ge-
nomic variations of germ-layer associated genes were
shown to predict their potential to induce neural specifica-
tion. Therefore, we believe and demonstrate that predis-
positions of endo-mesoderm consecutive development
to cardiac, mesenchymal or hepatic linage is assessable
at the proteome level in stem cells for a single step GSK
inhibition differentiation protocol. We differentiated over
10 hPSCs from different origins and analysed >100 protein
levels and cell populations before and during the differ-
entiation period. Our Data shows that the cell lines can
be easily directed with high to low CHIR99021 concen-
tration from cardiac to mesenchymal and hepatic linage.
The cell lines have individual dose dependencies; a few
cell lines are restricted in their lineage diversion. Further,
our preliminary data shows that variation in several pro-
tein markers among them pluripotency marker (Nanog)
correlate with the cardiac differentiation results. Our data
demonstrates that single GSK inhibition can robustly in-
duce endo- and mesoderm linages differentiation such
as cardiac, mesenchymal and hepatic in many platforms.
Further, we indicated potential markers for cardiogenic
predisposition that can be assessed at the proteome level.
Moreover, we hypothesize that the measured differences
in protein levels of hPSCs could be an indicator for the
small molecule doses driven linage differentiations.
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IPS CELLS: EPIGENETICS

W2151

COMPARATIVE FUNCTIONAL PROFILING OF
HUMAN STEM CELLS

Gunes, Ceren’, Paszkowski Rogacz, Maciej', Khattak,
Shahryar?, Dahl, Andreas? and Buchholz, Frank', 'TU
Dresden, Medical Faculty, Dresden, Germany, 2CRTD
/ DFG-CTR for Regenerative Therapies Dresden -
Cluster of Excellence, Dresden, Germany

Regenerative medicine aims to regenerate or replace tis-
sues or organs, which cannot function properly due to
damage, aging, etc. Characteristics of stem cells, self-re-
newal and differentiation, render stem cell research one
of the main foci of regenerative medicine. Beyond most of
the stem cell research done on model organisms, no pre-
vious study applied a systematic comparison on human
stem cells (hSC), due to great genetic diversity between
individuals. Hence we perform a comparative study by
genome-wide RNAIi screens on human hematopoietic
stem cell (HSC), iPSC, and neural stem cell (NSC). To be
able to have cells with the same genetic background, HSC
derived from a healthy donor, are reprogrammed to iPSC,
which are differentiated to NSC. After obtaining these
three hSC, RNAI screens on each cell type are performed
employing a pooled epigenetic shRNA library. Cells, in-
fected with pooled shRNA library, are selected for their
cell-specific markers and transduction control marker.
Sorted cells are analyzed by next generation sequenc-
ing. Genes being up- or down-regulated over time are
selected in two ways: change in gene expression within
the cell type (stem cell vs. differentiated), or among three
cell types, showing which genes are being specifically or
commonly expressed. So far the RNAi screen on HSC and
iPSC were performed, and our preliminary data suggests
several strong candidates, being differentially expressed
in CD34+ vs. the differentiated population (iPSC screen
data being analyzed). Further analysis and validation ex-
periments will be performed for a deeper investigation.

Funding Source: Sonderforschungsbereich (SFB) 655
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W2153

BMP4 IS A MODIFIER OF FBXL10-
PRC1 COMPLEX IN SOMATIC CELL
REPROGRAMMING

Zhou, Wei Zhi, Liu, Jing', Yang, Xuejie', Wang,
Xiaoshan', Chen, Jiekai? and Pei, Duanging’,
'Guangzhou Institutes of Biomedicine and Health,
Guangzhou, China, 2Guangzhou Institutes of
Biomedicine and Health, Chinese Academy of
Sciences, China, Guangzhou, China

The multidomain chromosomal proteins FbxI10 and FbxI11
are in the same protein family. Both of them have many
protein domains including Jmjc, CxxC, PHD zinc finger,
Fbox, LRR and share the similar function. However, we
found that their function in reprogramming model is fac-
tor-dependent. In OKS(Oct4,Sox2,Klf4) system, FbxI10
and FbxI11 have similar promotion, while in Oct4 and Oct4
plus 1d1(OD) system, the effect of FbxI11 declines sharply.
Futher studies demonstrate that FbxI10 improves repro-
gramming in Oct4 and OD system through FbxI10-PRC1
complex while FbxlI11is not the member of PRC1 complex.
Meanwhile, we found that BMP4 signal inhibits FbxI10
function specifically in Oct4 and OD system, but FbxlI11 is
not inhibited. The inhibition by BMP4 signal is mediated
through interaction between Smads and FbxI10. The pro-
tein interaction weakens the binding of FbxI10 PRC1 com-
plex to genome globally and leads to the upregulation
of the PRC1 target genes which inhibits reprogramming.
Therefore, these studies not only provide information
for the elaborate difference between Fbx|10 and FbxI1
which have the same protein domains, but also provide
new viewpoint for the understanding of the relationship
between signaling pathway and epigenetic modulation in
cell fate decision.

CHROMATIN IN STEM CELLS

W2155

ROLE OF TET2 IN REGULATING AGE-RELATED
DECLINE IN NEUROGENESIS AND COGNITION
IN THE MOUSE BRAIN

Gontier, Geraldine’, lyer, Manasi?, Wheately,
Elizabeth? and Villeda, Saul A2, 'UCSF, San Francisco,
CA, U.S., 2University of California, San Francisco, San
Francisco, CA, U.S.

The discovery of neural stem cells (NSC) in the adult brain
has incited possibilities for restoring cognitive dysfunc-
tion in the elderly by enhancing neurogenesis. However,
advancements remain necessary in our understanding of
how the normal aging process affects stem cell function
in the brain. Interestingly, recent studies have identified
DNA methylation as a potential driver of brain aging. A
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global decrease in methylation and DNA methyltransfer-
ases expression within the hippocampus during aging is
associated with impaired NSC maintenance and prolifera-
tion. Furthermore, in the central nervous system DNA can
be actively de-methylated by the Ten-eleven transloca-
tion family of proteins (Tet1-3). Interestingly, we detected
a decrease in Tet2 expression in the adult hippocampus
during aging. While Tet2 has been implicated in hema-
topoietic stem cell renewal and inflammation, its role in
the context of adult neurogenesis or brain aging has yet
to be investigated. We hypothesized that age-related de-
crease in Tet2 expression in the hippocampus negatively
regulates adult neurogenesis and associated cognitive
function. Using a lentiviral-mediated RNA interference ap-
proach, we abrogated Tet2 expression in the young adult
hippocampus resulting in a decrease in NSC number and
lower levels of neurogenesis. Moreover, decreased Tet2
expression elicited cognitive impairments in contextual
fear conditioning and spatial learning and memory. Last-
ly, we made use of a temporally controlled NSC-specific
conditional Tet2 knock out mouse model and observed
similar hippocampal-dependent cognitive impairments
after Tet2 gene excision. Collectively, these data suggest
that age-related changes in Tet2 expression contribute to
impairments in adult neurogenesis and associated learn-
ing and memory processes.

GERMLINE CELLS

W2159

CD49f-IGF-IR SIGNAL MEDIATES THE
EXPRESSIONS OF PLURIPOTENT
TRANSCRIPTION FACTOR Oct4 IN MOUSE
GERMLINE STEM CELLS

Peng, Syue Wei', Lin, Chien-Chia', Kuo, Hung Chih?
and Huang, Yen Hua', 'Taipei Medical University,
Taipei, Taiwan, 2Academia Sinica, Taipei, Taiwan

Stem cell niche is known to regulate stem cells self-renew
and differentiation. Our previous studies have demon-
strated that the niche hypoxia maintains the Oct-4 level
through HIF-2a-IGF-1R signal loop in mouse germline stem
cells. However, how the niche extracellular matrix coop-
erates with hypoxia-derived signals still remains largely
unknown. In this paper, we found the CD49f*AP*GSCs
showed significant activity of alkaline phosphatase and
expressed stemness-related genes/proteins particular-
ly when cultivated on laminin-coated plates. Treatment
of laminin or IGF-I both dose-dependently increased the
expression levels of CD49f, IGF-IR, HIF-2a, and Oct4 in
AP*GSCs. Knockdown of endogenous IGF-1R using shR-
NA effectively suppressed the expressions of CD49f; and
knockdown the CD49f significantly suppressed the ex-
pression of IGF-IR vice versa. Importantly, knockdown of
HIF-2a not only suppressed the Oct4 expression levels,
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but also dramatically suppressed the levels of CD49f as
well as the IGF-IR. Furthermore, double knockdown of
IGF-IR and CD49f synergistically suppressed the expres-
sions of HIF-2a and Oct4 evidenced by western blotting
and immunocytochemical staining combined with con-
focal image. Together with these results demonstrated
that CD49f-IGF-IR-HIF-2a signaling loop maintains the
Oct4 expression in early AP*GSCs. Findings in this study
would provide insights into niche extracellular matrix and
endocrinology underlying the early pluripotent germ line
development.

Funding Source: NSC102-2628-B-038-008-MY3) (http://
www.most.gov.tw/), Ministry of Science and Technology,
Taiwan (MOST 103-2321-B-038-011) (http://www.most.
gov.tw/)

W2161

MODELING HUMAN GERM CELL
DEVELOPMENT BY PLURIPOTENT STEM CELLS

Wang, Yuan, East China Normal University, Shanghai,
China

Infertility affects more than 15% of couples with half due
to male factors. So far, the etiology of male infertility has
yet to be understood, partially due to the difficulties to
obtain a large quantity of diseased human gametes. Al-
though a number of studies demonstrated successful der-
ivation of germ cells from human pluripotent stem cells, in
vitro recapitulation of germ cell development remains to
be one of the most fundamental challenges in biology. In
this study, we developed a serum-free and xeno-free cul-
ture condition, and successfully induced spermatogonial
stem cells (SSC)-like cells and haploid cells from human
embryonic stem cells. The identity of these germ cell-like
populations were further confirmed by genome-wide ex-
pression analyses compared to their in vivo counterparts.
More importantly, pluripotent stem cells (PSCs) from
non-obstructive azoospermic (NOA) patients or PSCs
treated with inhibitor for androgen receptor displayed
various defects during in vitro differentiation toward
germ cell lineages. Taken together, our study provides a
powerful platform to mimic germ cell development in vi-
tro and as well a useful tool to dissect molecular mecha-
nism toward understanding of male infertility.
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TOTIPOTENT/EARLY EMBRYO CELLS

W2163

INTRODUCING PRECISE GENETIC
MODIFICATION INTO HUMAN 3PN EMBRYOS
BY CRISPR/CAS-MEDIATED GENOME EDITING

Fan, Yong, The Third Affiliated Hospital of
Guangzhou Medical University, Guangzhou, China

As a powerful technology for genome engineering, the
CRISPR/Cas system has been successfully applied to
modify the genomes of various species. Here we demon-
strate that CRISPR/Cas-mediated genome engineering
can generate precise genetic modification in early human
tripronuclear (3PN) embryos. 3PN zygotes with three
pronuclei are commonly found during the in vitro fertil-
ization process, and regarded as invariably pathological
and not suitable for transplantation. By co-injecting Cas9
MRNA, gRNAs, and DNA donor, we successfully intro-
duced the naturally occurring CCR5A32 allele into early
human 3PN embryos. In the embryos containing the en-
gineered CCR5A32 allele, however, the other alleles at the
same locus could not be fully controlled, as they either
remained wild type, or contained indel mutations. This
work has implications for the development of therapeutic
treatment of genetic disorders, and it demonstrates the
significant technical issues remaining to be addressed.
We advocate preventing any application of genome edit-
ing in the human germline until after a rigorous and thor-
ough evaluation and discussion undertaken by the global
research and ethics communities.

Funding Source: National Natural Science Foundation of
China (81370766)

W2165

IDENTIFICATION OF KEY FACTORS
CONQUERING DEVELOPMENTAL ARREST OF
CLONED EMBYRO BY COMBINING EMBRYO
BIOPSY AND SINGLE-CELL SEQUENCING

Liu, Wenqiang', Liu, Xiaoyu?, Wang, Chenfei', Gao,
Yawei® and Gao, Shaorongd’, 'Tongji University,
Shanghai, China, 2Graduate School of Peking Union
Medical College, Beijing, China, 3Tongji University,
Shanghai, China

Differentiated somatic cells can be reprogrammed into
totipotent embryos through somatic cell nuclear transfer
(SCNT). However, most cloned embryos arrest at early
stages and the underlying molecular mechanism remains
largely unexplored. Here, we first developed a SCNT em-
bryo biopsy system at 2- or 4-cell stage, which allows us
to trace the developmental fate of the biopsied embry-
os precisely. Then through single-cell transcriptome se-
guencing of SCNT embryos with different developmental
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fates, we identified Kdm4b which can reset the histone H3
lysine 9 trimethylation, a barrier responsible for 2-cell ar-
rest of cloned embryos. Moreover, we discovered another
histone demethylase Kdm5b, accounts for the arrest of
cloned embryos at 4-cell stage through single-cell analy-
sis. Co-injection of Kdm4b and Kdm5b can restore tran-
scriptional profiles of SCNT embryos and greatly improve
the blastocyst development (over 95%) as well as the pro-
duction of cloned mice. Our study therefore provides an
effective approach to identify key factors responsible for
the developmental arrest of somatic cell cloned embryos.

EMBRYONIC STEM CELL
DIFFERENTIATION

W2169

COMPARISON STUDY ON CHARACTERISTICS
OF PLURIPOTENT STEM CELL-DERIVED RPE
ORIGINATED FROM AN AMD PATIENT AND A
HEALTHY DONOR

Jung, Sookyund', Go, Eun Sol, Lee, Jeoung Eun',
Chung, Young Gie?, Song, Won Kyung?® and Lee,
Dong Ryul', 'CHA University, Gyeonggi-do, Korea,
2CHA Health Systems, Los Angeles, CA, U.S., 3CHA
Bundang Medical Center, Gyeonggi-do, Korea

Age-related macular degeneration (AMD) is the major
cause of blindness among old people, and is characterized
by progressive degeneration and loss of retinal pigment
epithelium (RPE) and photoreceptor cells in the macular
region leading to loss of central, high-acuity vision. RPE
transplantation might preserve or restore vision in AMD
patients or in patients with other diseases in which vision
loss is associated with dysfunctional RPE. Because of their
proliferation and differentiation abilities, hES derived RPE
cells represent a potentially unlimited resource for cell re-
placement therapy for AMD. Besides, transplantation of
autologous RPE using patient-specific pluripotent stem
cells (PSC) might be the best choice for patients because
there is no risk of immune rejection. In this study, we com-
pared the characteristics of somatic cell nuclear transfer
(SCNT)-hES and hiPSC derived RPE originated from the
same donor, and analyzed the RPE function between AMD
patient (NT5) and healthy donor (NT4). To testify the dif-
ferentiation ability of SCNT-hES and hiPS to RPE, we dif-
ferentiated 2 SCNT-hESC lines (CHA-hES NT4 and NT5),
4 iPSC lines (iPS-NT4-S1 and E15, iPS-NT5-S1 and S9) and
MAOQO9 (ACT) as a hES control to RPE. The RPE cells show
pigmented polygonal shape which is the typical RPE mor-
phology. We confirmed the expression of RPE-related
markers such as PAX6, BEST1, MITF, ZO1 and RPEG5 in
all RPE cells. In addition, these cells showed the normal
state of epithelial polarization and phagocytosis activity
as functional RPE cells. Although we still need to demon-
strate the effect of RPE on photoreceptor cell rescue in

co-sponsored by:

vivo, our results indicate that the production of function-
al RPE cells can be generated from patient-specific PSC
both AMD patient and healthy donor in accordance with
the independence of reprogramming methods.

Funding Source: This research was supported by grants
(N0.2012M3A9C6049723 and No0.2015M3A9C6028961)
from the Bio & Medical Technology Development Pro-
gram of the National Research Foundation (NRF) funded
by the Korean government (MSIP).

W2171

EFFECTS OF HEAVY METALS ON GROWTH
AND NEURONAL DIFFERENTIATION OF
MOUSE EMBRYONIC STEM CELLS

El Majdoubi, Mohammed, McDonald, Circe and
Zagzoog, Monia, Dominican University of California,
San Rafael, CA, U.S.

Neurotoxic effects of heavy metals on the developing
brain are a major public health concern. Because of the
limitations of animal-based models and traditional cell
culture models of neuronal development, the mechanisms
of developmental neurotoxicity are poorly understood. In
recent years, embryonic stem cell (ESC)-derived neuronal
models have been developed and offer distinct advantag-
es over traditional in vivo and in vitro model systems for
investigating the effects of neurotoxins. In vitro neuronal
differentiation recapitulates several critical processes in-
volved in the development of the nervous system such
as migration, differentiation, and synaptogenesis. Here,
we cultured feeder-independent mouse embryonic stem
cells and induced their differentiation into neurons using
retinoic acid. Using this model of developing neurons, we
assessed developmental neurotoxicity of four heavy met-
al compounds found in the environment: mercury, cadmi-
um, lead, and manganese. Changes in cell viability, mor-
phology, and replication rates were monitored at each
step of the developmental process. The efficiency of neu-
ronal differentiation was determined by calculating the
proportions of cells that are immuno-positive for MAP-2,
a cytoskeleton protein unique to neurons. Undifferentiat-
ed ESCs were generally more sensitive to higher physio-
logical doses of all four compounds, which inhibited cell
proliferation and induced apoptosis. Lower physiological
doses of these compounds did not impact ESCs prolifer-
ation but did interfere with their neuronal differentiation.
These results are consistent with findings in animal-based
models and show that the neuronal differentiation of ESCs
is a useful model system for investigating developmental
neurotoxicity of environmental chemicals at the cellular
level. We are currently using this model to characterize
developmental neurotoxicity of endocrine disruptors
such as Polybrominated diphenyl ethers (PBDE).
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GENE REGULATORY NETWORKS IN
MESENDODERM DIFFERENTIATION OF
HUMAN EMBRYONIC STEM CELLS

Carpenedo, Richard', Tanner, R. Matthew'?, Perkins,

Theodore'? and Stanford, William'?, 'Ottawa Hospital
Research Institute, Ottawa, ON, Canada, 2University

of Ottawa, Ottawa, ON, Canada

Pluripotent stem cells (PSCs) hold tremendous potential
as a cell source for applications in regenerative medicine,
in vitro drug screening, and studies of human develop-
ment and disease. A significant challenge preventing
PSCs from being adopted in such applications is efficient
generation of mature, functional cell populations. A com-
prehensive, systems-level understanding of the molecular
mechanisms underlying differentiation, including regula-
tion of transcription and post-transcriptional regulatory
mechanisms, will be highly beneficial toward production
of functional tissue from PSCs. The objective of this proj-
ect is to draft and test a multi-level gene regulatory net-
work of human PSC mesendoderm (ME) differentiation
comprising transcription, post-transcriptional modifica-
tion, and translation state. To induce ME differentiation,
H9 hESCs were seeded as single cells in chemically de-
fined E8 media, which was then replaced with basal me-
dia supplemented with BMP4 and Activin A (termed BA).
Morphological changes were observed in BA conditions
compared to E8 and basal media (E6) controls as ear-
ly as 24 hrs post-treatment. Expression of pluripotency
genes was reduced in BA compared to E8 after 48 hrs,
while expression of ME genes, including 7, MIXL1, GSC and
EOMES, was observed exclusively in BA. RNA-seq was
performed at 6-hr intervals throughout the 48-hr differ-
entiation time course to assess transcriptomic changes.
Hierarchical clustering and principal component analysis
of transcriptomic data indicated that BA-treated cells had
distinct expression profiles from E8 or E6, and that con-
secutive BA time points clustered sequentially. Similarly,
sequencing of small RNA and ribosome-protected RNA
libraries was done to assess changes in miRNA expression
and global translation-state during ME differentiation. In-
tegration of these data sets is expected to yield insights
into regulatory mechanisms involved in ME commitment.
Furthermore, our global translation-state analysis allows
us to draft regulatory networks with a focus on identify-
ing post-transcriptional control elements (such as miR-
NA) that mediate discrepancies between transcription
and translation. Thus, using an unbiased systems-biology
approach, we will identify previously uncharacterized reg-
ulators of ME development.
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W2175

INVESTIGATING THE MECHANISM OF A MULTI-
STATE MODEL OF WNT SIGNALING

Cutts, Josh and Brafman, David, Arizona State
University, Tempe, AZ, U.S.

The WNT signaling pathway plays a critical role in many
developmental processes as well as the maintenance of
tissue homeostasis in adults. In addition, dysfunction in
WNT signaling results in numerous human diseases. Ca-
nonical WNT signaling is classically described by the ‘two-
state’ model. This model posits that in the ‘off’ state in the
absence of a WNT ligand, cytoplasmic B-catenin is con-
tinuously degraded by the action of the APC/Axin/GSK-
3B destruction complex. In the ‘on’ state in the presence
of WNT ligands, this protein destruction complex is dis-
rupted, allowing B-catenin to translocate into the nucleus
where it interacts with the DNA-bound TCF/LEF proteins
to regulate target gene expression. However, this ‘two-
state’ model does not adequately explain the mechanisms
by which WNT signaling can elicit distinct patterns of tar-
get gene expression and cell responses at specific sig-
naling thresholds. For example, in the development and
patterning of many tissues, the WNT pathway attains dif-
ferent levels of activity through gradients of WNT signal-
ing activity. In turn, the positional information supplied by
these WNT signaling gradients produces the appropriate
spatial pattern of cellular differentiation. Elucidating the
mechanisms of how a graded WNT signal leads to precise
changes in transcriptional responses has been difficult be-
cause the lack of an in vitro model where WNT signaling
molecules cause distinct cellular phenotypes at different
concentrations. To that end, we have developed an in
vitro human pluripotent stem cell (hPSC)-based model
that recapitulates the same in vivo developmental effects
of the WNT signaling gradient on the anterior-posterior
(A/P) patterning of the neural tube during early devel-
opment. Using this model along with genome-wide ex-
pression analysis (RNA-seq) and DNA binding analysis
(ChIP-seq), we are uncovering the mechanisms by which
specific levels of WNT activity are translated into precise
transcriptional responses and cell identities. Overall, the
new insights gained from this research will lead to the
better understanding of how various WNT pathway activ-
ity levels lead to cancer or other pathological conditions.

Funding Source: Arizona Alzheimer's Association

q INTERNATIONAL SOCIETY
ISSCR FOR STEM CELL RESEARCH



POSTER ABSTRACTS

W2177

INDUCTION OF THE HEMATOENDOTHELIAL
LINEAGE USING HUMAN PLURIPOTENT STEM
CELLS

Faal, Tannaz, Scarfone, Vanessa and Inlay, Matthew
A., University of California, Irvine, Irvine, CA, U.S.

Bone marrow transplants (BMT), also known as hemato-
poietic stem celltransplants (HSCT), are performedto treat
a large variety of blood disorders. Hematopoietic stem
cells (HSCs) exhibit tremendous regenerative capacity, as
a single HSC has the potential to reconstitute the entire
blood system. Despite this, BMT/HSCT is performed rare-
ly due to possible side effects of the procedure such as
graft rejection. One goal of regenerative medicine is the
generation HSCs from patient-specific pluripotent stem
cell lines (hPSC) to treat blood diseases. However, despite
decades of effort, the generation of functional HSCs from
hPSC lines has yet to be conclusively achieved. While re-
cent progress has been made in generating definitive he-
matopoietic progenitor cells - defined by the potential to
give rise to all blood cell types - the majority of protocols
to generate blood cells from hPSC lines result in primitive
blood cells that are biased towards making red blood cells
or other myeloid cells. Our goal is to better understand
the earliest steps of hematopoietic commitment to direct
cells to definitive fates. Hematopoietic cells are thought
to arise from a hematoendothelial precursor called hemo-
genic endothelium. To generate hemogenic endothelium,
hPSC clusters are plated onto an overconfluent layer of
a bone marrow stromal line called OP9 and analyzed for
CD34 and CD43 marker expression, which signals endo-
thelial and hematopoietic differentiation, respectively. In
the presence of serum-containing media, hPSCs rapid-
ly differentiate into mesodermal lineages, and produce
CD34+ endothelial cells in a few days. However, we found
that hematopoietic induction correlated with upregula-
tion of primitive markers such as CD235a and CD41. To
redirect hematoendothelial cells to a more definitive fate,
we explored switching the culture media from a pro-dif-
ferentiation serum-containing media to serum-free media
designed to maintain hPSC pluripotency. We found that a
combination of serum-containing and serum-free media
promotes expansion of putative hemogenic endothelium
and definitive hematopoietic cells and prevents primitive
induction. We hypothesize that this protocol could direct
hemogenic endothelium towards definitive hematopoiet-
ic progenitors capable of engraftment and reconstitution
of the blood system.

Funding Source: National Institute of Neurological
Disorders and Strokes (NINDS/NIH) Training Grant
Award#NS082174
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A RAPID AND EFFICIENT METHOD TO OBTAIN
INDUCED ENDOTHELIAL PROGENITOR LIKE
CELLS FROM HUMAN EMBRYONIC STEM
CELLS

Zhao, Yan'?, Zhao, Hao!, Li, Zili?, Ouyang, Qi"?, Sun,
Yi2, Zhou, Di*?, Xie, Pingyuan?, Zeng, Sicong'?,
Dong, Lingfeng', Wen, Hua', Lu, Guangxiu'?, Lin, Ge'?
and Hu, Liang'?, 'School of Basic Medical Science,
Central South University, Changsha, China, 2National
Engineering and Research Center of Human Stem
Cells, Changsha, China

Endothelial progenitor cells (EPCs) can promote the for-
mation of cardiovascular and angiogenesis, and can be
used in a variety of areas like cardiac regeneration, gene
therapy, development of tissue-engineered vascular
grafts, and prevascularized tissue transplants. EPCs can
be isolated from various sources, such as the peripheral
blood, bone marrow, adipose tissue, and umbilical cord
blood. However, isolating EPCs from these sources were
difficult to expand in culture and may affect both quan-
tity and quality of EPCs for clinical use. Thus, pluripotent
stem cells such as human embryonic stem cells (hESCs)
and induced pluripotent stem cells (iPSCs) have been
highlighted as alternative sources of EPCs. Previous ef-
forts to differentiate hESCs into EPCs were expensive and
time-consuming. To check which transcriptional factor is
important in hematopoiesis and endothelial cell develop-
ment, we established conditional overexpression system
in hESCs for 18 transcription factors that were reported
responsible for hematopoiesis. Among them, only overex-
pression of FLIT and c-MYC could differentiate hESCs to
hematopoietic lineage. Moreover, overexpression of FLI1
as well as activation of PKC simultaneously could rapidly
and efficiently differentiate hESCs to endothelial progeni-
tor like cells (iIEPCs), while neither FLI1 overexpression nor
PKC activation alone could differentiate hESCs to iEPCs.
By only 3-day induction, hESCs were differentiated to
spindle-like cells that were consistent in appearance with
EPCs. Flow cytometry analysis reavealed that the rate of
CD31/CD144 double positive cells was more than 90%,
which was much higher than previously reported in other
literatures. Expression of endothelial relate genes CD144,
CD31, CD34, FLK-1, VWF2 dramatically increased during
induction while pluripotency genes OCT4, SOX, NANOG,
KLF4 decreased gradually. Like EPCs, iEPCs could also
uptake low-density lipoproteins, strongly expressed
UEA-1and vWEF. Interestingly, iIEPCs showed better capil-
lary-like structures forming ability in matrigel both in vitro
and in vivo than EPC and HUVEC. Detailed mechanism of
this directional differentiation may help us better under-
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stand angiogenesis and develop new method to generate
EPCs from pluripotent cells for regenerative medicine.

Funding Source: Funding by National Natural Science
Foundation of China (81372627), R&D funding of Guangx-
iu-Gaoxin Life Science Co. Ltd., and Natural Science Foun-
dation of Hunan Province (13JJ3038).

W2181

AUTOMATED PLATFORM FOR POPULATION
BASED DISEASE MODELING OF STEM CELL
DERIVED CELL TYPES

Johannesson, Bjarki', Lallos, Gregory', Zimmer,
Matthew', Browne, Daniel', Napolitano, Chris', Hahn,
Aana’, Sun, Bruce', Shang, Linshan', Brenner, Katie',
Nelson, Philip?, Ando, Mike?, Dimon, Michelle?, Coram,
Marc?, Solomon, Susan L.}, Berndl, Marc? and Noggle,
Scott!, 'New York Stem Cell Foundation, New York,
NY, U.S,, 2Google Inc, Mountain View, CA, U.S.

Directed differentiation of pluripotent stem cells has be-
come one of the cornerstones of cell-based disease mod-
eling. Together with somatic cell reprogramming, which
allows for the generation of patient specific stem cells,
this is a powerful tool for studying genotype-phenotype
relationships in vitro. In severe monogentic diseases, this
relationship is often pronounced and can be demonstrat-
ed experimentally using cell lines from a low number of
affected individuals. However, genetically complex dis-
eases such as type 1and type 2 diabetes have to be mod-
eled using larger cohorts of patient-derived cells. Proto-
cols for directed differentiation are frequently optimized
using a single cell line and show inconsistent results when
applied to cohorts of genetically diverse stem cell lines.
This lack of robustness incorporates experimental vari-
ability that can mask subtle phenotypes and represents a
major limitation for large-scale studies where multiple cell
lines have to be differentiated and analyzed in parallel. To
address this problem, we are developing automated tech-
nigues that enable the standardized creation and analysis
of stem cell derived tissues at scale. Our approach com-
bines active machine learning techniques with our new
automated culture systems, laying the groundwork for
true population based, in vitro disease modeling.

W2183

INVESTIGATING THE ROLE(S) OF XIST RNA
BINDING PROTEINS IN X CHROMOSOME
INACTIVATION (XCI)

Korsakova, Elena’, Pandya-Jones, Amy? and Plath,
Kathrin?, '"CSUN, Northridge, CA, U.S,, 2University of
California Los Angeles, Los Angeles, CA, U.S.

X Chromosome Inactivation is an essential developmen-
tal step in the maturation of placental female embryos.

oo 68

‘ POSTER ABSTRACTS

Upon exit from the pluripotent state of the inner cell mass
cells of the embryo proper, XCI results in transcriptional
silencing of one of the two X chromosomes that is herita-
ble through all subsequent cell divisions. XCl is thought to
compensate for the imbalance in X-linked gene dosage
between female (XX) and male (XY) cells. The critical reg-
ulator of XCl is the long non-coding RNA Xist, which coats
the future inactive X chromosome to initiate transcrip-
tional silencing and facultative heterochromatin forma-
tion. RNA footprinting experiments on Xist revealed a set
of sites that were protected by bound proteins. Here we
investigate the role of these protein binding sites in XClI
by deleting them using the CRISPR-Cas9 system. Their
role(s) in mediating Xist RNA coating of the Xi will be as-
sessed by FISH. If Xist cloud formation is observed in the
mutant cells, the ability of Xist to induce transcriptional si-
lencing and promote epigenetic change will be evaluated
by combination FISH/ immunofluorescence experiments.
This investigation will help elucidate which regions of the
Xist RNA require trans-acting factors to execute coating
and epigenetic regulation, with the larger goal being the
identification of these factors and their mechanisms of ac-
tion.

W2185

MODELLING THE IMPACT OF MATERNAL
DRUG USE ON HEPATOCYTE
DIFFERENTIATION

lucendo-Villarin, Baltasar', Panagiotis, Filis?, Iredale,
John P!, O'Shaughnessy, Peter J3, Fowler, Paul A*
and Hay, David®, 'University of Edinburgh, Edinburgh,
U.K. of Great Britain and Northern Ireland, 2University
of Aberdeen, Aberdeen, U.K. of Great Britain and
Northern Ireland, *University of Glasgow, glasgow,
U.K. of Great Britain and Northern Ireland, “University
of Aberdeen, Aberdeen, U.K,, *University of
Edinburgh, edinburgh, U.K.

Maternal alcohol and drug consumption exposes the foe-
tus to harmful xenobiotics. This can impair human liver
development, resulting in long-term consequences for
the affected offspring after birth. While hepatocyte mod-
els exist to study the effect of xenobiotics on human de-
velopment, their drawbacks outweigh the advantages.
Therefore, other sources of human foetal hepatocytes
have been explored. Pluripotent stem cells (PSCs) repre-
sent an exciting cell resource which can be scaled to de-
mand and then directed to differentiate down the lineage
of interest. The focus of this study was to understand how
xenobiotic exposure induces changes in hepatic gene ex-
pression during hepatocyte differentiation. For this pur-
pose, we generated PSC-derived hepatoblast populations
using a defined and efficient procedure and then exposed
them to many compounds found in cigarette smoke, such
as cotinine, polycyclic aromatic hydrocarbons, cadmium,
arsenic, and cobalamin. Following this, cells were direct-
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ly differentiated to hepatocyte-like cells with hepatocyte
gene expression, redox potential, metabolic function,
and serum protein production analysed. We believe that
these studies represent important progress towards un-
derstanding the effect of maternal drug consumption on
the human foetus.

Funding Source: M?/-01001/1

W2187

DECIPHERING THE GENETIC CONTRIBUTION
TO SCHIZOPHRENIA

Mitchell, Jana', Kamitaki, Nolan?, Nahme, Ralda'?,
McCarroll, Steven?® and Eggan, Kevin Carl'?, 'Harvard
University, Cambridge, MA, U.S,, ?Harvard Medical
School, Boston, MA, U.S,, 3The Broad Institute of
Harvard and MIT, Cambridge, MA, U.S.

Genome-wide analyses have linked variation in ~100 ge-
nomic regions to Schizophrenia (SCZ). This provides for
the first time a list of candidate genes that potentially in-
fluence disease. To generate hypotheses about how these
genes contribute to disease, we must first establish when
and where in the brain they are expressed. We then need
to determine how genetic variation associated with dis-
ease alters the function of these genes in specific neural
cell types. While the vast majority of variation lies within
non-coding regions of the genome, we need to determine
the effects of variation on regulation of gene expression,
in both direction and magnitude. As many of these genes
are potential targets of novel therapeutics, we need to un-
ambiguously establish their expression profiles in normal
and disease cells. We have used directed differentiation of
Human embryonic stem cells to generate neural cell types
implicated in the pathogenesis of SCZ, including cortical
excitatory neurons and inhibitory interneurons. By sam-
pling cells over the course of maturity, we have system-
atically measured the trajectory of expression of genes
linked to SCZ. We show that distinct clusters of candidate
genes are expressed in specific neural cell types. A criti-
cal aspect of our analyses is to determine the effects that
SCZ-linked variation has on candidate gene expression.
We have approached this question by measuring changes
in allele-specific expression at loci heterozygous for ‘risk’
polymorphisms. We have developed an exhaustive probe
set to measure the allelic skew of >700 genes located
within the vicinity of SCZ regulatory polymorphisms, and
measured the extent to which variation at each haplotype
acts to increase or decrease their expression. In aggre-
gate, this information provides novel insight into the func-
tion of these genes in neurodevelopment, suggests how
changes in gene expression might influence the patho-
genesis of SCZ, and ultimately reveals targets for down-
stream drug development.

W2189

HOXA-PATTERNED HEMOGENIC
ENDOTHELIUM DIFFERENTIATED FROM
HUMAN PLURIPOTENT STEM CELLS
RESEMBLES AGM AND GENERATES FETAL
HAEMATOPOIETIC CELLS

Ng, Elizabeth S', Azzola, Lisa', Vlahos, Katerina', Yu,
Qing Cissy?, Bruveris, Freya F', Calvanese, Vincenzo?,
Phipson, Belinda', Maksimovic, Jovana', Januar, Vania',
Elliott, David*, Haylock, David N°, Nilsson, Susan K5,
Saffery, Richard!, Oshlack, Alicia!, Mikkola, Hanna

K A8, Stanley, Edouard G' and Elefanty, Andrew G,
'Murdoch Childrens Research Institute, The Royal
Children's Hospital, Parkville, Australia, 2Shanghai
Institute of Biological Sciences, Shanghai, China,
SUniversity of California Los Angeles, Los Angeles,
CA, U.S,, *Murdoch Childrens Research Institute,
Parkville, Australia, >°CSIRO, Clayton, Australia,
SUniversity of California Los Angeles, Los Angeles,
CA, US.

Hematopoietic stem cell (HSC) transplantation reconsti-
tutes the blood cell compartment following myeloabla-
tive therapy or for patients with marrow aplasia. Because
many patients do not have an optimal matched donor,
the provision of HSCs from alternate sources, such as
differentiated human pluripotent stem cells (hPSCs), is
required. Despite considerable efforts, it has not been
possible to efficiently generate repopulating HSCs from
PSCs. Based on key roles for SOX77 in hemogenic en-
dothelium and in the earliest HSCs, and for RUNXIC in
marking hematopoietic progenitors, we reasoned that
reporter lines that marked cells expressing these genes
would be valuable for identifying definitive hematopoietic
lineages. In initial studies, we found that RUNXIC marked
a subset of CD34* cells highly enriched for haematopoi-
etic progenitors that homed to the bone marrow, but did
not engraft immunocompromised mouse recipients. Ex-
ploring molecular differences between hPSC-derived and
cord blood CD34* cells revealed that the RUNX1C*CD34*
cells failed to express HOXA genes. We found that mod-
ulating ACTIVIN and WNT signalling, timed to overlap
with the peak expression of primitive streak genes, en-
hanced chromatin accessibility across the HOXA cluster
and up-regulated HOXA expression, effectively providing
a 'switch' from primitive to definitive hematopoiesis. This
led to the formation of striking SOX17* vascular structures,
which generated RUNXIC* haematopoietic cells, mimick-
ing aspects of human aorta-gonad-mesonephros (AGM).
The HOXA-expressing cultures sustained haematopoiesis
longer than control cultures, evidenced by the prolonged
generation of colony forming cells, which included eryth-
roid precursors that had switched from embryonic to fetal
globin expression. Our findings argue that HOXA codes
established early in differentiation predict cellular poten-
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tial and provide correct cell patterning for the specifica-
tion of definitive hematopoietic lineages from hPSCs. Our
identification of the relationship between specific signal-
ing events and HOXA gene induction represents a signif-
icant step towards the generation of transplantable hu-
man hematopoietic stem cells from pluripotent stem cells.

W2191

FUNCTIONAL AND TOPOLOGICAL
CHARACTERIZATION OF POISED
ENHANCERS DURING EMBRYONIC STEM CELL
DIFFERENTIATION

Rada-lglesias, Alvaro', de la Cruz Molina, Sara’,
Tebartz, Christina', Respuela, Patricia', Kolovos,
Petros?, Nikolic, Milos'3, Grosveld, Frank? and
Frommolt, Peter3, 'Center for Molecular Medicine
Cologne (CMMC), University of Cologne, Cologne,
Germany, 2Erasmus Medical Center, Rotterdam,
Netherlands, 3Cologne Excellence Cluster for Cellular
Stress Responses in Aging-Associated Diseases
(CECAD), University of Cologne, Germany, Cologne,
Germany

Poised enhancers in embryonic stem cells (ESC) are
cis-regulatory elements uniquely characterized by the si-
multaneous presence of transcription factors, co-activa-
tors (e.9.p300), H3K4mel and, importantly, H3K27me3.
Although correlative evidences suggest that poised en-
hancers facilitate the activation of somatic gene expres-
sion programs upon ESC differentiation, their function-
al relevance during this process has not been formally
demonstrated. Initial epigenomic and functional annota-
tion of poised enhancers in mouse ESC (mESC) suggest-
ed that, rather than being promiscuously used during the
acquisition of somatic cell fates, poised enhancers were
preferentially involved in the establishment of anterior
neural identity. Using CRISPR/Cas9 to delete poised en-
hancers in situ, we formally showed that these cis-regu-
latory elements are necessary for the induction of major
forebrain regulators. Since single poised enhancers were
deleted at each of the analyzed loci, our data suggest that
poised enhancers play an important and non-redundant
role among the hierarchy of regulatory elements con-
trolling the expression of anterior neural genes. In agree-
ment with this major and early regulatory function, 4C-seq
experiments revealed that poised enhancers established
strong and specific physical interactions with their target
genes already in the undifferentiated mESC state. Chiel-
fy, additional 4C-seq experiments in EED”-mESC showed
that such pre-looped topological conformations are poly-
comb dependent. Together with epigenomic and tran-
scriptional characterization of EED”- mESC, we propose
that, in addition to their well-established repressive func-
tion, polycomb proteins confer poised enhancers with the
appropriate regulatory topology and, thus, facilitate the
timely induction of forebrain master regulators. Overall,
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our work conclusively demonstrates the functional rele-
vance of poised enhancers and illuminates a novel mech-
anism by which polycomb proteins might facilitate the
proper establishment of developmental gene expression
programs

W2193

SUPERIOR RED BLOOD CELL GENERATION
FROM HUMAN PLURIPOTENT STEM CELLS VIA
A NOVEL MICROCARRIER BASED EMBRYOID
BODY PLATFORM

Sivalingam, Jaichandran’, Lam, Alan', Chen, Allen',
Yang, Bin Xia?, Reuveny, Shaul', Loh, Yuin Han® and
Oh, Steve!, 'Bioprocessing Technology Institute,
Singapore, Singapore, 2IMCB, Singapore, Singapore,
3Institute of Molecular and Cell Biology, Singapore,
Singapore

In vitro generation of red blood cells (RBCs) from hu-
man embryonic stem cells (hESC) and human induced
pluripotent stem cells (hiPSC) appears to be a promising
alternate approach to circumvent shortages in donor-de-
rived blood supplies for clinical applications. Conven-
tional methods for hematopoietic differentiation of hESC
and iPSC rely on embryoid body (EB) formation and/
or co-culture with xenogeneic cell-lines. However, these
current methods are not amenable for scale-up and face
obstacles for clinical translation due to the use of xeno-
geneic materials. Here we report the development of a
serum-free and chemically defined platform using recom-
binant human Laminin-521 coated microcarriers for plu-
ripotent stem cell expansion and hematopoietic differen-
tiation of hESC and hiPSC. Improved survival and better
quality EBs generated with the microcarrier-based meth-
od resulted in at least a 6 fold- improvement in heman-
gioblast expansion, potentially culminating in a 80-fold
improvement in the yield of RBC generation as compared
to a conventional EB-based method. Using the improved
microcarrier-based differentiation protocol, we demon-
strate successful differentiation of O-negative (Rhesus
factor D negative) RBCs from donor hiPSC generated
from finger-prick blood. Universal donor RBCs (blood
type O-RhD negative) could prove to be extremely use-
ful for future cell therapy applications such as emergen-
cy blood transfusions and for treating poly-immunized
patients with recurrent transfusion needs. Thus, our mi-
crocarrier-based differentiation platform could prove to
be an appealing strategy for future scale-up of hESC and
hiPSC culture and for hematopoietic differentiation under
defined conditions for large-scale generation of universal
donor RBCs.

Funding Source: Joint Council Office grant from Agency
for Science, Technology and Research, Singapore
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W2195

ANTAGONISTIC INTERACTIONS BETWEEN
PLURIPOTENCY & LINEAGE-SPECIFIC
TRANSCRIPTION FACTORS IN PARAXIAL
MESODERMAL SPECIFICATION OF HUMAN
PLURIPOTENT STEM CELLS

Ting, Chiao-Hsuan, Natl Health Res Institutes, Zhunan
Taiwan, Taipei City, Taiwan, Jiang, Shih-Sheng,
National Institute of Cancer Research, National
Health Research Institutes (NHRID), Zhunan, Taiwan,
Hsu, Pei-Ju, Regenerative Medicine Research

Group, Institute of Cellular and System Medicine
(ICSM), National Health Research Institute (NHRD),
Zhunan, Taiwan, Taipei City, Taiwan, Lee, Yu-Wei,
Regenerative Medicine Research Group, Institute of
Cellular & System Medicine, National Health Research
Institutes (NHRID), Zhunan, Taiwan and Yen, B. Linju,
Regenerative Medicine Research Group, Institute of
Cellular&System Medicine, National Health Research
Institutes (NHRID), Zhunan, Taiwan

Human pluripotent stem cells (hPSCs) have the capacity
of unlimited self-renewal and capacity to differentiate into
cell types of all three germ layers. These stem cells there-
fore represent excellent in vitro models for studying the
molecular mechanisms involved in early human develop-
ment and cellular lineage commitment. One of the most
clinically relevant lineages is the paraxial mesoderm. Aris-
ing from the mesoderm, which is the second germ layer to
be specified after the ectoderm, the paraxial mesoderm
gives rise to cell types related to the skeleton including
skeletal muscle, cartilage, and bone—all tissues which
undergo ‘wear-and-tear’ which result in much aged-re-
lated dysfunction. Surprisingly, molecular understanding
of how PSC undergo lineage commitment into paraxial
mesoderm is still not well understood. Using the hPSCs of
human embryonic stem cells (hESCs) and induced plurip-
otent stem cells (iPSCs), we sought to elucidate molecu-
lar mechanisms involved during this process. We found
that knockdown of Sox2—one of the pluripotency tran-
scription factors (TFs) and also the key TF in ectodermal
specification—in hESCs and iPSCs leads to differentiation
into mesendoderm. To further narrow the differentiation
specification into paraxial mesoderm, we used transcrip-
tome analyses and found a candidate lineage TF which
is a downstream target of Sox2 downregulation. Previ-
ous reports have shown that the BMP and Wnt/b-catenin
pathways are important in hPSC mesendoderm specifica-
tion, and we found that fine-tuning of the Wnt/b-caten-
in pathway can result into specific commitment towards
paraxial mesoderm. Our current work is to elucidate the
direct molecular steps linking Sox2 downregulation to
downstream paraxial mesodermal TF and Wnt/b-catenin
pathway activation in hPSCs. We hope our work can lead
to further understanding of early human development as

co-sponsored by:

well as develop rapid and efficient methods of obtaining
paraxial mesodermal derivatives for therapeutic applica-
tion.

W2197

SYNCTYTIOTROPHOBLAST GENERATION
FROM HUMAN EMBRYONIC STEM CELLS

Yabe, Shinichiro', Alexenko, , Andrei P!, Amita,
Mitsuyoshi', Yang, Yingd', Schust, Danny J', Ezashi,
Toshihiko? and Roberts, R. Michael', 'University of
Missouri-columbia, Columbia, MO, U.S,, 2University of
Missouri, Columbia, MO, U.S.

Syncytiotrophoblast (STB) is a conceptus-derived
multi-nucleated syncytium of human placenta and forms
the interface with the maternal blood for nutrient and gas
exchange. Alterations in STB development in early preg-
nancy have been implicated in placental diseases, includ-
ing preeclampsia. Unfortunately, we little know about the
manner in which STB forms and functionally differenti-
ates, especially in the peri-implantation period when inva-
sive STB leads the establishment of the final villous hemo-
chorial placenta and when the conceptus is particularly
vulnerable to environmental influences and viral infection.
Human embryonic stem cells (ESC) can be directed into
the trophoblast lineage by exposing them to BMP4 and
two inhibitors, A83-01 and PD173074 that block ACTIV-
IN A and FGF2 signaling, respectively (BAP treatment).
During BAP treatment, multiple areas of syncytium be-
came visible within colonies ~day 5, coincident with the
production of placental hormones and their release into
the culture medium. By day 8 syncytial areas range from
~40 to ~100 mm or greater in diameter. Here, we describe
isolation of cytotrophoblast (CTB) and larger STB frac-
tions by differential cell size-based filtration of dispersed
colonies by filtering through nylon strainers with mesh
sizes of 40 and 70 ym. The two most homogeneous frac-
tions, the mainly mononucleated < 40 mm fraction and the
syncytial > 70 ym fraction had DNA contents consistent
with an average nuclear number of 1and 37, respectively.
RNAseq analysis performed on these cells demonstrat-
ed that BAP-differentiated hESC were comprised only
of trophoblast, with no evidence of marker gene expres-
sion suggesting the presence of other lineages. The large
syncytial cells (> 70 ym) showed significantly (P<0.0071)
higher gene expression of placental hormones, including
CGB/LH family members, CGA, PGF, fusogenic retroviral
envelope proteins (ERVW1, ERVFRD1) and several trans-
porters, including SLC38A3, -13A4 and -40A, when com-
pared to the mononucleated cytotrophoblast fraction (<
40 um). Several transcription factors, including CEBPB,
PPARD, GATA2, HEY1, DLX3, GCMI1, TFAP2C MSX2 and
OVOL1 were also significantly up-regulated in the large
STB. STB derived from ESC may provide an in vitro model
of initial STB formation in early placenta stage that cannot
be studied in vivo.
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HUMAN PLURIPOTENT STEM CELL DERIVED
ENTERIC NEURAL CREST LINEAGES FOR
CELL THERAPY AND DRUG DISCOVERY IN
HIRSCHSPRUNG DISEASE

Fattahi, Faranak'?, Steinbeck, Julius!, Kriks, Sonja’,
Tchieu, Jason', Zimmer, Bastian!, Kishinevsky,
Sarah', Zeltner, Nadja', Mica, Yvonne?, El-Nachef,
Wael*, Zhao, Huiyond', de Stanchina, Elisa', Gershon,
Michael®, Grikscheit, Tracy*, Chen, Shuibing? and
Studer, LorenZz', 'Memorial Sloan-Kettering Cancer
CenterDevelopmental Biology, New York, NY, U.S.,
2Weill Cornell medicine, Weill Graduate School

of Medical Sciences, New York, NY, U.S,, 3Life
Technologies, Inc., Carlsbad, CA, U.S,, “Children’'s
Hospital of Los Angeles, Los Angeles, CA, U.S,,
5Columbia University, New York, NY, U.S.

The human enteric nervous system (ENS) is derived from
the neural crest and represents a complex network of
~500 million neurons with dozens of distinct neurotrans-
mitter and hormone subtypes essential for gastro-intes-
tinal (GI) function. The ENS has been called the “second
brain” given its autonomy and complex cytoarchitecture.
ENS defects are the cause of a broad range of human dis-
orders including Hirschsprung’s disease (HSCR), a con-
genital defect affecting 1in 5,000 live births. HSCR is a
caused by the developmental failure of ENS progenitors
to migrate into the gastrointestinal tract, particularly the
distal colon. Development of the human ENS is poorly
understood given the lack of accessible tissue. Here we
demonstrate the efficient derivation and isolation of ENS
progenitors from hPSCs, and their further differentiation
into functional enteric neurons. A particularly remarkable
feature of hPSC-derived ENS lineages is their ability to
migrate extensively within the developing chick embryo
or adult mouse colon. Transplantation into the wall of the
cecum in adult mice results in long-distance migration
and rescue of Ednrb mutant mice indicating therapeutic
potential for HSCR. We further established an EDNRB-/-
hPSC-model of HSCR and performed a drug screen using
this model. We identified Pepstatin as a compound that
promotes migration in EDNRB-/- enteric precursors in
vitro and, upon pre-transplantation treatment of cells in
vivo. Our study establishes the first, to our knowledge, hu-
man PS-cell-based platform for the study of human ENS
development and presents cell- and drug-based strate-
gies for the treatment of HSCR.
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W2203

ROSCOVITINE, A SMALL PURINE-LIKE CDK
INHIBITOR, TRIGGERS APOPTOSIS IN HUMAN
EMBRYONIC STEM CELLS

Furmento, Verdnica', Garcia, Carolina', Videla
Richardson, Guillermo Agustin', Romorini, Leonardo?,
Miriuka, Santiago', Sevlever, Gustavo' and Scassa,
Maria Elida', 'LIAN-FLENI, Buenos Aires, Argentina,
2FLENI, Buenos Aires, Argentina, Ciudad de Buenos
Aires, Argentina

Human embryonic stem cells (hESCs) are derived from
the inner cell mass of the blastocyst during a stage of de-
velopment defined by rapid cell division rates. These cells
possess the unique characteristic of indefinite self-renew-
al while retaining an undifferentiated state. Protein kinase
complexes formed by the association of cyclins and their
catalytic subunits called cyclin dependent kinases (CDKSs)
represent the key molecules that orderly regulate pro-
gression through the cell cycle. In hESCs, elevated cyclin
activity combined with lack of endogenous CDK inhibi-
tors results in increased activity of CDK1 and CDK2 and
consequently in diminished G1 and G2 cell cycle phases.
Acute inhibition of CDK1 or CDK2 in proliferating somatic
cells generally results in reversible cell cycle arrest without
significant cell death. However, in other cellular contexts,
CDK inhibitors could induce cell differentiation or apopto-
sis. Therefore, CDKs have cell-type specific functions, and
compensatory roles exist among different CDK isoforms,
which in turn could play pivotal roles in the regulation of
proliferation and apoptosis. Herein, we used Roscovitine
(ROSC), a small purine-like CDK inhibitor, to examine the
role of CDK1 and CDK2 inhibition in WAQ9 hESC line. Ini-
tially, by XTT/PMS vital dye assays we found that ROSC
exposure reduces WAO9 cells viability in a dose-depen-
dent manner. Interestingly, by Western blot analysis we
determined that the loss in cell viability was accompanied
by apoptotic features such as caspase-9 and caspase-3
activation and PARP-1 cleavage. Flow cytometric analysis
of DNA content revealed that ROSC led to an increase in
the percentage of cells in G2/M phase after a 16 h treat-
ment, which coincided with nuclear accumulation and
site-specific phosphorylation of p53 at Serine 46. Fre-
quently, molecular inhibition of CDKs protects normal
non-cycling cells from programmed cell death, however
in the present study we found that, similar to what oc-
curs in many types of cancer cells, in rapidly proliferat-
ing hESCs ROSC triggers apoptosis. Our findings further
support the concept that CDKs activities might not be
universally required for apoptosis in the same way that
CDKs are universally required for cell cycle progression in
all eukaryotic cells studied.
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W2205

MRNA DEADENYLATION SAFEGUARDS THE
PLURIPOTENT STATE

Hu, Guang, Zheng, Xiaofeng, Yang, Pengyi, Lackford,
Brad, Bennett, Brian, Wang, Li, Fargo, David and

Jothi, Raja, National Institute of Environmental Health
Ssciences/National Institutes of Health, RTP, NC, U.S.

Poly(A)-tail length and mRNA deadenylation play import-
ant roles in gene regulation. However, how they regulate
embryonic development and pluripotent cell fate is not
fully understood. Here we present evidence that mRNA
deadenylation governs the pluripotent state. We show
that Cnot3, a component of the Ccr4-Not deadenylase
complex, is required for mouse epiblast maintenance. It
is highly expressed in blastocysts and its deletion leads
to peri-implantation lethality. The epiblast cells in Cnot3
deletion embryos are quickly lost during diapause and
fail to outgrow in culture. Mechanistically, Cnot3 C-termi-
nus is required for its interaction with the complex and
its function. Further, Cnot3 deletion results in increases in
the poly(A)-tail lengths, half-lives, and steady-state lev-
els of differentiation gene mRNAs. The half-lives of Cnot3
target mRNAs are shorter in ESCs and become longer
during normal differentiation. Together, we propose that
Cnot3 maintains the pluripotent state by promoting dif-
ferentiation gene mMRNA deadenylation and degradation,
and we identify poly(A)-tail length regulation as a novel
post-transcriptional mechanism that controls pluripoten-
cy.

Funding Source: This study was supported in part by the
Intramural Research Program of the NIH, National Insti-
tute of Environmental Health Sciences ZOTES102745.

W2207

COMBINATORIAL CHEMICAL GENETICS
IDENTIFIES ERKS AS A KEY REGULATOR OF
EMBRYONIC STEM CELL FATE

Findlay, Greg, MRC-PPU, Dundee, U.K.

Embryonic Stem Cells (ESCs) can self-renew or differen-
tiate into potentially all specialised cell types, a phenom-
enon known as pluripotency. However, the mechanisms
by which pluripotency and differentiation are controlled
are poorly understood. To address this, we develop a
high-throughput small molecule screen to identify nov-
el kinase regulators of pluripotency. We find that XMD
compounds, a series of selective Erk5 kinase/BET bro-
modomain inhibitors, promote primed pluripotency. We
engineer XMD target selectivity to generate Erk5 specif-
ic tool compounds, which in combination with CRISPR/
Cas9 mediated genome editing uncovers a novel function
for Erk5 in pluripotency regulation. Mechanistically, Erk5
maintains naive pluripotency by promoting expression of
Krueppel-like transcription factors, in a manner which re-

co-sponsored by:

quires kinase activity, upstream activation by Mek5 and a
C-terminal transcriptional activation domain. Finally, we
show that Erk5 functions to specifically restrict cardiac
mesoderm differentiation, suggesting that Erk5 plays a
critical role in controlling pluripotency and lineage spe-
cialisation during ESC development.

W2209

METHODS AND ANALYSIS OF PLURIPOTENCY
MARKERS AND CELL VIABILITY IN hESC
CULTURED AS 3D AGGREGATES

Harkness, Linda', Chen, Xiaolo!, Gray, Peter' and
Davies, Anthony?, 'University of Queensland, St Lucia,
Australia, 2Queensland University of Technology,
Brisbane, Australia

We have previously demonstrated that hESC static 3D
suspension cultures, which utilise a thermo-responsive
polymer and thus an enzyme-free method for passaging,
can readily proliferate while maintaining key pluripotent
markers. 3D culture techniques provide advantages for
cells undergoing maintenance of pluripotency and differ-
entiation as compared to the routinely used 2D culture
systems as they more closely mimic the native environ-
ment of tissue. Robust methods for detailed analysis of
3D cultures are uncommon and needed to be established
as part of the experimental set-up. Using an IN Cell 2000
Analyzer we established methods for 3D analysis of hESC
aggregates and investigated how the aggregates are
formed using fluorescent staining. From high content im-
ages, we analysed nuclear morphology and the expression
of key pluripotency (OCT3/4, SOX2, Nanog) markers on
fixed hESC aggregates. Analysis demonstrated that while
over 90% of cells remained positive for the markers, there
were differences in the intensity of expression. However,
cells demonstrating decreased intensity appeared ran-
dom within the aggregate. This data was additionally vali-
dated using flow cytometry where a broad range of signal
intensities were observed. In addition, we investigated cell
viability using live/dead cell staining (Hoechst/DRAQ7)
within aggregates. Data demonstrated that over 80% of
cells retain their viability within the aggregates - data
comparable to our cell counts performed on aggregates
following single cell suspension. In conclusion, we have
developed new methods for 3D analysis of hESC aggre-
gates which do not disrupt cell-cell interactions. Analysis
using HCA and flow cytometry demonstrates that hESC
remain viable and pluripotent throughout the aggregate.

Funding Source: Stem Cells Australia- an ARC Special
Research Initiative, Merchant and JEM Charitable Foun-
dations

73 ~oe0



W2211

SINGLE CELL DISSECTION OF
TRANSCRIPTIONAL REGULATORS IN
HUMAN PLURIPOTENT STEM CELL STATE
TRANSITIONS

Kimmey, Samuel, Borges, Luciene and Bendall, Sean
C, Stanford University School of Medicine, Stanford,
CA, US.

To date, some of the most insightful information on spe-
cific biological regulators were acquired through loss/
gain of function experiments in the most basic of mod-
el organisms. Investigation of human Pluripotent Stem
Cells (hPSC) established the precise abundance of key
transcription factors, rather than their mere presence or
absence, imparts distinct cell fates. This indicates a spec-
trum of sub-populations exist within hPSC cultures, de-
fined by their difference in amount and combination of
transcriptional regulators, yet such population-granularity
is unobservable in bulk-assays commonly used. Addition-
ally, inability to maintain genetic perturbations in hPSCs
prevents investigating regulators in transient states or lin-
eage restricted progenitors. To address these confound-
ing issues, we generated stable hPSC lines with inducible
short hairpin RNA targeting transcriptional regulators
(demonstrated here with OCT4), and a panel of 40+ cellu-
lar parameters to measure using single-cell mass cytom-
etry (CyTOF). This enables the simultaneous measure-
ment of key features in hPSC, including regulatory factors
(SOX2,LIN28A, etc.), behaviors (cell cycle, apoptosis, etc.)
and phenotypic markers (SSEA3, TRA-1-60, etc.). In doing
so, we reveal that cell state potential can be reorganized,
where knockdown of genes such as OCT4 can create new
‘metastable’ states within PSC culture. Furthermore, anal-
ysis using conditional-Density Rescaled Visualization can
be employed to investigate dependency of various mo-
lecular regulators, cell behaviors, and lineage potential, on
the amount of a given regulator. Our system now permits
the interrogation of regulators during self-renewal and
differentiation on a cell-by-cell basis. Not only does this
allow direct observation of sub-populations, but molecu-
lar heterogeneity in the generated hPSC lines combined
with single cell measurements permits every cell to be
a unique observation - providing a multitude of experi-
mental doses in each experiment. Future experiments will
generate hPSC lines with constructs to target putative
regulators of somatic cells, permitting the same powerful
loss/gain of function studies otherwise difficult to study
in the human in vitro, thus creating a toolkit to assess cell-
state regulators in tissue-specific contexts similarly.

Funding Source: This work was supported by grants
from the NIH/NIGMS (1-RO0-GM104148-01) and (T32-
GMO007276); The Damon Runyon Cancer Research Foun-
dation (DRG-2017-09); and the Stanford Cancer Institute
2014 Translational Research Grant to Sean Bendall.
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ELUCIDATING THE GENETIC DETERMINANTS
FOR EXIT OUT OF PLURIPOTENCY WITH A
CRISPR-CAS9 GENOME-WIDE KNOCKOUT
SCREEN

MacDougall, Matthew Steven and Merrill, Brad,
University of Illinois at Chicago, Chicago, IL, U.S.

Pluripotent stem cells in the early mammalian embryo
progress through developmental states in preparation
for lineage specification during gastrulation. Two dis-
tinct states of pluripotency can be replicated in vitro by
using mouse embryonic stem cells (ES) for a naive state
and epiblast like cells (EpiLC) for a primed state. Naive
ES cells can rapidly transition to the EpiLC primed state
with simple changes to cell culture media. This transition
is effectively irreversible, because most EpiLC die if they
are returned to naive cell culture conditions. Previously,
several genes have been shown to be necessary for the
transition from naive to primed states, and inactivation of
these genes prevents cell death when cells are switched
between EpiLC and ES culture conditions. To screen for
novel genes required for exit out of naive pluripotency, |
performed a CRISPR-Cas9 genome-wide pooled knock-
out screen and targeted all protein coding genes in the
mouse genome with ~90k unique sgRNAs. The screen
yielded 30 high confidence candidates (FDR<5%), includ-
ing 11 genes previously reported to be required for naive
to primed transition, including: Tcf7L1, Zfp281, Tscl, Tsc2,
and Flcn. Many of the 19 novel pluripotency genes are
known to be important for two protein complexes that
carry out distinct, but related, cellular processes. The clus-
tering of “hits” from the unbiased CRISPR screen to these
discrete cellular processes indicates a previously unknown
importance of these aspects of cell biology for controlling
the state of pluripotency in stem cells. The mechanism
underlying the role of these novel cellular complexes for
establishing the primed state of pluripotency is currently
being elucidated, and will be presented.

W2215

HUMAN PLURIPOTENT STEM CELLS

DISPLAY MECHANISTICALLY INDEPENDENT
REQUIREMENTS FOR ARGININE IN SURVIVAL
AND MAINTENANCE OF PLURIPOTENCY

Ozawa, Hiroki and Enver, Tarig, University College
London, London, U.K.

Recent studies show that human pluripotent stem cells
(hPSCs) have significant differences in metabolism com-
pared to differentiated cells which directly contribute to
the control of physiology and cell fate, as well as wide-
spread epigenetic remodeling. Amino acids are import-
ant in metabolism and methionine has been identified as
a crucial regulator in hPSCs. Here, we show that arginine
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is an essential amino acid for the maintenance of hPSCs
in vitro. Complete arginine deprivation triggered oxida-
tive stress and GO/G1 cell cycle arrest followed by p38/
p53-dependent apoptosis. In low arginine concentrations
however, hPSCs remained viable but potentially differen-
tiated as indicated by decrease of NANOG expression,
uncoupling pluripotency from apoptosis. We next dis-
sected the molecular mechanisms underlying hPSCs argi-
nine requirement. Arginine deprivation resulted in a rapid
decrease of intracellular levels of its metabolites including
ornithine and polyamines. We found that either ornithine
or polyamines rescued the reduction of NANOG expres-
sion caused by arginine shortage. Knock-down or inhibi-
tion of either arginine or polyamine metabolic enzymes
also led to a loss of NANOG expression. Polyamines have
been shown to inhibit histone deacetylase (HDAC) activ-
ity. Therefore we examined the effect of arginine depri-
vation on histone acetylation state. Arginine deprivation
induced HDAC activity and reduced the overall histone
acetylation level which could be rescued by either orni-
thine or polyamine addition. The HDAC inhibitor, valproic
acid reversed not only the loss of histone acetylation but
also the decrease of NANOG expression. These findings
demonstrate that hPSCs are dependent on arginine for
survival and that polyamines derived from arginine main-
tain pluripotency in hPSCs through histone acetylation.

W2217

TOWARD THE EFFICIENT PRODUCTION OF
GENETICALLY MODIFIED MARMOSET MODELS
FOR REGENERATIVE MEDICINE

Sasaki, Erika'?, Okano, Hideyuki**, Takahashi,
Taukasa'? and Okahara, Junko?#, 'Keio University,
Shinjuku-ku, Tokyo, Japan, 2Central Institute for
Experimental Animals, Kawasaki, Japan, SDepartment
of Physiology, Keio University School of Medicine,
Tokyo, Japan, “RIKEN Brain Science Institute, Wako,
Japan

Non-human primates offer excellent, precise preclinical
study systems for assessing the safety and efficacy of
new therapies and drugs. In particular, non-human pri-
mates are expected to be models for regenerative med-
icine using pluripotent stem cells. The common marmo-
set (Callithrix jacchus) is a useful experimental animal in
biomedical research because of its similarity to humans,
high reproductive efficiency, and easy handling. Given its
prolificacy, the marmoset is suitable for producing ge-
netically modified animals. Recent progress in transgen-
ic technologies in non-human primates has enabled the
generation of many human disease models. Furthermore,
embryonic stem cells (ESCs) and induced pluripotent
stem cells (iPSCs), have been established in the marmo-
set and used in preclinical studies for regenerative med-
icine. We have generated ten independent transgenic
marmoset lines using lentiviral vectors. To avoid obtaining

co-sponsored by:

non-transgenic animals by transgene integration failure,
a fluorescent protein marker gene was introduced with
the transgene. Fluorescent protein expression was con-
firmed at the eight-cell stage before embryo transfer to a
surrogate mother. While producing these ten transgenic
marmoset lines, it appeared that the promoters and fluo-
rescent proteins affected embryonic development. Thus,
in this study, the influence of each promoter and fluores-
cent protein on marmoset embryonic development was
analyzed. Six promoters, elongation factor 1a, a modified
chicken beta-actin promoter with a CMV-IE enhancer,
cytomegalovirus, Synapsinl, early transposon promoter
and Oct3/4 and Sox2 enhancers (EOS), ubiquitin, and
five fluorescent protein markers, green fluorescent pro-
tein, Venus, Kusabira Orange, monomeric red fluorescent
protein, and monomeric Cherry, were analyzed for their
influence on embryonic development. The chi-square test
results indicated that the birth rate of transgenic marmo-
set pups were affected by the promoter (P<0.01) and the
fluorescent marker protein (P<0.05). Our results demon-
strate that selections of promotor and fluorescent protein
marker are critical steps in efficient transgenic marmoset
production.

W2219

BETA-CATENIN ASSOCIATED

REPRESSIVE PROTEIN COMPLEX BLOCKS
DEVELOPMENTAL PROGRAMS TO MAINTAIN
GROUND STATE EMBRYONIC STEM CELLS

Tao, MD, Fang'?, Gao, Xin', Zhao, Mengd', Zhao,
Chongbeil, Li, Zhenrui'?, Qian, Pengxu', He, Xi (CiCi)
and Li, Linheng'?, 'Stowers Institute for Medical
Research, Kansas City, MO, U.S., ?University of Kansas,
Kansas City, KS, U.S.

Mouse embryonic stem cells(ESCs) grown in defined me-
dium with inhibitors of MEK and GSK3 (2i) are in a naive
ground state. Although B-catenin is known important for
maintaining ground state of ESC, the mechanism is not
fully uncovered. Here we showed that B-catenin contrib-
uted to ESC ground state maintenance through global
inhibition of developmental genes. We first found that
absence of B-catenin impaired ESC self-renewal, how-
ever, core self-renewal circuitry such as Oct4, Sox2 and
Nanog(OSN) as well as other pluripotency genes were
still preserved. Transcriptome analysis showed that g-cat-
enin deficient cells had increased development and lin-
eage specific genes which led to ESC differentiation. To
investigate how B-catenin restrains ESC from differenti-
ation, we have further identified a B-catenin associated
protein complex in ESCs including E2F6 and HP1y. Con-
sistently, E2F6 or Hply defective cells also have compro-
mised self-renewal and upregulated development genes,
which suggested that B-catenin formed a repressive pro-
tein complex with E2F6 and Hply to restrict differentia-
tion for maintaining their ground state. ChIP-sequencing
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revealed that B-catenin associated complex occupied
both promoter and enhancer regions of developmental
genes. More interestingly, B-catenin deficient cells have
increased deposit of H3K4me3, an active histone modifi-
cation mark on the developmental genes in ESCs. Overall,
our study suggested that p-catenin formed a repressive
protein complex with E2F6 and HP1y to block ESC differ-
entiation to maintain their ground state self-renewal.

W2221

WNT/B-CATENIN SIGNALING PROMOTES
SELF-RENEWAL AND INHIBITS THE PRIMED-
STATE TRANSITION IN NATVE HUMAN
EMBRYONIC STEM CELLS

Xu, Zhuojin', Robitaille, Aaron', Berndt, Jason',
Davidson, Kathryn C.2, Fischer, Karin3, Mathieu, Julie',
Ruohola-Baker, Hannele!, Porter, Jennie' and Moon,
Randall', 'University of Washington, Seattle, WA, U.S,,
2Australian Regenerative Medicine Institute, Clayton,
Australia, 3The University of Washington, Seattle, WA,
u.s.

In both mice and humans, pluripotent stem cells (PSCs)
exist in at least two distinct states of pluripotency, known
as the naive or primed states. Our understanding of the
intrinsic and extrinsic factors that enable PSCs to self-re-
new in naive and primed states, and ultimately, to exit
self-renewal and undergo differentiation is incomplete.
In naive mouse embryonic stem cells (MESCs), secret-
ed Wnt proteins support the naive state. In naive human
embryonic stem cells (hESCs), Wnt/B-catenin signaling
is active, and the expression of B-catenin target genes
decreases during the transition from a naive to primed
state. However, the functions of Wnt/p-catenin signaling
in naive human pluripotency are largely uncharacterized.
Here, we provide evidence that naive hESCs have active
endogenous Wnt/B-catenin signaling that is likely sus-
tained by autocrine Wnt ligands. In addition, we show that
an inhibitor of Wnt secretion reduces self-renewal in naive
hESCs, and that self-renewal is partially rescued by addi-
tion of recombinant Wnt3a. Whereas this suggests that
the Wnt/B-catenin pathway is required for the efficient
self-renewal of naive hESCs, further experiments suggest
it is dispensable for maintaining the expression of plurip-
otency markers. Finally, we demonstrate that inhibition of
Wnt/B-catenin signaling in naive hESCs promotes a more
primed-like protein expression profile. Together, our re-
sults suggest that Wnt/B-catenin signaling plays an im-
portant role in the self-renewal of naive hESCs and in the
transition of naive cells to a primed state.

oo 76

‘ POSTER ABSTRACTS

EMBRYONIC STEM CELL CLINICAL
APPLICATION

W2225

PREPARATION OF SEED STOCKS OF
PLURIPOTENT STEM CELLS FOR HUMAN
APPLICATION: “A STITCH IN TIME SAVES
NINE™!

Stacey, Glyn', Hunt, Charles', Man, Jennifer Sui-Sum,
Iriajen, Angela', Abranches, Elsa’, O'Shea, Orla?,
Barbato, Michela', Chapman, Charlotte’, Nowell,
Craig' and Collins, Mary', 'UK Stem Cell Bank, National
Institute for Biological Standards and Control,
Hertfordshire, U.K., 2UK Stem Cell Bank, Potters Bar,
U.K.

The raw and starting materials such as culture media
components and production cell line/s require careful
consideration in order to enable a reliable and safe cell
therapy product. Regulators will often say “it is not possi-
ble to test safety into a product” and early and robust risk
assessment and traceability of these materials is crucial to
minimise risk to patients and investors. The UK Stem Cell
Bank is a key component of the UK regenerative medicine
infrastructure charged with procuring, processing (bank-
ing and testing) and distributing seed stocks of human
pluripotent stem cell (hPSC) lines for research and human
application and is equipped with laboratories designed
to meet EU GMP. In its latest phase of development the
UKSCB is focused on 41 hPSC lines established in the UK
under appropriate conditions and traceability (i.e. Human
Tissues Authority (HTA) licensed) and under principles es-
tablished by the International Stem Cell Banking Initiative
to enable them to be used for cell therapies. Key elements
of the UKSCB process for these lines are ethics review,
“due diligence”, processing, storage and distribution; all
of which are designed to meet the requirements of the
UKSCB HTA license which has been maintained success-
fully for more than ten years. All cell lines are subject to
ethical scrutiny by a national ethics committee, follow-
ing which the UKSCB performs a due diligence protocol
which establishes for each individual cell line, whether it
could meet European requirements (i.e. EUTCD) and pro-
vide a potential starting material for clinical trials. The first
of these cell lines has now been banked, representing the
start of a pipeline of hPSC lines that will be made available
for research or commercial development internationally,
under a non-exclusive license. UKSCB has established a
catalogue of the 41 lines and is now establishing a ‘user
group’ to gather input on prioritisation of lines for banking
and release. The UKSCB process and its pre-distribution
catalogue of UK Steering Committee approved lines will
be described and UKSCB invites other potential develop-
ers of cell therapies to engage with the UKSCB on the re-
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quirements for such seed stocks and prioritisation of lines
for early banking and release.

Funding Source: Medical Research Council UK

W2227

CPG METHYLATION UPSTREAM OF THE CTG
REPEAT IN MYOTONIC DYSTROPHY TYPE 1
AFFECTED HUMAN EMBRYONIC STEM CELL
LINES IS CORRELATED WITH MATERNAL
INHERITANCE OF THE DISEASE AND A
LARGER EXPANSION SIZE.

Barbé, Lise', Lopez-Castel, Arturo?, Spits, Claudia3,
Seneca, Sara?, Pearson, Christopher® and Sermon,
Karen?, 'Vrije Universiteit Brussel (VUB), Brussels,
Belgium, 2Scientific and Business Director at Genera
Biotech, Valencia, Spain, 3Vrije Universiteit Brussel,
Brussels, Belgium, “Centre for Medical Genetics, UZ
Brussels, Brussels, Belgium, 5Genetics and Genome
Biology, The Hospital for Sick Children, Toronto, ON,
Canada

The CTG repeat in the DMPK gene, causing myotonic dys-
trophy (DM1) when expanded, is located in a CpG island
and is flanked by two CCCTC-binding factor (CTCF) bind-
ing sites. Epigenetic changes around expanded trinucle-
otide repeats (TNR) have been observed and a correla-
tion with TNR instability has been suggested. We have
investigated CTCF site methylation in three DM1 affected
human embryonic stem cell (hESC) lines and their affect-
ed donors. We compared DNA bisulphite treatment com-
bined with cloning of PCR products and Sanger sequenc-
ing, to a novel combination of DNA bisulphite treatment,
PCR and massive parallel sequencing (MPS). Cloning of
PCR products is labour intensive and is restricted in the
number of epi-alleles that can be analysed, typically about
20. Massive parallel bisulphite sequencing sequences sev-
eral thousands of DNA molecules of which we randomly
selected 100 alleles for further analysis. Both techniques
showed methylation upstream of the repeat for VUBO3_
DM1 and VUB24_DM1, but not for VUB19_DM1 and meth-
ylation downstream of the repeat for all three hESC lines.
The CTG repeat size was found to be smaller in VUB19_
DM1 (470 repeats) and than in VUB24_DM1 (1800) and
VUBO3_DMI1 (2100 repeats). Furthermore, the embryo
used for the generation of VUB19_DMI1 inherited DM1 pa-
ternally, while for VUBO3_DMT1 and VUB24_DMI1 the em-
bryo inherited DM1 maternally. The DNA of the donors of
the embryos from which the hESC lines were derived did
not show methylation. In hESC, the difference in methyl-
ation status upstream of the CTG repeat could therefore
either be attributed to a difference in repeat length or
the inheritance pattern of DM1. Since all DM1 hESC lines
showed methylation downstream of the CTG repeat, no
such correlations could be made here. Only one study re-
cently investigated the methylation pattern in DM1 hESC

co-sponsored by:

lines in a large region upstream of the CTG repeat which
however did not overlap the region we have analysed
(Yanovsky-Dagan et al., 2015). They found methylation in
all hESC lines with >300 CTG repeats which is contrary
to our data showing no methylation for VUB24_DM1 with
470 repeats, but in accordance with the other two VUB
hESC lines with a larger expansion. Analysis of more hESC
lines especially with paternal inheritance and large repeat
sizes would reinforce our conclusions.

Funding Source: This work was supported by the Fund
for Scientific Research Flanders (Fonds voor Weten-
schappelijk Onderzoek (FWO)Vlaanderen) and Lise Bar-
bé is funded by a grant from Leerstoel Aerens.

CANCER CELLS

W2229

MU.S.SHI-1 REGULATES AKT-DERIVED
IL-6 PARACRINAL MALIGNANCY AND
CHEMORESISTANCE IN GLIOBLASTOMA

Chen, Hsiao-yun and Chiou, Shih-Hwa, National Yang
Ming University, Taipei, Taiwan

Glioblastoma multiform (GBM) is one of the most deadly
human malignant brain tumors with high risks of recur-
rence and poor treatment outcomes after clinical follow
up. The RNA-binding protein Musashi-1 (MSI1) is a mark-
er of neural stem/progenitor cells. Recent study showed
that high expression level of MSI1 positively correlates
with advanced grade of glioma, and that MSI1 increases
the tumor growth of GBM. Herein, we explore the roles
of MSI1 as well as the underlying mechanisms in the reg-
ulation of chemo-drug resistance and tumor formation of
GBM cells. Our results demonstrated that overexpression
of MSI1 effectively protected GBM cells from chemo-drug
induced apoptosis through down-regulating pro-apop-
totic molecules; whereas inhibition of AKT reduced the
MSI1-induced anti-apoptosis and cell survival. We further
showed that MSI1 robustly increased the expression and
secretion of the pro-inflammatory cytokine IL-6, which
can be reversed by blocking AKT activity. On the other
hand, the secreted IL-6 enhanced AKT activity in a para-
crine manner, forming a positive feedback regulatory
loop with the MSI1-AKT pathway. Conclusively, our results
demonstrated a novel drug resistance mechanism in GBM
cells that MSI1 inhibits chemo-drug-induced apoptosis by
promoting an AKT/IL6 regulatory circuit and suppress-
ing several pro-apoptotic molecules. MSI1 regulates both
cellular signaling and tumor-microenvironmental cytokine
secretion to create an intra- and intercellular niche for
GBM to survive chemo-drug attack.
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BLOCKING OF PROGRAMMED DEATH LIAND 1

ENHANCES NATURAL KILLER CELL-MEDIATED
ANTICANCER IMMUNITY TO MELANOMA CELL
LINES

Heo, Woong and Bae, Jaeho, Pusan National
University School of Medicine, Yangsan, Korea, South

lonizing radiation has been used to treat cancer for a cen-
tury. It effectively inhibits the growth of cancer cells by
inducing cell death and anticancer immunity. Although
jonizing radiation is somewhat immunogenic, it also in-
creases the expression of immune suppressive proteins
such as programmed death ligand 1 (PD-L1). PD-L1 is a
ligand against programmed death-1 (PD-1) which contrib-
utes an inhibitory pathway of T cells, B cells, and dendrit-
ic cells in adaptive immunity. But their role during innate
immunity remains poorly understood. With this point of
view PD-1, it was supposed that PD-L1 might inhibit Natu-
ral Killer (NK) cells which are critical innate immune lym-
phocytes destroying virally infected or transformed cells
through targeted cytotoxicity and further assisting oth-
er lymphocytes in the immune response by releasing in-
flammatory cytokines. Surface PD-L1 levels are increased
by ionizing radiation in a dose-independent manner and
increased PD-L1 suppresses the activity of the NK cell.
When PD-1/PD-L1 inhibitor 2 which inhibit the interaction
between PD-1 and PD-L1, was treated following irradia-
tion, it could increase the cytotoxic effects of NK cells to
cancer cells. It was suggested that treatment with PD-1/
PD-L1 inhibitor might potentiate anti-tumor immunity in-
duced ionizing radiation. In addition, since it was known
that cancer stem cells (CSCs) are resistant to standard
treatment including radiotherapy, NK cells are alterna-
tive modality to kill cancer stem cells. We evaluated the
susceptibility to NK cells of CSCs compared to non-CSCs.
Therefore, NK cell-based immunotherapy may have more
benefit to eliminate cancer stem cells.

Funding Source: Department of Research Center,
Dongnam Institute of Radiological and Medical Sciences,
Gijang Busan, Republic of Korea 46033

W2233

IDENTIFICATION OF CALMIDAZOLIUM
CHLORIDE THAT SELECTIVELY TARGETS
CANCER STEM-LIKE CELLS

Lee, Jina, Yonsei University, Seoul, Korea

Cancer stem cells (CSCs), that are capable of self-renew-
al and differentiation, are considered as tumor-initiating
cells in many cancers, including leukemias and multiple
myelomas. CSCs are thought to be responsible for me-
tastasis, relapse and drug resistance. Undifferentiated or
poorly differentiated tumors are harder to control and it
may need more strong treatment. Thus, finding a novel
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drug which is able to selectively induce either differen-
tiation or apoptosis in CSCs is important. Calmidazolium
chloride (CMZ) is known as a Calmodulin (CaM) antag-
onist and calcium channel protein inhibitor. CMZ can in-
duce an increase in the intracellular calcium concentra-
tion which have an effect on cellular processes including
apoptosis in various cell lines. However, little is known
about the effects of CMZ on CSCs. Here, we examined the
effects of CMZ on the embryonal carcinoma cell line F9
and embryonic stem cell line E14 (normal counterpart). In
this study, embryonal carcinoma cell (ECC) can be used
as an alternative model of CSCs. Our cell viability assay
showed that growth inhibition of F9 cells by CMZ is pro-
found compared to that of E14 cells. Furthermore, CMZ
treatment induced Caspase-3 dependent apoptosis of F9
cells and accumulation of sub-G1 phase population. Re-
al-time PCR showed that mRNA expression level of c-Myc
was notably down-regulated in CMZ-treated F9 cells.
c-Myc performs a central role in regulating proliferation,
differentiation and apoptosis, and its deregulation is in-
volved in majority of cancers. Taken together, these re-
sults imply that CMZ can promote growth inhibition of EC
cells by inducing apoptosis and down-regulation of c-Myc
expression, thereby implicating CMZ might have potential
as a selective drug for CSCs.

W2235

PROTON ACTIVATES OGRI1, GPR4 AND G2A
HOMOLOGS OF ZEBRAFISH

Mochimaru, Yuta', Azuma, Morio? Negishi, Jun3
and Tomura, Hideaki3, 'Meiji university, kawasaki ,
Japan, 2University of Toyama, Toyama, Japan, *Meiji
university, kawasaki, Japan

Local extracellular acidification is often occurred in the
region of the tumor and inflammation. The acidification
influences not only to the tumor and immune cell activi-
ties such as the progression and survival, but also to the
therapeutic potential of transplanted progenitor cell sur-
vival and activities. Little is known, however, about the
molecular mechanisms sensing the extracellular acidifica-
tion. Mammalian ovarian cancer G protein-coupled recep-
tor 1 (OGRY1), GPR4 and G2A are belong to the family of
G protein-coupled receptors. They are widely expressed
in various cells, especially in immune cells. The receptors
sense extracellular protons and activate intracellular sig-
naling pathways through trimeric G-proteins although
these receptors have originally reported that they were
activated by the lipids such as sphingosylphosphorylcho-
line (SPC), lysophosphatidylcholine (LPC) and 9-HODE.
So the receptors can be a candidate of the sensor of the
extracellular acidification as described above. Zebraf-
ish is a useful vertebrate model system to elucidate the
molecular mechanism of the receptor functions in vivo.
They grow outside from mother and have the transpar-
ent body. These characteristics enabled them to analyze
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tumor progression and inflammation processes by using
in vivo imaging. We found that OGR1, GPR4 and G2A ho-
mologs in the zebrafish genome database. This suggests
these receptors may play a common physiological role
in vertebrates; however, their characterizations have not
been reported yet. In this study, we characterized a func-
tion of the receptor homologs, especially for their ligand
specificity and signaling pathways by expressing them in
HEK293 cells. We found these receptors also sense pro-
tons like the mammalian receptors and activates multiple
signaling pathways.

W2237

METABOLIC BIOMARKERS OF PROSTATE
CANCER STEM CELLS RADIORESISTANCE

Tyutyunnykova, Anna’, Peitzsch, Claudia', Telegeev,
Gennady? and Dubrovska, Anna'3, 'OncoRay -
National Center for Radiation Research in Oncology,
Dresden, Germany, ?The Institute of Molecular Biology
and Genetics of NASU, Kyiv, Ukraine, *German Cancer
Consortium (DKTK), Dresden, Germany

Radiotherapy is one of the main curative modalities for
prostate cancer treatment. However, tumor radioresis-
tance still remain a clinical challenge. Recent data suggest
that tumor radioresistant cells and tumor initiating cells
(TIC) share unique metabolic features. The deciphering
of these metabolic pathways might be beneficial for the
development of predictive biomarkers and novel treat-
ment strategies. To analyze metabolic traits associated
with emergence of radioresistance, we developed highly
tumorigenic radioresistant (RR) isogenic sublines of the
established prostate cancer cell lines DU145, 22RW1, LN-
CaP, PC3 by irradiation with multiple fractions of X-ray
irradiation. Comparative analysis of the intracellular me-
tabolites was performed using flow cytometry and mass
spectrometry analysis. The data of the metabolic profiling
were related to the results of comparative gene expres-
sion profiling. Whole genome gene expression analysis
was performed for prostate TICs, parental and RR cells.
Expression of the selected enzymatic proteins, which are
differentially regulated in the parental and RR cells was
targeted by using small interfering RNAs (siRNAs) or by
pharmacological inhibition. The radioresistant cancer cells
share many properties with TICs including a high tumor-
igenicity, enhanced expression of CSC markers (CD133,
CXCR4, ABCG2, OCT4, NANOG) and high aldehyde de-
hydrogenases (ALDH) activity. Radioresistant prostate
cancer cell sublines DU145-RR and LNCaP-RR have sig-
nificantly lower baseline level of intracellular ROS as com-
pared to parental cells that together with activated DNA
repair can contribute to their higher radioresistance. Met-
abolic and gene expression profiling revealed that radio-
resistant prostate cancer cells possess a high expression
of the anti-oxidative enzymes, inhibition the tricarboxylic
acids cycle as well as alteration in the amino acid metabo-

co-sponsored by:

lism, pentose phosphate pathway and NADPH production
which is essential for antioxidant defense and cell survival
after radiotherapy. Our results indicate that prostate can-
cer cell undergo reprogramming of the essential metabol-
ic pathways during the course of fractionated irradiation
that affect their tumorigenic and radioresistant properties.

W2239

TARGETING SELF-RENEWAL AS A
THERAPEUTIC APPROACH FOR ORAL
SQUAMOUS CELL CARCINOMA

Simental, Alfred, Lee, Steve, De Andrade Filho, Pedro,
Mirshahidi, Saied, Duerksen-Hughes, Penelope and
Yuan, Xiangpeng, Loma Linda University, School of
Medicine, Loma Linda, CA, U.S.

Evidence suggests that head and neck squamous cell car-
cinoma is organized as a cellular hierarchy sustained by a
subpopulation of cancer initiating cells (CICs), or cancer
stem cells. These CICs are believed to play major roles
in local regional recurrences, distant metastases and pa-
tient survival, indicating that therapeutic approaches tar-
geting this cell population would be highly beneficial to
patient outcome. However, there is no evidence regard-
ing whether targeting CICs is a clinical relevant approach
in the treatment of oral cavity cancer. Here, we isolated
tumorspheres from clinical specimens of oral cavity squa-
mous cell carcinoma. The tumorspheres were able to self
renew and recapitulate the original tumor phenotypes
in xenograft models, suggesting that the tumorspheres
function as CICs of oral squamous cell carcinoma. Further
studies revealed that a canonical self-renewal regulator
Bmi-1 expression could be detected in the tumorsphere
cells with both transcriptional and translational level anal-
yses. To explore whether the BMI-1 has any function in the
tumorshpheres, we down-regulated BMI-1 activity with a
small molecule inhibitor PTC-209. We observed that the
down-regulation caused a sustained decrease in the tu-
morsphere growth, which was reflected by a combination
of a reduced fraction of cells going through s-phase, a
small population of actively cycling cells and an increase
in cells undergoing apoptosis. In addition, the tumor-
sphere’s self-renewal capability was attenuated after the
PTC-209 mediated BMI-1 inhibition as evidenced by in
vitro sphere-initiation assay and in vivo transplantation
(with limiting-dilution) analysis. Furthermore, inhibiting
BMI-1 by in vitro treatment of the tumorsphere cells with
PTC-209 diminished the cell’s tumor initiation capacity
following xenotransplantation. To test whether target-
ing BMI-1 has a therapeutic benefit on oral cancer, BMI-1
inhibitor was given to tumor-bearing animals as a treat-
ment. Such treatment halted the growth of preformed
oral squamous cell carcinoma in subcutaneous xenograft
models and reduced lung and liver metastases in tail vein
metastatic models. Taken together, our data provide ev-
idence that targeting oral CIC self-renewal by inhibiting
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BMI-1represents a novel therapeutic approach in treating
oral cavity cancer.

Funding Source: This work was supported in parts by the
Department of Otolaryngology-Head & Neck Surgery at
Loma Linda University Medical Center, School of Medi-
cine (GCAT 2140225) and Loma Linda University (GRASP
2140307).

TECHNOLOGIES FOR STEM CELL
RESEARCH

W3001

DUAL FLUORESCENCE-LABELLED
MESENCHYMAL STEM CELLS FOR STUDIES
ON ITS POTENTIAL EFFECTS IN A RAT SMALL
INTESTINE ISCHEMIC-REPERFUSIONAL
INJURY AND MASSIVE RESECTION MODEL

Chen, Yi-Hsin!, Chen, Pin-Hua!, Yang, Tsung-Lin?, Kan,
Daphne Wei-Chun?, Chien, Chung-Liang', Ho, Hong-
Nerng?, Lai, Hong-Shiee? and Chen, You-Tzung',
National Taiwan University College of Medicine,
Taipei, Taiwan, 2National Taiwan University Hospital,
Taipei, Taiwan, 3Graduate Institute of Medical
Genomics and Proteomics, College of Medicine and
the Hospital, National Taiwan University, Taiwan,
Taipei, Taiwan

Injuries such as trauma, inflammation, surgery, and arte-
rial thrombosis can induce ischemic change of the intes-
tine. Ischemic and reperfusional injury (I/R) will increase
intracellular free radicals and alter the permeability and
enzyme reaction of the bowel mucosa cells causing bow-
el dysfunction. Bone marrow derived mesenchymal stem
cells (MSCs) are a part of the adult stem cells that have
been successfully isolated and cultured for stem cell re-
search for many years. MSCs not only have the ability to
transdifferentiate into endoderm derivatives, they also
have immunomodulation potential and the ability to at-
tract host MSCs to the damaged site. Because of this,
MSCs can be extensively applied in many categories of
research including cell therapy, tissue engineering and re-
generative medicine. The main purpose of this project is
to use male Wistar rats as subjects to find out whether
MSCs can protect ischemic and reperfusion injury of the
intestine and reduce tissue damage in the massive small
bowel resection model.
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W3003

THE PB-TET-GOI INDUCIBLE SYSTEM FOR
DIRECTED DIFFERENTIATION, REGULATED
GROWTH FACTOR SECRETION, AND
IDENTIFICATION OF QUIESCENT TUMOR CELL
POPULATIONS

Akhtar, Aslam’, Gowing, Genevieve', Svendsen, Clive?,
Danielpour, Moise' and Breunig, Joshua3, 'Cedars Sinai
Medical Center - Regenerative Medicine Institute,

Los Angeles, CA, U.S., 2Cedars-Sinai Regenerative
Medicine Institute, Los Angeles, CA, U.S., 3Cedars-
Sinai Medical Center, Los Angeles, CA, U.S.

Precise control of transgene expression is fundamentally
important for the investigation of biological systems and
for gene therapy in the clinic. To address this, we have
created a genetic system for the stable, inducible and
reversible genetic control of cell lineages derived from
proliferating stem and progenitor cells. Specifically, we
have constructed an optimized piggyBac-transposable
system that integrates into the genome of proliferating
cells through pBase-mediated transposition, circumvent-
ing the problems associated with plasmid dilution. The
system incorporates the latest generations of tetracycline
transactivators, reverse tetracycline transactivators, and
variants in order to provide regulated “on” and “off” trans-
gene expression using doxycycline (dox). This novel sys-
tem termed pB-Tet-GO! (piggyBac-Tetracycline inducible
system for the expression of a gene of interest) allows
for precise temporal control of transgene expression in
neural stem and progenitor cells both in vitro and in vivo,
with robust inducibility and minimal leakiness. Further-
more, incorporation of fluorescent protein and luciferase
allows for live imaging or bioluminescent detection, re-
spectively, of cells expressing a gene of interest in vivo.
We have used this system to direct differentiation of hu-
man neural progenitor cells to subtype specific neurons
in vitro, reprogram mouse olfactory bulb interneurons to
projection neuron-like subtypes in vivo, regulate growth
factor secretion in vitro and in vivo, and identify quiescent
tumor cell populations after oncogene misexpression in
mouse neural stem cells in vivo. As various transgenes
can be readily introduced into the system, this approach
provides a robust and versatile strategy for the temporal
regulation of transgene expression in vitro and in vivo.

Funding Source: Cedars-Sinai Regenerative Medicine In-
stitute
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W3005

A MACHINE LEARNING TECHNIQUE
USES CELL LINEAGE MAPS TO IDENTIFY
KEY REGULATORS OF STEM CELL
DIFFERENTIATION

Carlin, Daniel, Pratt, Dexter and Ideker, Trey,
University of California-San Diego, San Diego, CA,
u.s.

Understanding the master regulators of pluripotency and
differentiation is the key to inducing pluripotency, facil-
itating transdifferentiation and controlling lineage com-
mitment. There is a need for analysis that takes into ac-
count unique cellular context, prior knowledge of gene
regulatory networks, and established lineage relation-
ships. To robustly identify regulatory events that occur
at each step of a cellular differentiation hierarchy, we in-
troduce a novel machine learning approach to transcrip-
tional analysis. First, we summarize each sample by ex-
tracting evidence for regulation by transcription factors
or epigenetic modification of topological domains. We
then use known cell lineage maps to guide a machine
learning regression task that learns the implied relation-
ships between developing cell types and their regulation
features. By assuming that developmentally related cell
types have similar expression and regulatory profiles, we
can share information about related cell types across the
development graph. The change in importance of par-
ticular regulation features between cell types implicates
specific regulators that are the most responsible for each
step of a differentiation hierarchy. We demonstrate the
efficacy of both the regulatory features and the develop-
ment graph-guided regression in effectively capturing the
unique features of cellular identity and identifying the key
genomic regulators in a publicly available hematopoietic
development expression dataset.

Funding Source: CIRM

W3007

COMPLEMENTARY SCREENING OF IPS
CELLS: AUTOMATED PATCH CLAMP,
EXTRACELLULAR FIELD POTENTIAL AND
IMPEDANCE RECORDINGS

Dragicevic, Elena’, Becker, Nadine?, Thomas, Ulrich?,
Doerr, Leo?, Bot, Corina T.3, Rapedius, Markus?,
Obergrussberger, Ali?, Haarmann, Claudia?, Rinke,
Ilka?, Beckler, Matthias?, Stoelzle-Feix, Sonja?, Haedo,
Rodolfo3?, George, Michael?, Brueggemann, Andrea?
and Fertig, Niels?, '"Nanion Technologies, Minchen,
Germany, 2Nanion Technologies, Munich, Germany,
3Nanion Technologies Inc., Livingston, NJ, U.S.

Novel reliable and predictive in-vitro cardiac safety or
neurotoxicity screenings demand further development of

co-sponsored by:

automated, high-throughput compatible drug evaluation
systems. Recently, induced pluripotent stem cells (iPSCs)
emerged as the model of choice for cardiovascular risk
assessment or neurotoxicity screening in-vitro assays.
Here, we report newly developed specialized cell han-
dling protocols for the use of iPSC cardiomyocytes and
neurons on planar patch clamp systems. In addition, we
implemented a new hybrid screening method that com-
bines impedance (cell contractility) with MEA-like extra-
cellular field potential (EFP) into routine screening of iPSC
cardiomyocytes. Combined, above described electro-
physiological methods, provide a non-invasive, label-free,
high temporal resolution approaches for screening iPSC
derived cardiomyocytes and neurons. Our chip-based
approaches, allow parallel patch clamp recordings with-
out compromising neither data quality nor sophistication
regarding technical features. We developed miniaturized,
modular system, with full integration in automated robot-
ic platforms, which enables highly efficient, parallel ion
channel screening with the chip-based approach in the
industry standard microtiter plate format. We also devel-
oped minimized cell usage protocols, crucial for usage of
cell lines with limited availability, or otherwise rare and ex-
pensive cells, such as (iPS) cell-derived cardiomyocytes
or neurons. Here, we present patch clamp recordings of
voltage gated ion channels (e.g. Navl.5, hERG or Cavl.x)
as well as ligand gated channels (GABA and glutamate
receptors) from iPSC cardiomyocytes and neurons. Ad-
ditionally, we present pharmacological investigations of
reference compounds (e.g. E4031 and Verapamil) on car-
diac contractility and EFPs of iPS cardiomyocytes. Taken
together, these platforms together provide unmatched
information on a compound'’s safety profile. Reduced cell
usage, increased throughput and integration into robotic
environments improve cost efficiency, precision and are
speeding up the whole HTS process of drug development
and safety screening.

W3009

ENGINEERING BIOACTIVE VASCULAR
GRAFTS WITH A NOVEL LIGAND AGAINST
avB3 INTEGRIN TO RECRUIT ENDOTHELIAL
PROGENITOR CELLS FOR IMPROVED
ENDOTHELIALIZATION AND PATENCY

Hao, Dake'?, Fan, Yahan'!, Wu, Yang', Xiao, Wenwu?,
Li, Yuanpei’, Liu, Ruiwus, Pivetti, Christopher!,

Farmer, Diana', Lam, Kit* and Wang, Aijun’, 'Surgical
Bioengineering Laboratory, Department of Surgery,
University of California Davis, Sacramento, CA, U.S.,
2School of Pharmaceutical Sciences, Shandong
University, Jinan, China, *Department of Biochemistry
& Molecular Medicine, University of California Davis,
Sacramento, CA, U.S.

Previously using K562 myeloid leukemia cells transfected
with human avB3 integrin as living probes, we screened
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high-throughput one-bead-one-compound (OBOC) com-
binatorial libraries and identified LXW7, a ligand that has
high-specific binding affinity against avp3 integrin. In this
project, using primary arterial endothelial cells (ECs) and
cord blood derived endothelial progenitor cells (EPCs),
we confirm that LXW7 has high-specific binding affinity
for avB3 integrin on the surface of active ECs and EPCs.
Culture surface coated with LXW7 strongly support-
ed the attachment and proliferation of ECs and EPCs,
and enhanced the phosphorylation of VEGF receptor
2 (VEGF-R2) and the activation of mitogen-activated
protein kinase (MAPK) ERK1/2 in ECs. LXW7 supported
limited attachment of platelets and did not support at-
tachment of THP-1 monocytes. To test the in vivo func-
tion of LXW7, we functionalized small-diameter nano-
fibrous vascular grafts with LXW?7 via CLICK chemistry
and investigated its functions on endothelialization and
graft patency in a rat carotid artery bypass model. Im-
munohistological analyses showed that at 1 week after
implantation, the LXW7 modified vascular grafts possess
significantly more CD34* EPCs in the middle segment of
the luminal surface than the control grafts. At 6 weeks
after implantation, mature endothelialization was present
throughout the whole length of the LXW7 modified grafts
while only a limited number of CD31" ECs were seen in
the middle of the control grafts. Patency testing results
confirmed that at 6 week after implantation, 5 out of 6
LXW?7-modified vascular grafts remained patent versus in
the control group only 1 out of 6 grafts was patent. Col-
lectively, our results have demonstrated that LXW?7 spe-
cifically supports EPC/EC attachment and functions, and
can improve in situ endothelialization of vascular grafts.
LXW?7 and their derivatives hold great promise for endo-
thelialization related tissue regeneration applications.

Funding Source: The project was supported by the de-
partmental fund from the Department of Surgery, UC Da-
vis and the National Natural Science Foundation of China

W30T1

cGMP-APPLICABLE SINGLE USE BAG-BASED
BIOREACTOR SYSTEM FOR LARGE SCALE
PRODUCTION OF HUMAN PLURIPOTENT STEM
CELLS

Huang, Patricia Hsiao-l, Lin, Chih-Min, Chen, Vincent
Chang-Yi, Liu, Jian-Chang, Hua, Giau, Ye, Jing-Jing,
Hsu, David and Couture, Larry A., Beckman Research
Institute of City of Hope, Duarte, CA, U.S.

Human embryonic stem cell (hESC) and induced plurip-
otent stem cell (iPSC) hold great potential as sources
for differentiating into specific cell types in regenerative
medicine. Access to unlimited numbers of the sources is
crucial for cellular based therapeutic applications, human
disease modeling, and drug discovery. Here, we report
a microcarrier-free scalable suspension culture system
using serum-free defined media and cGMP-equivalent
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conditions in wave bag bioreactor system for large scale
hESC and iPSC production. By optimizing critical process
parameters including agitation rate, cell seeding density,
splitting interval and growth factor, we demonstrate the
consistency and reproducibility of the production process
by serial passage several hESC/iPSC lines in 1 to 3 liter
scale wave bag system with overall expansion, yield, via-
bility, and maintenance of pluripotency. hESC/iPSC main-
tained in suspension as aggregates can be expanded up
to 2x108 cells/ ml with normal karyotype. In addition, the
aggregates are able to further differentiate into down-
stream lineages such as cardiomyocytes. Moreover, a
perfusion mode is also established with the wave bag bio-
reactor for large scale production of hESC/iPSC lines to
significantly reduce the manual operations. Taken togeth-
er, our suspension wave bag system provides a potent
approach for scale-up /scale-out expansion of hESC/iPSC
with potential of hands free for medium change during
the process that facilitates the needs of providing hESC/
iPSC for clinical and research applications.

Funding Source: CIRM (California Institute for Regenera-
tive Medicine)

W3013

HUMAN INDUCED PLURIPOTENT STEM CELLS
TO PREDICT AND MODEL NEUROTOXICITY
IN HIGH THROUGHPUT AND HIGH CONTENT
ASSAYS

Keminer, Oliver, Fraunhofer IME Screening Port,
Hamburg, Hamburg, Germany, Braendl, Bjoern, UKSH
Kiel, Kiel, Germany, Mueller, Franz-Josef, Zentrum fur
Integrative Psychiatrie, Kiel, Germany, Fischer, Rainer,
Fraunhofer IME, Aachen, Germany and Pless, Ole,
Fraunhofer IME ScreeningPort, Hamburg, Germany

A major challenge in characterizing the potential neuro-
toxic risk of chemical agents or drugs is the paucity of
available and relevant hazard data sets. Currently, there
are thousands of chemicals being evaluated for drug dis-
covery purposes, however, only a relatively small number
of these have been adequately characterized for adverse
effects such as being causative agents for neurological
disorders. Many studies have indicated that in vitroneurite
outgrowth assays can be used to identify harmful chemi-
cal effects on developing nervous system and/or periph-
eral neurons and this approach has been widely adopted
by the pharmaceutical industry for drug discovery and
safety pharmacology. Due to the advances in stem cell
technologies, we have developed an improved assay sys-
tem that makes use of highly characterised hiPSC derived
peripheral neurons (Peri.4U, Axiogenesis) according to a
recently published assay protocol (Wheeler et al., 2015).
We were able to develop and to validate a semi-automat-
ed 384-well High Throughput Assay, which combines a
non-lytic Cell Viability Assay (RealTime-Glo™, Promega)
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with a flexible High Content Screening (HCS) assay (Per-
kin Elmer, Opera) that detects neuron specific betalll-Tu-
bulin, activated Caspase-3 and nuclei staining. The as-
says offers Z' >0.5 (Zhang et al., 1999) for “total neurite
outgrowth intensity”, “mean Caspase-3 intensity” and
“nuclei number”. To validate the assay we tested a com-
mercial available toxicity collection (approximately 150
compounds) at 10 uM. Toxic Hits were profiled in 11-point
dose-response studies. Using CSIRO Neurite Analysis
(Perkin Elmer, Columbus) we were able to characterize
neurite outgrowth in detail, including determining max-
imum neurite length, number of extremities, roots, seg-
ments and nodes. Due to the hypothesis that differences
in damage among drugs reflect differences in their mech-
anisms of action we analysed neurite outgrowth in detail,
including determining maximum neurite length, number
of extremities, roots, segments and nodes (CSIRO Analy-
sis, Columbus, PerkinElmer, ). These data will be used to
perform statistical association tests to identify and to de-
scribe phenotypic changes which are correlated with the
mechanism of action of known and unknown compounds.

W3015

IMPROVED HUMAN PLURIPOTENT STEM CELL
EXPANSION IN PERFUSED BIOREACTORS

AT CHEMICALLY DEFINED CONDITIONS -
PROCESS-DEPENDENT CHANGES OF THE
ENERGY METABOLISM

Kropp, Christina'?, Kempf, Henning"3, Halloin,
Caroline'?, Robles-Diaz, Diana'?, Franke, Annika'?,
Martin, Ulrich'?, Olmer, Ruth'? and Zweigerdt,
Robert'?, 'Leibniz Research Laboratories for
Biotechnology and Artificial Organs (LEBAO),
Hannover, Germany, ?REBIRTH Cluster of Excellence,
Hannover Medical School, Hannover, Germany,
SHannover Medical School, Hannover, Germany

Human pluripotent stem cells (hPSCs), including human
induced pluripotent stem cells and embryonic stem cells,
are a unique source for the, in principle, unlimited produc-
tion of functional human cell types in vitro, providing the
basis for novel cell therapies and human disease models
in vitro. All envisioned applications will require the con-
stant supply of billions of lineage-specific cells generat-
ed by robust, economically viable and ultimately Good
Manufacturing Practice (GMP) compliant processes. The
expansion of hPSCs as cell-only aggregates in 3D sus-
pension culture provides a feasible and potentially supe-
rior solution for producing the required cell numbers. We
have recently established expansion of single cell inocu-
lated hPSCs as cell-only-aggregates in stirred tank biore-
actors. Subsequently, this technology was combined with
cardiomyogenic differentiation using chemical Wnt path-
way modulators thereby establishing a novel, continuous
expansion-differentiation process compatible with con-
trolled mass cell production. Most current media used for
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hPSC expansion in suspension culture are not chemically
defined and relative expensive impeding development
of large scale processes. However, “in house production”
of previously published “essential 8” (E8), a xeno-free
and chemically defined culture medium for hPSC main-
tenance, facilitates systematic testing of process param-
eters and upscaling of process dimensions. Using E8 in
perfused stirred tank bioreactors we demonstrate a nov-
el, more effective and homogenous hiPSC expansion pro-
cess yielding up to 3.8 x 10° cells/ mL in a working volume
of 100 mL in 7 days, supporting clinical translation of hP-
SCs at reduced cost. Interestingly, physiological and gene
expression assessment indicated distinct changes of the
cells’ energy metabolism over time suggesting a culture
induced switch from glycolysis to oxidative phosphory-
lation but notably in the absence of hPSC differentiation.
Our data highlight the plasticity of hPSCs’ energy metab-
olism and provides clear physiological and molecular tar-
gets for process monitoring and further development.

W3017

DEVELOPMENT OF INTEGRATED MULTIPLEX
ASSAYS FOR SIMULTANEOUS PROFILING OF
RNA AND PROTEIN IN SINGLE CELLS

Liu, Benjamin, Gong, Haibiao, Dakshinamoorthy,
Gajalakshmi, Ooi, Aik, Li, Nianzhen, Unger, Marc,
Holcomb, llona and Ramakrishnan, Ramesh, Fluidigm
Corp., South San Francisco, CA, U.S.

Gene expression is a multistep process that includes
the transcription, translation and turnover of messenger
RNAs (mRNAs) and proteins. Recently, gene expres-
sion studies have measured differentiation propensities
between different human induced pluripotent stem cell
(hiPSC) clones and compared protein coding gene pro-
files between hiPSCs and embryonic stem cells (ESCs).
Indeed, relatively little is known about the expression
characteristics of individual RNA transcripts and their
corresponding protein within each single hiPSC. In addi-
tion, studies of the dynamic interaction between RNA and
protein during the cell reprogramming stage remains rare.
While a few studies have been conducted primarily by
combining fluorescence in situ hybridization for RNA de-
tection and flow cytometry or immunofluorescence stain-
ing for protein analysis, these methods have critical lim-
itations, such as low multiplexing levels, low throughput
and long turnaround times. We have developed a simple,
fast, multiplexed single-cell mMRNA and protein co-detec-
tion system. Cell capture, cell lysis, antibody binding, oli-
go extension reaction, cDNA synthesis and multiplexed
preamplification were integrated into the C1™ system as a
single workflow. Final amplicon products were quantified
by gPCR on the Biomark™ HD system. Data was analyzed
using the Singular™ Analysis Toolset. A primary dual de-
tection panel — including 52 target proteins and paired
30 RNASs’ assays — was developed, which related to cat-
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egories of cell cycle (CCNA2, CCNB1, CCND1, etc.), prolif-
eration (K167, etc.), apoptosis (TNFRSF10B, etc.), tumor
suppressor (P53, PTEN, etc.), biomarker (ERBB2, BRCA],
EPCAM, etc.), stem cell marker (LIN28A, SOX2, NANOG,
etc.) and growth factor (EGFR, TGFR1, VEGFA, etc.). Com-
bined RNA and protein distinct signatures of each hiPSC
were identified. We demonstrate that this method is ca-
pable of obtaining correlating changes of RNA and pro-
tein expression levels during cell transition at a single-cell
level, and the current assay system is a suitable modeling
approach for providing new insights into cell differentia-
tion, reprogramming, tumor progression, and so on.

W3019

MULTIPRIME: A BACULOVIRUS-BASED
MULTIGENE EXPRESSION SYSTEM FOR
MAMMALIAN CELLS

Mansouri, Maysam', Rizk, Aurelien!, Xie, Ye', Ballmer-
Hofer, Kurt!, Berger, Imre? and Berger, Philipp’, 'Paul
Scherrer Institute, Villigen, Switzerland, 2EMBL,
Grenoble, France

Multigene delivery is emerging as a key technology for
many applications in contemporary cell molecular biol-
ogy. Examples include stem cell engineering, synthetic
biology, cellular reprogramming, and genome editing. In-
fection by viral vectors emerged as the dominant meth-
od of choice to deliver genes into primary and stem cells.
Current viral delivery system such as retro-, adeno- and
lenti viruses suffer from limited DNA capacity. In contrast,
transgene capacity of baculovirus, a virus that normally
infects specific moth larvae, is very large (more than 100
kb).

We developed a baculovirus-mediated multigene expres-
sion system (MultiPrime), allowing simultaneous expres-
sion of several genes from a single virus in mammalian
cells. MultiPrime can be used for the infection of prima-
ry cells or of cell lines that are difficult to transfect. Here,
we show that it is possible to express up to five proteins
with a modified baculovirus in primary cells, cell lines and
stem cells. We also created different intracellular biosen-
sors which can be expressed simultaneously and allow to
study receptor trafficking and signaling quantitatively in
single cells. Additionally, a wide range of promoters are
available in MultiPrime, to regulate and fine-tune individ-
ual heterologous target gene expression. Moreover, we
utilized MultiPrime for reprogramming of mouse embry-
onic fibroblast (MEF) cells into induced neurons (iN).Tak-
en together, baculovirus is an efficient vehicle to deliver
multiple expression cassettes to mammalian cells and we
show multiple applications of our system in cell biology.
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DMSO-FREE CHEMICALLY DEFINED
CRYOPRESERVATION OF HUMAN
MESENCHYMAL STEM CELLS AND
CHONDROCYTES

Onuma, Yasuko, Shimizu, Madoka, Aiki, Yasuhiko and
Ito, Yuzuru, AIST, Tsukuba, Japan

A serum- and xeno-free cryopreservation is suitable
for cells in clinical usage. In addition, dimethyl sulfoxide
(DMSO), which is used for conventional cryoprotectant
medium has been concern about toxicity and induction
ability on some kinds of cells. We examined the efficiency
of a DMSO-free/serum-free/xeno-free chemically defined
cryoprotectant media, STEM-CELLBANKER DMSO Free,
for human mesenchymal stem cells and chondrocytes.
The cells cryopreserved in STEM-CELLBANKER DMSO
Free showed similar growth rate, morphology and global
gene expression, comparing with that of the conventional
freezing medium which is 10% DMSO in 20% fatal bovine
serum containing culture medium. We therefore propose
that STEM-CELLBANKER DMSO Free may be an effective
tool for cell storage in clinical application.

Funding Source: Japan Agency for Medical Research and
Development (AMED) and the New Energy and Industrial
Technology Development Organization (NEDO)

W3023

A RANDOMIZED TRIAL TO ELUCIDATE
EFFECT OF MESENCHYMAL STEM CELLS ON
IMMUNE MODULATION IN LIVING RELATED
KIDNEY TRANSPLANT PATIENTS

Rakha, Aruna', Kaundal, Urvashi?*, Ramachandran,
Raja', Kanwar, Deepesh’, Sharma, Ratti Ram', Bagai,
Upma?, Minz, Mukut' and Jha, Vivekanand', 'PGIMER,
Chandigarh, India, 2Panjab University, Chandigarh,
India, *Panjab University, Chandigarh, Chandigarh,
India

Kidney Transplant patient are dependent upon the dos-
ing of immunosuppressive drugs for their lifetime in or-
der to prevent the graft rejection. Knowing the adverse
side effects of these immunosuppressive drugs, it is de-
sirable to develop a procedure that preferably avoids or
atleast greatly minimizes the use of immunosuppressive
drugs. Mesenchymal Stem Cells (MSCs) have emerged as
an important component towards cell-based therapeutic
immunomodulation as these cells possess low immuno-
genicity. In this study, we aim to define immune regula-
tion and clinical feasibility of cellular therapy mediated
by MSCs in Kidney Transplant (KTx) patients. Patients
were divided into two groups, one with MSC infusion and
second without the MSC infusion. All patients received
standard dose of immunosuppressive drugs. Peripheral
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Blood Mononuclear Cells are analyzed in order to char-
acterize the immune profile and proliferative capacity of
these cells. Serum creatinine levels, Serum cytokine levels
were measured and protocol biopsies were done at vari-
ous time intervals to monitor the graft function. We found
MSCs infusion to be associated with Treg expansion and
reduced T-cell proliferation in mixed lymphocyte reac-
tions. The cytokine profile supports the expanded number
of regulatory T cells. Memory T cell data also represents a
very interesting trend. Serum Creatinine levels normalized
in all the patients with the levels being slightly lower in the
patients infused with MSCs as compared to the control
group. Our study adds to the accumulating literature on
the safe use of cell-based therapy for immunomodulation
in kidney transplantation and also highlights the effects of
MSC dosages at different time intervals.

Funding Source: The funding source for this research is
Department of Science and Technology (DST), India.

W3025

GROWTH CHARACTERISTICS FOR HUMAN
UMBILICAL CORD DERIVED MESENCHYMAL
STROMAL CELLS IN POOLED HUMAN
PLATELET LYSATE SERUM

Smith, J. Robert', Jimenez, Jake', Petry, Florian?,
Leber, Jasmin? and Weiss, Mark L', 'Kansas State
University, Manhattan, KS, U.S., 2University of Applied
Sciences Mittelhessen, Giessen, Germany

Mesenchymal stromal cells (MSC) have applications in
medicine as indicated by clinical trials. MSCs contain sev-
eral properties that make them ideal for clinical translation,
including, immunomodulatory abilities and differentiation
into osteoblasts, chondrocytes and adipocytes. Recently,
MSCs derived from the umbilical cord have been shown to
grow in medium supplemented with pooled human plate-
let lysate serum (HPL). Translating UC-MSCs from in-vi-
tro research to the clinic requires a better understanding
of the growth characteristics of the cells in various con-
ditions. Here we tested three HPL media formulations.
The variations included, (1) the removal of Glutamax sup-
plementation, (2) the removal of Antibiotic-Antimycotic
supplementation, and (3) high glucose DMEM instead of
the low glucose. The UC-MSCs were grown in the four
conditions on 6 well plates for a week; medium samples
were taken daily to test the cell number, and media char-
acteristics. Next, cells were grown on microcarriers in 6
well nonadherent plates. The media characteristics tested
were glucose, glutamine, glutamate, lactate, ammonium,
and osmolality. UC-MSCs to have similar growth charac-
teristics in all the conditions except for the high glucose.
The high glucose DMEM maintain growth in culture for
an extra day, even after contact. After four days of cul-
ture the glucose would be depleted for the three condi-
tions using low glucose DMEM, growth would decrease
and cell death incurred following day five. In the high

co-sponsored by:

glucose DMEM condition, the cells did not use all of the
glucose in the media, and the media also became more
toxic, with a higher lactate level approximately 1g/L more
on the final day. In summary, glucose appears to be the
critical component when culturing UC-MSCs; it can lead
to increased toxicity over longer culture times suggesting
media changes might be important.

Funding Source: Partially supported by a gift from the
Johnson Cancer Research Center at Kansas State Univer-
sity

W3027

CRISPR/CAS9-BASED GENE CORRECTION
OF ARGINASE-DEFICIENT HUMAN INDUCED
PLURIPOTENT STEM CELLS TO RECOVER
ENZYME FUNCTION

Truong, Brian, Lee, Patrick, Vega-Crespo, Agustin,
Gilmore, William, Hermann, Kip, Kingman, Stephanie,
Tang, Jonathan, Chang, Katherine, Byrne, James A.
and Lipshutz, Gerald, University of California, Los
Angeles, Los Angeles, CA, U.S.

Urea cycle disorders (UCDs) are incurable genetic diseas-
es that affect the body’s ability to produce urea due to a
deficiency in any of six enzymes in the cycle. For arginase
deficiency, a mutation in the ARG1 gene, the final step of
the cycle, results in hyperargininemia, developmental de-
lays and disabilities, psychomotor function loss, and in se-
rious cases, death. There is currently no completely effec-
tive treatment available. In this study, we applied human
induced pluripotent stem cell (hiPSC) research and ge-
nome-editing technologies to develop a stem cell-based
approach for treating arginase deficiency applicable to
all arginase deficient patients regardless of mutation.
Fibroblasts from three arginase deficient patients were
reprogrammed to hiPSCs by applying a lentiviral STEM-
CCA-based method and were characterized for pluripo-
tency by immunophenotyping for stemness markers, AP
staining, and in vivo teratoma formation. Using a site-spe-
cific CRISPR/Cas9 nickase-mediated gene transferring
system, a selectable, full-length codon optimized human
arginase cDNA (coARG) expression cassette was inserted
into the HPRT locus under control of constitutive hEFla
promoter (LEAPR); targeting HPRT allowed for second-
ary clonal selection of on-target integration by 6-thiogua-
nine treatment. After LEAPR modification, hiPSCs were
differentiated to hepatocyte-like cells (HLCs) and char-
acterized by immunophenotyping and RNA expression
for hepatic markers; HLCs demonstrated more fetal-like
characteristics. LEAPR-modified HLCs demonstrated 41%
functional arginase activity recovery compared to human
fetal liver. In this study, we demonstrated the ability to
genetically correct mutated ARG1 gene expression in hiP-
SCs derived from arginase deficient patients and mark-
edly restore arginase function in HLCs by CRISPR/Cas9-
based gene addition. To demonstrate in vivo recovery of
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arginase deficiency pathogenesis, ongoing studies aim to
transplant gene-corrected HLCs into an established ar-
ginase deficient immunosuppressed mouse model. Suc-
cessful restoration of enzyme function in patient-specific
hiPSCs and HLCs will highlight hiPSCs as a valuable tool
in cell replacement therapies and advance applications of
genetically modified hiPSCs to treat UCDs and other sin-
gle enzyme liver deficiencies.

Funding Source: This research was supported by the
grant CIRM TR4-06831 from the California Institute of Re-
generative Medicine.

W3029

NEW ANTIBODY REAGENTS TO STUDY
STEM CELL-MEDIATED DEVELOPMENT
AND REGENERATION OF THE MAMMALIAN
INTESTINAL EPITHELIUM

Wood, Antony W, Cotta, Richard, Crosby, Katherine,
Viswanathan, Aparna and Simendinger, Jessica, Cell
Signaling Technology, Inc., Danvers, MA, U.S.

Growth and regeneration of the mammalian intestinal
epithelium is driven primarily by a discrete population of
stem cells, known as LGR5" crypt base columnar (CBC)
cells, resident at the base of the intestinal crypt. Despite
their fundamental importance for intestinal development
and regeneration, there is a lack of validated reagents
that can discretely identify LGR5* CBC cells and their di-
rect progeny. This is due primarily to the low abundance
and/or accessibility of the LGR5 epitope. To address this
problem, Cell Signaling Technology, Inc. (CST) has devel-
oped highly specific rabbit antibodies targeting Olfacto-
medin-4 , a glycoprotein that exhibits distinct expression
in LGR5* CBC cells in both human and mouse. These an-
tibodies are able to detect endogenous levels of human
and mouse Olfactomedin-4 protein, by Western blot in
tissue lysates, and by immunohistochemistry (IHC) in for-
malin-fixed paraffin-embedded tissue samples. Antibody
specificity was confirmed by validation on cell types and/
or tissues in which the presence/absence or relative abun-
dance of Olfactomedin-4 expression has been described
in the published literature. These antibody reagents pro-
vide a robust method to visualize CBC cells with exquisite
sensitivity and specificity without the need for transgenic
models. The availability of these tools will permit greater
insights into the role and regulation of CBC cells during
development, regeneration and oncogenic transforma-
tion of the intestinal epithelium.
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A COST-EFFECTIVE METHOD TO ASSEMBLE
BIOMIMETIC 3D STEM CELL CULTURE
PLATFORMS

El-Badri, Nagwa', Khalil, Sabreen?, EI-Mokhtar,
Mohamed?, Habib, Dina? Farghaly, Mohamed?,
Ayman, Radwa', Al-Mofty, Saif!, Eldosoky, Mohamed?
and Mousa, Noha', 'Zewail City of Science and
Technology, El Sheikh Zayed District, 6th of
October City, Giza, Egypt, 2Faculty of Medicine,
Assiut University, Assiut, Egypt, °El Sheikh Zayed
Specialized Hospital, El Sheikh Zayed District, 6th of
October City, Giza, Egypt

Developing effective stem cell based therapies requires
the design of complex in vitro culture systems for more
accurate representation of the stem cell niche. Attempts
to improve conventional cell culture platforms include the
use of biomaterial coated culture plates, sphere culture,
microfluidic systems and bioreactors. Most of these plat-
forms are not cost-effective, require industrial technical
expertise to fabricate and remain too simplistic compared
to the physiological cell niche. The human amniotic mem-
brane (hAM) has been used successfully in clinical graft-
ing applications due to its unique biological and regener-
ative properties. In this study, we present a combinatorial
platform that integrates the hAM with biomolecular, topo-
graphic and mechanical cues in one versatile model. We
utilized the hAM to provide the biological and the three
dimensional (3D) topographic components of the proto-
type. Institutional research ethics approvals and informed
consents were obtained for human samples used in the
study. The 3D nano-roughness of the hAM was first char-
acterized using surface electron microscopy and surface
image analysis (using Image J and Surface J). Three mod-
els of varying complexities of the prototype were assem-
bled. We developed macro-scale and micro-scale ver-
sions of the platform which provided shear stress factors
to simulate the fluid dynamics of the in vivo extracellular
fluids.. A well defined 3D surface modulation of the hAM
comparable to commercial 3D biomaterial substrates was
successfully obtained without complex fabrication and
for significantly lower cost. Performance of the prototype
for stem cell culture applications was demonstrated using
various cells including human umbilical cord mononucle-
ar blood cells (MNCs), human bone marrow mesenchy-
mal stem cells (hMSCs) and human breast cancer tissue
explants. Expansion and differentiation (adipogenic and
osteogenic) were achieved for mesenchymal stem cells
using the platform. In conclusion, this study presents
methods of assembling integrated, flexible and low cost
biomimetic cell culture platforms for diverse stem cell cul-
ture applications.

Funding Source: STDF (Science and Technology Devel-
opment Fund), Cairo, Egypt. Grant number 5300.
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W3033

STROMAL CELL-DERIVED EXTRACELLULAR
MATRIX STIMULATES MESENCHYMAL STEM
CELL PROLIFERATION IN VITRO AND BONE
FORMATION IN RAT FEMUR SEGMENTAL
DEFECTS

Zamilpa, Rogelio!, Pearson, Joseph?, Jennings, Sarah?,
Montelongo, Sergio Alejandro?, Navarro, Mary',
Lemus, Karina', Navara, Christopher?, Griffey, Sy' and
Guda,Teja?, 'StemBioSys Inc, San Antonio, TX, U.S,,
2The University of Texas at San Antonio, San Antonio,
TX, U.S.

Bone marrow mesenchymal stem cells (BM-MSCs) are a
common treatment of non-union fractures due to their
ability to immunomodulate the microenvironment as well
as enhancing osteogenesis. One of the issues associat-
ed with the use of BM-MSCs for therapeutic treatments is
the inherent variability found in patients which most of-
ten results in decreased cell yields for clinically relevant
doses. To improve the cell yield of BM-MSCs, a cell cul-
ture substratum referred to as High Performance Micro
Environment (HPME) was generated using bone marrow
stromal cells. Mass spectrometry analysis indicated that
the HPME is primarily composed of extracellular matrix
proteins such as collagen types |, VI, XlI, fibronectin, tena-
scin and transforming growth factor beta inducible pro-
tein. When used as a cell expansion substrate, the HPME
significantly increased the yield of BM-MSCs, the expres-
sion of IL-10, and the expression of stage specific embry-
onic antigen (SSEA)-4 when compared to tissue culture
plastic (all p<0.05). When used as a supplement in cell
culture medium, an HPME protein extract significantly in-
creased the BM-MSC vyield in a dose dependent manner
with a concomitant increase in the expression of SSEA-4
(41+6% difference compared to non-supplemented cul-
tures). Interestingly, in combination with hydroxyapatite
minigranules and bone marrow, the HPME protein extract
stimulated bone regeneration in rat femur segmental de-
fects when compared to empty defects or minigranules
combined with bone marrow. These results demonstrate
that the HPME increases the proliferation of BM-MSCs in
vitro and stimulates bone formation in vivo.

co-sponsored by:

W3035

A THREE-DIMENSIONAL CULTURE MODEL OF
THE HUMAN NEUROMUSCULAR JUNCTION

Afshar Bakooshli, Mohsen', Lippmann, Ethan? Yoo,
Paul', Tung, Kayee?, Ahn, Henry', Ginsbewr, Howard,
Ashton, Randolph S.# and Gilbert, Penney', 'University
of Toronto, Toronto, ON, Canada, 2University of
Wisconsin, Madison, WI, U.S., 3St. Michael's Hospital,
Toronto, ON, Canada, “University of Wisconsin-
Madison, Madison, WI, U.S.

An in vitro co-culture model of nerve and skeletal mus-
cle cells can serve as a useful platform for studying neu-
romuscular junction (NMJ). Currently, two-dimensional
(2D) cultures are used as the standard platform, and to
our knowledge, there is no report of a three-dimensional
(3D) culture model of human NMJ. However, 2D cultures
fail to recapitulate the 3D cellular microenvironment. Here
we report a 3D culture model for co-culturing of skeletal
muscle tissues derived from primary human cells togeth-
er with motor neurons (MNs) derived from human plu-
ripotent stem cells (hPSCs). Our preliminary results show
that our MN cluters derived from hPSCs are positive for
Hb9 and Islet] maskers and capable of exocytosis follow-
ing glutamate stimuli shown by styryl dye FM1-43 exper-
iments. In addition, our 3D muscle cultures generated a
tetanus contraction following acetylcholine stimulation
demonstrating the organization of the sarcomere units
in mature muscle fibers responsive to biochemical stim-
uli. Results from 3D muscle-neuron co-cultures indicated
formation of striated muscle fibers positive for acetyl-
choline receptor (AchR) in contact with neurites positive
for synaptic vesicle glycoprotein synaptophysin. Anal-
ysis of AChR cluster size, and synaptic specific proteins
revealed that the presence of motor neurons increases
muscle fiber maturation. Indeed the higher expression
of adult subunit of the AChR, epsilon, in our co-cultures
demonstrated a progressive maturation of the NMJ with
time in 3D culture. To further assess the functionality of
the forming NMJ, muscle cells were lentivirally infected
with a genetically encoded calcium indicator, GCAMPG,
prior to co-culture. In addtion, hPSCs were infected with
ChR2 for optogenetic activation. Light stimulation of
muscle neuron co-culutures using GCAMP6+ muscle cells
and optogenetically modified MNs indicated an increase
in calcium transient of a subpopulation of muscle fibers
that were in a functional contact with motor neurons. Our
results indicate that our 3D culture platform supports the
formation and maturation of muscle fibers and the neuro-
muscular junction better than current 2D culture models.
We envision that our platform will be used as a model to
study neuromuscular disorders and as a drug-screening
platform for preclinical studies

Funding Source: CIHR TPRM fellowship, Krembil founda-
tion
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REQUIREMENTS FOR SEEDING AUTOLOGOUS
RESPIRATORY EPITHELIAL CELLS ON TISSUE-
ENGINEERED AIRWAY CONSTRUCTS

Butler, Colin R', Hynds, Robert E.2, Gowers, Kate H.C.3,
Crowley, Claire3, Hamilton, Nicholas J.3, Urbani, Luca?,
De Coppi, Paolo?, Birchall, Martin A® and Janes, Sam
M.3, TUCL, London, U.K,, 2University College London,
London, U.K,, 3UCL, 5, University Street, U.K.

Tissue-engineered airways hold promise for patients
with severe end-stage airway pathology and consider-
able advances have been made towards clinical transla-
tion. Strategies for tracheal replacement have included
engrafting both synthetic and decellularised tissue-engi-
neered grafts. One significant hurdle has been the inade-
quate re-epithelialisation of these grafts. Basal epithelial
cells are considered to be the stem/progenitor popula-
tion that repopulates the airway during homeostasis and
following airway injury. We describe the engraftment re-
quirements for three clinical candidate scaffolds (POSS-
PCU synthetic; vacuum assisted decellularisation; and
standard detergent-enzymatic processing) in a system
that replicates cell seeding on full-sized human trachea in
vitro with applications towards bioreactors. We show that
> 1x10°6 cells/cm? cells are required for effective cover-
age, independent of the scaffold material used. We found
that traditional methods for expanding autologous airway
epithelial stem cells from biopsies could not meet these
requirements. However, using a co-culture method with
mitotically inactive 3T3-J2 fibroblasts in the presence of
the small molecule Rho-associated protein kinase (ROCK)
inhibitor Y-27632 (3T3+Y) generated large numbers of
human airway basal stem/progenitor cells in a clinically
relevant time-frame. This methodology allowed the de-
livery of cells in sufficient quantity and with maintained
differentiation capacity and function. We show that this
method achieved extensive expansion from small endo-
bronchial pinch and brush biopsies derived from human
donors, thereby making autologous delivery of cells pos-
sible. Our finding that a significant quantity of airway bas-
al stem cells are required for tracheobronchial tissue en-
gineering suggests that delayed epithelial regeneration in
previous clinical cases may be due to reliance upon host
epithelial cell migration into the scaffold post-implanta-
tion. Adoption of 3T3+Y could allow the generation of
large numbers of basal cells to expedite mucosal regener-
ation in these patients.

Funding Source: CRB is supproted by a Wellcome Trust
Clinical Training Fellowship REH is funded by a BBSRC-
CASE PhD studentshipCC is supported by GOSH charities
(V1202) S.M.J is a Wellcome Trust Senior Fellow in Clinical
Science (WTO091730AIA) and is supported b
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A TISSUE ENGINEERED CNS MODEL WITH
INTEGRATED BLOOD BRAIN BARRIER FOR
PROBING MULTI-ORGAN INTERACTIONS AND
DRUG TOXICITY

Edington, Collin', Leg, Iris', Phabmixay, Pierre’,
Brown, Alex!, Schwartz, Michael?, Hou, Zhonggang?,
Murphy, William?, Thomson, James* and Griffith,
Linda', 'Massachachusetts Insitute of Technology,
Cambridge, MA, U.S., 2University of Wisconsin-
Madison, Madison, WI, U.S., *Harvard, Boston, MA,
U.S., “Morgridge Institute for Research, Madison, Wi,
us.

Stem cell-derived models of the human central nervous
system have dramatic potential to improve our under-
standing of the developmental and mature brain. Inte-
grating them into biologically relevant models are also
an important step towards reducing industry reliance on
small animal and primate testing, enabling improved dis-
ease models and earlier detection of neurotoxicity and
efficacy in the drug pipeline. Towards this end we have
incorporated a blood-brain barrier component into a pre-
viously developed 3D neural construct for inclusion in a
human-on-a-chip platform. Evaluation of the gene ex-
pression patterns in these ESC-derived neural constructs
has been shown to be predictive of developmental neuro-
toxicity when perturbed with known and blinded toxins (7).
Human cerebral microvascular endothelial cells (h\CMEC/
D3 line) were cocultured with human brain vascular peri-
cytes in a transwell system, using the porous membrane
to maintain barrier polarity while allowing cell-cell contact
through the pores. Following 6-12 days of culture, mono-
layer integrity was evaluated with trans-epithelial electri-
cal resistance (TEER) and FITC-dextran permeability. We
recorded TEER values of up to 41.5 + 2.4 (Ohms*cm™2),
similar to previously reported values for the hCMEC/D3
cell line (2). Permeability coefficients of FITC-dextrans (4,
10, and 70 kDa) were found to decrease with increasing
molecular weight, and were as low as 8.5x10"-8 cm/s for
the 70 kDa molecules. Endothelial monolayers stained
positive for ZO-1 and Claudin-5 tight junction proteins,
and maintained TEER values under coculture conditions
with the neural progenitor population.

This CNS model will be used for biomarker development
and the interrogation of multi-organ interactions, partic-
ularly along the gut-brain axis (CNS, small intestine, liver,
and pancreas).

Funding Source: DARPA Grant nb:W91INF1220039
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W3041

A COMPARISON OF HUMAN ADIPOSE
DERIVED STEM CELLS (ASCS) IN 2-D AND
3-D CULTURE FOR WOUND HEALING
APPLICATIONS

Houlihan, Alison, Bell, David and LoGuidice, Amanda,
RTI Surgical, Alachua, FL, U.S.

Adipose derived mesenchymal stem cells (ASCs) are a
multipotent stem cell abundant in native adipose tissue.
ASCs are highly proliferative and have been shown to
participate in the regulation of major cell types involved
in wound healing, including fibroblasts, macrophages and
endothelial cells. Much of this regulation takes place via
chemokine and cytokine secretion. This study investi-
gates the phenotypic characteristics of primary ASCs iso-
lated from human cadaveric donors; specifically focusing
on their ability to influence their immediate environment
through chemical signaling. ASCs were cultured in nor-
mal 2-D cell culture, as 2-D cell sheets, and as 3-D cell
aggregates. Using cytokine arrays, ELISAs and western
blotting, the protein expression and secretion profiles
were evaluated for differences in relevant proteins such
as vascular endothelial growth factor (VEGF), Trans-
forming Growth Factor (TGF-b), Platelet Derived Growth
Factor (PDGF) and Fibroblast Growth Factor (FGF).The
culture groups resulted in varied levels of extracellular
matrix (ECM) protein deposition, proliferation rate, pro-
tein expression and soluble factor secretion. The culture
groups were then seeded onto a dermal collagen scaffold
produced from decellularized human tissue. The interac-
tion with the dermal scaffold resulted in increased pro-
tein expression and soluble factor secretion of the seeded
ASCs. This study measured the impact of cell-cell contact,
culture dimensionality, and interaction with the decellu-
larized dermal scaffold on the functional characteristics
of primary ASCs. ASCs are key regulators in the wound
healing environment, making them strong candidates for
therapeutic use in tissue engineering applications, and
particularly relevant as a treatment for burns and deep
cutaneous wounds. An understanding of the impact of
culture morphology on regulatory efficacy will allow for
more specific manipulation of the /n vivo wound environ-
ment, leading to the development of improved surgical
interventions.

W3043

NEURAL STEM CELLS BENEFIT A MOUSE
MODEL OF PARKINSON'S DISEASE CAUSED
BY SINGLE INTRANASAL ADMINISTRATION OF
THE NEUROTOXIN MPTP

Leite Pereira, Marcia Cristina'?, Vallim, Gustavo

B.'?2, Hamblin, Milton H.3 and Lee, Jean-Pyo'?,

Tulane University School of Medicine, Neurology,
New Orleans, LA, U.S., 2Tulane University School

of Medicine, Center for Stem Cell Research and
Regenerative Medicine, New Orleans, LA, U.S,,
3Tulane University School of Medicine, Pharmacology,
New Orleans, LA, U.S.

Parkinson’s disease (PD) is a chronic, progressive neuro-
degenerative disorder affecting up to 2% of those 55 years
and older. Less than 5% of PD cases are inherited, with
exposure to environmental toxins a possible risk factor.
We investigated the therapeutic effects of transplanting
human neural stem cells (hNSCs) to ameliorate the patho-
physiology of pre-clinical PD in a unique MPTP-exposed
PD model, which mimics PD’s both early and late stages
(other models mainly mimic late stages). Damage to the
nigrostriatal dopaminergic system in mice was uniquely
induced with the neurotoxin MPTP. Specifically, MPTP was
infused intranasally with a peristaltic pump, and a cath-
eter was inserted into the nasal cavity. Transplantation
was 7 days post-MPTP. The time frame for hNSC trans-
plantation corresponded to upregulation of endogenous
proinflammatory cytokines, which play a role in stem cell
migration. We administered a single unilateral intracranial
injection of hNSCs. Three weeks post-transplantation (4
weeks post-MPTP), behavioral deficits were significantly
improved as assessed by an open field test for hypoki-
nesia (decreased body movement) and a tail suspension
test for catalepsy (muscular rigidity). Nontransplanted
MPTP control mice had about 78% (tyrosine hydroxy-
lase) TH* neuronal death (i.e., only 22% neurons survived)
in the substantia nigra (SN). However, hNSC-engrafted
mice significantly protected host neurons from degen-
eration (60% TH* neurons). Surviving neurons (TH* host
neurons) were not donor-derived, showing a “chaperone”
effect of donor cells. Preserving dopaminergic neurons in
the SN and improving behavioral deficits are therapeutic
end goals of PD and we are the first to show that hNSCs
attenuated the degeneration of dopaminergic neurons
following intranasally-infused MPTP.

co-sponsored by: 89 o0
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THERAPEUTIC POTENTIAL OF HUMAN IPS
CELL-DERIVED ENGINEERED CARDIAC
TISSUE INCLUDING CARDIOMYOCYTES
AND MULTIPLE VASCULAR LINEAGES FOR
MYOCARDIAL INFARCTION

Masumoto, Hidetoshi'?, Nakane, Takeichiro'?, Tinney,
Joseph', Yuan, Fangping', Ye, Fei', Kowalski, William!,
Minakata, Kenji®, Sakata, Ryuzo?, Yamashita, Jun? and
Keller, Bradley', 'Cardiovascular Innovation Institute,
University of Louisville, Louisville, KY, U.S., 2Center
for iPS Cell Research and Application (CiRA), Kyoto
University, Kyoto, Japan, *Kyoto University Graduate
School of Medicine, Kyoto, Japan

Three-dimensional (3D) engineered cardiac tissues
(ECTs) are a robust platform technology to investigate
cardiovascular (CV) cell function and provide an excellent
microenvironment for tissue implantation and cardiac re-
pair. We generated 3D ECTs using cardiomyocytes (CMs),
endothelial cells (ECs), and vascular mural cells (MCs) ef-
ficiently differentiated from human iPS cells (hiPSCs). We
employed 3 different monolayer culture-based differenti-
ation protocols: 1) CM+EC protocol: mesoderm induction
followed by VEGF (mes+VEGF) produced a distribution
of 61.8£8.0% cTnT*-CMs, 19.4+9.1% VE-cadherin*-ECs, and
1.7+2.0% PDGFRB*-MCs, (n=26, day15); 2) CM+MC proto-
col: mes+Dkk1 to induce CMs and MCs; and 3) MC pro-
tocol: exclusive induction of MCs. We collected the cells
on differentiation day 15 and mixed them to generate 3
classes of ECTs composed of different CV cell population
patterns: 1). CM+EC; 2). CM+MC, and 3). CM+EC+MC. We
seeded the each cell mixture in a collagen/Matrigel mix-
ture to form spontaneously beating ECTs. In vitro force
measurement analysis showed that CM+EC+MC ECTs
possessed the highest maximum capture rate (4.6+0.6
Hz, P<0.0001) and lowest excitation threshold (1.2+0.3
V/cm, P<0.01) indicating that incorporation of vascu-
lar cells augmented tissue maturation and function. We
confirmed more preferential alignment of CMs to the ECT
long axis in ECTs with MCs. Transmission electron micros-
copy revealed that incorporation of MCs increased CM
sarcomeric structure. Incorporation of both ECs and MCs
led to vasculature formation within ECTs during 14 days
of in vitro culture and activated multiple tissue matura-
tion pathways. These results indicate that incorporation
of vascular cells accelerated tissue structural maturation.
Next CM+EC+MC ECTs were implanted onto infarcted
athymic rat hearts. Echocardiogram revealed a signifi-
cantly higher cardiac output at 4 weeks after implanta-
tion compared to that of sham-operated rats (137£23 vs
95+23 mL/min, P<0.05). Immunostaining 4 weeks after
implantation showed epicardial engraftment of human
cells as a regenerated myocardium vascularized both by
graft and host-derived vasculature. HiPSC-derived ECTs
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including vascular cells showed novel properties relevant
for clinical translation.

Funding Source: J.K.Y.is a founder, equity holder, and sci-
entific adviser of iHeart Japan Corporation, and a co-in-
ventor on multiple pluripotent stem cell-related patents.

W3047

SUSTAINED RELEASE OF BFGF FROM
MULTILAYER NANOFILM TO SUPPORT HUMAN
STEM CELL CULTURES WITHOUT DAILY
FEEDING

Park, Juhyun, Kangwon National University,
Chuncheon-si, Korea, South

The successful maintenance of undifferentiated state is an
essential aspect of stem cell culture. In the case of human
pluripotent stem cells including embryonic stem (ES) cells
and induced pluripotent stem (iPS) cells, basic fibroblast
growth factor (bFGF) plays a crucial role in promoting
the undifferentiated state while minimizing spontaneous
differentiation into other cell types. However, bFGF has
been known to be very labile under normal culture con-
ditions. Therefore, pluripotent stem cell cultures require a
daily replacement of culture medium, making the culture
costly and labor intensive. Recently, it has been reported
that bFGF levels in human pluripotent stem cell culture
significantly fluctuate even with daily feeding. Here, a lay-
er-by-layer (LbL) technique-based nanofilm system con-
sisting of charged polymeric materials was established
for the sustained release of bFGF. The release of bFGF
was continued for over 10 days. Then, the bFGF-releasing
nanofilm was constructed on the membrane of transwell
permeable support and human iPS cells were cultured
with the transwell. As a result, human iPS cells maintained
their undifferentiated morphology and expression of plu-
ripotency markers including SSEA-4, Nanog and Oct4
even with less frequent media changes. Furthermore, it
was demonstrated that undifferentiated state of iPS cells
was preserved during several passages and the differenti-
ation potential was not altered. The bFGF-releasing nano-
film provides a useful method to maintain the undifferen-
tiated state of human pluripotent stem cells. Especially, it
is anticipated that the controlled release of bFGF from the
biocompatible nanofilm reduces the frequency of media
replacement needed to maintain stem cell cultures.

Funding Source: This work was supported by the Na-
tional Research Foundation of Korea(NRF) grant
funded by the Korea government(MSIP) (No. NRF-
2015R1C1ATA01052831)
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A THREE DIMENSIONAL IDENTIFICATION
BETWEEN GRAFT CELLS AND THE HOST
THROUGH INTACT TISSUE CLEARING IN RAT
PARKINSON'S DISEASE

Song, Byeong-Wook, EIT/LOFUS R&D Center,
Institute for Integrative Medicine, Catholic Kwandong
University, Gangneung, Korea and Hwang, Ki-chul,
Institute for Bio-Medical Convergence, Catholic
Kwandong University, Gangneung, Korea

Stem cell therapy is an emerging strategy for restoring
neural function in neurodegenerative disease. In Parkin-
son’s disease (PD), stem cells have an effect on functional
enhancement in a profound and selective loss of nigrostri-
atal dopaminergic neurons. How grafted stem cells inte-
grate into brain tissue and functionally interact with the
host is as yet unanswered. A three dimensional analysis of
brain is indispensable for measuring the structure-func-
tion relationships about therapeutic safety and efficacy
of stem cells. A few years ago, hydrogel-based struc-
ture techniqgue was developed with potential relevance
for brain-mapping study. This process creates physically
stable and permeable to both visible-spectrum photons
and exogenous molecules in the brain tissue. Here, we
examined a three dimensional structure of intact brain
tissue after bone marrow mesenchymal stem cell (MSC)
treatment in PD. Rat PD model was unilaterally induced
by injecting 6-hydroxydopamine (6-OHDA) hydrobro-
mide into the medial forebrain. Three weeks after sur-
gery, amphetamine-induced rotation test was performed
to evaluate the degree of the dopaminergic lesion. For
transplantation, MSCs (1 x 107 cells/animal) were injected
into the femoral vein. One day after the final behavior test
(day 29), the rats were anaesthetized, and perfused with a
mixture of 4% paraformaldehyde, 4% acrylamaide, 0.05%
bis-acrylamide, 0.25 VAO44 in PBS. Isolated brains were
incubated in 4°C for 3 days, and then temperature was
increased to 37°C to induce polymerization for 3 hours.
Hydrogel-embedded brains were plated in 10~-60V or-
gan-electrophoresis system, circulating 200 mM sodium
borate buffer with 4% SDS for 2 days. We showed three
consecutive rounds, including PKH26-labeled MSCs with
doparminergic neurons stained with tyrosine hydroxylase.
The graft-host 3D interface, i.e. brain microenvironment,
was visualized by immunofluorescence to MSC-positive
cells, polysialylated neural cell adhesion molecule, and/
or neuron-specific class Il beta-tubulin marker (NRF-
2015R1CIAT1A02037693).

Funding Source: This research was supported by Ba-
sic Science Research Program through the Nation-
al Research Foundation of Korea (NRF) funded by
the Ministry of Science, ICT & Future Planning (NRF-
2015R1CIAT1A02037693).

co-sponsored by:

W3051

PRE-CLINICAL MODEL OF LIVER
REGENERATIVE THERAPY USING ORGAN
DERIVED SCAFFOLD WITH/WITHOUT HUMAN
IPS DERIVED CELLS

Yagi, Hiroshi, Tajima, Kazuki, Makiko, Hieda, Hibi,
Taizo, Abe, Yuta, Kitago, Minoru, Shinoda, Masahiro,
ltano, Osamu and Kitagawa, Yuko, Keio University,
School of Medicine, Tokyo, Japan

To establish 3D organ structure, we have been investi-
gated a tissue engineering approach “decellularized or-
gan frame” by discarding viable cells from native tissues,
which can be used as a extra cellular matrix scaffold for
regenerative cells. The aim of this study was to generate
native tissue derived organ frame for the development of
liver regenerative therapy, with or without primary and
human iPS derived cells. Rat/ Porcine livers were success-
fully decellularized and sutured onto the surface after rad-
ical liver resection, reducing the size to fit for the surface
area. Interestingly, not only endothelial cells but also bile
duct epithelial cells were migrated into the luminal sur-
face and formulated small vessels and bile ducts 7 days
after the surgery. Hepatocytes were also repopulated
in the parenchymal space reconstructing hepatic lobule
like structures. These results suggested that this organ
derived frames have strong affinity to the liver cells and
would be applicable for organ regeneration. Therefore,
we standardized each protocol for organ harvest, de/re-
cellularization and transplantation to establish pre-clinical
large animal model for organ regenerative therapy. Espe-
cially, standardization of the procedure for introduction
of a large number of the different types of the cells into
the expected location of the parenchymal/non-paren-
chymal space was critical and was finally established by
using pressure monitoring system. In addition, angiogra-
phy after transplantation of the liver graft revealed that
continuous blood flow was observed in the graft which
was connected by surgical anastomosis to portal vein and
inferior vena cava. Taken together, we could have a sol-
id large animal model to systematically evaluate hepatic
function of regenerative liver graft in vivo. Finally, a large
number of human iPS derived hepatic progenitor cells
and mesenchymal stem cells were introduced into the
porcine scaffold and successfully transplanted into the
porcine body under immune suppression. The liver graft
with iPS derived cells were evaluated 7 days after the sur-
gery, which showed clusters of hepatocyte like cells with
hepatic markers. We believe that this large animal model
could help developing a novel therapeutic strategy using
regenerative approach with an attractive tissue engineer-
ing technology.

Funding Source: This study was supported by Japan
Agency for Medical Research and Development (AMED),
Research Center Network for Realization of Regenerative
Medicine, Projects for Technological Development.
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REGENERATION MECHANISMS

W3055

DIRECTLY REPROGRAMMED HUMAN
NEURAL PRECURSOR CELLS RESPOND
TO ENVIRONMENTAL CUES IN THE
ADULT MURINE BRAIN FOLLOWING
TRANSPLANTATION

Azimi, Ashkan', Vonderwalde, llan', Sachewsky,
Nadia', Ahlfors, Jan-Eric? and Morshead, Cindi M.},
'University of Toronto, Toronto, ON, Canada, 2New
World Laboratories, Laval, QC, Canada

The use of neural precursor cells (NPCs) to repair the
injured CNS holds much promise. One regenerative ap-
proach is NPC transplantation to promote tissue repair.
Although some strategies have demonstrated limit-
ed success, a major concern still to be addressed is the
identification of an ideal cell source that is easily acces-
sible, immunologically privileged to avoid rejection, and
outside ethical concerns. The practicality of isolating
brain-derived NPCs from patients is not obvious; hence,
the ability to generate NPCs from somatic cells, thereby
permitting patient-specific cell sources to be used for re-
generative strategies is a necessary goal. Herein we used
in vitro and in vivo assays to explore the fundamental bi-
ology of a novel population of human neural precursor
cells that have been directly reprogrammed from somat-
ic cells (termed drNPCs) without the use of viral vectors
and without passing through a pluripotent state. We have
shown that drNPCs display the two cardinal properties of
stem cells, self-renewal and multipotentiality. RT-PCR and
immunocytochemistry revealed expression of NPC mark-
ers (nestin, sox2, ascll, pax6, MAP2) and absence of plu-
ripotency markers (nanog and oct4). Further, we asked
if the drNPCs are capable of responding to environmen-
tal cues similar to endogenous NPCs, in 2 mouse models.
First, drNPCs were transplanted into the periventricular
region of SCID-beige mice and examined at various times
post-transplantation to evaluate cell survival, location,
and differentiation profile. Similar to endogenous NPC
behaviour, a subpopulation of drNPCs survived and mi-
grated to the olfactory bulb. In separate experiments we
transplanted drNPCs in a mouse model of dysmyelination
(shiverer mice) to examine the oligodendroglial potential
of the cells. Again, similar to what is observed when adult
mouse NPCs are transplanted on the corpus callosum of
shiverer mice, drNPCs generated mature oligodendro-
cytes producing myelin basic protein at both 1-week and
1-month post-transplant. In summary, we have demon-
strated drNPCs respond to environmental cues similar to
transplanted NPCs, supporting the hypothesis that drN-
PCs are an ideal cell source for neural regenerative strat-
egies.

Funding Source: New World Laboratories Inc. CIHR
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W3057

DIRECTLY REPROGRAMMED NEURAL
PRECURSOR CELLS VIA TRANSIENT
EXPRESSION OF SYNTHETICALLY OPTIMIZED
TRANSCRIPTION FACTORS IN HUMAN
SOMATIC CELLS

Abhlfors, Jan-Eric, El-Ayoubi, Rody, Mani, Sarathi,
Abraham, Suraj, Mihai, Oana and Thomson, Alison,
New World Laboratories, Laval, QC, Canada

Direct somatic cell reprogramming into a multipotent
stem cell provides an attractive venue for clinical trans-
lation of autologous stem cell therapy, especially for dif-
ficult to obtain autologous stem cells such as neural stem
cells. Transient expression of JAl, a synthetically opti-
mized plasmid containing three synthesized transcription
factors, Musashi-1 (Msil), Neurogenin-2 (Ngn2) and Meth-
yI-CpG Binding Domain Protein 2 (MBD2), results in ro-
bust reprogramming of human fibroblasts, keratinocytes,
CD34* cells, MSCs and ADSCs into neural stem cells,
termed directly reprogrammed neural precursor cells
(drNPCs), within 1-2 weeks at high efficiency. RT-PCR and
Southern blot analysis showed no genome integration of
any part of the synthetic plasmid into the cell population.
These directly reprogrammed neural precursor cells (drN-
PCs) are characterized by more robust proliferation and
a higher proportion of neurons upon differentiation than
human fetal neural precursor cells (hNPCs), and display
a greater degree of functional recovery in rodent mod-
els of traumatic brain injury compared to hNPC implants.
Implantation of the drNPCs into SCID/beige mice models
for detecting tumour or teratoma forming cells resulted in
no tumour formation even at high concentrations. drNPCs
express neural stem cell markers but no markers specif-
ic to the starting cell type, and are able to form neuro-
spheres from single cell clones and differentiate into glu-
tamatergic, acetylcholinergic, dopaminergic, serotonergic
and GABAergic neurons as well as astrocytes and oligo-
dendrocytes. drNPCs are characterized by high telomer-
ase expression that disappears during differentiation, ex-
pression of numerous neural associated cytokines, nestin
activation by demethylation of its second intron region,
functional GAP junctions, and continued maintenance of
normal karyotype at high passage numbers. These char-
acteristics along with rapid reprogramming and prolifer-
ation of the drNPCs with no genome integration and no
use of animal components or viruses, present an attrac-
tive avenue for providing autologous neural stem cells at
mass scale for personalized and regenerative medicine
applications.

q INTERNATIONAL SOCIETY
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W3059

NON-PLATELET RNA-CONTAINING PARTICLES
ARE THE REGENERATIVE SUBCELLULAR
MATERIALS

Kong, Wuyi', Sun, Lei?, Zhu, Xiaoping', Nuo, MU'
and Wang, Hond', 'Khasar Medical Technology Co.,
Beijing, China, 2Institute of Biophysics, Chinese
Academy of Sciences, Beijing, China

Recently, the rejuvenation and regeneration of young
blood plasma has been described. However, the juvenile
factor or factors involved need to be elucidated. In the
previous studies, we have found that tissue regeneration
is by a group of short-rod shaped particles with regen-
erative activities that locate in blood plasma and named
them non-platelet RNA-containing particles (NPRCPs).
We have found that NPRCPs can regenerate cardiomyo-
cytes, brain cells, and improve wound healing. However,
the morphological differences between the platelets and
NPRCPs and the origins of the NPRCPs need to be clar-
ified. In the present studies, we examined the insoluble
platelet-sized particles and the large precipitated cellu-
lar clumps in mouse blood. We found that NPRCPs have
distinct morphology from platelets. NPRCPs are in dimer,
trimmer or polymer shapes multiples of that can further
fuse together. The fused NPRCPs further differentiate into
epithelial cell and other cell types, however, not blood
cells. In addition, we found that NPRCPs are released from
giant cells that had distinct morphology from megakary-
ocytes and have never been described. Our data provide
evidence of a new blood subcellular population, NPRCPs,
and their releasing cells, the giant cells in the blood.

W3061

THE MECHANISM OF PERIODONTAL TISSUE
REGENERATION BY TRANSPLANTATION OF
ADIPOSE TISSUE-DERIVED MULTI-LINEAGE

PROGENITOR CELLS

Sawada, Keigo', Takedachi, Masahide', Iwayama,
Tomoaki', Yamamoto, Satomi', Morimoto, Chiaki',
Hirai, Asae', Lee, Chunman? Matsuyama, Akifumi?,
Okura, Hanayuki®, Sano, Yuko', Kitamura, Masahiro'
and Murakami, Shinya', 'Osaka University Graduate
School of Dentistry, Suita, Japan, 2?Osaka University
Hospital, Suita, Japan, 3National Institute of
Biomedical Innovation Health and Nutrition,
Amagasaki, Japan

The reconstruction of periodontal tissue destroyed by
periodontal diseases is a major goal of periodontal re-
generative therapy. Due to unsatisfied efficacy of current
periodontal regenerative therapies, development of new
cell-based therapies has been hoped for. We have been
revealed the efficacy of periodontal tissue regeneration

co-sponsored by:

by transplantation of adipose tissue-derived multi-lineage
progenitor cells (ADMPCs) with experimental periodon-
titis models on beagle dogs. The safety and efficacy of
this new periodontal regenerative therapy is currently
under investigation in the First-in-Man clinical study. So
far, autologous transplantation of ADMPCs resulted in
regeneration of tooth-supporting alveolar bone and no
transplantation-related adverse events were observed. In
this study, we examined the trophic effects of ADMPCs on
the periodontal tissue regeneration. All human subjects
provided informed consent according to a protocol that
was reviewed and approved by the Institutional Review
Board of the Osaka University Graduate School of Den-
tistry. We harvested subcutaneous adipose tissue from
healthy volunteers and isolated ADMPCs. We cultured the
ADMPCs in D-MEM for 3 days and collected the superna-
tant as an ADMPC conditioned medium (ADMPCs-CM).
Human Growth Factor Array’ revealed that ADMPCs-CM
contained considerable amounts of various growth fac-
tors. Then, we evaluated whether ADMPCs-CM have ef-
fects on osteogenic differentiation of human periodontal
ligament cells (HPDLs). HPDLs were cultured in mineral-
ization-inducing medium with or without ADMPCs-CM.
Addition of ADMPCs-CM resulted in the upregulation of
osteogenic gene expression, alkaline phosphatase activity
and calcified nodule formation in HPDLs. Interestingly, it
was demonstrated that the effects of ADMPCs-CM on HP-
DLs differentiation were partially regulated by insulin-like
growth factor binding protein 6 (IGFBP6) in ADMPCs-CM.
These results suggest that ADMPCs transplanted into a
defect in periodontal tissue release trophic factors which
can stimulate the differentiation of HPDLs to mineralized
tissue-forming cells, such as osteoblasts and cemento-
blasts. IGFBP6 may play important roles in ADMPC-in-
duced periodontal tissue regeneration.

Funding Source: This study was supported by a Grant-in-
Aid for ScientificResearch from the Ministry of Education,
Culture, Sports, Scienceand Technology (No. 26893144)
and a Grant-in-Aid from the Ministryof Health, Labour and
Welfare of Japan.

W3063

ADIPOCYTES UNDERGO MACROPHAGE-
MEDIATED LIPID FILLING TO CONTROL
MAMMARY GLAND REGENERATION AFTER
LACTATION

Zwick, Rachel K., Shook, Brett!, Wysolmerski, M.D.,
John', Rodeheffer, Matthew S.? and Horsley, Valerie',
Yale University, New Haven, CT, U.S., 2Yale Univ, New
Haven, CT, U.S.

Adipocytes comprise a significant portion of the mam-
mary gland stroma and are dynamic during reproductive
cycles. During lactation, the gland fills with milk- produc-
ing epithelial cells and adipocytes regress. After lactation,
milk fat is resorbed into epithelial cells, promoting epithe-
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lial cell death and mammary gland involution. Involution
serves as a natural model of wound healing, involving a
similar inflammatory response, and the regeneration of
the mammary stroma - most prominently the massive
expanse of adipose tissue. It has been suggested that adi-
pocytes regenerate during involution through transdiffer-
entiation of epithelial cells. Here, we use genetic lineage
tracing in mice to show that epithelial cell transdifferen-
tiation is not a major mechanism of adipocyte repopula-
tion. We identified a population of adipocyte stem cells in
the mammary gland that expands in cell number during
involution. The predominate mechanism contributing
to adipocyte repopulation during involution, however, is
lipid filling of long-lived mature adipocytes that reside in
the mammary gland prior to pregnancy. We find that this
increase in adipocyte size during involution is not directly
regulated hormonally, but rather by local signals within
the gland, including macrophages. Functional studies re-
veal that adipocytes support proper epithelial regression
during mammary gland involution. These results demon-
strate that interactions between mammary epithelial cells,
macrophages and adipocytes are critical for proper co-
ordination of epithelial regression and subsequent tissue
regeneration and have implications for cross talk between
these cell types in tissue regeneration.

Funding Source: Funded by a F31 NRSA Fellowship from
the NICHD at the NIH, and from the Lo Graduate Student
Fellowship for Stem Cell Reserach from the Yale Stem
Cell Center.

ETHICS AND PUBLIC POLICY; HISTORY
OF STEM CELL RESEARCH; SOCIETY
ISSUES; EDUCATION AND OUTREACH

W3067

STEM CELLS ACROSS THE CURRICULUM:
EDUCATIONAL MODULES THAT INTEGRATE
ETHICAL REASONING AND BIOLOGY
LEARNING USING INFOGRAPHIC THINKING &
CASE-BASED TEACHING

Chamany, Katayoun, Eugene Lang College, The

New School for Liberal Arts, New York, NY, U.S,,
Riggs, Alexa, CUNY Graduate Center, New York City,
NY, U.S., Schwartz-Orbach, Lianna, Memorial Sloan
Kettering Cancer Center, New York City, NY, U.S. and
Wargaski, Julia, Parsons School of Design at The New
School, New York City, NY, U.S.

STEM education must integrate the biological and social
dimensions of emerging technologies if we intend to pro-
mote scientific innovation and socially just practices and
policies. Using infographic thinking and case-based teach-
ing methods, we developed Stem Cells Across the Cur-
riculum (SCAC), a modular collection of educational re-
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sources designed to integrate the biological and the social
dimensions of stem cell research (SCR). Our project was
informed by common student misconceptions about the
temporal and spatial relationships of scientific experimen-
tation involved in SCR including: intracellular v. extracellu-
lar interactions; in vivo v. in vitro experimentation; charac-
terization of embryonic v. adult stem cell characteristics;
and location of experimentation (animal, human, cell cul-
ture, industry, research, etc.). Additionally, we sought to
broaden students’ views of ethical issues related to SCR
using a social justice framework that highlights the emer-
gence of a bioeconomy, differential funding and regula-
tion in the public and private sectors, and differential ac-
cess to stem cells and therapies. Early stage renditions of
these learning tools were used in undergraduate seminars
and then scaled up for a university lecture course serving
design and liberal arts students. Directed content analysis
of student exams revealed that 100% were able to iden-
tify multiple ethical issues regarding SCR. Additionally, to
varying degrees, students applied case based analysis to
categorize stem cell types, describe experimental manip-
ulations, propose next steps, and comment on the ethi-
cal and legal issues of translational research. Qualitative
data using student essays suggest that the case studies
were effective in promoting empathetic thinking and eth-
ical reasoning. These data were used to refine the SCAC
resources (animated slide sets, timelines, and information
designs) that integrate the biological and the social. As
an example, a downloadable interactive pdf depicting the
provenance, access, and use of various stem cell types
will be on display. We present this open access online cur-
riculum for others to adopt and adapt, and reflect on the
use of infographic thinking in the design of curricula to
improve undergraduate science education in a variety of
courses across the curriculum.

Funding Source: Empire State Stem Cell Board and the
New York Department of Health; New School University
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W3069

SKIP (Stemcell Knowledge and Information
Portal): One stop database for researchers,
commercial entities and citizens

Kawase, Satoshi'?, Shimura, Takako? Tsuyama, Jun'?,
Fujimori, Kouki?, Suzuki, Sadafumi*?, Yoshimatsu,
Sho'?, Ito, Shougo?3, Hasegawa, Youko?, Tsujimoto,
Michiko?, Kosaki, Kenjiro>* and Masui, Tohru?*, 'Keio
University School of Medicine, Tokyo, Japan, ?The
Human Stem Cells Informatization Project of the
Ministry of Health, Labour and Welfare, Tokyo, Japan,
3SDepartment of Internal Medicine Keio University
School of Medicine, Tokyo, Japan, “Center for Medical
Genetics, Keio University School of Medicine, Tokyo,
Japan

In 2014 Japanese government launched three legislation
which acts to promote and secure regenerative medicine.
Therefore, the 2014 is called the first year of regenera-
tive medicine in Japan. Acceleration of stem cell scienc-
es and realizaiton of their outcomes to benefit patients,
efficient exchange of stem cells information and inspir-
ing database for science are indispensable. This database
also aims to bridge science and patients and citizens to
facilitate their participation in clinical research. SKIP is an
initiative to promote the exchange of information and
facilitate joint research between researchers by provid-
ing one stop database of information of stem cells (iPS
cells, original diseased fibroblasts, lymphoblast cells, etc.),
data include cell types, ownership, characters, culture and
preservation conditions, literature etc..SKIP also aims to
offer information on stem cells to the general public, in-
cluding patients, in order to promote societal understand-
ing and enhance participation of medical research using
stem cells. SKIP is administrated by an operating commit-
tee ("SKIP Operating Committee”) of Keio University as
part of the Ministry of Health, Labour and Welfare, Human
Stem Cells Informatization Project. To date, we have had
more than 1250 cell information and about 800 can be
accessed form our homepage for free. The information
is registered from published papers and open resources,
and also from original establishers of their culture. We also
create and provide secure database to share stem cell in-
formation between different institutions at collaborations.
We are calling you to register your own cell lines to SKIP
to promote your collaboration. Accession reached more
than about 300 per day and is increasing. Researchers
can reach objective disease iPS cells from the name of
disease, ICD-10 code and publications. Visibility of the da-
tabase increases its visibility and we are trying to add de-
tailed relational information of cells and make a database
more fruitful. SKIP is developing to be a powerful tool for
researchers to liberate their idea and promote stem cell
sciences involving public and commercial entities.

co-sponsored by:

W3071

ETHICAL IMPLICATIONS FOR STEM
CELL RESEARCH OF OPHTHALMOLOGY
TREATMENT

Takashima, Kayo', Tashiro, Shimon? and Muto, Kaori',
'The Institute of Medical Science, The University of
Tokyo, Tokyo, Japan, 2National Cancer Center, Tokyo,
Japan

The implementation of translational research tends to
focus on peculiar issues and their novelty. Ophthalmic
clinical research can reasonably be considered the first
verification step for the safety of the entire translational
evaluation in clinical trials of stem cell therapies. Besides
lacking effective treatment for age-related macular de-
generation (AMD) or donors for corneal transplantation,
implementation of ocular diseases has advantages to
take a position conducting the first-in-human (FIH) study
based on ease of observation, a limited number of re-
quired cells and a nonfatal condition. This paper analyzes
fundamental ethical issues for clinical trials on ophthalmic
diseases using stem cells, reflecting the FIH trial using in-
duced pluripotent stem cell (iPSC) for AMD in 2014 and
other planned trials in the future. In this evaluation, we
conducted a literature survey on the ethical challenges of
ophthalmic disorders and analyzed the issues extracted
from the research ethics support services that we have
been involved. We then examined the ethical issues af-
fecting stem cell research on eye disease patients. Oph-
thalmic research is sometimes required a thorough evalu-
ation of translational research of cell therapies in the first
place. For example, discussions on safety measurements
for tumorigenicity affected the FIH for AMD. However,
the following matters should be considered with regard
to the ethical conduct of research: 1) information support
for people with vision loss regarding informed consent
and participation in clinical trials; 2) risk and benefit anal-
ysis concerning stem cell therapies and other ophthalmic
standards of care; 3) scientifically and ethically valid se-
lection of participants with various vision impairment,; 4)
low vision care after the completion of clinical trials; and
5) social benefits of the research, such as solutions for
the lack of donors. Additionally, it would be necessary to
carefully consider the effects on not only the target pop-
ulation but also other disables.

Funding Source: This work was supported by Highway
Program for Realization of Regenerative Medicine of Ja-
pan Agency for Medical Research and Development.
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W4001

GENERATION OF CLINICAL-GRADE
FUNCTIONAL CARDIOMYOCTES FROM
HUMAN EMBRYONIC STEM CELLS IN
CHEMICALLY DEFINED CONDITIONS

Hao, Jie, Tan, Yuanging and Zhou, Qi, Institute of
Zoology ,Chinese Academy of Sciences, Beijing,
China

Highly efficient cardiac differentiation from human plurip-
otent stem cells (hPSCs) can be achieved with existing
methods, especially the generally accepted B27 induction
system. However, bovine serum albumin (BSA), derived
from animal products and being one of the essential in-
gredients in B27, has potential risks of virus contamina-
tion which will greatly complicate the clinical studies and
applications of hPSC-derived cardiomyocytes and cause
high cost. Here, we report to have developed a BSA-free
and chemically defined medium (named VN) for differ-
entiating hPSCs to clinical-grade cardiomyocytes. Using
this xeno-free differentiation system we generated more
than 80% cTNT positive cardiomyocytes with contractile
stretch, at a yield of 3.3x10° cells per square centimeter.
When engrafting the cardiomyocytes into the hearts of
myocardial infarction model rats, the rats survived with
statistically significant improved heart functions in ¢EF
and ¢FS. Importantly, the human embryonic stem cell
line (Q-CTS-hESC-2) chosen for differentiation was a
clinical-grade one maintained in defined xeno-free con-
ditions in our lab. Compliant with the biological safety re-
quirements, the Q-CTS-hESC-2-derived cardiomyocytes
passed sterility and pathogen criteria tests of NIFDC for
clinical applications. In this study, we report for the first
time the clinical-grade and functional cardiomyocytes
differentiated from hPSCs at BSA-free and chemically
defined conditions throughout the whole process. This
provides the possibility of future therapeutic use of clini-
cal grade hPSCs-derived cardiomyocytes in treating heart
diseases.

Funding Source: This work was supported by grants from
Strategic Priority Research Program of the Chinese Acad-
emy of Sciences XDA01020101 (to Q.Z.); Strategic Priority
Research Program of the Chinese Academy of Sciences
XDAO01030506 (to L.W.); China Na
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W4003

DETERMINISTIC RESTRICTION ON
PLURIPOTENT STATE DISSOLUTION BY CELL
CYCLE PATHWAYS

Gonzales, Kevin Andrew Uy, Liang, Hongging
and Ng, Huck Hui, Genome Institute of Singapore,
Singapore, Singapore

During differentiation, human embryonic stem cells
(hESCs) have to shut down the regulatory network con-
ferring pluripotency in a process we designated as plurip-
otent state dissolution (PSD). In a high-throughput RNAI
screen using multiple differentiation conditions, we iden-
tify centrally important and context-dependent process-
es regulating PSD in hESCs. Strikingly, we unexpectedly
detected a strong and specific enrichment of cell cycle
genes involved in DNA replication and G2 phase progres-
sion. Genetic and chemical evidences demonstrate that
the S and G2 phases possess an intrinsic propensity to-
wards the pluripotent state that is independent of the G
phase. Our study thus functionally establishes that plurip-
otency control is hardwired to the cell cycle machinery,
where S and G2 phase-specific pathways deterministical-
ly restrict PSD while the absence of such pathways in the
G1 phase potentially contributes to its amenability to PSD.

W4005

SPC25 PLAYS IMPORTANT ROLES IN THE
ONCOGENESIS OF NEUROBLASTOMA

LI, Tianfeng, CUHK, HONG KONG, Hong Kong and
Zhao, Hui, The Chinese University of Hong Kong,
Hong Kong, China

Neuroblastoma is the third most common childhood can-
cer after leukemia and brain cancers, and accounts for
8% to 10% of all childhood cancers and for approximate-
ly 15% of cancer deaths in children. Although treatment
for children with high-risk metastatic neuroblastoma has
improved significantly in the past 20 years, only 45% of
these patients become long-term, disease-free survivors.
Mechanism studies are still urgent needed to illustrate the
oncogenesis of neuroblastoma. In an attempt to identify
genes involved in the oncogenesis of neuroblastoma, we
found SPC25, one of the four subunits of NDC80 complex
which is the key microtubule-binding complex at kineto-
chores during mitosis, may play important roles in neuro-
blastoma. In this study, we showed that high expression
of SPC25 is related with poor prognosis of neuroblas-
toma. The survival of neuroblastoma patients with high
SPC25 expression is significantly lower than those with
low SPC25 expression. MYCN amplification and ALK mu-
tations are the two most often identified genetic lesions
in neuroblastoma. SPC25 is significantly up-regulated in
neuroblastoma with MYCN amplication. ALK mutations
can also up-regulate SPC25 expression. All these results
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suggest an important role of SPC25 in the oncogenesis of
neuroblastoma. SPC25 could be a useful diagnostic mark-
er and therapy target of neuroblastoma. More details of
SPC25 in neuroblastoma will be further investigated.

W4007

SINGLE-CELL ANALYSIS OF X-CHROMOSOME
INACTIVATION DYNAMICS AND
PLURIPOTENCY DURING DIFFERENTIATION

Chen, Gengd', Schell, John Paul', Benitez, Julio Aguila'?,
Reinius, Bjérn!, Yilmaz, Marlene'3, Petropoulos,
Sophie'?, Alekseenko, Zhanna*, Shi, Leming®, Hedlund,
Eva M.!, Lanner, Fredrik? Sandberg, Rickard' and
Deng, Qiaolin?, 'Karolinska Institutet, Stockholm,
Sweden, ?Karolinska Institute, Stockholm, Sweden,
3Karolinska Institute, Solna, Sweden, “Karolinska
Institutet, CMB, Stockholm, Sweden, >Center for
Pharmacogenomics, Fundan University, Shanghai,
China

Pluripotency, differentiation and X-chromosome inacti-
vation (XCI) are key aspects of embryonic development;
however, the relationship and underlying mechanisms
amongst these processes remains unclear. Here we sys-
tematically dissected these features of developmental
progression by modeling them with different states of
mouse embryonic stem cells (MESCs), and investigating
global transcriptomic variances using single-cell RNA-seq
with allelic resolution. While preimplantation mouse epi-
blast cells displayed profiles distinct from ground state
2i grown mESCs, endogenous postimplantaion epiblast
closely resembled in vitro EpiStem cells and the two clus-
tered similarly. Sex-related gene expression differences
vary greatly across distinct developmental states. We
identified many potential novel markers highly enriched
in each developmental state. Moreover, we revealed that
novel pathways including PluriNetWork and Focal Adhe-
sion were responsible for the delayed progression of fe-
male EpiStem cells. Unexpectedly, XCI exhibited variabil-
ity in each developmental state including 2i conditions.
Intriguingly, XCI progression was globally correlated with
the loss of pluripotency and initiation of differentiation;
however, these processes were not tightly synchronized
at the single-cell level. Transcription factors that were
highly significantly correlated with XCI progression main-
ly belonged to zf-C2H2 (zinc finger, C2H2 type) family.
Additionally, highly expressed genes, including core plu-
ripotency factors, were in general biallelically expressed
whereas monoallelic expression became more prevalent
as expression levels decreased. Collectively, our study
sheds light on the dynamics of XCI progression and the
asynchronicity between pluripotency, differentiation and
XClI during early development.

Funding Source: This work was supported by grants
from the Swedish Research Council (2014-2870,

co-sponsored by:

E0287001), Svenska Sallskapet for Medicinska Forskning.
SP is supported by the Mats Sundin Fellowship in Devel-
opmental Health.

W4009

SYNAPTIC INPUT ALTERATION OF NEURON
NETWORK WITH FUNCTIONAL GABAERGIC
AND GLUTAMATERGIC CELL TYPE DERIVED
FROM HUMAN EPILEPTIC iPSCs

Liu, Jingxin', Hang, Ronggqi' and Li, Zhiyuan?,
'Guangzhou Institutes of Biomedicine and
Health,Chinese Academy of Sciences, Guangzhou,
China, 2Guangzhou Institutes of Biomedicine & Health,
Chinese Academy of Sciences, Guangzhou, China

Although iPSCs and neuronal differentiation have pro-
vided a new method to study genetic epilepsy caused
by SCNITA mutations, this technology still has some in-
herent limitations that have limited our understanding of
obtained data related to epilepsies. In the present project,
we reported a work combining the technology of CRIS-
PR Cas9- and TALEN-mediated gene editing with neuro-
nal differentiation of patient iPSCs to make study of epi-
lepsy can be conducted at the level of not only neuronal
subtype but also neuronal networks based on the com-
parison between patient neurons and itsisogenic controls.
Using this approach, we for the first time performed patch
clamp recording on a Navl.l-expressing neuronal subtype
and monitored postsynaptic activity of both inhibitory
and excitatory types in a system composed of GABAer-
gic and glutamatergic neurons. We found the mutation
c.A5768G, which led to no current of Navl.l in exoge-
nously transfected system, influenced the properties of
not only Nav current density, but also Nav activation in
patient-derived Navl.l-expressing GABAergic neurons.
And alterations in Nav further influenced the AP firing
ability in patient-derived GABAergic neurons and led to a
weakened spontaneous inhibitory postsynaptic currents
(sIPSCs), as well as the shift of spontaneous postsynaptic
input from the inhibition to excitation dominated state in
patient-derived neuron network. These results suggest-
ed that although the spontaneous excitatory postsynap-
tic currents (sEPSCs) did not alter obviously, changes in
the sIPSCs alone was sufficient to significantly affect the
whole condition of spontaneous postsynaptic currents
and increase the risk of occurrence of epileptic seizure.
Our findings fill the gap of our knowledge regarding the
relationship between SCNIA mutation effect recorded on
exogenously transfected cells and on Navl.l-expressing
neurons, and reveals the physiological basis underlying
epileptogenesis that is caused by SCNIJA loss-of-function
mutation. These findings provide practical instructions for
clinical drug administration.
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REPROGRAMMING OF ADULT MAMMALIAN
CARDIOMYOCYTES TO A PROGENITOR STATE
BY CCNA2

Ranjan, Amaresh, Icahn School of Medicine at
Mount Sinai, New York, NY, U.S., Vadakke Madathil,
Sangeetha, Ichan School of Medicine at Mount Sinai,
New York, NY, U.S. and Chaudhry, Hina W., Mount
Sinai School of Medicine- Cardiology, New York, NY,
u.s.

Adult mammalian heart is known as one of the organs
with a very low abundance of progenitor cells, which can
take part in active cycling and regeneration after dam-
age. Cardiomyocytes exit the cell cycle soon after birth
coincident with the silencing of cyclin A2 (CCNA2). In
our previous studies, we demonstrated that viral deliv-
ery of Ccna2 induces cardiac regeneration in infarcted
hearts of small and large animal models. We have now
optimized culture methods for adult human and mouse
cardiomyocytes to investigate the molecular mechanisms
of cell division in these cells. The isolated cardiomyocytes
start to adhere and spread after 1 week of culture. We
induced expression of CCNA2 using adenovirus encod-
ing human CCNA2 cDNA driven by the cardiac specific
chicken troponin T (cTnT) promoter. Cytokinesis was vi-
sualized using live cell epifluorescence imaging with time
lapse microscopy after cotransfecting with adenovirus
encoding a GFP reporter driven by cTnT (cTnT-GFP).
Approximately 3 fold higher cytokinesis in test samples
was observed as compared with controls (cTnT-GFP virus
only). We then examined the effect of CCNA2 expression
on dedifferentiation of these cells. Isl1 has been shown to
be expressed in cardiac precursors and is downregulat-
ed upon differentiation. We detected expression of IsI1in
cultured cardiomyocytes transfected with CCNA2-ade-
novirus while it was absent in null-adenovirus transfect-
ed cells. We observed appearance of cardiac progenitor
marker “non-muscle myosin IIB” and epithelial to mesen-
chymal transition markers (Vimentin and FSP1) in these
cells along with cardiac marker “troponin Tc”. We also ex-
amined the gene expression of cardiac markers by gPCR.
This was normalized with GAPDH and expression of genes
at 3 weeks of culture compared to day O and fold + SEM
was determined. We observed decreased expression of
adult cardiac markers a-MHC (0.24 + 0.12), Ckmt2 (0.08
0.03) and Troponin Tc (0.50 + 0.02). These observations
imply that CCNA2 mediates dedifferentiation of adult
cardiomyocytes in vitro to a cardiac stem/progenitor cell
phenotype which may then re-enter the cell cycle. We
are further investigating the potential for these resultant
cells to differentiate into functional adult cardiomyocytes
in vitro and in vivo.
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W4013

CREST-SEQ REVEALS DISTAL PROMOTERS
REGULATING POUS5SF1 EXPRESSION AS CIS-
REGULATORY ELEMENTS VIA CHROMATIN
LOOPING IN HUMAN EMBRYONIC STEM CELLS

Diao, Yarui', Fang, Rongxin', Li, Bin!, Meng, Zhipeng?,
Guan, Kun-Liang? and Ren, Bing?, 'Ludwig Institute
for Cancer Research/UCSD, San Diego, CA, U.S.,
2University of California, San Diego, La Jolla, CA, U.S,,
SLudwig Institute for Cancer Research, La Jolla, CA,
U.s.

Millions of cis-regulatory elements have been predicted
through analysis of chromatin biochemical features in the
human genome. However, knowledge of their biological
function in relevant cell types and in native chromatin
context has been lacking. Here we developed CREST-seq
for cis regulatory element scan with tiling deletion and se-
quencing, to identify regulatory sequences in an unbiased,
high-throughput manner. CREST-seq is a dual CRISPR
mediated, tiling deletion based high throughput genetic
screen method. By applying this method to a 2Mbp locus
containing POUS5F1, we identified 45 cis-regulatory ele-
ments controlling POU5F1 expression in human embryon-
ic stem cell (hESC), including POU5F1 promoter, proximal
enhancer, and previously characterized TEMP enhancers.
The cis-regulatory elements being identified are signifi-
cantly enriched with active epigenetic marks, like RNA
polymerase I, H3K27ac, H3K4me3, H3K4mel, DNase |
hypersensitivity, RAD21, CTCF, and multiple transcription
factors. Surprisingly, we uncovered many distal promot-
ers function as cis-acting elements for optimal POU5F1
expression in hESC, and these promoters exhibit high in-
teraction frequency with POU5F1 promoter. These results
demonstrate that CREST-seq is a robust way for func-
tional characterization of non-coding genomic sequence
in large genomic region, and for the first time, we provide
in vivo evidence showing that promoters may function as
cis-regulatory elements controlling distal gene expression
via high order chromatin organization, and provide in-
sights into transcriptional regulation by three-dimensional
chromatin structure.

Funding Source: Human Frontier Science Program Long-
term Fellowship

W4015
NOVEL DNA MODIFICATION IN MOUSE ESC

Wu, Tao, Wang, Tao, Lin, Kaixuan, Liu, Yifei and Xiao,
Andrew, Yale Stem Cell Center, New Haven, CT, U.S.

It has been widely accepted that 5-methylcytosine is the
only form of DNA methylation in mammalian genomes.
Herein, we discover the presence of N°-methyladenine
in mammalian genomes, especially, in mouse embryonic
stem cells. Our work also identifies Alkbhl as a demethy-
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lase for N6-methyladenine. Increase of Né-methyladenine
levels in AlkbhT deficient cells leads to silencing. Interest-
ingly, N6-methyladenine deposition is inversely correlat-
ed with the evolutionary age of LINE-Is; its deposition is
strongly enriched at young but not old L1s. The depo-
sition of N°-methyladenine correlates with epigenetic si-
lencing of such LINE-1s, together with their neighboring
enhancers and genes, thereby resisting the gene activa-
tion signals during embryonic stem cell differentiation.
As young full-length LINE-1s are strongly enriched on the
X-chromosome, genes located on the X-chromosome are
also silenced. Thus, Né-methyladenine adopts a new func-
tion of epigenetic silencing in mammalian evolution, dis-
tinct from its role in gene activation in other organisms. In
summary, our results demonstrate that N6-methyladenine
constitutes a crucial component of the epigenetic regula-
tion repertoire in mammalian genomes. In summary, the
discovery of Né-methyladenine in mammalian ESCs sheds
new light on epigenetic regulation during early embryo-
genesis. This work will have far-reaching impacts in the
fields of epigenetics, stem cell and developmental biol-
ogy.

Funding Source: This work is funded by RO1GM114205-01
(AX). T.P.W. is partially supported by CT Stem Cell
Foundation (11SCA34). Mass spectrometry was support-
ed by ROIGM106024, S100D018445 and P20GM103429.

W4017

AN OVOL2-ZEB1 CIRCUIT REGULATES
MAMMARY BASAL-LUMINAL BINARY
DIFFERENTIATION

Villarreal-Ponce, Alvaro', Watanabe, Kazuhide'? and
Dai, Xingd', 'University of California School of Medicine,
Irvine, CA, U.S., °2RIKEN, Tokyo, Japan

Epithelial-to-mesenchymal transition (EMT) is a recog-
nized form of cell fate plasticity that converts epithelial
cells (e.g., epiblast) into mesenchymal cell types (e.g.,
mesoderm) during embryogenesis. EMT-like process-
es are also strongly implicated in cancer metastasis and
wound healing. Recent studies, mostly utilizing cultured
cell lines, uncover an interesting link between EMT and
stemness: differentiated epithelial cells that have under-
gone transient EMT acquire stem cell (SC)-like traits such
as multipotency and self-renewal. Despite emerging data
suggesting the physiological relevance of this finding,
whether a dynamic interplay of EMT-promoting and -in-
hibiting factors influences stem cell fates in vivo during
epithelial morphogenesis and regeneration is yet to be
elucidated. We previously identified Ovol2 as a master
gatekeeper of epithelial identity in the mammary gland
through its direct inhibition of EMT genes, particularly
Zebl that encodes an EMT-inducing transcription factor.
Using a systems biology approach, we delineated the im-
portance of cross repression between Ovol2 and Zeb] for
the robust production of partial EMT states with differ-

ential plasticity and propensity to differentiate. Here, we
report that the mammary stem cell (MaSC)-containing
basal compartment, but not the luminal compartment, ex-
ists in a partial EMT state that is regulated by both Ovol2
and Zebl. Utilizing gene knockout models and lentiviral
expression systems, we provide data suggesting that
Ovol2 promotes mammary epithelial cells to adopt a lu-
minal fate, whereas Zeb1 promotes a basal/myoepithelial
cell fate. We further describe an important role for Zebl
in ductal branching during mammary regenerative/mor-
phogenic processes. Together, our results support a mod-
el where positive and negative regulation of EMT controls
the binary basal-luminal decision within the differentiating
mammary stem/progenitor cell populations.

Funding Source: NIH

W4019

MODULATING THE SELECTIVE ADVANTAGE
OF GENETICALLY VARIANT HUMAN
PLURIPOTENT STEM CELLS

Thompson, Oliver, University of Sheffield, CSCB,
Sheffield, U.K.

Human pluripotent stem cells (hPSC) have the capacity to
become any specialised cell type; harnessing this ability is
key to developing stem cell based therapies and improv-
ing regenerative medicine. If hPSCs are to be exploited
as tools for regenerative medicine we must understand
their behaviour and growth characteristics, and translate
this knowledge into the clinic. Current data indicate that
hPSCs commonly gain of extra copies of chromosomes in
culture, which may provide a selective advantage to vari-
ant cells and drive further genetic instability and mutation.
These mutations also cause cells to become cancer-like in
their growth and can impair their capacity to differentiate
into useful tissues, compromising their safety and effica-
cy in downstream clinical use. Therefore, it should be a
priority to refine culture conditions to suppress or elimi-
nate variants once they arise. Determining the causes, and
understanding the effects of these chromosomal abnor-
malities on hPSC growth and behaviour will also help the
screening and production of safe, effective stem cells for
clinical application. A chromosome 20q11.21 CNV arises
frequently in cultured hPSCs. This duplication is too small
to be detected by traditional karyotyping, yet allows vari-
ants to outcompete their normal counterparts and may
render variant cells prone to acquiring other abnormal-
ities. We show that modulating basic passage methods
can influence the selective advantage of genetically vari-
ant hPSC lines; in particular we demonstrate suppression
of the commonly occurring and potentially clinically rele-
vant 20g11.21 variant.

Funding Source: MRC

co-sponsored by: 99 o0



W4021

ADULT MOUSE OVARIES CONTAINS PUTATIVE
GERMLINE AND PLURIPOTENT STEM CELLS
WITH THE CAPACITY OF DIFFERENTIATION
INTO GERM AND SOMATIC CELLS

Esmaeilian, Yashar, Atalay, Arzu' and Erdemli, Esra?,
Biotechnology Inst-Ankara University, Ankara,
Turkey, ?Department of Histology and Embryology,
School of Medicine-Ankara University, Ankara, Turkey

For decades, scientists have believed that ovary of fe-
male mammals contains a restricted number of oocytes
and there is no possibility of replenishing if oocytes are
lost due to disease or injury. However, in the last decade,
controversy about the possible presence of oocytes and
granulosa cells that derived from stem cells in the adult
mammalian ovaries, were intensified. We investigated the
presence of putative germline and pluripotent stem cells
in the adult mouse ovary and their differentiation potential
into germ and somatic cells. In the undifferentiated cells,
which were harvested from ovarian cell culture, presence
of pluripotent stem cell markers (Oct-4, Nanog, Sox2 and
SSEAT1) and germline stem cell markers (DAZL and DDX4/
VASA) were detected by immunofluorescence staining
and western blot analysis. In the ovarian tissue and un-
differentiated cells, expression of Oct-4, Sox2, Nanog,
SSEA1 DDX4, DAZL, SCP3, DMC1, PRDM1 and STRAS
genes were also assessed by RT-PCR and further gene
expression analysis were performed by gRT-PCR method
in order to determine the significance of difference be-
tween different samples. Overall, in vitro differentiation of
ovarian stem cells led to formation of new oocytes, neural
cells, chondrocytes and osteoblasts. In the differentiated
cells, expression of related markers were observed both
in MRNA and protein levels. The outputs of this study,
revealed the presence of pluripotent and germline stem
cells in the adult mouse ovary and their differentiation po-
tential into somatic and germ cells.

Funding Source: This study was funded by TUBITAK
(grant 1155244) and Ankara University BAP (grant
13B4143003). | would like also to express my great appre-
ciation to the TUBITAK-BIDEB for their valuable supports.

W4023

HYDROGEL LOADING WITH CATECHINS
TO PROTECT RAT MICROGLIA CELLS
FROM LIPOPOLYSACCHARIDE-INDUCED
ACTIVATION

Yu, Wu Xiao, Chung Yuan Christian University/
Department of Biomedical Engineering, Taoyuan/
ChunglLi, Taiwan

It has clinically documented that inflammation in brains is
involved in the neurodegenerative disorders such as Par-
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kinson’s disease (PD). A variety of insults in the brain can
activate microglial cells which produce proinflammatory
factors and further trigger the death of neurons. Among
various nutraceutical agents, polyphenol molecules such
as catechins extracted from green tea has been reported
to exhibit inhibitory effect on microglial activation.(-) epi-
gallocatechin gallate (EGCG) is one of green tea extract
(GTE) that possess highest potential of antioxidation. Mi-
croglial cells were down regulated to decrease the induc-
ible NO synthase and TNF-a upon the addition of EGCG.
These findings confirm that the administration of GTE to
the central nerve system could be a potential treatment
for neurodegenerative diseases. The present study aims
to develop an injectable hydrogel to sustain release GTE
in the brain tissue. Among various polymeric biomaterials,
chitosan and hyaluronic acid are widely used because of
good biocompatibility and versatile biological functions
were performed in this study.

Funding Source: The Ministry of Science and Technology,
Taiwan, ROC (NSC102-2632-M-033-001-MY3

W4025

REVERSAL OF NATURALISTIC DEMENTIA-LIKE
DISORDER IN OLDER DOG WITH PATIENT
SPECIFIC CELL THERAPY

Valenzuela, Michael', Duncan, Thomas?, Lowe,
Aileen?, Toole, Sarah3, Voss, Katja*4, Brunel, Laurencie?,
Jacobsen, Erica® and McGreevy, Paul4, 'School of
Psychiatry, UNSW, Sydney NSW, Australia, The
University of Sydney, Sydney, Australia, 3University
of Wollongong, Wollongong, Australia, “University of
Sydney, Sydney, Australia, °*Prince of Wales Hospital,
Sydney, Australia

Dementia affects 32 million individuals with projections to
reach 130 million by 2050. Medical management has not
substantively progressed over the last 20 years; one rea-
son for this is that dementia is not adequately modelled
in transgenic mice. It remains an incurable, progressive
and fatal disorder. Accordingly, we have studied Canine
Cognitive Dysfunction (CCD) in older pet dogs. Dogs
with CCD: display amnesia, disorientation, anhedonia,
sleep-wake disturbance and agitation and express both
Alzheimer and non-Alzheimer pathology as well as neu-
rodegeneration. Prevalence doubles every 2-years after
10 years of age and veterinary trials recapitulate the poor
outcomes seen in humans. CCD is therefore an important
translational model of human dementia. This case reports
on Timmy, a 13-year old Cocker spaniel with a 2-year his-
tory of progressive CCD signs as well as multiple age-re-
lated co-morbidities. His principal clinical problem was
nocturnal wakefulness, barking and agitation, so severe
that his owners were considering euthanasia. Before in-
tervention his total CCDR score was 57 (out of hypo-
thetical 80 maximum), where >50 is diagnostic. In Au-
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gust 2015 we treated Timmy with intrahippocampal cell
therapy in the context of a Phase | veterinary clinical trial.
Using MRI guidance, 500,000 patient-specific genetical-
ly non-modified skin-derived neuroprecursors, produced
using our published protocol, were stereotaxically inject-
ed under general anaesthesia.Timmy showed marked
improvement 3 months post treatment. His CCDR score
reduced by 50% and is now normal. Moreover, Timmy’s
sleep behavior improved in a clinically meaningful way.
At night he can now orientate himself to the doggie-door,
will urinate outside and return to his bed. His owners are
delighted, commenting, “It’s amazing...it’s like having our
old friend back”. This clinical improvement was paralleled
on our objective spatial memory test (Canine Sand Maze),
where Timmy could successfully learn the position of a
hidden food treat following treatment. Overall, this un-
precedented case study demonstrates in-principle the re-
versibility of a naturalistic dementia-like syndrome using
patient-specific cell therapy.

W4027

REGULATION OF DNA METHYLATION
LANDSCAPE IN HUMAN SOMATIC CELL
REPROGRAMMING BY MIR-29 FAMILY

Hysolli, Eriona’, Tanaka, Yoshiaki', Kim, Kun-yong?,
Weissman, Sherman 3 and Park, In-Hyun?, 'Yale
University, New Haven, CT, U.S,, ?Yale School of
Medicine, New Haven, CT, U.S,, 3Yale University
School of Medicine, New Haven, CT, U.S.

Reprogramming to pluripotency after overexpression of
OCT4, SOX2, KLF4 and MYC is accompanied by global
genomic and epigenomic changes. Histone modification
and DNA methylation states in iPSCs have been shown
to be highly similar with embryonic stem cells (ESCs).
However, epigenetic differences still exist between iPSCs
and ESCs. In particular, aberrant DNA methylation states
found in iPSCs are a major concern for using iPSCs in a
clinical setting. Thus, it is critical to find factors that regu-
late DNA methylation states in reprogramming. Here, we
found that the miR-29 family is an important epigenetic
regulator during human somatic cell reprogramming. Our
global DNA methylation and hydroxymethylation analysis
shows that DNA demethylation is a major event mediated
by miR-29a depletion during early reprogramming, and
that iPSCs derived from miR-29a depletion are epigeneti-
cally closer to ESCs and contribute to a more intricate
three germ layer pattern upon teratoma differentiation
than control clones. Our findings uncover an important
miRNA-based approach to generate clinically robust iP-
SCs.

co-sponsored by:

W4029

SUPPRESSION OF SWI/SNF COMPONENT
Aridla PROMOTES MAMMALIAN
REGENERATION THROUGH CHROMATIN
REMODELING

Sun, Xuxu, University of Texas Southwestern Medical
Center, Dallas, TX, U.S.

The astounding regenerative capabilities of some verte-
brates have been partially lost in mammals, possibly due
to chromatin-remodeling mechanisms that enforce termi-
nal differentiation. We show that the SWI/SNF compo-
nent Aridla is suppressed in regenerating tissues, and that
genetic deletion of Aridla substantially improved tissue
repair in mice after an array of injuries. Aridla deficient
livers exhibited increased regeneration, reduced tissue
damage, and improved organ function in response to
surgical resection and chemical injury, while whole-body
Aridla loss potentiated soft tissue healing in the ear. The
chromatin state as reprogrammed by Aridla loss restrict-
ed access to promoters by transcription factors that ordi-
narily enforce differentiation and suppress cell cycle reen-
try, thus increasing regeneration after injury. Epigenetic
reprogramming mediated by the deletion of a single gene
improves mammalian regeneration in multiple contexts.

W4031

THE ROLES OF SALL4 IN THE NEURAL CREST
AND IN MELANOMA

Baggiolini, Arianna’, Diener, Johanna?, Varum,
Sandra?, Hausel, Jessica?, Cheng, Phil®, Levesque,
Mitchell3, Treier, Mathias*, Dummer, Reinhard?

and Sommer, Lukas?, 'Universitat ZUrich, ZUrich,
Switzerland, 2Univeristy of Zurich, Zurich, Switzerland,
SUniversity Hospital Zurich, Zurich, Switzerland,
4“Max-Delbrtick Center for Molecular Medicine (MDC),
Berlin, Germany

Melanoma is a malignancy of the melanocytes, which are
the pigment-producing cells of neural crest (NC)-origin.
Cutaneous melanoma, which originates from the mela-
nocytes of the skin, is one of the most aggressive can-
cers and it is responsible for 75% of deaths related to skin
cancer. Melanoma cells can in fact often metastasize to
proximal and distant organs and their invasive capacity is
reminiscent to the great migratory properties of the NC
cells. This has contributed to the idea that NC-derived
malignant cells may exploit developmental regulatory
programs to induce melanoma formation and progres-
sion. To investigate whether malignant cells may exploit
genes responsible for the multipotency of the NC during
melanoma progression, we performed a microarray anal-
ysis comparing migratory NC stem cells and their primed
counterparts. Among the genes that were specifically ex-
pressed in the NC and that were downregulated in the
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primed NC counterparts we further investigated Sall4 and
studied its function in the premigratory NC. Preliminary
analyses upon Sall4 loss at the premigratory stage sug-
gest a reduction of the melanocytic lineage in the embryo.
Moreover, Sall4 loss in the Tyr:NRas® Ink4a”’- melano-
ma mouse model impairs tumor growth, suggesting that
Sall4 is necessary for tumor formation.

W4033

BIS-MEDIATED STAT3 STABILIZATION
REGULATES GLIOBLASTOMA STEM CELL-LIKE
PHENOTYPES

Im, Chang-Nim', Yun, Hye Hyeon', Song, Byunghoo',
Youn, Dong-Ye', Cui, Mei Nu', Kim, Hong Sug?, Park,
Gyeongd Sin' and Lee, Jeong-Hwa', 'The Catholic
University of Korea, Seoul, Korea, 2Macrogen Inc, Seul,
Korea

Glioblastoma stem cells (GSCs) are a subpopulation of
highly tumorigenic and stem-like cells that are respon-
sible for resistance to conventional therapy. Bcl-2-intre-
acting cell death suppressor (BIS; also known as BAG3)
is an anti-apoptotic protein that is highly expressed in
human cancers with various origins, including glioblas-
toma. However, the role of BIS in GSC subpopulations
remains unknown. Therefore, in the present study, we
examined the expression profile of BIS in glioblastoma
cell lines A172 and U87-MG under specific in vitro culture
conditions that enrich GSC-like cells in spheres. Both BIS
mMRNA and protein levels significantly increased under
the sphere-forming condition as compared with standard
culture conditions. BIS depletion resulted in notable de-
creases in sphere-forming activity and was accompanied
with decreases in SOX-2 expression. The expression of
STAT3, a master regulator of stemness, also decreased
following BIS depletion concomitant with decreases in
the nuclear levels of active phosphorylated STAT3; how-
ever, ectopic STAT3 overexpression resulted in recovery
of sphere-forming activity in BIS-knockdown glioblasto-
ma cells. Additionally, immunoprecipitation and confocal
microscopy revealed that BIS physically interacts with
STAT3. Furthermore, BIS depletion increased STAT3
ubiquitination, suggesting that BIS is necessary for STAT3
stabilization in GSC-like cells. BIS depletion also affected
epithelial-to-mesenchymal transition-related genes by
suppressing SNAIL and MMP-2 expression and increas-
ing E-cadherin expression in GSC-like cells. Our findings
showed that high levels of BIS expression might confer
stem-cell-like properties on cancer cells through STAT3
stabilization, indicating that BIS is a potential target in
cancer therapy.

Funding Source: This research was supported by Basic
Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Sci-
ence, ICT and future Planning (NRF-2014R1ATA1006961
and NRF-2012R1A5A2047939).
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W4035

DISTINCT TRANSCRIPTIONAL PROFILES
CONTROLLED BY CHEMISTRY AND SURFACE
TOPOGRAPHY IN HUMAN OSTEOBLASTS AND
MESENCHYMAL STEM CELLS GROWN ON
CALCIUM PHOSPHATE CERAMICS

Hebels, Dennie and de Boer, Jan, Maastricht
University, Maastricht, Netherlands

Calcium phosphate (CaP) ceramics possess bone-resem-
bling mineral phases and are biocompatible, osteocon-
ductive, and in some specific cases also osteoinductive.
This special type of ceramics has been used and stud-
ied within the context of repair of large bone defects for
these reasons. However, the molecular mechanisms un-
derlying material-induced osteoinductive behavior and
knowledge of the responsible material properties remain
largely undefined. We therefore used microarray-based
transcriptomics to investigate the cellular and molecular
mechanisms induced by various CaP ceramics in MG-63
osteosarcoma cells and human mesenchymal stem cells
in order to determine the responsible material properties
underlying material-induced bone formation. Following
analysis, 12 genes were found to correlate with the in vivo
osteoinductive capacity and microstructural properties of
CaP materials. Their expression was further verified using
MG-63 cells cultured on osteoinductive tricalcium phos-
phate ceramic discs with tailored microstructural proper-
ties, to determine the effect of surface structure. In or-
der to independently study ion dissolution properties, we
used microfabrication protocols to replicate the surface
of non- and osteoinductive ceramics into polystyrene
films and measure the effect of elevated medium levels
of Ca/Pi ions. Gene network analysis was used to visual-
ize the molecular interactions among genes and identify
other possible key players in the osteogenic process. We
were able to attribute the expression of tenascin C (TNC)
and hyaluronan synthase 2 (HAS2) to surface structure ef-
fects, whereas CEMIP (cell migration inducing protein, hy-
aluronan binding) and TNC were affected by extracellular
calcium and phosphate. This study points towards the im-
portant role of the extracellular matrix (ECM) in response
to properties presented by osteoinductive materials. We
propose a mechanism by which the surface structure and
ceramic-mediated ion release induce expression of HAS2
and TNC and repression of CEMIP, thereby modulating
the molecular weight of hyaluronic acid secreted in the
ECM. The upregulation of TNC also suggests its presence
in the ECM of cells cultured on osteoinductive ceramics.

Funding Source: This research has been made possible
with the support of the Dutch Province of Limburg.
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W4037

Lin28a FUNCTIONS AS AN INJURY-RESPONSE
GENE TO PROMOTE ZEBRAFISH LATERAL
LINE HAIR CELL REGENERATION VIA WNT
ACTIVATION

Jiang, Linjia, Stowers Institute for Medical Research,
Kansas City, MO, U.S.

The zebrafish lateral line hair cells, which are localized in
the center of neuromast and surround by support cells,
are similar to sensory hair cells in the mammalian inner
ear. Investigating how zebrafish regenerate hair cells will
contribute to our understanding and treatment of human
hearing loss. By performing RNA-Seq analyses at different
time points of hair cell regeneration we identified lin28a
as one of the early response genes after hair cell ablation.
The RNA-Seq data also reveals that Wnt pathway genes,
such as wntl0a, B-catenin and c-myc, are increased after
lin28a induction during hair cell regeneration. It is known
that Wnt pathway is both sufficient and necessary for hair
cell regeneration. However, how Wnt signaling is activat-
ed during hair cell regeneration remains elusive. /in28a and
its homologue [in28b are important regulators of stem cell
maintenance and tissue regeneration, and therefore could
be candidates to activate Wnt signaling and promotes
hair cell regeneration. By in situ hybridization 1in28b, but
not lin28a is expressed in homeostatic neuromasts. Imme-
diately after hair cell death lin28a is dramatically induced
in one or two neuromast cells, whereas [in28b expression
is unchanged. Furthermore after severe injury, when both
hair cells and support cells are depleted, lin28a is even
more highly upregulated. This indicates that in the ze-
brafish lateral line lin28a and /in28b may have different
functions in homeostasis and regeneration. To further in-
vestigate the role of lin28a in hair cell regeneration we
have created heat shock-inducible lin28a transgenic fish
and lin28a mutant fish. In both homeostasis and regener-
ation support cell proliferation is increased whereas hair
cell differentiation is not affected when lin28a is overex-
pressed. Conversely lin28a mutant fish have less prolifer-
ating support cells during severe injury-induced regener-
ation. We have also shown that increased proliferation in
lin28a-overexpressed larvae is Wnt-dependent. Inhibition
of Wnt signaling by overexpression of dkkl significantly
reduced proliferation in hs:lin28a fish. These results sug-
gest that lin28a functions as an injury-response gene to
facilitate Wnt activation and promote cell amplification
during hair cell regeneration.

co-sponsored by:

W4039

THREE-DIMENSIONAL CULTURE OF SINGLE
EMBRYONIC STEM-DERIVED NEURAL/STEM
PROGENITOR CELLS IN FIBRIN HYDROGELS:
NEURONAL NETWORK FORMATION AND
MATRIX REMODELLING

Bento, Ana Rita', Oliveira, Maria José', Quelhas,
Pedro?, Pégo, Ana Paula'® and Amaral, Isabel'3, 1135
- Instituto de Investigacao e Inovacao em Saude,
Universidade do Porto, Porto, Portugal, 2INEB -
Instituto de Engenharia Biomedica, Universidade do
Porto, Porto, Portugal, *Faculdade de Engenharia,
Universidade do Porto, Porto, Portugal

In an attempt to improve the efficacy of neural stem/pro-
genitor cell (NSPC) based therapies, biodegradable hy-
drogels such as fibrin (Fb) are being explored to provide
a more permissive microenvironment for cell survival and
differentiation upon transplantation. Herein we explored
the ability of Fb to support the survival and neuronal dif-
ferentiation of NSPCs derived from mouse embryonic
stem (ES) cells under adherent monoculture. Single ES-
NSPCs were cultured within Fb (fibrinogen concentration:
6 mg/mL) under neuronal differentiation conditions up to
14 days. ES-NSPCs within Fb retained high cell viability
and proliferated within small-sized spheroids. With time,
an increase in the levels of BllI-tubulin and NF200 was ob-
served, showing that ES-NSPCs are able to differentiate
along the neuronal lineage in Fb. At day 14, flow cytometry
analysis further revealed a population mainly comprised
of NSPCs and neurons, with 46.5% being Blll-tubulin+ cells.
GABAergic and dopaminergic/noradrenergic neurons
were also observed along with a network of synaptic pro-
teins. Throughout the cell culture period, ES-NSPCs in Fb
deposited extracelullar matrix (ECM) proteins, specifically
fibronectin, laminin, and collagen type V. Expression of
matriptase and secretion of MMP-2 and MMP-9 were also
detected, MMP-2 activity increasing overtime. Varying the
fibrinogen concentration revealed that gels prepared with
8 or 10 mg/mL of fibrinogen are less permissive to neurite
extension and neuronal differentiation. Furthermore, the
culture of human ES-NSPCs in this 3-D culture system led
to similar results, namely in terms of cell viability, expres-
sion of neural markers, and deposition of ECM proteins.
Overall, we show that ES-NSPCs obtained in monolayer
culture are able to proliferate and establish neuronal net-
works within Fb gels, and to remodel Fb through MMP
secretion and ECM deposition. The settled 3-D platform
is expected to constitute a valuable tool for the develop-
ment of Fb-based hydrogels designed for ES-NSPC deliv-
ery into the injured human central nervous system.

Funding Source: This work was supported by FEDER -
COMPETE (FCOMP-01-0124-FEDER-021125) and FCT
(PTDC/SAU-BMA/118869/2010). A.R. Bento and M.J. OI-
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iveira are supported by FCT (SFRH/BD/86200/2012; In-
vestigator FCT).

W4041

POMA SCAFFOLD WITH BIOMIMETIC
HIERARCHICAL STRUCTURES FOR THE
GROWTH OF NEURONAL STEM CELL

Yeh, Juiming, Chung Yuan Christian University,
Chung Li, Taiwan

A three-dimensional (3D) bio-printing technique was
first used to fabricate the high surface roughness scaf-
fold for tissue engineering. First, poly(ortho-methoxyani-
line) (POMA) was synthesized by conventional oxidative
polymerization. Moreover, the POMA scaffold with 3D
bio-mimetic morphology was fabricated by using poly(di-
methylsiloxane) (PDMS) as negative soft template from
natural leaf surfaces of Xanthosoma sagittifolium, trans-
ferring the pattern to POMA. Subsequently, cell-scaffold
interactions were carried out by culturing the rat neu-
ral stem cells (rNSCs) on the POMA scaffolds in vitro. It
should be noted that bio-mimetic POMA scaffold showed
better rNSCs attachment but induced growth arrest that
compared with the PDL-coated substrate. In addition, the
cells were found to elongate the neuritis resulting from
rNSCs were cultured and differentiated on the bio-mimet-
ic scaffold for 19 days. In summary, the bio-mimetic POMA
scaffold was found to promote the rNSCs differentiation
efficiency and maintenance neurite outgrowth for long-
term studies on nerve regenerative medicine.

W4043

NON-CANONICAL WNT AND NOTCH3
SIGNALLING COOPERATE TO REGULATE
LUMINAL CELL FATE IN THE BIPOTENT
BREAST EPITHELIAL PROGENITORS

Bhat, Vasudeva and Raouf, Afshin, University of
Manitoba, Winnipeg, MB, Canada

Breast cancer is the second leading cause of cancer-re-
lated death among women. Majority of breast cancer tu-
mours are of luminal type. The proliferation and differenti-
ation potentials of Breast Epithelial Stem Cells (BESCs) or
progenitors could be hijacked to produce malignant lumi-
nal type tumors. Current evidence suggests that the evo-
lutionarily conserved Notch and Wnt signaling pathways
play an important role in regulating Self-renewal, prolif-
eration and differentiation of BESCs. Interestingly, these
same signalling pathways also play a vital role in regu-
lating Breast Cancer Stem Cells function. Therefore, un-
derstanding the molecular mechanisms that regulate the
proliferation and differentiation of the stem cells and pro-
genitors could provide new insights into how their altered
functions could lead to breast carcinogenesis, especially
luminal type of breast cancers. We previously demon-
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strated that NOTCH3 receptor (NR3) signalling specifical-
ly commits the undifferentiated bipotential progenitors to
the luminal cell fate. Here, we investigated how NR3 sig-
naling promotes luminal cell fate. From the unbiased tran-
scriptome profiling approach, we discovered that unlike
other Notch receptors, NR3 signaling uniquely increased
expression of 10 genes that are involved in the Non-canon-
ical Wnt signaling. One such gene was the Wnt receptor
FRIZZLED7 (FZD7), and we recently demonstrated that
FZD7 was uniquely regulated by NR3 in a non-canonical
fashion. Furthermore, we found that the non-canonical
Whnt ligand, Wnt7A, enhanced the commitment of human
breast epithelial bipotent progenitors to the luminal lin-
eage. However, canonical Wnt ligand, Wnt3A did not have
any effect on the breast epithelial bipotent progenitors,
suggesting the non-canonical Wnt signaling is important
in luminal fate determination. Interestingly, we observed
that loss of FZD7 signaling enhances the luminal cell fate
of bipotent progenitors. Similar observation was made in
the Fzd7-null mouse mammary glands where loss of Fzd7
resulted in increased luminal progenitors and enhanced
branch morphogenesis. These observations suggest that
FZD7 acts to regulate the size of luminal progenitor pool.
Our data indicates that signaling through NR3-FZD7 reg-
ulates the balance between luminal progenitor prolifera-
tion and differentiation.

W4045

TARGETING SELF-RENEWAL IN HIGH-GRADE
BRAIN TUMORS LEADS TO LOSS OF BRAIN
TUMOR STEM CELLS AND PROLONGED
SURVIVAL

Zhu, Zhe', Liu, Haikun?, Feng, Weijun?, Gronych,

Jan?, Chai, Jiani?, Rich, Jeremy N.*4, Wang, Xiuxing'
and Mack, Stephen’, 'Cleveland Clinic Foundation,
Cleveland, OH, U.S,, 2DKFZ, Heidelberg, Germany,
3Washington University, St.Louis, MO, U.S., “Cleveland
Clinic, Cleveland, OH, U.S.

Cancer stem cells (CSCs) have been suggested as poten-
tial therapeutic targets for treating malignant tumors, but
the in vivo supporting evidence is still missing. Using a
GFP reporter driven by the promoter of the nuclear recep-
tor tailless (TIx), we demonstrate that TIx(+) cells in pri-
mary brain tumors are mostly quiescent. Lineage tracing
demonstrates that single TIx(+) cells can self-renew and
generate TIx(-) tumor cells in primary tumors, suggesting
that they are brain tumor stem cells (BTSCs). After intro-
ducing a BTSC-specific knock-out of the TIx gene in pri-
mary mouse tumors, we observed a loss of self-renewal of
BTSCs and prolongation of animal survival, accompanied
by induction of essential signaling pathways mediating
cell-cycle arrest, cell death, and neural differentiation. Our
study demonstrates the feasibility of targeting glioblasto-
mas and indicates the suitability of BTSCs as therapeutic
targets, thereby supporting the CSC hypothesis.
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w4047

DERIVATION AND EXPANSION OF NAIVE
HUMAN PLURIPOTENT STEM CELLS IN
SUSPENSION BIOREACTORS FOR FUTURE
CLINICAL APPLICATION

Rohani, Leili and Rancourt, Derrick, University of
Calgary, Calgary, AB, Canada

The recent development of human pluripotent stem cell
(hPSC) biobanks indicates that future cell therapy may
not be personalized but instead based upon histocompat-
ibility. Hence, the scalable production of clinically relevant
hPSC numbers will be required. Suspension bioreactors
are potential platform for the scalable generation of hP-
SCs in a controlled culture environment. Mouse pluripo-
tent stem cells (MmMPSCs) can be efficiently expanded as
aggregates in suspension bioreactors. We have observed
that aggregates of mouse PSCs experience “mecha-
no-pluripotency” in stirred bioreactors: fluid shear mani-
fested at adherens junctions (AJs) results in the nuclear
translocation of b-catenin and upregulation of pluripoten-
cy related genes in the absence of LIF. This phenomenon
explains why, in mouse, cellular reprogramming is 1000-
fold more efficient in bioreactors. By contrast, conven-
tional (i.e. primed) hPSCs do not undergo mechanoplu-
ripotency, presumably because ROCK inhibitor Y-27632
is necessary to stabilize AJs in the bioreactor. However
naive hPSCs, which are functionally equivalent to mPSCs,
do not require Y-27632 for passaging, might undergo
mechanopluripotency like their mPSC counterpart. In this
study we investigated if naive hPSCs could be derived and
expanded in the bioreactor without requiring Y-27632.
H9 (i.e. female) hPSCs were inoculated into suspension
bioreactors and reverse-toggled to the naive pluripotent
state. Resulting aggregates could be passaged several
times without Y-27632 and revealed domed shaped col-
onies in static culture. Naive-like aggregates expressed
high levels of pluripotency markers, naive markers, and
concomitant disappearance of XIST gene expression. Our
research suggests that the conversion of hPSCs to naive
pluripotency in bioreactors for facile expansion may be a
viable approach to generate the large numbers of hPSCs
required for future clinical application. Given the nega-
tive effects that Y-27632 may have on hPSC pluripoten-
cy and genetic stability, this bioreactor reverse toggling
approach may help to ensure legacy hPSCs can be used
in future clinical trials. Currently we are investigating if
mechanopluripotency will allow us to eliminate the need
for other inhibitors and growth factors, thus improving
cell quality and reducing expansion costs.

Funding Source: This project has been made possible by
funding from Alberta Innovates Health Solutions (AIHS).

co-sponsored by:

W4051

ALPHA2-6SIALYLATION IS A MARKER OF THE
DIFFERENTIATION POTENTIAL OF HUMAN
MESENCHYMAL STEM CELLS

Tateno, Hiroaki', Toyoda, Masashi?, Onuma, Yasuko?,
Ito, Yuzuru3, Akutsu, Hidenori* and Hirabayashi,
Jun’, "National Institute of Industrial Science and
Technology, Tsukuba, Japan, ?Tokyo Metropolitan
Institute of Gerontology, Tokyo, Japan, 3AIST,
Tsukuba, Japan, *National Center for Child Health &
Development, Tokyo, Japan

Human somatic stem cells such as human mesenchymal
stem cells (hMSCs) are considered attractive cell sources
for stem cell-based therapy. However, quality control is-
sues have been raised concerning their safety and effica-
cy. Here we used lectin microarray technology to identify
cell surface glycans as markers of the differentiation po-
tential of stem cells. We found that a2-6Sia-specific lectins
show stronger binding to early passage adipose-derived
hMSCs (with differentiation ability) than late passage
cells (without the ability to differentiate). Flow cytome-
try analysis using a2-6Sia-specific lectins supported the
results obtained by lectin microarray. Similar results were
obtained for bone marrow-derived hMSCs and carti-
lage tissue-derived chondrocytes. Little or no binding of
a2-6Sia-specific lectins was observed for human dermal
fibroblasts, which are unable to differentiate, suggesting
that the binding of a2-6Sia-specific lectins is associated
with the differentiation ability of cells, but not to their
capacity to proliferate. Quantitative analysis of the link-
age mode of Sia using anion-exchange chromatography
showed that the percentage of a2-6Sia linkage type was
higher in early passage adipose-derived hMSCs than late
passage cells. Integrina5 was found to be a carrier protein
of a2-6Sia. Sialidase treatment significantly reduced the
differentiation efficiency of bone marrow-derived hMSCs.
Based on these findings, we propose that a2-6sialylation
is a marker of differentiation potential in stem cells such
as adipose-derived hMSCs, bone marrow-derived hMSCs,
and cartilage tissue-derived chondrocytes.

Funding Source: This work was partially supported by the
project of "Development of Cell Manufacturing and Pro-
cessing Systems for Commercialization of Regenerative
Medicine” from Japan Agency for Medical Research and
Development, AMED. <
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SYNERGISTIC TARGETS BETWEEN ASC-
DIFFERENTIATED ENDOTHELIAL AND
NEURAL LINEAGE CELLS TO PREVENT
HYPOXIC-ISCHEMIC BRAIN INJURY

Huang, Chia-Wei', Chang, Ya-Ju!, Shu, Chien? and Wu,
Chia-Ching’, 'National Cheng Kung University, Tainan,
Taiwan, 2Director, Institute of Engineering in Medicine,
San Diego, CA, U.S.

Neonatal hypoxic-ischemic (HI) brain injury causes dis-
ruption of neurovascular integrity and leads to life-long
functional deficit in human development. These devastat-
ing consequences can be prevented by protecting the ar-
chitecture of the neurovascular unit. Our lab has demon-
strated the possibility to differentiate the adipose-derived
stem cells (ASCs) into endothelial lineage cells (ELCs) or
neuronal lineage cells (NLCs) via microenvironmental in-
duction and studied the therapeutic effect of the cells by
transplanting ASCs, ELCs, NLCs, or combination of ELCs
and NLCs (E+N) into HI brain injured neonatal rats. The
combined E+N treatment showed a significantly great-
er decrease of infarction and apoptotic areas, and bet-
ter preservation of the neurovascular structure. The E+N
combinations increased the cell migration under in vitro
hypoxia microenvironment. Moreover, the transplant-
ed ELCs and NLCs were able to engraft into host tissue
and promote endogenous angiogenesis and neurogene-
sis. We performed the RNAseq to fish out the potential
targets for the differentiated ELCs and NLCs. The ELCs,
induced by endothelial growth factors and laminar shear
stress, migrated and contributed to the vascular structure
by activating the Akt signaling through vascular endothe-
lial growth factor receptor 2 (VEGFR2) and neuropilin 1
(NRP1). NLCs showed better ability in preserving the neu-
ral structure. The synergistic benefits in E+N combination
were revealed via the cell-cell interactions for NRP1 sig-
naling in ELCs and C-X-C chemokine receptor 4 (CXCR4)
and fibroblast growth factor receptor 1 (FGFR1) signal-
ing in NLCs. Blockage of target signals in either ELCs or
NLCs diminished the synergistic interaction in cell migra-
tion, homing, and protection of neurovasculature in the
HI injured brain. The results in current study pointed out
the potential molecular targets for the synergistic effect
between ELCs and NLCs to improve the therapeutic out-
come for preserving brain integrity and function after Hl
injury.
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W4055

INDUCED MESENCHYMAL PROGENITOR
CELLS PRODUCE NEUROTROPHIC FACTORS
TO AID NERVE REGENERATION

Brick, Rachel and Tuan, Rocky, University of
Pittsburgh, Pittsburgh, PA, U.S.

Bone marrow-derived mesenchymal stem cells (MSCs)
have well known musculoskeletal regenerative capaci-
ties and have trophic and immunomodulatory activities
that support regeneration of most tissues. For example,
we and others have reported that MSCs have the ability
to support nerve regeneration by secreting neurotroph-
ic factors typically produced by Schwann cells. Howev-
er, MSCs have limited expansion capacity, restricting the
time and scale of their use. We have recently described
the derivation of induced mesenchymal progenitor cells
(iIMPCs) from iPSC colonies that retain the differentia-
tion potency of the parent MSCs. Because they may be
repeatedly derived from iPSC colonies, iMPCs may pro-
vide an unlimited supply of cells for large-scale tissue re-
generation. Considering the similarities between iMPCs
and MSCs, we hypothesized that iIMPCs have the same
ability to support neuronal regeneration as the parent
MSCs. Immunostaining of iIMPCs confirmed expression of
mesenchymal and neural cell markers, including CD105,
CD44, P74/NGFR and GFAP, demonstrating phenotypic
similarities between iIMPCs and MSCs. The lack of pluripo-
tency markers (SSEA4, Oct3/4, and Sox-2) indicate a full
differentiation from the original iPSCs. After neurotroph-
ic induction, ELISAs confirmed that iIMPCs were able to
produce 4-fold higher levels of BDNF than that produced
by induced MSCs. To assess the biological effects of the
induced iMPCs, chick dorsal root ganglia (DRGs) neurite
outgrowth was used as a model for peripheral nerve re-
generation. Sholl analyses showed that culturing DRGs
cultured for 5 days with medium conditioned for 48 hours
by neurotrophically-induced iMPCs improved branching
complexity by two-fold compared to growth control DRG
cultures (supplemented with 10 ng/ml of FGF, EGF, and
NGF). A comparable increase in branching complexity was
observed in cultures utilizing conditioned medium from
non-induced MSCs. These in vitro data strongly suggest
the applicability of this approach to generate a renewable
source of therapeutic cells to support nerve regeneration.
Further studies will use a rat model to examine the effi-
cacy of condensed conditioned medium infused into an
aligned nanofiber scaffold to treat peripheral nerve injury.

W4057

PLURIPOTENT STEM CELLS FROM MOUSE
ENDOLYMPHATIC SAC

Kim, Hyoung-Mi, CHA University, Seongnam, Korea

Mammalian hair cells have lost their ability of regeneration
which is present only in some species of birds by spon-
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taneous differentiation induction of stem cells in the in-
ner ear. The aim of the present study is to investigate the
pluripotency of epithelial cells of mouse endolymphatic
sac. We harvested endolymphatic sacs from neonatal and
7 days old mice. After trypsinization, obtained cells were
cultivated in DMEM with F12 nutrient mixtures, B27, N2
supplement, IGF-1 and EGF. We observed that the epi-
thelial cells from endolymphatic sac contain pluripotent
stem cells able to form cell clusters (spheres). These in-
ner ear stem cells have the capacity for self-renewal, and
form primary and secondary spheres that express marker
genes of the developing inner ear and the nervous system.
Inner ear stem cells are pluripotent and can give rise to a
variety of cell types in vitro, including cells representative
of ectodermal and mesodermal lineages. Single spheres
harvested and cultivated on collagen produced the differ-
entiation of different cell types including neuron like-cells,
positive for myosin VIIA, pax2 and otx2. Our findings sug-
gest that epithelial cells from endolymphatic sac display
the characteristic features of stem cells and these stem
cells are capable of differentiating into hair cell-like cells,
which implies a possible use of such cells for the replace-
ment of lost inner ear sensory cells.

POSTER SESSION | EVEN

PRE-CLINICAL AND CLINICAL
APPLICATIONS OF MESENCHYMAL
CELLS

W1002

BONE HEALING EFFECTS OF
UNDIFFERENTIATED AND OSTEOGENIC
DIFFERENTIATED MESENCHYMAL STROMAL
CELL SHEETS IN FRACTURE MODEL DOGS

Yoon, Yongseok!, KIM, Yongsun?, Lee, Seung Hoon?,
Kim, Ahyoung? Choi, Kyeong Uk? Jung, Taeseong?,
Kweon, Oh-kyeong? and Kim, Wan Hee?, 'Seoul
national university, Seoul, Korea, South, 2Department
of Veterinary Surgery, College of Veterinary Medicine,
Seoul National University, Seoul, Korea, South

Cell sheets technology is being available for fracture heal-
ing. This study was performed to evaluate bone healing
effects of undifferentiated (UCS) and osteogenic (OCS)
differentiated mesenchymal stromal cell (MSC) sheets in
fracture model dogs. UCS and OCS were harvested at 10
days of culture. Transverse fracture at radius of six bea-
gle dogs were assigned into three groups (n=4 in each
group): UCS, OCS and no treatment. The fractures were
fixed with a 2.7mm locking plate and six screws. Three cell
sheets were wrapped around fracture site. Radius were
harvested 8 weeks after operation, then scanned by mi-

co-sponsored by:

cro computed tomography (CT) and histological assess-
ments were performed. The results of micro-CT revealed
different aspects of bone regeneration according to the
groups. The percentages of external callus volume out of
total bone volume in control, UCS, and OCS groups were
42.1%, 13.0% and 4.9% (P < 0.05) respectively. However,
the percentages of limbs having connectivity of gap were
25%, 12.5%, and 75% respectively. In histopathological as-
sessments, OCS group showed that fracture site was well
organized with peripheral cartilage and mature woven
bone, whereas control group showed cartilage forma-
tion without bone maturation or ossification at fracture
site. Meanwhile, fracture site was only filled with fibrous
connective tissue without endochondral ossification and
bone formation in UCS group. Different healing pathway
in relation to the type of cell sheets was observed. It was
suggested that the MSC sheets reduced the quantity of
external callus, and OCS induced the direct bone healing.

Funding Source: This work was supported by the National
Research Foundationof Korea (NRF-2013R1AT1A2004506).

W1004

“ALFIE, THE WONDER CAT”, OR CORRECTING
IN-BORN ERRORS OF LIPID METABOLISM IN
LIPOPROTEIN LIPASE DEFICIENT CATS USING
ALLOGENEIC MESENCHYMAL STEM CELLS

Vulliet, Richard'?, Halloran, Mitch!, Tallon, Kelli' and
Rosman, Pamela?, 'University of California Davis,
Davis, CA, U.S., 2ReGena-Vet Laboratories, LLC, Davis,
CA, US.

Veterinary patients with naturally occurring diseases of-
fer excellent opportunities for stem cell trials. Cat mesen-
chymal stem cells (MSCs) which express LPL mRNA were
tested for efficacy in lipoprotein lipase deficient (LPL-/-)
feline patients. Feline LPL-/- is essentially identical to hu-
man familial hypercholesterolemia (i.e. mutation in the
same protein at an equivalent site). Bone marrow was
harvested from LPL+/+ cats, MSCs amplified in culture,
and the cells administered into LPL-/- cats. In pilot trials,
plasma turbidity, triglyceride, cholesterol and lipase levels
were monitored prior to and following the injection of al-
logeneic MSCs. There was a modest decrease in plasma
turbidity after the first injection. Following the second in-
jection, a much greater decrease in plasma turbidity and
circulating lipids was observed. The enhanced response
following the second injection suggests that an accumu-
lation of LPL+/+ cells occurs somewhere in the cat, most
likely in the bone marrow. To confirm that the observed
decrease in plasma lipids resulted from circulating lipo-
protein lipase activity from the injected MSC’s, plasma
samples were collected and LPL activity measured. Fol-
lowing the first administration of MSCs, a slight increase in
LPL activity was observed. After the second administra-
tion, a larger increase in LPL activity was noted. Further
monitoring revealed that the effect on plasma lipids last-
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ed approximately three months. Injection of LPL+/+ MSCs
corrects the LPL-/- deficiency and transiently returns the
plasma lipid profile to near normal in a dose dependent
manner. Multiple injections of allogeneic MSCs demon-
strate additivity and increased duration of effect. Behav-
joral improvement correlated with duration of treatment
effects. MSCs are an effective treatment for LPL deficien-
cy in cats, and probably have translational application in
human patients with this condition, given the observed
decrease in plasma turbidity and improvement in quality
of life. The LPL-/- cat is a very powerful and robust an-
imal model for studying cytokinetics and cytotherapeu-
tics. Patients with a naturally occurring disease, such as
feline lipoprotein lipase deficiency, provide ideal models
for translating stem cell therapies into human patients.

W1006

ERAPI-MEDIATED GENERATION OF STNFR
UNDER HYPOXIC CONDITION CONTRIBUTES
TO THE CARDIO PROTECTIVE EFFECT OF
MSCs

Seo, Hyang-Hee', Lee, chang Youn?, Lee, Jiyuns,

Lim, Kyu Hee*, Kim, Hye-Min?, Shin, Sunhye?, Kim,
Sang Woo0°>%, Choi, Eunhyun®®, Lim, Soyeon®®, Lee,
Seahyoung®®, Park, Jong-Chul'” and Hwang, Ki-chul®®,
'Brain Korea 21 PLUS project for Medical Science,
Yonsei University, Seoul, Korea, 2Department of
Integrated Omics for Biomedical Sciences, Yonsei
University, Seoul, Korea, 3Brain Korea 21 PLUS
project for Medical Science, Yonsei University, Seoul,
Korea, South, “Department of Veterinary Physiology,
Chonbuk National University, Jeonju, Korea, °Institute
for Bio-Medical Convergence, Catholic Kwandong
University, Gangneung, Korea, éCatholic Kwandong
University International St. Mary’s Hospital, Incheon,
Korea, ’Department of Medical Engineering, Yonsei
University, Seoul, Korea

One of the mechanisms of how MSC exerts beneficial
effect is using paracrine pathway. We have previously
demonstrated that MSC culture conditioned media pre-
pared by culturing MSCs under hypoxic condition im-
proved the function of damaged heart. Nevertheless,
the underlying mechanism, or identity of soluble factors
responsible for the beneficial effect of the transplanted
MSCs remains to be elucidated. Therefore, identifying the
factors mediating in the reported cardio-protective effect
of MSC of its conditioned medium will further help us to
develop optimized and more effective MSC-based thera-
peutic strategies. Among many soluble factors increased
during cardiac insult such as myocardial infarction, tumor
necrosis factor (TNF) is known to be a critical mediator
of range of biological processes including inflammation,
immune-regulation, cytotoxicity, antiviral actions and
transcriptional regulation. In ischemic heart, TNF contrib-
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utes to cardiac dysfunction by binding to its respective
receptor TNFR. Thus, deterring TNF-TNFR binding may
effectively inhibits TNF signaling and subsequent cardi-
ac damage induced by it. Regarding negative regulation
of TNF signaling, it has been reported that soluble TNF
receptor (sTNFR) generated by proteolytic cleavage of
TNFR acted as a decoy for TNF suppressing TNF-TNFR
signaling. This proteolytic cleavage of TNFR is known to
be mediated by endoplasmic reticulum aminopeptidase
1 (ERAPT), and hypoxia-driven increase of its expression
has been reported. Therefore, we hypothesized that MSC
exposed to hypoxic environment promotes the genera-
tion of sSTNFR by increasing the expression of ERAP1, and
this subsequently protects host cells (i.e cardiomyocytes)
by suppressing TNF signaling pathway. As a proof of con-
cept study, we examined the expression of ERAP1in MSCs
under hypoxic condition and measured the amount of sT-
NFR produced by MSCs exposed to hypoxic condition.
Our data show that both are upregulated under hypoxic
condition and such increase was abrogated by the treat-
ment of siRNA specific to ERAP1. Our study demonstrates
that hypoxic condition induces ERAP1 expression in MSCs
and strongly suggest that the MSC-released sTNFR un-
der hypoxic condition is one of the important factors that
facilitate the reported cardiac protective effect of MSCs.

W1008

ADIPOSE DERIVED STEM CELLS DISPLAY
HIGHER RESISTANCE TO STRESS INDUCED
INJURY AND BETTER REGENERATIVE
CAPACITIES COMPARED TO BONE MARROW-
DERIVED MESENCHYMAL STEM CELLS

El-Badawy, Ahmed, Amer, Marwa and El-Badri,
Nagwa, Center of Excellence for Stem Cells and
Regenerative Medicine (CESC), Zewail City of
Science and Technology, 6th October City, Egypt

Bone marrow mesenchymal stromal cells (BM-MSCs) are
the most widely used MSCs, in cell therapies because
of their abundance, easy propagation, and lack of ethi-
cal concerns in their applications. Recently, adipose tis-
sue has emerged as a viable source for stem cells since
it contain approximately a 500-fold higher frequency of
adipose stem cells (ASCs) and tissue collection is simple
and accessible. In this study we evaluated the regener-
ative capacities of ASCs compared to BM-MSCs both in
vivo and in vitro. Both BM-MSCs and ASCs were evalu-
ated for their abilities to ameliorate stress-induced injury
both in vivo and in vitro. This was measured in vivo by im-
proving hind limb ischemia, and in vitro by, vascular tube
formation, telomerase activity, and gPCR analysis. Our
data demonstrate that ASCs were more effective than
BM-MSCs in promoting angiogenesis and neovasculariza-
tion in an animal model of hind-limb ischemia. When ex-
posed to severe hypoxia, ASCs showed more resistance
to hypoxia-induced apoptosis compared to BM-MSCs as
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measured by Annexin-V and Propidium lodine staining.
When exposing both cell types to a high dose of 600
UM H,O,, ASCs displayed more resistance to oxidative
stress-induced senescence than BM-MSCs. ASCs showed
more potent proangiogenic activity than BM-MSCs when
measured by vascular tube formation assay (p <0.005).
Furthermore, ASCs showed a remarkably higher telomer-
ase activity than BM-MSCs (p <0.005). When visualized
by confocal microscopy, ASCs displayed a well-organized
network of F-actin filaments and a higher colocalization
of a-tubulin when compared to BM-MSCs. mRNA expres-
sion analysis using quantitative real-time PCR showed
that ASCs had a higher expression of Oct4 and VEGF
than BM-MSCs (p<0.01), indicating that they have higher
pluripotency potentials. However, MMPI| expression was
higher in BM-MSCs. These data provide strong evidence
for superiority of ASCs compared to marrow MSCs as a
source of stem cells for regenerative therapies.

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

W1010

EFFECT OF MESENCHYMAL STROMAL CELLS
(MSC) CARRYING INTERLEUKIN-TO (IL10)

OR HEPATOCYTE GROWTH FACTOR (HGF)
IN EXPERIMENTAL ACUTE RESPIRATORY
DISTRESS SYNDROME (ARDS)

Islam, Diana'?, Grassi, Alice? Li, Manshu?, Khang,
Julie?, Zheng, Junbo?, Mckillop, Monty3, Medin,
Jeffrey?, Laffey, John?, Slutsky, Arthur? and Zhang,
Haibo?, 'University of Toronto, Toronto, ON, Canada,
2St. Michael's Hospital, Toronto, ON, Canada, *Medical
College of Wisconsin, Milwaukee, WI, U.S.

Acute respiratory distress syndrome (ARDS) is a complex
disorder with high mortality. ARDS is caused by direct or
indirect injurious insult to the lung leading to acute inflam-
mation, alveolar barrier disruption, edema and respiratory
failure. Most ARDS non-survivors suffer complications of
pulmonary fibrosis. MSC delivery in experimental mod-
els of endotoxin-induced ARDS demonstrates anti-in-
flammatory effects. However its role in fibrosis remains
unknown. In a mouse model of ARDS induced by intra-
tracheal instillation of hydrochloric acid (HCI), we trans-
duced mouse bone marrow derived MSCs with the gene
of the human anti-inflammatory cytokine IL-10 and the
anti-fibrotic growth factor HGF using lentivirus (LV). MSC
surface markers remained unchanged after LV transduc-
tion. Two days after HCl instillation, the mice were divided
to receive 1) Vehicle control solution (PBS); 2) MSC; 3)
MSC+Luiferase (LV control); 4) MSC+IL-10; 5) MSC+HGF;
or 6) MSC+IL-10/MSC+HGF (50% mixture of IL-10 and
HGF transduced MSC). The MSCs were delivered via intra-
tracheal and intravenous routes (0.5x10° cells each), mice
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were sacrificed at day 7. Lung injury and inflammation
was accessed using histological scoring and differential
cell count of bronchioalveolar lavage fluid (BALF). Lung
fibrosis was accessed using histological score, fibronectin
and fibrinogen levels. Bioluminescence imaging showed
persistent MSC localization in the lung up to 7 days after
transplantation. Using ELISA hIL-10 and hHGF production
was detected in lung tissue and BALF up to 7 days. After
HCl-induced injury, MSC alone or MSC+Luciferase did not
ameliorate inflammation or fibrosis. However the delivery
of MSC+IL10, MSC+HGF or their combination reduced in-
flammatory responses, the expression of fibrotic markers
and fibrotic scores as compared to MSC alone. Our data
suggest that MSC overexpressing hIL-10 or hHGF may
augment MSC response to lung injury and be protective
by supressing both inflammation and pulmonary fibrosis.
This novel approach may have therapeutic potential in
the management of ARDS.

W1012

HEPARAN SULFATE GLYCOSAMINOGLYCANS:
PROMISING BIOMATERIALS FOR STEM CELL
SCALE-UP

Ling, Ling', Xue, Cao? Hassan, Afizah?, Lee Hui
Ching, Michelle?, Hui, James?, Raghunath, Michael®,
Nurcombe, Victor' and Cool, Simon', Institute of
Medical Biology, Singapore, Singapore, 2NUHS,
Singapore, Singapore, 3NUS, Singapore, Singapore

Human mesenchymal stem cells (hMSCs), central to
much cell-based therapy, are currently being rigorously
assessed in clinical trials. A key challenge to their wide-
spread application is their low abundance in native tis-
sues, which in turn demands strategies to enhance their
ex vivo expansion without compromising their stemness.
This study explored a novel scale-up strategy that relies
on supplementation of a subfraction of the glycosami-
noglycan heparan sulfate (HS) into the culture environ-
ment. HS, a linear sugar abundant in extracellular matrix,
is known to regulate the activity of many growth factors,
most notably fibroblast growth factor 2 (FGF2). FGF2 in-
creases hMSC proliferation and is widely used as a stem
cell culture adjuvant. Using affinity chromatography, we
have isolated an HS variant (HS8) specifically targeted to
FGF2. HS8 was made in a cGMP facility and QA/QC tests
were performed. ELISA demonstrated that HS8 bound
to FGF2 with much greater affinity than to other hepa-
rin-binding factors (e.g. PDGF or VEGF). HS8 markedly
increased the melting temperature of FGF2, indicating
HS8 acts to stabilize FGF2 and prolong its activity. Both
FGF2-stimulated ERK signaling and proliferation were
amplified by HS8 within hMSCs. Upon meeting these QA
release criteria, and passing sterility & toxicity tests, HS8
was used in a GMP-compliant facility as a culture supple-
ment to expand hMSCs freshly isolated from the bone
marrow of healthy human donors. Cumulative cell growth
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was monitored and the continuing quality of stem cells
assessed in vitro for colony-forming efficiency (CFU-F),
surface antigen expression, telomere length and multipo-
tency. Our data clearly shows that HS8 enhances hMSC
growth over 4 passages compared to control. Flow cy-
tometry analysis revealed increased levels of STRO-1, a
key hMSC biomarker, and that the expression of other
stem cell markers remained unchanged. CFU-F assays
and multilineage differentiation analysis confirmed that
hMSCs cultured exposed to HS8 for 4 passages retained
a comparable proportion of stem cells compared to the
control. Our work suggests that this HS is a promising ve-
hicle for the stem cell scale-up needed to meet the bur-
geoning clinical need.

W1014

IDENTIFICATION OF A DISTINCT
SUBPOPULATION OF BONE MARROW
MESENCHYMAL STEM CELLS THAT DIRECTLY
CONTRIBUTES TO LIVER REGENERATION

Nishizuka, Satoshi S.!, Katagiri, Hirokatsu', Kushida,
Yoshihiro?, Takahara, Takeshi', Nitta, Hiroyuki' and
Dezawa, Mari?, lwate Medical University School

of Medicine, Morioka, Japan, 2Tohoku University
Graduate School of Medicine, Sendai, Japan

Although the liver has high regenerative potential, the
mechanism of regeneration is not yet fully understood.
Living donor liver transplantation (LDLT) is one of the
best opportunities to evaluate the contribution of extra-
hepatic cells to liver regeneration, and has provided in-
formation on the involvement of the recipient’s extrahe-
patic cells. LDLT is a surgical procedure in which a living
donor undergoes physical partial hepatectomy (PPHx),
the transected liver is then transplanted into a recipient
body, and the graft subsequently undergoes the process
of liver regeneration. By genotyping graft livers after hu-
man living-donor liver transplantation, we revealed in this
study the presence of chimeric genotypes in hepatocytes
(35%), sinusoidal cells (95%), cholangiocytes (70%), and
cells in the periportal areas (50%), suggesting the involve-
ment of extrahepatic cells. In the present study, we fo-
cused on a distinct type of bone marrow-derived cells,
multilineage-differentiating stress-enduring (Muse) cells,
which reside in the bone marrow and are a subpopulation
of bone marrow-mesenchymal stem cells (BM-MSCs),
because of their triploblastic differentiation and tissue
repair abilities. Muse cells can be efficiently isolated as
cells that are positive for SSEA-3, while also expressing
other pluripotency markers, including Oct3/4, Sox2, and
Nanog. When human Muse cells were infused into immu-
nodeficient mice with a PPHx using a harmonic scalpel,
they were integrated into the regenerating areas of the
liver, expressed liver progenitor markers during the early
phase, and then differentiated into the major liver com-
ponent cells, including hepatocytes (~75% of integrated

°e 110

‘ POSTER ABSTRACTS

cells), cholangiocytes (~17%), sinusoidal endothelial cells
(~2%) and Kupffer cells (~6%). Non-Muse cells in human
BM-MSCs were not detected in the liver for up to 4 weeks
by either immunohistochemistry or species-specific DNA
analysis. Therefore, we suggest that Muse cells are a pop-
ulation of extrahepatic cells that participate in regener-
ation of the liver tissue. While the pleiotropic actions of
BM-MSCs are considered useful for general regenerative
medicine applications, our results suggest that efficient
use of BM-Muse cells may improve the effectiveness of
current BM-MSC transplantation techniques for liver dis-
eases.

Funding Source: This work was supported as a Medical In-
novation by Advanced Science and Technology (MIAST)
project of the Ministry of Education, Culture, Science and
Technology, Japan (5.5.N.), and A Grant-in-Aid for Scien-
tific Research (C) 25461959 (S.S.N. and M.D.).

W1016

ANTI-TUMORAL EFFECT OF LOW-DOSE
GAMMA-IRRADIATED MOUSE BONE
MARROW-DERIVED MESENCHYMAL STROMAL
CELLS

Stefani, Francesca Romana, Eberstal, Sofia and
Bengzon, Johan, Lund University, Lund, Sweden

Glioblastoma multiforme is the most common and ag-
gressive primary malignant brain tumor in adults and the
prognosis remains very poor despite the current standard
of care. Bone marrow-derived multipotent mesenchymal
stromal cells (MSCs) target glioma metastases efficient-
ly when implanted intra-tumorally and recent findings
demonstrate that MSCs can polarize into immune stim-
ulatory cells when exposed to appropriate stimuli. Thus,
in the present study we investigated if low-dose y-irra-
diation could induce MSCs with an immune stimulatory
phenotype and inhibit brain tumor growth in vivo. Gli-
omas were established by transplanting GL261 mouse
glioma cells into the syngeneic mouse strain C57BL/6.
Mouse MSCs were isolated from the bone marrow, char-
acterized (plastic adherence, surface markers expression,
tri-lineages differentiation) and cultured according to
standard techniques. For the survival study, y-irradiated
MSCs (0/2/5/10/15/20 Gy) were injected intra-tumorally
in tumor-bearing mice at day 7 and 17 and the animals fol-
lowed for 100 days after tumor challenge. Flow cytometry
was used to analyze the systemic immune response and
immunohistochemistry to study the effect at the tumor
site. Our in vivoresults show that intra-tumorally trans-
planted MSCs enhance the cure rate of GL261tumor-bear-
ing mice. Groups were compared to the tumor-bearing
control and the 5 Gy radiation dose showed to highest
survival rate (28.6% cure rate). No statistical difference
was detected when MSCs were irradiated with 20 Gy or
non-irradiated (0% cure rate). The analysis of peripheral
blood revealed an increased amount of CD4* T cells and
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a decrease in the myeloid-derived suppressor cell pop-
ulation after treatment with MSCs 5 Gy. The same trend
was seen at the tumor site where the increased number
of CD4*'T cells is further accompanied by a decreased
amount of vessels within the tumor in the treated group.
The increased survival of tumor-bearing mice suggests
that low-dose y-irradiated MSCs have anti-tumoral activi-
ty and their mechanism may involve both immune system
and angiogenesis, as shown by the effect on T cells and
vessels formation. Low-dose y-irradiated MSCs may rep-
resent a favorable alternative approach in cancer therapy.
This strategy is straightforward and can be easily be part
of a combination therapy.

W1018

ENHANCED IMMUNOSUPPRESSION OF
T-CELLS BY SUSTAINED PRESENTATION OF
BIOACTIVE IFN-y WITHIN 3D MESENCHYMAL
STEM CELL CONSTRUCTS

Zimmermann, Josh'?, Hettiaratchi, Marian?

and McDevitt, Todd", 'Gladstone Institute of
Cardiovascular Disease, San Francisco, CA, U.S,,
2Georgia Tech & Emory University, Atlanta, GA,
U.S., 3University of California - San Francisco, San
Francisco, CA, U.S.

Mesenchymal stem/stromal cell (MSC) therapies are cur-
rently being explored clinically due to their ability to reg-
ulate a myriad of inflammatory responses. However, MSC
immunomodulatory activity is dependent upon the local
microenvironment where inflammatory cytokines, such
as interferon gamma (IFNy), induce MSC expression of
potent immunosuppressive factors. Although MSC thera-
pies modulate acute inflammation in the presence of high
concentrations of inflammatory cytokines, MSCs are less
effective at suppressing immune responses during chron-
ic inflammation, presumably due to attenuated concen-
trations of cytokines. To address this limitation, pre-treat-
ment of MSCs with IFNy prior to delivery has been used
to induce indoleamine dioxygenase (IDO) expression, a
key factor for suppression of T-cell activation. However,
pre-treatment effects are transient and may not induce
sustained MSC immunomodulatory activity in weak in-
flammatory environments. Therefore, the objective of this
study was to investigate whether microparticle (MP) me-
diated presentation of bioactive IFNy within spheroidal
MSC aggregates could induce sustained immunomodu-
latory activity as an alternative means of inducing MSC
immunomodulation irrespective of an ill-defined inflam-
matory milieu. Delivery of IFNy via heparin MPs induced
sustained IDO expression (~10* fold compared to untreat-
ed MSC spheroids) over one week, whereas IDO expres-
sion of IFNy pre-treated MSC spheroids rapidly decreased
within two days. In MSC co-cultures with CD3/CD28 ac-
tivated peripheral blood mononuclear cells (PBMCs), de-
livery of IFNy loaded MPs also increased and prolonged
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suppression of T-cell activation and proliferation com-
pared to pre-treated MSC spheroids (-30% proliferating
T-cells in cultures with MSC spheroids with MPs after 8
days vs. ~60% proliferating T-cells with pre-treated MSC
spheroids). Furthermore, IDO inhibition with IMT impaired
the ability of MSC spheroids with MPs to suppress T-cell
activation, confirming that increased T-cell suppression
was dependent on induction of IDO. Altogether, bio-
material-based engineering of MSC microenvironments
can specifically direct the immunomodulatory activity of
transplanted cells and may improve the efficacy of MSC-
based therapies for treating inflammatory and immune
diseases.

W1020

NETRIN-1T INDUCES SP1-MEDIATED VEGF
EXPRESSION VIA LIPID RAFT-MEDIATED
INTEGRIN a6p4 SIGNALING IN PROMOTING
HUMAN UMBILICAL CORD BLOOD-DERIVED
MESENCHYMAL STEM CELLS PROLIFERATION

Han, Ho Jae, Lim, Hyeon Su, Lee, Sei-Jung, Kim, Jun
Sung, Oh, Ji Young, Kim, Dah Ihm, Song, Eun Ju and
Onphachanh, Xaykham, Seoul National University,
Seoul, Korea, South

Netrin-1 (Ntn-1), a multifunctional neuronal signaling
molecule; however, the functional role of Ntn-1 which
improves stem cell therapy has not been characterized.
In the present study, we investigate the mechanism of
Ntn-1 with regard to cytoskeletal reorganization and cell
proliferation of mesenchymal stem cells (MSCs) during
the processes of mouse wound healing and vascular re-
generation. In a mouse skin excisional wound model, we
found that transplantation of human umbilical cord blood
derived (hUCB)-MSCs pre-treated with Ntn-1 enhanced
wound closure, granulation, and re-epithelialization at
mouse skin wound sites, where relatively more angiogen-
esis with newly formed vessels onto the wound site were
detected. Ntn-1 significantly increased the F-actin reor-
ganization and cell proliferation of hUCB-MSCs, which
had been inhibited by the blocking antibody for integrin
(In) a6B4, but not deleted in colorectal cancer (DCC). We
found that Ntn-1 acting through Ina6p4 stimulated the
c-Src-dependent activation of Racl during actin cytoskel-
eton remodeling and cell proliferation of hUCB-MSCs. Cy-
toskeletal reorganization evoked by Ntn-1is linked to the
increased level of Arp2/3, profilin-1, p- cofilin-1, and F-ac-
tin in hUCB-MSCs. On the other hand, Ntn-1 induced the
recruitment of NADPH oxidase 2 and neutrophil cytosolic
factor 1 into the membrane lipid rafts coupled with Racl
to facilitate the production of reactive oxygen species
(ROS) in promoting the cell proliferation rather than the
cytoskeletal reorganization process. Interestingly, Ntn-1
has ability to induce cell proliferation by enhancing the
region-specific transcriptional occupancy by SP1 in the
VEGF promoter, which was significantly down-regulated
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by the knockdown of the PKCa. Finally, we verified that
transplantation of hUCB-MSCs pre-treated with Ntn-1 en-
hanced blood perfusion ratio and vascular regeneration in
a mouse hindlimb ischemia model. These results demon-
strate that Ina6B4 signaling triggered by Ntn-1 regulates
c-Src phosphorylation to stimulate Racl activation, which
is responsible for reorganization of the actin cytoskele-
ton and cell proliferation of hUCB-MSCs. Ntn-1 distinctive-
ly induced the transcriptional regulation of SP1in VEGF
promoter through lipid raft-dependent ROS signaling to
promote cell proliferation.

MESENCHYMAL STEM CELL
DIFFERENTIATION

W1022

MESENCULT™ OSTEOGENIC
DIFFERENTIATION MEDIUM - AN OSTEOGENIC
STIMULATORY MEDIUM FOR THE EFFICIENT
DIFFERENTIATION OF HUMAN MESENCHYMAL
PROGENITOR CELLS

Sampaio, Arthur V', Duronio, Chris', Wagey,
Ravenska!, Thomas, Terry E.!, Eaves, Allen C.'3,
Szilvassy, Stephen J' and Louis, Sharon A,
'STEMCELL Technologies Inc., Vancouver, BC,
Canada, “Terry Fox Laboratory, BC Cancer Agency,
Vancouver, BC, Canada

Mesenchymal Stem and Progenitor Cells (MSCs) can be
derived and expanded from bone marrow (BM) using
a variety of media; however, the choice of medium and
protocol can impact the ability of the resulting MSCs to
subsequently differentiate into specific lineages. To over-
come this variability, MesenCult™ Osteogenic Differentia-
tion Medium (MODM) was developed to facilitate consis-
tent evaluation of the osteogenic potential of BM MSCs
derived and expanded in MesenCult™-FBS (serum), -XF
(Xeno Free), and -ACF (Animal Component Free) media,
media containing human platelet lysate (hPL), or other
commercial MSC expansion media. Human BM mononu-
clear cells were derived and cultured in these media for
up to 5 passages, and the MSC fraction harvested at pas-
sages 2 and 5 and reseeded into the same medium at 1
X 10* cells/cm? When cultures reached ~90% confluence,
osteogenic differentiation was induced by replacing the
medium with either MODM, or a popular commercial os-
teogenic medium as a positive control (+ctrl), or main-
tained in expansion medium as a negative control (-ctrl).
Cultures were kept for up to 15 days with media changed
every 3 days. Differentiation was assessed by histological
analysis at days 5, 10, and 15 (n=3). Alkaline Phosphatase
(ALP) activity and bone mineral content were determined
by Naphtol AS-MX/Fast Red and von Kossa staining, re-
spectively. In general, MSCs differentiated with MODM
exhibited the highest levels of ALP activity, even com-

°e 112

‘ POSTER ABSTRACTS

pared to +ctrl cultures, and this was detected as early as
day 5. The only exception was for cultures that were ini-
tially expanded in MesenCult™-XF, in which ALP activity
was as robust as in MSCs that were differentiated in +ctrl
medium. Similarly, bone mineral content was highest in
cultures differentiated with MODM and was observed as
early as day 10. Indeed, cultures differentiated with the
+ctrl medium had little mineral content by day 15, sug-
gesting that this medium was insufficient to induce robust
differentiation. Again the only exception was in cultures
expanded in MesenCult™-XF, where bone mineral content
was as high as in the +ctrl cultures. In summary, Mesen-
Cult™ Osteogenic Differentiation Medium is a superior
medium for studies of MSC bone lineage commitment as
it induces robust differentiation of MSCs previously ex-
panded in various media in as little as 15 days.

W1024

IN VITRO ADIPOGENIC DIFFERENTIATION
OF HUMAN ADIPOSE STEM CELLS UNDER
SIMULATED MICROGRAVITY

Elcin, Y. Murat', Subak, Erdem!, Seker, Sukran' and
Elcin, A. Eser?, 'Ankara University Faculty of Science,
and Ankara University Stem Cell Institute, Tissue
Engineering, Biomaterials and Nanobiotechnology
Laboratory, Ankara, Turkey, 2Ankara University Stem
Cell Institute, Ankara, Turkey

The concept of culturing cells under microgravity condi-
tions has come into question during space research. It is
known that microgravity conditions lead to a sharp de-
crease in mechanotransductive forces, while cell-medium
interactions increase and 3D tissue organoids resembling
living tissues can be formed. MSC spheroid cultures have
greater differentiation ability, and enhanced anti-inflam-
matory and immunomodulatory properties compared
with their 2D counterparts. Besides they can be used on
clinically relevant scale-up productions. There is evidence
on depression of osteogenesis under osteogenic micro-
gravity conditions while adipogenesis is stimulated. How-
ever the effects of adipogenic microgravity conditions on
adipose stem cells (ASCs) have not been comprehensive-
ly investigated. The aim of this study was to comparative-
ly evaluate adipogenic differentiation of human ASCs in
a rotating wall vessel bioreactor simulating microgravity
conditions, and in standard 2D culture. Plastic-adherent
cells were isolated from the adipose tissue of adult pa-
tients collected during elective operations under ethical
approval. ASCs were expanded in DMEM-LG containing
10% FBS, Pen-strep, 1% L-glutamine at 37°C, 5% CO,-95%
air. Spheroids were formed inside STLV vessels. Flow cy-
tometric analysis was performed to determine ASC im-
munophenotype. Adipogenic induction was carried out
by using a two-step differentiation protocol: (i) 3 days of
culture in DMEM-HG supplemented with 10% FBS, Pen-
strep, 1% L-Glu, 1 yM dexamethasone, 0.5 uM IBMX, 10 uM
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insulin; (ii) then, another 3 days of culture in DMEM-HG
supplemented with 10% FBS, Penstrep, 1% L-Glu, 1 uM
dexamethasone, 0.5 uM IBMX, 20 uM insulin, either with
or without 0.5 mM linoleic acid (maturation medium).
Adipogenesis was investigated using histochemistry, im-
munohistochemistry and PCR methods. Differentiation
into preadipocytes and adipocytes was assessed by eval-
uating changes in marker expression levels. Thus, useful
information was obtained to elucidate fate decisions of
human ASCs under adipogenic 3D simulated microgravi-
ty and 2D culture conditions.

Funding Source: Ankara University Research Fund
(15L0216001)
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ISOLATION OF MESENCHYMAL STEM CELLS
DERIVED FROM HUMAN CRANIAL BONE
MARROW

Imura, Takeshi', Nakagawa, Kei', Otsuru, Naofumi',
Tomiyasu, Mayumi', Otsuka, Takashi!, Baba, Tatsuya',
Kawahara, Yumi?, Shinagawa, Katsuhiro3, Takahashi,
Shinya*, Sueda, Taijiro*, Kurisu, Kaoru® and Yuge,
Louis™?, 'Bio-Environmental Adaptation Sciences,
Graduate School of Biomedical & Health Sciences,
Hiroshima University, Hiroshima, Japan, 2Space Bio-
Laboratories Co., Ltd., Hiroshima, Japan, *Department
of Neurosurgery, Graduate School of Biomedical

& Health Science, Hiroshima University, Hiroshima,
Japan, “Department of Cardiovascular Surgery,
Graduate School of Biomedical & Health Sciences,
Hiroshima University, Hiroshima, Japan

Cell based therapy using mesenchymal stem cells (MSCs)
has been attracting attention as a novel treatment for
central nervous disorders such as stroke and spinal cord
injury. Recently, we reported that MSCs derived from
cranial bone marrow (cMSCs) have high neurogenic po-
tential compared with MSCs derived from iliac bone mar-
row. However, cranial bone has less bone marrow relative
to other tissue such as iliac or femoral bone. Therefore,
original efficient isolation method of cMSCs was required.
Here, we consider several methods to isolate cMSCs. Cra-
nial bone marrow samples were obtained from front-tem-
poral cranial bone waste following neurosurgical proce-
dures after informed consent, according to the Hiroshima
University hospital’s guidelines. We tried to isolate cMSCs
by three different methods at the same time. The char-
acteristics of each isolated cMSCs were analyzed using
proliferation curve and multi-lineage cell differentiation
including neural differentiation, osteogenic differentia-
tion, and adipogenic differentiation. For differentiation
analysis, immunostaining (neurofilament) and histological
staining (Alizarin red S staining and Oil red O staining)
were examined. This study was approved by the Hiroshi-
ma University ethical comittee. In results, cMSCs could be
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isolated by all three isolation methods. There are no any
differences among cMSCs isolated by three different iso-
lation methods. These results provide efficient isolation
from limited cranial bone tissue, which will be useful for
preparation of graft cells in clinical application.

W1028

MODULATION OF OSTEOBLASTIC
DIFFERENTIATION OF BONE STEM CELLS
IN RAT BY A NOVEL OSTEOPROTECTIVE
ACTIVITY IN ORMOCARPUM
COCHINCHINENSE LEAF EXTRACT

Kumaran, R. lleng’, Daniel, Winnie?, Satyanarayana,
Ramya?, Krishnamoorthy, Senthilkumar?, Sadhasivam,
Balaji?, Ramadoss, Sivakumar?, Bhaskaran, Ravi
Sankar?, Queimado, Lurdes*, Aruldhas, Mariajoseph
Michael?, Narasimhan, Srinivasan® and Ramachandran,
llangovan?, 'Cold Spring Harbor Laboratory,

Cold Spring Harbor, NY, U.S., 2Department of
Endocrinology, Dr. ALM Post Graduate Institute

of Basic Medical Sciences, University of Madras,
Taramani Campus, Chennai, India, Department

of Obstetrics and Gynecology, David Geffen

School of Medicine at UCLA, Los Angeles, CA, U.S,,
4Departments of Otorhinolaryngology, Cell Biology
and Pediatrics, Oklahoma Tobacco Research Center
and The Peggy and Charles Stephenson Cancer
Center, The University of Oklahoma Health Sciences
Center, Oklahoma City, OK, U.S., *Tissue Engineering
& Regenerative Medicine, Faculty of Allied Health
Sciences, Chettinad Academy of Research and
Education, Kelambakkam, Chennai, India

Osteoporosis is a metabolic disorder associated with a
high risk of bone fractures, increased morbidity and mor-
tality in women. Currently available therapies for osteopo-
rosis have various side effects. In this context, the leaf ex-
tract of the plant Ormocarpum cochinchinense (OC) has
been reported to heal bone fractures in traditional medi-
cine. However, the molecular mechanisms of OC-mediat-
ed effects on osteoblast differentiation from bone stem
cells, and bone remodeling during fracture healing are
largely unexplored. Therefore, in our current study, we
have assessed the effects OC extract on bone stem cell
differentiation and bone turnover. For this, we induced
unilateral fractures in the femur of adult female Wistar rats
using standard ethical procedures. Then, OC (200 mg/kg
body weight) was administered orally, every day, for a
period of 21 days. After that, the serum levels of bone for-
mation marker [alkaline phosphatase (ALP)], resorption
marker [tartrate-resistant acid phosphatase (TRAP)], and
calcium and phosphorus were quantified using standard
methods. Moreover, computed tomography (CT) scan of
the femur was performed to examine fracture healing. In
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addition, the expression of critical genes, such as Runx2/
Cbfal, a master regulator of osteoblastic differentiation,
and bone morphogenetic proteins (BMPs) were assessed
by real-time RT-PCR and Western blot analysis using the
callus collected from the fracture site. Our results show
that OC significantly increased the serum ALP activity
(bone formation marker) and decreased the TRAP activi-
ty (bone resorption marker) during fracture healing. Most
importantly, the extract of OC modulated the expression
of master genes (Runx2/Cbfal and BMPs) that control os-
teoblastic differentiation of bone stem cells. Furthermore,
the effects of OC extract on mesenchymal stem cells are
also being examined. Our findings demonstrate for the
first time that the extract of OC exerts its osteoprotective
effect and facilitates bone fracture healing by regulating
the osteoblastic differentiation of bone stem cells.

W1030

EFFECTS OF GRAPHENE 2D CELL CULTURE
SURFACES ON THE DIFFERENTIATION
POTENTIAL OF HUMAN OR RAT ADIPOSE
STEM CELLS (ASC)

Siennicka, Katarzyna', Aleksandra, Zolocinska', Alicja,
Bachmatiuk?, Juliusz, Wysocki', Trzebicka, Barbara?,
Janik-Kosacka, Karolina' and Pojda, Zygmunt',
'Oncology Center-Institute, Warsaw, Poland, 2Centre
of Polymer and Carbon Materials PAS, Zabrze, Poland

Graphene consists of carbon molecules organized
into single atomic sheet. Mechanical properties make
graphene one of the thinnest, lightest and durable mate-
rials available for medical purposes. The additional pos-
sible advantage for regenerative medicine applications ,
especially concerning nerve system or heart may be the
electrical conductivity of graphene sheets. The aim of the
study was to test the graphene biocompatibility of ad-
ipose stem cells (ASCs) cultured and differentiated on
graphene-coated glass. Rat or human ASCs were enzy-
matically extracted from adipose tissue, in vitro expand-
ed until 3rd passage and seeded on the graphene coated
glass slides. Subsequently cells were cultured in DMEM +
15%FCS until reaching the 75% confluence phase, at this
stage the medium was replaced by osteogenic differen-
tiation medium (LONZA, Cat. No PT-3002) and cultured
for 3-4 wks. Finally, slides were stained with Alizarin Red
and quantitative analysis of stain deposits was performed.
The proliferative potential of human and rat ASCs cultured
on glass surface (controls) was comparable to those cul-
tured on graphene, similarly there were no statistic sig-
nificant differences in CFU-F frequencies. The osteogenic
differentiation potential on graphene layers was similar
or higher when compared to control cultures. It may be
concluded, that graphene biocompatibility with ASCs al-
lows for the construction of scaffolds consisted partially
from this material. Cells growing on graphene surfaces
have normal or enhanced osteogenic potential, allowing
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for the conclusion of the specific usefulness of graphene
as a composit for scaffold constructions for bone regen-
eration.

Funding Source: Supported by the NCBIR grant proj-
ect STRATEGMED1/233224/10/NCBR/2014.

W1032

DIFFERENTIATION OF C-KIT+ MESENCHYMAL
STEM CELLS TOWARD ENDOTHELIAL CELLS
AFTER TRANSPLANTATION INTO THE
ISCHEMIC LIMB

Wang, Hai-jie, Shanghai Medical School of Fudan
University, Shanghai, China

Resent preclinical studies and clinical trails prove that
transplantation of mesenchymal stem cells (MSCs) is a
promised therapy for ischemic diseases such as critical
limb ischemia resulted from diabetes. However, the dif-
ferential potential of c-kit* cells in MSCs remains unclear.
This investigation was designed to examine differentia-
tion of c-kit cells after transplantation into the ischemic
limb. c-kit* cells were isolated from rat marrow-derived
MSCs and expanded with SCF. After induction with VEGF,
MyoD, TGF-b or BMP-2, differentiation of c-kit* cells to-
ward endothelial cells and myogenesis of the cells was
determined with CD31, cTnT and a-SMA immunostaining
respectively. The model of rat hind-limb ischemia was es-
tablished by ligation of the femoral artery. Rats were di-
vided into PBS, c-kit* cell group and c-kit* cell + EPC (en-
dothelial progenitor cells) group. EPCs were isolated from
rat marrow. GFP-labelled c-kit* cells were transplanted
by intramuscular injection in the ischemia limb. At three
weeks after cell transplantation, blood flow of the isch-
emia limb was evaluated with a laser Doppler perfusion
image analyzer. Formation of the collateral vessels was
analyzed by angiography. To determine angiogenesis and
myogenesis, expression of CD31, a-SMA or dystrophin in
the engrafted cells was examined with immunostaining.
After induction with VEGF, MyoD, TGF-b or BMP-2, c-kit*
cells differentiated toward endothelial cells and muscle
cells. After transplantation, blood perfusion, formation of
collateral vessels and density of the microvessels in c-kit*
cell group increased significantly. Combination of c-kit*
cell and EPC transplantation enhanced blood perfusion
and angiogenesis in the ischemic limbs. Some GFP-la-
belled c-kit* cells expressed CD31 or a-SMA. GFP*CD31*
cells and GFP*a-SMA* cells incorporated into the new-
formed microvessels. These results demonstrate that
MSC-derived c-kit* cells have potential to differentiate to-
ward endothelial cells and vascular smooth muscle cells.
After transplantation, c-kit* cells promote angiogenesis
and improve blood perfusion of the ischemic limb effec-
tively.
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MESENCHYMAL CELL LINEAGE
ANALYSIS

W1036

ROLE OF NOTCH SIGNALING IN THE
MAINTENANCE OF HUMAN MESENCHYMAL
STEM CELLS UNDER HYPOXIC CONDITIONS.

Moriyama, Hiroyuki', Moriyama, Mariko? and
Hayakawa, Takao?, 'Kindaii University, Higasi-Osaka,
Japan, ?Kindai University, Higashi-Osaka, Japan

Human adipose-derived mesenchymal stem cells (hAD-
SCs) are an attractive material for cell therapy and tissue
engineering because of their multipotency and ease of
availability without serial ethical issues. However, their
limited lifespan in in vitro culture system hinders the ther-
apeutic applications of hADSCs. Some somatic stem cells
including hADSCs are are known to be localized in hypox-
ia regions. These stem cells exhibit a high level of glycolyt-
ic metabolism despite the presence of high oxygen, and
further increase their glycolysis rate under hypoxia. How-
ever, physiological role of glycolytic activation and its reg-
ulatory mechanisms is still incompletely understood. Here
we show that Notch signaling is required for glycolysis
regulation under hypoxic condition. Our results demon-
strate that hypoxia dramatically increased the glycolysis
rate, improved the proliferation efficiency, prevented the
senescence, and maintained the multipotency of hADSCs.
These effects were mediated by Notch signaling path-
way. Hypoxia significantly increased the level of activated
Notch1 and expression of its downstream gene, HES], in a
Hypoxic Inducible Factor-independent manner. Further-
more, hypoxia markedly increased glucose consumption
and lactate production of hADSCs, which decreased back
to normoxic levels upon treatment with a y-secretase in-
hibitor and knockdown of HES1 expression. We also found
that Notch signaling was involved in induction of SLC2A],
SLC2A3, TPI, PFKFB3, and PGK1 in addition to reduc-
tion of TIGAR and SCO2 expression. In addition, Notch
signaling suppressed p53 activation, which in turn acti-
vated glycolysis. Furthermore, we also found that Notch
signaling was involved in the induction of GLUT3 and TPI
expression through activation of NF-kB signaling. Finally,
a glycolysis inhibitor attenuates the proliferation rate of
hADSCs, whereas the aerobic respiration block by NaN,
did not decrease the proliferation; rather, it increased pro-
liferation at a low concentration, which may support our
data indicating that the metabolic switch from mitochon-
drial respiration to glycolysis provides a growth advan-
tage to hADSCs. These results clearly suggest that Notch
signhaling regulates glycolysis under hypoxic conditions
and thus likely affects the cell lifespan via glycolysis.

co-sponsored by:
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COMPREHENSIVE MODELING OF CELL
FATE IN MOUSE PANCREATIC EMBRYONIC
MESENCHYME USING A SYSTEMS
DEVELOPMENTAL BIOLOGY APPROACH

Buzzard, Joshua William', Swegal, Warren?, Sears,
Katie!, Bukys, Michael®, Leach, Steven* and Jensen,
Jan', 'Cleveland Clinic Lerner Research Institute,
Cleveland, OH, U.S,, 2Henry Ford Hospital, Detroit, M,
U.S., 3Cleveland Clinic, Cleveland, OH, U.S., “Memorial
Sloan Kettering Cancer Center, New York, NY, U.S.

During embryogenesis, pancreatic mesenchyme is critical
for pancreatic fate induction in the endoderm, and later
serves important roles in organ homeostasis and regen-
eration. Investigating primary cultures of E13.5 pancreatic
mouse embryonic fibroblasts (MEF?a¢) and comparing
such to similar cells obtained from liver, lung, stomach
and gut using a combination of genomics and proteom-
ics approaches, we concluded that MEFPac cells represent
unique, organ-specific mesodermal descendants. This is
reflected by a unique secretome, which includes expres-
sion of morphogens such as FGF10 and Inhibin-bA (Activ-
in). Furthermore, short term incubation of pluripotent cells
with MEFPac-conditioned media resulted in decreased
pluripotency and an increase in endodermal gene ex-
pression and pancreatic marker induction. Because single
cell analysis using flow cytometry indicated that primary
MEF®are cultures consisted of a heterogenous cell mixture,
we explored the ‘fate universe’ of these cells using a nov-
el, comprehensive developmental biology systems ap-
proach. Specifically, to map phenotypic states in MEFPa©
cultures we utilized Design of Experiments Theory (DoE)
and multivariate data analysis (MVDA). MEF®a"¢ cultures
were exposed to a perturbation matrix of thirteen differ-
ent morphogens for 48 hours, and gene expression was
measured over a large set of 53 phenotype-specific genes.
Computational modeling and extraction of input logics
for relevant genes allowed us to perform a cluster analysis
which revealed a phenotypic landscape represented by
the culture. The co-regulated gene clusters were shown
to represent various pancreatic stromal states including
pericytes, stellate cells, and endothelial cells. In addition,
evidence suggested the presence of telocytes, a cell type
sharing similarities to interstitial cells of Cajal in the intes-
tine. Importantly these analyses highlighted the presence
of a Wnt5a+/Inhibin A+ signaling state, and also a distinct,
cMET+ population expressing Fgf7 and Fgfl0 acting as a
potential organ-specific niche supportive cell.
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W1042

REGULATION OF HUMAN HSC SELF-RENEWAL
BY THE TRANSCRIPTIONAL ELONGATION
FACTOR MLLT3

Calvanese, Vincenzo', Nguyen, Andrew’, Dou, Diana?,
Galic, Zoran' and Mikkola, Hanna K A, 'UCLA, Los
Angeles, CA, U.S., 2University of California, Los
Angeles, Los Angeles, CA, U.S.

Hematopoietic stem cells (HSC) have been used success-
fully to treat hematopoietic malignancies; however, the
availability of HSCs and the spectrum of treatable dis-
eases would increase greatly if they could be expanded
in culture or derived from pluripotent stem cells (PSC).
To improve HSC maintenance in culture, we sought for
genes whose expression is enriched in the self-renewing
human hematopoietic stem and progenitor cell (HSPC)
population at all developmental stages. MLLT3, which has
been identified as a component of the super elongation
complex, enhancing RNA polymerase Il elongation, was
consistently enriched in the HSPC subset. shRNA-medi-
ated MLLT3 depletion in human fetal liver HSPC caused
loss of proliferative capacity in OP9 stroma co-culture,
as well as impaired engraftment in NSG mice, indicating
an essential role for MLLT3 in HSPC function. Conversely,
MLLT3 overexpression in human HSC during prolonged
stroma co-culture, which otherwise leads to decline in
MLLT3 expression, enhanced the expansion of immuno-
phenotypic HSPC. In addition, MLLT3 overexpression in
human PSC-derived HSPC was sufficient to extend the
maintenance of immunophenotypic HSPC in culture, and
induce the expression of known self-renewal regulators
such as HLF. Notably, MLLT3 overexpression in fetal liver
HSPC did not sustain HSPC expansion in the absence of
OP9 stroma, implying that MLLT3 overexpressing HSPC
retain niche-dependence and do not acquire uncontrolled
proliferative potential. Likewise, MLLT3 overexpression in
non-self-renewing fetal CD34+CD38-CD90+GPI80- pro-
genitors did not confer self-renewal properties, nor did
it prevent differentiation, demonstrating a specific action
in undifferentiated HSPC. ChlIP-seq analysis of MLLT3 in
human HSPC revealed binding to the transcriptional start
site and proximal gene body region of several highly ex-
pressed genes, including early response genes JUNB,
FOS and MYC, and known HSC regulators MEIS1, HOXA9
and BCLT1A. This study identifies MLLT3 as a novel human
HSC self-renewal regulator, whose impaired expression
in culture contributes to the defective HSC maintenance
in vitro. Future studies will define if enforced MLLT3 ex-
pression can help generate HSC for therapeutic use, and
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determine mechanistically how MLLT3 conducts the HSC
self-renewal network.

Funding Source: UCLA Broad Stem Cell Research Center
- Shaffer Foundation Training Program for V.C., and NIH
RO1DK100959 and CIRM Tools

w1044

PERIVASCULAR STROMAL CELLS ARE THE
ORIGIN OF BONE MARROW FIBROSIS AND
PLAY CRITICAL ROLES IN THE PATHOGENESIS
OF MYELOFIBROSIS

Ding, Lei, Decker, Matthew, Martinez-Morentin,
Leticia, Wang, Guannan, Liu, Qingxue and Leslie,
Juliana, Columbia University, New York, NY, U.S.

The bone marrow niche maintains hematopoietic stem
cells (HSCs) and contributes to hematological disease
development. Primary myelofibrosis is a clonal disease
thought to originate from mutant HSCs. Its clinic features
include myeloid proliferation, extramedullary hematopoi-
esis and bone marrow fibrosis (deposits of reticulin fiber).
Most myelofibrosis patients are the elderly. Although HSC
transplantation is the only curative treatment, the proce-
dure-associated toxicity precludes most patients from this
option. Thus, novel therapeutics is in great need. Recent
advances have identified the critical role of hematopoietic
activation of the MPL-JAK pathway for the pathogenesis
of this disease. However, how activation of this pathway
leads to bone marrow fibrosis and extramedullary hema-
topoiesis is not clear. Furthermore, the cells that generate
reticulin fiber have not been identified. We have recently
identified bone marrow leptin receptor+ (Lepr+) perivas-
cular stromal cells as an important component of the HSC
niche. Here we have characterized the niche in myelofi-
brosis and examined its contribution to disease progres-
sion. In myelofibrosis, HSCs over-proliferate and mobilize
to extramedullary sites. We performed in vivo genetic
fate mapping to investigate the cells that are responsible
for generating reticulin fiber. We found that Lepr+ peri-
vascular stromal cells undergo extensive proliferation and
generate cells depositing reticulin fiber in the bone mar-
row. These perivascular stromal cells down-regulate criti-
cal niche factors and up-regulate genes involved in fibro-
genesis, suggesting that perivascular stromal cells lose
HSC supporting activity and gain fibrogenic potential. To
identify pathways leading to fibrogenic cells, we condi-
tionally deleted platelet-derived growth factor receptor a
(Pdgfra) from these cells. This leads to blockage of bone
marrow fibrosis. Our results demonstrate that perivascu-
lar stromal cells are the cells responsible for generating
reticulin fiber. Their fibrogenic conversion and losing HSC
niche function underlies a critical step in the pathogenesis
of myelofibrosis. The identification of Pdgfra signaling as
a critical pathway in bone marrow fibrosis suggests the
possibility to target this pathway in the niche to better
treat myelofibrosis.
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W1046

MICRORNA ARE ESSENTIAL TO MURINE
HEMATOPOIETIC STEM CELL FUNCTION

Heiser, Diane’, Haro-Acosta, Veronica', Tan, Yee Sun?,
Civin, Curt 1.2 and Clarke, Michael, 'Stanford University
School of Medicine, Institute for Stem Cell Biology/
Regenerative Medicine, Stanford, CA, U.S., 2University
of Maryland School of Medicine, Baltimore, MD, U.S.

While microRNA have been shown to be important play-
ers in both development and disease, their precise role
as a species in hematopoietic stem cells (HSCs) remains
undefined. Using two different floxed mouse models,
we ablated microRNA expression in HSCs with lentiviral
CRE, and assessed HSC engraftment capacity by trans-
plant into congenic recipients. Deleting either Dicer or
DGCRS8 - each key players at different steps in the mi-
croRNA biogenesis pathway - resulted in dramatic HSC
engraftment defects. As the DGCRS8 protein is more
specific to microRNA processing than Dicer (which per-
forms many other functions in the cell), we performed a
genetic knockout by crossing DGCRS8 floxed mice to mice
expressing CRE under the hematopoietic-specific pro-
moter Vav. A DGCRS8FY- ; vav-iCRE genotype resulted in
embryonic lethality, while heterozygous DGCR8Y*; vav-
iCRE mice were born at normal Mendelian ratios. Fetal
livers from DGCRS8FY"; vav-iCRE embryos contained phe-
notypic HSCs at E14.5. However, when these fetal liver
HSCs were transplanted, no donor-derived engraftment
was observed. This indicated that these HSCs cannot gen-
erate definitive adult hematopoiesis and suggests that
HSC exhaustion may occur before birth in these mice.
To confirm that DGCRS is essential for HSC homeostasis,
rather than causing a defect intrinsic to the engraftment
process (ie. homing to the bone marrow niche), we in-
fected DGCRS8FY- bone marrow with a Tamoxifen-respon-
sive GFP-CRE-ERT2-expressing lentivirus and performed
transplants. After 10-12 weeks engraftment, recipient
mice were fed a Tamoxifen diet for 16 additional weeks.
DGCRS8 knockout donor-derived engraftment levels de-
creased over time in contrast to controls, and endpoint
bone marrow analysis revealed an exhaustion of DGCRS8
knockout HSCs. A small number of DGCR8FY- GFP+ cells
remaining were FACS sorted and genotyped, revealing
retention of a functional copy of DGCRS8 despite lentiviral
infection. DGCR8FY- GFP+ bone marrow cells also failed
to engraft in a competitive secondary transplant. Here we
demonstrate genetically that microRNA are essential for
HSC engraftment and homeostasis. Identifying the mi-
croRNAs responsible for this phenotype through rescue
experiments may provide new targets for HSC-related
diseases, or avenues to enhance ex vivo expansion of
HSCs.

co-sponsored by:
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CDTIA AND EPCR AS HIGH-RESOLUTION
MARKERS TO IDENTIFY MURINE LONG-TERM
HEMATOPOIETIC STEM CELLS

Karimzadeh, Alborz, University of California, Irvine,
Irvine, CA, U.S.

Hematopoietic stem cells (HSCs) are multipotent progen-
itors with self-renewal capacity that give rise to all down-
stream progenitor and effector blood cells. Molecular
characterization of HSCs would elucidate governing path-
ways for generation of patient-specific HSCs. However,
current markers used for identification of long-term HSCs
are limited to purification of a functionally heterogeneous
population. Furthermore, some HSC markers show incon-
sistent expression in different mouse models and in differ-
ent conditions. Our preliminary data identified CD1la as a
novel marker for purification of long-term HSCs. CD1la is
highly expressed on downstream progenitor and effector
blood cells, however it is absent on a subset of HSCs. In
vitro and in vivo, CD1la- HSCs show higher multipotency
potential, and higher engraftment and self-renewal capac-
ity compared to their CD1la+ counterpart. EPCR expres-
sion is also correlated with higher HSC activity. Our data
suggests CD1la and EPCR are consistently expressed in a
number of mouse models. Therefore, we hypothesize that
CDT1la and EPCR together can be used to highly enrich for
HSCs without the need for any other aforementioned in-
consistent markers, potentially simplifying the purification
procedure and making HSC sorting more accessible in
different contexts. Indeed, we show that CDTla and EPCR
alone are sufficient for purification of a rare population
which contains a/l functional HSCs. Therefore, in combina-
tion with classical markers and also in a two-color sorting
method, CD1la and EPCR are promising markers for puri-
fication of adult HSCs. Inconsistent expression of markers
is also true in the developing embryo. However, we have
determined that CD1la and EPCR can be used to identify
embryonic populations equivalent to HSCs (embryonic
precursors to HSCs) across multiple timepoints and tis-
sues in vitro.

W1050

ENHANCED ANTI-TUMOR ACTIVITY OF
HUMAN PLURIPOTENT STEM CELL-DERIVED
NATURAL KILLER CELLS BY EXPRESSION OF
CHIMERIC ANTIGEN RECEPTORS

Li, Ethan', Blum, Robert!, Hermanson, David?,
Moriarty, Branden? and Kaufman, Dan S.3, 'University
of California, San Diego, La Jolla, CA, U.S., 2University
of Minnesota, Minneapolis, MN, U.S., 3University of
California- San Diego, La Jolla, CA, U.S.

Human pluripotent stem cells can efficiently differentiate
into diverse hematopoietic cell lineages including my-
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eloid, erythroid and lymphoid cells. Human natural killer
(NK) cells are a promising source of lymphocytes for an-
ti-cancer immunotherapy. NK cells are part of the innate
immune system and exhibit potent anti-tumor and anti-vi-
ral activity without need for HLA matching and without
prior antigen exposure. Clinical trials using allogeneic NK
cells isolated from peripheral blood demonstrate efficacy
against chemotherapy-refractory tumors, mainly acute
myelogenous leukemia. Derivation of NK cells from plurip-
otent stem cells can provide an unlimited source of lym-
phocytes for “off-the-shelf” therapy, rather than requiring
these cells to be isolated from individual donors. We have
developed a two-stage culture system to efficiently pro-
duce NK cells from human embryonic stem cells (hESCs)
and induced pluripotent stem cells (iPSCs) that requires
neither cell sorting nor xenogeneic stromal cell co-culture.
These hESC and iPSC-derived NK cells have phenotype
and function similar to NK cells isolated from peripheral
blood. Here, we demonstrate the ability to enhance the
activity of the hESC and iPSC-derived NK cells via expres-
sion of chimeric antigen receptors (CARs) that recognize
antigens on NK cell-refractory tumors. Specifically, we
have stably expressed both anti-CD19 and anti-mesothe-
lin (meso) CARs in hESCs and iPSCs using the Sleeping
Beauty transposon system. CAR-expressing hESCs and
iPSCs can differentiate into NK cells with CAR surface ex-
pression. The anti-CD19 CAR-expressing hESC/iPSC-de-
rived NK cells are able to effectively kill B cell leukemia
cells and the anti-meso CAR-expressing hESC/iPSC-de-
rived NK cells kill ovarian cancer cells that are refracto-
ry to CAR-negative NK cells. For these studies, 3 gen-
eration T cell-based CAR were used that contain CD28,
CD137, and CD3-zeta signaling domains. Additionally, use
of hESCs/iPSCs provides an effective platform to rapid-
ly screen novel CAR constructs. Currently, we are testing
novel NK cell-specific CAR constructs to further enhance
stable expression and function in hESC/iPSC-derived NK
cells. Additional cellular engineering is also in progress to
augment anti-tumor and anti-viral activity of hESC and iP-
SC-derived NK cells.

W1052

A SPATIO-TEMPORAL MOLECULAR
FRAMEWORK OF THE DEVELOPING
HAEMATOPOIETIC STEM CELL NICHE

McGarvey, Alison, Rybtsov, Stanislav, Souilhol, Celine,
Godwin, Duncan, Tomlinson, Simon and Medvinsky,
Alexander, University of Edinburgh, Edinburgh, U.K.

In the developing embryo the emergence of haemato-
poietic stem cells (HSCs) is driven by signalling between
precursor cells and their niche. Whilst the timing and lo-
cation of HSC ontogenesis is well described in the mouse
as being within the aorta-gonad-mesonephros (AGM) re-
gion between embryonic day 10.5 and 11.5, the underly-
ing molecular processes driving this are poorly character-
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ised. By generating and analysing a transcriptome-wide
RNA-sequencing dataset from subdomains of the devel-
oping mouse AGM region we have elucidated key in vivo
expression signatures of the early embryonic HSC niche.
Within these profiles we identified known HSC regulators
such as Runxl1, SCF, and other haematopoietic cytokines,
suggesting that these signatures do indeed represent a
supportive profile for HSC development. Through a func-
tional screen in ex-vivo culture we identified a novel can-
didate which improves the outcome of maturation from
early precursors in terms of long-term multilineage re-
constitution. We validated, by immunostaining, its in vivo
proximity to emerging HSCs and propose that through
its action as a modulator of BMP signalling it facilitates
maturation of precursors into HSCs. Moreover we pres-
ent the transcriptome data as a useful resource for future
studies of the developing HSC niche which, as we have
demonstrated here, can yield novel molecular insight into
this highly dynamic process.

W1054

DPP4 TRUNCATED COLONY STIMULATING
FACTORS MANIFEST DISTINCT REGULATORY
FUNCTIONS COMPARED TO THEIR FULL
LENGTH FORMS AND DPP4 IS ALTERED BY,
AND MODULATES SENSITIVITY TO, EPHOSS.

O'Leary, Heather Ann’, Jiang, Guanglond', Lai,
Xianyin', Li, Sujun', Cooper, Scott!, Lee, ManRyul?,
Boswell, H. Scott!, Witzmann, Frank' and Broxmeyer,
Hal E.', 'Indiana University School of Medicine,
Indianapolis, IN, U.S., 2Soon Chun Hyuang University,
Asan-Si, Korea

Hematopoietic stem cells (HSC) reside in hypoxic niches
(-1-4% O,), yet, HSC studies are typically performed us-
ing cells isolated in ambient air (-20% O,). Inhibiting am-
bient air exposure/harm of cells, which we termed Extra
Physiologic Oxygen Shock/Stress (EPHOSS), by collect-
ing/processing human cord blood (hCB) or mouse bone
marrow (mBM) stem cells in hypoxia (3% O,), enhances
recovery of phenotypic/functional long-term repopulat-
ing HSC (LT-HSC) and is mechanistically linked, in part,
to the mitochondrial permeability transition pore, Reac-
tive Oxygen Species (ROS) and cyclophilin D. We hy-
pothesized that Dipeptidyl Peptidase 4 (DPP4), a pep-
tidase that N terminally cleaves select proteins altering
homing/engraftment of HSC, may be altered by EPHOSS
and involved in EPHOSS effects on HSC. Proteomic and
bioinformatic analysis identified many unexpected in-
tracellular/secreted proteins with DPP4 truncation (T)
sites. Intracellular signaling of T-cytokines compared to
their full length (FL) forms showed specific, as well as
overlapping, modifications in phosphorylated and glob-
al proteins, leading to differential regulation of signaling/
function in normal and leukemic cells. T-GM-CSF and T-IL-
3 had enhanced receptor binding compared to their FL
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forms with significant, and reciprocal, blunting of func-
tional activity of both factors in vitro and in vivo. To in-
vestigate effects of DPP4 on EPHOSS, and vice versa,
mBM was harvested (air/ hypoxia) with a DPP4 inhibitor
(DPA), or from DPP4 K/O mice. This resulted in significant
increases in the number of phenotypic LT-HSC (p=.017) in
air, suggesting that DPP4 inhibition blunts EPHOSS me-
diated loss of phenotypic LT-HSC. Also, the percentage
of DPP4+ cells is increased in primitive fractions of mBM
or hCB, (LSK ~15%, LSKCD150 40%, CD34+CD38- ~10%,
CD34+CD38-CD45RA-CD90+CD49F+ ~40% p=.007) and
further enhanced 15- 20% when cells are isolated in hy-
poxia (p=.005). Unexpectedly, LT-HSC ROS levels (mito-
chondrial/total) were not diminished in DPA or DPP4 K/O
groups harvested in air despite the increase in phenotypic
LT-HSC over air harvest alone. These data suggest addi-
tional pathways, such as DPP4 expression/activity, may
be influencing LT-HSC response to EPHOSS as well as be-
ing modulated by EPHOSS and DPP4 T-molecules may
serve regulatory roles in hematopoiesis.

Funding Source: ROIHL067384 (HEB)ROIHLO56416
(HEB)RO1HL112669 (HEB,SF)POIDK090948 (HEB)Indi-
ana University Bionformatics Core Grant (HAO)HAO was
supported by T32DKO07519 (HEB)

W1056

THE Gadd45 FAMILY AS MEDIATORS OF
HEMATOPOIETIC STEM CELL FATE CONTROL
- FROM GENOTOXIC STRESS TO CYTOKINE-
INDUCED DIFFERENTIATION

Wingert, Susanne', Thalheimer, Frederic B!,
Haetscher, Nadine'!, Rehage, Maike'!, Schroeder,
Timm T.2 and Rieger, Michael A'3, 'Goethe University
Frankfurt, Frankfurt am Main, Germany, 2Swiss
Federal Institute of Technology (ETH) Zurich,

Basel, Switzerland, 3German Cancer Consortium,
Heidelberg, Germany

The growth arrest and DNA-damage-inducible 45
(Gadd45) protein family is encoded by three genes,
Gadd45a, b and g. They are early responders of cellular
stress with tumor-suppressive activity, besides many es-
sential functions for cell integrity such as survival/death,
cell cycle control, DNA damage repair and epigenetic
regulation. Thereby they are pivotal for development, re-
generation, ageing and cancer. However, their function
in hematopoietic stem cell (HSC) fate decision control
remained elusive. Here we investigated the regulation
and function of all three family members in murine HSCs
using genetic gain- and loss-of-function studies at sin-
gle cell resolution. In contrast to other cellular systems,
the DNA-damage-induced p53-dependent GADD45A
expression does not cause a cell cycle arrest or an alter-
ation in the decision between cell survival and apoptosis
in HSCs. However, GADD45A rapidly induces and accel-

co-sponsored by:

erates the differentiation program. Therefore, GADD45A
expression in HSCs prevents their fatal transformation by
directing them into differentiation to clear them from the
system, proposing a new DNA-damage response mecha-
nism. Furthermore, we identified the long envisioned mo-
lecular link between differentiation-promoting cytokines
and the intracellular transmission into a genetic differen-
tiation program in HSCs: the cytokine signaling via STATS
selectively upregulates GADD45G expression causing an
immediate switch from self-renewal into differentiation.
Continuous tracking of individual HSCs and their progeny
via time-lapse microscopy elucidated an extraordinary fast
differentiation of HSCs into committed progenitors within
about 30h, once GADD45A or G were expressed. The ec-
topic expression of the inflammation-induced GADD45B
also promotes the differentiation program, though with
a different kinetics. GADD45A and G expression initiate a
MAP3K4-driven cascade of mitogen-activated protein ki-
nases leading to selective p38 activation that locks-in the
differentiation program in HSCs. Interestingly, GADD45B
promotes its function independent of p38 activation. The
molecular decipherment of GADD45-mediated differenti-
ation will allow rationally modulating the delicate balance
between self-renewal and differentiation for regenerative
medicine and leukemia therapy.

W1058

ROBUST HEMATOPOIETICS DIFFERENTIATION
FROM PLURIPOTENT STEM CELL

Xie, Fei', Bayer, Ashley 1.2, Zhang, Mingliang?, Li, Ke?,
Muench, Marcus O.'? and Kan, Yuet Wai', 'UCSF,

San Francisco, CA, U.S., ?Blood Systems Research
Institute, San Francisco, CA, U.S., 3Gladstone
Institutes, San Francisco, CA, U.S., “Gladstone
Institutes of Cardiovascular Disease, San Francisco,
CA, US.

Treatment of sickle cell disease and B-thalassemia, two
most important genetic blood disorders, is often directed
at their complications. Hematopoietic stem and progeni-
tor cells (HSPC) transplantation is potentially curative for
the diseases, but histocompatible donors are not avail-
able for most patients. The discovery of induced plurip-
otent stem cells (iPSCs) raises the possibility of generat-
ing iPSCs from the patients, correcting the mutations by
genome editing, differentiating the corrected iPSCs into
HSC and auto-transplanting them back to the patients.
However, most protocols for HSC differentiation from plu-
ripotent stem cells have been low in efficiency and poor
in reproducibility. Here, we have developed an efficient
and controlled strategy to increase hematopoietic differ-
entiation from iPSCs in culture. CD34, CD43 and CD45
were used to analyze the efficiency of HSC differentiation.
After 11-days’ differentiation, iPSCs could generate up to
96% CD34+, 94% CD43+ and 94% CD45+ hematopoiet-
ic stem and progenitor cells (HSPC), most of which were
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doubly positive for 2 of the 3 markers. Importantly, repre-
sentative colonies from these hematopoietic progenitors
showed typical morphology of various CFC subtypes, in-
cluding macrophages, granulocytes, and erythrocytes as
well as mixed colonies comprising different types of these
cells. Taken together, our system presented here provides
a useful tool not only for the study of hematopiesis, but
also for practical application of iPSCs in the treatment of
hematologic and immunologic diseases.

Funding  Source: This work  was
ed by NIH Grant PO1-DK088760.

support-

W1060

ICAM-1 EXPRESSING MESENCHYMAL STEM
CELLS POTENTLY INHIBIT GRAFT-VERSUS-
HOST DISEASE BY REGULATING Notchi
SIGNALING

Zhang, Yi', Tang, Bo!, Li, Xue', Zhu, Hend', Li, Ximei?,
Chu, Yanan?, Chen, Xiuhui', Liu, Yuanlin and Zheng,
Rongxiu?, Institute of Basic Medical Sciences, Beijing,
China, ?Tianjin Medical University General Hospital,
Tianjin, China

Inefficient homing of systemically infused mesenchymal
stem cells (MSCs) limits the efficacy of existing MSC-
based clinical graft-versus-host disease (GvHD) thera-
pies. Intercellular adhesion molecule-1(ICAM-1) plays an
important role in the maintenance of MSCs homing and
immunomodulation, but is not expressed on the surface
of MSCs. Thus we hypothesized that targeted migration
ability of MSCs may significantly improve their immuno-
modulatory effect. Here, ICAM-1 gene was engineered
into a murine MSC line C3H10T1/2 by retrovirus trans-
fection system (MSCs/ICAM-1). We found that ICAM-1
overexpressed MSCs inhibited dendritic cells (DCs) den-
drite formation, as well as differentiation and maturation.
Functionally, ICAM-1 overexpressed MSC-educated DCs
significantly reduced antigen-specific T-cell activation.
Moreover, infusion of MSCs/ICAM-1 displayed enhanced
effect in prolonging the survival and alleviating the clinical
scores of the GvHD mice than normal MSCs. ICAM-1 over-
expressed MSCs increased regulatory T and Th17 cells but
decreased the Thi cell numbers in the host spleens. Immu-
nofluorescent staining showed that MSCs/ICAM-1 can mi-
grate to and relocate in target organ in vivo. Mechanisti-
cally, we determined that ICAM-1 regulated MSC immune
function via Notch1 signal pathway. In summary, our find-
ing demonstrates that ICAM-1 guides migration of MSCs
to homing and thus highly intensify their in vivo immu-
nomodulatory effect. This exciting therapeutic strategy
may improve the clinical efficacy of MSC based therapy
for immune diseases.
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W1064

LATROPHILIN-2 IS A SPECIFIC CELL-SURFACE
MARKER FOR CARDIAC PROGENITOR

CELLS AND SPECIFIES CARDIAC LINEAGE
COMMITMENT AND DEVELOPMENT

Cho, Hyun-Jai, Lee, Choon-Soo, Lee, Jin-Woo, Yang,
Han-Mo, Kwon, Yoo-Wook and Kim, Hyo-Soo, Seoul
National University Hospital, Seoul, Korea, South

The identification of a lineage-specific marker plays a
pivotal role in understanding developmental process
and is utilized to isolate a certain cell type with high pu-
rity for the therapeutic purpose. We here report a new
cardiac-specific marker, and demonstrate its functional
significance in the cardiac development. When mouse
pluripotent stem cells (ES and iPS cells) were stimulated
with BMP4, Activin A, bFGF and VEGF, they differenti-
ated into cardiac cells. To screen cell-surface expressing
molecules on cardiac progenitor cells compared to un-
differentiated mouse iPS and ES cells, we isolated Flkl+/
PDGFRa+ cells at differentiation day 4 and performed
microarray analysis. Among candidates, we identified a
new G protein-coupled receptor, latrophilin-2 (LPHN2).
In sorting experiments under cardiac differentiation con-
dition, LPHN2+ cells derived from pluripotent stem cells
strongly expressed cardiac-related genes (Mesp1, Nkx2.5,
aMHC and cTnT) and exclusively gave rise to beating car-
diomyocytes, as compared with LPHN2- cells. LPHN2-/-
mice revealed embryonically lethal and huge defects in
cardiac development. Interestingly, LPHN2+/- heterozy-
gotes were alive and fertile. For the purpose of cardiac
regeneration, we transplanted iPS-derived LPHN2+ cells
into the infarcted heart of adult mice. LPHN2+ cells dif-
ferentiated into cardiomyocytes, and systolic function of
left ventricle was improved and infarct size was reduced.
We confirmed LPHN2 expression on human iPS and ES
cell-derived cardiac progenitor cells and human heart. We
demonstrate that LPHN2 is a functionally significant and
cell-surface expressing marker for cardiac progenitor and
cardiomyocytes. Our findings provide a valuable tool for
isolating cardiac lineage cells from pluripotent stem cells
and an insight into cardiac development and regenera-
tion.

Funding Source: This study was supported by a grant
from the Innovative Research Institute for Cell Therapy,
Seoul National University Hospital (A062260) sponsored
by the Ministry of Health & Welfare, Republic of Korea.
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W1066

WNT/BETA-CATENIN SIGNALING ENABLES
DEVELOPMENTAL TRANSITIONS DURING
VALVULOGENESIS

Bosada, Fernanda Maria, Devasthali, Vidusha, Jones,
Kimberly and Stankunas, Kryn, University of Oregon,
Eugene, OR, U.S.

Heart valve development proceeds through coordinated
steps by which endocardial cushions (ECs) form thin, elon-
gated, and stratified valves. Wnt signaling and its canoni-
cal effector B-catenin are proposed to contribute to endo-
cardial-to-mesenchymal transformation (EMT) through
postnatal steps of valvulogenesis. However, genetic re-
dundancy and lethality have made it challenging to define
specific roles of the canonical Wnt pathway at different
stages of valve formation. We developed a transgenic
mouse system that provides spatiotemporal inhibition of
Wnt/B-catenin signaling by chemically-inducible overex-
pression of Dkkl. Unexpectedly, this approach indicates
canonical Wnt signaling is required for EMT in the prox-
imal outflow tract (pOFT) but not atrioventricular canal
(AVC) cushions. Further, Wnt indirectly promotes pOFT
EMT through its earlier activity in neighboring myocardi-
al cells or their progenitors. Subsequently, Wnt/B-catenin
signaling is activated in cushion mesenchymal cells where
it supports FGF-driven expansion of ECs and then AVC
valve extracellular matrix patterning. Mice lacking Axin2,
a negative Wnt regulator, have larger valves, suggesting
that accumulating Axin2 in maturing valves represents
negative feedback that restrains tissue overgrowth rath-
er than simply reporting Wnt activity. Disruption of these
Wnt/B-catenin signaling roles that enable developmental
transitions during valvulogenesis could account for com-
mon congenital valve defects.

Funding Source: F.M.B. was supported by a NIH train-
ing grant (5T32HD007348) and a NIH/NRSA graduate
fellowship (5F31HL117617). The March of Dimes (Basil
O’Connor Award) and the National Institutes of Health
(IROTHL115294) provided research funding.
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W1068

IMMUNOCOMPATIBILITY OF
PARTHENOGENETIC STEM CELL DERIVED
CARDIOMYOCYTES

Galla, Satish'?, Didié, Michael?3, Muppala,
Vijayakumar?3, Dressel, Ralf>4 and Zimmermann,
Wolfram Hubertus?3, 'University Medicine Goettingen,
Gottingen, Germany, 2DZHK (German Center for
Cardiovascular Research), partner site Géttingen,
Goettingen, Germany, 3Institute of Pharmacology
and Toxicology, University Medical Center Géttingen,
Georg-August-University, Goettingen, Germany,
4Institute for Cellular and Molecular Immunology,
University Medical Center Gottingen, Georg-August-
University, Goettingen, Germany

Pluripotent parthenogenetic stem cells (PSC) derived
from chemically activated murine oocytes can be differen-
tiated into cardiomyocytes (CM) and utilized in tissue en-
gineered based heart repair approaches. However, tissue
engineered allografts are often rejected after transplanta-
tion by a mismatch of major histocompatibility complex
protein haplotypes (H2) between donor and acceptor. In
this study we have investigated the immunological prop-
erties of PSC-derived cardiomyocytes (PSC-CM). Hap-
loidentical Mouse PSCs (H2%¢) expressing a CM-specific
neomycin-resistance were differentiated and CM were pu-
rified. We generated engineered heart muscle (EHM) con-
struct from 70% PSC-CM, 30% growth-inhibited murine
embryonic fibroblasts (MEF), and collagen type |. The ex-
pression of immunemodulatory molecules (MHC-I, MHC-
|I, CD80, CD86, CD40, PD-L1) was assessed on PSC-CM
and PSC derived non myocytes (PSC-NCM) in monolayer
culture and from EHM derived cells by FACS. Interferon
gamma (IFNg) was added for 48 h to mimic inflammato-
ry conditions. Immune cell proliferation was assessed by
coculturing eFluor 670 labeled splenocytes with PSC de-
rivatives for 4 days. PSC-CM and PSC-NCM showed low
expression of costimulatory molecules regardless of IFNg
stimulation. PSC-CM, in contrast to PSC-NCM, showed
low expression of MHC-| (3%£1% vs. 35+7%; n=3) in 2D and
after EHM-culture. After IFNg-treatment MHC-| (40+x6%)
and MHC Il (30+5) was upregulated in PSC-CM in 2D, in
EHM only MHC | (30£8%) was upregulated. Of all immu-
nomodulatory molecules IFNg increased only PDL-1 ex-
pression in 2D (90+£5%). We cocultred PSC-CM, PSC-NCM
and EHMs with splenocytes from DBA-mice (H2%¢, H2-
match) and BL6-mice (H2*®, H2-mismatch). Compared
to a matched cocultivation, mismatched NCM but not CM
induced a higher splenocyte proliferation after IFNg stim-
ulation. EHMs showed no difference in splenocyte prolif-
eration regardless of match or mismatch between CM or
MEFs and splenocytes. In conlusion PSC-CM show a low
expression of MHC-I and respond with MHC-I and MHC-
Il upregulation to IFNg stimulation. This, together with
the high upregulation of PD-L1 as an immunosuppressive
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molecule after IFNg stimulation, and no activation of im-
mune cells after co culture could play an important role in
tissue engineered cardiac repair applications.

W1070

INTEGRATED ANALYSIS OF -OMICS DATA
FROM HUMAN PLURIPOTENT STEM CELL-

DERIVED CARDIOMYOCYTES EXPOSED TO
DOXORUBICIN

Holmgren, Gustav'?, Synnergren, Jane Marie3,
Andersson, Christian X4, Lindahl, Anders? and Sartipy,
Peter®, 'University of Skdévde, Skévde, Sweden,
?Institute of Biomedicine, University of Gothenburg,
Gothenburg, Sweden, 3TakaraBio / University of
Skovde, Lidkoping, Sweden, “Takara Bio Europe AB,
Gothenburg, Sweden, University of Skovde, Skovde,
Sweden

Doxorubicin, a member of the anthracycline class, is a
highly efficient, well established chemotherapeutic agent
used for treatment of various cancer forms including
breast cancer, solid tumors, leukemia, and lymphomas.
The clinical use of doxorubicin is, however, limited by the
severe cardiotoxic side effects associated with the treat-
ment. The doxorubicin-induced cardiotoxicity show a
dose-dependency, as well as age and gender differences
in the sensitivity to the treatment, and the time-to-onset
of the toxicity can be several years after termination. De-
spite intense research the exact mechanisms of the car-
diotoxicity is not fully understood, though the formation
of reactive oxygen species and cellular iron accumulation
has been suggested to be involved. In the present study
we used cardiomyocytes derived from human pluripo-
tent stem cells to investigate mechanisms of the toxicity
caused by doxorubicin exposure. The cells were incubat-
ed with various concentrations of doxorubicin for up to
48h, followed by a 12 days wash-out period. Total RNA
and protein was isolated at multiple time points through-
out the experiment and an integrated analysis approach
was applied to the data. The cells showed an altered mor-
phology and dysfunctional contractility upon doxorubi-
cin exposure and evident effects of the treatment were
observed both at the mRNA- and protein level. Approxi-
mately 2400 mRNAs and 200 proteins were differential-
ly expressed between treatment and control in at least
one time point. Several interesting patterns that showed a
correlation between mRNA and protein expression, were
identified. Pathway enrichment analysis of the differen-
tially expressed mRNAs and proteins revealed several
overrepresented pathways with connection to cardio-
myocyte function and cardiotoxicity, such as regulation
of actin cytoskeleton, hypertrophic cardiomyopathy, and
p53 signaling pathway. The present study demonstrates
the utility of human pluripotent stem cell-derived cardio-
myocytes for mechanistic studies of doxorubicin-induced
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cardiotoxicity and provides further molecular insights into
the cellular responses towards the compound.

W1072

PHENOTYPE VARIABILITY OF iPSC-DERIVED
CARDIOMYOCYTES FROM PATIENTS WITH
DISTINCT MUTATIONS FOR FAMILIAL
HYPERTROPHIC CARDIOMYOPATHY CAN
INFORM DRUG DISCOVERY

Lam, Jason, Sanchez-Freire, Veronica, Park, Eunhye,
Pike, Nirupama and Armstong, Chris, Stem Cell
Theranostics, Redwood City, CA, U.S.

Familial hypertrophic cardiomyopathy (HCM) is the lead-
ing cause of sudden cardiac death in the young people,
and is the most common inherited heart defect affecting
1in 500 individuals worldwide. To date, over 1000 unique
HCM mutations have been identified in over 13 different
genes encoding for the cardiac sarcomere. Induced plu-
ripotent stem cell-derived cardiomyocytes (iPSC-CMs)
have been known to model certain aspects of HCM. We
have successfully generated cardiomyocytes from iPSCs
of patients with HCM. We compared disease phenotypes
across a library of patient-specific HCM iPSC-CMs carry-
ing distinct mutations to assess the range of phenotypes
that may present in iPSC-CMs derived from different pa-
tient cohorts. iPSCs were generated from three patient
cohorts carrying known hereditary mutations for HCM in
MYBPC3 and MYH7, as well as family-matched controls.
Disease phenotypes in patient-specific iPSC-CMs were
evaluated using immunofluorescence, Ca?* transient anal-
ysis, multi-electrode array, and video analysis of contrac-
tile motion. HCM iPSC-CMs displayed a range of disease
phenotypes as assessed by cell size, Ca?* homeostasis,
electrophysiology, and contractile arrhythmia. These dis-
ease models were then used to screen for compounds
that may attenuate the HCM disease phenotypes. Inter-
estingly, different HCM mutations resulted in distinct dis-
ease phenotype presentation and response to compound
treatments. These findings indicate that disease-specific
iPSC-CMs present with a range of phenotypes for HCM
that vary by specific mutation. iPSC-CMs libraries are
therefore critical for cellular characterization of diseases
such as HCM and will serve as a valuable tool in the pro-
cess of drug discovery.
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W1074

IDENTIFICATION OF THE MOLECULAR
SIGNATURE OF iPSC-DERIVED AHF
CARDIOVASCULAR PROGENITORS

Linares, Javier'?, Arellano-Viera, Estibaliz'?, Ruiz-
Villalba, Adrian'?, Guruceaga, Elizabeth'? Iglesias,
Elena'?, Abizanda, Gloria'?, Prosper, Felipe'® and
Carvajal-Vergara, Xonia?*, 'TFundacion Instituto

de Investigacion Sanitaria de Navarra (IdiSNA),
Pamplona, Spain, 2Foundation for Applied Medical
Research (FIMA), University of Navarra, Pamplona,
Spain, *Clinica Universidad de Navarra, University of
Navarra, Pamplona, Spain, 4FIMA, Pamplona, Spain

Different stem cells have been explored in cardiac cell
therapy: bone marrow-, adipose tissue- and cardiac-de-
rived stem cells. However, any improvement in cardiac
function is likely to be the result of a paracrine action.
The optimal cell type for regeneration of the failing heart
should ensure safety, be expandable, immunocompatible
and integrate within the host myocardium. Cardiovas-
cular progenitors (CVP) could fulfill these prerequisites.
Mef2c-AHF (Myocyte Enhancer Binding Factor 2C - An-
terior Heart Field) enhancer is active in multipotent CVP
identified in the pharyngeal mesoderm of the develop-
ing embryo, termed the second heart field (SHF). We
crossed Mef2c-AHF-Cre mice with Ai6(RCL-ZsGreen)
mice to obtain Mef2c-AHF-CVP reporter mice. Tail-tip fi-
broblasts (TTF) and cardiac fibroblasts (CF) derived from
these mice were transduced with Oct4, Sox2, KIf4 and
c-Myc (OSKM) with the pMXs retrovirus vectors. Estab-
lished AHF-iPSC derived from TTF and CF encoded the
expected genomic insertions, showed normal karyotypes
and the transgenes were silenced. AHF-IPSC expressed
the endogenous pluripotency-associated markers such as
Oct4, Sox2, Nanog and Zfp42 and demonstrated alkaline
phosphatase activity. The AHF-IPSC lines were capable
to differentiate into the three germ layers using in vivo
teratoma and in vitro embryoid body (EB) differentiation
assays. ZsGreen was not detected in undifferentiated
AHF-iPSC. However, the expression of ZsGreen was con-
firmed by gRT-PCR and fluorescence microscopy from
EB day 6 onwards. The differentiation potential of AHF-
CVP towards cardiomyocyte (CM) and endothelial cell
(EC) lineages was demonstrated. To further characterize
these iPSC-derived AHF-CVP we analyzed their whole
genome expression profile using microarrays. To this end,
we collected RNA from undifferentiated AHF-iIPSC and
ZsGreen+ cells isolated at early stage of differentiation
(EB day 6, enriched in CVP) and late stage of differenti-
ation (EB day 14, enriched in CVP-derived differentiated
cell progeny). Comparative functional analysis will be pre-
sented. Finally we will show preliminary in vivo results of
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the engraftment capacity and differentiation potential of
the AHF-CVP in a murine model of myocardial infarction.

Funding Source: “Ramdn y Cajal” and “Retos de la So-
ciedad” (RYC-2012-10981 and SAF2013-46142-R) to
XCV; and “Promocién del Talento y su Empleabilidad”
(BES-2014-069226) to JL, State Programs, MINECO
(Spain).

W1076

PATIENT-SPECIFIC HUMAN INDUCED
PLURIPOTENT STEM CELL-DERIVED
CARDIOMYOCYTES FOR RATIONAL
THERAPEUTIC DESIGN IN DANON DISEASE

Hashem, Sherin |, Nelson, Bradley, Gault, Emily and
Adler, Eric D, University of California, San Diego, San
Diego, CA, U.S.

Danon disease is a lethal X-linked disorder caused by
mutations in the gene encoding lysosomal associat-
ed membrane protein type-2 (LAMP-2). Loss of LAMP-
2 expression impairs autophagosome-lysosome fusion
and severely disrupts autophagic flux. Clinically, Danon
patients develop mild cognitive impairment and severe
skeletal and cardiac myopathies. There are no FDA-ap-
proved therapies for the treatment of this rare disorder.
We previously demonstrated that human induced plu-
ripotent stem cell-derived cardiomyocytes (hiPSC-CMs)
from Danon patients recapitulated key features of the dis-
ease including the accumulation of immature autophagic
vacuoles, fragmented mitochondria, and increased pro-
duction of naturetic peptides and that increased oxidative
stress mediated cell apoptosis. We have further shown
that Danon hiPSC-CMs have low mitochondrial mem-
brane potentials, significant translocation of PARKIN and
P62 to mitochondria, and severely reduced mitochondrial
respiratory capacity, indicating significant mitochondrial
damage. Overexpression of LAMP-2 using a lentiviral de-
livery system, however, reversed these abnormalities. We
have further characterized an established line of LAMP2
knockout mice crossed with a CAG-RFP-GFP-LC3B auto-
phagy reporter line. Hearts from these mice also demon-
strate features consistent with Danon disease including
impaired autophagic flux, disrupted myofibrils, and mi-
tochondrial damage/dysfunction. The ability of LAMP2
gene replacement to rescue the Danon phenotype in vitro
supports the feasibility of gene therapy for this disease.
We have now designed an adeno-associated virus vec-
tor carrying the LAMP2 gene for a preclinical gene thera-
py study in this Danon mouse model. These experiments
outline a methodology for using patient-specific hiPSCs
to expedite rational therapeutic design for rare diseases
in the future: Proof-of-concept testing in patient-specif-
ic hiPSC-derived cells -> Preclinical studies in a validated

123 ceo



mouse model of the disease -> Therapeutic trials in hu-
man patients.

Funding Source: California Institute for Regenerative
Medicine TR3-05687, Identification of Novel Therapeutics
for Danon Disease Using an iPS Model of the DiseaseCali-
fornia Institute for Regenerative Medicine Stem Cell Train-
ing Grant 2

W1078

MICRORNA EXPRESSION PROFILING
OF DOXORUBICIN-TREATED HUMAN
PLURIPOTENT STEM CELL-DERIVED
CARDIOMYOCYTES

Holmgren, Gustav'?, Synnergren, Jane Marie?,
Andersson, Christian X#, Lindahl, Anders? and Sartipy,
Peter®, 'University of Skdvde, Skévde, Sweden,
?Institute of Biomedicine, University of Gothenburg,
Gothenburg, Sweden, 3TakaraBio / University of
Skovde, Lidkoping, Sweden, “Takara Bio Europe AB,
Gothenburg, Sweden, SUniversity of Skovde, Skovde,
Sweden

Anthracyclines, such as doxorubicin, are well-established,
highly efficient anti-neoplastic drugs used for treatment
of a variety of cancers, including solid tumors, leuke-
mia, lymphomas, and breast cancer. The successful use
of doxorubicin has, however, been hampered by severe
cardiotoxic side-effects, often resulting in early discon-
tinuation of the treatment. In order to prevent or reverse
negative side-effects of doxorubicin, it is of great impor-
tance to find useful early biomarker of heart injury and
drug-induced cardiotoxicity. The high stability under ex-
treme conditions, presence in various body fluids, and
tissue-specificity, of microRNAs make them very suitable
as clinical biomarkers. The present study aimed towards
evaluating the early and late effects of doxorubicin on the
microRNA expression in cardiomyocytes derived from
human pluripotent stem cells. The cardiomyocytes were
exposed to different doses of doxorubicin for 48 hours,
followed by a 12 days wash-out period. The doxorubicin
exposure displayed a clear effect on the cardiomyocytes,
manifested by a changed morphology and dysfunctional
contractility. An evident influence on the global microRNA
expression profile could also be observed. We report on
several microRNAs, including miR-34a, miR-34b, miR-187,
mMiR-199a, MiR-199b, MiR-146a, miR-15b, MiR-130a, MiR-
214, and miR-424, that are differentially expressed upon,
and after, treatment with doxorubicin. Investigation of the
biological relevance of the identified microRNAs revealed
connections to cardiomyocyte function and cardiotoxici-
ty, strengthening the findings of these microRNAs as po-
tential biomarkers for drug-induced cardiotoxicity.
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VINCULIN AND TROPOMYOSIN VARIANTS
ALTER CARDIOMYOCYTE FUNCTION
AND CONTRIBUTE TO FAMILIAL DILATED
CARDIOMYOPATHY

Happe, Cassandra’, Tenerelli, Kevin', Deacon,
Dekker'?, Erbe, Rossin', Tran, Vivien!, Taylor-Weiner,
Hermes A, Mali, Prashant!, Adler, Eric'$, Chi, Neil
C.34 and Engler, Adam®, 'University of California,
San Diego, La Jolla, CA, U.S,, 2Biomedical Sciences
Program, University of California, San Diego, La
Jolla, CA, U.S., 3Division of Cardiovascular Medicine,
University of California, San Diego, La Jolla, CA, U.S.,
4Sanford Consortium for Regenerative Medicine, La
Jolla, CA, US.

Dilated cardiomyopathy (DCM) is a multivariate disease
with poorly understood mechanisms, but recently 30+
different mutations have been suggested to contribute to
disease pathology. We have identified a family with high
DCM incidence where heterozygous mutations in two
dissimilar cytoskeletal proteins, i.e. thin filament-associ-
ated a-tropomyosin (TPM1; +/c.G97A) and intercalated
disc-associated vinculin (VCL; +/c.659dupA), co-segre-
gate with DCM (Fischer Exact p-value < 103 LOD score =
3.21). To better understand disease mechanism, we gen-
erated human induced pluripotent stem cell-derived car-
diomyocytes (hiPSC-CMs) from the family cohort carrying
the variants (proband and affected cousin vs. non-carrier
mother and aunt) and modeled these variants in human
embryonic stem cell-derived CMs (hESC-CMs) via RNAI
and CRISPR to discern the functional consequences that
could induce DCM. Proband and affected cousin CMs
had half of the normal protein expressed for both vari-
ants with morphological and cytoskeletal abnormalities
and a lower aspect ratio relative to non-carriers. They
also contracted with decreased energy and more irregu-
lar timing compared to non-carrier control CMs. Decrease
sodium and potassium channel expression accompanied
slowed action potential kinetics in affected vs. non-carrier
patient-derived CMs, which together suggests that VCL
and/or TPM1 mutations may cause unique downstream
transcriptome regulation that leads to the dysfunction we
observed in vitro. To assess the combinatorial regulation
by mutations in these dissimilar genes, hESC-CMs were
altered to mirror decreased protein expression, and we
found that hESC-CMs lost expression of gap junction pro-
tein connexin43 after 50% loss of VCL; these cells also
exhibited prolonged calcium transients and contractions
with decreased energy and irregular timing, suggesting
that reduced VCL creates CMs with dysfunctional me-
chanical properties, resulting in part from prolonged Ca?*
handling, which would likely adversely affect TPM1 mu-
tant phenotypes leading to more severe disease and DCM
observed when the variants co-segregated. Given the
lack of disease in single variant carriers, these data pro-
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vide a unique set of analyses that result in identification
of how dissimilar but co-segregating variants can result
in disease.

Funding Source: National Institutes of Health and the
American Heart Association

W1082

INDUCED EXPANDABLE CARDIOVASCULAR
PROGENITOR CELLS REPROGRAMMED FROM
FIBROBLASTS

Zhang, Yu'?, Cao, Nan'?, Huang, YUu', Spencer, lan',
Fu, Ji-Dong?, Yu, Chen'?, Liu, Kai'?, Nie, Baoming'?,
Xu, Tao'?, Li, Ke'?, Xu, Shaohua'?, Bruneau, Benoit'?,
Srivastava, Deepak'* and Ding, Sheng'?, 'Gladstone
Institutes of Cardiovascular Disease, San Francisco,
CA, U.S., 2University of California, San Francisco,
CA, U.S,, *Heart and Vascular Research Center,
MetroHealth Campus, Case Western Reserve
University, Cleveland, OH, U.S., “Roddenberry Center
for Stem Cell Biology and Medicine, Gladstone
Institutes, San Francisco, CA, U.S.

Advances in stem-cell biology make cell-based cardiac
regeneration a more feasible therapeutic approach to
heart failure. Nonetheless, significant challenges remain
in generating autologous cardiac cells for transplantation
that are abundant and functional. In this work, we cap-
tured cells with extensive proliferative ability and restrict-
ed cardiovascular differentiation potentials during car-
diac transdifferentiation from mouse fibroblasts. These
induced, expandable cardiovascular progenitor cells
(ieCPCs) propagated robustly in optimized chemically
defined conditions for more than 18 passages, producing
>10% ieCPCs from 10° starting fibroblasts. When expand-
ed long-term, they broadly expressed cardiac-signature
genes and retained their potential for single-step, direct
differentiation into functional cardiomyocytes (CMs),
endothelial cells (ECs), and smooth muscle cells (SMCs)
in vitro. When transplanted into infarcted mouse hearts,
ieCPCs spontaneously generated CMs, ECs, and SMCs
and improved heart performance up to 12 weeks post-in-
farction. Thus, ieCPCs represent a powerful platform to
study cardiovascular specification and provide promising
strategies for large-scale drug screening, disease model-
ing, and cardiac-regenerative medicine.

co-sponsored by:

MUSCLE CELLS

W1084

SATELLITE CELLS IN MDX DUCHENNE
MUSCULAR DYSTROPHY MICE ARE AFFECTED
BY HEME OXYGENASE-1

Pietraszek-Gremplewicz, Katarzyna, Kozakowska,
Magdalena, Ciesla, Maciej, Bronisz, Iwona, Seczynska,
Marta, Bukowska-Strakova, Karolina, Jozkowicz,
Alicja and Dulak, Jozef, Jagiellonian University,
Krakow, Poland

Differentiation of myoblasts is dependent on myomiRs,
such as miR-206,-1and -133a/b. Recently, we showed that
expression of myomiRs and consequently, differentiation
of C2C12 myoblasts was inhibited by heme oxygenase-1
(Hmox1), an enzyme degrading heme to CO, iron ions and
biliverdin. Inversely, differentiation of Hmoxl-deficient
murine primary myoblasts with enhanced expression of
myomiRs was accelerated (Kozakowska et al, Antioxid
Redox Signal 16:113-27; 2012). Since Hmox1 is crucial an-
ti-inflammatory mediator we wondered whether it can in-
fluence the stem cells properties and disease progression
in Duchenne muscular dystrophy. In skeletal muscles of
mdx (dystrophin-deficient) mice the expression of Hmox1
is consistently increased from week 8 up to 20 months.
Elevated expression of Hmoxl1 is observed in myeloid
cells, which number increased in inflamed dystrophin-de-
ficient muscles. Accordingly, the expression of mature
fibers-specific miR-1,-133a and -133b were decreased
in mdx mice. Surprisingly, expression of satellite cells
(SCs)-specific miR-206 was upregulated in gastrocne-
mius and diaphragm of mdx mice starting from 2nd week
of age till at least one year. Interestingly, in activated SCs
(aZintegrin+ CD34-), which were more abundant in mdx
mice, the expression of Hmox1 was decreased while miR-
206 was increased, indicating for SCs-specific regulation
of Hmoxland miR-206. Double knockout mice (dKO),
lacking Hmox1 and dystrophin, were generated. The dKO
mice showed significant impairment of exercise capacity
on treadmill in comparison to mdx mice, aggravated mus-
cle injury as evidenced by higher level of creatinine kinase
and lactate dehydrogenase, increased infiltration with in-
flammatory cells and increased expression of miR-146a.
Similar effects were observed in mdxmice treated with
SnPPIX (tin protoporphyrin), a pharmacological inhibitor
of Hmox1 activity.

The results indicate for the relationship between Hmox1
and miR-206 in SCs of mdx mice. Diminished Hmoxl1
and increased miR-206 are linked to accelerated differ-
entiation of SCs. This effect is independent on increased
Hmox1 in inflamed dystrophin-deficient muscles. The data
indicate both for the stem cells-specific effect of Hmox1
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and its important role in modulation of inflammation in
dystrophic muscles.

Funding Source: Supported by National Science Center
(NCN) grants MAESTRO (2012/06/A/NZ1/00004), OPUS
(2012/07/B/NZ1/02881) and HARMONIA (2014/14/M/
NZ1/00010).

W1086

GENERATION OF A SYNTHETIC RNA
OVEREXPRESSION SYSTEM TO GENERATE
SKELETAL MUSCLE PROGENITOR CELLS
FROM HPSCS

Jan, M.S., Majib'?, Younesi, Shahab?, Young, M.S,,
Courtney™, XI, Haibin? Hicks, Michael R.* and Pyle,
April D?, 'Center for Duchenne Muscular Dystrophy,
Westwood, CA, U.S,, 2University of California Los
Angeles, Los Angeles, CA, U.S,, 3University of
California, Los Angeles, Tarzana, CA, U.S., “University
of California, Los Angeles, Santa Monica, CA, U.S.

Duchenne Muscular Dystrophy (DMD) results in progres-
sive muscle deterioration and ultimately death due to
mutations in the DMD gene encoding dystrophin. Lack of
dystrophin leads to membrane tears and activation of the
endogenous muscle stem cell called the satellite cell. Con-
tinuous rounds of degeneration and regeneration in DMD
ultimately lead to satellite cell exhaustion. No effective
treatment for DMD is currently available, but one potential
therapy involves deriving skeletal muscle progenitor cells
(SMPC) from human induced pluripotent stem cells (hiP-
SCs) from DMD patients. Once expanded, these SMPCs
could be corrected to restore dystrophin expression and
then engrafted into patient muscle. We have generated
hiPSCs from healthy and DMD-patient fibroblasts to eval-
uate their use as a pre-clinical tool and in regenerative
applications. It has been shown that SMPCs can be gen-
erated through lentiviral-mediated overexpression of key
muscle transcription factors including PAX7. However, a
method that does not require viral integration would be
required for clinical applications. To obtain a robust SMPC
population, we are overexpressing PAX7, using a Venezu-
elan Equine Encephalitis (VEE) non-integrating synthetic
RNA platform. After cloning the PAX7 gene into the VEE
backbone, we transfected pre-differentiated hiPSCs with
synthetic RNA. Where we have seen a significant increase
in PAX7 expression 10 days after transfection. After an ad-
ditional 10 days in differentiation medium, cells expressed
further myogenic differentiation markers such as MYOD
and MyHC. Thus, synthetic RNA overexpression of PAX7
has potential to generate myogenic precursor cells. We
next plan to study the dynamics of PAX7 expression over
time, assess additional myogenic markers and in vitro
function, as well as in vivo engraftment of synthetic RNA
generated SMPCs. The refinement of this differentiation
protocol for producing and maintaining PAX7* progenitor
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populations will aid in the development of regenerative
therapies for muscle disorders including DMD.

Funding Source: CSUN-UCLA Bridges to Stem Cell Re-
search Program TB1-01183, National Institute Of Arthritis
And Musculoskeletal And Skin Diseases of the National
Institutes of Health RO1AR064327

W1088

SMAD4 IS REQUIRED FOR PROPER FUNCTION
OF SKELETAL MUSCLE STEM CELLS DURING
REGENERATION IN AGED AND YOUNG MICE

Paris, Nicole, Soroka, Andrew, Liu, Wenxuan and
Chakkalakal, Joe, University of Rochester, Rochester,
NY, U.S.

The TGFB/SMAD pathway members are conserved regu-
lators of stem cell homeostasis and strongly inhibit myo-
genic differentiation. It has been proposed that accumu-
lating TGF ligand in aging muscle tissue is responsible
for regenerative deficits and skeletal muscle loss, making
it clinically relevant to investigate inhibition of these sig-
nals. Here we utilize a tamoxifen-inducible Cre recombi-
nase, regulated by the satellite cell-specific gene Pax7, to
disrupt all canonical TGF signaling via SMAD4 deletion
in muscle stem cells. In uninjured muscle tissue, SMAD4
protein is virtually absent from satellite cells, whereas it
can be readily detected in regenerating tissue. Although
at homeostasis there is no noticeable effect on satellite
cell maintenance following SMAD4 loss, satellite cell func-
tion during regeneration is severely impaired. When iso-
lated by flow cytometry, both young and aged cultured
SMAD4-deficient satellite cells fail to expand clonally or
incorporate EdU to the extent of control cells. Examina-
tion of regenerated skeletal muscle revealed that SMAD4
disruption in satellite cells leads to significantly reduced
numbers of Pax7-expressing stem cells and MyoD-ex-
pressing myogenic progenitors as well as a deficit in their
proliferative potential, assayed by BrdU incorporation.
Furthermore, fusion competent myogenic progenitors,
labeled by Myogenin, are reduced in number. This failure
of myogenic progenitor expansion and proliferation was
accompanied by critically impaired myofiber regenera-
tion. These findings identify Smad4 as a critical regulator
of satellite cell-derived myogenic progenitor expansion
during skeletal muscle regeneration, and raise new ques-
tions as to the cellular targets and mechanisms whereby
TGFB inhibition influences aged skeletal muscle regener-
ation.
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W1090

THE EFFECT OF MOTOR DENERVATION ON
MUSCLE SATELLITE CELLS

Wong, Alvin, Dreux, Joanna, Garcia, Steven, Tamaki,
Stanley and Pomerantz, Jason, University of California
San Francisco, San Francisco, CA, U.S.

Satellite cells (SCs) reside between the basal lamina and
sarcolemma, express transcription factor paired box pro-
tein 7 (Pax7), and repair muscle following injury. After in-
jury, SCs activate, divide, migrate, and fuse with existing
myofibers. Previous studies reported SC depletion after
long-term denervation, possibly explaining the irrevers-
ibility of denervation atrophy, but did not quantify Pax-
7*cells nor perform functional studies. It is unknown to
what extent SC depletion occurs or limits recovery after
delayed reinnervation. Determining whether SCs in de-
nervated muscle survive and retain regenerative ability
would direct future approaches to muscle regeneration
after denervation injuries. A 4mm segment of the left sci-
atic nerve in C57BI6 mice was excised. After 3 months,
tibialis anterior muscles (TAs) were weighed and pro-
cessed for immunohistochemical analysis, and flow cy-
tometry used to deplete Sca-1/CD31/CD45 and select
for calcein/VCAM/ITGA7 cells from lower leg muscles.
Sorted cells were stained for Pax7 and transcription fac-
tor MyoD. TAs weighed 11.9+0.6mg after 3-month dener-
vation vs 49.5+2.5mg (p<0.0001). Staining demonstrated
no difference in the number of sublaminar Pax7* SCs in
denervated TAs compared to contralateral TAs (2.5£0.8
Pax7*cells/100 muscle fibers vs 2.0+0.5, p=0.4). 31.2+2.8%
of total Pax7* cells in denervated TAs were extralaminar
compared to 20.3%+2.8 of Pax7* cells in contralateral TAs
(p<0.01). FACS analysis revealed 2 distinct populations of
cells isolated from denervated and contralateral legs, ex-
pressing either relatively high levels of VCAM (VCAM") or
ITGA7 (ITGA7"). >90% of SCs isolated from the VCAMN
population expressed Pax7, while cells isolated from the
ITGA7" population expressed MyoD but not Pax7. VCAMP
cells were larger in denervated legs than in the contra-
lateral. The proportion of VCAM" cells decreases follow-
ing denervation (62.8%%6.5 vs 78.8%*5.7, p=0.05) while
ITGA7"cells increase (37.2%%6.5 vs 21.2%+5.7, p=0.05).
Muscle denervation alters SC phenotype from quiescence
towards activation. While sublaminar SC number is un-
changed 3 months after denervation, the percentage of
extralaminar Pax7* cells increases, and the proportion of
VCAMPM cells decreases. SCs may retain intrinsic regenera-
tive capacity following denervation.

Funding Source: Eli and Edythe Broad Regeneration
Medicine and Stem Cell Fellowship California Institute for
Regenerative Medicine (CIRM) Grant

co-sponsored by:

PANCREATIC, LIVER, LUNG, OR
INTESTINAL/GUT CELLS

W1092

A LOSS-OF-FUNCTION MUTATION IN
MICROSOMAL TRIGLYCERIDE TRANSFER
PROTEIN UNDERLIES THE PATHOPHYSIOLOGY
OF ABETALIPOPROTEINEMIA

Liu, YIng'?, Bi, Xin'$, Slovik, Kate's, Shi, Jianting's,
Javaheri, Ali*3, Cuchel, Marina®®, Yang, Wenli3, Duncan,
Stephen A.4, Rader, Daneil'* and Morrisey, Edward's,
'Penn Cardiovascular Institute, Philadelphia, PA, U.S.,
2Cardiovascular Institute, University of Pennsylvania,
Philadelphia, PA, U.S., *University of Pennsylvania,
Philadelphia, PA, U.S., “Medical University of South
Carolina, Charleston, SC, U.S.

Abetalipoproteinemia (ABL) is an autosomal recessive
disease caused by mutations in the gene encoding Micro-
somal Triglyceride Transfer Protein (MTTP), which trans-
fers lipids onto apolipoprotein B (APOB), thereby promot-
ing secretion of very low density lipoprotein (VLDL) from
hepatocytes. Although hepatic MTTP has been studied
extensively in mouse models of ABL, little is known about
its role in human liver and heart due to the lack of avail-
ability of human hepatocytes and cardiomyocytes and
the technical challenges of culturing these cells. Here we
generated induced pluripotent stem cells (iPSCs) from an
ABL patient carrying a R46G mutation in the MTTP gene.
iPSC-derived hepatocytes from this patient recapitulated
multiple aspects of the pathophysiology of ABL, including
hepatic lipid accumulation, high levels of cellular triglycer-
ide and total cholesterol, and absence of APOB expres-
sion. Importantly, most of these molecular changes were
reversed after the correction of the R46G mutation by
CRISPR/Cas9 mediated gene editing. We next examined
the role of the MTTP gene in cardiomyocyte metabolism,
a cell type previously shown to secrete apoB possibly as
a means of protection against toxic effects of lipid excess.
We found that iPSC-derived cardiomyocytes harboring
the R46G MTTP mutation are hypersensitive to cellu-
lar metabolic stress such as hypoxia, high dose of oleic
acid, and pharmacological induction of apoptosis as com-
pared with control iPSC-derived cardiomyocytes. These
data suggest that MTTP plays a protective role against
lipid toxicity in human cardiomyocytes. Taken together,
patient specific iPSC derived hepatocytes and cardiomy-
ocytes recapitulate abetalipoproteinemia phenotype in a
dish and establish a tool to dissect disease-relevant de-
fects and cellular mechanisms.

Funding Source: This work was supported by National In-
stitutes of Health grants UO1-HGO06398
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DIRECTED DIFFERENTIATION OF
PLURIPOTENT STEM CELLS REVEALS A
CRITICAL ROLE FOR WNT SIGNALING IN
THE PROXIMODISTAL PATTERNING OF THE
HUMAN LUNG EPITHELIUM

Benson, Katherine', Hawkins, Finn', Jacob, Anjali?,
Serra, Maria', Morrisey, Edward3, Ilkonomou, Laertis'
and Kotton, Darrell', 'Boston University School of
Medicine, Boston, MA, U.S., 2Boston University,
Boston, MA, U.S,, SUniversity of Pennsylvania,
Philadelphia, PA, U.S.

Many common and incurable pulmonary diseases involve
perturbations in airway epithelial cell fate. Improved un-
derstanding of the signals involved in the normal de-
velopment of the lung epithelium will therefore provide
insight into the mechanisms by which dysregulation of
airway cell fate occurs and results in disease. One path-
way of particular interest is canonical Wnt signaling, due
to prior evidence that stage-dependent oscillations in this
pathway are critical for normal lung development. To fur-
ther elucidate the role of this signaling pathway in human
lung cell fate, new studies of purifiable populations at high
resolution are required to understand the developmental
stage-specific effects and downstream consequences of
this signaling. We have therefore differentiated a knock-
in NKX2-16F" human pluripotent stem cell (hPSC) line to
NKX2-1+ endodermal lung progenitors to study the ef-
fects of Wnt signaling on these cells post-lineage speci-
fication. These lung progenitors are heterogeneous and
express early markers of both the proximal and distal
lung epithelium. Modulation of canonical Wnt signaling in
these cells led to rapid changes in the NKX2.1+ population
consistent with altered airway patterning. Specifically,
withdrawal of the GSK3B inhibitor CHIR99021 resulted in
decreased canonical Wnt signaling, as measured by a len-
tiviral TCF reporter, and in gene expression changes con-
sistent with increased proximal and secretory lung fate
and loss of distal identity. Manipulation of Wnt in purified
NKX2.1+ cells resulted in similar patterning changes, sug-
gesting that this effect is intrinsic to the epithelium. Taken
together, our findings suggest that sustained canonical
Whnt signaling inhibits the proximal airway program in de-
veloping human lung progenitors consistent with in vivo
murine models. These results have allowed us to gener-
ate improved protocols for the differentiation of three-di-
mensional proximal lung organoids from hPSCs. Ongoing
studies seek to understand the mechanisms driving this
inhibition to elucidate the key signals that regulate airway
cell fate in development and disease. This novel system
will provide the basis for the development of in vitro mod-
els of airway disease in patient-derived hPSCs, a crucial
barrier to applications of cell-based therapy and in vitro
drug testing.
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W1096

A PREDICTIVE MODELING OF HEPATIC
DIFFERENTIATION PROPENSITY IN HUMAN
PLURIPOTENT STEM CELLS

Fukuda, Takayuki, Laboratories of Stem Cell Cultures,
Department of Disease Bioresources Research,,
Ibaraki, Japan

Hepatocyte-like cells differentiated from human plu-
ripotent stem cells (hPSCs) are expected to be utilized
as a tool for screening for hepatotoxicity in the early
phase of pharmaceutical development. However, previ-
ous studies demonstrated that hPSCs have individually
distinct potential to differentiate into specific lineages.
Selection of suitable hPSC lines or clones by predicting
differentiation propensity of undifferentiated hPSCs for
hepatocytes would substantially accelerate developing
application using hPSC-derived hepatocyte-like cells for
pharmaceutical research. In this study, we have compared
the expression levels of genes related with hepatic differ-
entiation and cell signaling in five hPSC lines to predict
differentiation propensity of hPSC lines for hepatocytes.
Gene expression patterns of undifferentiated hPSCs, hP-
SC-derived hepatocyte-like differentiated cells and he-
patocytes were grouped by two way clustering analysis.
Then, three genes were selected to distinguish character-
istics of undifferentiated hPSCs among the cells studies
here. To predict differentiation propensity, expression
of the genes in 21 hPSC lines were examined. In fact, the
hPSC line showed lower hepatic differentiation propensi-
ty, suggesting that our analytical approach would be used
to predict the differentiation propensity.

W1098

CROSS-TALK BETWEEN CELL CYCLE AND
ACINAR DIFFERENTIATION IN PANCREATIC
CANCER REPROGRAMMING

Kim, Heejung'?, Lahmy, Reyhaneh? and Itkin-Ansari,
Pamela?, 'California State University, San Marcos, San
Marcos, CA, U.S,, 2Sanford Burnham Presby Medical
Discovery Institute, La Jolla, CA, U.S.

Pancreatic ductal adenocarcinoma (PDA) is the 4t |ead-
ing cause of cancer death in the US. Despite current treat-
ments including surgery, radiation or chemotherapy, the
5 year survival rate is less than 5%. There have been tre-
mendous efforts to find effective ways to combat this le-
thal disease but without significant progress in the past 30
years. Thus novel approaches to treating PDA are need-
ed. Our lab queried whether altering acinar transcription-
al networks could reprogram PDA cells. PDA arises from
acinar cells in the exocrine pancreas in response to Kras
mutation. During progression to PDA there is significant
dysregulation of bHLH signaling. We found that restoring
bHLH activity by overexpression of the bHLH protein E47
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is sufficient to reprogram conventional human PDA lines
and established patient derived xenograft PDA lines into
quiescent cells with acinar characteristics. E47 upregu-
lation induces growth arrest by inducing cell cycle inhib-
itors, including p21. E47 induced acinar differentiation is
characterized by re-expression of numerous digestive en-
zymes including trypsinogen. Here we began to explore
possible crosstalk between the growth and differentia-
tion pathways, by asking whether growth arrest is suffi-
cient to induce acinar differentiation. For these studies,
3 PDA lines were exposed to nutrient deprivation to halt
their growth in the absence of exogenous E47. The cells
lines are routinely cultured in 10-12% fetal calf serum. For
each PDA line, serum in culture media was reduced to a
concentration that arrested cell growth, as determined by
Ki67 and growth curves, yet did not induce significant cell
death. The final serum concentrations for growth arrest
ranged from 1% down to 0.1% and cells were treated for
72 to 144 hours. At the molecular level serum depriva-
tion raised p21 levels in all cell lines and induced low levels
of the exocrine enzyme trypsinogen to a level consistent
with that observed by E47 overexpression. In conclusion,
nutrient sensing efficiently regulates growth but does
not completely control cell fate in PDA. Moreover, E47
induction of acinar cell fate is independent of its effects
on growth. The data suggest that bHLH signaling may
be the final common denominator between the growth
and cell fate pathways, making it an attractive target for
therapeutic intervention.

W1100

HETEROGENEITY OF MESENCHYMAL CELLS
IN THE ADULT LUNG: IMPLICATIONS FOR
EPITHELIAL REGENERATION.

McQualter, Jonathan L., Carraro, Gianni, Selvaggio,
Anna and Stripp, Barry, Cedars-Sinai Medical Center,
Los Angeles, CA, U.S.

Regeneration of the adult lung epithelium requires a bal-
ance between promoting stem cell proliferation while
also acting to limit these responses once the tissue has
been adequately regenerated. While our knowledge of
epithelial stem cells and the lineage relationships of their
progeny are increasing, our understanding of the hetero-
geneity and distinct functions of the surrounding mesen-
chymal cells that are essential for regulating epithelial cell
fate is lacking. We have previously revealed that resident
lung mesenchymal cells are both necessary and sufficient
to support the proliferation and differentiation epithelial
stem cells in vitro. Moreover we have established that the
epithelial-supportive capacity of the mesenchymal cells
as a population is transient and directly correlates with
their state of differentiation. We have shown that mesen-
chymal cells with high proliferative potential and multi-lin-
eage differentiation potential are able to support the pro-
liferation of epithelial stem cells, while more differentiated

co-sponsored by:

myofibroblasts are not. The present study sought to eluci-
date the heterogeneity and associated functions of mes-
enchymal cell lineages in the adult lung. To address this
we adapted our three-dimensional epithelial colony-form-
ing assay to model epithelial-mesenchymal interactions
involved in epithelial regeneration. Using high throughput
flow cytometry-based surface marker analyses we have
identified several phenotypically distinct mesenchymal
cell populations from mouse and human lungs, suggest-
ing that not all mesenchymal cells are alike. At a function-
al level the different cell subsets that we have identified
also displayed significant differences in proliferation,
mesenchymal differentiation and epithelial support. Thus,
mesenchymal cells in the adult lung represent a dynamic
epithelial stem cell niche in which the heterogeneity and
temporal differentiation of mesenchymal cells carefully
controls epithelial regeneration.

Funding Source: NHMRC (Australia), NHLBI, CIRM

WT102

FLUID SHEAR STRESS INDUCES CYTOCHROME
ACTIVITY IN 2D- AND 3D-CULTURED

HUMAN EMBRYONIC STEM CELL-DERIVED
HEPATOCYTE-LIKE CELLS.

Rashidi, Hassan, University of Edinburgh, Edinburgh,
U.K.

The isolation and culture of freshly isolated human adult
hepatocytes is considered to be the gold standard tool
to evaluate human drug metabolism and safety in vitro.
However, primary hepatocyte scarcity, cell cycle arrest
and the rapid loss of liver-phenotype post isolation are
major limitations. Immortalized and hepatoma cell lines
have therefore been employed as potential alternatives
for in vitro evaluation of drug screening and toxicity, how-
ever, their poor functionality, karyotypic instability and
higher tolerance to toxicological insult limits their wide-
spread application. Human embryonic stem cells and in-
duced pluripotent stem cells provide renewable resourc-
es to obtain hepatocyte-like cells (HLCs) in vitro. Despite
the use of various differentiation protocols, derived he-
patic cells, like primary human hepatocytes, exhibit unsta-
ble and poor phenotype /n vitro. It has been shown that
the functional capacity can be improved by adding back
elements of human physiology, such as cell co-culture or
through the use of different extracellular matrices, such
as laminin 111 and 521. Here the effect of fluid shear stress
on HLC phenotype was investigated. The data obtained
demonstrates that fluid shear stress did not compromise
cell viability and induced cytochrome P450 enzyme ac-
tivity. Therefore, the field might benefit from adaptation
of fluid shear stress with high throughput screening plat-
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forms and to develop more efficient stem cell derived liv-
er systems.

Funding Source: This research was supported with awards
from the UK Regenerative Medicine Platform (MRC MR/
L022974/1) and the NC3Rs CrackIT scheme.

W1104

LIVER STEM/PROGENITOR CELLS IN THE
MOUSE LIVER REGENERATION PROCESS
WITH LOCAL INFLAMMATION AFTER A
PHYSICAL PARTIAL HEPATECTOMY

Suzuki, Yuji'?, Katagiri, Hirokatsu', Wang, Ting?,
Kakisaka, Keisuke?, Kume, Kohei'3, Nishizuka, Satoshi
S.»¥ and Takikawa, Yasuhiro? 'Molecular Therapeutics
Laboratory, Department of Surgery, Iwate Medical
University School of Medicine, Morioka, Japan,
2Division of Hepatology, Department of Internal
Medicine, Iwate Medical University School of
Medicine, Morioka, Japan, 3Institute of Biomedical
Sciences, Iwate Medical University, Yahaba, Japan

Liver stem/progenitor cells (LPCs) are thought to dif-
ferentiate into both hepatocytes and biliary cells, which
eventually contribute to tissue repair. In the situation of a
conventional partial hepatectomy model in rodents, which
removes approximately 2/3 of the liver by lobular ligation
without tissue dissection, liver mass is restored by hyper-
trophic reaction and replication of existing hepatocytes,
with or without minimal contribution of LPCs. However,
a hepatectomy in humans involves physical damage (i.e.,
physical partial hepatectomy, PPHx). Therefore, the liver
regeneration process after PPHx should involve reactions
to acute local injury followed by systematic remodeling.
Here, using a murine liver injury model that mimics the
actual human surgical procedure, we aimed to determine
the contribution of LPCs during the tissue repair process.
A 20-30% PPHx was performed by transection of the left
lobe of the liver, using an ultrasonically-activated scalpel,
in mice. Gene expression and morphological characteris-
tics were analyzed during the liver regeneration process.
Proliferation of mouse LPCs cultured with TNF-a, NFxB
inhibitor BAY11-7082, or a combination of the two were
examined in vitro. Liver weight continuously increased by
hypertrophic reaction of hepatocytes, while Ki67 staining
showed hepatocyte proliferation. At the transected bor-
der after 48 h PPHx, CK19-positive LPCs that form bile
duct-like structures were observed, suggesting ductular
reactions. Gene expression of the transected border and
non-damaged lobes revealed that inflammatory cyto-
kine- and extracellular matrix-associated genes were sig-
nificantly up-regulated at the transected border. Inflam-
matory infiltrating cells including a-SMA-positive hepatic
stellate cells were expressed MMP-9 at the transected
border. In vitro experiments revealed that administra-
tion of TNF-a induced LPC proliferation via the IKK/NFkB
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inflammatory pathway. Our results suggest that LPCs
emerged from the local inflammatory proliferating cells
during the tissue repair process after PPHx. These results
may provide insight for clarifying the mechanisms of liver
regeneration from injury and inflammation of the liver.

W1106

ANTI-ONCOGENIC FUNCTION OF HOMEOBOX
HOXA13 IN HUMAN GASTRIC CANCER CELLS
DERIVED INDUCED PLURIPOTENT STEM
CELLS

Yokoyama, Kazunari K., Tsai, Ming-ho', Kenly,
Wuputra', Ku, Chia-Chen, Liu, Pei-Zhen', Lin,
Wen-Hsin', Lin, Yin-Chu?, Wu, Deng-Chyang?® and
Lin, Chang-Shen', 'Koahsiung Medical University,
Kaohsiung, Taiwan, ?Koahsiung Medical University,
Koahsiung, Taiwan, 3Koahsiung Medical University
Hospital, Koahsiung, Taiwan

Homeobox HOXAI13 is known as the transcriptional reg-
ulators in cell proliferation, differentiation and develop-
ment, and also have been found to be deregulated in
tumorigenesis. However, less is known about the involve-
ment of HOXA13 with gastric cancer development and its
direct targets were unknown. To understand the role of
HOXAI13 in cancer development, we generated induced
pluripotent stem (iPS)-like cells from human gastric can-
cer cell line CS12 and its immortalized normal cell line
CSN by electroporation using stemness gene OCT4 and
AP-1 repressor gene Jun dimerization protein 2 (JDP2),
and examined the role of HOXA13. The knockdown ex-
periments with shRNA against HOXA13 on xenotrans-
plantation in SCID mice demonstrated that HOXA13 plays
a critical role in development of the gastric cancer; in-
creased expression in CS12 and further induction in CS12
derived iPS-like cells, however, the tumor formation was
shut down in CS12 iPS-like cells. By studying the target
genes of HOXA13, we identified bone morphogenetic pro-
tein 7 (BMP7), which is significantly induced by HOXA13
in CS12, but not in CS12 iPS-like cells, and also BMP7 is a
critical factor for gastric cancer development. Moreover,
the long noncoding RNA (IncRNA) HOTTIP is involved in
co-recruitment of HOXA13 in BMP promoter in CS12 cells
but not in CSN cells, inducing histone H3K4me3. Instead
other INncRNA TOTAIR is involved in the recruitment to the
BMP promoter to induce the trimethylation of H3K27me3
in BMP7 promoter. Taken together, the recruitment of
HOXA13-HOTTIP and HOXAI13-HOTAIR to BMP7 gene
promoter is critical for decision of oncogene and anti-on-
cogene in human gastric cancer cells.

Funding Source: This work was supported by the grants
from Ministry of Science and Technology (MOST-104-
2320-B-037-033-My?2; MOST-104-2314-B-037-002;
MOST-104-2314-B-047-043; MOST-101-2314-B-037-015-
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MY2), the National Health Research of Educations (NHRI-
Ex104-10416S1), Ka

ENDOTHELIAL CELLS/
HEMANGIOBLASTS

W10

ROBUST AND EFFICIENT DIFFERENTIATION
OF HUMAN PLURIPOTENT STEM CELLS TO
ENDOTHELIAL AND VASCULAR SMOOTH
MUSCLE CELLS TO STUDY CORONARY
ARTERY DISEASE PREDISPOSITION.

Challet Meylan, Ludivine and Cowan, Chad, Harvard
University, Cambridge, MA, U.S.

Current protocols to differentiate pluripotent cells into
endothelial cells (ECs) and vascular smooth muscle cells
(VSMCs) often rely on embryoid body formation and the
use of fetal calf serum. As a result, the differentiation of
vascular cells from human pluripotent stem cells (hPSCs)
remains inconsistent, inefficient, and time consuming. De-
veloping differentiation protocols that accurately recapit-
ulating key events regulating cell lineage specification in
the embryo has proven to be a powerful and reproduc-
ible approach for generating highly enriched populations
of differentiated cells. In mammals, vascular progenitors
emerge from lateral and posterior mesoderm in a Wnt
dependent fashion that also requires a careful balance of
BMP4 and Nodal signaling. Based on these observations,
we recently published a rapid, robust and highly efficient
protocol for the differentiation of vascular cells from hP-
SCs that utilizes the constitutive activation of Wnt signal-
ling via a GSK-3 inhibitor (CHIR-99021). Our protocol re-
sults in the differentiation of hPSCs to ECs and VSMCs at
efficiencies of 50%-80% and 85-99% respectively in only
6 days. ECs can be further enriched to more than 95%
purity by magnetic-activated cell sorting (MACS). Using
transcriptional profiles, we determined that our ECs and
VSMCs were similar to primary cell lines (HCAECs and
UASMCs) and exhibited mature functional properties in-
cluding, patent tube formation wound healing, and angio-
genic sprouting. We are currently using these differenti-
ated cells and the CRISPR/Cas9 system to decipher by
which mechanism(s) risk variants confer CAD susceptibil-
ity in the 9p21 locus.

co-sponsored by:

W12

CD34+ CD45- CELLS ISOLATED FROM HUMAN
BLOOD HAVE MOLECULAR AND FUNCTIONAL
CHARACTERISTICS OF VASCULAR
ENDOTHELIAL PROGENITORS

Jiang, Yajuan', Meissner, Alexander? and O'Neill,
David', 'PCT, a Caladrius Company, Allendale, NJ, U.S.,
?Harvard University, Cambridge, MA, U.S.

Rare CD45- cells have been described in adult human
blood, bone marrow and umbilical cord blood that lack
blood cell lineage markers (Lin-) but express antigens
found on hematopoietic progenitors (CD34, CD133).
The function of these Lin- CD45- CD34 and/or CD133+
(CD34/133+) cells remains poorly understood. To better
understand and characterize the cells, we purified them
from G-CSF mobilized blood by elutriation, immunomag-
netic selection and FACS sorting, analyzing them using
6-color flow cytometry including dyes that distinguish
live nucleated cells from dead cells, vesicles and debris.
We observed that >90% of the Lin- CD45- CD34/133+
objects in mobilized human blood were extracellular ves-
icles, and that <10% of the objects were nucleated cells,
almost all of which expressed CD34 but not CD133. This
Lin- CD45- CD34+ CD133- nucleated cell population had
a frequency of approximately 1in 300,000 PBMC. Lin-
CD45- CD133+ cells were variably seen but extremely
rare (1in 10 million PBMC). Similar vesicle and cell popu-
lations were found in umbilical cord blood. We then sort-
ed single Lin- CD45- CD34/133+ cells from adult blood
into wells of 384-well plates for targeted RNA sequencing
(Cellular Research Precise™ assay) using a panel of 150
primers for mesodermal, pluripotent and hematopoiet-
ic-associated RNAs. CD45+ CD34/133+ hematopoietic
progenitors were sorted as controls (about 400 cells an-
alyzed for both populations). The two populations had
very distinct gene expression patterns, with CD45+ cells
having RNAs consistent with hematopoietic progenitors
(CD44, CD133, HHEX, MYB, MYC, CD49d, FLI1) and CD45-
cells having RNAs associated with the vascular endothe-
lial lineage (TM4SF1, KLF4, CDH5, SOX7, SOX17, KDR,
CD49f, H19, IGF2, CD146, Nestin). No clear evidence of
heterogeneity was seen within either cell population. To
assess for endothelial progenitor function, we FACS sort-
ed umbilical cord blood into CD45-CD34-, CD45+CD34-,
CD45-CD34+ and CD45+CD34+ fractions for analysis us-
ing a wellestablished bioassay (ECFC assay). Enrichment
of ECFC activity (up to 3,000-fold) was observed only
in the CD45-CD34+ fraction. Cells expanded from these
colonies had both phenotypic (vVWF, KDR, CD31, CD144,
CD146) and functional (capillary-like structures in Matri-
gel, Ac-LDL uptake) characteristics of endothelial cells.
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VASCULAR DISEASE PATHOGENESIS
RECAPITULATED WITH INDUCED
PLURIPOTENT STEM CELLS (IPSCS)
FROM HEREDITARY HAEMORRHAGIC
TELANGIECTASIA (HHT) PATIENTS

Orlova, Valeria', Freund, Christian’, van den

Hil, Francijna', Petrus-Reurer, Sandra?, Gkatzis,
Konstantinos', Hawinkels, Lucas!, Ploos van Amstel,
Hans Kristian3®, Mager, Hans-Jurgen, ten Dijke,
Peter' and Mummery, Christine L.!, 'Leiden University
Medical Center, LEIDEN, Netherlands, ?Karolinska
Institute, Stockholm, Sweden, *Utrecht University
Medical Center, Utrecht, Netherlands, 4St Antonius
Hospital, Nieuwegein, Netherlands

Patient-specific induced pluripotent stem cells (iPSCs)
possess unprecedented ability to model genetic diseases,
as they can serve as a source of virtually any specialised
differentiated cells. Therefore, they can be useful to mod-
el complex genetic diseases with non-cell autonomous
phenotype. This is, in particular, true for vascular disease
hereditary haemorrhagic telangiectasia (HHT) that results
in fragile blood vessels with defective endothelial cell
(ECs)-mural cell coverage. Affected individuals develop
small telangiectasia and are suffer from nosebleeds due
to unstable vessels with excessive angiogenesis. Arte-
riovenous malformations (AVMs) are the major clinical
manifestations in HHT patients and can be a potentially
life-threatening condition. HHT is caused primarily by au-
tosomal-dominant mutations in members of transform-
ing growth factor (TGF)-B signalling pathway, and can
be classified into HHT1 caused by mutations in ENG, and
HHT2 caused by mutations in activin receptor-like kinase
(ALKT1). Both ENG and ALKI1 are expressed in endothelial
cells (ECs), and their mutations in mouse models result
in defective ECs sprouting and EC-mural cell interactions.
Here we demonstrated that ECs from patient-specific
HHTI1-iPSCs recapitulate the disease pathogenesis. ENG
expression in ECs from HHT1-iPSCs was reduced relative
to controls to a similar extent as on primary peripheral
blood monocytes from HHT1 patients. This ENG deficien-
cy, however, did not affect TGFB-mediated signal trans-
duction, or EC function in standard EC assays but co-cul-
ture of HHT1-iPSC ECs with pericytes from control iPSCs
revealed multiple abnormal EC functions. These includ-
ed atypical sprouting, altered proliferation and reduced
competence to induce a contractile phenotype in control
pericytes, recapitulating defective endothelial-pericyte
cell interactions believed to contribute to the disease pa-
thology in patients. In addition, HHT1-iPSC ECs showed
reduced secretion of soluble ENG in culture, correlating
with reduced ENG levels in the blood of HHT1 patients.
We thus demonstrated that iPSC-derived ECs model this
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genetic vascular disease, providing a platform for reveal-
ing underlying disease mechanismes.

EPITHELIAL CELLS (NOT SKIN)

W1116

ODONTOGENIC ABILITY OF HUMMAN
AMNIOTIC EPITHELIAL CELLS

HAN, LU, West China college of stomatology, Cheng
du, China

Abstract Recently, tooth tissue engineering has become
a promising new therapy for tooth loss or absence. Pre-
vious studies have demonstrated that finding a suitable
source of epithelial stem sells for making teeth is an im-
portant issue.The Amniotic Epithelial cells (AECs) have
been proved to possess enormous regenerative potential.
The present study focuses on the AECs for making teeth
in vivo and their relative efficiency. In this study, we in-
duced AECs which were extracted from the lining of the
inner membrane of the placenta by Tooth Germ Cell Con-
ditioned Medium (TGC-CM). The induced AECs displayed
similar features related to morphology, proliferation rates,
expressions of various cell surface markers and differenti-
ation potentials into tooth. DSP,DMP-1 demonstrated sig-
nificant levels of staining in an immunofluorescence anal-
ysis at 28days after the induced AECs were implanted
under the renal capsule of test mice. Our in vivo data con-
firms the ability of AECs can be induced to differentiate
toward odontoblast-like cells with TGC-CM and provide a
novel strategy for tooth regeneration research.

WI1118

DEPENDENCE OF MOUSE LUNG EPITHELIAL
STEM CELL PROLIFERATION AND
DIFFERENTIATION ON FIBROBLAST-SPECIFIC
FGF2 SIGNALING

Hegab, Ahmed E.M.!, Ozaki, Mari', Guzy, Robert?,
Ornitz, David M® and Betsuyaku, Tomoko', 'Keio
University School of Medicine, Tokyo, Japan, °The
University of Chicago, Chicago, IL, U.S., *Washington
University, St. Louis, MO, U.S.

Idiopathic pulmonary fibrosis (IPF) affects thousands of
patients worldwide. Pathological and genetic association
studies have implicated epithelial injury and aberrant re-
pairin IPF pathogenesis. Fibroblast Growth Factors (FGFs)
are involved in the repair of injured alveolar epithelium
and induction of fibroblast proliferation in IPF. We have
reported that FGF2 is essential for epithelial repair and for
maintaining epithelial integrity after bleomycin-induced
lung injury (Guzy, AJRCMB, 2015). In addition, FGF2 acti-
vated lung epithelial progenitors to proliferate and differ-
entiate into alveolar lineage (Hegab, Stem Cell Res, 2015).
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The purpose of this study is to elucidate the requirement
of FGF2 for the proliferation and differentiation of lung
epithelial progenitor cell, and to identify the mechanism
by which FGF2 promotes lung epithelial repair after injury.
Fibroblasts are an essential component of the lung stem
cell niche. Lung fibroblasts were isolated from Fgf2~/- and
their littermate wild type (WT) mice then co-cultured
with WT whole lung epithelium in the 3D colony forma-
tion stem cell assay. We have previously established this
assay and described its exploitation as an assay to study
lung stem cells and their niche (Hegab, Stem Cell Res,
2015). Growing colonies from both fibroblast genotypes
were compared for number, type and size. Then colo-
nies were collected, and histologically analyzed for effect
on differentiation. Additional sets of wells were treated
with rFGF2. In the Fgf2-/- fibroblast co-culture, colonies
were smaller in size and fewer in number compared to
those growing in the WT co-culture. The alveolar colonies
(Type C colonies) were the most affected by the absence
of FGF2 from the fibroblasts, indicating the importance
of FGF2 for alveolar cell proliferation and colony forma-
tion. rFGF2 treatment to the Fgf2-/- fibroblast co-culture
wells rescued the colonies to a lever comparable to the
WT fibroblasts co-culture wells. rFGF2 treatment to the
WT fibroblasts co-culture wells produced colonies that
were bigger in size and more in number, mostly alveolar
colonies. However, no significant effect on differentiation
profile was observed in any of the different colony types.

Lung Fibroblasts FGF2 plays a critical role in supporting
lung epithelial progenitor activation and proliferation.

WT1120

IMMUNO-PRIVILEGED CORD LINING
EPITHELIAL CELLS FOR ADVANCED WOUND
REPAIR - A PILOT IN VIVO STUDY

Li, Yanzhe', Chua, Alvin W.C?, Kua, Jonah E.H.2, Phan,
Toan Thang'3, Lim, Fui Ping!, Masilamani, Jeyakumars3,
Chan, Sui Yund' and Cheong, Han Hui**, 'National
University of Singapore, Singapore, Singapore,
2Singapore General Hospital, Singapore, Singapore,
3CellResearch Corporation Pte Ltd, Singapore,
Singapore, “KK Women's and Children's Hospital,
Singapore, Singapore

Wound healing is a complex and dynamic process result-
ing in the restoration of normal function and structure
after injury. In larger, more severe wounds such as trau-
ma or burn wounds, skin grafting is necessary to prevent
complications like dehydration and infection following
debridement. Human cadaveric allograft skin is common-
ly used as a temporary biologic dressing. However, this
standard practice has considerable limitations which im-
munological rejection poses a prominent obstacle to ef-
fective wound repair due to the potent inflammatory re-
sponses elicited in its course. Epithelial stem cells isolated

co-sponsored by:

from the umbilical cord have been characterized to have
immuno-privileged properties, making it an attractive
candidate for stem cell therapy in advanced wound re-
pair. The objective of this study is to compare the safety
and efficacy of human cord lining epithelial cells (CLEC)
versus cadaveric skin treatment for advanced wound
repair. Animal excisional wound models were created
on two Yorkshire pigs. Each pig was randomly allocat-
ed to either CLEC topical treatment or human cadaveric
skin treatment. Human cadaveric skin graft or CLEC at a
density of 1.0 x 10° cells per cm? was spread evenly over
each wound bed. Topical wound treatments were per-
formed on Day O, 4, 14, 28 and 42. Wounds were inspect-
ed weekly; experimental endpoint was reached upon the
achievement of complete wound repair. Both wound and
blood analysis were carried out throughout the course of
treatments to evaluate the extent of immunological re-
jection and rate of wound repair. It was found that the
final wound contraction was similar between CLEC- and
cadaveric skin- treated wound. However, CLEC-treated
wound demonstrated a faster rate of wound closure and
achieved complete wound healing 6 days earlier as com-
pared to cadaveric skin-treated wound. This significantly
shorten duration of wound healing is clinically critical for
survival of patients with severe wounds. In addition, se-
rum proinflammatory cytokines were found to be lower in
CLEC-treated wounds. CLEC is easily accessible, in abun-
dance and ethically acceptable, and therefore the great
potential of CLEC in clinical application of wound healing
is apparent.

Funding Source: The research is supported by the Singa-
pore National Medical Research Council New Investigator
Grant.

W1122

BMP REGULATES NEPHRON PROGENITOR
CELLS THROUGH SMAD DEPENDENT AND
INDEPENDENT SIGNALING

Oxburgh, Leif, Muthukrishnan, Sree Deepthi, Brown,
Aaron and Sarkar, Prasenjit, Maine Medical Ctr
Research Institute, Scarborough, ME, U.S.

The nephron progenitor cell (NPC) gives rise to all of the
cells of the nephron with the exception of the vasculature.
Importantly, new nephron formation is limited to the em-
bryonic period, and there is therefore a need for tissue en-
gineering approaches to the treatment of kidney disease
in the adult. Recent work has shown that the NPC can be
isolated from developing mouse kidneys and propagat-
ed ex vivo with maintained differentiation potential. Fur-
thermore, several directed differentiation protocols have
been developed to derive this cell type from human ESC
and iPSC. Our goal is to develop in vitro niches in which
naturally occurring and stem cell derived NPCs can be
expanded in their undifferentiated state or differentiated
to epithelial structures in a controlled manner, enabling
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us to form large quantities of laboratory-grown tissue
with predictable differentiation properties. This requires
a detailed understanding of the dynamic cell signaling
environment in which NPCs are located within the devel-
oping kidney. BMP, FGF, and WNT signaling act in con-
cert to control both maintenance of the progenitor cell
state, and commitment to epithelial differentiation. We
show that BMP signals through TAKI, MYC, and JUN to
promote GI1-S transition in NPCs. However, we also show
that BMP primes NPCs for epithelial differentiation in re-
sponse to local WNT signaling. This signaling event is me-
diated through Smad signaling and removes cells from
the NPC pool through differentiation. Interestingly, BMP-
TAK signaling inhibits BMP-Smad signaling, and the BMP
pathway thus maintain an intrinsic balance between NPC
maintenance and differentiation. We show that the am-
plitude of BMP signaling influences the choice of TAK or
Smad signaling in NPCs, and we present a model for how
BMP, FGF, and Wnt signaling may integrate.

Funding Source: NIH 2RO1DK078161

W1124

ALVEOLAR EPITHELIAL CELL THERAPY
RESCUES THE LUNG PHENOTYPE IN A
MOUSE MODEL OF SURFACTANT PROTEIN C
DEFICIENCY

Shafa, Mehdi', Vadivel, Arul', Xu, Liqun', Collins,
Jennifer?, de Caen, Genevieve', Xu, Xin' and Thébaud,
Bernard', 'Ottawa Hospital Research Institute, Ottawa,
ON, Canada, 2Ottowa Hospital Research Institute,
Ottowa, ON, Canada

Pulmonary surfactant protein C (SP-C) is synthesized by
type Il Alveolar epithelial cells (AEC-II) as a precursor and
is processed to form the functional secreted protein. Mu-
tations in the SP-C gene (Sftpc) are inherited as an au-
tosomal dominant trait and lead to a misfolded protein
and subsequent cellular stress in AEC-Il. Sftpcmutations
are linked to respiratory distress in term newborn infants,
hereditary forms of idiopathic interstitial pneumonitis in
older children, and chronic pulmonary fibrosis and em-
physema in adults. Histological features due to SP-C defi-
ciency include alveolar remodeling, airspace loss, fibrosis,
cellular infiltrates and epithelial cell dysplasia in conduct-
ing and peripheral airways. The application of wild type
AEC-Il and human induced pluripotent stem cell (hiP-
SCs)-derived AECs-Il to rescue a lung genetic disease has
never been investigated. In this study, we hypothesized
that AEC-Il and hiPSC-derived AEC-II therapy can rescue
the phenotypic and pathological consequences of Sftpc
gene knock-out in SP-C deficient mice (SPC7?). Wild type
AEC-Il were isolated from 4-6 weeks old 129J mice by
enzymatic digestion followed by Ficoll-purification and
non-plastic adherence selection. We also established a
highly efficient method to differentiate hiPSCs into a ho-
mogenous population of AEC-II. Both cell types were la-
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belled by a membrane-specific fluorescent dye and were
intratrachealy administered as single cells to one year old
SPC”- mice. Cyclosporin A was administered to mice that
received human cells to prevent immune rejection. Mice
were treated with two doses of AEC-Il during a period of
12 days. Age matched SPC7-and 129J mice that did not re-
ceive cells were controls. Freshly isolated AEC-II engraft-
ed into the distal lung, improved lung function and struc-
ture and attenuated cell infiltration in SPC7- mice. AECs
therapy increased the exercise capacity and improved
lung mechanical properties. Our results also showed that
hiPSC-derived AEC-II were retained in the distal lung, en-
grafted into alveolar structure and attenuated lung struc-
tural injuries. Patient-specific AEC-Il therapy exerts short-
term therapeutic benefit in this experimental model and
may offer new therapeutic options for lung genetic disor-
ders that affect alveolar epithelial cells.

Funding Source: MS is supported by Canadian Thoracic
Society (CTS) and TPRM. BT is supported by SCN, CIHR,
CFl and the Canadian Thoracic Society.

W1126

IN VITRO PROPAGATION AND BRANCHING
MORPHOGENESIS FROM SINGLE URETERIC
BUD CELLS

Yuri, Shunsuke and Yanagawa, Norimoto, UCLA
VAGLAHS at Sepulveda, North Hills, CA, U.S.

With the recent advancement in kidney regeneration using
stem cell biology and tissue engineering techniques, there
is an increasing need to develop culture systems that can
maintain and expand kidney progenitor cells in vitro with
defined factors in a serum-free condition. We aimed in
our present study to establish such a system for the main-
tenance and expansion of ureteric bud cells. We found
that the survival of ureteric bud cells in a serum-free cul-
ture condition required signaling from fibroblast growth
factors or retinoic acid, while the proliferation and main-
tenance of ureteric bud tip cells required glial cell-derived
neurotrophic factor together with signaling from either
Whnt-B-catenin pathway or retinoic acid. We also found
that R-spondin ligand-receptor relationship is conserved
between metanephric mesenchyme and ureteric bud,
and R-spondins are required for the activation of B-cat-
enin signaling in ureteric bud cells by endogenous Wnt
proteins. We further found that Rho kinase inhibitor was
required for the survival and expansion of dispersed sin-
gle ureteric bud cells under such culture condition. With
this culture system, we demonstrated the ability of single
ureteric bud cells to form colonies and reconstruct ureter-
ic bud-like structures retaining the in vivo characteristics
of the original ureteric bud. In conclusion, we describe
in our present study a serum-free culture system suitable
for the maintenance and expansion of dispersed ureteric
bud cells in vitro. The ability to re-build ureteric bud-like
structures from single ureteric bud cells under our culture
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condition could provide a useful tool for kidney regenera-
tion with kidney progenitor cells.

EPIDERMAL CELLS

W2002

DUAL ROLE OF THE ANAPHASE PROMOTING
COMPLEX/CYCLOSOME IN REGULATING
STEMNESS AND DIFFERENTIATION IN THE
HUMAN SKIN EPITHELIUM

Quek, Ling Shih, Grasset, Nicolas, Tan, Chye Ling and
Bellanger, Sophie, A*STAR, Singapore, Singapore

The Anaphase Promoting Complex/Cyclosome (APC/C)
activates the transition from M to Gl when bound to
Cdc20 but negatively regulates the G1/S transition when
bound to Cdh1. Although a direct role of APC/C in stem-
ness maintenance - or loss - has never been established
in the embryo or in adult tissues, a low APC/C-Cdh1 ac-
tivity in human embryonic stem cells (hESC) correlates
with fast proliferation and a short G1 phase, whereas AP-
C/C-Cdh1 activity increases upon differentiation. Using
the skin epithelium (which contains both adult stem cells
and differentiated cells) as a model to study the fate of
adult stem cells, we addressed the role of APC/C in both
stemness maintenance and differentiation of human pri-
mary keratinocytes. Keratinocyte stem cells are charac-
terized by high proliferation capabilities. When cultured
on 3T3-J2 feeders in vitro, they give rise to large undif-
ferentiated proliferating colonies (holoclones), whereas
cells committed to differentiation appear as small colo-
nies (paraclones). In a heterogeneous population of hu-
man primary keratinocytes, we found that while inhibiting
APC/C-Cdc20 drastically inhibits holoclone growth and
enhances differentiation, Cdh1 silencing reproducibly in-
creases the holoclones/paraclones ratio. Molecular biol-
ogy approaches allowed us to determine that Cdc20-si-
lenced cells express high level of early (e.g. Keratin 1 and
Keratin 10) and late (e.g. Involucrin and Filaggrin) kerati-
nocyte differentiation markers. In contrast, silencing Cdh1
significantly decreases expression of these markers. In
conclusion, our data show that in the human skin epitheli-
um the APC/C plays a critical role in deciding on the fate
of adult stem cells.

Funding Source: This work is funded by A*STAR Singa-
pore.

co-sponsored by:
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AXIN2 MARKS QUIESCENT HAIR FOLLICLE
BULGE STEM CELLS THAT ARE MAINTAINED
BY AUTOCRINE WNT/B-CATENIN SIGNALLING

Lim, Xinhongd', Tan, Si Hui', Yu, Ka Lou’, Lim, Sophia
Beng Hui' and Nusse, Roeland?, Institute of Medical
Biology, Singapore, Singapore, 2Howard Hughes
Medical Institute, Department of Developmental
Biology, Stanford, CA, U.S.

How stem cells maintain their identity and potency as
tissues change during growth is not well understood. In
mammalian hair, it is unclear how hair follicle stem cells
can enter an extended period of quiescence during the
resting phase but retain stem cell potential and be subse-
guently activated for growth. Here, we use lineage tracing
and gene expression mapping to show that the Wnt tar-
get gene Axin2 is constantly expressed throughout the
hair cycle quiescent phase in outer bulge stem cells that
produce their own Wnt signals. Ablating Wnt signaling in
the bulge cells causes them to lose their stem cell potency
to contribute to hair growth and undergo premature dif-
ferentiation instead. Bulge cells express secreted Wnt in-
hibitors, including Dkks and Sfrpl. However, the Dkk3 pro-
tein becomes localized to the Wnt-inactive inner bulge
that contains differentiated cells. We find that Axin2 ex-
pression remains confined to the outer bulge while Dkk3
continues to be localized to the inner bulge during the
hair cycle growth phase. Our data suggest that autocrine
Whnt signaling in the outer bulge maintains stem cell po-
tency throughout hair cycle quiescence and growth, while
paracrine Wnt inhibition of inner bulge cells reinforces dif-
ferentiation.

Funding Source: This work was supported by the HHMI,
California Institute of Regenerative Medicine grant TR1-
01249, and the Agency for Science, Technology and Re-
search in Singapore.

W2006

HUMAN LONG TERM DEREGULATED
CIRCADIAN RHYTHM IN VIVO ALTERS
CLONOGENIC PROPERTIES OF HAIR FOLLICLE
KERATINOCYTES

Deshayes, Nathalie, Genty, Gaianne, Dimitrov, Ariane
and Paris, Maryline, L'Oreal R&I, Aulnay-sous-Bois,
France

In humans, epidermal stem cell function in vitro is regu-
lated by circadian oscillations, the deregulation of which
may contribute to skin aging. Circadian arrhythmia of hair
follicle precursor cells (keratinocytes located in the out-
er root sheath, ORS) contributes to age-related hair cy-
cling defect, in mice. Despite the well-described impact
of circadian oscillation, involving a CLOCK gene pathway
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feedback loop, on keratinocyte function, little is known
about changes in the clonogenic potential of human Hair
Follicle (hHF) keratinocytes after a long-term alteration
of the circadian rhythm in vivo. This study assessed the
properties of hHF keratinocytes through a CLOCK path-
way alteration due to long-term deregulated circadian
rhythm. First, the physiological relevance of the study was
validated. Using a 3D Spinning disk imaging approach on
micro-dissected hHF’s, we demonstrated the expression
of Perl and Bmall (two CLOCK pathway proteins) in kera-
tinocytes of the upper and lower ORS. Second, we com-
pared the CLOCK pathway protein expression and hHF
keratinocyte properties in two groups of women: shift
workers and diurnal workers. Cell culture characterization,
measurement of colony area and immunostaining were
performed. We demonstrated that long term circadian
rhythm deregulation affected CLOCK pathway protein
expression and was correlated with alteration in hHFK
clone-forming efficiency. This study, for the first time in
humans, provides evidence that /in vivo alterations of the
CLOCK gene pathway affect the clonogenic properties of
hHF precursor cells and circadian protein expression.

EYE OR RETINAL CELLS

W2010

HIGH EFFICIENCY DIFFERENTIATION OF
NEURAL RETINA FROM MOUSE PLURIPOTENT
STEM CELLS IN THREE-DIMENSIONAL
RETINAL ORGANOID CULTURE

Chen, Yu Holly, Dong, Lijin and Swaroop, Anand,
National Institutes of Health, Bethesda, MD, U.S.

Mouse embryonic or induced pluripotent stem cells
(ESCs or iPSCs) can be differentiated into three-dimen-
sional (3D) retinal organoids with stratified neural retina.
However, differentiation efficiency of SFEBq (serum-free
floating culture of embryoid body-like aggregates with
quick reaggregation) method for 3D retinal culture is low
for generating immature neural retina (NR). While NR
differentiated in vitro has been examined for a few cell
type-specific markers, its precise molecular description in
relation to the retina in vivo is unclear. We have developed
a 3D culture system that mimics in vivo retinogenesis with
high efficiency and reproducibility by modifying oxygen
level, growth factors and various nutrients. We show that
hypoxia condition in the early stage of differentiation
(<D10) greatly improves the efficiency of formation of
optic vesicles (>85%) at D7 and optic cup (>75%) at D10.
The 3D retina culture can be maintained until D35, with
mature Mdller glia and elongated cilia in photoreceptors.
Taking advantage of ESCs and iPSCs derived from the
Nrl-GFP mice, where GFP labels all rod photoreceptors
at birth, we purified developing rod photoreceptors from
3D retina by flow cytometry. RNA-seq is being performed
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to examine the gene expression profiles of flow-sorted
rod photoreceptors and dissected NR and these profiles
would be compared to purified rods from mouse retina at
distinct developmental stages. Our study should provide
new insights for the application of 3D organoid cultures
to investigate retinal organogenesis and pathogenesis of
degenerative diseases.

Funding Source: This work was supported by intramural
research program of the National Eye Institute, National
Institutes of Health.

W2012

PHERIPHERAL INTRAVENOUS INJECTION

OF HUMAN PLACENTA MESENCHYMAL

STEM CELLS PROMOTE AXON SURVIVAL
FOLLOWING OPTIC NERVE COMPRESSION BY
ACTIVATION OF NF-

Park, Mira, Kim, Hyungchul and Lew, Helen, CHA
university, Seongnam, Korea, South

We investigated compressed rat optic nerve following
transplantation with human placenta-derived MSCs (hPM-
SCs) isolated from placenta. hPMSCs have a function to
recover neuronal damages by up-regulating expression
of genes associated with axon regeneration. After mak-
ing rat models of optic nerve compression crush(ONC),
hPMSCs (1x108), hPMSCs (1x108) with G-CSF (0.2ml/kg) ,
G-CSF (0.2ml/kg) were injected into the tail vein for each
group. The axon survival ratio and immunohistochemical
evaluation of normal right side and ONC left side in each
rat. The expression markers for inflammation, apoptosis
and optic nerve regeneration such as Gap43, Hif-1and
Gapdh and Thy-1, Nf-l ad Brn-3b as a specific marker for
retinal ganglion cell (RGC) analyzed by Western blot and
real-time PCR with axon survival rate by direct counting.
To determine the recovery pathway by hPMSCs in dam-
aged retinal precursor cell line (R28) cells, cell viability,
immunoblot analysis, immunofluorescence analysis and
electrophoretic mobility shift assay (EMSA) were con-
ducted. Increased axon survival rate (p = .009) were ob-
served in hPMSCs injection compared to controls. At 2
weeks, the expression level of GAP43 was decreased in
injured eye groups than normal eye of hPMSCs injection
group and recovered in injured eye of hPMSCs injection
group. The expression level of Hif-la was decreased in in-
jured eye of hPMSCs. We have shown that 30% of the R28
cells exposed to Cocl, which induced hypoxia underwent
apoptosis. After co-cultured incubation with hPMSCs,
we found death was reduced in R28 cells exposed to hy-
poxia by recovery of disturbed levels of neuronal regen-
eration related proteins (GAP43, ERMN and OCM) and
decrease of activated caspase3 protein. In addition, we
found NF-kB protein mediates neuroprotection pathway
via up-regulation of target proteins by hPMSCs. Confocal
result showed decreased NF-kB expression of R28 cells
exposed to Cocl, by co-culture with hPMSCs. And also,
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we demonstrated that loss of NF-kB DNA-binding affinity
recovered by hPMSCs. In conclusion, hPMSCs have abil-
ities to recover neuronal damages by up-regulating ex-
pression of genes induced axon regeneration. Our results
can provide the better understanding of hPMSCs function
in retinal damage.

Funding Source: This work was supported by the Na-
tional Research Foundation of Korea (NRF) grant
funded by the Korea government (MSIP) (No. NRF-
2014R1A2A2A01002617).

W2014

EFFECTS OF EXOSOMES FROM HUMAN
ADIPOSE-DERIVED MESENCHYMAL STEM
CELLS ON COLONY FORMATIONS OF HUMAN
LIMBAL EPITHELIAL STEM CELLS

Okubo, Toru'?, Hayashi, Ryuhei?, Shibata, Shun'?,
Honma, Yoichi? and Nishida, Kohji?, 'Rohto
Pharmaceutical Company Limited, Osaka, Japan,
2Osaka University Graduate School of Medicine, Suita,
Japan

Exosomes from mesenchymal stem cells (MSCs) have
been recently reported to participate in therapeutic pro-
cesses, including tissue repair and immunomodulation.
Human limbal epithelial stem cells (hLESCs), that are lo-
cated in basal layer of corneal limbus, differentiate into
transient amplifying cells and corneal epithelial cells even-
tually, as they proliferate and migrate towards central cor-
nea. An impairment of hLESCs results in limbal stem cell
deficiency (LSCD). In this study, we investigated effects of
exosomes from human adipose-derived (hAD-) MSCs on
the proliferation and the differentiation of hLESCs. Exo-
somes were isolated from cell culture media of hAD-MSC
using ultracentrifugation method. For colony-forming as-
say, hLESCs were seeded on MMC-treated NIH/3T3 cells
at 200 cells/well in 24 well plates and exosomes were
added simultaneously to cell culture media. After 10 days
culture, colonies were stained with rhodamine B and the
numbers were counted. Gene expression of Keratin (K)12
and K3, markers for differentiated corneal epithelial cells,
was assessed by real-time-RT-PCR. Protein expression of
K12 was examined by immunofluorescence staining.Exo-
somes treatment increased colony formations of hLESCs
by 1.48-fold, compared to that in untreated control. Ex-
pression levels of K12, K3 mRNAs were reduced in the col-
onies treated with hAD-MSCs exosomes. Immunofluores-
cence staining showed that expression of K12 protein was
also decreased in the hAD-MSCs exosomes-treated col-
onies. In conclusion, exosomes from hAD-MSCs inhibited
corneal differentiation, but promoted colony formations
of hLESCs. Therefore, exosomes derived from hAD-MSCs
are the promising candidate for treatments of LSCD.

co-sponsored by:
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TROPHIC EFFECT OF MESENCHYMAL STEM
CELLS ATTENUATES TGF-BETA-INDUCED
EPITHELIAL-MESENCHYMAL TRANSITION IN
HUMAN CORNEAL LIMBAL EPITHELIAL CELLS

Shibata, Shun'?, Hayashi, Ryuhei3, Okubo, Toru'?,
Honma, Yoichi'? and Nishida, Kohji?, 'Rohto
Pharmaceutical Co., Ltd., Osaka, Japan, ?Osaka
University Graduate School of Medicine, Suita, Japan,
30saka Univ, Osaka, Japan

Epithelial-mesenchymal transition (EMT) is a process of
converting from polarized epithelial characteristics to mi-
gratory mesenchymal properties. In ocular surface, some
evidences suggest that EMT is involved in scarring, pte-
rygium, and limbal stem cell senescence, however, de-
tailed mechanism of EMT has not been elucidated. On the
other hand, some reports indicated that secreted factors
from mesenchymal stem cells (MSCs) suppressed EMT.
In the present study, we investigated effects of MSCs on
EMT in human limbal epithelial cells (hLECs). hLECs were
isolated from the limbus of research human corneal tis-
sues and expanded in vitro. Treatment of transforming
growth factor (TGF) -8, a main inducer of EMT, induced
fibroblast-like morphological changes and decrease of
cell-cell contacts in hLECs. The results of gRT-PCR and
immunostaining showed that TGF-B increased the ex-
pression of mesenchymal markers, Slug, Vimentin, and
Fibronectin, but decreased the expression of epithelial
markers, E-cadherin and Claudin-1in hLECs. Next, hLECs
were treated with TGF-B and then co-cultured with hu-
man adipose-derived MSCs (hAD-MSCs) using cell cul-
ture insert. EMT-related genes induced by TGF-f in hLECs
were attenuated by the co-cultivation with hAD-MSCs. In
addition, in spite of the presence or absence of TGF-B, the
co-cultivation with hAD-MSCs promoted terminal differ-
entiation of hLECs which was marked by an increase of
Keratin12 expression and the bloated cell morphology. Fi-
nally, to determine a factor in MSCs conditioned medium
(MSC-CM) responsible for EMT inhibition, we performed
LC-MS/MS for MSC-CM following SDS-PAGE. The pro-
teome analysis successfully identified a protein correlated
with the EMT-inhibiting activity in MSC-CM. Our findings
suggest that trophic effect of MSCs attenuates EMT and
promotes terminal differentiation of hLECs and provide
a novel candidate protein marker of EMT-inhibiting func-
tion in MSC-CM.
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IMPROVING OUR UNDERSTANDING OF
AUTOSOMAL DOMINANT RETINITIS
PIGMENTOSA USING PRPF31 PATIENT
SPECIFIC INDUCED PLURIPOTENT STEM
CELLS

Zhu, Lili", Buskin, Adriana’, Mellough, Carla', McKibbin,
Martin?, Inglehearn, Chris3, Steel, David', Johnson,
Colin Anfimov?3, Armstrong, Lyle*, Collin, Joseph' and
Lako, Majlinda®, 'Newcastle University, Newcastle
upon Tyne, U.K,, 2St James University Hospital, Leeds,
U.K,, 3University of Leeds, Leeds, U.K,, “Newcastle
University, Newcastle, U.K.

Retinitis pigmentosa (RP), a common cause of blindness,
is a group of inherited diseases characterized by progres-
sive degeneration of the mid-peripheral retina, leading
to night blindness, visual field constriction, and eventu-
al loss of visual acuity due to loss of photoreceptor cells
of the retina. RP, affecting more than 1.5 million people
worldwide, accounts for 13% of all blind registrations in
children and 16% in adults of working age. Mutations in
one key gene, PRPF31, shown to be involved in pre-mR-
NA splicing, account for approximately 5.5% of autoso-
mal dominant RP cases. PRPF31 is ubiquitously expressed
in all tissues of the adult organism, but its mutations
cause only retina-specific disease. Currently, the molec-
ular mechanisms by which ubiquitous pre-mRNA splic-
ing genes confer a tissue-specific pathogenesis are not
clear. The direct study of retinal tissue affected by RP is
challenging, as it is difficult to obtain. Animal models and
patient-specific lymphoblastoid cell lines have failed to
identify retinal-specific pathogenic splice variants, hence
in vitro disease models of retinal specific diseases are nec-
essary and timely. In our study, we have generated a pa-
tient-specific induced pluripotent stem cells (iPSC) model
of PRPF31-RP and we are in the process of correcting the
PRPF31 mutation by CRISPR-Cas9. PRPF31-iPSCs show
typical expression of pluripotency markers, in vitro differ-
entiation capacity and the ability to generate teratomae
comprised of all three germ layers in vivo. These iPSCs
were successfully differentiated into a large number of
patient-specific photoreceptor and retinal pigmented ep-
ithelial (RPE) cells, which enabled us to study the features,
and RNA splicing defects of these retinal cells. Alongside
the benefits of a greater understanding the disease mech-
anisms of RP disease, our findings could also help develop
effective treatments to restore sight in affected patients.

Funding Source: FIGHT FOR SIGHT
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W2020

FUNCTIONAL CHARACTERIZATION OF IPSC-
DERIVED NEURONS ON MICROELECTRODE
ARRAYS AND THEIR APPLICATION TO
PHENOTYPIC DISEASE MODELING AND
NEUROTOXICITY ASSESSMENT

Bader, Benjamin M., Jugelt, Konstantin', Hess,
Dietmar?, Kfoury, Elena®, Luerman, Gregory?® and
Schréder, Olaf H. -U.", 'NeuroProof GmbH, Rostock,
Germany, 2Axiogenesis AG, Cologne, Germany,
SAxiogenesis Inc, Plymouth Meeting, PA, U.S.

Primary cultures are widely used for testing drug candi-
dates in phenotypic in vitro models. Moreover, they serve
as the gold standard and are used to evaluate human
induced pluripotent stem cell-derived (hiPSC) neuronal
cultures to transfer current models into the human back-
ground. The goal is to increase predictability, sensitivity
and specificity. We cultured different hiPSC-derived CNS
neurons including TH+/dopaminergic hiPSC neurons on
MEAs and recorded the spontaneous electrical network
activity over weeks in culture using micro electrode ar-
rays (MEAs). All neuronal cultures demonstrated sponta-
neous electrical activity which partly matures over time.
The neurons demonstrated burst-like activity for > 3
weeks in culture and demonstrated sensitivity to multi-
ple well characterized neurotoxic agents. Moreover, we
compared the phenotypic functional activity patterns
with those recorded in primary mouse cultures from dif-
ferent brain regions and observed a phenotypic similarity
e.g. between primary midbrain and iPSC-derived cultures
containing ventral dopaminergic neurons. Toxin-induced
activity changes were also comparable between primary
and hiPSC neurons and the effects of known in vitro chal-
lenge/rescue models on both human and mouse neuronal
networks were shown. In conclusion, well-characterized
functional human iPSC-derived neuronal in vitro systems
and comparison to known primary models increase the
predictive value for disease modeling, neurotoxicity as-
sessment and compound screening.
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W2022

TRANSCRIPTIONAL MAPPING OF
TRANSPLANTED HUMAN NEURAL STEM
CELLS IN ISCHEMIC STROKE USING
TRANSLATING RIBOSOME AFFINITY
PURIFICATION

Azevedo-Pereira, Ricardo L., Manley, Nathan',
Winge, Marten’, Berry, Jack’, Sun, Guohua', Bliss,
Tonya? and Steinberg, Gary?3, 'Stanford University,
Palo Alto, CA, U.S,, 2Stanford University, Stanford, CA,
U.S., 3Stanford School of Medicine, Stanford, CA, U.S.

Human neural stem cell (hNSC) transplantation is be-
ing explored as a potential therapy for ischemic stroke
(IS). Although research has shown the efficacy of NSCs
in stroke little is known about the mechanisms involved
in NSC-induced functional recovery. Identifying what the
transplanted NSCs express in vivo will help elucidate their
mechanism of action. To date, the challenge has been re-
solving factors expressed by the transplanted cells from
that of surrounding host cells. We have overcome this
critical barrier by adapting the novel TRAP (Translating
Ribosome Affinity Purification) approach to enrich mRNA
from transplanted hNSCs. Nude rats were subjected to
permanent distal cerebral artery occlusion, 7 days later
hNSCs expressing GFP under an RPL10a promoter were
transplanted into the cortex of IS and non-ischemic (NI)
rats. Seven days post-transplantation the graft site was
dissected and processed to isolate ribosome-bound RNA
from the transplanted hNSCs using TRAP. RT-gPCR anal-
ysis of a human housekeeping gene panel revealed that
the average enrichment of human transcripts was 22-fold
(range: 17.5-31.80) and 101-fold (range: 57.27-154.94) in IS
and Nl rats, respectively. TRAP-isolated RNA was subject-
ed to HiSeg-2500 sequencing and a total of 25,272 NSCs
genes were found differentially expressed between NSCs
in IS and NI rats. Of these genes, 630 showed statistical
significant differential expression (i.e. p<0.05, g<0.05)
plus at least a 2-fold difference in expression between
the two groups. Gene ontology analysis of this signature
revealed that these genes clustered into biological pro-
cess significantly (p<0.05) enriched for Regulation of Cell
Death (7.1%), Cell-cell Signaling (6.9%) and Neuron Dif-
ferentiation (5.9%). Our data demonstrate the feasibility
of the TRAP procedure to enrich for the transcriptome of
hNSCs transplanted into rat brain, making analysis of their
differential expression profile in the stroke brain possible.
This sets the stage to probe the molecular mechanism of
action of transplanted stem cells.

co-sponsored by:

W2024

A HUMAN NEURONAL MODEL FOR TUBEROUS
SCLEROSIS

Blair, John', Hockemeyer, Dirk' and Bateup, Helen',
'University of California, Berkeley, Berkeley, CA, U.S.

Tuberous Sclerosis Complex (TSC) is a neurodevelopmen-
tal disorder associated with epilepsy, intellectual disabili-
ty, and autism spectrum disorder. TSC is caused by loss of
function mutations in either the TSClor TSC2 genes whose
protein products form a complex that is a key negative
regulator of the mTOR pathway. Mouse models of TSC
have provided insights into possible disease mechanisms
but do not recapitulate all aspects of the disease, specifi-
cally the focal cortical malformations that are observed in
patients. To generate a novel human neuronal model for
TSC we have used CRISPR/Cas9-mediated gene editing
to engineer loss of function mutations in TSC1 or TSC2 in
human pluripotent stem cells. Differentiating these cells
into neurons revealed a distinct morphology associated
with TSC1 or 2 loss, including increased cell body size and
altered dendritic arborization. We also observed differen-
tial protein expression, particularly in downstream targets
of mTOR that control cellular metabolism and protein
translation. In addition to two-dimensional neuronal dif-
ferentiation, we have created three-dimensional “cortical
organoids” to model the early steps of human cortical de-
velopment. We are using this system to investigate the
molecular mechanisms by which mutations in TSC1 or 2
affect human neuronal differentiation and migration. Our
approach provides a novel, genetically controlled plat-
form from which to elucidate the cellular and molecular
basis of TSC and related neurodevelopmental disorders.

W2026

MODELING HUNTINGTON'S DISEASE USING
ASTROCYTES DERIVED FROM TRANSGENIC
HD MONKEY IPSCS-DERIVED NEURAL
PROGENITOR CELLS

Cho, In Ki'?, Qian, Lu3, Phung, Phung T.* and Chan,
Anthony W.S.»3, 'TEmory University School of Medicine,
Atlanta, GA, U.S., 2Emory University, Atlanta, GA, U.S.,
3Yerkes National Primate Research Center, Atlanta,
GA, US.

Huntington’s disease (HD) is a devastating neurodegener-
ative disease caused by the expansion of CAG repeats in
exon 1 of the huntingtin (HTT) gene IT15 that results in an
extended poly-glutamine residue in N-terminus of the HTT
protein. The accumulation of mutant HTT (mHTT) leads to
the formation of nuclear inclusions and oligomeric aggre-
gates causing neuronal cell dysfunctions and death. Var-
ious cell and animal models have been made produced,
but there still is a strong demand for experimental models
that can recapitulate the progress and development of
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the disease phenotypes. In addition to our effort in estab-
lishing transgenic HD monkey model, we have generated
neural progenitor cells (rNPCs) from induced pluripotent
stem cell (iPSC) of HD monkey as a model for studying
HD pathogenesis. As the most abundant cell type in the
brain, astrocytes play an important role in the develop-
ment and maintaining homeostasis of the central nervous
system (CNS). There are increasing evidences supporting
the involvement of astrocytes in the onset and progres-
sion of neurodegenerative diseases such as Alzheimer's
disease (AD), Huntington’s disease (HD), Parkinson’s dis-
ease (PD), and amyotrophic lateral sclerosis (ALS). In this
study, we report the in vitro derivation of astrocytes from
rNPCs at high homogeneity confirmed by immunocyto-
chemistry (ICC) and fluorescence-activated cell sorting
(FACS). rNPC-derived astrocytes were positive for ca-
nonical astrocyte-specific markers (ALDHILT and GFAP),
and they were negative for NPC markers (MSI1and PAX6)
and neuronal marker (MAP2). RT-PCR showed up-regu-
lation of the astrocyte-specific transcripts GFAP, S100B,
APOE, and LCN2 while down-regulation of NPC-specific
transcript SOX2. Compared to NPC, there was no differ-
ence in MSI1, TUBB3, and TH expressions, which are neu-
ral crest and neuronal restricted progenitor population
makers. Furthermore, astrocytes derived from HD-rNPC
developed cytosolic mHTT aggregates and nuclear inclu-
sions. The HTT and GRM1 up-regulation and the PPARG-
Cl1A, SLCIA2, and SOD2 down-regulation in HD-rNPC-de-
rived astrocytes compared to WT were consistent with
prior reports in HD. In summary, we report a novel pri-
mate astrocyte model for studying HD pathogenesis, a
cell source for cell therapy, and a platform or the discov-
ery of novel treatments for HD.

Funding Source: NINDS/NIH (NS084163), NIMH/NIH
(MH100670)

W2028

FUNCTIONAL PHENOTYPIC
CHARACTERIZATION OF IPSC-NEURONS
FROM ALZHEIMER'S DISEASE PATIENTS
CARRYING PS-1 MUTATION IN DRUG
SCREENING AND DISEASE MODELING

Winkler, Maria', Dutta Passecker, Priyanka?, Gibbons,
George?, Wessel-Carpenter, Naomi?, Schrdder, Olaf!
and Bader, Benjamin M.', 'NeuroProof GmbH, Rostock,
Germany, 2Axol Bioscience Ltd., Cambridge, U.K.

Adult cells from human individuals carrying disease-as-
sociated gene mutations can be reprogrammed into in-
duced pluripotent stem cells (iPSCs) and can then be dif-
ferentiated into a variety of cell types including human
neural stem cells (hNSCs) and cerebral cortical neurons
(hCCNs). Our aim was to phenotypically investigate pa-
tient iPSC-derived neurons carrying the presenilin-1 (PS-1)
mutation (supplied by Axol Bioscience) and to compare
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them with cells from healthy controls (supplied by Axol
Bioscience). Transcriptome analysis revealed an up-regu-
lation in the expression of neuronal genes and a decrease
in pluripotency markers in hCCNs. Immunocytochemistry
showed the appropriate neural cell morphology in hCCNs,
with both cell types expressing markers typically associ-
ated with the corresponding developmental stage. Whole
patch clamp and multi-electrode arrays (MEAs) success-
fully established electrical activity in these cells. We differ-
entiated these neural progenitor cells into spontaneously
active neuronal networks using a xeno-free differentiation
protocol and recorded spontaneous activity during neu-
ronal differentiation using micro-electrode array (MEAS).
Multi-parametric phenotypic analysis was used to identify
specific differences of functional activity patterns during
development into mature neuronal networks within 4-5
weeks. Moreover, we investigated the effects of neuro-
toxins on mutant and control neurons. We have identi-
fied a range of characteristics in the patient-derived and
control-derived iPSC-neurons that establishes them as an
ideal tool for use in numerous applications such as dis-
ease modeling, drug screening and toxicology and other
assays.

W2030

MODELING NEUROBLASTOMA THROUGH
PRIMARY MOUSE NEURAL CREST CELL
TRANSFORMATION

Garcia Lopez, Jesus, St. Jude Children’s Research
Hospital, Memphis, TN, U.S.

Neuroblastoma (NB) is the most common extracranial
solid tumor in the pediatric population and arises from the
sympathoadrenal lineage of trunk Neural Crest Stem Cells
(NCSCs). Two common genetic features of neuroblasto-
mas are allelic deletion of 1p36 locus and MYCN ampli-
fication which together are involved in about 30% of all
cases. Deletion of chromosome 1p is frequently found in
MYCN amplified tumors suggesting that MYCN regulato-
ry mechanisms and tumor suppressor genes may be lost
in 1p36 deletion. Since all the genetic aberrations which
are associated with NB occur during NCSC differentia-
tion, to model NB disease, we have developed an ex-vivo
system which allows us to collect and transform primary
mouse NCSCs to screen novel neuroblastoma oncogenic
drivers. Among the different 1036 candidate genes we are
targeting, ARID1A and CHD5 are promising candidates
that are involved in chromatin remodeling. Through CRIS-
PR/CAS9 technology, we suppressed ARIDIA and CHD5
expression on primary mouse NCSCs. We are currently
combining ARID1A and CHD5 deletion with MYCN over-
expression, to emulate the genetic disorders observed
in high risk NB tumors. Our results suggest that primary
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NCSCs manipulation is a useful tool to identify early onco-
genic events and key oncogenic drivers in neuroblastoma.

Funding Source: Funding was provided by ALSAC and a
grant from the U.S. Department of Defense

W2032

INVESTIGATING THE EFFECTS OF STEM CELL
POSITIONAL IDENTITY ON BRAIN TUMOR
DEVELOPMENT IN THE MOUSE

Rushing, Gabrielle, Leelatian, Nalin, Brockman,

Asa, Jurewicz, Amanda, Fu, Cary, Ess, Kevin, Irish,
Jonathan and lhrie, Rebecca, Vanderbilt University,
Nashville, TN, U.S.

The ventricular-subventricular zone is the largest stem
cell niche in the postnatal brain, and is a likely site of ori-
gin for many brain tumors. Cells in this niche have a posi-
tional identity: a stem cell’s position predicts the types of
progeny that will be generated, and several transcription
factors are preferentially expressed in localized domains.
However, it is not known whether the intrinsic pattern-
ing of these microdomains corresponds to measurable
differences in proliferative signaling, or whether this pat-
terning may influence tumor development or other dis-
ease states. We are using a mouse model of a neurode-
velopmental disorder, Tuberous Sclerosis Complex (TSC),
to test the effects of positional identity on brain tumor
development. TSC patients have mutations in either the
TSC1 or TSC2 genes, and may develop two benign tumor
types within the brain - small, ubiquitous and asymptom-
atic subependymal nodules or large, location-restricted
and potentially lethal subependymal giant cell astrocy-
tomas (SEGAs). The mechanism for larger, location-spe-
cific tumor development is unknown. We hypothesized
that SEGAs originate from a specific, ventral population
of stem cells that is more susceptible to the effects of
TSC1/2 gene mutation. We developed phospho-specific
flow cytometry assays in cultured mouse V-SVZ cells to
simultaneously measure the per-cell levels of multiple rel-
evant phospho-proteins affected in this disease, including
p-S6, p-STAT3, and p-Akt. Preliminary data suggest that
ventral progenitors have elevated mTOR pathway activ-
ity both in the wild-type and TSC2-heterozygous state,
and that these progenitors are less effectively inhibited
by rapamycin. Complementary experiments in mouse
models likewise suggest that localized loss of TSC2 pro-
tein results in SEGA-like symptoms in a subset of mice.
Collectively, these results suggest a novel model for the
development of localized tumors in TSC and illustrate the
utility of single-cell approaches in dissecting signaling
within this niche.

Funding Source: Tuberous Sclerosis Alliance Research
Grant
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DYNAMIC TRANSCRIPTION OF ENDOGENOUS
RETROVIRUSES DURING HUMAN BRAIN
DEVELOPMENT

Brattas, Per Ludvik', Jédnsson, Marie', Fasching, Liana',
Falk, Anna?, Parmar, Malin' and Jakobsson, Johan!,
'Lund University, Lund, Sweden, ?Karolinska Institutet,
Stockholm, Sweden

How the complexity of the mammalian brain is achieved
is largely unknown but factors such as epigenetic mod-
ifications, non-coding RNAs and transposable elements
(TEs), have been emerging as important players in the
control of gene regulatory networks. More than half of the
human genome is composed of TEs and it is becoming
increasingly clear that TEs can act as gene regulatory el-
ements and may play an important role in controlling and
fine-tuning gene networks. Recent studies indicate that
endogenous retroviruses (ERVSs) participate in the control
of gene expression during early mouse and human devel-
opment and there is also a remarkable cell-type specific
expression of these elements during different stages of
early human development. Still, if and how ERVs act as
regulatory elements in somatic cells including the brain is
poorly explored. In this study, we characterize the expres-
sion profile of HERVs in the human nervous system during
embryonic development as well as in human neural pro-
genitor cells (hNPCs) and upon their neuronal differen-
tiation. The data shows that HERVs are dynamically ex-
pressed in the developing human nervous system, based
on both regional and age related differences. The expres-
sion patterns of HERVs in hNPCs and upon their differenti-
ation towards mature neurons revealed a dynamic control
also in this in vitro model of human neural development.
In addition, we show that in hNPCs a selected number of
HERVs are repressed by H3K9me3 recruited by the epi-
genetic co-repressor TRIM28. These data demonstrate
that HERVs have the capacity to act as regulatory RNAs
as well as epigenetic hubs that attract repressive his-
tone marks, which may mediate transcriptional silencing
of nearby genes. Taken together, these results establish
a dynamic transcriptional control of HERVs during brain
development and indicate that these elements play a crit-
ical functional role in regulating transcriptional networks
in human cells which in turn influence the progeny they
produce. Considering that the genomic composition of
HERVs varies considerably between species, this mech-
anism has the potential to mediate human-specific gene
regulatory network. These experiments will open up for
further studies on the role of ERVs in driving human brain
evolution and their role in contribution to individual vari-
ation.
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IMAGE-BASED ANALYSIS OF A HUMAN
NEUROSPHERE STEM CELL MODEL
FOR THE EVALUATION OF POTENTIAL
NEUROTOXICANTS

Larson, Brad', Sherman, Hilary?, Gitschier, Hannah?,
Wolff, Alexandra® and Luty, Wini3, 'BioTek
Instruments, Inc., Winooski, VT, U.S., 2Corning
Incorporated, Life Sciences, Kennebunk, ME, U.S.,
3Enzo Life Sciences, Farmingdale, NY, U.S.

Developmental neurotoxicity (DNT) of environmental
chemicals has long been identified as a threat to the health
of the human population, as the developing nervous sys-
tem is particularly susceptible to toxicant exposure. The
resulting neurological deficits can have long-term effects
on families and society both financially and emotionally.
Current DNT testing guidelines involve the use of animal
models; primarily rodents. The testing strategy incorpo-
rates large numbers of animals, which can be extremely
time- and cost-intensive; particularly due to the backlog
of chemicals needing to be tested (Lein et al,, 2005). This
demand, in addition to current and future proposed reg-
ulations on the use of animals for testing makes it imper-
ative that new models be found to reduce animal experi-
mentation while providing a suitable method to test new
chemicals. Three-dimensional cell models, which incor-
porate human neural stem cells (hNSCs) aggregated into
neurospheres, have been proposed as a viable alternative
for DNT testing. The in vitro system has the ability to re-
capitulate the processes of brain development, includ-
ing proliferation, migration, differentiation and apoptosis
(Salma et al., 2015). Inclusion of human cells, as opposed
to murine, also meets recommendations to circumvent
the drawback of species differences between in vivo test-
ing and actual exposure effects. Here we will demonstrate
the use of a 3D neurosphere model, composed of hNSCs,
to conduct toxicity testing of potential neurotoxicants. A
spheroid microplate was used to create and maintain cells
in the 3D model. 3D neurosphere proliferation, multipo-
tency, along with the continued capacity to differentiate
into neurons, astrocytes, and oligodendrocytes was ini-
tially validated. Neurotoxicity testing was then performed
using neurospheres maintained in the 3D spheroid plate.
Detection of induced levels of oxidative stress, apoptotic,
and necrotic activity within treated neurospheres, com-
pared to negative control spheres, was evaluated. Mon-
itoring of cell proliferation, differentiation, multipotency
and experimental testing was performed using a novel
cell imaging multi-mode reader.
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W2038

GENERATION OF BRAINSTEM SEROTONERGIC
NEURONS FROM HUMAN iPSCs TO STUDY
POTENTIAL SUDEP MECHANISMS

Liu, Yu', Glanowska, Kasia', Richerson, George? and
Parent, Jack’, 'University of Michigan, Ann Arbor, M,
U.S,, 2University of lowa, lowa, I1A, U.S.

Sudden unexpected death in epilepsy (SUDEP) is the
most common cause of death in intractable epilepsies,
but pathophysiological mechanisms that lead to SUDEP
are poorly understood. Proposed SUDEP mechanisms in-
clude cardiac arrhythmia, brainstem dysfunction, obstruc-
tive apnea, or autonomic instability. Dravet syndrome
(DS) is an infantile-onset intractable epilepsy caused by
heterozygous loss-of-function mutations in the SCNIA
gene, which encodes the neuronal voltage-gated sodi-
um channel Na 1.1. The incidence of SUDEP in DS appears
even higher than in other intractable epilepsies, and a
greater understanding of this high risk is urgently need-
ed. Serotonin-producing neurons in the brainstem raphe
nuclei are implicated in regulating crucial physiological
processes such as breathing and body temperature. De-
fective serotonin networks are associated with disorders
such as sudden infant death syndrome (SIDS), and have
been proposed to play a role in SUDEP. To test this idea,
we sought to differentiate induced pluripotent stem cells
(iPSCs) from controls and subjects with DS into brain-
stem-like serotonergic neurons. We first generated neu-
ral progenitors using small molecules through dual SMAD
inhibition, and then sonic hedgehog, Fgf8/Fgf4, and Wnt
agonists were used to posteriorize neural progenitors and
regionalize them into midbrain/hindbrain identities. After
5 weeks of differentiation, the neural progenitors were
dissociated into single cells and then differentiated into
neurons without growth factors. Over 80% of human iP-
SC-derived neurons expressed PET-1, an early and specif-
ic marker of central serotonin neurons. After further dif-
ferentiation, they also expressed tryptophan hydroxylase
2 et al mature serotonin neuron molecules markers and
displayed mature electrophysiological properties. Future
work aims to compare the function of DS patient and con-
trol serotonin neurons. These cells will provide a valuable
in vitro model to study SUDEP mechanism of DS.

Funding Source: UO1 NS090364 Center for SUDEP Re-
search, Project 6: iPSC and Mouse Neurocardiac Models

q INTERNATIONAL SOCIETY
ISSCR FOR STEM CELL RESEARCH



POSTER ABSTRACTS

W2040

ANTI-AGING: EFFECT OF STEM CELLS ON
AGING & STEM CELL AGING

Moon, Jisook, Park, Ji-min, Bae, Sang-hun, Kong, Tae-
Ho, Choi, Yuri, Park, Jae-Hyun and Shin, Seo-Jung,
CHA Univ, Seoul, Korea, South

The aging process is characterized by gradual, cumulative
damages to structure and function of stem cells which ex-
ist during the lifespan of organisms. Aging can be con-
ceived of as a process that a pool of endogenous stem
cells loses progressively its ability to replenish the dam-
aged cells over age. Many studies with OMICS on aging
heavily rely on blood samples which consist of different
cell types, thereby placing obstacles in the way of inter-
pretation on the phenomenon. An alternative approach
can be to focus on stem cell aging among diverse hall-
marks of the process using OMICS technology. In con-
sistent with the strategy, our study investigated gene
expression changes of neural stem cells during differen-
tiation into dopaminergic cells and with increasing pas-
sages in a proliferation state, both of which can be seen
as aging: differentiation as a part of “chronological aging”
and increasing passage as “replicative aging”. Neural stem
cells showed cell stage-specific patterns of gene expres-
sion during differentiation and specific genes participat-
ed in neurogenesis by forming molecular co-expression
network. Also, we determined the effects of hypoxia or
normoxia on the placenta-derived cells with increasing
passage based on the transcriptome data. Genes that are
differentially expressed under hypoxia are enriched for
nucleosome assembly and chromatin organization, sug-
gesting the involvement in epigenetic regulation. These
findings add weight to the notion that study of stem cell
aging with OMICS is an efficient means for elucidating
the biological basis of the aging process. In this regard,
the maintenance of stem cell pool or stem cell rejuvena-
tion holds great therapeutic promise for age-related im-
pairments. Human placenta derived MSCs (hpMSCs) has
been used as a candidate for anti-aging treatment. Our
animal studies exhibited better cognitive functions mea-
sured 12 weeks after hpMSCs injection. Taken together,
we will discuss here the integrative studies of the stem
cell aging and a therapeutic effect of adult stem cells with
OMICs technology and the underlying mechanisms of the
complex process at diverse molecular levels, with the fi-
nal goal of practically applying stem cell treatment to the
aged for maintaining health over time.

Funding Source: This study was supported by The Ko-
rea Institute for the Advancement of Technology (KIAT,
16-006) and KOSEF (2015-R1C1A2A01055144)of South
Korea.<

co-sponsored by:

W2042

REGULATION OF TRANSCRIPTION IN
ACTIVITY-DEPENDENT OLIGODENDROCYTE
PRECURSOR CELL DIFFERENTIATION

Nagaraja, Surya, Lennon, James, Gibson, Erin and
Monje, Michelle, Stanford University, Stanford, CA,
us.

Myelin development continues through several decades
of human life and is shaped by experience and environ-
ment. Work by our lab and others have shown that neu-
ronal activity modulates the behavior of myelin-forming
precursor cells, but the molecular mechanisms mediating
activity-dependent proliferation and subsequent differen-
tiation of oligodendrocyte precursor cells (OPCs) remain
to be elucidated. Using an in vivo optogenic mouse model
of elevated premotor circuit activity, we have previous-
ly shown that physiomimetic neuronal activity promotes
OPC proliferation, followed by differentiation to mature
oligodendrocytes and remodeling of myelin microstruc-
ture in a manner that improves function of that circuit.
These adaptive changes in myelin-forming cells establish
plasticity of myelin as a dimension along which experience
modulates brain structure and function. Using this opto-
genetic model, we have now described a time course of
OPC differentiation following elevated neuronal activity.
Using quantitative measurements of global histone 3 ly-
sine 9 trimethylation (H3K9me3) levels in OPCs within the
active premotor circuit at various time points within the
first 24 hours following optogenetic stimulation, we have
characterized the temporal dynamics of initiation of OPC
differentiation and have used this time course to guide a
careful examination of the early transcriptional response
controlling entry to OPC differentiation. Thyl:ChR2 mice
and paired WT littermate controls were optogenetically
stimulated and the stimulated premotor circuit was mi-
crodissected 1 hour after stimulation. OPCs from this cir-
cuit were collected via FACS isolation of Pdgfra+ cells.
We then performed RNA-seq using the published Smart-
seqg2 protocol. This has allowed us to identify previous-
ly uncharacterized gene expression dynamics in OPCs in
response to neuronal activity prior to the onset of glob-
al chromatin remodeling associated with differentiation.
This allows for potential identification of genes and tran-
scriptional regulators that control OPC proliferation and
differentiation in adaptive myelination.
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DISSECTION OF CELL TYPE-SPECIFIC CAG
REPEAT LENGTH EFFECTS USING AN NOVEL
ISOGENIC HUNTINGTON DISEASE (ISOHD)
HESC ALLELIC PANEL

Ooi, Jolene', Xu, Xiaohong?, Utami, Kagistia H.2, Tay,
Yi Lin?, Sim, Bernice? Huang, Yihui? Yip, Lian Yee?,
Tan, Wei Shan3, Sobota, Radoslaw M.4, Ginhoux,
Florent®, Chan, Eric®, Ho, Ying Swan?, Hayden,
Michael R.>7 and Pouladi, Mahmoud'8, 'TAgency for
Science, Technology and Research, Singapore,
Singapore, °Translational Laboratory of Genetic
Medicine, Singapore, Singapore, 3Bioprocessing
Technology Institute, Singapore, Singapore, 4Institute
of Molecular and Cell Biology, Singapore, Singapore,
5Singapore Immunology Network, Singapore,
Singapore, . Department of Pharmacy, National
University of Singapore, Singapore, Singapore,
’Centre for Molecular Medicine and Therapeutics,
Child and Family Research Institute, University of
British Columbia, Vancouver, BC, Canada, 8National
University of Singapore, Singapore, Singapore

Huntington disease (HD) is a monogenic, autosomal
dominant, and progressive neurodegenerative disorder
where patients exhibit motor dysfunction, cognitive im-
pairment, and psychiatric features. The disease is caused
by an expansion of CAG trinucleotide repeats in exon
1 of huntingtin (HTT) to more than 36 repeats. Two as-
pects of the genetics and pathology of HD have remained
a source of intrigue. The first is the inverse correlation
between the length of the pathogenic CAG repeat and
the rate of disease onset. The second is the differential
susceptibility of tissues and cell types to HD pathology,
despite widespread expression of mutant HTT. To better
understand the molecular basis of these features of HD,
we used TALEN-mediated homologous recombination to
engineer an allelic panel of isogenic HD (IsoHD) human
embryonic stem cell (hESC) lines carrying 30, 45, 65 and
81 CAG repeats in the first exon of HTT. To explore tis-
sue-specific effects in HD, the IsoHD panel will be differ-
entiated into lineages-of-interest for functional analyses.
In order to dissect CAG repeat length-dependent and cell
type-specific molecular phenotypes, the transcriptome
and metabolome of resultant cell types will be analysed.
We anticipate that the IsoHD panel will serve as a ver-
satile resource to dissect the molecular factors that con-
tribute to the pathogenesis of HD and highlight potential
approaches of therapeutic relevance.
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W2046

IDENTIFICATION OF BIOMARKERS FOR
CLINICAL TRIALS IN FRIEDREICH'S ATAXIA

Petrosyan, Lina', Soragni, Elisabetta?, Lai, Jiun-I? and
Gottesfeld, Joel?, 'The Scripps Research Institute, La
Mesa, CA, U.S., ?The Scripps Research Institute, La
Jolla, CA, U.S.

The genetic defect in Friedreich’s ataxia (FRDA) is the hy-
perexpansion of a GAA-TCC triplet in the first intron of the
FXN gene, encoding the essential mitochondrial protein
frataxin. Histone posttranslational modifications near the
expanded repeats are consistent with heterochromatin
formation and consequent FXN gene silencing. Using a
human neuronal cell model, derived from patient induced
pluripotent stem (iPS) cells, we identified the HDAC in-
hibitor 109 that increases FXN mRNA levels and frataxin
protein. A phase | clinical trial with 109 in FRDA patients
showed increase of FXN mRNA in blood from patients
treated with the drug and demonstrated that HDAC in-
hibitors hold promise as FRDA therapeutics. Derivatives
of this molecule with improved brain penetration and
acid stability are being developed in collaboration with
Biomarin Pharmaceutical and have proven most effective
in restoring FXN transcription. To aid subsequent Phase
/11l efficacy trials in FRDA patients, we set to identify
surrogate biomarker genes that respond to FXN levels
in the cell. While frataxin (mRNA or protein) provides a
valid biomarker, increases in frataxin do not necessarily
indicate reversal of mitochondrial dysfunction. To iden-
tify gene expression signatures that are common to cells
that are affected in FRDA (neurons and cardiomyocytes)
and circulating lymphocytes (PBMCs), we derived a set of
isogenic iPS cell lines that differ only in the length of the
GAA-TCC repeats, using helper-dependent adenovirus
mediated homologous recombination. Gene expression
analysis of isogenic neuronal cells revealed several path-
ways affected by the level of FXN transcription, name-
ly mitochondrial respiration, cholesterol biosynthesis,
neuronal differentiation, transcriptional regulation, and
cell junction biology. RNA-seq analysis of PBMCs isolat-
ed from blood of FRDA patients and healthy individuals
pointed at lipid metabolism and cell adhesion as path-
ways similarly affected in iPSC-derived neurons and pe-
ripheral blood cells. Validation of several of these genes in
both cell types and in peripheral sensory neurons and car-
diomyocytes is currently underway and could shed light
on the pathophysiology of FRDA, and provide biomarkers
for future clinical studies.
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W2048

CHARACTERIZING THE STEM CELL
PROPERTIES OF EPENDYMAL CELLS IN VITRO
AND AFTER INJURY

Shah, Prajay T., Stratton, Jo Anne, Koblinger, Kathrin,
Stykel, Morgan, Abbasi, Sepideh, Hagner, Andrew,
Whelan, Patrick and Biernaskie, Jeff, University of
Calgary, Calgary, AB, Canada

Exploiting the brain’s endogenous repair system to en-
hance recovery of function following brain injury and
disease requires a comprehensive understanding of the
biology of neural stem cells (NSCs) and the factors that
regulate their function. One component of the adult NSC
niche that has received particular interest recently is the
ependymal cell, an epithelial cell that creates an interface
between the ventricular system and brain parenchyma.
It is believed that ependymal cells are highly differentiat-
ed and decidedly post-mitotic under normal conditions,
but intriguingly exhibit exceptional plasticity, re-enter the
cell cycle and generate new neurons in response to stim-
uli such as injury. However, these claims remain contro-
versial and difficult to prove due to the lack of inducible
fate-mapping techniques to study ependymal cells that
exclude neighboring Type-B NSCs also residing within the
adult subventricular zone. As a resolve, we have devel-
oped a novel transgenic system that allows for specific,
inducible and permanent fluorescent labelling of ependy-
mal cells within the adult brain. We validated this system
using thorough immunohistochemical and fate-mapping
analysis to demonstrate its robust specificity to target
ependymal cells while excluding Type-B NSCs. Interest-
ingly, following prospective isolation of labelled ependy-
mal cells by FACS and subsequent growth in NSC-pro-
liferation media, we found that ependymal cells failed to
generate self-renewing colonies, compared to control
NSCs. Moreover, in vivo labelled ependymal cells did not
incorporate EdU (proliferation), or migrate away from the
subventricular zone, or give rise to DCX*¢ neuroblasts fol-
lowing ischemic or hemorrhagic injury. Thus, our prelimi-
nary results suggest that ependymal cells do not acquire
NSC-like functional properties in culture or after injury.

Funding Source: Markin Undergraduate Research Pro-
gram; Canadian Institutes of Health Research

co-sponsored by:
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D-SERINE CONTROLS THE ONSET OF
ASTROGENESIS VIA STARTING NMDA
RECEPTOR ACTIVATION IN THE DEVELOPING
MOUSE HIPPOCAMPUS

Sugimori, Michiya and Mori, Hisashi, Graduate School
of Medical and Pharmaceutical Sciences for Research,
University of Toyama, Toyama, Japan

During neural development, neural stem/progenitor cells
(NSPCs) generate neurons, oligodendrocytes and astro-
cytes in specific temporal orders. Switches of neural fates
from neurons to glia occur at specific timings. Accumulat-
ing evidence suggest that NSPCs are pharmacologically
and/or electrically able to response to neural activities and
change their differentiating properties. Here, we provide
an evidence that D-serine, a regulator of NMDA receptor
signaling, plays crucial roles in time specific neuro-glio-
genesis in the developing hippocampus. D-serine, which
is generated from L-serine by serine racemase (SR), starts
to act at postnatal day 7 (P7) when SR starts to express in
the developing nervous system of mouse. Ca imaging re-
vealed that P8 SR*- derived NSPCs responded to NMDA
administration while the response was down-regulated
in SR7-, suggesting that NMDA receptors are functionally
expressed in SR*- NSPCs and that the activity of NMDA
receptors is regulated by SR expression. We then found
that P8 SR”/- multi-potent NSPCs were biased to gener-
ate neurons and oligodendrocytes rather than astro-
cytes compared with wild type (WT)/SR*- NSPCs. Clone
assay of NSPCs revealed that SR*- NSPCs were mainly
astrogenic and lineage-restricted astrocyte progenitors,
while SR7- NSPCs were mainly neurogenic and oligoden-
drogenic. The phenotype in SR NSPCs was rescued by
administration of D-serine, suggesting that D-serine/SR
are involved in the control of neural fate specification.
The rescue of D-serine was disturbed by administration
of MK801, an inhibitor of NMDA receptor, supporting an
idea where D-serine controls astrogenesis via activating
NMDA receptor signaling. Consistently, we found increase
in the number of both immature and mature oligodendro-
cytes at P13 and P21 in the developing hippocampus of
SR”* mouse, suggesting D-serine/SR negatively control
both specification and maturation of oligodendrocytes.
We further found significant number of immature astro-
cytes positive for Glutamine synthase at P13 in WT, while
few in SR7". We quantitatively confirmed 70% reduction in
the percentage of immature astrocytes in SR”- by dissoci-
ation of the P14 hippocampus. Thus, D-serine/SR control
both neural fate specification and the timing of the onset
of astrogensis in the developing hippocampus.
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DEVELOPMENT OF A HIGH-CONTENT
SCREENING ASSAY WITH HUMAN NEURONS
DERIVED FROM INDUCED PLURIPOTENT STEM
CELLS

Wang, Chao'?, Ward, Michael?, Chen, Robert?, Liu,
Kai'?, Tracy, Tara?®, Sohn, Peter?®, Xie, Min%®, Meyer-
Franke, Anke?°, Ding, Sheng?® and Gan, Li%°, J.

David Gladstone Institute, San Francisco, CA, U.S,,
2University of California San Francisco, San Francisco,
CA, U.S., 3National Institute of Neurological Disorders
and Stroke, Bethesda, MD, U.S., “Washington
University School of Medicine, St. Louis, MO, U.S., 5J
David Gladstone Institute, San Francisco, CA, U.S.

Intraneuronal aggregations of the microtubule-associat-
ed protein tau in neurofibrillary tangles are a hallmark of
Alzheimer’s disease and other neurodegenerative tauop-
athies. Therapeutic strategies targeting hyperphosphory-
lated and aggregated tau have been widely explored but
are of unclear clinical efficacy. Reduction of total tau pro-
tein levels has emerged as an attractive therapeutic strate-
gy. However, screens to identify tau-lowering compounds
have utilized neuroblastoma or neuroglioma cell lines that
are not physiologically and pathologically relevant to
tauopathies. Use of human induced pluripotent stem cells
(iPSCs) derived neurons would facilitate high-throughput
screening in a disease-relevant system. However, drug
discovery with these cells has been hampered by the
high cost, cumbersome differentiation procedures, vari-
ability, and low yield of homogenous neurons. We engi-
neered a stable iPSC line that harbors a single copy of
tetracycline-inducible neurogenin 2 (NGN2), a transcrip-
tion factor that rapidly converts iPSCs to glutamatergic
neurons, at the AAVSI locus. Using a simple two-step
glia-free differentiation protocol, we could differentiate
this inducible NGN2 iPSC line into electrophysically active
cortical glutamatergic neurons with minimal well-to-well
and experiment-to-experiment variability. We optimized
a protocol for large-scale production of induced neurons
and developed a robust high-content screening assay
to quantify neurite tau levels and monitor neurotoxicity.
Using this assay, we validated several compounds previ-
ously shown to lower tau levels, including salicylate and
YM-01. We then screened 2400 compounds from LOPAC
and TOCRIS libraries and identified 28 additional tau-low-
ering compounds, which are in the process of validation
by conventional total tau ELISA and western blot assays.
Our techniques for engineering stable NGN2 iPSCs and
for large-scale production of homogenous human neu-
rons will pave the way for automated high-throughput
screening of novel drugs for specific neurodegenerative
disorders and neurological diseases

®e 146

‘ POSTER ABSTRACTS

W2054

MODELING ANESTHETIC-INDUCED
DEVELOPMENTAL NEUROTOXICITY USING
HUMAN STEM CELL-DERIVED NEURONS:
THE ROLES OF MIR-21 AND MITOCHONDRIAL
FISSION

Yan, Yasheng, Twaroski, Danielle, Zaja, Ivan,
Bosnjak, Zeljko and Bai, Xiaowen, Medical College of
Wisconsin, Milwaukee, WI, U.S.

Every year in the United States approximately 4 million
children are administered anesthetics for imaging or sur-
gical purposes. Propofol is a commonly used agent in
pediatric anesthesia, and like other anesthetics, has been
linked to neurodegeneration and cognitive dysfunction in
animal models, with very limited direct evidence of human
neurotoxicity. Human embryonic stem cells (hESCs) are
capable of differentiating into any cell type and hESC-de-
rived neurons represent a promising model to study
mechanisms governing anesthetic-induced neurotoxici-
ty in humans. MicroRNAs, which are endogenous, small,
non-coding RNAs, have been implicated to play import-
ant roles in many different disease processes. Increases
in mitochondrial fission have been shown to induce cell
death in many models. We hypothesized that propofol
will induce toxicity in hESC-derived neurons and that this
toxicity will occur via a microRNA-21(miR-21)-mediated
mitochondrial fission pathway. To perform this experi-
ment, hESCs were differentiated into neurons through
a four-step differentiation protocol. Two-week-old neu-
rons were subjected to 6 hours of exposure to 20 ug/mL
propofol. TUNEL staining was used to assess cell death.
miR-21 was overexpressed using a miR-21 mimic and
was quantified by gRT-PCR. Mitochondrial fission was
assessed using TOM20 staining and confocal microsco-
py. The expression of the miR-21 targets of interest and
mitochondrial fission-related proteins was assessed by
Western blot. The differentiation protocol is 90-95% ef-
ficient in the generation of neurons. Exposure to propo-
fol induced cell death, downregulated miR-21 expression,
upregulated Sprouty 2 (the direct target of miR-21), and
increased mitochondrial fission in the neurons. Pretreat-
ment of the neurons with mdivi-1 (a selective inhibitor
of mitochondrial fission) rescued the propofol-induced
neuron death and mitochondrial fission. Overexpression
of miR-21 and knockdown of Sprouty 2 attenuated the
increases in propofol-induced neuron death, Sprouty 2
level, and mitochondrial fission. These data demonstrate
for the first time that propofol-induced toxicity in human
neurons occurs through a miR-21/Sprouty 2/mitochon-
drial fission-mediated pathway. miR-21 supplementation
may be promising in counteracting the harmful effects of
propofol.

Funding Source: Supported by grants ROIGMI112696
from the NIH (to Dr. Xiaowen Bai) and POIGM066730
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and ROTHL0O34708 from the National Institutes of Health,
Bethesda, MD (to Dr. Zeljko Bosnjak).

W2056

INVESTIGATION OF ABERRANT
CHROMOSOME FOLDING AND GENOME
ORGANIZATION IN FRAGILE X SYNDROME

Zhang, Ai and Loring, Jeanne F., The Scripps
Research Institute, San Diego, CA, U.S.

Fragile X Syndrome (FXS) is the most common inherited
form of intellectual disability and the leading monogenic
cause of autism. It is caused by expansion of a trinucle-
otide repeat in the 5 untranslated region of the fragile
X mental retardation-1 (FMR1) gene. The expanded CGG
triplet repeats are hypermethylated and the expression of
the FMR1 gene is repressed, resulting in the loss of the
fragile X mental retardation protein (FMRP). While cur-
rent FXS research focuses on loss of FMR1 expression as
the primary cause of synaptic dysregulation and circuit
malformation, we propose that aberrant epigenome and
chromosome architecture plays a major role in disrupting
normal neuronal development in FXS. We have generated
human induced pluripotent stem cell lines (iPSCs) from
male individuals afflicted with FXS and have established
methods to differentiate them into cortical neurons. Our
genome wide analysis of DNA methylation in these cells
has shown that aberrant methylation is not restricted to
FMR1 locus but is genome-wide. We hypothesize that ab-
errant methylation in FXS leads to altered genome archi-
tecture during neural development, which in turn leads to
aberrant neuronal growth and synaptogenesis. Specifical-
ly, we are investigating the chromosome folding, chroma-
tin accessibility, and gene expression regulation that are
altered in FXS. Identifying such dysregulation may help
identify novel disease-causing pathways and suggest po-
tential therapies for FXS and autism.

REPROGRAMMING

W2060

EFFICIENT GENERATION OF FOOTPRINT-
FREE, FEEDER-FREE, VIRUS-FREE, INDUCED
PLURIPOTENT STEM CELLS (IPS) USING A
REPROGRAMMING COCKTAIL

Kamath, Anant', Ternes, Sara J.! and Moy, Alan B.»?,
Cellular Engineering Technologies Inc, Coralville,
IA, U.S., 2John Paul Il Medical Research Institute,
Coralville, 1A, U.S.

A fundamental challenge in consistently generating IPS
cells has been their extremely low programming effi-
ciency. This difficulty has been compounded by the use
of varied target cells, some of which are high in passage

co-sponsored by:

number or nearly senescent. Overcoming these problems
is central to creating patient-specific IPS lines, many of
which might be derived from patients with chronic illness-
es that affect target cell health or cells that might be col-
lected from geriatric donors. Equally importantly, the use
of viral systems including both Sendai virus and Lentivirus
have their own limitations in creating clinically relevant IPS
cells that could be potentially reintroduced into human
patients. Regardless of the type of reprogramming sys-
tem used, efficiencies approaching 0.1% are considered
to be excellent. This percentage assumes that target cells
are in excellent health, actively dividing and expressing
high levels of endogenous myc. However, this is often not
the case, and this bottle-neck has stifled the creation of
IPS lines. Here, we describe a novel reprogramming cock-
tail consisting of the following components: 1) A histone
deactylase inhibitor, 2) A water soluble vitamin, which
mitigates oxidative stress and increases cellular division,
3) An Alk-5 (Activin/Nodal Receptor Kinase) inhibitor and
4) A small molecule that activates PDK-1 (Phosphoinosit-
ide-dependent protein kinase-1), which facilitates a con-
version from mitochondrial oxidation to glycolysis. Addi-
tion of this cocktail during the first fourteen days of the
reprogramming process enhances the efficiency of IPS
generation at least 10-fold and allows for IPS generation
from previously resistant cells.

W2062

NUCLEAR AND MITOCHONDRIAL GENOMIC/
EPIGENOMIC GENE THERAPY : WILD-

TYPE AND NUCLEASE-NULL CRISPR-CAS9
AS BREAKTHROUGH BOOSTERS FOR AN
UPGRADED STEM CELL GENE THERAPY
PLATFORM

Bertolotti, Roger, Gene Therapy & Regulation,
Faculty of Medicine, University of Nice - Sophia
Antipolis, Nice, France

Directedtotheir~20bp genometarget by aneasily custom-
izable short guide-RNA, CRISPR-Cas9 endonuclease and
nuclease-null dCas9 drive a double genome/epigenome
editing breakthrough, thereby boosting next generation
stem cell gene therapy and our relevant platform devised
in 2005. Aimed at reversing both nuclear/mitochondrial
inherited diseases and acquired/aging disorders by rees-
tablishing healthy genomic/epigenomic homeostasis, our
platform relies on 1) endonuclease-boosted gene target-
ing (gene repair/genome editing), 2) transient epigenetic
gene therapy (stable epigenome editing mediated by the
transient action of an epigenetic effector), 3) transient
regenerative gene therapy and 4) transmitochondrial cy-
bridization. The iPS cell breakthrough provided the long-
sought autologous pluripotent drive of our platform and
is now magnified by the CRISPR-Cas9 breakthrough that
promotes 1) easy personalized genome editing thanks to
its digital short guide-RNA (# analogic zinc-finger/TALE
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nucleases) and 2) straight epigenome editing driven by
DNA-targeting dCas9 modules fused to epigenetic ef-
fectors (eg DNA/histones methylases/demethylases). In
its 2005 design, transient epigenetic gene therapy was
1) coined as a translational application of human promot-
er-specific siRNA-mediated transcriptional gene silencing
and promoter demethylation mediated by non-coding
antisense RNA, and 2) aimed at long-term transcriptional
gene silencing/activation through the transient action of
promoter-specific siRNA/antisense RNA. Unlike canonical
RNA interference mediated by siRNAs that target cyto-
plasmic mMRNAs for post-transcriptional gene silencing,
promoter-specific small RNAs/oligos induce a long-last-
ing epigenetic process involving DNA methylation/de-
methylation and post-translational histone modifications.
Thus, chimeric dCas9:epigenetic-effector proteins broad-
en our initial design, in particular for cell reprogramming.
Our platform is discussed in terms of 1) clinical geno/
epigenosafety, 2) translational synergy for iPS cell-based
therapy, 3) in vivo genome/epigenome editing (eg gene
disruption/silencing) and 4) transmitochondrial iPS cy-
brids for homoplasmic mtDNA diseases (allotopic gene
therapy substitute & complement to heteroplasmic iPS
cell segregation).

W2064

USE OF NON-MODIFIED RNAS FOR THE
DERIVATION OF CLINICALLY RELEVANT IPS
CELL LINES FROM HUMAN BLOOD, URINE
AND SKIN CELLS USING GMP-COMPLIANT
REAGENTS

Eminli-Meissner, Sarah', Poleganov, Marco?, Beissert,
Tim?, Yi, Kevin', Moon, Jung-II', Huang, Chris3, Morrell,
Nick3, Rana, Amer® and Hamilton, Brad'!, 'Stemgent,

a Reprocell Group Company, Lexington, MA, U.S,,
2BioNTech RNA Pharmaceuticals GmbH, Mainz,
Germany, 3University of Cambridge, Cambridge, U.K.

Human fibroblasts can be reprogrammed with a cocktail
of mMRNAs into integration-free human induced pluripo-
tent (iPS) cells. Human blood provides easy access to adult
human cell types for reprogramming purposes. Notably,
blood-outgrowth endothelial progenitor cells (EPCs) can
be clonally isolated from only 10 mL of fresh or frozen
mononuclear cell (MNC) preparations from both human
peripheral and cord blood. The adherent nature and high
proliferative capacity of EPCs makes them highly desir-
able for repeated transfection with RNA when compared
to commonly isolated hematopoietic suspension cell
types. Recently, we published the unique application of
non-modified RNA technology to the reprogramming of
human blood-derived EPCs. Furthermore, urine sampling
provides perhaps the most non-invasive form of cell pro-
curement. Renal epithelial cells can be highly reproduc-
ibly isolated from only 30 mL of urine. Here we present a
flexible, yet powerful, RNA-based reprogramming meth-

®e 148

‘ POSTER ABSTRACTS

od that combines a novel cocktail of synthetic, non-mod-
ified reprogramming [OCT4, SOX2, KLF4, cMYC, NANOG
and LIN28 (OSKMNL)] and immune evasion mRNAs [E3,
K3, B18-R] with reprogramming-enhancing mature, dou-
ble-stranded microRNAs from the 302/367 cluster. This
unique combination of different RNAs results in a highly
efficient (up to 4%) and robust reprogramming protocol
using only GMP-compliant substrates (vitronectin and
laminin-511), media compositions (xeno-free or human
serum), and RNA to produce clinically relevant iPS cells
from blood-derived EPCs, neonatal as well as adult fibro-
blasts, and for the first time renal epithelial cells derived
from urine.

W2066

THE NEW BMP DOWN-STREAM MOLECULE
ANKSIB IS CONTROLLING HISTONE H3
METHYLATION WITH ABNORMAL BMP
SIGNALING.

Hamasaki, Makoto', Kiboku, Takayuki', Soga, Minami',
Shinojima, Naoki?, Furuya, Hirokazu® and Era, Takumi',
Department of Cell Modulation, Institute of Molecular
Embryology and Genetics, Kumamoto University,
Kumamoto, Japan, 2Department of Neurosurgery,
Graduate School of Medical Sciences, Kumamoto
University, Kumamoto, Japan, *Department of
Neurology, Kochi Medical School, Kochi University,
Nangoku, Japan

Fibrodysplasia ossificans progressiva (FOP) is a rare con-
genital disorder characterized by progressive ossification
of soft tissues. FOP is caused by mutations in activin re-
ceptor-like kinase 2 (ALK2) that cause its constitutive ac-
tivation and result in dysregulation of BMP signaling. Here,
we show that abnormal signaling inhibit Histone H3K4
and H3k27 tri-methylation(me3) during reprogramming.
As a BMP signal mediator SMADs form complex with
Histone H3 K4me3 demethylase (LSD1) and K27me3 de-
methylase KDM6B).SMAD/LSD1 complex inhibit Histone
H3K4me3upregulation of OCT3/4 and NANOG promoter
region and these gene expression were decrease during
reprogramming. SMAD/KDM6B complex inhibit Histone
H3K27me3 upregulation of Osteo-transcriptional factors
genome locus and these gene expression were elevated
during reprogramming. These complexes dysregulate His-
tone methylation during reprogramming, result in Abnor-
mal BMP signaling inhibit iPSC generation. We searched
the abnormal BMP signaling and dysregulated Histone H3
K27me3 then we identified ANKS1B not only FOP, but also
in a glioma.ANKSI1B controls H3K27 methylation via the
regulations of methyltransferase and demethylase activi-
ties in both diseases, and suppressing ANKSIB expression
can rescue iPSC generation, inhibit osteogenesis in FOP
and tumor growth in glioma. Moreover, we have demon-
strated the involvement of ANKSIB in the pathogenesis
of both FOP and gliomas carrying ALK2 R206H mutation
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and Histone3.3K27M mutations. Our findings suggest that
FOP and gliomas share common pathogenesis represent-
ed by the dysregulation of K27 demethylation in histone
H3 via aberrant BMP signaling, this is, ANKSIB as a new
therapeutic candidate to treat these diseases.

W2068

DIRECT REPROGRAMMING OF FIBROBLASTS
INTO SPECIFIC CELL TYPES USING
INTEGRATION-FREE METHODS

Kim, Sungmin’, Kim, Jonghun' and Han, Dong Wook?,
'Konkuk university, Seoul, Korea, South, 2School of
Medicine Konkuk University, Seoul, Korea, South

The viral vector-mediated overexpression of the defined
factors could induce the direct conversion of somatic fi-
broblasts into various types of cells. However, viral vec-
tors may be randomly integrated into the host genome
thereby increasing the risk for undesired genotoxicity,
mutagenesis, and tumor formation. Here, we describe
that mouse fibroblasts can be converted into specific cell
types such as induced-hepatocytes (iHeps) or -neural
stem cells (iNSCs) using a different set of transcription
factors (Gata4, Hnfla, and Foxa3 or Brn4/Pou3f4, Sox2,
KIf4, and c-Myc) based on integration-free vector sys-
tems. Integration-free iHeps or iINSCs closely resemble
their in vivo counterparts in morphology, gene expression
profile, epigenetic status, and functionality. Therefore, our
study provides a novel concept for generating functional
iHeps or iNSCs using a non-viral, non-integrating, plas-
mid-based system that could facilitate their biomedical
applicability.

Funding Source: Grant from the Next-Generation Bi-

oGreen21 program (PJO11311), Rural Development Admin-
istration, Republic of Korea.

W2070

RAPID SELECTION OF EXOGENE-FREE
INDUCED PLURIPOTENT STEM CELLS IN
EPISOMAL VECTOR-BASED REPROGRAMMING

Lee, Minhyung'?, Ahn, Hyunjun'?, Ha, Jeongmin?3,
Sim, Hyuna'? and Kim, Janghwan'?, 'Korea Research
Institute of Bioscience and Biotechnology, Daejeon,
Korea, 2Korea University of Science & Technology,
Daejeon, Korea, *Korea Research Institute of
Bioscience and Biotechnology, Daejeon, Korea, South

The reprogramming with episomal vectors suggest an
easy and cost-effective method to generate induced plu-
ripotent stem cells (iPSCs). However, isolation of exog-
ene-free iPSC colonies requires more than ten passages
of culture. Moreover, the frequency of exogene-integra-
tion to host genome is relatively very high than expected.
Because integration of reprogramming factors can cause

co-sponsored by:

insertional inactivation of important genes for differen-
tiation or tumor suppression, selection of exogene-free
iPSCs is a critical requirement for any application in re-
generative medicine. Thus, we sought to develop a new
reprogramming system to eliminate the residual episomal
vectors rapidly and to remove iPSCs which have integrat-
ed copies of episomal vectors to their genome. We in-
serted a suicide gene (SG), which can convert a non-toxic
pro-drug into a toxic drug to cells, to each episomal vec-
tors. We assumed that SG harboring cells may experience
retarded growth or death when the pro-drug is treated so
this may lead to enhancing the removal process of exog-
ene-harboring cells. We were able to generate rapidly the
exogene-free iPSCs with SG-episomal vectors than with
conventional episomal vectors and the generated iPSCs
showed good marker expressions and differentiation po-
tentials in vitro and in vivo. When we integrated the SG to
embryonic stem cells (ESCs), we found the SG-integrat-
ed ESCs were negatively selectable under the pro-drug
treated condition. Thus, we suggest that our new episo-
mal vector sets with SG will reduce the time and cost in
generating clinically applicable safe iPSCs.

Funding Source: This research was supported by Stem
Cell Research Program through the National Research
Foundation of Korea(NRF) funded by the Ministry of Sci-
ence, ICT and Future Planning(NRF-2015M3A9C7030128,
NRF-20

W2072

OVOL2 MAINTAINS THE TRANSCRIPTIONAL
PROGRAM OF CORNEAL EPITHELIAL CELLS

Masui, Shinji', Kitazawa, Koji*? and Kinoshita, Shigeru?,
ICiRA, Kyoto University, Kyoto, Japan, ?Kyoto
Prefectural University of Medicine, Kyoto, Japan

In development, embryonic ectoderm differentiates into
neuroectoderm and surface ectoderm using poorly un-
derstood mechanisms. Here we show that the transcrip-
tion factor OVOL2 maintains the transcriptional program
of corneal epithelial cells (CECs), a derivative of surface
ectoderm, and that OVOL2 might regulate the differen-
tial transcriptional programs between the two lineages.
A functional screening identified OVOL2 as a repressor
of mesenchymal genes to maintain CECs. Transduction
of OVOL2 with several other transcription factors in-
duced the transcriptional program of CECs in fibroblasts
and produced a specific chromatin landscape. Moreover,
neuroectoderm derivatives were found to express mes-
enchymal genes, and OVOL2 alone could induce the
transcriptional program of CECs in neural progenitors by
repressing these genes while activating epithelial genes.
Our data suggest that the difference between the tran-
scriptional programs of some neuroectoderm- and sur-
face ectoderm-derivatives cells may be regulated in part
by a reciprocally-repressive mechanism between epithe-
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lial and mesenchymal genes, as seen in epithelial-to-mes-
enchymal transition.

Funding Source: CREST, Japan Science and Technology
Agency (JST), Japan

W2074

NEURAL REPROGRAMMING OF HUMAN BONE
MARROW MESENCHYMAL STROMAL CELLS

Ramos-Mandujano, Gerardo', Aguilera-Castrejon,
Alejandro’, Montesinos, Juan José?, Castro-Manrreza,
Marta E.2 and Pasantes-Morales, Herminia', 'Instituto
de Fisiologia Celular,UNAM, Mexico City, Mexico,
’Mesenchymal Stem Cells Laboratory, Oncology
Research Unit, Oncology Hospital, National Medical
Center, IMSS, Mexico City, Mexico

Human mesenchymal stromal cells (hnMSCs) upon graft-
ing have shown positive inflammatory and immune-mod-
ulatory actions, secretion of trophic factors, and lower risk
of tumor formation. Furthermore, it has been proposed
that hMSCs are able to transdifferentiate into lineages
other than the tissue of origin without the introduction of
ectopic genes. Several studies have reported that mes-
enchymal stromal cells (MSCs) generate cells with neural
stem/progenitor properties that are named mesenchymal
stem cell derived neural stem/progenitor-like cells (MSC-
NSPs). In the present study, human bone marrow MSCs
were cultured with a specific serum-free media that con-
tained hEGF and hFGF on low attachment, standard or
fibronectin-coated plates. In low attachment plates, MSCs
generated neurosphere-like structures formed by nestin*
cells with increased expression of the neural progenitor
genes Nestin, Sox2, Soxl1, and Pax6. The neural progeni-
tor properties were similar in the MSC-NSPs obtained as
neurosphere-like structures or in monolayers on standard
or fibronectin-coated plates. When proliferative capacity
was analyzed, MSC-NSPs seeded on low attachment or
standard plates showed a minimal cell number increase
as well as few BrdU* or Ki67* cells. On fibronectin-coated
plates, cell number increased 4-7-fold; the percentage of
BrdU* and Ki67* cells was 42-45% and 16-19%, respective-
ly. After neuronal differentiation induction, the MSC-NSPs
generated BlII tubulin* cells; however, MAP2* cells were
not detected even in the fibronectin-coated condition.
This indicates that the MSC-NPs have not the potential to
differentiate into mature neurons. To induce mature and
functional neurons, we are testing a chemical induction
approach, using compounds that modulate epigenetics
modifiers and signaling pathways relevant for neuronal
differentiation and in cell reprogramming. Preliminary
results indicated that cell derived from MSC-NSPs show
more neuronal properties that those derived from hMSC.
These results can contribute to understand the neural re-
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programming of MSC in vitro to making them a suitable
option for neural replacement strategies.

Funding Source: Direccion General de Asuntos del
Personal Académico (DGAPA), Universidad Nacional
Autonoma de México (UNAM) (grant number IN205916)

W2076

FGF12 IS A NOVEL REGULATOR OF
VASCULAR SMOOTH MUSCLE CELL
PLASTICITY AND FATE

Suh, Wonhee, Chung-Ang University, Seoul, Korea

Vascular smooth muscle cells (VSMCs) modulate their
phenotypes between synthetic and contractile states in
response to environmental changes, which plays a crucial
role in the pathogenesis of restenosis and atherosclerosis.
Here, we identified fibroblast growth factor 12 (FGF12) as
a novel key regulator of the VSMC phenotype switching.
We used murine models and human specimens and found
that FGF12 was highly expressed in contractile VSMCs of
normal vessel walls but was downregulated in synthetic
VSMCs of injured and atherosclerotic vessels. In human
VSMCs, FGF12 expression was inhibited at the transcrip-
tional level by platelet-derived growth factor-BB. The
gain- and loss-of-function experiments showed that FGF12
was necessary and sufficient for inducing and maintaining
the quiescent and contractile phenotypes of VSMCs. The
FGF12-induced phenotypic changes in VSMCs were me-
diated by the p53 pathway. Moreover, FGF12 upregulated
the key factors involved in VSMC lineage differentiation,
such as myocardin and serum response factor. Indeed,
FGF12 promoted the differentiation of mouse embryonic
stem cells and transdifferentiation of human dermal fibro-
blasts into SMC-like cells. Further, adenoviral infection of
FGF12 substantially decreased neotintima hyperplasia in
a rat carotid artery injury model. In general, FGF family
members induce a synthetic VSMC phenotype. Interest-
ingly, the present study showed the unanticipated finding
that FGF12 belonging to FGF family, strongly induced the
quiescent and contractile VSMC phenotypes and directly
promoted VSMC lineage differentiation. These novel find-
ings suggested that FGF12 could be a new therapeutic
target for treating restenosis and atherosclerosis.
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W2078

EFFICIENT GENERATION OF INTEGRATION-
FREE IPS CELLS FROM ADULT PERIPHERAL
BLOOD MONONUCLEAR CELLS BY OPTIMIZED
EPISOMAL VECTORS

Wen, Wei', Zhang, Jian-Ping?, Xu, Jing?, Ji,
Guangzhen?, Su, Ruijun Jeanna3, Neises, Amanda3,
Yuan, Weiping? Cheng, Tao? and Zhang, Xiaobing?,
'State Key Laboratory of Experimental Hematology
Institute of Hematology, Tianjin, China, ?Institute of
Hematology and Blood Disease Hospital, Tianjin,
China, 3Loma Linda University, Loma Linda, CA, U.S.

Integration-free iPS cells generated from adult periph-
eral blood (PB), the most available and non-invasive
cell source, hold great promise for clinical regenerative
medicine. We have reported that an improved episo-
mal vector (EV) reprograming system (Molecular Ther-
apy. 2012;20(2):408-16; PLoS One. 2013;8(5):e64496), in
which a strong promoter SFFV and an additional factor
BCL-CL (B) are used, leads to a 10- to 100-fold increase
in PB reprogramming compared to similar systems de-
veloped by other labs. However, EV is still less efficient
than another popular integration-free reprograming vec-
tor system, Sendai virus (SV). After a systemic investi-
gation of factor combinations in the EV system, we find
that balanced expression of OCT4 (O) and SOX2 (S), by
using a 2A self-cleavage peptide sequence to link the 2
factors, and expression of MYC (M) and KLF4 (K) using
2 individual vectors, lead to an additional ~100-fold in-
crease in PB reprogramming than we previously reported
(OS+MK+B). The reprogramming efficiency of the new
combination (OS+M+K+B) is even slightly higher than
the SV system, making the affordable EV reprogramming
approach more attractive. Other combinations such as
OM+S+K+B, OK+S+M+B, or OSK+M+B show a significant
decrease in reprogramming efficiency compared to OS-
+M+K+B, highlighting the importance of vector design.
All the 5 factors are critical: without O or S, virtually no
iPS cells are observed; omitting MYC or KLF4 reduces re-
programming efficiencies by a factor of 200 and 10, re-
spectively; absence of BCL-CL leads to an ~70% decrease
in reprogramming efficiency. The iPSCs are indistinguish-
able from those generated with the previous protocol in
expression levels of pluripotency markers and teratoma
formation ability. In addition, the iPSC lines show no re-
sidual plasmids and a normal karyotype after 2-3 months
of culture. Finally, using optimized EV and plasmids to ex-
press the reprogramming factors and Cas9, sgRNA and
a donor template, we achieve >10% knockin efficiency in
established iPSC lines. In summary, our optimized EV re-
programming system is highly efficient: one may obtain
thousands of iPSC colonies from one ml of PB. Combina-
tion of PB reprogramming and CRISPR-mediated genome
editing in a single step should have broad applications in
replacement therapy and disease modeling.

co-sponsored by:
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W2082

THE DNA GLYCOSYLASE NEIL3 MAINTAINS
PLURIPOTENCY AND DIFFERENTIATION
CAPACITY IN IPS CELLS

Askeland, Georgina Adeline’, Wang, Wei?, Scheffler,
Katja? You, Panpan?, Suganthan, Rajikala?, Sullivan,
Gareth', Bjoras, Magnar? and Eide, Lars', 'University of
Oslo, Oslo, Norway, 2Oslo University Hospital, Oslo,
Norway

DNA glycosylases play an important role in DNA repair,
keeping at bay the accumulation of DNA damage and
mutation. Neill and Neil2 of the Neil family have been well
characterized and participate in the base excision repair
pathway, removing damage caused by oxidation. Neil3
has shown to be a functional DNA glycosylase in vitro,
with a proliferative tissue-specific expression, although
its biological function remains unknown. Our lab has pre-
viously established Neil3-deficient iPS cells, a valuable
tool to study proliferation and differentiation. Methods
included gPCR and immunocytochemistry for analysis of
stem cell and differentiation marker genes, an in-house
developed DNA damage assay, ATP assay and oxidant/
anti-oxidant treatment. Characterization of Neil3-/- iPS
cells revealed stronger stem cell characteristics through
elevated activity of the alkaline phosphatase and more
than 10-fold higher expression of Rexl; two pluripotency
markers. Defects were also seen in expression of lineage
marker genes upon differentiation to embryoid bodies
and oxidant treatment caused a reduced ability for em-
bryoid body formation. Intracellular ATP level was re-
duced in Neil3-deficient iPS cells, in parallel with upregu-
lation of mtDNA-encoded genes. Our results indicate that
Neil3 plays a role in the pluripotency and differentiation
ability of iPS cells by maintaining bioenergetic capacity.
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W2084

CHCHD2 PRIMES THE DIFFERENTIATION
POTENTIAL OF HUMAN INDUCED
PLURIPOTENT STEM CELLS TO
NEUROECTODERMAL LINEAGES

Armstrong, Lyle', Zhu, Lili', gomez-Duran, Auroral,
Saretzki, Gabriele C.2, Jin, Shibo', Tilgner, Katarzyna?,
melguizo-Sanchis, Dario!, Anyfantis, Georgios', al-
Aama, Jumana?, Vallier, Ludovic®, Chinnery, Patrick’
and Lako, Majlinda', 'Newcastle University, Newcastle,
U.K,, ?Institute for Aging and Health, Newcastle Upon
Tyne, UK, 3Cambridge University, Cambridge, U.K,,
4King Abdulaziz University, Jeddah, Saudi Arabia,
SCambridge Stem Cell Institute, Cambridge, U.K.

Human induced pluripotent stem cells (hiPSC) utility is
limited by variations in their ability to undergo lineage
specific differentiation. We have undertaken a transcrip-
tional comparison of human embryonic stem cell lines
(hESC) and hiPSC lines and have shown that hiPSC are
inferior in their ability to undergo neuroectodermal differ-
entiation. We have identified CHCHDZ2, whose expression
is much lower in hiPSC when compared to hESC and can
be used as a marker to predict the neuroectodermal dif-
ferentiation potential of hiPSC. We provide evidence that
the hiPSC variability with respect to CHCHD?Z2 expression
and differentiation potential is caused by clonal variation
during the reprogramming process and that CHCHD2
primes neuroectodermal differentiation of hESC and hiP-
SC through regulating the activity of the TGF signalling
pathway. The potential utility of using CHCHD?2 as a mark-
er for assessing and comparing the hiPSC clonal and/or
line differentiation potential provides a tool for large scale
differentiation and hiPSC banking studies.

Funding Source: Biotechnology and Biosciences Re-
search Council

W2086

DIRECTING LUNG DIFFERENTIATION IN
HUMAN IPS CELLS

Carraro, Gianni, Konda, Bindu, McQualter, Jonathan
L. and Stripp, Barry, Cedars-Sinai Medical Center, Los
Angeles, CA, U.S.

Human lung epithelium is composed of specialized cell
types that vary in composition and function along the
proximo-distal axis. The process of cellular differentia-
tion that occurs during human lung development is still
largely unknown. However, spatially restricted expres-
sion of transcription factors such as NKX2.1, SOX2 and
ETV5 are known to define specification of lung endoderm
and specialized proximal or distal lineages, respectively.
In order to obtain a better understanding of the remod-
eling process typical of many lung diseases, it would be
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highly beneficial to identify the molecular cues that regu-
late formation and maintenance of specialized cell types.
Methods were developed for the regulated differentia-
tion of human induced pluripotent stem (iPS) cells into
NKX2.1-expressing lung endoderm. Reporter lines were
developed using the CRISPR/Cas9 system to introduce
fluorescent protein reporters 3’ to the open reading frame
of transcription factors that define proximo-distal pat-
terning of lung endoderm. Through regulated differenti-
ation of human iPS cells, we generated NKX2.1+, PAX8-
(thyroid differentiation) and TUJ1- (neural differentiation)
lung endoderm. A karyotypically normal human iPSC line
(83i-SOX2nYFP) was developed harboring a nuclear lo-
calized YFP reporter downstream of the SOX2 coding se-
quence, allowing normal expression of the SOX2 RNA in
combination with the YFP reporter. Regulated differenti-
ation of 83i-SOX2nYFP was associated with the dynamic
regulation of nYFP leading to the generation of NKX2.1+
lung endoderm that was composed of a mixed popula-
tion of nYFP+ and nYFP- cells. There is a strong need to
develop therapies that allow for the restoration of the ep-
ithelial microenvironment. We are using human iPS cells
that hold great potential for cell based-therapy. Using the
Sox2-YFP line in combination with other reporters that
we are creating will allow us to analyze human lung proxi-
mal and distal differentiation in an in vitro setting. Further-
more, the current results suggest that the CRISPR/Cas9
system is a valuable tool to introduce specific reporters in
human iPS cells. Advancement of these studies will help
to improve the differentiation of specific epithelial lineag-
es that could be used as in vitro models for lung diseases
and for drug screening.

Funding Source: Funding by CIRM and NHLBI

W2088

N-ACETYLCYSTEINE RESCUE
MITOCHONDRIAL DYSFUNCTION IN MERRF-
hiPSC-DERIVED CARDIOMYOCYTE

Chou, Shih-Jie', Lai, Yu-Fen? Chien, Chian-Shiu3, Lee,
Hsin-Chen', Wei, Yau-Huei* and Chiou, Shih-Hwa?,
'Pharmacology NYMU, Taipei, Taiwan, 2Department of
Med Res & Education, Taipei Veterans General Hosp,
Taipei, Taiwan, *Taipei Veterans General Hospital,
Taipei City, Taiwan, “Mackay Medical College, New
Taipei City, Taiwan

Myoclonus epilepsy associated with ragged-red fibers
(MERRF) is an A to G mutation at 8344 nucleotide of
mitochondrial DNA (mtDNA), leading to disruption of the
mitochondrial gene for tRNA(Lys). MERRF syndrome is
characterized by myoclonus epilepsy, generalized sei-
zures, ataxia and myopathy. Apart from the well-charac-
terized syndrome in neural system, around 53% of MER-
RF patients also suffered from cardiomyopathy. However,
the mechanism by which this tRNA(Lys) mutation causes
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mitochondrial dysfunction in cradiomyocyte remains un-
clear. In this study, we established human induced plu-
ripotent stem cells (hiPSC) carrying mtDNA A8344G
mutation and mutation-free isogenic hiPSC from patients
with MERRF syndrome (MERRF-hiPSC). We induced
MERRF-hiPSC differentiation into cardiomyocyte (MER-
RF-CM) which exhibited reduced mitochondrial mass and
lower expression level of mitochondria-associated genes.
Moreover, the extracellular flux analyzer demonstrated
decreased ATP synthesis and oxygen consumption in
MERRF-CM due to impaired mitochondrial function. The
mitochondria dysfunction also induced higher level of
reactive oxygen species (ROS) and expression of alter-
native antioxidant gene. Respectively, we demonstrated
that the low mitochondrial mass, excess ROS and poor
ATP production were rescued by the treatment of N-ace-
tylcysteine (NAC), a precursor of glutathione that acts as
the first-line intracellular antioxidant in MERRF-CM. Taken
together, these investigations are valuable in dissecting
MERRF pathogenesis in patient’s cardiomyocyte and pro-
viding a suitable platform for drug screening.

W2090

EFFECT OF CELL MIGRATION BEHAVIOR ON
DEVIATION FROM THE UNDIFFERENTIATED
STATE IN COLONY OF HUMAN INDUCED
PLURIPOTENT STEM CELLS

Eri, Shuzui, Kim, Mee-Hae and Kino-oka, Masahiro,
Osaka University, Suita, Japan

In culture of human induced pluripotent stem cells (hiP-
SCs), the cell deviation from undifferentiated state is
well-observed in the central or peripheral region of the
colony. In the present study, the spatio-temporal ob-
servation was conducted to estimate the migration rate
through the cultures with SNL or MEF feeder cells, and
the retrospective analysis was made to understand the
locational dependency of cell deviation in colony as well
as the colony-size dependency. The deviation from un-
differentiated state occurred at the center and periphery
of the colony in cultures with SNL or MEF feeder cells,
respectively. And the migration rates of undifferentiated
iPSC at the peripheral region in colony were 1.9 and 1.7
times higher than those of the central region, respectively.
The colonies including the deviated cells from the undif-
ferentiated state on MEF feeder cells show higher migra-
tion rate at the peripheral region compared with those in
culture with SNL feeder cells, whereas the colonies includ-
ing the deviated cells from the undifferentiated state on
SNL feeder cells have lower migration rate at the central
region compared with those in culture with MEF feeder
cells. The further experiments of exposure to migratory
(Racl) inhibitor (NSC 23766) and activator (HMG-1) re-
vealed that the inhibitor generated the deviated cells at
the center of colony in culture with MEF feeder cells and
the activator generated the deviated cells at the periph-
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ery of colony in culture with SNL feeder cells, showing
the opposite positions of cell deviation in the colony by
changing the migratory activity. Thus, the cell deviation
is considered to have migration dependency that excess
reduction and enhancement of migration lead to cell de-
viation at the central and peripheral region of colony, re-
spectively, without distinction of feeder cells.

W2094

TARGETED GENE EDITING IN NON-HUMAN
PRIMATE IPSC USING CRISPR/CAS9 SYSTEM

Hong, So Gun', Zou, Jizhong', Choi, Kyujoo?, Yada,
Ravi Chandra? Carpentier, Arnaud? Liang, Jake?,
Merling, Randall?, Sweeney, Colin? Malech, Harry?,
Jung, Moonjung?, Corat, Marcus?, Liu, Huimin', Lin,
Yongshun?, Tunc, llker?, Wang, Xujing?, Palisoc,
Maryknoll?, Pittaluga, Stefania?, Winkler, Thomas? and
Dunbar, Cynthia?, 'NHLBI/NIH, Bethesda, MD, U.S.,,
°National Institutes of Health, Bethesda, MD, U.S.

Non-human primate (NHP) induced pluripotent stem cells
(iPSCs) offer the opportunity to investigate the safety,
feasibility and efficacy of proposed iPSC-derived cellular
delivery in clinically relevant models. However, there is
need for stable, robust, and safe labeling methods for NHP
iPSCs and their differentiated lineages to study their sur-
vival, proliferation, tissue integration, and biodistribution
following transplantation. Typically, randomly integrating
viral vectors have been used to deliver and permanently
integrate marker genes in target cells. However, geno-
toxicity as well as silencing of transgenes, particularly in
pluripotent stem cells, hinders their utility for tracking and
eventual clinical applications. Site directed integration of
marker genes into potentially safe genomic regions could
be an alternative approach. Adeno-associated virus inte-
gration site 1 (AAVST1) has been suggested to be such a
safe harbor for human cells. Here, we investigate its utility
in our rhesus macaque iPSCs (RhiPSCs) model. Knock-in
of human truncated CD19 (hACD19), the clinically rele-
vant marker gene or green fluorescent protein (GFP) at
the AAVSIT-like site in RhiPSCs was highly efficient using
the clustered regularly interspaced short palindromic re-
peats /CRISPR-associated nuclease 9 (CRISPR/Cas9)
system. Genetically modified RhiPSCs maintained normal
karyotype and pluripotency, demonstrated by teratoma
formation. CRISPR-edited clones were able to further dif-
ferentiate towards granulocytes or hepatocytes. More im-
portantly, transgene expression was stable in CRISPR-ed-
ited RhiPSCs but also differentiated cell types derived
from the RhiPSCs, in contrast to prior experience with vi-
ral vector delivery. We have established a computational
platform to evaluate efficiency and off-target effects of
guide RNAs in the rhesus genome. Off-target analysis in
CRISPR-edited clones is ongoing and result will be pre-
sented at the meeting. Genetically marked RhiPSCs will
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be useful to further advance clinically relevant models for
iPSC-based cell therapies.

Funding Source: This work was supported by the Divi-
sions of Intramural Research at the National Heart, Lung,
and Blood Institute in the National Institutes of Health.

W2096

MATERNAL RNAs DEGRADATION IS
ESSENTIAL FOR IPS REPROGRAMMING

Kami, Daisuke', Kitani, Tomoya? and Gojo, Satoshi’,
'Kyoto Prefectural University of Medicine, Kyoto,
Japan, 2Kyoto Prefectural University of Medicine,
Kyoto City, Japan

Non-coding RNAs are involved in the regulation of most
biological processes such as cancer, embryonic devel-
opment, and cellular reprogramming. However, little is
known about their roles in iPS reprogramming. We pre-
viously reported that non-coding RNA, RNY1 (Y1, 113 nt),
transiently expressed in iPS reprogrammed fibroblasts at
early stage, and inhibition of Y1 expression was failed iPS
reprogramming. It is known that the Ro60 protein and Y1
in cytoplasm form protein and RNA complex, so-called
ribonucleoprotein (RNP), and the RNP prevents Y1 degra-
dation. However, much remains unknown about Ro60-Y1
RNP function in iPS reprogramming. The objective of this
study is to identify a non-coding RNA to regulate iPS cell
reprogramming, and analyze the effect to the processes.
We analyzed the other interactions protein with Ro60
protein by immunoprecipitation, and mass spectrome-
try-analysis. We identified the unique protein, called X,
which is one of the proteins in Processing body (P-body)
component, which is distinct foci within the cytoplasm of
the eukaryotic cell consisting of many enzymes involved
in MRNA turnover. Furthermore, we analyzed that Ro60
antibody-immunoprecipitated proteins co-localized with
X-protein by western blotting, and immunocytochemis-
try methods. X gene-knockout cells by CRISPR technolo-
gy cannot form iPS colonies. In Addition, the interaction
ratio between X and Ro60 proteins using siRNA for Y1
were significantly increased than these using siRNA for
negative control.Our results showed that Ro60-Y1 RNP
regulated the behavior of X protein in P-body. These data
indicate that it might be an important rule to be regulated
the RNA-metabolic turnover in iPS reprogramming cells.
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W2100

USING PARKINSON' S DISEASE (PD) MOUSE
MODEL TO RESCUE ALPHA-SYNUCLEIN
MUTATION-INDUCED PD BY USING IPS CELLS
TECHNOLOGY AND GENE THERAPY

LIU, Shih-Ping, Lin, Guan-Cyun, Huang, Yu-Chuen and
Chen, Shih-Yin, China Medical University, Taichung,
Taiwan

Parkinson’s disease (PD) is the most common neurode-
generative disease and it has no effective therapeutic
method. The symptoms of PD include resting tremor, bra-
dykinesia and muscle rigidity. PD pathogenesis is charac-
terized by loss of dopaminergic (DA) neurons in the sub-
stantia nigra pars compacta (SNpc). a-synuclein (SNCA)
which has three types of missense mutations, A53T, A30P,
and E46K, which play an important role in pathogenesis
of Parkinson’s disease. The SNCA-A53T mutation trans-
genic mice model (PD mouse model from The Jackson
Lab) developed PD around 8 months of age. Stem cells
provide hope for PD. In all type of stem cells, cells (in-
cluding iPS cells) are the most powerful cells that could
differentiate into all-three kinds of germ layers, including
DA neurons. In our experiment, we will create iPS-SNCA
from SNCA-A53T mutation transgenic mouse fibroblast.
The iPS-SNCA cells will silence the SNCA-A53T mutation
gene by using shRNA system to achieve therapeutic ef-
fect and differentiate into neural stem cell (NSC) to treat
SNCA-A53T mice to confirm that the NSC is useful thera-
peutically. Finally, the behavior test data used to evaluate
the therapy efficiency of the NSC transplanted by loco-
motor activity, beam walking and rotarod. In summary,
we demonstrated that the IPS is a powerful technology to
rescue Parkinson patients.

W2102

DROPTECH(R) - A HANGING DROP BASED
AUTOMATED STEM CELL TECHNOLOGY
PLATFORM FOR PRODUCTION AND TESTING

Meiser, Ina', Stracke, Frank!, Gentile, Luca', Neubauer,
Julia C.', Gorjup, Erwin', Koutsouraki, Eirini?,

Gardner, John 0.2, De Sousa, Paul3, Keminer, Oliver4,
Claussen, Prof. Carsten®, Gribbon, Philip*, Pless,

Ole® and Zimmermann, Prof. Heiko'¢, 'Fraunhofer
IBMT, Sulzbach, Germany, ?Roslin Cellab LTD,
Midlothian, U.K,, *Roslin Cells Limited, Edinburgh, U.K.,
4Fraunhofer IME Screening Port, Hamburg, Hamburg,
Germany, *Fraunhofer IME ScreeningPort, Hamburg,
Germany, 6Saarland University, Saarbruecken,
Germany

Cell-based screening assays are a necessary tool for
pre-clinical compound development approval. A major
challenge concerning these assays is the supply of homo-
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geneous and physiological model systems based on pa-
tient-specific human induced pluripotent stem cells (hiP-
SCs). Standard 2D cultivation techniques in flasks, or bulk
suspension cultures with high medium consumption and
undefined environmental parameters around the result-
ing inhomogeneous cell aggregates are not feasible for
this purpose. Hence research focuses on 3D models. The
hanging drop (HD) cultivation technique is a method to
achieve homogeneous 3D cell aggregates: HDs from cell
suspensions act as micro-volume single bioreactors (20-
40ul). Due to gravity cells are gently forced to aggregate
on the bottom and connect only to each other or to an
intentionally added growth surface. Since HDs are usual-
ly still processed manually, the technique is not ready for
high throughput. To improve this, we introduce the Drop-
Tech® approach, an automated platform for the cultiva-
tion and manipulation of HDs with an integrated readout
system. Using HD plates with access from above (i.e. 96
well format), pipet robots are able to dispense HDs, ex-
change media, add specific factors, or harvest the drops,
in parallel. To prove the flexibility as well as the reliability
of the DropTech® platform, the Embryonic Stem Cell Test
(EST) to predict embryotoxicity and cytotoxicity in vitro,
has been implemented and translated to workflows com-
pletely in HDs. The EST has been established by Seiler et.
al. (Nature Protocols, 2011) using murine stem cells and has
been validated as an alternative to animal testing by the
European Centre for the Validation of Alternative Meth-
ods (ECVAM). It consists of the cytotoxicity endpoint,
where the cell viability is evaluated after 7d cultivation in
the presence of the compound, and of the differentiation
endpoint. Here, the differentiation potential of stem cells
into cardiomyocytes in presence of compounds is ana-
lyzed. We show here that both workflows, using murine
embryonic and human induced pluripotent stem cells, are
fully automatable in HDs using the DropTech® platform.
In addition, a novel readout system has been developed,
which is capable of non-contact contraction detection in
differentiated cardiac cluster in HDs.

Funding Source: The project research leading to these
results has received funding from the European Commu-
nity’s Seventh Framework Programme (FP7/2007-2013)
under grant agreement n°® HEALTH-F5-2013-601865.
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CRISPR/CAS9 CORRECTION OF SICKLE CELL
ANEMIA MUTATION IN PATIENT-DERIVED IPSC

Molina Estevez, Francisco Javier'?, Park,

Seonmi'?, Sommer, Cesar'?, Gianotti-Sommer,
Andreia'?, Steinberg, Martin 2, Murphy, George?

and Mostoslavsky, Gustavo'?, 'Section of
Gastroenterology, Department of Medicine. Boston
University, Boston, MA, U.S., 2Center for Regenerative
Medicine, Boston University School of Mecidine,
Boston, MA, U.S.

Sickle cell disease (SCD) is a genetic disease with a carri-
er’s frequency as high as 3/1000 births in the Afro-Amer-
ican population. All SCD patients share a common muta-
tion affecting the HBB gene, which encodes the -chain
that is assembled into the adult hemoglobin tetramer.
The sickle hemoglobin (HbS) aggregates forming long
filaments that change the characteristic erythrocyte’s
shape and flexibility. This results in disseminated hemo-
lysis when sickle cells endure capillary hydraulic forces.
Maintained over time, the body response to this situation
results into a complex syndrome featuring diverse de-
grees of chronic pain, anemia, intravascular hemolysis,
systemic endothelial inflammation and toxic iron over-
load in the liver. Currently, the only cure for patients is
bone marrow transplantation. However, as little as 5-10%
of healthy RBC chimerism has been documented to di-
minish the symptoms in SCD patients. Our goal is to test
the feasibility of the use of SCD patients’ own cells as the
starting point for the generation of disease-free red blood
cell progenitors. To achieve this goal, we took advantage
of two major novel methodologies: cell reprogramming,
which allows the generation of induced pluripotent stem
cell lines (iPSC) from adult somatic cells; and the CRISPR/
CAS9 system, which allows the quick generation of engi-
neered nucleases targeting the sickle mutation in the HBB
locus. We use the described STEMCCA cassette to gener-
ate a SCD iPSC bank. Then, we designed and assembled
a set guide RNAs directed against de vicinity of the SCD
mutation and combined them with ssODNs homologous
to the targeted region. Our tools successfully corrected
the SCD mutation in SCD patient derived iPSC. We show
evidence that after the correction, cells retained a nor-
mal karyotype and all their pluripotent features, including
their ability to be differentiated into erythroid progenitors
under controlled conditions. Ours, together with other
studies, have demonstrated control over generation, ther-
apeutic gene editing and deterministic differentiation of
patient-specific iPSC; contributing to set the foundations
for the claims to consider this cells as a real future cell
therapy alternative for SCD patients, currently hurdled by
chronic non-curative treatments.
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GENERATION OF INTERSPECIES CHIMERA
BETWEEN CYNOMOLGUS MONKEY INDUCED
PLURIPOTENT STEM CELLS AND PORCINE
EMBRYOS

Nowak-Imialek, Monika'?, Wunderlich, Stephanie?,
Herrmann, Doris!, Klein, Sabine', Baulain, Ulrich',
Lucas-Hahn, Andrea’, Petkov, Stoyan', Mall, Eva
Maria'?, Petersen, Bjorn', Martin, Ulrich? and Niemann,
Heiner?, 'Friedrich Loeffler Inst (FLI), Neustadt,
Germany, *Hannover Medical School, Hannover,
Germany

The use of porcine viable cells, tissues and organs for
pig-to-human transplantation is considered the most
promising alternative to overcome the growing allograft
shortage. The generation of human iPSCs paves the way
to generate organs from patient’s own pluripotent stem
cells. The production of chimeric piglets carrying organs
that have a high contribution of human cells or tissue,
could be used as a new source for therapeutic tissue or
organ replacement. Here, we optimized an interspecific
chimera assay using cynomolgus monkey induced plurip-
otent stem cells (cyiPSCs) and porcine embryos to eval-
uate the feasibility of a potential use of human iPSCs to
produce human stem cell-derived organs in pigs. First, we
identified effective in vitroculture system for porcine par-
thenogenetic blastocysts and monkey cyiPSCs. We com-
pared porcine blastocyst rates cultured in eight different
monkey stem cell media and porcine zygote medium 3
(PZM-3). The number of blastocysts on day 8 cultured
in iPS 20% medium was significantly higher (91%) than
in the commonly used porcine PZM-3 medium (65%).
We found significantly fewer degenerated embryos on
day 8 after culture in iPS 20% medium (9%) compared
to PZM-3 (35%). Thereafter, we injected clusters of 10-15
Venus-marked cyiPSCs into porcine parthenogenetic em-
bryos from days 4 and 6. Injection of cyiPSCs into porcine
embryos day 4 resulted in significant higher number of
Venus-positive blastocysts (74.5%) compared to the in-
jection into blastocysts from day 6 (43%). We observed
26% (41/155) blastocysts with Venus-expressing cyiPSCs
exclusively in the porcine ICM, 53% (82/155) in trophec-
toderm and 21% (32/155) in both the ICM and trophecto-
derm. However, chimeric blastocysts plated onto dishes
exhibited outgrowth with separate porcine- and cyiPSCs
colonies. Next we generated chimeras between cyiPSCs
and vivoderived porcine embryos (4-16-cells and moru-
lae). Of 93 chimeric embryos transferred to two gilts 34
were recovered seven days later. Unfortunately, only sin-
gle cyiPSCs was found in the trophectoderm. In summary
we optimized culture conditions for interspecies chimera
in which monkey cyiPSCs are able to integrate and sur-
vive in porcine embryos in vitro. However, cyiPSCs inject-
ed into porcine vivo embryos did not integrate into the
epiblast of host embryos.
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PLURIPOTENCY POTENTIAL OF EQUINE
MESENCHYMAL CELLS OBTAINED FROM
DIFFERENT SOURCES SUBJECTED TO
GENETICALLY INDUCED REPROGRAMMING
(IPS CELLYS).

Pessda, Lais Vicari de Figueiredo', Fernandes
Bressan, Fabiana'?, Ratto Lisboa Pires, Pedro’,
Recchia, Kaiana? and Vieira Meirelles, Flavio'?,
'University of Sdo Paulo, Sdo Paulo, Brazil, 2University
of S&o Paulo, Pirassununga, Brazil

iPS cells and its use on regenerative medicine have a great
potential on both human and veterinary medicine. Large
mammals are suitable models for studying human diseas-
es and cell therapy is highly desirable in the horse due
to common orthopedic and joint injuries. The influence of
the origin of somatic cell used in iPS production is cur-
rently discussed. Considering that equine mesenchymal
cells obtained from different tissues present variable plu-
ripotent characteristic and in vitro differentiation capabil-
ity due to their derivation source; this proposal aimed to
generate equine iPS (eiPS) cells through viral transduc-
tion of human and murine pluripotency factors (hOSKM
and mOSKM respectively) into mesenchymal cells derived
from bone marrow (BM), umbilical cord blood (UCB), um-
bilical cord tissue (UCT), adipose tissue (eAdMSC) and
adult fibroblasts (aFIBRO). These cells were analyzed re-
garding their morphology, in vitro pluripotency mainte-
nance potential through alkaline phosphatase (AlkPhos)
detection and in vitro spontaneous differentiation. The
aFIBRO and mesenchymal cells were isolated, in vitro cul-
tivated, had their doubling time calculated in hours (BM
46+12; UCB 66+18; UCT 58+14, eAdMSC 23+11 and aFIBRO
29+9). From these cells, 84 iPS clonal cell lines have been
produced (30, 33 and 21 cell lines derived from aFIBRO,
eAdMSC and UCT, respectively using hOSKM and 1 cell
line derived from eAdMSC using mOSKM). Induction of
BM and UCB cells did not result on eiPS formation. Pre-
liminary results show that hOSKM seem more effective
to reprogram equine cells than mMOSKM. While mOSKM
were able to produce only one iPS cell line derived from
eAdMSC, hOSKM were capable of reprograming mul-
tiple equine cell lines and colony formation was more
efficient for eAdMSC cells (48%19, P<0.01) than for aFl-
BRO (7+3.5) and UCT cells (948.4), which did not differ
(P=0.95). Although in vitro spontaneous differentiation
was not achieved, eiPS cells obtained were positive for
AlkPhos detection and embryoid body formation. While
this discerned behavior among reprogrammed cell lines
can be explained once it has been shown that even after
reprogramming, iPS cells may maintain a residual epigen-
etic memory that can affect its reprogramming and dif-

q INTERNATIONAL SOCIETY
ISSCR FOR STEM CELL RESEARCH



POSTER ABSTRACTS

ferentiation capacity, further studies are needed for fully
understanding this process.

Funding Source: FAPESP#2013/17955-3 and CEPID-CTC
FAPESP#2013/08135-2

W2T10

THE ROLE OF INSULIN IN CULTURE OF
HUMAN INDUCED PLURIPOTENT STEM CELLS

Shahbazi, Mohammad', Cundiff, Paige?, Hoffman,
Gabriel’, Pandy, Gaurav?, Lee, Philip', Patel, Achchhe?,
D'Souza, Sunita?, Carlos Carcamo Oribe, Ivan', Abbasi,
Fahim', Schadt, Eric3, Lemischka, lhor?, Quertermous,
Thomas' and W Knowles, Joshua', 'Cardiovascular
Research, Stanford, CA, U.S,, ?2Black Family Stem

Cell Institute, Icahn School of Medicine at Mount
Sinai, New York, NY, U.S,, 3Institute of Genomics and
Multiscale Biology, Icahn School of Medicine at Mount
Sinai, New York, CA, U.S.

The presence of either insulin or IGF1 has been found es-
sential for culture of iPSCs. Studying the role of insulin in
culture of pluripotent stem cells can potentially improve
our understanding of molecular mechanism of pluripoten-
cy and differentiation protocols. This information will also
reveal the potentials and limitations of iPSCs for model-
ing relevant conditions including insulin resistance and
type-2 diabetes. iPSCs were derived from erythroblasts
using integration free Sendai virus with Yamanaka factors.
Glucose uptake was measured through uptake of 3H-De-
oxy-glucose. Crystal violet staining was used to study the
adhesion and expansion of iPSCs. Flow cytometry based
cell cycle and apoptosis assays were performed via Pl
staining. RNA samples after 24 and 72 hrs of insulin star-
vation were used for RNA-Sequencing. Protein profiler ar-
ray was used to monitor receptor tyrosin kinases. Insulin
significantly improves the seeding of iPSC cells in culture.
In addition, iPSC colonies maintain their pluripotent mor-
phology and expression of Sox2, Oct4 and Tral-60 after
three days of insulin starvation. iPSC colonies have sig-
nificantly higher expansion in presence of insulin. In addi-
tion, we observed increase in cell death and percentage
of the cells in G2 in absence of insulin which hints of G2/M
arrest. However, we did not observe any significant in-
crease in glucose uptake in iPSCs after insulin stimulation.
Transcriptional changes after 24 and 72hrs of starvation
were similar but more intensified in the later. IPA analy-
sis showed “Cellular Growth and Proliferation” and “Cell
Death and Survival” as the top two pathways in “Molec-
ular and Cellular Functions” category after 24hrs of star-
vation. Using protein array we detected higher levels of
tyrosine phosphorylated ERK1/2, AKT, WNK1 after insu-
lin stimulation. Presence of insulin significantly improved
the seeding and expansion of iPSCs. This expansion is
correlated with higher cell number and reduction of cell
death in presence of insulin. These observations are in line

co-sponsored by:

with activation of ERK1/2 and AKT. Collectively our data
shows that insulin mainly exerts its effect in maintenance
of iPSCs through its mitogenic and anti-apoptotic effect.

Funding Source: This study was funded as a part of
GENESIPS Project.Funding Agency: National Institute of
Health (NIH)Funding Institute: National Heart, Lung, and
Blood Institute (NHLBI)

W2114

GLYCAN-TARGETED ELIMINATION OF
TUMORIGENIC HUMAN PLURIPOTENT STEM
CELLS BY AN ENGINEERED LECTIN-TOXIN
FUSION PROTEIN DRUG

Tateno, Hiroaki', Onuma, Yasuko?, Ito, Yuzuru? and
Hirabayashi, Jun', 'National Institute of Industrial
Science and Technology, Tsukuba, Japan, ?AIST,
Tsukuba, Japan

Human pluripotent stem cells (hPSCs) such as human plu-
ripotent stem cells (hiPSCs) and human embryonic stem
cells (hESCs) are considered to be ideal cell sources for
regenerative medicine, but their clinical and industrial ap-
plication is hindered by their tumorigenic potential. Pre-
viously, we identified a human pluripotent stem cell-spe-
cific lectin, called rBC2LCN, by comprehensive glycome
analysis using high-density lectin microarrays. Here we
developed a recombinant lectin-toxin fusion protein of
rBC2LCN with 23 kDa of a catalytic domain of Pseudo-
monas aeruginosa exotoxin A, termed rBC2LCN-PE23 for
the targeted elimination of hPSCs. rBC2LCN-PE23 could
be produced as a soluble form in E. coli at 10 mg/I culture
and purified to homogeneity using one-step affinity chro-
matography. hPSCs were eliminated after 24 hr culture
in the presence of 10 ug/mL of rBC2LCN-PE23, although
no effect was observed for retinoic acid (RA)-treated
hiPSCs, human dermal fibroblasts (hFibs), and human
adipose-derived mesenchymal stem cells (hADSCs). Re-
cently, we could successfully increase the killing efficien-
cy up to 1,000-fold by conjugating rBC2LCN with 38 kDa
of Pseudomonas aeruginosa exotoxin A, which is capable
of eliminating hPSCs even at a concentration of 10 ng/
mL. One possible concern could be the toxicity of resid-
ual toxins when transplanting cells, although they could
be washed away easily. Even if residual lectin-toxin con-
jugates exist, there should be no effect on differentiated
cells, since rBC2LCN-PE23 and rBC2LCN-PE38 cannot
bind to and be internalized by differentiated cells. Outside
of the cells, P. aeruginosa exotoxin A exhibits no toxici-
ty predicted from the intoxication pathway of the toxin.
rBC2LCN-PE23 and rBC2LCN-PE38 could be stably sup-
plied and are cost-effective, and should be applicable to
various experiments requiring the elimination of hPSCs,
including the generation of hPSC-derived cells for drug
screening as well as therapy. Thus, the lectin-toxin con-
jugates could be used as safe and efficient protein drugs
to eliminate tumorigenic hPSCs from hPSC-derived cell
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therapy products. Reference: Tateno et al. Stem Cell Re-
ports 4(5):811-20, 2015

Funding Source: This work was partially supported by the
project of "Development of Cell Manufacturing andPro-
cessing Systems for Commercialization of Regenerative
Medicine” from Japan Agency for Medical Research and
Development (AMED) and JSPS KAKENHI Grant Number

W2T16

TRANSCRIPTIONAL REACTIVATION OF FMRI
AS A THERAPEUTIC STRATEGY FOR FRAGILE
X SYNDROME

Vershkov, Dan’, Halevy, Tomer? and Benvenisty,
Nissim?, 'THebrew University, Jerusalem, Rishon
Lezion, Israel, 2Hebrew University, Jerusalem, Israel

Fragile X syndrome, the leading cause of inherited intel-
lectual disability and autism, stems from the deficiency
of a single protein, FMRP, encoded by the gene FMRI. In
most patients, expansion of a repetitive CGG sequence
in the 5’UTR of the gene leads to hypermethylation and
silencing of the FMR1 promoter. We have previously gen-
erated models for fragile X syndrome in both ESCs and
iPSCs, and showed that the DNA methyltransferase in-
hibitor 5-azactytidine is able to reactivate the silent FMRI
locus, inducing FMRP expression. However, 5-azacytidine
is chemically unstable and has strong secondary effects
such as genome wide hypomethylation and incorporation
into DNA and/or RNA. The establishment of epigenetic
modifications as therapeutic targets in various disorders
promoted the search for new compounds targeting dif-
ferent epigenetic regulators. In this study, we analyzed
the ability of additional epigenetic modulators to reacti-
vate the transcription of FMR1 in fragile X patient derived
iPSCs. Testing a series of nucleoside and non-nucleoside
DNMT inhibitors demonstrated the ability of additional
demethylating agents to reactivate FMR1 expression in
both mMRNA and protein levels. Subsequently, an immu-
nostaining based imaging assay was established in order
to test a larger array of epigenetic active molecules with
various mechanisms. Identification of additional epigene-
tic modifiers able to reactivate the expanded FMR1 locus
can shed light on the mechanisms mediating its transcrip-
tional silencing, and might suggest a novel therapeutic
strategy for the treatment of fragile X syndrome.

ee 158

‘ POSTER ABSTRACTS

W2118

CLINICAL-GRADE CULTURE MEDIUM FOR
EXPANSION AND LARGE-SCALE 2D AND
3D SUSPENSION CULTURE OF HUMAN
PLURIPOTENT STEM CELLS

Wessberg, Fredrik, Takara Bio Europe, AB,
Gothenburg, Sweden

Here we present the development of a defined, feeder-free
medium, without human- or animal-derived components.
Human pluripotent stem cells (hPSC) that are cultured in
this medium for an extended period of time express ex-
pected stem cell markers, remain diploid, and can differ-
entiate into cell types from the three germ layers. Using
this complete, clinical-grade culture medium, eight differ-
ent hPSC lines that were expanded as a 2D monolayer (2D
culture) maintain high expression of pluripotent stem cell
markers and lack any expression of differentiation mark-
ers over 12 - 20 passages tested. In addition, no karyo-
type abnormalities were reported for any of the tested
cell lines. In order to generate clinically-relevant quantities
of hPSCs - 10° and beyond - it is essential to develop ef-
ficient, yet robust 3D suspension cultures that maintain
the same stability as that described for 2D monolayer
cultures. Previous reports in the literature of suspension
cultures have typically described a reduced growth rate
compared to monolayer cultures with a final cell concen-
tration of 1-2 million cells per milliliter. We demonstrate
that our culture system supports large-scale, 3D, non-ad-
herent expansion of hPS cells in suspension culture in a
perfusion bioreactor. Furthermore, by optimizing perfu-
sion rates and dissolved oxygen levels, we were able to
expand hPSCs by 800-fold within 3 passages over 11 days
to a final concentration of 5 million cells per milliliter using
our 3D suspension culture system. In summary, our clin-
ical-grade culture system allows for efficient, robust and
scalable production of hPS cells, thus facilitating the use
of hPSCs for research as well as in large-scale 3D suspen-
sion clinical applications.

W2120

ENHANCEMENT OF HOMOLOGY DIRECTED
REPAIR VECTOR INSERTION EVENTS OF THE
SICKLE CELL ANEMIA MUTATION IN HUMAN
INDUCED PLURIPOTENT STEM CELLS (iPSCs)
BY TALENS

Suzuki, Shingo', Suzuki, Shingo', Gruenert, Luke', Xie,
Fei?, Ye, Lin% Kan, Yuet Wai'? and Gruenert, Dieter C.,
'University of California, San Francisco, San Francisco,
CA, U.S., 2University of California, San Francisco, San
Francisco CA, U.S.

Sickle cell anemia (SCA) in the US affects approximate-
ly 70,000 to 100,000 individuals, mostly in the African
American and Hispanic communities. The lifespan, and
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quality of life, for SCA patients has improved with advanc-
es in clinical management of, the disease, although, bone
marrow transplantation still appears to be the most ef-
fective treatment. The recent developments in generation
and editing of human iPSCs, has opened the door to other
potential therapeutic routes. One potential approach for
treatment of genetic diseases like SCA utilizes patient-de-
rived iPSCs in which the underlying disease-causing mu-
tations have been corrected prior to differentiation into
engraftable progenitor cells. The studies reported here
demonstrate that homology directed repair (HDR) of the
SCA A>T transversion mutation in exon 1 of human f-glo-
bin can be facilitated by sequence-specific transcription
activator-like effector nuclease (TALEN) enhancement of
HDR with gene-targeting vectors that contain the wild-
type B-globin donor sequences. Analysis of homologous
recombinant cells revealed a novel class of products
consistent with vector insertions resulting in partial du-
plication of human B-globin gene sequences that can be
used to generate footprint-free homologous recombinant
cell lines. These studies were supported by NIH grants
DK088760 and DK104681.

Funding Source: These studies were supported by NIH
grants DK088760 and DK104681

IPS CELLS: DIRECTED
DIFFERENTIATION

W2128

DIFFERENTIATION OF HUMAN iPSC INTO
OSTEOBLASTS BY USING SMALL MOLECULE
INDUCERS UNDER FULLY DEFINED, XENO-
FREE CONDITIONS.

Zujur, Denise Carolina', Kanke, Kosuke? Chung,
Ung-il® and Ohba, Shinsuke?, 'The University of Tokyo,
Tokyo, Japan, 2The University of Tokyo, Graduate
School of Medicine, Tokyo, Japan, SThe University of
Tokyo, Graduate School of Engineering, Tokyo, Japan

Induced pluripotent stem cells (iPSCs) have emerged as a
promising option for studies of tissue development, drug
screening, and cell-based therapies. From the clinical per-
spective, it is prerequisite to develop efficient methods to
direct iPSCs into specific lineages. Production of mixed
cell population, persistence of undifferentiated cells, and
the use of animal-derived components are common lim-
itations of current methods. Here, we developed a strat-
egy to efficiently differentiate hiPSCs into osteoblasts
under fully defined, xeno-free conditions. The osteogenic
induction of two independent hiPSC lines was successful-
ly achieved by small molecule-mediated manipulation of
signaling pathways that had been identified as key play-
ers in osteoblast development. CHIR99021 was used to
activate canonical Wnt signaling. Smoothened agonist
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(SAG) and cyclopamine (Cyc) were used to activate and
repress hedgehog (Hh) signaling, respectively. BMP-de-
pendent osteogenic molecule (TH) was also used. hiPSC
differentiation was examined by gene expression analy-
ses with RT-gPCR, protein expression analyses with im-
munostaining, and calcification analyses with von Kossa
staining. The initial 3-day treatment with CHIR and Cyc
strongly induced mesodermal differentiation of hiPSCs
as indicated by the suppression of pluripotency markers
(REXT1, NANOG, POU5FT, and SOX2) and the specific up-
regulation of mesoderm markers (T and MIXL1). Osteo-
blast specification was then induced by a 7-day treatment
with SAG and TH, with cells strongly expressing RUNX2
and COLITAlL Osteoblast maturation was subsequently
achieved by the stage-specific manipulation of Hh signal-
ing and the activation of canonical Wnt signaling, as ev-
idenced by the expression of mature osteoblast markers
(SP7, IBSP, and BGLAP) as well as by matrix calcification
on day 21. Thus, we generated a robust system to differ-
entiate hiPSCs into osteoblasts by properly manipulating
signaling pathways involved in osteoblast commitment
and maturation. The xeno-free condition, the short period
of treatment, and the stability of the inducers in the devel-
oped protocol will facilitate its application to the clinical
context for skeletal regenerative therapies.

W2130

CRISPR-CAS9 MEDIATED GENERATION OF
HUMAN PLURIPOTENT STEM CELL LINES TO
ENABLE NLRP3 INFLAMMASOME STUDIES

Blake, William L.', Stock, Jeffrey L.2, Adusumilli,
Krishna3, Haskell, Keith M.2, Lee, Wilson?, Engle,
Sandra?, Bowman, Michael® and Lin, Lih-Ling®, 'Pfizer/
PDM-NCE, Groton, CT, U.S,, ?2Pfizer, Groton, CT,

U.S., *Primed Workforce Solutions, Groton, CT, U.S,,
4“Vertex Pharmaceuticals, San Diego, CA, U.S., *Pfizer,
Cambridge, MA, U.S.

Nucleotide-binding oligomerization domain-like receptor
pyrin containing domain 3 (NLRP3) is a cytosolic receptor
that is involved in the formation of a multiprotein complex,
the NLRP3 inflammasome. The NLRP3 inflammasome is
activated in response to infectious stimuli or to cellular
stress that can be associated with a disease state, lead-
ing to release of pro-inflammatory IL-1 family cytokines.
NLRP3 inflammasone activation has been implicated in a
variety of diseases such as atherosclerosis, metabolic syn-
drome, Alzheimer’s disease, rheumatoid arthritis, irritable
bowel disease and kidney disease. To better understand
the role of NLRP3 in inflammasome-mediated inflamma-
tion NLRP3-knockout (KO) human pluripotent stem cells
(PSC) were generated. To accomplish the NLRP3 KO
we utilized the novel CRISPR-Cas9 genome editing sys-
tem. Editing was directed to exon 3, a region common
to all forms of the NLRP3 protein. Custom CRISPR-Cas9
was transfected into PSC. We subsequently screened for
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PSC clones in which the Cas9 nuclease had altered exon
3. Ultimately, sequencing analysis of DNA from single cell
clones revealed multiple clones with frameshift causing
deletions in exon 3 on both alleles. Two of these putative
NLRP3 KO clones, along with wild-type PSC, were then
differentiated in vitro to macrophage-like cells, a relevant
cell type. To demonstrate loss of NLRP3 protein expres-
sion in KO macrophages, Western analysis was conduct-
ed on macrophage lysates. Macrophages from both KO
lines had no detectable NLRP3 protein as compared to
wild-type control. Absence of NLRP3 protein is expect-
ed to lead to a reduction in IL-1B release. To assess IL-18
release, KO and wild-type macrophages were first stimu-
lated with lipopolysaccharide followed by activation with
nigericin. Media was collected and IL-18 levels were deter-
mined. LPS/nigericin treatment resulted in extensive IL-18
release from wild-type macrophages, whereas in NLRP3
KO macrophages IL-1B release was dramatically reduced,
thus confirming loss of function. In summary, human
PSC NLRP3 KO lines have been generated utilizing CRIS-
PR-Cas9 genome editing technology, and when differen-
tiated in vitro to a physiologically relevant cell type (mac-
rophage), display a functional phenotype (reduced II-1B
release), providing a tool to explore the biology around
NLRP3.

W2132

GENERATION OF HIGH PURITY AND QUALITY
PHOTORECEPTOR CELLS TO TREAT RETINAL
DEGENERATION DISEASES

Duong, Khanh Linh, Baranov, Petr and Young,
Michael, Harvard Medical School, Boston, MA, U.S.

Retinal degeneration (RD) diseases, hereditary or age-re-
lated, are among the leading cause of blindness, affecting
millions of people worldwide. There is no effective thera-
py to prevent or treat RD, and there is a lack of RD dis-
ease models that accurately capture the phenotypes and
pathologies found in patients. Due to lack of endogenous
regeneration, replacing lost cells with functional ones ap-
pears promising. Transplantation of photoreceptor pre-
cursors derived from induced pluripotent stem cells (iP-
SCs) improves vision in rodent hosts. Unlike murine iPSCs,
differentiation of human iPSCs toward a retinal cell fate
requires an extensive time in culture [~90 days], with only
a small percentage of rods (30%)/cones (0.1%) produced.
The imbalance in gene dosage of the reprogramming fac-
tors and incomplete resetting of epigenetic memory in
parent cells contribute to variation in quality among iPSC
lines. Our goal is to identify molecular and cellular condi-
tions that enhance the yield of photoreceptors, particular-
ly cones, from hiPSCs differentiation. Here, we employed
human retina progenitor cells (hRPCs), that our lab has
isolated and established, as parental cell source for iPSC
generation. We demonstrated that the use of four human
reprogramming factors co-expressing with specific fluo-
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rescence proteins [GFP-OCT4, mOrange-SOX2, mKate-
CMYC, and TagBFP-KLF4] allowed us to track the re-
programming kinetics. Unlike fibroblasts, at low MOI (<1)
hRPCs are much more efficient and exhibited significant
molecular and cellular changes. Interestingly, in addition
to ES-like colonies expressing all four fluorescence colors
[Nanog, OCT4/SOX2/CMYC/KLF4 positive], there were
colonies that sprouted neuronal-like processes. Quanti-
tative PCR showed significant upregulation in early neu-
ronal markers including DCX, NeuroD1, Neurofilament M,
FGFR3H, and MAPII. Importantly, Opsin genes were also
upregulated. These events taken place within four weeks
post transduction with OSMK. We also observed some
neuronal-like colonies exclusively express SOX2 trans-
genes. This work suggests that our trackable system and
usage of hRPCs as parental cell could provide significant
tools for retinal regeneration studies.

Funding Source: Bertarelli Foundation

W2134

INVOLVEMENT OF G-COUPLED RECEPTOR-
DEPENDENT CYCLIC AMP/ PKA SIGNALING
PATHWAY ON NEURAL DIFFERENTIATION OF
MOUSE IPS CELLS

Ishizuka, Toshiaki, Ozawa, Ayako, Katsuura, Mieko
and Satoh, Yasushi, National Defense Medical College,
Tokorozawa, Japan

Previous reports showed that activation of cyclic AMP
(cAMP) / protein kinase A (PKA) signaling pathway may
enhance neural differentiation in mouse mesenchymal
stem cells. Although activation of 5-hydroxytryptamine 4
receptor (5-HT,R) increases cAMP formation, activation
of muscarinic acetylcholine receptors (mAchR) decreases
it. The present study determined involvement of 5-HT R,
mAchR, or the cAMP/PKA signaling pathway on neural
differentiation of mouse induced pluripotent stem (iPS)
cells. The differentiation which was initiated by embryoid
body formation was stimulated with all trans retinoic acid
(ATRA; 1 or 3 uM), serotonin (0.01~0.3 uM), or carbachol (a
mAchR agonist; 110 uM) for 4 days and then transferred
to matrigel-coated dishes. The differentiation potential of
mouse iPS cells into neural progenitor cells was evaluated
by Nestin expression using immunofluorescence staining
or western blot analysis. Treatment with serotonin (0.03
MM) significantly enhanced ATRA-induced Nestin expres-
sion and cAMP response element binding protein (CREB)
phosphorylation. Although the pretreatment with cholera
toxin (an activator of stimulatory alpha subunit of guanine
nucleotide-binding protein (Gs); 3~30 nM) significantly
enhanced the effect of serotonin, the pretreatment with
H89 (a PKA inhibitor; 1 uM) significantly inhibited it. On
the other hand, the treatment with carbachol (10 uyM) sig-
nificantly inhibited ATRA-induced Nestin expression and
CREB phosphorylation. Pretreatment with either pertussis
toxin (an inhibitor of inhibitory alpha subunit of guanine
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nucleotide-binding protein (Gi); 2-20 nM) or forskolin (an
activator of adenylate cyclase; 1 uM) significantly reversed
the effect of carbachol. These results suggest that the
neural differentiation of mouse iPS cells may be modu-
lated by the G-coupled receptor-dependent cAMP/ PKA
signaling pathway.

Funding Source: This work was supported, in part, by a
Grant-in-Aid for the Scientific Research Program from
the Japan Society for the Promotion of Sciences (No.
26350921) to Toshiaki Ishizuka.

W2136

INDUCED PLURIPOTENT STEM CELLS
DERIVED FROM IDIOPATHIC PARKINSON'S
DISEASE PATIENTS IMPROVE MOTOR
FUNCTION OF PARKINSON'S DISEASE MODEL
MONKEYS

Kikuchi, Tetsuhiro', Morizane, Asuka', Doi, Daisuke?,
Okita, Keisuke', Nakagawa, Masato', Inoue, Haruhisa',
Takahashi, Ryosuke®, Mizuma, Hiroshi4, Takara,
Sayuki4, Onoe, Hirotaka*, Hayashi, Takuya* and
Takahashi, Jun', 'Center for iPS Cell Research and
Application, Kyoto University, Kyoto, Japan, 2Center
for IPS Cell Res & Application, Kyoto City, Japan,
3Kyoto University Graduate School of Medicine,
Kyoto, Japan, “RIKEN Center for Life Science
Technologies, Kobe, Japan

Induced pluripotent stem cells (iPSCs) are promising
source for cell replacement therapies. The first transplan-
tation of iPSC-derived retinal pigment epithelium cells for
Macular degeneration was performed in 2014, and Par-
kinson's disease is thought to be one of the next targets.
In this study, we evaluated growth, differentiation, and
function of iPSC-derived dopaminergic (DA) neuron pro-
genitor in primate PD models. We generated iPSCs from
idiopathic PD patients using an episomal vector method,
produced dopamine neuron progenitors from these cells
and transplanted them into brains of PD model monkeys.
MPTP-treated cynomolgus monkeys are used as primate
PD model animals. We carried out 12 months observation
of monkey PD scores and observed significant improve-
ment of PD scores. Some monkeys are subjected to long-
term analysis for tumor formation up to 24 months. We
performed MRI analysis of monkeys at every 3 months,
and observed no tumor formation. Histological analysis
showed that 6.5 x 104 + 4.9 x 10* (average * standard de-
viation) tyrosine hydroxylase (TH) positive cells are sur-
vived per grafts. We also performed positron emission to-
mography (PET) study, and the binding potential of ["C]
PE2I increased after cell transplantation in some grafts,
suggesting DA neuronal maturation in those grafts. In
conclusion, preclinical study of cell transplantation ther-
apy for PD revealed that dopamine neuronal progenitors

co-sponsored by:

from PD-iPSCs can improve PD monkey behaviors and
these cells produce no tumor in the observation period.

W2138

PRODUCTION AND ENRICHMENT OF
IPSC-DERIVED MIDBRAIN DOPAMINERGIC
PROGENITORS AND NEURONS

Li, Aiqun', Campos, Brian', Woodard, Chris', Zimmer,
Matthew!, Kuo, Sheng-Han?, Nirenberg, Melissa®, Zhou,
Hongyan', Paull, Daniel', Rubin, Lee?*, Eggan, Kevin
Carl4, Rao, Mahendra', Noggle, Scott' and Chang,
Stephen’, 'New York Stem Cell Foundation, New York,
NY, U.S., 2Columbia University, New York, NY, U.S.,
3SNew York University School of Medicine, New York,
NY, U.S., “Harvard University Department of Stem Cell
and Regenerative Biology, Cambridge, MA, U.S.

The following protocol uses a modified version of the
Kriks/Studer method to produce and isolate midbrain
dopaminergic progenitors (mMDA) and neurons via fluo-
rescence-activated cell sorting. Through the capture of
CD56*/CD133* double-positive cells on Day 11, the puri-
fied sample, on average, contains ~90% mDA progeni-
tors expressing SOX1, SOX2, NESTIN, FOXA2, and LMXI.
Through the isolation of CD56*/CD24*/CD15/CD184"
cells from Day 33 on, the purity of dopaminergic neurons
is increased to ~80%, as identified by expression of TUJI,
TH, FOXA2, LMX1, PITX3, and MAP2. This cell-type specif-
ic purification method is consistent, and normalizes the
amount of mDA progenitors and neurons among multi-
ple cell lines and differentiations. A range of functional
assays, including DA measurement, electrical activity re-
cording, assessment of a-synuclein, and cell engraftment
into mouse brain confirm the sorted cell properties. The
isolation of MDA progenitors takes 12 days, and for neuro-
nal cultures, the process takes another 22 days.

Funding Source: This work was supported by NYSCF-Gol-
ub Stem Cell Research Initiative, the Bachmann-Strauss
Foundation Research Grant, and in Part by Grant No.
PDF-CEI-1414 from the Parkinson’s disease Foundation.

W2140

A DEFINED SYSTEM FOR THE DERIVATION
OF BRAIN MICROVASCULAR ENDOTHELIAL
CELLS FROM HUMAN PLURIPOTENT STEM
CELLS

Qian, Tongcheng, Maguire, Shaenah, Canfield,
Scott, Bao, Xiaoping, Shusta, Eric and Palecek, Sean,
University of Wisconsin-Madison, Madison, WI, U.S.

The blood brain barrier (BBB) is comprised of special-
ized endothelial cells, which are critical to neurological
health. In order to better understand the development of
brain microvascular endothelial cells (BMECs) and BBB
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dysfunction in neurological disease, an unlimited source
of human BMECs could prove enabling. Previously, we
demonstrated that brain-like endothelial cells could be
derived from hPSCs through co-differentiation of neural
and endothelial progenitors, followed by purification of
BMECs. Here we describe a new and simplified meth-
od for BMEC derivation using a serum-free defined pro-
tocol that employs key signaling pathway activators. By
guantitative-PCR and immunonstaining, we were able
to confirm that hPSCs progressed through a flk-1 endo-
thelial progenitor stage and eventually to CD31-positive
endothelial cells that expressed key BBB markers such
as efflux transporter Pgp and tight junction proteins oc-
cludin and claudin-5. Flow cytometry was used to quan-
tify the purity of cell population at different stages, and
at day 10 the cultures comprised nearly 100% CD31 and
Pgp dual positive populations. The hPSCs-derived BMECs
exhibit endothelial properties, including tube formation,
acetylated low density lipoprotein uptake in addition to
BMEC-specific efflux transporter activities. Notably those
cells also exhibit high transendothelial electrical resistance
(around 3000 -cm?). In summary, we describe a defined
and straightforward strategy to differentiate hPSCs into
BMECs that could be used for applications such as drug
screening and disease modeling.

Funding Source: R21Takeda Pharmaceutical Company
Limited

W2142

PREDICTING SUCCESSFUL PLURIPOTENT
STEM CELL DIFFERENTIATION USING NON-
INVASIVE MULTI-ANALYTE LUMINEX ASSAYS

Rinaldi, Fabrizio, Rynning, Michael, Galitz, David,
Fuerstenberg, Richard and Aho, Joy L., R&D Systems,
Minneapolis, MN, U.S.

The ability of pluripotent stem cells to differentiate into
any tissue of the body has the potential to revolutionize
medicine. To fully realize this potential, robust and stan-
dardized differentiation and characterization protocols
are necessary. In this study, we describe the use of Lu-
minex” multi-analyte technology for non-invasively char-
acterizing stem cells undergoing differentiation, as well
as for optimizing individualized differentiation protocols.
Luminex’ technology allows for the simultaneous quanti-
fication of up to 100 proteins within a single small-volume
sample. We utilized the multi-analyte screening power
of Luminex” assays to profile the levels of cytokines and
growth factors in cell culture media at key stages during
the differentiation of pluripotent stem cells into hepato-
cytes. Cytokine and growth factor expression profiles
were obtained from human iPS and ES cell lines with
known differences in hepatocyte differentiation efficien-
cy. Because samples are obtained from culture media,
the cells are able to continue through the differentiation
process and can be analyzed for efficiency by assessing
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albumin expression. We hypothesize that the multi-an-
alyte profile of cell lines with robust differentiation effi-
ciency will differ from cell lines with lower efficiencies.
Using Luminex’ multi-analyte technology we will be able
to identify particular analytes that are predictive of dif-
ferentiation success. Additionally, this data can be used
to identify alternate factors that enhance differentiation
and/or maturation of the differentiated cells.

W2144

HUMAN PLACENTA-DERIVED
EXTRACELLULAR MATRIX HYDROGEL
FACILITATES DIFFERENTIATION OF HUMAN
IPSCS TOWARDS NEURAL CELLS AND
CARDIOMYOCYTES

Treadwell, Michelle, Murchison, Angela, Francis,
Michael, Breathwaite, Erick, Rodriguez, Rudy, Poole,
Mike, Chen, Silvia Sihui and Lee, Jung Bok, LifeNet
Health, Virginia Beach, VA, U.S.

Human pluripotent stem cells (hPSCs), including embry-
onic and induced pluripotent stem cells (iPSCs), hold
great promise for future applications in drug discovery
and cell therapies. An increasing number of hPSC culture
protocols including specific substrates and/or medium
supplements have been developed to support cell expan-
sion and guide the differentiation of hPSCs towards the
specific types of cells of interest. However, many of these
materials commonly used for the culture are of animal
origin which is a major regulatory concern from translat-
ing hPSCs technologies to the clinic. The present study
evaluated the use of a novel, human placenta-derived
extracellular matrix hydrogel (hpECM) to support neural
cell and cardiomyocyte differentiation of multiple human
iPSC lines. Embryoid bodies (EBs) were created from iP-
SCs in suspension and plated onto hpECM, Matrigel, or
gelatin, before inducing neural differentiation by N2, B27
and bFGF stimulation. Neural precursor cells and differen-
tiated neurons were identified by flow cytometry and im-
munohistochemistry using the developmental expression
of Nestin and A2B5 and Tuj-1, respectively. Similarly, car-
diomyocytes were generated by stimulating human iPSCs
in suspension with BMP4, Activin A, bFGF, and ascorbic
acid before transferring cells for direct culture on hpECM
hydrogel or Matrigel under continuous stimulation. The
number of beating colonies was quantified and mature
cardiomyocyte phenotypes was determined by flow cy-
tometry and immunohistochemistry using SMA, cTnT,
a-Actinin, and MHC protein profiling. Using conventional
hPSC culture and differentiation techniques, hpECM hy-
drogel as a cell culture substrate effectively supported the
differentiation of iPSCs toward neurons and cardiomyo-
cytes. Animal-free reagents are essential for hPSC-based
technologies in translational research, and hpECM can be
considered as a suitable substrate for completely human-
ized hPSC culture to prevent potential risks and short-
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comings of xenogeneic materials. Additionally, hpECM
may also provide a valuable tool for the development of
in vitro screening platforms or the successful formation of
3-dimensional cell culture environments currently under
investigation.

W2146

HIGH-EFFICIENCY DIFFERENTIATION INTO
FUNCTIONAL DOPAMINERGIC NEURONS
FROM PARKINSON'S PATIENTS-DERIVED
INDUCED PLURIPOTENT STEM CELLS

Zafar, Faria', Shin, Soojung?, Derr, Michael?, Nguyen,
Andrew!, Flierl, Adrian' and Schuele, Birgitt',
'Parkinson'’s Institute and Clinical Center, Sunnyvale,
CA, U.S,, 2Thermo Fisher Scientific, Frederick, CA,
U.S., *Thermo Fisher Scientific, Frederick, MD, U.S.

The objective of the study was to compare two neuronal
differentiation protocols, Pluripotent Stem Cell (PSC) Do-
paminergic (DA) Neuron Differentiation Kit (Prototype,
Thermo Fisher, catalog number A30416SA) and our do-
paminergic differentiation protocol (Mak et al. 2012) for
length of protocol, efficiency of DA neuron generation,
and electrophysiological properties. Parkinson disease
(PD) patient specific induced PSCs (iPSC) differentiated
into DA neurons lay the foundation for exploring disease
mechanism and drug discovery. However, there remain
critical challenges that must be addressed to reduce
variability. It is important to develop standardized and
validated iPS cell laboratory practices to generate and
characterize cells. Critical factors for successful neuronal
differentiation are yield of desired, functional target tissue
type, reproducibility of the protocol, duration of differen-
tiation, and cost.

We tested two different protocols to achieve high yield of
DA neurons using iPSCs from PD patients. Two approach-
es were 1. embryoid body (EB)/rosette derived neural
stem cells induced with dual SMAD inhibition and NCAM
sorting that are further differentiated into mature neurons
(via GDNF/BDNF) (Mak et al. 2012) in ~60 days and 2. di-
rect differentiation of iPSCs through floorplate progenitor
into mature DA neurons via PSC Dopaminergic Neuron
Differentiation Kit in 35 days. Higher amount of DA neu-
ron specific enzyme, tyrosine hydroxylase, were obtained
after 35 days of differentiation with the PSC Dopaminer-
gic Neuron Differentiation Kit compared to cells derived
with EB/dual SMAD inhibition protocol after 60 days. The
PSC Dopaminergic Neuron Differentiation Kit showed a
sharp increase in floorplate/mesencephalic markers such
as FOXA2, Corin, LMX1A, and EN-1 at Day 10 (expression
range of 10-10,000 fold increase in comparison to day
0). Neuronal cultures showed spontaneous activity on
multielectrode arrays (MEA, Axion Biosystems) of about
3000 spikes and an average amplitude of 22uV(range of
17uV to 40pV).

co-sponsored by:

In summary, dopaminergic differentiation with the Ther-
moFisher PSC Dopaminergic Neuron Differentiation Kit
provided reproducible culture conditions, shorter differ-
entiation time, and a high-yield of functional dopaminer-
gic neurons.

IPS CELLS: EPIGENETICS

W2150

ANALYSIS OF CHANGES IN THE EXPRESSION
OF DOPAMINE-RELATED GENES WITH
EPIGENETIC CHANGES IN PARKINSON'S
DISEASE-SPECIFIC IPS CELL-DERIVED
DOPAMINERGIC NEURONS

Suda, Yukari', Kuzumaki, Naoko'?, Narita, Michiko,
lgarashi, Katsuhide?, Takeshima, Hideyuki4, Ushijima,
Toshikazu34, Hattori, Nobutaka®, Okano, Hideyuki?3
and Narita, Minoru'3, 'Department of Pharmacology,
Hoshi University, Tokyo, Japan, ?Department of
Physiology, Keio University, Tokyo, Japan, 3L-StaR,
Hoshi University, Tokyo, Japan, “Division of
Epigenomics, National Cancer Center Res. Institute,
Tokyo, Japan, *Department of Neurology, Juntendo
University Graduate School of Medicine Tokyo, Japan

The exploration of epigenetic alterations is providing new
insights into mechanisms of neural development, neuro-
logical disease and aging. In the present study, we investi-
gated the epigenetics in Parkinson’s disease (PD) by per-
forming a genome-wide DNA methylation study of CpG
sites using patient-specific iPS cell (iPSC)-derived dopa-
minergic neurons. We first performed the comprehensive
gene expression analysis in dopaminergic neurons derived
from control or PD-specific iPSCs. We found significant
differences in the expression of several dopamine-related
genes between control and patients. Among those, the
expression level of catechol-O-methyltransferase (COMT)
was dramatically increased in PD-specific iPSC-derived
dopaminergic neurons. Subsequently, we profiled DNA
methylation in PD-specific iPSC- and control iPSC-de-
rived dopaminergic neurons using the lllumina Infinium
HumanMethylation 450 BeadChips. We found differences
in pattern of DNA methylation at the transcriptional start
sites with the CpG island of COMT genes in PD-specific
iPSC-derived dopaminergic neurons. These findings sug-
gest that changes in the expression of COMT genes with
epigenetic modification observed in PD-specific iPSC-de-
rived dopaminergic neurons may contribute to neuronal
dysfunction in PD.

Funding Source: This reserach was supported by “The
Program for Intractable Disease Research utilizing Dis-
ease-specificiPS Cells” and “Integration research for agri-
culture and interdisciplinary fields”.
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DEVELOPMENT OF AN iPSC-BASED MODEL
FOR ANGELMAN SYNDROME

Stanurova, Jana, Neureiter, Anika, Hiber, Michaela,
Stolp, Kristin, Klein, Diana, Bankfalvi, Agnes, Klump,
Hannes and Steenpass, Laura, University Hospital

Essen, University Duisburg-Essen, Essen, Germany

Genomic imprinting is an epigenetic phenomenon result-
ing in parent-of-origin-specific gene expression which
is regulated by a differentially methylated region. Gene
mutations or failures in the imprinting process lead to
the development of imprinting disorders, such as An-
gelman syndrome. The characteristic symptoms of An-
gelman syndrome including intellectual disability, lack of
speech and ataxia are caused by the absence of a func-
tional UBE3A protein in the brain due to the disruption
of the maternal UBE3A copy. The paternal UBE3A allele
is silenced by the long non-coding RNA SNHG14, whose
expression is controlled by the differentially methylation
region. Therefore, allele compensation is not possible in
Angelman syndrome. To create a human neuronal model
for Angelman syndrome, we reprogrammed dermal fibro-
blasts of a patient carrying a defined three-base pair dele-
tion in UBE3A into induced pluripotent stem cells (AS_A3
iPSCs). In these iPSCs, both parental alleles are present,
distinguishable by the mutation, and express UBE3A.
In addition, we reprogrammed dermal fibroblasts of a
healthy control person. Detailed characterization of four
AS_A3 iPSC clones and two control iPSC clones demon-
strated their pluripotency by various methods. For exam-
ple, we included teratoma formation assay in immunode-
ficient mice as the most stringent test for pluripotency. All
AS_A3 iPSC clones tested formed teratomas and proved
their ability to differentiate into derivatives of all three
germ layers. Furthermore, we showed by deep bisulfite
amplicon sequencing that the differentially methylated
region regulating imprinted UBE3A expression is excep-
tionally stable in the AS_A3 iPSCs, as well as the control
iPSCs. Neuronal differentiation of AS_A3 iPSCs by dual
SMAD inhibition resulted in neurons staining positive for
MAP2 and B-llI-tubulin. During neuronal differentiation,
we noted early initiation of SNHG14 expression, where-
as silencing of paternal UBE3A expression was observed
later, indicating that imprinted expression of UBE3A is a
late process during neuronal in vitro differentiation and
possibly in development. The generated iPSCs provide a
useful tool for dissecting the specific role of UBE3A pro-
tein in neurons and the consequences of its absence in
Angelman syndrome.

Funding Source: The project is funded by IFORES - Son-
derprogramm flr Innovative Forschung of the University
Hospital Essen, University Duisburg-Essen
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CHROMATIN IN STEM CELLS

W2154

ATAC-ING MONOALLELIC DNA
ACCESSIBILITY: ALLELE-SPECIFIC ATAC-

SEQ UNCONVERS REGULATORY ELEMENTS
DRIVING ESCAPE FROM X INACTIVATION AND
RANDOM MONOALLELIC GENE EXPRESSION

Carter, Ava Clayton', Xu, Jin!, Attia, Mikael?, Giorgetti,
Luca3, Gendrel, Anne-Valerie?, Heard, Edith* and
Chang, Howard Y.3, 'Stanford, Stanford, CA, U.S,,
2Curie Institute, Paris, France, 3Friedrich Miescher
Institute for Biomedical Research, Basel, Switzerland,
4Institut Curie, Paris Cedex 05, France, *Stanford
University School of Medicine, Stanford, CA, U.S.

The two alleles of a gene are canonically believed to be
indistinguishable to the cell and are expressed in the same
spatiotemporal manner in the absence of mutation. There
are, however, exceptions to this rule in which differential
epigenetic regulation leads to monoallelic expression.
ATAC-seq is a method for identifying sites of accessi-
ble, active chromatin rapidly in a genome-wide manner.
We have developed a novel method for allele-specific
ATAC-seq with which we can computationally distinguish
chromatin accessibility on the two parental alleles. We
have performed allele-specific ATAC-seq in highly poly-
morphic hybrid (129S1 x CastEiJ) mouse embryonic stem
cells (mMESCs) and clonal neural progenitor cells (NPCs)
in order to uncover the non-coding regulatory elements
whose monoallelic accessibility and TF binding drive
monoallelic expression. As proof-of-principle we showed
that accessibility along the inactive X chromosome in
NPCs is globally lost, except at sites proximal to escape
gene promoters. On the autosomes, we find that the
number of monoallelically accessible elements increases
6-fold during ES to NPC differentiation and then becomes
stable. We classify monoallelic regulatory elements into
those that are always biased toward the same allele and
those whose allelic choice is random in each NPC clone.
These random MA sites are highly enriched for promoter
proximal elements, while those that are genetically en-
coded are found more often at distal regulatory elements.
We performed mitotic allelic ATAC-seq and find that
while accessibility is globally slightly reduced, random
monoallelic sites remain monoallelically accessible during
the cell cycle and across more than ten passages at the
same allele. Finally, using RNA-seq data in the same NPC
clones, we find that some randomly monoallelically ex-
pressed genes, many of which have been implicated in
Alzheimer’s and Schizophrenia, have highly correlated al-
lelic bias at their promoters in ATAC-seq data, while oth-
ers show no correlation. This indicates that there are at
least two distinct mechanisms driving the maintenance of
random monoallelic gene expression in NPCs.
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W2156

A NEW CLASS OF TEMPORARILY
PHENOTYPIC ENHANCERS IDENTIFIED
BY CRISPR/CAS9 MEDIATED GENETIC
SCREENING

Shen, Yin', Diao, Yarui?, Bin, Li%, Meng, Zhipeng?, Jung,
Inkyung?, Lee, Ah Young?, Dixon, Jesse**, Maliskova,
Lenka!, Guan, Kun-Liang* and Ren, Bing®, 'University
of California, San Francisco, San Francisco, CA, U.S.,
2| udwig Institute for Cancer Research/UCSD, San
Diego, CA, U.S.,, 3Ludwig Instiute for Caner Research,
La Jolla, CA, U.S., “University of California, San

Diego, La Jolla, CA, U.S,, SLudwig Institute for Cancer
Research, La Jolla, CA, U.S.

With less than 2% of the human genome coding for pro-
teins, a major challenge is to interpret the function of the
non-coding DNA. Millions of regulatory sequences have
been predicted in the human genome through the anal-
yses of DNA methylation, chromatin modification, hyper-
sensitivity to nucleases, and transcription factor binding,
but few have been shown to regulate transcription in their
native contexts. We have developed a high throughput
CRISPR/Cas9-based genome-editing strategy and used it
to interrogate 174 candidate regulatory sequences within
the TMbp POU5F1 locus in the human embryonic stem cells
(hESCs). We identified two classical regulatory elements
- including a promoter and a proximal enhancer - that are
essential for POUSF1 transcription in the hESCs. Unex-
pectedly, we also discovered a new class of enhancers
that contribute to POUSF1 transcription in an unusual
way: disruption of such sequences led to a temporary
loss of POU5F1 transcription that is fully restored after a
few rounds of cell division. These results demonstrate the
utility of a high throughput screening for functional char-
acterization of non-coding DNA, and reveal a previously
unrecognized layer of gene regulation in human cells.

GERMLINE CELLS

W2160

GLOBAL HYPER-TRANSCRIPTION IN
PRIMORDIAL GERM CELLS

Percharde, Michelle and Ramalho-Santos, Miguel,
University of California, San Francisco, San Francisco,
CA, US.

The germline transmits genetic information from one gen-
eration to the next and is pivotal to species survival and
evolution. During embryonic development, large-scale re-
programming occurs in Primordial Germ Cells (PGCs) at
the level of both DNA demethylation and histone modifi-
cations. These reprogramming events have been the fo-
cus of major attention in recent studies. On the other hand,
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the transcriptional program of PGCs during this period is
thought to be well understood, due to several microar-
ray and RNA-seq studies performed over the past de-
cade. Such previous studies have assumed a similar over-
all level of transcriptional output per cell between PGCs
and somatic cells, such that most of the transcriptome is
considered invariant (“housekeeping”). We report that
cell-number normalised (CNN) approaches reveal striking
differences between the transcriptional output of PGCs
and neighboring somatic cells of the embryo. We find that
PGCs are globally hyper-transcribing at multiple stages
of development, and contain up to tenfold higher levels
of primary and mature housekeeping mRNA transcripts
at E13.5. Pre-ribosomal RNA levels are similarly elevated,
suggesting that RNA Polymerases | and Il are both hy-
per-active in PGCs. Fluorescent quantification of nascent
RNA transcription rates in male and female E13.5 embryos
reveals a marked elevation in the transcriptional output
of PGCs compared to somatic cells of the gonad or limb.
We found that distinct sub-populations within PGCs have
varying levels of transcriptional activity, and there are also
differences between male and female PGCs. Overall, the
data indicate that the global level of transcription in PGCs
is significantly higher than somatic cells, even at a stage
when cells are entering cell-cycle arrest (E13.5). We are
expanding upon these findings with analyses at other de-
velopmental stages, as well as using CNN RNA-seq. We
speculate that this elevated transcriptional output may
be vital for PGC expansion, transposon surveillance and/
or germ cell competition. Moreover, these results reveal
that standard expression profiling methods using gRT-
PCR, microarrays or RNA-seq, all of which normalise to
“housekeeping gene” levels, are not appropriate for ex-
periments involving PGCs, highlighting the need for CNN
approaches.

TOTIPOTENT/EARLY EMBRYO CELLS

W2164

CONVERSION OF PRIMED PLURIPOTENT STEM
CELLS TO A NAIVE-LIKE STATE AND THEIR
LONG-TERM MAINTENANCE USING RSET™
MEDIUM

Hunter, Arwen Leigh', Chang, Wing Yean?, Snyder,
Kimberly?, Westendorf, Kathryn?, Yazdi, Sahar?, Chen,
Annie?, Hadley, Erik?, Thomas, Terry E2, Eaves, Allen
C.2% and Louis, Sharon A2, 'STEMCELL Technologies,
Vancouver, BC, Canada, °STEMCELL Technologies
Inc., Vancouver, BC, Canada, Terry Fox Laboratory,
BC Cancer Agency, Vancouver, BC, Canada

Human pluripotent stem cells (hPSCs) within the de-
veloping embryo progress through a series of plurip-
otent states from naive to more lineage-restricted or
primed. Recapitulating these states in vitro requires spe-
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cialized culture media and protocols. Recent studies have
identified novel culture conditions that revert traditional
primed hPSCs and maintain them in a more naive-like or
ground state. We developed RSeT™, a defined medium
that supports this reversion and allows for the continuous
maintenance of naive-like hPSCs. To revert primed hPSCs
cultured in mTeSR™1, colonies were dissociated into small
clumps and seeded on inactivated E12.5 mouse embryon-
ic fibroblasts (iIMEFs) and cultured in mTeSR™1 for 24 h,
after which the medium was changed to RSeT™ and the
cells were cultured for 5 days with daily medium chang-
es. Colonies maintained in RSeT™ were gently dissociated
with TrypLE and re-seeded on freshly plated iMEFs every
3-4 days. Culture morphology was observed at each pas-
sage (P) and at specific timepoints. Cells were harvested
for characterization of marker expression by gPCR, flow
cytometry, and immunocytochemistry. Genomic stabili-
ty was assessed at P12 or later. Transition to a naive-like
colony morphology, consisting of increased cell multi-lay-
ering, refractive edges and domed colony shape began
at 48 h after exposure to RSeT™. Early passage cultures
(< P5) were heterogeneous, displaying both primed and
naive-like morphologies. Typically by P5, cultures were
more homogeneous with >70% of colonies displaying a
domed morphology. Multiple hPSC lines that were revert-
ed and maintained long-term (> P12) in RSeT™ retained
normal karyotypes. Cells from naive-like colonies (> P5)
expressed markers associated with pluripotency such
as OCT4, SSEA4, TRA-1-60 and ALP. Importantly, naive-
like hPSCs cultured in RSeT™ Medium showed > 15 fold
upregulation of naive pluripotency markers KLF2, KLF4,
KLF17, TBX3 and DNMT3L1, whereas, a 2 - 4 fold increase
occurred in TFCP2L1 and STELLA compared to mTeS-
R™1-cultured primed hPSCs. Further, TFE3 was predom-
inantly localized to the nucleus as expected for naive-like
hPSCs. In summary, we have developed RSeT™, a defined
medium that promotes robust conversion of primed hP-
SCs to a naive-like state and the continuous maintenance
of these cells.

EMBRYONIC STEM CELL
DIFFERENTIATION

W2170

CANCER-ASSOCIATED TERT PROMOTER
MUTATIONS ABROGATE TELOMERASE
SILENCING

Hockemeyer, Dirk, University of California, Berkeley,
Berkeley, CA, U.S.

Telomeres, the repetitive DNA sequences at the end of
linear eukaryotic chromosomes, can be generated de
novo by the enzyme telomerase to allow for telomere
maintenance in human stem cells. Telomere function is
critically linked to tumorigenisis and aging. Telomeric ab-

®e 166

‘ POSTER ABSTRACTS

normalities and aberrant telomere shortening are associ-
ated with premature cellular senescence while telomerase
activation is frequently found in tumorigenesis. Mutations
in the human telomerase reverse transcriptase (TERT)
promoter are the most frequent non-coding mutations in
cancer but their molecular mechanism in tumorigenesis
has not been established. Previous studies using cancer
cell lines and GWAS studies could not provide direct an-
swers for these questions because, with or without TERT
promoter mutations, cancer cell lines display large vari-
ability in TERT expression, telomerase activity and telo-
mere length despite the fact that they are all immortal.
To overcome these limitations, we used genome editing
of human pluripotent stem cells with physiological telo-
merase expression to elucidate the mechanism by which
these mutations contribute to human disease. Surpris-
ingly, telomerase-expressing embryonic stem cells en-
gineered to carry any of the three most frequent TERT
promoter mutations showed only a modest increase in
TERT transcription with no impact on telomerase activi-
ty. However, upon differentiation into somatic cells, which
normally silence telomerase, cells with TERT promoter
mutations failed to silence TERT expression, resulting in
increased telomerase activity and aberrantly long telo-
meres. Thus, TERT promoter mutations are sufficient to
overcome the proliferative barrier imposed by telomere
shortening without additional tumor-selected mutations.
These data establish that TERT promoter mutations can
promote immortalization and tumorigenesis of incipient
cancer cells.

W2172

LONG-TERM IN VITRO EXPANSION OF
SKELETAL MUSCLE PRECURSORS DERIVED
FROM HUMAN PLURIPOTENT STEM CELLS

Borchin, Bianca and Barberi, Tiziano, Texas
Biomedical Research Institute, San Antonio, TX, U.S.

Human embryonic stem cells (hESCs) and induced plurip-
otent stem cells (hiPSCs) (collectively named hPSC) pro-
vide an extraordinary research tool. In vitro these cells dis-
play extensive proliferation and the ability to differentiate
into all cell types of the body. In our laboratory we have
previously developed a stepwise protocol to efficiently
derive, from hPSCs, hypaxial migratory (LBX1+) skeletal
muscle precursors that can be used for clinical applica-
tions and basic development studies. A current limitation
in muscle biology is the ex-vivo expansion of satellite cells
or the in vitro expansion of hPSC-derived muscle pre-
cursors. Even though hPSCs may have an advantage to-
wards satellite cells because they can be grown in large
numbers thus allowing derivation of sufficient muscle
precursors for transplantations, the in vitro expansion of
these precursors remain challenging. To fill this gap, we
have set specific culture conditions that enabled us to ex-
pand hPSC-derived muscle precursors for more than 280
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days. While a fraction of the precursors differentiate into
mature myocytes able to form myotubes in vitro, we have
used a FACS strategy based on AChRa chain to separate
mature MYOGENIN+ myocytes from the PAX3+/PAX7+
precursors. AChRa negative cells are mainly precur-
sors and expanded in vitro forming again some mature
myocytes. Serial FACS purification of AChRa- cells was
sufficient to maintain a long-term expanding pool of pre-
cursors. Parallel to this, modulation of our current differ-
entiation protocol has allowed the derivation of skeletal
muscle with alternative regional identities. This is signifi-
cant as it may provide new insights to the development of
different muscle groups in vitro. A shift in HOX genes and
lack of LBX1 expression confirmed those findings. Last-
ly, long-term propagation of muscle precursors enabled
us to detect AChRe transcripts on mature myocytes in-
dicating a switch from embryonic to fetal /adult muscle
in vitro. All together our results show that hPSC-derived
muscle precursors can be passaged for more than 280
days retaining PAX3 and PAX7 expression. Our findings
will facilitate their use for preclinical tests in animal mod-
els of muscle disease and will foster basic studies on pa-
tient-derived hiPSC or CRISPR-edited hPSCs.

W2174

ACETYLATION OF HISTONE H3-LYSINE-14
BY BRPF2-MOZ COMPLEX IS REQUIRED FOR
RETINOIC ACID-INDUCED DIFFERENTIATION
OF MOUSE EMBRYONIC STEM CELLS.

Cho, Hyein, Yonsei University, Seoul, Korea

Embryonic stem cells (ESCs), which are derived from the
inner cell mass (ICM) of a blastocyst, pass through com-
plicated process during differentiation stage and their
lineages are committed into three germ layers: ecto-
derm, mesoderm and endoderm. At differentiation stag-
es, dynamic change of epigenetic landscape is occurred,
suggesting the critical role of epigenetic regulation in
differentiation of ESCs. Particularly, histone acetylation
is regarded to be important because they activate tran-
scription of stemness-related genes in pluripotent stem
cells and also activate lineage-committed genes proper-
ly in accordance with the differentiation stage. Histone
acetylation is important in both of pluripotent and dif-
ferentiated states, suggesting the crucial role of histone
acetyltransferase (HAT) complex. Scaffold protein, sub-
unit of HAT complex, may help association of histone
acetyltransferase with binding partner and stabilize the
complex. BRPF2 (also called BRD1) as scaffold protein
of MYST histone acetyltransferase, they link the interac-
tion of histone acetyltransferase MYST2/3/4 with binding
partner ING5 and EAF6 and recruit the complex to spe-
cific histone tail of target gene, inducing active transcrip-
tion of target genes. In previous research, importance of
BRPF2 is reported in fetal erythropoiesis through inter-
action with MYST2. Also, BRPF2 was reported to impli-

co-sponsored by:

cate with adult brain development as well as embryonic
neurodevelopment and susceptibility of BRPF2 gene for
both schizophrenia and bipolar effective disorder. These
studies indicate BRPF2 is essential in embryonic devel-
opment. However, function of BRPF2 in differentiation
of embryonic stem cell was not fully elucidated. In this
study, we investigated the role of BRPF2 in regulation of
differentiation on mouse ESCs. Using BRPF2-knock down
MESCs, we confirmed that depletion of BRPF2 caused the
delayed differentiation of ESC, accompanied by reduced
global levels of H3K14 acetylation. Our immunoprecipita-
tion data revealed that BRPF2 can interact physically with
histone acetyltransferase MOZ, suggesting that BRPF2-
MOZ complex activates transcription of differentiation
marker genes during differentiation. Taken together, our
data suggested BRPF2 regulates differentiation through
H3K14 acetylation with MORF/MOZ in ESCs.

W2176

STANDARDIZED APPROACHES FOR
EVALUATION OF THE DEFINITIVE ENDODERM
DIFFERENTIATION BIAS BETWEEN
INDIVIDUAL HESC LINES

Dziedzicka, Dominika', Markouli, Christina?, Sermon,
Karen' and Geens, Mieke', 'Vrije Universiteit Brussel,
Brussels, Belgium, ?Vrije Universiteit Brussel (VUB),
Brussels, Belgium

Individual human embryonic stem cell (hESC) lines often
demonstrate a differentiation bias towards one of the em-
bryonic germ layers. It is necessary to better understand
the molecular mechanisms causing this phenomenon, as
it can hamper the efficiency of hESC-based biomedical
applications. Moreover, knowledge of the pathways im-
plicated may help to improve differentiation protocols.
However, an accurate quantification of line-specific dif-
ferentiation bias is challenging, as culture conditions
also influence the differentiation outcome. In this study,
we compared different standardized methods to quan-
tify differentiation potential towards the definitive endo-
derm (DE) of four hESC lines (VUBO1, VUBO2, VUBO7 and
VUBI14). All lines carried a balanced chromosomal con-
tent, confirmed by array comparative genome hybrid-
ization, and were cultured on laminin-521™in Nutristem™
medium. First, we used our in-house optimized embryoid
body (EB) formation protocol to generate equal-sized
EBs, followed by a 21-day spontaneous differentiation in
APEL medium. Gene expression analysis by real-time PCR
did not show a lineage bias between differently sized EBs
from the same hESC line, but we detected consistent dif-
ferences between individual lines. In contrast, when per-
forming a 7-day spontaneous EB differentiation and eval-
uating gene expression levels using the TagMan® hPSC
Scorecard™ Panel, we did not obtain reproducible results
for biological replicates. We therefore concluded that this
set-up was not applicable for our purpose. Next, we per-
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formed a 3-day DE induction with defined seeding densi-
ty (20000 cells/cm?) to normalize the method. VUB14 DE
samples showed statistically significant lower expression
levels of SOX17, FOXA2 and GATA4 in comparison to DE
samples from the other hESC lines. These results were in
concordance with the data obtained from the 21-day EB
spontaneous differentiation, suggesting that these two
standardized methods can serve as a tool for evaluating
DE differentiation bias. Our next step will be comparing
our approach with an external technique to additionally
confirm its accuracy.

W2178

HUMAN PLURIPOTENT STEM CELL-DERIVED
NEURAL CREST: THE ROLE OF BMP

Hackland, James, University of Sheffield, CSCB,
Sheffield, U.K.

The neural crest is a migratory tissue that plays a key role
in vertebrate embryonic development. Pre-migratory
neural crest is formed in the ectoderm before it under-
goes epithelial-mesenchymal transition (EMT) and con-
tributes to a wide range of tissues throughout the body.
Using both hES and hiPS cells we have developed a robust
and fully-defined protocol for the differentiation of hu-
man pluripotent stem cells into putative neural crest cells.
During this process we identified variation in endogenous
BMP production as the primary source of unpredictable
differentiation efficiency in defined conditions and devel-
oped a method for controlling BMP activity in the system.
In the developing embryos of model organisms (Xenopus
laevis, Mus musculus, Gallus gallus) BMP signaling plays
a key role in patterning of the ectoderm during neurula-
tion. Manipulation of BMP signaling during in vitro human
neural crest differentiation reveals a role for the growth
factor analogous to that in embryonic development as
studied in model organisms. This study was only possible
because of the development of a fully defined neural crest
differentiation protocol. Using this protocol it will now be
possible to look at the role of other ectodermal signals,
such as WNT and FGF, in human neural crest differentia-
tion in vitro.

W2180

GLIS3 REGULATES ANTERIOR-POSTERIOR
PATTERNING IN HPSC-DERIVED NEURAL
STEM CELLS VIA THE WNT SIGNALING
PATHWAY

Jeon, Kilsoo, Brown, Robert, Kang, Hong Soon and
Jetten, Anton, NIEHS/NIH, Research Triangle Park,
NC, U.S.

Human pluripotent stem cells (hPSCs) differentiate into
neural stem cells (NSCs) and subsequently into functional
neuronal subtypes, are providing great tools for investi-
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gating functional neuronal subtypes and understanding
of CNS development. Neuronal induction occurs by de-
fault in the primitive ectoderm, forming anterior neural tis-
sue and thereafter, a number of factors can posteriorize
this anterior neuroectoderm. However, our knowledge of
the mechanisms that control the initial anterior-posteri-
or (A/P) patterning of neuronal development is not well
understood. Here we show that Krlppel-like zinc finger
transcription factor Gli-similar 3 (Glis3) can control the
A/P patterning by regulating endogenous WNT signal-
ing during neuronal induction. In addition to enhanced
expression of common neural markers, induction of Glis3
expression in hPSCs inhibits the expression of anterior lin-
eage markers and instead induces the expression of pos-
terior lineage markers. These results indicate that Glis3
expression causes a shift in NSC differentiation pathways
from the default, anterior NSCs (aNSCs) pathway to the
posterior NSCs (pNSCs) pathway. This was supported by
gene profiling analysis and immunohistochemistry. Mi-
croarray analysis further revealed that Glis3 induced the
expression of several WNT genes and inhibited the ex-
pression of several WNT inhibitors. Glis3 particularly in-
creased the expression of WNT3a, which has been report-
ed to promote the induction of posterior-related genes
and the pNSCs pathway. ChIP-Seq analysis showed that
Glis3 binds the WNT3a promoter suggesting that it di-
rectly regulates WNT3a transcription. The WNT inhibitors
(Wnt-C59 and IWP2) greatly abrogated Glis3-induced
posterior NSC differentiation supporting the conclusion
that Glis3 promotes the differentiation of hPSCs into pos-
terior NSCs via the induction of WNT3a expression and
repression of WNT inhibitors. Our demonstration that
Glis3 regulates A/P specification and patterning may be
relevant to the various neuropathologies in which Glis3 is
implicated.

Funding Source: NIH Z01-ES-100485

W2182

THE BULK CELL DENSITY AS DECISIVE
PARAMETER AND SIMPLE METHOD FOR
MESENDODERMAL PATTERNING OF HUMAN
PLURIPOTENT STEM CELLS

Kempf, Henning', Olmer, Ruth', Bolesani, Emiliano',
Haase, Alexandra, Coffee, Michelle', Annika, Franke,
Buettner, Falk!, Drager, Gerald?, Pétz, Olivers, Joos,
Thomas?®, Martin, Ulrich' and Zweigerdt, Robert’,
'Hannover Medical School, Hannover, Germany,
2|_eibniz University Hannover, Hannover, Germany,
3Natural and Medical Sciences Institute, Reutlingen,
Germany

In vitro differentiation of human pluripotent stem cells
(hPSCs) recapitulates early aspects of embryogenesis,
but the underlying processes are poorly understood and
controlled. Therefore current differentiation methodol-
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ogies often lack robustness. Here we show that simple
modulation of the bulk cell density (BCD) substantially
alters anteroposterior patterning of primitive streak (PS)-
like priming. Inducing differentiation of hPSCs at distinct
BCDs in conjunction with distinct concentrations of the
WNT pathway activator CHIR99021 (CHIR), we obtained
efficient cardiomyogenic differentiation only at distinct
CHIR-to-BCD ratios. Detailed microarray and flow cyto-
metric analysis revealed patterning into definitive endo-
derm, precardiac- or presomitic mesoderm associated
with distinct BCD and CHIR conditions. The patterning
was manifested during the first 24h of differentiation
and is a prerequisite for efficient downstream differen-
tiation, as exemplarily shown for cardiomyogensis using
the HES3-NKX2.5 reporter cell line. Notably, BCD-depen-
dent deflection of differentiation was highly reproducible
for all cell lines (i.e. 6 independent hESC / hiPSC lines)
and culture platforms tested including adherent (2D) and
suspension (3D) culture under static and dynamic condi-
tions. Secretome analysis by MS/MS after 6h and 24h of
differentiation indicated that the BCD effect is mediated
via establishment of distinct paracrine milieus. In line with
this, knockdown of secreted factors LEFTY1 and CERI
resulted in posteriorization of differentiation, suggesting
that the accumulation of these TGFR family members is a
key source of “anteriorizing activity” blocking CHIR-trig-
gered posterior progression during PS-like priming. Sum-
marizing these mechanisms a tangible model for how the
BCD deflects CHIR99021-induced lineage commitment
over time is presented. By demonstrating the decisive
role of the BCD, we show its utility as a simple, but ef-
fective method for distinct hPSC priming at early stages
of lineage commitment. Our findings have profound con-
sequences for directed hPSC differentiation, inter-experi-
mental comparability, process optimization and scale-up,
which is of utmost importance to harness their therapeu-
tic potential.

Funding Source: This work was funded by the DFG (Clut-
er of Excellence REBIRTH DFG EXC62/1 and grant no.
ZW64/7-1, MA 2331/16-1) and StemBANCC (support from
the Innovative Medicines Initiative joint undertaking under
grant agreement n° 115439-2, resources of which are

co-sponsored by:

W2184

BRAINPHYS™ NEURONAL MEDIUM: A MEDIUM
OPTIMIZED TO SUPPORT THE SYNAPTIC
ACTIVITY OF NEURONS DERIVED FROM
HUMAN PLURIPOTENT STEM CELLS AND
PRIMARY CNS TISSUES

Lee, Vivian M., Mak, Carmen K.H.!, Chew, Leon,
Lloyd-Burton, Sam!, Eaves, Allen C.'?, Thomas, Terry
E.'and Louis, Sharon A., 'STEMCELL Technologies
Inc., Vancouver, BC, Canada, ?Terry Fox Laboratory,
BC Cancer Agency, Vancouver, BC, Canada

Electrical activity is a hallmark of function in neuronal cul-
tures derived from human pluripotent stem cells (hPSCs)
and primary tissues, which are useful models for studying
neurological disease and development. We have recent-
ly released BrainPhys™ Neuronal Medium (BrainPhys™),
a defined and serum-free medium based on the pub-
lished BrainPhys™ formulation (Bardy et al., PNAS, 2015)
that closely replicates the physiological environment of
the CNS, and generates hPSC-derived neuronal cultures
with an increased proportion of synaptically active neu-
rons. Neural progenitor cells derived from hPSCs were
differentiated in BrainPhys™ or DMEM/F-12 (control)
supplemented with growth factors for up to 70 days. In
this study, we also tested BrainPhys™ performance for
the maturation of primary neurons. E18 rat cortical cells
were plated in Neurobasal Medium with NeuroCult™ SM1
Neuronal Supplement (SM1). After 5 days, half of the cul-
tures were transitioned to BrainPhys™ with SM1 by per-
forming half-medium changes every 3 - 4 days, while the
remaining cultures were maintained in the plating (con-
trol) medium. At the indicated time-points, neurons were
quantified and characterized by immunocytochemistry
for neuronal marker expression and by electrophysiology
for synaptic activity. After 45 days, hPSC-derived neurons
cultured in BrainPhys™ expressed MAP2, class Il B-tubulin
and Synapsin 1, and exhibited both excitatory and inhibi-
tory receptor-mediated synaptic activities. Although neu-
rons cultured in BrainPhys™ and DMEM/F-12 developed
a similar resting membrane potential at 60 - 70 days,
neurons cultured in BrainPhys™ consistently exhibited a
higher frequency and amplitude of spontaneous synaptic
currents, consistent with the findings of Bardy et al. For
primary neurons after 21 days, the number of neurons in
BrainPhys™ and control cultures was 1977 + 542 and 637
+ 102 (mean * SE; n = 3), respectively. While neurons in
both conditions co-expressed MAP2 and Synapsin 1, neu-
rons matured in BrainPhys™ showed increased frequency
and amplitude of spontaneous excitatory and inhibitory
synaptic currents. Together, these data demonstrate that
BrainPhys™ Neuronal Medium provides a physiological
culture environment that supports the growth and matu-
ration of hPSC-derived and primary neurons.
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FINE-TUNING TUBES: KRT14+ PROGENITORS
BUILD SALIVARY GLAND DUCTS DURING
DEVELOPMENT AND REGENERATION

May, Alison', Cruz-Pacheco, Noel', Seidel, Kerstin?,
Emmerson, Elaine’, Nathan, Sara' and Knox, Sarah

M', 'Program in Craniofacial Biology, University of
California San Francisco, San Francisco, CA, U.S,,
2University of California, San Francisco, San Francisco,
CA, US.

Salivary glands are composed of an elaborate network
of secretory end units connected to an extensive ductal
system that secretes saliva into the oral cavity. Formation
of this structure occurs through the process of epithelial
branching morphogenesis that is regulated by a diverse
array of signaling pathways. This process also requires
multipotent epithelial progenitor cells to proliferate and
differentiate into the 3 major epithelial lineages: secreto-
ry (acinar), ductal and myoepithelial. Similarly, during re-
generation after damage, the tissue must repopulate the
structure through the differentiation of adult progenitor
cells. Here we show that cells marked by keratin 14 (KRT14)
contribute to both the acinar, ductal and myoepithelial lin-
eages during early development, but that by embryonic
day 16 and in the adult under homeostatic and regenera-
tive conditions (mild and severe injury) KRT14+ cells con-
tribute solely to the ductal and myoepithelial compart-
ments. Furthermore, we show that KRT14+ cell-mediated
regeneration in the adult is mediated, at least in part, by
activation of HBEGF/EGFR signaling, thereby providing a
mechanism by which new ducts can be generated in vivo.
These findings provide a new understanding of the con-
tribution of progenitors to tissue development and regen-
eration and have significant implications for regenerative
therapies aimed at restoring salivary tissue after immune/
radiation-mediated destruction.
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W2188

EFFECTS OF HUMAN EMBRYONIC STEM
CELL COLONY GEOMETRY ON TISSUE-
LEVEL FORCES AND SUBSEQUENT ROLE IN
DIFFERENTIATION

Muncie, Jonathon Michael'?, Przbyla, Laralynne?,
Lakins, Johnathon N.2, Sunyer, Raimon?3, Trepat,
Xavier3* and Weaver, Valerie?®, 'University of
California San Francisco, Berkeley, CA, U.S,, 2Center
for Bioengineering and Tissue Regeneration,
University of California, San Francisco, San Francisco,
CA, US,, 3Institute for Bioengineering of Catalonia
(IBEC), Barcelona, Spain, “Facultat de Medicina,
Universitat de Barcelona and Institucié Catalana

de Recerca i Estudis Avancats, Barcelona, Spain,
SDepartment of Anatomy and Department of
Bioengineering and Therapeutic Sciences, Eli and
Edythe Broad Center of Regenerative Medicine

and Stem Cell Research and Helen Diller Family
Comprehensive Cancer Center, UCSF, San Francisco,
CA, US.

Tissue engineering and regenerative medicine rely on re-
producible, defined approaches to direct stem cell fate.
The cues that influence cell fate include proteins as well as
mechanical and tissue-level signals, but our understand-
ing is limited by a lack of knowledge regarding the role
physical forces play in controlling differentiation. Partic-
ularly, we are interested in germ layer formation, which
occurs during gastrulation. It has been shown that cellular
geometry affects cell fate at the level of single cells, so
we asked whether a similar effect can be detected within
cell collectives that are induced to undergo differentia-
tion toward mesoderm. The objective of this study was
to use our model system of in vitro hESC development
to investigate the relationship between tissue level forc-
es and differentiation towards the mesoderm germ lay-
er. We cultured human embryonic stem cells (hESCs) on
polyacrylamide gels with physiologically relevant stiff-
ness, and for added physiological control we engineered
3D-printed plating guides to control the size and shape of
hESC colonies. With traction force microscopy, we quan-
tified and mapped the cell-ECM forces being exerted by
the hESCs while using immunofluorescence to monitor
expression of proteins of interest. We found that hESC
colonies with circular geometry generate characteristic
traction force patterns that correspond to regions of me-
soderm formation upon application of morphogenic dif-
ferentiation factors. Perturbing colony geometry altered
the pattern of traction forces observed, indicative of
changes in the distribution of tissue tension and regional
mesoderm specification. This technique allows us to ex-
amine how mechanical signals influence hESC differenti-
ation in a model system of development, and could be
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broadly applicable to other studies seeking to make con-
nections between tissue-level forces and cell behavior.

Funding Source: The authors would like to acknowledge
funding from CIRM grant RB5-07409.

W2190

MODULATION OF EPIBLAST STEM CELL
FATES BY WNT-MIXLT ACTIVITY.

Osteil, Pierre, Children’'s Medical Research Institute,
Wentworthville, Australia

This study aims to elucidate the molecular activity that
influences lineage propensity in the embryo-derived epi-
blast stem cells (EpiSCs), which are developmentally simi-
lar to the epiblast of the gastrulating mouse embryo. WNT
signalling activity can be modulated during the derivation
and maintenance of the EpiSCs through blocking the ac-
tion of Porcupine in the intracellular trafficking and the re-
lease of WNT ligands by the chemical inhibitor IWP2. While
IWP2 inhibition does not affect the ability of the EpiSCs to
respond to WNT signalling, the blocking of WNT signal-
ling activity leads to a bias of differentiation of the EpiSCs
towards ectoderm derivatives, in contrast to the propen-
sity of mesendoderm differentiation of IWP2-derived
EpiSCs that are further maintained in the absence of the
WNT inhibitor. Analysis of the gene expression profiles re-
vealed differences in the transcriptome between EpiSCs
derived under WNT-free and WNT-active condition. MixI1,
which is expressed in the mesendoderm progenitor in the
mouse primitive streak, is down regulated in the EpiSCs
when WNT activity is inhibited, consistent with the bias
of EpiSC towards non-endoderm cells. This shift in the
trajectory of cell differentiation implicates the plasticity
of cell fates of EpiSC derived in WNT-free condition and
that the lineage propensity can be re-set by changes in
WNT activity. In contrast, while EpiSCs that were derived
without WNT inhibition but maintained under inhibition
can respond to chemical inhibition by down-regulating
the WNT responsive genes, they show no changes in the
lineage propensity. In these EpiSCs, the prior experience
of WNT signalling appears to have hard-wired the lineage
differentiation potency. The mesendoderm propensity of
these EpiSCs is correlated with the expediency and mag-
nitude of activation of Mixl1. Given that MixI1 activity may
be regulated by WNT signalling, this raise the possibility
that the activity of WNT-MixI1 cascade is key to mesen-
doderm differentiation of the EpiSCs. Modulation of WNT
activity and MixI1 therefore have a convergent function in
controlling the differentiation of the progenitor of germ
layer tissues.

co-sponsored by:

W2192

GENERATION OF FUNCTIONAL HIPPOCAMPAL
NEURONS FROM SELF-ORGANIZING

HUMAN EMBRYONIC STEM CELL-DERIVED
DORSOMEDIAL TELENCEPHALIC TISSUE

Sakaguchi, Hideya', Eiraku, Mototsugu?, Takahashi,
Jun' and Sasai, Yoshiki?, 'Center for iPS Cell Research
and Application, Kyoto University, Kyoto, Japan,
2Center for Developmental Biology RIKEN, Kobe
Hyogo, Japan

The developing dorsomedial telencephalon includes cho-
roid plexus and the medial pallium, the latter of which
goes on to form the hippocampus. Notably, hippocampal
granule and pyramidal neurons are crucial for learning and
memory formation, and their dysregulation is associated
with several neuropsychiatric disorders, including Alzhei-
mer’s disease and schizophrenia. For this reason, generat-
ing a reliable source of human dorsomedial telencephalic
tissue is an important step for cell-based research into
hippocampus-related diseases. Despite previous efforts,
however, we currently lack the means to generate hu-
man medial pallium and functional hippocampal granule/
pyramidal neurons in vitro. Here, we demonstrate the
generation of functional hippocampal granule- and pyra-
midal-like neurons from self-organizing dorsomedial tel-
encephalic tissue using human ES cells (hESCs). First, we
developed a hESC culture method that utilizes BMP and
Wnt signaling to induce Lmxla*/Otx2*/TTR* choroid plex-
us, the most dorsomedial portion of the telencephalon.
We found that titrating BMP and Wnt exposure allowed
the self-organization of Foxgl*/Lef1*/Lhx2* medial pallium
tissues. Following long-term dissociation culture, these
dorsomedial telencephalic tissues gave rise to Zbtb20*/
Prox1* granule neurons and Zbtb20*/KAT* pyramidal neu-
rons, both of which were electrically functional and pos-
itive for the maturation marker CaMKIl. Thus, we have
developed an in vitro model that recapitulates human hip-
pocampus development, allowing the generation of func-
tional hippocampal granule- and pyramidal-like neurons.

Funding Source: This work was supported by RIKEN
Junior Research Associate Program, grants-in-aid from
Ministry of Education, Culture, Sports, Science and Tech-
nology, and the Network Program for Realization of Re-
generative Medicine from the Japan Science and Technol
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DUSP4 REGULATES NEURONAL
DIFFERENTIATION AND CALCIUM
HOMEOSTASIS BY MODULATING ERK1/2
PHOSPHORYLATION

Kim, Sun Youngd', Han, Yong-Mahn? MiHee, Oh3,

Kim, Won-Kon', Oh, Kyoung-Jin', Le, Sang Chul’, Bae,
Kwang-Hee' and Han, Baek-Soo', 'KRIBB, Daejeon,
Korea, 2KAIST, Daejeon, Korea, *KRIBB, Daejeon,
Korea, South

Protein tyrosine phosphatases have been recognized as
critical components of multiple signaling regulators of
fundamental cellular processes, including differentiation,
cell death, and migration. In this study, we show that dual
specificity phosphatase 4 (DUSP4) is crucial for neuronal
differentiation and functions in the neurogenesis of em-
bryonic stem cells (ESCs). The endogenous mRNA and
protein expression levels of DUSP4 gradually increased
during mouse development from ESCs to postnatal stag-
es. Neurite outgrowth and the expression of neuron-spe-
cific markers were markedly reduced by genetic ablation
of DUSP4 in differentiated neurons, and these effects
were rescued by the reintroduction of DUSP4. In addition,
DUSP4 knockdown dramatically enhanced extracellular
signal-regulated kinase (ERK) activation during neuronal
differentiation. Furthermore, the DUSP4-ERK pathway
functioned to balance calcium signaling, not only by reg-
ulating Ca?* /calmodulindependent kinase | phosphoryla-
tion, but also by facilitating Cav1.2 expression and plasma
membrane localization. These data are the first to suggest
a molecular link between the MAPK-ERK cascade and
calcium signaling, which provides insight into the mecha-
nism by which DUSP4 modulates neuronal differentiation.

Funding Source: This work was supported by grants
fromKRIBB and the Korea National Research of Foun-
dation (no. 2012M3A9C7050101, 2011-0030028, and
2013M3A9A7046301).

W2196

FUNCTIONAL SCREEN IN EMBRYONIC STEM

CELLS REVEALS ESSENTIAL ROLES OF RNA

BINDING PROTEINS IN THE EXIT FROM SELF-
RENEWAL

Wang, Xue, Ma, Yanni, Yu, Jia and Huang, Yue,
Institute of Basic Medical Sciences, Chinese Academy
of Medical Sciences & Peking Union Medical College,
Beijing, China

Mammalian embryonic stem (ES) cells retain unlimit-
ed self-renewal potential in culture and can be induced
to differentiate into all somatic cell types under appro-
priate culture conditions. Now, it has been well defined
how ES cells establish and sustain pluripotency during
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self-renewal, but the process by which ES cells exit from
pluripotency is less studied relatively. RNA-binding pro-
teins (RBPs) play crucial roles in various cellular process-
es mainly through post-transcriptional control of RNAs,
including polyadenylation, splicing, stabilization, local-
ization and mRNA translation. However, the functions of
RBPs in ES cells differentiation remain largely unknown.
Here, by functional screening some pre-selected RBPs in
ES cells, we identified a few critical RBPs required for exit
from self-renewal and further explored their molecular
mechanisms. Firstly, a number of candidate RBPs were
picked by bioinformatics analysis based on the mouse ES
cell RBPs database and published literatures. Secondly,
we disrupted these candidates by using CRISPR/Cas9
system in mouse ES cells and got the mutant cell lines
respectively. The differentiation ability of these mutant
cell lines were evaluated through embryoid body forma-
tion and withdraw LIF from the medium. A few candidate
RBP-null cell clones showed significant differentiation de-
fect compared with wide-type ES cells. Thirdly, prelimi-
nary mechanism research showed that Srsf4 RBP possi-
bly modulates gene expression through repressing ES cell
specific alternative splicing, which is required for the exit
from pluripotency. The detailed regulatory pathway and
mechanism of these critical RBPs at the onset of differen-
tiation are being investigated.

W2198

THE ROLE OF SUBSTRATE ELASTICITY IN
INFLUENCING THE DIFFERENTIATION OF
HUMAN PLURIPOTENT STEM CELLS TO
NEURONS

Zaltsman, Yefim', Musah, Samira?, Wrighton, Paul
J.'and Kiessling, Laura L.|, "University of Wisconsin-
Madison, Madison, WI, U.S., 2Harvard Univeristy,
Boston, MA, U.S.

Human pluripotent stem (hPS) cells possess the remark-
able capacity to self-renew indefinitely and differentiate
into virtually all cell types. HPS cells thus represent an un-
limited source of cells with potentially transformative ap-
plications such as cell-based regenerative medicine and
drug discovery. These applications, however, require ef-
ficient and reproducible methods for directing the differ-
entiation of hPS cells to desired cell types. To date, focus
has been on soluble factors such as growth factors and
small molecules, while the role of insoluble signals—such
as substrate elasticity—in influencing hPS cell fate deci-
sions is less clear. We found that, even in the presence
of soluble factors that promote pluripotency, compliant
substrates—with elasticity similar to human brain tissue—
override these signals to induce efficient differentiation
of hPS cells to neurons. The underlying molecular mech-
anism relies on F-actin and the transcriptional coactiva-
tor Yes-associated protein (YAP). Inhibiting F-actin po-
lymerization in hPS cells on a stiff substrate phenocopies
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the cells on a soft substrate: YAP is excluded from the
nucleus and the cells differentiate to neurons. Inhibition
of Rho GTPase activity similarly leads to nuclear exclu-
sion of YAP. Notably, this signaling event occurs via a
ROCK-independent mechanism. Our findings indicate
that by modulating the localization of YAP, mechanical
cues can override soluble signals, thereby suggesting that
their contributions to early human development and in vi-
tro differentiation are significant. Current hPS cell differ-
entiation protocols are almost exclusively carried out on
tissue culture polystyrene, a substrate which is orders of
magnitude stiffer than human tissues. Therefore, we en-
vision that utilizing substrates with more physiologically
relevant mechanical properties will augment efforts to ef-
ficiently direct hPS cell differentiation.

W2200

ANEUPLOIDY IMPAIRED EMBRYONIC STEM
CELL DIFFERENTIATION VIA ENDOPLASMIC
RETICULUM STRESS

Cheng, Li'?, Zhang, Meili? and Huang, Yue!, Institute of
Basic Medical Sciences,Peking Union Medical College,
Beijing, China,’Chinese Academy of Medical Sciences,
Peking Union Medical College, Beijing, China

Aneuploidy, an incorrect number of chromosomes, is the
leading cause of severe developmental defects and is
also a hallmark of cancer. In our previous study, we have
found that aneuploidy promoted neoplastic progression
in embryonic stem (ES) cells by impairing their differenti-
ation. However, the mechanism of differentiation defects
caused by aneuploidy is unknown. Here we analyzed the
level of endoplasmic reticulum (ER)-associated protein
degradation (ERAD) in aneuploid mouse ES cells and
embryoid bodies (EBs). The expression of proteasome
subunits was higher in aneuploid ES cells compared with
wild-type ES cells, and the proteasome activity was also
elevated. The enhanced proteasome activity degraded
the excess proteins from the extra chromosomes and
maintained the cellular homeostasis. Upon differentia-
tion, the proteasome should be transiently activated to
remove the excess and damaged proteins in wild-type ES
cells, but in aneuploid ES cells, the elevated proteasome
activity cannot be further stimulated to adapt the cell-
fate change. The deficiency of ERAD in aneuploid cells
resulted in protein overload and subsequently continuous
ER stress, which leads to abnormal protein biosynthesis
and secretion. By mass spectrometry-based profiling, the
secretomes during aneuploid ES cell differentiation were
analyzed to discover the abnormal secreted factors. Our
results showed that the protein degradation system can-
not function properly during the differentiation of aneu-
ploid ES cells and ERAD-associated abnormal secretome
might underlie the cell differentiation defect.

co-sponsored by:
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W2202

GLOBAL TRANSCRIPTOME ANALYSIS OF TEO3
HESCS REVEALS HIGH SIMILARITY BETWEEN
SUSPENSION AND ADHERENT CULTURE
CONDITIONS

Dvir, Shlomi'?, David-Eden, Hilda', Roytblat, Mark,
Shariki, Kohava', Mandel-Gutfreund, Yael?, Angel,
ltzchak' and Amit, Michal'?, 'Accellta LTD, Haifa,
Israel, 2Faculty of Biology, Technion, Haifa, Israel, 3The
Ephraim Katzir Department of Biotechnology, Braude
College, Karmiel, Israel

Clinical applications of stem cell derivatives require large
quantities of cells that can only be provided by novel sus-
pension culture technologies. Despite much progress,
the effect of carrier-free suspension culturing on global
transcription has yet to be elucidated. Here, we set out
to investigate the impact of transitioning of TEO3 hu-
man embryonic stem cells (hESCs) from adherent (2D)
to suspension (3D) culture conditions on gene expres-
sion profile. To this end, we used RNA-sequencing and
the HTA2.0 microarray GeneChip to compare the gene
expression pattern between 2D and 3D cultures of TEOQ3.
We validated the obtained measurements with quan-
titative RT-PCR analysis of key markers of pluripotency
and differentiation. To assess the generalizability of our
findings, we performed a cross-study comparison of
gene expression profiles between suspension cultures of
TEO3 and published studies of adherent hESCs. Overall,
we found a high similarity in the pluripotency signature of
TEO3 under both suspension and adherent conditions. In
addition, we found a good correlation in the expression
pattern of suspension cultures sampled at two extremely
different time points, indicating a high level of reproduc-
ibility. As expected, the pluripotent signature of TEO3 was
consistent with the molecular signature of multiple adher-
ent hES cell lines. Collectively, our study demonstrates
that suspension culturing maintains the undifferentiated
state of hESC. This finding supports the utility of the 3D
suspension model as an effective alternative to static ad-
herent cultures for research as well as clinical applications.

W2204

THE SINGLE CELL EPIGENETIC LANDSCAPE
OF HUMAN EMBRYONIC STEM CELL VARIES
WITH CELL STATE AND FUNCTION

Baskar, Reema, Stanford University, Palo Alto, CA,
U.S.

The diversity of cells in an organism is driven by variation
in chromatin structure, which determines gene expres-
sion programs for different cell fates and function. These
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variations in chromatin structure not only exist between
tissue types, but also between individual cells and gives
rises to heterogeneity in cell state and function. To date,
most studies employ costly sequencing and biochemical
methods to understand chromatin structure of bulk sam-
ples. They lack the resolution of single cell observations
required to delineate heterogeneity in the epigenome of
complex and dynamic systems such as the undifferen-
tiated stem cell compartment. To address this, we have
developed a single cell, high throughput proteomic meth-
od to capture individual, global epigenetic landscapes
by measuring abundance of chromatin structure modu-
lators such as histone post-translational modifications,
chromatin remodelers and other chromatin-interacting
proteins. It has been shown that there are substantial in-
ter-cell differences in the epigenetic state and phenotype
of human embryonic stem cells (hESC) and we believe
that the differential levels of these chromatin structure
modulators play a significant role in giving rise to the
continuum of pluripotent and lineage primed states in
hESC, ultimately impacting differentiation potential in
culture. We have correlated chromatin states to plurip-
otent and lineage-primed states by analyzing all these
states simultaneously in individual hESC. The states were
captured using epitope-specific, mono-isotonic elemen-
tal reporter-coupled antibodies to regulatory epigenetic
marks (i.e. H3K27me3), chromatin remodeling proteins
(i.e. Polycomb group members, CTCF), lineage specific
markers (i.e. FoxP1, Nestin) and key transcription factors
for stemness (i.e. Nanog, Oct4) on a mass cytometry (Cy-
TOF) platform. Here we present our new method for mul-
tiplexed, single cell chromatin state measurements (‘chro-
motyping’) and discuss its application in understanding
the heterogeneity in chromatin structure and concomi-
tant variation in cell state of primed and naive hESC.

Funding Source: This work was supported by grants from
the NIH/NIGMS (1-RO0-GM104148-01); The Damon Run-
yon Cancer Research Foundation (DRG-2017-09); and
the Stanford Cancer Institute 2014 Translational Research

W2206

MULTINUCLEATED MYOTUBE FORMATION
FROM HUMAN PLURIPOTENT STEM CELLS

de la Garza, Anabel S.', Main, Heather Marie?, Caron,
Leslie®, Arjomand, Jamshid* and Schmidt, Uli4, 'Genea
Biocells, San Diego, CA, U.S,, 2Genea Biocells, La Jolla,
CA, U.S,, 3Genea Biocells, Sydney, Australia, “Genea
Biocells SD, San Diego, CA, U.S.

Pluripotent stem cells (PSC) have an extensive ability
for self-renewal and can differentiate into all cell types
of the embryo proper, including Skeletal Muscle (SkM)
cells. These features make them a promising source for
in vitro myopathic disease modeling and cellular thera-
pies for muscle regeneration. However, while protocols
have been developed in mouse PSC for the generation of
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multinucleated skeletal muscle myotubes, protocols from
human PSC (hPSC) tend to generate thinner myocytes
at an embryonic developmental stage that, while they
express myotube markers, show limited fusion potential
with few nuclei per myotube. Establishment of protocols
to enhance in-vitro fusion would provide a more accurate
model of SKMC maturation, improve myopathic disease
modeling, drug screening and potentially clinical applica-
tions. This study builds on our proprietary and robust 28
day protocol for generation of SkMCs that we reported
previously. Briefly, stem cells are induced to differenti-
ate to myogenic progenitors (Pax3/7+) and intermediate
myoblast (MyoD+) stages to form terminally differentiat-
ed (MF20+) skeletal muscle (SkM) myotubes in 26 days
using 3 defined culture media. We have now further op-
timized the final step of this differentiation method lead-
ing to formation of mature and multinucleated myotubes,
with up to 20-30 nuclei per myotube. These myotubes
express the muscle specific markers sarcomeric myosin
heavy chain and dystrophin. We conclude that upon thaw
and culture in specific serum-free medium, Genea Biocells
myoblasts are capable of proliferating and fusing to form
multinucleated myotubes in a reproducible manner. To
our knowledge, this is the first report of consistent and
robust multinuclear myotube formation from hPSC. This
work provides an in vitro disease model for investigating
cellular and molecular mechanisms in the pathogenesis of
human skeletal disorders, for drug screening campaigns
and possibly for transplantation.

W2208

DETECTION, ISOLATION AND
CHARACTERIZATION OF HUMAN
PLURIPOTENT STEM CELLS RESISTANT TO
DIFFERENTIATION

Keller, Alexander, Dziedzicka, Dominika, Sermon,
Karen D. and Geens, Mieke, Vrije Universiteit Brussel,
Brussels, Belgium

Often during differentiation of human pluripotent stem
cells (hPSC) residual undifferentiated stem cells (rSC)
that apparently have lost differentiation capacity are ob-
served. The transplantation of differentiated cell popula-
tions containing these cells may pose a high risk of tu-
mor formation in patients and therefore represent a major
hurdle to exploit the full therapeutic potential of hPSC.
As very little research on the mechanisms by which cells
remain undifferentiated is currently available, we aimed
to detect, isolate and characterize these cells. We devel-
oped detection methods utilizing a variety of techniques,
including flow cytometry, line-specific standard curve
generation by real time RT-PCR, colony formation assay
and immunofluorescence. While we readily detected rSCs
within differentiated populations, detection ranged from
0.023% to 8.1%. Several possible sources of error in our
estimates make the exact quantity difficult to evaluate.
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Isolation of rSC was achieved through the use of a novel
replating technique, whereby small amounts of a differen-
tiated population were re-introduced into culture condi-
tions that favor undifferentiated hPSC proliferation. This
allowed for the clonal growth of rSC colonies that could
be easily isolated. Residual SC lines were isolated from
two out of three hPSC lines after 21 days of differentia-
tion. Of these two, one line was karyotypically normal pri-
or to the start of differentiation. The rSC line obtained was
abnormal however and displayed a chr20p deletion and
chr20g amplification, suggesting a possible link between
copy number variations and the occurrence of rSC. Al-
though a well-characterized mutation at 20g11.21 has been
shown to give hPSC a significant growth advantage, due
to the size of the observed mutation, we cannot confirm
whether the same driver gene is involved in the change of
differentiation potential. As such, further research into the
mechanisms which might cause rSC is needed.

W2210

PRMT8 NEGATIVELY REGULATES
MESODERMAL DIFFERENTIATION OF HUMAN
EMBRYONIC STEM CELLS BY ENHANCING THE
PI3K/AKT/SOX2 PATHWAY.

Jeong, Hochang', Moon, Sunghwan? and Cha,
Hyukjin!, 'Sogang University, Seoul, Korea, South,
2Konkuk University, Seoul, Korea

Supplement of basic fibroblast growth factor (bFGF) is
critical to maintain human embryonic stem cells (hESCs)
through activation of PI3K/AKT. Thus, the elaborate mo-
lecular mechanisms to preserve PI3K/AKT signaling upon
bFGF stimulation may exits in hESCs. Of interest, protein
arginine methyltransferases 8 (PRMT8) in hESCs was ex-
pressed and gradually decreased during spontaneous
differentiation. Through loss or gain of function study
with PRMT8, we demonstrated that PRMT8 contributed
to longer maintenance of hESC pluripotency, even un-
der bFGF deprivation conditions. Direct interaction of
membrane localized PRMT8 with p85, a regulatory unit
of PI3K, was associated to longer maintenance of phos-
phoinositol 3-phosphate (PIP3) and consequent high AKT
activity. Furthermore, Sox2 expression level, controlled
by PRMT8/PIZK/AKT axis was attributed to the mesoder-
mal lineage differentiation. Thus, we propose that PRMTS8
in hESCs plays an important role in not only maintaining
bFGF signaling toward PI3K/AKT/Sox2 axis but also con-
trolling mesodermal differentiation.

co-sponsored by:
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COMPUTATIONAL DESIGNED HIGH-AFFINITY
INHIBITOR OF EED-EZH2 INTERACTION
REVEALS PRC2 REQUIREMENT IN HESC

Xing, Yalan', Moody, James D', Levy, Shiri', Mathieu,
Julie’, WANG, Yuliang?, Sidhu, Sonia', Valensisi,
Cristina', Kim, Woojin®, Chao, Xu?, Min, Jinrong?,
Margolin, Adam3, Orkin, Stuart H.%, Hawkins, David',
Baker, David' and Ruohola-Baker, Hannele', 'University
of Washington, Seattle, WA, U.S., ?The Chinese
University of Hong Kong, Shatin, Hong Kong, 3Boston
Children’s Hospital, Dana-Farber Cancer Institute and
Harvard Medical School, Boston, MA, U.S.

Dissecting the molecular mechanism of the earliest hu-
man developmental events holds promise for regener-
ative medicine. Recently, two stable pluripotent states
have been derived in humans: pre-implantation naive and
post-implantation primed human Embryonic Stem Cells
(hESCs). These stages are distinct in their gene expres-
sion, metabolic and epigenetic signatures. Metabolic
enzyme NNMT was shown to regulate PRC2 dependent
H3K27me3 levels in naive and primed stages, however,
it was not shown whether this modification was essential
for the human pluripotent stages. The catalytic subunit
responsible for H3K27 trimethylation is the methyltrans-
ferase, EZH2. The interaction of EZH2 with PRC2 compo-
nent, EED (Embryonic Ectoderm Development) is criti-
cal for EZH2 catalytic activity, presumably by localizing
EZH2 to its specific substrate. We applied computational
protein design to engineer a synthetic, novel protein that
incorporates the EZH2 N-terminal helical peptide so as
to achieve 300-fold tighter binding to EED compared to
endogenous EZH2. The synthesized protein (EED Bind-
er) was transfected into the genome of naive hESCs and
serves as a competitive inhibitor of EZH2 through dis-
rupting the EED-EZH2 interface. Additionally, a negative
control binder (with two mutated interface amino acids)
did not interact with EED. Importantly, we show that the
inducible expression from the AAVSI site of the active,
but not the control, EED-binder abolished the stem cell
morphology, significantly reduced the level of H3ZK27me3
marks, EZH2 protein, and stem cell markers (Tral-60, TG-
30, Oct4) measured by Western, ChlP-seq and FACS
analysis. Genome wide RNA sequencing experiments
revealed upregulation of 25% of all bivalent genes, fur-
ther suggesting a widely modified epige