w,
&

INTERNATIONAL SOCIETY FOR STEM CELL RESEARCH

TH
ANNUAL
MEETING

VANCOUVER, CANADA
JUNE 18-21 2014

CO-SPONSORED BY

PR STEMCELL"

oooooooooooo

POSTER ABSTRACTS



INTERNATIONAL SOCIETY
FOR STEM CELL RESEARCH

POSTER FLOOR PLAN

Chromatin in  iPS Cells: Disease iPS Cells Technologies for
Stem Cells Modeling Stem Cell Research
Late Breaking Ethics and Public|  IPS Cells: Reprogramming Regeneration
Abstracts Policy Epigenetics Mechanisms
|
=2 =2
e |9

LBA POSTER
Section 4000

POSTER SECTION 2000

Neural Cells —

3001
3012

3013
3024

3025
3036

Eye or Retinal Cells

Muscle Cells
Cardiac Cells

Mesenchymal Cell
Lineage Analysis

Mesenchymal Stem
Cell Differentiation

POSTER
SECTION
3000

3121
3132

Pre-clinical and Clinical —f—

Applications of
Mesenchymal Cells

3133
3144

3145
3152

3153

I
iPS Cells: Directed
Differentiation

Tissue
Engineering

i Ge #ISSCR20 1 4



TH
] 2ANNUAL
MEETING VANCOUVER, CANADA

Embryonic Stem Cell
Differentiation

Totipotent/Early
Embryo Cells

Germline Cells

Embryonic Stem
Cell Pluripotency

1089
1088

1081
1080

1073
1072

1065
1064

1057

—
—
—

-_‘ 1056

POSTER

SECTION
1000

—

Embryonic Stem Cell
Clinical Applications

Cancer Cells

Hematopoietic Cells

Endothelial Cells/Hemangioblasts

Kidney Cells

Epidermal Cells

Epithelial Cells (Not Skin)
Lung Cells

Intestinal/Gut Cells

Liver Cells

Pancreatic Cells

POSTER BOARDS BY TOPIC

POSTERS 1001-1122

Pancreatic Cells [005-101 |
Liver Cells [012-1021
Intestinal/Gut Cells 1022-1028
Lung Cells 1029-103 1
Epithelial Cells (NOt SKiN) ...ccueveeveserssesssesssersnnes 1032-1039
Epidermal Cells |040-1046
Kidney Cells 1047-1048
Endothelial Cells/Hemangioblasts.............u. 1049-1054
Hematopoietic Cells [055-1091
Cancer Cells [092-1114
Embryonic Stem Cell

Clinical Application [115-1124
POSTERS 2001-2246
Germline Cells 2001-2008
Totipotent/Early Embryo Cells.......mrrcsns 2009-2013
Embryonic Stem Cell Differentiation.... .2014-2045
Embryonic Stem Cell Pluripotency ... 2046-2070
Regeneration Mechanisms. 2071-2085
Tissue Engineering 2086-2100
Technologies for Stem Cell Research.........c.c.... 2101-2132
Reprogramming 2133-2156
iPS Cells: Directed Differentiation ... 2157-2170
iPS Cells 2171-2204
iPS Cells: Disease Modeling.......cvwmmesvessssinsisns 2205-2228
iPS Cells: Epigenetics 2229-2232
Chromatin in Stem Cells 2233-2238
Ethics and Public Policy 2239-2248
POSTERS 3001-3037
Neural Cells 3001-3037
Eye or Retinal Cells 3038-3048
Muscle Cells 3049-3057
Cardiac Cells 3058-3075
Mesenchymal Cell Lineage Analysis.........nn. 3076-3087
Mesenchymal Stem Cell Differentiation.............. 3088-3120
Pre-clinical and Clinical Applications of

Mesenchymal Cells 3121-3156
POSTERS 4001-4034
Late Breaking Abstracts 4001-4040

°° #ISSCR20 1 4



D) [ INTERNATIONAL SOCIETY
(& | FOR STEM CELL RESEARCH

TABLE OF CONTENTS Neural CellS...mmmmis 123

Eye or Retinal CellS. . 134
WEDNESDAY, JUNE 18 MUSCle CelIS o 136
. Cardiac Cells ... 139
Plancreanc S ! Mesenchymal Cell Lineage ANalysis. ... 146
Liver Cellc """"""""""""""""""""""""" 2 Mesenchymal Stem Cell Differentiation 150
ISR/ GUE CollS s 6 Pre-clinical and Clinical Applications of Mesenchymal Cells.......| 62
LUNG CEllS iriiirrreiiierressssissssssssssssssssssssss s 7
Epithelial Cells (Not Skin) 8
Epidermal Cells . THURSDAY, JUNE 19
Kidney Cells Pancreatic Cells. 175
Endothelial Cells/Hemangioblasts 14 Liver Cells...ne 177
Hematopoietic Cells 16 Intestinal/Gut CellS. ... 180
T 29 Lung CellS. . 182
Embryonic Stem Cell Clinical Application 37 Epithelial Cells (NOT SKIN) oo 184
GErMINE CllS.cmmiimsrrssrssrssnssssssssssssssssssssssssssssssss s 40 Epidermal Cells ... 186
Totipotent/Early Embryo Cells 42 Endothelial Cells/Hemangioblasts........... s 188
Embryonic Stem Cell Differentiation 43 Hematopoietic Cells 190
Embryonic Stem Cell Pluripotency 55 Cancer Cells ., 203
Regeneration Mechanisms 63 Embryonic Stem Cell Clinical APPlICation .. 211
TISSUE ENGINEEIING wtvterrriririvtvsesinssssssssssssissssessssosesssssssesosnsns 68 Germling CellS. 213
Technologies for Stem Cell Research 74 Totipotent/Early EMBryo CellS... s 216
AT L1z 1111 S ——————— 85 Embryonic Stem Cell DIfferentiation ... 218
iPS Cells: Directed Differentiation 93 Embryonic Stem Cell PIUFPOENCY oo 228
IPS CellS.mmnirrnirmiismsssnsissssssssssssssss s, 97 Regeneration Mechanisms. 235
iPS Cells: Disease Modeling 109 Tissue ENiNeering. .. 240
iPS Cells: Epigenetics 7 Technologies for Stem Cell RESEArch ...uvwvcvrsersensersresserseesnn 246
Chromatin in Stem Cells 19 Reprogramming.........e 256
Ethics and Public Policy 120 iPS Cells: Directed Differentiation.........mminn, 264

iv 60 #ISSCR20 1 4



TH
] 2ANNUAL
MEETING VANCOUVER, CANADA

Tourism Vancouver / Science World British Columbia

iPS Cells....rninn Regeneration Mechanisms 405

iPS Cells: Disease Modeling TISSUE ENGINEEIING vvtivvrvsiressserssssirssssiesssssssss s 410

iPS Cells: EPIENEICS cooovvvvvvvvvsverresssivrrssssiinnes Technologies for Stem Cell Research 415

Chromatin in Stem CellS ..., REPrOgramMMING ..., 426

Ethics and PUDIIC POlICY .vvvvivicvrricvvnsicsrrsssicsnessssicssesssssessessssisssess iPS Cells: Directed Differentiation 433

Neural Cells....nniinns IPS CellSciiiiiriiririssiiisssissssiss s 439

Eye or Retinal Cells.....nscsines iPS Cells: Disease Modeling 451

Muscle Cells iPS Cells: Epigenetics 458

Cardiac Cells.. Chromatin in Stem Cells 459

Mesenchymal Cell Lineage AnalySiS.......mmmmmmmmmmnn, 315 Ethics and Public Policy 461

Mesenchymal Stem Cell Differentiation ... 320 NEUPAL CEIS ovviirrerirressiersssirsssssssssssss s 463

Pre-clinical and Clinical Applications of Mesenchymal Cells.......332 Eye or Retinal Cells 476
Tl I G 478

S —
Mesenchymal Cell Lineage Analysis 487

Pancreatic Cells......wmn 345 Mesenchymal Stem Cell Differentiation 492

Liver Cells... 347 Pre-clinical and Clinical Applications of Mesenchymal Cells......502

Intestinal/Gut Cells.... 350

Lung Cells....rerisinn 352

Epithelial Cells (NOt SKIN) oo, 353

Epidermal Cells .. 356

Endothelial Cells/Hemangioblasts.........mmmrmmmmmmmin: 358

Hematopoietic Cells......rnniis 361

Cancer Cells...cnnen 374

Embryonic Stem Cell Clinical Application ... 382

Germline Cells.....r. 384

Totipotent/Early EMDBryo Cells. ..., 387

Embryonic Stem Cell Differentiation ..., 388

Embryonic Stem Cell PIUNPOteNncy ..., 398

°° #ISSCR20 1 4 v






TH
]2ANNUAL
MEETING VANCOUVER, CANADA

JUNE 18,2014
WEDNESDAY
POSTER PRESENTATIONS

6:30 - 7:30 ODD numbered posters presented
7:30 - 8:30 EVEN numbered posters presented

PANCREATIC CELLS

W-1008

ENDOTHELIAL CELLS AND VASCULAR BASEMENT
MEMBRANE COMPONENTS ENHANCE IN VITRO
DIFFERENTIATION AND FUNCTIONAL MATURATION

OF PANCREATIC BETA CELLS DERIVED FROM HUMAN
PLURIPOTENT STEM CELLS

Talavera-Adame, Dodanim', Woolcott, Orison 0.2, Arumugaswami,
Vaithilingaraja®, Svendsen, Soshana P73, Chaiboonma, Kira L.3,
Svendsen, Clive?, Dafoe, Donald C.!

'Surgery and Regenerative Medicine Institute, Cedars Sinai Medical
Center, Los Angeles, CA, USA, “Diabetes and Obesity Research Institute,
Cedars-Sinai Medical Center, Los Angeles, CA, USA, °Regenerative
Medicine Institute, Cedars-Sinai Medical Center, Los Angeles, CA, USA

Pancreatic beta cells derived from human induced pluripotent stem
cells (hiPSCs) are promising source of cells to treat Type 1 diabetes.
During embryogenesis, endoderm cells require inductive signals from
surrounding endothelial cells (ECs) to give rise to functional insulin-
producing pancreatic beta cells. We hypothesize that ECs and vascular
basement membrane components provide essential signals for beta-cell
differentiation and maturation in vitro. Embryoid bodies (EBs) from
hiPSCs were cultured alone (control) or together with ECs in collagen
L, IV, and laminin I gels and treated with growth factors. After 20 days,
EBs with EC and EBs control were harvested to obtain a single cell
suspension and mature beta-cell marker expression was analyzed in
these cells by ICC, FACS, and qRT-PCR. After cell transferring, human
C-peptide and cellular secretory ability were evaluated by ELISA
and quinacrine fluorescence respectively in static cultures. Dynamic
insulin release was evaluated by perifusion assay. Derived cells were
then transplanted under the kidney capsule of SCID mice to evaluate
function in vivo. Grafted kidneys were analyzed by IHC. Higher
expression of mature beta-cell markers (proinsulin, GLUT1, PDX-1,
Nkx6.1, GKS, SUR1, Kir6.2, PC1/3, PC2, and UCN3) was found in cells
co-cultured with ECs in comparison to controls. About 70 % of these
cells were positive for proinsulin in contrast to 11% found in controls.
Significant reduction in quinacrine fluorescence, threefold increase in
human C-peptide, and dynamic insulin release (up to 5-10 pmol/L)
were found in co-cultured cells after a glucose challenge in contrast
to much lower response in controls. Mice grafted with cells from co-
cultures showed higher blood levels of human C-peptide after a glucose
challenge in comparison to controls (150 + 10 vs. 1.36 * 6.7, P<0.05).
After streptozotocin treatment, these mice maintained normoglycemia
in contrast to hyperglycemia found in controls transplanted with cells
from EBs cultured alone. IHC analysis showed insulin positive cells at
120 days postransplantation only in kidneys grafted with cells derived
from co-cultures. These results strongly suggest that ECs and vascular
membrane components are critical for adequate differentiation and
functional maturation of pancreatic beta cells derived from hiPSCs.

W-1009

CELL AGGREGATION OPTIMIZES THE DIFFERENTIATION
INTO PANCREATIC BUD-LIKE PROGENITOR CELLS FROM
HUMAN ESCS AND IPSCS

Toyoda, Taro, Mae, Shin-Ichi, Tanaka, Hiromi, Kondo, Yasushi,
Michinori, Funato, Hosokawa, Yoshiya, Sudo, Tomomi, Yamanaka,
Shinya, Osafune, Kenji

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

The establishment of stable and efficient methods to generate
pancreatic B-cells from human embryonic stem cells (hESCs) and
induced pluripotent stem cells (hiPSCs) remains a major issue towards
the development of regenerative medicine strategies for diabetes. The
pancreatic progenitor cells generated from hESCs/iPSCs have been
shown to differentiate into mature pancreatic cells in vivo, indicating
that the cell type is at the diverging point in generating functional
B-cells. However, previously published differentiation protocols for
pancreatic bud-like cells (PDX1*NKX6.1%), the earliest pancreas-
committed cells, are inefficient due to incomplete understanding of
key differentiation factors. The purpose of this study is to identify
novel factors that facilitate the differentiation to PDXI1*NKX6.1*
cells. We differentiated a hESC line, KhES3, into pancreatic lineages
with a stepwise protocol recapitulating developmental processes in
two-dimensional culture. We found that PDX1*NKX6.1* cells were
specifically localized at posterior foregut cell clusters (PDX1*), which
reminded us that higher cell density might be beneficial for the
differentiation of the pancreatic bud cells. When the dissociated PDX1*
cells were re-seeded at various cell densities in monolayer culture
format, the induction rate of PDX1*NKX6.1* cells was correlated with
cell density (4-9%). Supporting this result, the dissociated PDX1* cells
were aggregated at various sizes in suspension culture, resulting in a
markedly and constantly higher PDX1*NKX6.1* cells rate (~40%),
regardless of cell aggregate’s size. In cellular aggregates, a pancreatic
bud-specific gene PTFIA started to be expressed concomitantly with
NKX6.1 expression. The positive effects of the cell aggregation culture
on the differentiation of pancreatic bud cells were reproduced in
multiple human iPSC lines: 585A1, 604B1, 692D2, 648B1 and 409B2.
The aggregates containing PDX1*NKX6.1* cells were successfully
engrafted in epididymal fat pad and renal subcapsular spaces of
immunocompromised mice and developed into pancreatic epithelial-
like structures by 30 days after transplantation. Moreover, human
C-peptide, representing insulin secretion, was detected in mice blood
after a long term in vivo maturation (>5 months). Taken together,
these results suggest that culture with higher cell density or three-
dimensional aggregation culture is crucial for the differentiation of
pancreas-committed progenitor cells from hESC/iPSC. Our findings
may be applied in the development of hESC/iPSC-based cell therapy
for diabetes.

W-1010

A POISED ENHANCER LANDSCAPE IS INDICATIVE OF
DEVELOPMENTAL COMPETENCE DURING ENDODERMAL
LINEAGE DIVERSIFICATION OF HUMAN EMBRYONIC
STEM CELLS

Wang, Allen', Yue, Feng? Li, Yan?, Xie, Ruiyu', Harper, Thomas', Patel,
Nisha A., Muth, Kayla', Palmer, Jeffrey’, Raum, Jeffrey?, Stoffers, Doris
A, Ren, Bing', Sander, Maike'

"University of California San Diego, La Jolla, CA, USA, *Ludwig Institute
for Cancer Research, La Jolla, CA, USA, *University of Pennsylvania,
Philadelphia, PA, USA

The emergence of distinct lineages during embryonic development
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relies on the ability of progenitors to appropriately respond to
external signaling and activate lineage specific gene expression. This
cellular property is referred to as developmental or transcriptional
competence. Although this has been well observed throughout the
development of multiple cell lineages, the molecular mechanism
remains elusive. It is speculated that epigenetic changes in chromatin
could play a role in this process. Here we show that during endodermal
lineage diversification, epigenetic priming of lineage-specific
enhancers signifies developmental competence. Chromatin mapping
of enhancer related histone modifications during pancreatic and
hepatic differentiation of human embryonic stem cells revealed an en
masse acquisition of poised enhancer chromatin in early uncommitted
endodermal intermediates. We further show that this poised enhancer
landscape is significantly enriched for enhancers specific to descendant
foregut lineages such as the liver and pancreas. Through subsequent
experimentation, we observed that the acquisition of this poised
enhancer state predicts the ability of endodermal intermediates to
respond to lineage inductive signals. Further analysis revealed that
these lineage-specific enhancers are first recognized by transcription
factors involved in chromatin priming, while subsequent recruitment
of lineage-inductive transcription factors leads to enhancer and target
gene activation. Together, our results identify the acquisition of a poised
chromatin state at enhancers as a mechanism by which endodermal
progenitor cells gain the competence to rapidly activate lineage-specific
genes in response to inductive signals.

W-1011

EGF AND NICOTINAMIDE ARE ESSENTIAL FACTORS IN A
SERUM-FREE COLONY ASSAY FOR PROGENITOR CELLS
FROM ADULT MURINE PANCREAS

Wedeken, Lena, Jin, Liang, Feng, Tao, Ku, Hsun (Teresa)

Beckman Research Institute of City of Hope, Duarte, CA, USA

Adult pancreatic stem and progenitor cells are a potential source of
insulin-producing beta cells for cell replacement therapy of type 1
diabetes. However, it proved difficult to identify these progenitor cells
and analyze their properties, in part due to a lack of an analytical tool.
We recently developed a colony assay that allows quantitative and
functional analysis of adult murine pancreatic progenitor-like cells in
culture. Dissociated single cells from adult pancreas are plated into a
semisolid medium containing methylcellulose (a viscous material),
Matrigel (for extracellular matrix components), conditioned media,
fetal calf serum and growth factors (nicotinamide, exendin4, activin
beta and vascular endothelial growth factor). The semisolid medium
restricts cell movement yet permits a cell to self-renew, proliferate,
differentiate and form a colony of cells. Using this assay, we found
that adult murine pancreatic progenitor-like cells are able to give rise
to cystic colonies containing ductal-, acinar- and endocrine-like cells.
The single cell that initiates and forms a colony is therefore termed
a pancreatic colony-forming unit (PCFU). However, the undefined
components in the conditioned media and serum may complicate the
examination of molecular mechanisms that govern the self-renewal
and differentiation of these progenitor-like cells. We therefore set out
to establish a better-defined, serum-free culture condition for our
colony assay. Here we report that replacing the conditioned media
and fetal calf serum with epidermal growth factor (EGF), R-Spondinl,
Noggin and Serum Replacement (Invitrogen) in our otherwise
unchanged assay allowed formation of colonies expressing markers of
all pancreatic lineages. Omission of EGF or nicotinamide abrogated
colony formation, suggesting the survival and/or proliferation of the
PCFUs are dependent on these factors. EGF and nicotinamide were
sufficient for long-term expansion of PCFUs, but media containing
all growth factors tested were found to generate a higher number of

PCFUs. Treatment with different mitogen-activated protein kinase
inhibitors showed that MEK kinases, but not p38 are crucial for colony
formation. In conclusion, this better-defined culture condition is an
improvement of our existing pancreatic colony assay and we started
to identify signaling pathways that are essential for colony formation.
Together this will allow for studying mechanisms of self-renewal
and differentiation of adult pancreatic progenitor-like cells towards
endocrine beta cells in future studies.

LIVER CELLS

W-1012

MOUSE LIVER REPOPULATION WITH HEPATOCYTES
GENERATED FROM HUMAN FIBROBLASTS

Zhu, Saiyong', Rezvani, Milad?, Harbell, Jack?, Mattis, Aras?
Willenbring, Holger?, Ding, Sheng'

'Gladstone Institutes, San Francisco, CA, USA, *University of California,
San Francisco The Liver Center, San Francisco, CA, USA

Human induced pluripotent stem cells (iPSCs) promise to revolutionize
research and therapy of liver diseases by providing a source of
hepatocytes for autologous cell therapy and disease modeling. However,
although progress has been made in advancing the differentiation of
iPSCs into hepatocytes (iPSC-Heps) in vitro, cells that replicate the
ability of human primary adult hepatocytes (aHeps) to proliferate
extensively in vivo have not been reported. This deficiency has not
only hampered efforts to recreate human liver diseases in mice, it has
also cast doubt on the potential of iPSC-Heps for liver cell therapy.
The reason is that extensive post-transplant expansion is needed
to establish and sustain a therapeutically effective liver cell mass in
patients, a lesson learned from clinical trials of aHep transplantation.
As a solution to this problem, we report generation of human
fibroblast-derived hepatocytes capable of extensive proliferation, as
evidenced by significant liver repopulation of mice. Unlike current
protocols for deriving hepatocytes from human fibroblasts, ours did
not generate iPSCs, but shortcut reprogramming to pluripotency to
generate an induced multipotent progenitor cell (iMPC) stage from
which endoderm progenitor cells (iMPC-EPCs) and subsequently
hepatocytes (iMPC-Heps) could be efficiently differentiated. For this,
we identified combinations of small molecules that aided endoderm
fate choice and hepatocyte differentiation without compromising
proliferation. After transplantation into an immune-deficient mouse
model of human liver failure, iMPC-Heps were able to engraft and
proliferate, and acquired levels of hepatocyte function similar to aHeps.
Unfractionated iMPC-Heps did not form tumors, most likely because
they never entered a pluripotent state. Our results establish the feasibility
of significant liver repopulation of mice with human hepatocytes
generated in vitro, which removes a long-standing roadblock on the
path to autologous liver cell therapy.
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W-1013

DUAL-COLOR FLUORESCENT IMAGING OF
DEVELOPMENTAL SHIFT FROM CYP3A7-EXPRESSING
FOETAL HEPATIC CELLS TO CYP3A4-EXPRESSING ADULT
HEPATOCYTES IN HUMAN HEPATIC CARCINOMA
HEPARG

Tada, Masako', Saori, Tsuji’, Kawamura, Fumihiko®, Kubiura,
Musashi®, Hayashi, Ayaka’, Ohbayashi, Tatsuya?, Kazuki, Yasuhiro’,
Oshimura, Mitsuo!

!Chromosome Engineering Research Center, Tottori University, Yonago,
Tottori, Japan, “Bio Frontier Project Promotion Section Organization
for Tottori Industrial Promotion, Yonago, Tottori, Japan, *Division of
Molecular Genetics and Biofunction, Department of Biomedical Science,
Graduate School of Medical Science, Tottori University, Yonago, Tottori,
Japan, *Division of Laboratory Animal Science, Research Center for
Bioscience and Technology, Tottori University, Yonago, Tottori, Japan

Human adult hepatocytes are required for cell-based assays to evaluate
the potential risk of drug-drug interactions caused by transcriptional
induction of P450 enzymes in early-phase drug discovery and
development. Such an assay requires cells that can be grown vigorously
and quickly, that respond adequately to compounds, and, most
importantly, that can be similar to human functional adult hepatocytes
expressing CYP3A4, a major cytochrome P450 enzyme. However,
CYP3A7 is preferentially expressed in premature foetal hepatoblasts
and major hepatic carcinoma cell lines. The human hepatocellular
carcinoma cell line HepaRG possesses a high self-renewal capacity and
can differentiate into hepatic cells similar to human adult hepatocytes
in vitro. To provide a real-time evaluation system for quality assurance
of hepatic differentiation into CYP3A4-expressing cells from premature
hepatic precursors in real time, we created transgenic HepaRG
cells by replacing the protein-coding regions of human CYP3A4
and CYP3A7 with enhanced green fluorescent protein (EGFP) and
Dared reporters, respectively, in a bacterial artificial chromosome
(BAC) vector that included whole regulatory elements. The intensity
of DsRed fluorescence was initially high during the proliferation
of transgenic HepaRG cells. However, EGFP fluorescence intensity
increased and DsRed fluorescence was extinguished within a few days
after differentiation. During the course of cell differentiation, cells co-
expressing DsRed and EGFP were not detected, showing that CYP3A7-
positive HepaRG cells might be reprogrammed into CYP3A7-negative
bipotent hepatic progenitors such as adult hepatic stem cells. In near
future, this modified BAC can be introduced into any human stem
cells such as induced pluripotent stem (iPS) cells or stimulus-triggered
acquisition of pluripotency (STAP) cells to create the BAC-transgenic
cells, in which EGFP can be used as a quality assurance marker for
identifying functional hepatocytes derived from stem cells without the
need for many time-consuming steps.

W-1014

COMPARISON OF CAPACITY FOR DRUG METABOLISM
BETWEEN GENETICALLY MATCHED HUMAN
HEPATOCYTES AND IPS DERIVED HEPATOCYTE LIKE
CELLS

Takayama, Kazuo', Morisaki, Yuta', Ohtaka, Manami’, Nishimura,
Ken?®, Nakanishi, Mahito?, Tachibana, Masashi', Sakurai, Fuminori!,
Kawabata, Kenji*, Mizuguchi, Hiroyuki'

!Graduate School of Pharmaceutical Sciences, Osaka University, Suita,
Japan, *Research Center for Stem Cell Engineering, National Institute of
Advanced Industrial Science and Technology, Tsukuba, Ibaraki, Japan,
*Faculty of Medicine of Tsukuba, University of Tsukuba, Ushiku, Ibaraki,
Japan, *‘National Institute of Biomedical Innovation, Osaka, Japan

Human induced pluripotent stem (iPS) cell-derived hepatocyte-like
cells (HLCs) are expected to be applied for human hepatotoxicity
screening. However, the drug metabolism capacity of the HLCs was
still lower than that of primary human hepatocytes (PHHs). We
suspected that this issue might be due to either a low hepatocyte
differentiation efficacy or poor metabolizer genotypes of the human
iP§ cells. In this study, drug metabolism capacities were compared in
genetically matched PHHs and HLCs. To generate the HLCs whose
genetic background is perfectly matched with PHHs, we first generated
human iPS cells from PHHs, and PHH-derived iPS (PHH-iPS) cells
were differentiated into the HLCs. We examined the expression levels
of pluripotent markers to confirm that the generation of human iPS
cells from PHHs was successfully performed. In addition, the drug
metabolism capacities of the HLCs, which were differentiated from
PHH-iPS cells, were compared to those of parent PHHs. PHHs were
successfully reprogrammed into human iPS cells, which were positive
for pluripotent markers (such as NANOG, OCT4, SSEA4, and Tral-
81). The expression and activity levels of drug metabolism enzymes
(such as cytochrome P450 1A2, 2C9, 3A4) in PHH-iPS-derived HLCs
were approximately half of those in genetically matched PHH, were
cultured for 48 hours after the cells were plated. To the best of our
knowledge, this is the first work which has compared the hepatic drug
metabolism capacity in genetically matched PHHs and HLCs. Our
findings would be informative for understanding current status and
the clarifying problems in the field of hepatocyte differentiation from
human iPS cells.

W-1015

USING HUMAN INDUCED PLURIPOTENT STEM CELLS
TO MODEL LIVER DISEASE ASSOCIATED WITH CLASSIC
MUTATIONS OF ALPHA-1 ANTITRYPSIN

Taketani, Tamara N.

University of California, San Diego, La Jolla, CA, USA

A major obstacle to the development of new therapies is the poor
understanding of how genetic modifiers alter the onset and outcome of
various diseases. A classic example is AAT deficiency, a metabolic liver
disease in which the mutant gene and its product are known, but where
clinical progression and outcome are extremely variable and thought to
be influenced by genetic modifiers. Despite being the leading genetic
cause of liver disease in children, mutations of AAT occur infrequently
when compared to sporadic liver diseases. The relatively low incidence
of AAT deficiency makes it impossible to obtain insight into the
genetic factors that may affect progression of disease from genome-
wide association studies (GWAS). The study of hepatocytes derived
from AAT mutant human induced pluripotent stem cells (hIPSC)
may overcome this limitation by identifying cellular phenotypes that
correlate with clinical severity of disease in existing AAT patients. For
this purpose, we have generated hIPSClines from existing AAT patients
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(ZZ) with variable degrees of liver disease, including those without
evidence of liver damage and those who have suffered a more aggressive
course leading to end stage liver disease. We are using control and AAT
hIPSC-derived hepatocyte like cells (HLCs) to probe the hypothesis
that the significant heterogeneity seen in disease progression due to
AAT ZZ mutations is related to genetically determined variability
of fundamental biological hepatocyte processes involved in cellular
disposal, stress response, and cell survival pathways, including
proteasomal degradation, ER stress, autophagy, and apoptosis. Prior
data obtained in mouse and cell line models has shown that autophagy
may act as a primary route of intracellular degradation of mutant AAT
protein. Although traditionally regarded as a cellular adaptive process
triggered by nutrient deprivation, autophagy in hepatocytes may also
provide an important hepatoprotective mechanism. Our preliminary
results show that HLCs derived from AAT mutant patients with no
evidence of liver disease (AAT NLD) have increased activation of
autophagy at baseline compared to AAT mutants with severe liver
disease (AAT LD). Furthermore, AAT hepatocytes from patients with
severe liver disease show a weaker autophagy induction response
upon serum deprivation. Our data supports a role for autophagy as
a potential modifier in the pathobiology of AAT related liver disease,
and opens the way for mechanistic studies involving this and other
basic biological pathways that may modulate hepatic injury in AAT.
Our studies can impact the way we approach AAT deficiency: 1) by
developing predictive diagnostics through discovery of biomarkers that
identify patients at risk for severe liver disease, and 2) by promoting
therapeutic candidate discovery through validation of new or existing
therapeutic targets in live human hepatocytes.

W-1016

HEPATOCYTE METAPLASIA IS A SOURCE OF OVAL CELL
HETEROGENEITY IN MICE

Tarlow, Branden D.1, Pelz, Carl', Haft, Annelise', Wakefield, Leslie',
Finegold, Milton J.?, Grompe, Markus’

'Oregon Health and Sciences University, Portland, OR, USA, *Baylor
College of Medicine, Houston, TX, USA

Oval cells are heterogeneous proliferations of duct-like cells observed
in diverse liver injuries and can differentiate into hepatocytes or
cholangiocytes in liver regeneration. We recently found that Sox9-
derived oval cells rarely contribute to hepatocyte regeneration in
mouse liver injury models. Additional reports indicate that both
hepatocytes and ductal Sox9+ ductal cells are sources of oval cells. Yet
the functional significance of hepatocyte-derived oval cells and their
capacity for hepatocytic-differentiation remains unknown. Methods:
To specifically and efficiently track the progeny of adult hepatocytes we
generated hepatocyte-chimeras by transplanting fluorescent-marked
or unmarked Sox9-CreERT2-reporter hepatocytes into juvenile Fah-/-
mice. To promote oval cell activation, mice were given 0.1% DDC diet
for 5-to-8 weeks. Antibodies to Osteopontin or Sox9 was used identify
oval cells by immunofluorescence. The MIC1-1C3 (MPdil) surface
marker was used for FACS isolation. The ductal identity of sorted
cells was assessed by RNAseq and transmission electron microscopy.
FACS purity was assessed by qPCR. For functional analysis, cells
were seeded into a 3-dimensional Egf/Rspol/Wnt culture system or
differentiated towards a hepatic fate with dexamethasone, II-6, and
Osm-containing media. Hepatocyte-differentiation potential was also
assessed by serial portal vein transplantation of limiting numbers of
FACS sorted cells in to Fah-/- mice. Results: Combined transplantation
and Sox9-CreERT2-based lineage tracing agreed with other reports
that injured hepatocytes, specifically in the periportal zone, undergo
metaplasia. With prolonged liver injury, hepatocytes were a significant
source of Sox9+ Opn+ oval cells in murine oval cell injury. Hepatocyte-

derived oval cells were primarily diploid and highly proliferative.
Remarkably, hepatocyte-derived oval cells were indistinguishable
from cholangiocyte-derived ductal cells in terms of Hnflb, Sox9, and
Osteopontin expression, but they expressed lower levels of other ductal
markers like Ck19 and EpCAM (n=5 mice). Electron microscopy
indicated that hepatocyte-derived oval cells had scant cytoplasm
but retained nuclear morphology organelle features more similar to
hepatocytes than cholangiocytes. In vitro, hepatocyte-derived oval
cells were 10-fold more efficient at inducing albumin mRNA from
baseline (n=3) but could not form hollow spheroids in a matrigel-based
organoid assay (n=6). Upon transplantation hepatocyte-derived cells
unregulated expression of hepatocyte marker Fah and formed large
hepatocyte-like nodules in recipient mice. Conclusions: Hepatocytes
undergo metaplasia and to reversibly acquire some features of ductal
cells in response to injury. Oval cells of different cellular origins exhibit
profound functional differences. The ability of periportal hepatocytes
to adopt a ductal phenotype may facilitate the avoidance of stimuli
specifically toxic to hepatocytes. Further work is required to determine
whether hepatocyte-derived oval cells are a physiologically important
reservoir of hepatocyte precursors in vivo.

W-1017

NEW MEDIUM TO SELECT HUMAN PRIMARY
HEPATOCYTES FROM CO-CULTURE WITH HUMAN
INDUCED PLURIPOTENT STEM CELLS

Tomizawa, Minoru', Fuminobu, Shinozaki?, Motoyoshi, Yasufumi?,
Sugiyama, Takao?, Yamamoto, Shigenori®, Sueishi, Makoto*
'Department  of Gastroenterology, Department of Radiology,
*Department of Neurology, ‘Department of Rheumatology, *Department
of Pediatrics, National Hospital Organization Shimoshizu Hospital,
Yotsukaido City, Japan

Background: Tumorigenicity is an associated risk for transplantation
of hepatocytes differentiated from human induced pluripotent stem
(hiPS) cells. A method is required to eliminate hiPS cells from the
hepatocytes that are transplanted. Glucose and arginine are essential
for cells to survive. Hepatocytes express galactokinase and ornithine
transcarbamylase (OTC), enzymes involved in the gluconeogenesis
and urea cycles, which convert galactose to glucose and ornithine to
arginine, respectively. However, hiPS cells do not express these enzymes
and, therefore, are not expected to survive in a medium containing
galactose and ornithine but lacking glucose and arginine. Materials
and Methods: A real-time quantitative polymerase chain reaction
(PCR) was performed to analyze the expression of galactokinase 1
(GALK)1, GALK?2, and ornithine carbamyltransferase. The hiPS cell
line 201B7 (Riken Cell Bank, Tsukuba, Japan) was maintained in
ReproFF (Reprocell, Yokohama, Japan). Hepatocyte selection medium
(HSM) was made from powder based on Leibovitz’s 15 medium. HSM
contains galactose and ornithine but not glucose and arginine. After
culturing in HSM, 201B7 cells were subjected to hematoxylin and
eosin (H and E) staining and terminal deoxynucleotidyl transferase
(TdT)-mediated dUTP nick end labeling (TUNEL) to prepare them
for microscopic analysis. To assess their pluripotency in HSM, 201B7
cells were immunostained with antibodies to Nanog, SSEA4, and
TRA-1-60. Primary human hepatocytes (Lonza, Walkersville, MD)
were cultured in HSM with or without hiPS cells. Finally, human
primary hepatocytes and hiPS cells were cultured on collagen-
coated plates where the medium was changed to HSM. Results: The
expression levels of GALK1, GALK2, and OTC 201B7 were 22.2% +
5.0% (average + standard deviation), 14.2% + 1.1%, 1.2% + 0.2%, and
8.4% + 0.7%, respectively, compared with those in adult liver cells. The
201B7 cell population declined when cultured in HSM and completely
disappeared after 3 days. The nuclei of cultured cells were condensed or
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fragmented, thereby suggesting apoptosis. TUNEL staining confirmed
that the cells had undergone apoptosis. Immunostaining results for
Nanog, SSEA-4, and TRA-1-60 were positive in 201B7 cells cultured in
HSM for 2 days. Primary human hepatocytes survived in HSM when
either cultured alone or co-cultured with 201B7 cells. Conclusion:
Therefore, HSM is an ideal medium for eliminating hiPS cells, thereby
purifying hepatocytes without inducing damage.

W-1018

CULTURE OF A CGMP COMPATIBLE HESC LINE UNDER
XENO FREE AND FEEDER FREE CONDITIONS USING

A BIOREACTOR FOR SCALE UP AND SUBSEQUENT
DIFFERENTIATION TO HEPATOCYTES USING CGMP
COMPATIBLE CONDITIONS

Tschudy Seney, Benjamin', Hasan, Ahmad', Sheu, Jonathan? Ha,
Hoang', Gao, Wei', Bauer, Gerhard? Duan, Yuyou', Zern, Mark'
Internal Medicine, Institute for Regenerative Cures, University of
California Davis Medical Center, Sacramento, CA, USA, *GMP Facility,
Institute for Regenerative Cures, University of California Davis Medical
Center, Sacramento, CA, USA

The elimination of all animal materials for culture and differentiation
of hESC is critical for development of suitable conditions which can
support large-scale cell production in cGMP-compliant facilities for
future hESC-based therapies. We have obtained a clinical grade hESC
line from BioTime (ESI017) and have developed such conditions for
effectively differentiating this line. We tested many human extracellular
matrix proteins and chemically-defined media and determined that the
best feeder-free, xeno-free conditions were the combination of TeSR-E8
and rhvitronectin. This combination was capable of supporting hESC
expansion for at least 35 passages, as well as maintaining a normal
karyotype, normal expression of pluripotent genes and the capacity to
form teratomas in mice. The morphology was tight colonies with small
homogenous cells which contain practically no differentiation. These
hESC have generated high quality definitive endoderm (DE), and were
further differentiated to hepatocytes employing feeder-free and xeno-
free conditions with function that was similar to those generated with
our standard protocol which includes animal products and MEF. For
example, ELISAs showed that 1 million hESC-derived hepatocytes
(hEH) secreted 90 ug of albumin. In addition, the cells have shown the
ability to exhibit a full complement of metabolic functions. The results
of metabolic profiling indicated that the major metabolic pathways
were the same in both hEH and primary hepatocytes, that all of the
metabolites showed similar kinetic increases over time, and that the
cells demonstrated the same LC/MS fingerprints. In addition, hEH
responded to inducers of CYP450s in a manner similar to primary
hepatocytes. To our knowledge, this is the first report that hepatocytes
were generated from a GMP-compatible hESC line employing xeno-
free and feeder-free conditions. To develop the best scale-up strategies,
we have employed the Quantum hollow fiber cell expansion system
to culture ESIO17 by adapting the feeder-free, xeno-free hESC plate
culture conditions in our certified GMP facility. In this system, cell
culturing is an automated process, and each step, from cell seeding
through harvesting is programmable and traceable. In our first six
day run, we obtained a ten-fold increase in hESC number, with 99%
of the cells positive for SSEA4 and Tral-81, and qPCR revealed that
the expression of SOX2, OCT4 and NANOG was essentially the same
as levels obtained by culturing the hESC on plates. The cells maintain
normal karyotyping, and the capacity to form teratomas. The cells were
then differentiated to DE and further differentiated to hepatocytes on
tissue culture plates using our xeno-free, feeder-free conditions. Even
at an early stage (day 16, to date), ELISAs showed that high levels of
albumin were secreted into the medium. qPCR results demonstrated

that albumin expression increased 2.5 fold, ASGPR 2.7 fold, CYP3A4
19.5 fold, CYP2C9 5.2 fold, CYP2C19 7.3 fold, UGT1Al 4.6 fold,
UGTI1A3 4.7 fold, UGT1A6 4.5 fold, and UGT2B7 4.9 fold at day
16 when compared to levels in ESI017 grown on MEEFE indicating
that differentiation to hepatocytes appears to be better than with our
standard protocol. This bioreactor system offers the opportunity to
readily perform scale-up cultures in the 10e10 cell number range for
hESCs as well as to differentiate cells under controlled conditions, thus
providing the opportunity to manufacture, with one system, enough
cells for planned early phase clinical trials.

W-1019

FUNCTIONAL 3D CO-CULTURE MODEL OF
HEPATOCYTES AND ENDOTHELIAL CELLS ON
ACELLULAR HUMAN AMNIOTIC MATRIX

Yuan, Jie, Huang, Jieqiong, Li, Xueyang, Li, Weihong, Lu, Xin, Zhang,
Haiyan

Department of Cell Biology, Capital Medical University, Beijing, China

Culturing hepatocyte-like cells that are generated from various
types of human stem cells in three-dimensional (3D) enable them
for more predictive in vitro hepatic phenotypes, and then suitable
for screening hepatotoxic compounds, testing metabolic functions,
and even liver bioengineering and regeneration. The selection of the
biomaterials used for scaffolding is a critical step in 3D culture. Since
the specific components of extracellular matrix and its properties of
physical, the amniotic membrane (AM) is considered an important
and excellent candidate source for native scaffolding material.
In this study,we illustrate the utility of the acellular human amniotic
matrix (AHAM) as a matrix for 3D culture of hepatocytes alone or co-
culture with human umbilical vein endothelial cells (HUVECs), and
assessment of hepatocellular structure and function in this platform.
Owing to our long-term interest in human fetal hepatic progenitor cells
(hFHPC:s), we explored the behavior of hepatocyte-like cells (HLCs)
derived from hFHPCs on AHAM. The AHAM was de-epithelialized
by 0.38% EDTA-0.25% trypsin, manufactured into freeze-drying
construction, and then for seeding cells. Results showed that whether
cultured alone or co-cultured with HUVECs (as 1:1 in ratio) in vitro,
HLCs performed self re-organization into a 3D structure loaded by
AHAM after 3 days. HE stain showed that HLCs attached on AHAM
tightly, and TEM displayed the intercellular junction including tight
junction and gap junction. Immunocytochemistry indicated the
expression of bile duct surface-specific marker, MRP2, on the apical
pore of HLCs when cultured on AHAM, while co-cultured with
HUVECs, the 3D co-culture model became the reticulate structure
formed between HLCs and HUVEC. Further analysis of function
showed that the production of ALB on co-cultured group has two times
higher than the group of HLCs cultured alone, urea production follow
the same tendency. CYP1A1 enzyme activity evaluated by EROD was
also higher in co-cultured HLCs with HUVECs group than HLCs alone.
In conclusion, we demonstrate that the AHAM maintain the efficient
generation of highly differentiated HLCs in vitro. Additionally, co-
cultured with HUVEG, the differentiated hepatic functions of HLCs will
be further enhanced. This result showed reflects good biocompatibility
of the AHAM and provides evidence that co-cultured system can be
useful for generating functional 3D structure of hepatocytes, and hence
may serve as a potential candidate for artificial implantable liver systems.
This work was supported by Grants of the National Natural Science
Foundation of China (No. 31171310).
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IDENTIFYING PRECANCEROUS SUBPOPULATION OF
HEPATIC OVAL CELLS TO ENHANCE THE THERAPY FOR
HEPATOCELLULAR CARCINOMA

Zheng, Yunwen, Tsuchida, Tomonori, Shimao, Taiki, Li, Bin, Takebe,
Takanori, Zhang, Ran-Ran, Sakurai, Yu, Taniguchi, Hideki

Yokohama City University, Yokohama, Japan

Hepatocellular carcinoma (HCC) is a malignant tumor with a generally
poor prognosis and a high rate of recurrence. HCC usually arises in
the setting of chronic liver diseases, and long-lasting premalignant
conditions precede cancer development. A promising therapeutic
approach is to eliminate precancerous cells, which are potential cancer
stem cells and prevent further malignant transformation. In this study,
we identified a subpopulation of oval cell, in a rat liver carcinogenesis
model, which were enriched in the CD133*CD44*CD45 HIS49~ cells,
are precancerous cells. Prospective isolation of the precancerous
cells using flow cytometry identified stem cell properties such as the
ability to expand clonally and differentiate into bi-lineage cell types.
Furthermore, an acyclic retinoid, which was recently shown to improve
overall survival after HCC resection, directly inhibited the extensive
expansion of the isolated precancerous cells in vitro and decreased
the emergence of the precancerous cells and their progeny in vivo.
Long-term follow-up after the acyclic retinoid treatment confirmed
reduction in precancerous changes, ultimately resulting in suppression
of HCC development. These findings, together with data from recent
clinical trials showing marked reduction in intrahepatic recurrence,
suggest that CD133*CD44*CD45 HIS49" cells should be precancerous
progenitors in heterogeneous population of oval cells in HCC
developing. Given recent advances in diagnostic techniques and the
establishment of surveillance programs, the targeting of precancerous
cells may have a huge impact on preventative cancer therapies.

INTESTINAL / GUT CELLS

W-1022

CULTURE OF INTESTINAL STEM CELLS IN SERUM FREE
CONDITIONS

Yao, Chao-Ling, Mohamed, Mahmoud

Yuan Ze University, Chung-Li City, Taiwan

Intestinal stem cells (ISCs) are located at the bottom of the intestinal
crypts. Additionally, intestinal stem cells have the ability of
differentiation into transit amplifying cells which in turn will give
rise to all the mature epithelial cells. Recently, intestinal stem cells
have taken a great attention as a promising stem cell therapy for many
intestinal diseases such as small bowel syndrome. In addition, many
challenges were facing the study of ISCs because of the lack of definitive
markers and definitive isolation and culture methods. Thus, developing
a definitive culture system and serum-free medium of intestinal stem
cells will be promising in the clinical applications and may help in
the small intestine tissue engineering. In the present study, we are
showing ISCs isolation from mouse small intestine. Furthermore, we
have selected five significant growth factors which could enhance ISC
proliferation in vitro and replace the serum components. Moreover,
our optimum growth conditions could maintain the ISC growth in 3D
culture and enhanced the enteroid formation ability of the intestinal
crypts in matrigel. The results of gene expression analysis of some ISC
markers including Lgr5, Bmil, Ascl2 and PTEN have confirmed that
our optimum medium could maintain the stem cell state in this culture
system. In a conclusion, these results may help in the enhancement
of ISC expansion and understanding the major signaling pathways

which maintain the ISC self-renewal and differentiation. In addition,
this serum-free medium will be a good tool in the clinical applications.

W-1023

FUNCTIONAL ANALYSIS OF SNAII IN THE MOUSE
INTESTINAL EPITHELIUM

Abud, Helen E.!, Horvay, Katja!, Jardé, Thierry', Casagranda, Franca?,
Perreau, Victoria?, Haigh, Katharina®, Gridley, Thomas*, Berx, Geert’,
Haigh, Jody?, Polo, Jose Maria', Hime, Gary R.?

'Department of Anatomy and Developmental Biology, Monash University,
Clayton, Australia, *Department of Anatomy and Neuroscience,
University of Melbourne, Parkville, Australia, *Australian Centre for
Blood Diseases, Monash University, Clayton, Australia, *Center for
Molecular Medicine Maine Medical Center Research Institute, Monash
University, Scarborough, ME, USA, *Molecular and Cellular Oncology,
Inflammation Research Center, VIB, Ghent, Belgium

The Snail family of transcriptional regulators have an important
role in mediating epithelial to mesenchymal transitions and cell
motility during both embryonic development and cancer metastasis.
Although they are generally regarded as markers of mesenchymal
cells, Snail proteins have also recently been implicated in regulating
stem cell populations in several organs. The objective of our study
is to investigate the role of Snail in the mouse intestinal epithelium
that is continuously renewed via a population of multipotent stem
cells that reside in the base of crypts. Our studies have revealed that
Snail is normally expressed in the intestinal epithelium with strong
nuclear expression in crypt base columnar stem cells and proliferating
transit amplifying cells but is expressed mostly in the cytoplasm of
differentiated enterocytes. We have also found that both the expression
and cellular localisation of Snail is dependent on canonical Wnt
signalling, a key regulatory pathway of intestinal stem cells. Snail is up-
regulated in polyps from Apcmin/+ mice indicating that Snail may also
play a part in the early stages of tumorigenesis in addition to promoting
metastasis of intestinal tumours. We have investigated Snail function
in the intestinal epithelium using an inducible conditional knockout
approach and found that Snail is required for survival of the crypt base
columnar (CBC) stem cell population in vivo. Analysis of the effects on
the crypt base columnar stem cell population using a combination of
Fluorescent Activated Cell Sorting (FACS), lineage tracing and in vitro
organoid culture demonstrates that loss of Snail results in a decrease
in cell proliferation and apoptotic loss of stem cells. Elevation of Snail
levels using a conditional transgenic approach increases epithelial
proliferation and markers of CBC stem cells. Analysis of tissue from
Snail knockout and transgenic tissue has also revealed a role for Snail
in differentiation of absorptive cell types. In conclusion, these results
suggest that Snail has a key role in stem cell maintenance and control
of cellular differentiation.

W-1025

GENERATION OF FUNCTIONAL HUMAN INTESTINAL
ORGANOIDS FROM LYMPHOBLASTOID B-CELL LINES:
DEVELOPING A “DISEASE IN A DISH” MODEL OF
INFLAMMATORY BOWEL DISEASE

Barrett, Robert', Yeager, Nicole’, Rushton, David!, Ornelas, Loren A.},
Sareen, Dhruv!, Svendsen, Clive?, Targan, Stephan'

!Cedars Sinai Medical Center, Los Angeles, CA, USA, *Cedars-Sinai
Regenerative Medicine Institute, Los Angeles, CA, USA

Genome wide association studies have identified 163 loci that are
associated with Inflammatory Bowel Disease (IBD), some of which
may contain causative single nucleotide polymorphisms (SNPs) in or
close to genes that are associated with intestinal epithelial cell function.
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However, establishing the functional consequences of these SNPs in
the intestinal epithelium is difficult; no animal models exist which
contain such SNPs, nor are there any suitable in vitro models. As there
are a number of repositories which contain genotyped lymphoblastoid
B-cell lines (LCLs) derived from IBD patients, the aim of this study was
to establish a methodology in which to utilize these repositories and
generate intestinal epithelium which may contain these SNPs of interest.
To achieve this, a multistep protocol was established whereby LCLs
were firstly reprogrammed to form induced pluripotent stem cells
(IPSCs) and then subsequently directed to form three-dimensional
human intestinal organoids. Initially, a control LCL (Coriell,
GM22649) was directed to form IPSCs using an episomal plasmid-
based reprogramming method. These LCL-derived IPSCs were alkaline
phosphatase positive, expressed the typical pluripotency-associated
transcription factors, Sox2 and Oct 4, and the surface markers SSEA4,
Tra 1-60 and Tra 1-81. They gave rise to mesodermal, ectodermal and
endodermal lineages via embryoid body formation, were karyotypically
normal and retained a similar V(D)] rearrangement in the heavy
chain immunoglobulin locus as compared to the parental LCL.
Three dimensional intestinal organoids were generated from
LCL-derived IPSCs by culturing them with Activin A to induce
definitive endoderm formation, Wnt3A and FGF4 to induce hindgut
formation and then ultimately EGE noggin and R-Spondin-1 to
induce and maintain organoid formation. After 60 days, it was
found that the human intestinal organoids expressed the intestinal
transcription factor, CDX2, and contained FABP2+ enterocytes,
chromogranin A+ enteroendocrine cells, Muc2+ goblet cells and
lysozyme+ Paneth cells. The intestinal cells within the human
intestinal organoids expressed the tight junctional marker ZO-1,
which was polarized towards the lumen, and the adherens junction
marker E-Cadherin. Interestingly, transepithelial resistance (TER)
could be measured in the human intestinal organoid system and the
functionality of these organoids was demonstrated by showing there
was a significant decrease in the TER after administration of EGTA.
Given the large number of IBD-LCLs in existence, this methodology
would allow for the development of a “disease in a dish model” of
IBD, whereby human intestinal organoids containing any causative
SNP of interest could be generated. This approach would be especially
useful for rare variants and may ultimately allow for an assessment of
the intrinsic consequences of IBD associated SNPs in the intestinal
epithelium.

W-1026

DEVELOPMENT OF A SERUM-FREE AND DEFINED MEDIUM
FOR THE ESTABLISHMENT AND MAINTENANCE OF
MOUSE INTESTINAL ORGANOID CULTURES

Conder, Ryan, Riedel, Michael J., Thomas, Terry E., Eaves, Allen C.,
Louis, Sharon A.

STEMCELL Technologies Inc., Vancouver, BC, Canada,

The recent demonstration that intestinal stem cells can be maintained
in vitro within 3D ‘organoid’ structures will facilitate our understanding
of normal and tumorigenic intestinal stem cells and advance disease
modeling and regenerative medicine efforts (Sato et al., Nature, 2009).
Organoids can be derived from intestinal crypts isolated from primary
tissues, or from single Lgr5+ cells purified from crypts. These organoids
can be serially passaged and maintained long term in specialized
culture medium and 3D matrix that mimic the stem cell niche. We have
developed a defined medium (IntestiCult™ Organoid Growth Medium)
and protocols to support consistent and efficient establishment
and long term maintenance of mouse intestinal organoids.
Crypts were mechanically dissociated from dissected upper intestines
of C57BL6/] mice and incubated for 20 min with Gentle Cell

Dissociation Reagent (GCDR) at room temperature (RT). Following
several PBS washes, crypts were counted and re-suspended in a 50:50
mixture of Matrigel® and IntestiCult™ Organoid Growth Medium at
6000 crypts/mL. A 50 uL droplet of the suspension was gently placed
into the center of pre-warmed 12-well culture plate wells, creating
a hemisphere containing ~300 crypts/well. The hemispheres were
solidified at 37°C for 5 min and wells then flooded with 750 pL of
IntestiCult™ Organoid Growth Medium. Crypts were cultured at 37°C
for 4 - 7 days with 3 times weekly medium changes. Organoid formation
was determined using light microscopy. After 7 days, organoids were
passaged by treating cultures with GCDR for 15 min at RT followed
by mechanical disruption into smaller aggregates. The resultant
suspension was mixed with IntestiCult™ Organoid Growth Medium at
a 1:5 ratio and then re-plated as above to establish secondary cultures.
This protocol was repeated to generate long term cultures. Organoids
were characterized at different time points by immunocytochemistry
for expression of Lgr5, a putative marker for intestinal stem cells,
and markers for polarized enterocytes (Villin), goblet cells (MUC2),
enteroendocrine cells (Chg A) and Paneth cells (Lysozyme).
At 12-16 hours after plating, growing organoids could be identified
as spherical structures, and were counted. New crypt-like structures
typically budded from the spheres within 3 days after plating, creating
prototypical organoids. The efficiency of organoid formation from
primary intestinal tissue-derived crypts was assessed on day 4 at 59
* 6% (mean * SD; n = 10), yielding approximately 180 organoids per
well. By day 7 organoids generally had multiple buds, each containing
Lgr5+ cells surrounded by Paneth cells at the base of each bud, and were
ready for passaging. The inter-bud regions were primarily comprised
of Villin+ enterocytes interspersed with MUC2+ goblet and Chg A+
enteroendocrine cells. Organoid formation efficiency increased to 89
+ 2 % (mean + SD; n = 3 mice) after the first passage and remained
consistently high over at least 10 passages (91 + 2%, mean + SD; n =3
mice), and organoids maintained expression of Lgr5 and markers of the
major differentiated cell types of the mature intestine at later passages.
In summary, we have developed a defined Organoid Medium and
protocols that efficiently promote the formation and maintenance of
3D organoids from primary mouse intestine. This new culture system
provides researchers with a valuable tool for studying stem cell biology
and developing diagnostic procedures and therapeutics for intestinal
disorders.

LUNG CELLS

W-1029

POTENTIAL OF RESVERATROL AND STEM CELL THERAPY
FOR AGEING MOUSE LUNG

Navarro, Sonia', Reddy, Raghava', Lee, Jooeun', Sedrakyan, Sargis’,
Perin, Laura?, Warburton, David? Driscoll, Barbara®

'Department of Surgery, University of Southern California, Children’s
Hopsital Los Angeles, Los Angeles, CA, USA, *Children’s Hospital Los
Angeles, Los Angeles, CA, USA, *University of Southern California, Los
Angeles, CA, USA

Rationale:Ageing is marked by a decline in organ function, stem cell
population, homeostasis, and telomere shortening. In mice, we have
shown that ageing causes degeneration in lung tissue, characterized
by reduced numbers of alveolar epithelial type 2 cells (AEC2), a
reduction in structural elasticity resulting in enlargement of air spaces,
and diminished capability to resolve a lung injury.1,2,3 We have
used the telomerase null (terc-/-) mouse as a model to examine the
impact of accelerated ageing on progenitor AEC2. Our preliminary
data using this model show decreased whole lung function and
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mitochondrial DNA damage in AEC2.The interrelationship between
AEC2, whole lung function and mitochondrial homeostasis is not well
understood. Resveratrol is an agonist of silent information regulator
two proteins deacetylase (SIRT1). Activated SIRT1 deacetylates and
activates PGCla, a master regulator of mitochondrial biogenesis
genes4, 5 and deacetylates p53 for protein degradation to decrease
apoptosis.6 Resveratrol may offer a novel prophylactic therapy that
stimulates SIRT1 to restore or modify mitochondrial dysfunction in
AEC2. Mesenchymal-type stem cells have also shown some efficacy in
treatment of acute and chronic lung injury.7 We wished to determine
if the accelerated ageing phenotype of terc-/- lung, including whole
lung and AEC2 mitochondrial dysfunction could be modulated by
administration of Resveratrol, stem cells, or a combination of both.
Hypothesis: Prophylactic treatment with Resveratrol, Amniotic Fluid
StemCells(AFSC),oracombinationof AFSCandResveratrolwillimprove
lung function and restore AEC2 integrity in prematurely aged lung.
Methods: Cohorts of 2 month old terc-/- mice received 3 doses
of 1x106 AFSC, 1mg/kg Resveratrol, 1x106 AFSC plus 1mg/kg
Resveratrolor vehicle (N=6-10) by intratracheal instillation at 1
month intervals. One month after the last treatment, lung function
was assessed, lung morphologyand AEC2 were isolated for western
blotting of ageing and mitochondrial biogenesis marker expression.
Results: Pulmonary mechanics showed significant improvement,
with decreased dynamic compliance and increased elastance in
the AFSC, Resveratrol, and AFSC plus Resveratrol combination
treated terc-/-animals as compared to vehicle and non-stem cell
controls. The combination of AFSC plus Resveratrol was more
effective than the use of AFSC or Resveratrol alone. In AEC2
isolated from treated lung, both AFSC and Resveratrol treatments
were shown to stimulate increased expression of anti-ageing protein
SIRT1, transcription factors ATF-2 and NRF-2, and oxidative
stress protectant Hsp25, and reduced expression of stabilized p53.
Conclusions: Prophylactic treatments improved lung function in
rapidly ageing mice. Data suggest Resveratrol and AFSC treatment may
activate pathways for mitochondrial biogenesis, cell function and cell
survival of the normally senescent and injury vulnerable phenotype
of terc-/- AEC2. Stem cell and pharmacological or combination
interventions show potential to slow lung ageing. We speculate that
these reagents may also be useful tools for pinpointing pathways in
epithelial cells and structures within the lung that deteriorate with age
than can be manipulated to improve aged lung function. These studies
should also provide a platform for better understanding the lung aging
process.

W-1030

INVESTIGATIGATING CHROMATIN REGULATION OF
LUNG TUMOR PROPAGATING CELLS AND LUNG STEM
CELLS VIA SMALL MOLECULE INHIBITORS

Rowbotham, Samuel, Beede, Alexander, Sinkevicius, Kerstin, Kim,
Carla

Boston Children’s Hospital, Boston, MA, USA

Proper epigenetic control of transcription is known to be important
for the homeostasis of embryonic and adult stem cells, and is
frequently disrupted in cancer. We hypothesize that lung stem cells
are maintained by distinct mechanisms of epigenetic regulation, and
cancer stem cell-like lung tumor propagating cells (TPCs) may utilize
these mechanisms to confer their stem cell and enhanced tumorigenic
phenotypes. We have demonstrated that a combination of cell surface
markers enrich for murine lung tumor cells with enhanced tumor
propagation and metastatic abilities, as well as normal multipotent
lung stem cells (BASCs). High-throughput screening of lung TPC cell
lines has revealed small molecules that both positively and negatively

regulate levels of the stem cell marker Sca-1; inhibition of readers of
transcriptionally active histone acetylation, BRD2,3,4 reduces Sca-
1 levels, and inhibition of repressive H3K9mel/2 methyltransferases
G9a/Glp increases Sca-1. Up and down regulation of Sca-1 by G9a/
Glp and BRD2,3,4 inhibition correlated with the ability of cell lines
and primary tumor cells to form colonies in 3D growth assays. Pre-
treatment of tumor cells with G9a/Glp inhibitors also increases the
in vivo burden of metastases in mice following intravenous injection
(p=0.017, n=18). G9a/Glp inhibition of BASCs in 3D culture also
restricts the formation of alveolar differentiated colonies (p=0.007,
n=6) and increases the proportion of undifferentiated cells (p=0.042,
n=6). These findings suggest that common mechanisms of chromatin
regulation exist between lung stem cells and lung tumor propagating
cells. Determining the precise mechanisms of this regulation and the in
vivo consequences remain important questions to be answered.

W-1031

P63/KRT5+ DISTAL AIRWAY STEM CELLS ARE ESSENTIAL
FOR LUNG REGENERATION

Zuo, Wei', Wu, Daniel Z.!, Guan, Shou Ping', Zhang, Ting', Liew,
Audrey-Ann', Lessard, Mark?, Kumar, Pooja Ashok’, Nakajima,
Noriko?, Yamamoto, Yusuke®, Crum, Christopher P’, Xian, Wa?,
McKeon, Frank?

!Genome Institute of Singapore, Singapore, Singapore, *The Jackson
Laboratory, Bar Harbor, ME, USA, *The Jackson Laboratory for Genomic
Medicine, Farmington, CT, USA, *National Institute of Infectious
Diseases, Tokyo, Japan, *Department of Pathology, Harvard Medical
School, Boston, MA, USA,

The potential for lung regeneration was long discounted due to the
irreversible character of chronic lung diseases. However, patients
who sustain massive loss of lung tissue during acute infections often
recover full pulmonary function. Correspondingly, we demonstrated
lung regeneration in mice following HIN1 influenza infections and
implicated distal airway stem cells (DASCs) in this process. We show
here that rare, preexisting DASCs undergo a proliferative expansion
in response to HINI influenza infection and can be lineage-traced
to nascent alveoli assembled at sites of liquifactive necrosis. We also
show that the conditional, in vivo ablation of DASCs prevents the
regeneration of lung tissue following HINI influenza infection.
Finally, we transplant DASC derived from single cells to lungs of HIN1
influenza-infected mice and show that these exogenous stem cells
readily contribute to the regenerating alveoli. These data demonstrate
that DASCs are required for lung regeneration and may have significant
potential for mitigating acute and chronic lung diseases.

EPITHELIAL CELLS (NOT SKIN)

W-1032

COMBINED KIT/FGFR2B SIGNALING REGULATES

THE EXPANSION OF EPITHELIAL PROGENITORS IN
BRANCHING ORGANS

Lombaert, Isabelle, Abrams, Shaun, Holmberg, Kyle, Patel, Vaishali,
Hoffman, Matthew

Laboratory of Cell and Developmental Biology, NIH, Bethesda, MD, USA

Various somatic organs such as prostate, lung and salivary glands
can be formed and/or regenerated by organ-specific epithelial KIT+
progenitors. However, the mechanism by which KIT+ progenitors
create and regenerate these branching tissues is not well understood.
Using fetal salivary gland development, we show that signals from
the mesenchyme stimulate both FGFR2b and KIT signaling to

8 60 #ISSCR2014



TH
]2ANNUAL
MEETING VANCOUVER, CANADA

expand distal KIT+ progenitors. These progenitors in turn produce
neurotrophic factors that promote neuronal innervation, which
influences a separate population of proximal progenitors to form ductal
structures. Reiterative rounds of this multicellular communication
create the branching architecture of the developing organ. This
molecular mechanism is maintained during adult tissue homeostasis,
and we predict it will be important for adult gland regeneration. We
have already successfully stimulated the KIT/FGFR2b pathway in
vitro to expand both mouse and human adult salivary gland KIT+
progenitors. These KIT+ progenitors can be used for transplantation
to regenerate the damaged organ. Our novel findings also provide a
template for future applications to (re-)generate branching organs.

W-1033

CELL OF ORIGIN AFFECTS SUSCEPTIBILITY TO
TRANSFORMATION AND THE RESULTANT PROPERTIES

OF DE NOVO GENERATED PRIMARY HUMAN BREAST
TUMORS

Nguyen, Long V.!, Pellacani, Davide', Kannan, Nagarajan', Osako,
Tomo?, Cox, Claire L.!, Carles, Annaick?, Makarem, Maisam!, Beer,
Philip', Moksa, Michelle?, Kennedy, William!, Hirst, Martin®, Aparicio,
Samuel?, Eaves, Connie'

"Terry Fox Laboratory, British Columbia Cancer Agency, Vancouver,
BC, Canada, *Molecular Oncology, British Columbia Cancer Agency,
Vancouver, BC, Canada, *Microbiology and Immunology, University of
British Columbia, Vancouver, BC, Canada

Human breast cancers are clonal outgrowths that have diversified
genetically and biologically by the time they are clinically evident.
Nevertheless, histologic and transcriptomic analyses indicate
variably retained similarities to normal mammary populations with a
preponderance of basal or luminal cell features. These findings have
stimulated speculation as to the potential role of the cell type that first
acquires malignant potential. To address this question directly, we have
taken a reverse genetic approach in which basal cells (BCs) and luminal
progenitor cells (LPs) isolated from normal human mammoplasty
samples were transduced with PIK3CA"!%, TP53%7¢ and KRAS?®
alone or in combination plus a barcoding vector and tumorigenesis then
tracked over time in immunodeficient (NOD-SCID-IL2Ryc”") female
mice transplanted under the kidney capsule with the cells embedded
in a collagen gel. PIK3CA™%7and TP53%7¢ were chosen as these genes
have the highest prevalence of mutation in human breast cancers.
KRAS"P activates the RAS/ERK pathway which is also commonly
perturbed. Mice transplanted with 3x10*-1.4x10° FACS-purified BCs
(EpCAM"CD49f") or LPs (EpCAMMCD49f*) that had been exposed
simultaneously to 3 lentiviral vectors, each encoding a single mutant
gene and a different fluorescent reporter, produced tumors in 6-8 weeks
from 8 (42%) and 13 (68%) of the 19 different paired samples tested,
respectively. Most of the tumors resembled invasive ductal carcinomas,
were highly mitotic (and Ki67+), and had invasive margins. Interestingly,
barcode analysis of 1 and 8 of these revealed that the number of clones
in the BC-derived tumors (normalized for input dose) was 2-fold
higher than in the LP-derived tumors (on average 1/500 as compared
to 1/10° LPs). However, the clones comprising the LP-derived tumors
were larger (up to 9x10° cells/clone) than their BC-tumor counterparts
(10%-3x10* cells/clone). Tumors were also generated in 6-8 weeks from
BCs and LPs expressing KRAS"?? alone (2/5 and 6/6, respectively), or
in combination with either PIK3CA"*® (3/6 and 4/6) or TP53%73¢ (3/6
and 6/6). From these, a total of 3 and 13 tumors of BC and LP-origin
again revealed the number of clones was 2-fold lower but 4 to 8-fold
larger in those of LP-origin. Immunohistochemical analysis revealed
that 3/5 (60%) of tumors derived from BC transduced with all 3 genes
were ER’, whereas 6/6 (100%) LP-derived tumors were ER, suggesting

that the phenotype of cells in breast cancers may be determined by
the cell of origin but not necessarily reflect its normal properties (as
normal BCs do not express ER). To determine whether this change in
phenotype occurs early in transformation, we examined xenografts at
4 weeks (before tumors are readily detectable), and found KRAS¢'??
alone significantly expands the number of cells generated from
both transduced BC and LP cells (p=0.043 and 0.048, respectively),
compared to matched GFP-transduced control cells, but preferentially
promotes luminal differentiation only in the transduced BCs (p=0.004).
In contrast, KRAS®?P+TP53%73¢ preferentially generated cells with a
basal phenotype from transduced LP cells (p=0.024). Taken together,
these findings provide the first evidence that normal human mammary
basal and luminal epithelial cells may have different susceptibilities to
transformation, as well as unanticipated influences on the phenotypes
of the transformed cells they generate and their subsequent growth
characteristics.

W-1034

CONSERVED TRANSCRIPTIONAL AND EPIGENETIC
REGULATION OF CANCER STEM CELLS

Rane, Jayant K.!, Droop, Alastair P2, Pellacani, Davide?, Ylipad, Antti*,
Scaravilli, Mauro®, Polson, Euan S.2, Mann, Vincent®, Collins, Anne
T.!, Simms, Matthew S.7, Caves, Leo SD!, Visakorpi, Tapio®, Maitland,
Norman J.!

"University of York, York, United Kingdom, *Leeds Institute of Cancer and
Pathology, Leeds, United Kingdom, 3Terry Fox Laboratory, Vancouver,
BC, Canada, *Tampere University of Technology, Tampere, Finland,
*University of Tampere, Tampere, Finland, *Hull York Medical School,
Hull, United Kingdom, "Castle Hill Hospital, Cottingham, Hull, United
Kingdom

Identification of shared transcriptional and epigenetic regulatory
mechanisms in normal and cancer stem cells (CSCs) should result
in the development of novel CSC-specific treatments. Here we show
that a conserved two-step regulation of transcriptional and epigenetic
machinery by nuclear receptors defines the prostate epithelial hierarchy.
Furthermore, comparative large-scale bioinformatic analyses imply
that a similar two-step regulation is common in other human epithelial
tissues. The analysis was based on mRNA and miRNA expression
profiles from patient-derived prostate epithelial sub-populations.
Genes differentially expressed in stem and committed basal (CB) cells
fell into 4 distinct co-expression groups, not only in prostate, but also
in more than 150 human cell types. Cell fate studies revealed that
one gene set was regulated by retinoic acid (RA), which could drive
prostate epithelial stem cell differentiation to basal cells, but failed to
induce terminal luminal differentiation. The same gene set, in CB cells,
then preferentially responded to androgens (AR), which did induce
terminal luminal differentiation i.e. the steroidal nuclear receptors
collaborate in a cell sub-type dependent manner on the same set of
genes to control successive differentiation events. Epigenetic regulation
of prostate differentiation displayed a similar, higher order two-step
control. The distinct miRNA expression signatures of each cell implied
that a differential miRNA expression pattern was crucial for cell sub-
type-specific responses. To evaluate this, we integrated our mRNA-
miRNA expression microarray datasets, which identified miR-99a/100
as two of the top stem cell fate regulatory miRNAs. CSCs exhibit lower
expression of miR-99a/100 (about 8 fold), and can repair DNA more
efficiently than CB cells. So, we hypothesised that lower expression
of these 2 miRNAs is essential for efficient DNA repair in CSCs and
hence for their radio-resistance. Lower miR-99a/100 expression indeed
directly correlated with radio-resistance of prostate cancer cell lines.
Inhibition of miR-99a/100 expression in CB cells allowed them to
efficiently repair damaged DNA, without inducing de-differentiation
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or EMT. The effect was principally mediated through SMARCA5 and
SMARCDI, which participate in relaxation of damaged chromatin to
rapidly recruit DNA repair complexes, such as BRCA1 and RAD5I.
Recruitment of SMARCA5 was dependent on PARP1 expression,
while SMARCDI recruitment was PARP1-independent. Concurrent
transfection of SMARCA5/D1 esiRNAs abrogated efficient DNA repair
triggered by miR-99a/100 inhibition. Further mechanistic loss and gain
of function studies revealed that glucocorticoid receptor (GR)-miR-99a-
SMARCDI and AR-miR-99a-SMARCDI1 regulation form a positive
feedback loop in androgen-independent and androgen-dependent
cancer cells respectively, to maintain treatment-resistant cancer cells.
These results show that the overarching transcriptional and epigenetic
regulation of human prostate epithelial differentiation is under fine
control by RA, GR and AR in a cell sub-type dependent manner. The
clinical implications are: (i) RA-focussed differentiation therapy would
fail to differentiate CSCs into treatment sensitive luminal cells, and (ii)
miR-99a/100-SMARCA5/D1 signalling should be a good target for
drug development in the management of treatment-resistant prostate
cancer.

W-1035

STEMNESS OF HUMAN ORAL MUCOSAL EPITHELIAL
CELLS

Shahdadfar, Aboulghassem

Ophthalmology, Oslo University Hospital, Oslo, Norway

Human oral mucosal epithelial cells (HOMECs) represent an
appealing source of epithelial cells for ocular surface reconstruction
and are easily obtained and expanded in vitro. Culture of HOMECs
generates two different populations. In this study, it has been
investigated the differentiation potential of HOMECs populations
to ocular surface cells. Human oral mucosal epithelial biopsies
(HOMEBs) and blood as a source for preparation of autologous
serum (As) were obtained from donors. HOMEBs were in parallel
cultured in media containing AS (DMEM/F12, 100 U/ml antibiotic,
and 10% autologous human serum) or FBS (DMEM/F12, 100 U/
ml antibiotic, 5% FBS, 2 ng/ml EGE ITS (5 pg/ml insulin, 5 pg/ml
transferrin and 5 ng/ml sodium selenite), 30 ng/ml cholera toxin
A, 0.5% dimethylsulfoxid, 15 pM hydrocortisone) at 37° C with
5% CO2 in a humidified atmosphere. HOMECs populations were
harvested in different steps during 4 weeks and analyzed by qRT-PCR,
immunohistochemistry, transmission electron microscopy (TEM).
Only one subpopulation of HOMECs contains highly proliferative
capacity with stem cell characteristic in both media. Expansion of
cells in AS containing medium depends essentially on AS quality
and nutritional condition, the important factors that affect cell
proliferation, differentiation capacity and gene expression. QRT-PCR
analysis of MKI67, ABCG2, CK3, CKI3, CK19, GJAI (Connexin
43), OCLN, P53, OCT4, and SOX9 genes, colony forming,
Immunohistochemistry of related proteins, and transmission electron
micrographs (TEM) confirm these observations. A sub-cell population
of expanded Human Oral Mucosal Epithelial biopsies shows stem cell
characteristics with differentiation potential to ocular surface cells.
Tissue engineering of these cells could be useful for regeneration of
human ocular surface tissues.

W-1036

TROPHOBLAST STEM CELLS: IMMUNOPHENOTYPE,
MULTIPOTENCY AND ANTICANCER PROPERTIES

Svitina, Hanna', Shablii, Volodymyr', Kyryk, Vitalii*, Kuchma, Maria’,
Skrypkina, Inessa’, Halina, Kuznietsova!, Dzhus, Olena?, Denis,
Evgenii, Shablii, Yulia', Rybalchenko, Volodymyr‘, Garmanchuk,
Liudmila* Lobintseva, Galina!

nstitute of Cell Therapy, Kiev, Ukraine, “State Institute of Genetics and
Regenerative Medicine Academy of Medicine of Ukraine, Kiev, Ukraine,
*Institute of Molecular Biology and Genetics of National Academy of
Science of Ukraine, Kiev, Ukraine, *Institute of Biology, Taras Shevchenko
National University of Kyiv, Kiev, Ukraine

The main purpose was to determine the effect of intravenous allogeneic
and xenogeneic transplantation of trophoblast stem cells (TSC) at
dimethylhydrazine (DMH)-induced colorectal mid/late-stage cancer
in rats. Methods: TSC were obtained from human and rat placenta
by tissue explant culturing. TSC were immunophenotyped by flow
cytometry and immunocytochemistry, gene expression was analyzed
by RT-PCR. Experimental colon carcinogenesis was induced in male
albino Wistar rats by injecting DMH (20 mg*(kg body mass)-1)
once weekly for 20 consecutive weeks, and administering of the rat
TSC (rTSC) and human TSC (hTSC) at 22nd week after first DMH-
injection. We studied the histopathological alterations (number, size
and characteristics of the tumors in the colon). ANOVA was used to
compare multiple groups and individual comparisons were made using
a Manna-Whitney test. Regression analysis was used to examine the
doze-dependent effect of TSC on number and size of lessioned tissue.
p values less than 0.05 were considered statistically significant. Results:
The obtained rTSC expressed specific genes of the trophoectoderm
(CDX-2) and of the stemness (ID2), do not express the inner cell mass
gene (NANOG) and different trophoblast type cells appropriate genes,
such as PRL3B (prolactin 3b) of trophoblast giant cells and TPBPA
(trophoblast specific protein alpha) of labyrintotrophoblast and
spongiotrophoblast. Lack of mRNA of differentiating cell type proves
that the cells relate to the trophoblast stem cells. hTSC similar to rTSC
expresses trophoblast related genes such as CDX-2, eomesodermin
and had capacity to differentiating into three mesodermal lineages
(osteogenic, chondrogenic and adipogenic). Flow cytometry shown
that both rTSC and hTSC were positive for mesenchymal stromal
markers (CD90, CD44, CD29, CD105, CD73). 5 weeks after intravenous
r'TSC allogeneic transplantation was observed the exponential dose-
response relationship for both number and size of tissue lesions
(R2=0.646 for number of lesions [p=0.002]; R2=0.9 [p<0.001] for
size of tissue lessions). The transplantation of more than 1,2x106
cells/kg b.m. resulted the stopping of following tumor progression
as compared with control group, and transplantation of more than
2x106 cells/kg resulted decreasing the area of hyperplasic or dysplastic
lesions. The exponential dose-response relationship demonstrates the
association between the number of transplanted cells and the resulting
normalization of colon mucosa. Xenogeneic transplantation of hTSC
did not have any effect on tumor growth. It may suggest about huge
role of immune system in stem cells modulation of cancer cells.
Conclusions. In this study, we demonstrated the similarity of placenta-
derived cell culture to both mesenchymal and trophoblast stem cells.
In-depth understanding of TSC properties may provide information
regarding the biological anti-tumor action. We showed that allogeneic
intravenous transplantation of TSC to DMH-induced colorectal cancer
rats had doze-related effect on adenocarcinomas further growth and
tumorigenic processes in “initiated” sites at the same time no effect
were observed at xenogeneic administration of TSC.
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W-1037

HUMAN AMNION EPITHELIAL CELLS INFLUENCE
MACROPHAGE AND REGULATORY T CELL RESPONSE TO
REDUCE LUNG FIBROSIS

Tan, Jean, Chan, Siow, Wallace, Euan M., Lim, Rebecca

Ritchie Centre, Monash Institute of Medical Research/Monash University,
Melbourne, Australia

Human amnion epithelial cells (hAECs) have protective and reparative
capabilities when administered immediately after and following
established lung injury. hAECs can modulate macrophage response
during repair by altering their polarity and function. However, the
importance of other immune cell types in hAEC mediated lung repair
is yet unknown. hAECs exert their reparative effects by inducing the
maturation of naive T cells into regulatory T cells (Tregs) and this step
precedes the polarization of macrophages from proinflammatory M1
to proreparative M2. We first determined the role of Tregs by treating
bleomycin challenged Foxp3-GFP knock in mice with hAECs and
measured the local Treg population by flow cytometry. The reliance
of hAEC mediated lung repair on Tregs was further assessed by
challenging Rag1-/- mice with bleomycin, followed by adoptive transfer
of either Tregs or CD45+/FoxP3- cells. The extent of lung fibrosis and
inflammation, and macrophage polarity and function were measured
7 and 14 days later. Administration of hAECs to bleomycin challenged
Foxp3-GFP knock in mice induced Treg expansion in the lungs.
Further, lung repair in bleomycin challenged Ragl-/- mice was most
significant in the cohort of animals administered hAECs following
adoptive transfer of Tregs. In vitro, hAECs directly induced FoxP3
transcription in naive CD4+ cells, primarily though TGF-P signaling.
Additionally, hAEC mediated polarization of macrophages in vivo
towards an M2 anti-inflammatory phenotype was only observed in
animals that received hAECs as well as adoptively transferred Tregs.
Interaction between hAECs and Tregs contribute to their protective
and reparative properties. And polarization of macrophages occurs as
a consequence of this cellular interaction.

W-1038

A REGULATORY NETWORK CONTROLS NEPHROCAN
EXPRESSION AND MIDGUT PATTERNING

Wei, Wei', Hou, Juan', Saund, Ranajeet S., Xiang, Ping', Cunningham,
Thomas J.%, Lu, Daphne Y.D.!, Savory, Joanne G. A.%, Krentz, Nicole A.
J.!, Montpetit, Rachel', Cullum, Rebecca', Lohnes, David*, Humphries,
R. Keith®, Duester, Gregg’, Saijoh, Yukio?, Hoodless, Pamela A.!

IBC Cancer Agency, Vancouver, BC, Canada, *University of Utah, Salt
Lake, UT, USA, *Sanford-Burnham Medical Research Institute, La Jolla,
CA, USA, *University of Ottawa, Ottawa, ON, Canada, *University of
British Columbia, Vancouver, BC, Canada

While many regulatory networks involved in defining definitive
endoderm have been identified, the mechanisms through which these
networks interact to pattern the endoderm are less well understood. To
explore the mechanisms involved in midgut patterning, we dissected
the transcriptional regulatory elements of Nephrocan (Nepn), the
earliest known midgut specific gene in mice. We observed that Nepn
expression is dramatically reduced in Sox17-/- and Raldh2-/- embryos
compared to wild-type embryos. We further show that Nepn is directly
regulated by Sox17 and the retinoic acid receptor via two enhancer
elements located upstream of the gene. Moreover, Nepn expression
is modulated by Activin signaling with high levels inhibiting and low
levels enhancing RA-dependent expression. In FoxHI-/- embryos
in which Nodal signaling is reduced, the Nepn expression domain is
expanded into the anterior gut region suggesting that Nodal signaling
can modulate expression in vivo. Together, Sox17 is required for Nepn

expression in the definitive endoderm, while retinoic acid signaling
restricts expression to the midgut region. A balance of Nodal/Activin
signaling regulates the anterior boundary of the midgut expression
domain.

W-1039

ONTOGENY OF THE BARRETT’S PRECANCEROUS LESION
DEDUCED FROM CLONED STEM CELL PEDIGREES
Yamamoto, Yusuke', Wang, Xia', Bertrand, Denis?, Kern, Florian?
Zhang, Ting?, Duleba, Marcin', Srivastava, Supriya’, Hu, Yuanyu?
Teh, Ming®, Khor, Chiea Chuen?, Crum, Christopher P, Nagarajan,
Niranjan?, Ho, Khek Yu®, McKeon, Frank', Xian, Wa'

"The Jackson Laboratory for Genomic Medicine, Farmington, CT, USA,
2Genome Institute of Singapore, Singapore, *Department of Pathology,
National University Heath System, Singapore, Singapore, *Department
of Pathology, Brigham and Womens Hospital, Boston, MA, USA,
*Department of Medicine, National University Heath System, Singapore

Esophageal adenocarcinoma is a highly lethal cancer whose incidence
has quadrupled in the past four decades. Efforts at chemotherapy
and surgical resection have not appreciably altered survival rates,
and therefore much hope is placed on detecting and treating less
aggressive precursors of this disease. Barrett’s esophagus (“Barrett’s”)
is widely believed to be the non-cancerous precursor of esophageal
adenocarcinoma as its presence confers a 30- to 100-fold increased
risk of this cancer. Strategies for selective eradication of Barrett’s
have been stymied by our inability to identify the Barrett’s stem cell.
Here we employ novel technologies to clone patient-matched stem
cells of Barrett’s, gastric, and esophageal epithelium. Whole genome
expression microarray data Barrett’s and gastric stem cell pedigrees
from 10 patients showed similar patterns of differential gene expression
within this patient cohort. SNP-array based copy number variation
and exome capture sequencing data of Barretts stem cells reveal
a patient-specific mutational spectrum ranging from low somatic
variation similar to patient-matched gastric epithelial stem cells to
ones marked by extensive heterozygous alteration of genes implicated
in tumor suppression, epithelial planarity, and epigenetic regulation.
Transplantation of transformed Barretts stem cells yields tumors
with hallmarks of esophageal adenocarcinoma, whereas transformed
esophageal stem cells yield squamous cell carcinomas. Thus Barrett’s
develops from cells distinct from local eponymous epithelia, emerges
without obvious driver mutations, and likely progresses through and
from the generation of dominant clones. These findings define a stem
cell target for preemptive therapies of a precancerous lesion.

EPIDERMAL CELLS

W-1040

EFFICIENT MULTIPLE LINEAGE DIFFERENTIATION OF
CDI105 POSITIVE DERMAL CELLS IN DERMIS

Lee, Seung Bum', Kim, Min-Jung', Shim, Sehwan', Shin, Hye-Yun’,
Seo, Seong-Won!, Jang, Won-Suk’, Lee, Sun-Joo? Jin, Young-Woo!,
Park, Sunhoo!, Lee, Seung-Sook*

Laboratory of Radiation Exposure and Therapeutics, Korea Institute of
Radiological and Medical Science, Seoul, Republic of Korea, *Division of
Clinical and Translational Research, Korea Institute of Radiological and
Medical Science, Seoul, Republic of Korea

Dermis in the skin include a variety of multipotent stromal cells
including skin-derived mesenchymal stem cells (MSC) and dermal
multipotent fibroblasts (DFs). Although several studies have shown
that DFs share mesenchymal phenotypes with stem cells, the
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characterization of these dermal cells is not fully understood. In this
study, we isolated the dermal cells from skin of newborn of C57/B6
mice and investigated the cell characteristic of multipotency. Isolated
dermal cells exhibited the expression of a similar antigen profiles of
MSC except CD73 (one of major markers of MSC) and the positive
expression for fibronectin and alpha SMA (fibroblast markers).
Interestingly, the expression of CD105 among surface markers of MSC
was only reduced upon continue passage and correlated with decreased
differentiation potential into adipogenic and ostogenic phenotypes.
The comparison analysis demonstrated that CD105 positive cells
significantly enhanced proliferation rate and in vitro multilineage
differentiation (adipogenesis and osteogenesis), suggesting that the
expression of CD105 may be important to modulate the capacity of
multipotency of fibroblast. In addition, CD105 positive cells highly
expressed the stemness related gene including nestin when compared
with CD105 negative cells, even mouse bonemarrow-derived MSC.
These results suggested that CD105 expression may be important to
maintain the capacity of multipotency of fibroblast by upregulating
stemness related genes. This finding thus highlights a potential avenue
to contribute multipotent fibroblast expressing CD105 antigen to the
regeneration of tissue damaged by various harmful stimuli.

W-1041

IN VIVO TRANSCRIPTIONAL GOVERNANCE OF MURINE
HAIR FOLLICLE STEM CELLS BY CANONICAL WNT
REGULATORS

Lien, Wen-Hui'?, Polak, Lisa', Lin, Mingyan’®, Lay, Kenneth Wei Jian’,
Zheng, Deyou?, Fuchs, Elaine'

'Laboratory of Mammalian Cell Biology and Development, Rockefeller
University, New York, NY, USA, de Duve Institute and Universite
Catholique de Louvain, *Departments of Genetics, Neurology and
Neuroscience, Albert Einstein College of Medicine, Bronx, NY, USA

In mammals, Wnt signaling is known to play a role in many adult stem
cells, but exactly how it functions and for what purpose has been a
matter of much debate. The downstream effector of canonical Wnt
signaling is B-catenin, which can act as a bipartite transcription factor
for the lymphoid enhancer-factor 1 (LEF1) and/or T-cell factor (TCF)
DNA binding proteins. Much of what is known about Wnt signaling
and stem cells comes from studies on the intestine, where Wnt/p-
catenin signaling is essential for maintenance of their intestinal crypts
and allows intestinal stem cells to maintain long-term organoid cultures
in vitro. Wnt signaling can also stimulate stem cell proliferation as
reported for cultures of hematopoeitic stem cells and embryonic stem
cells (ESCs). However, more recent evidence suggests that 3-catenin
is dispensable for ESC proliferation under some culture conditions,
and ablation of Tcf3 in these cells can even promote pluripotency.
Despite intensive investigation, it remains unclear for most if not all
stem cell types as to whether B-catenin and its LEF1/TCF DNA binding
partners act to maintain stem cells, promote their proliferation,
and/or determine their lineage fate in their native tissue context.
Our study begin to address these issues, focusing on the adult hair follicle
stem cells (HFSCs) that fuel cyclical bouts of active HF regeneration
and hair growth (anagen), followed by destruction (catagen) and then
rest (telogen). HFSCs reside in a niche known as the bulge located at
the base of the telogen phase HE Using mice harboring Wnt reporter,
we show that at the telogen to anagen transition, some HFSCs within
the bulge begin to respond to Wnt signaling. As B-catenin plays a
critical role for canonical Wnt activity, we next dissect the physiological
roles of B-catenin in HFSC maintenance, proliferation and/or fate
determination. By transcriptionally profiling p-catenin-null HFSCs,
we then identify -catenin-dependent genes whose expression changes
in response to Wnt activity upon normal HESC activation. As TCF3

and TCF4 are the two LEF1/TCFs expressed by HFSCs, we turn
to delineating the direct DNA binding-targets for these [-catenin
transcriptional partners and address how Wnt/p-catenin target gene
expression changes when TCFs are either elevated or ablated. Finally,
by performing immunoprecipitations, we show that in quiescent
HFSCs where Wnt/B-catenin activity is absent, TCF3/4 bind to
chromatin in a complex with TLE/Groucho repressor proteins and
that physiologically these proteins repress Wnt target genes. Notably,
in addition to those Wnt/fB-catenin-dependent genes, many TCF3/4-
bound targets are HFSC signature genes and Wnt/TCF-refractory
within the niche. Our most recent data indicates that NFATc1, an
established BMP-regulated gene, selectively binds and co-regulates this
cohort. This suggests that as long as BMP/NFATc1-signaling remains
sufficiently high in the niche, most HFSCs will still transcribe their
signature genes and maintain stemness even in the Wnt/B-catenin
activated niche. Altogether, our results resolve a number of existing
paradoxes and provide several unexpected new insights into how Wnt
signaling functions in orchestrating SC behavior.

W-1042

INDUCTION OF HAIR FOLLICLE NEOGENESIS BY
DEFINED EXTRACELLULAR FACTORS

Lin, Sung-Jan, Fan, Sabrina M., Yen, Chien-Mei, Wang, Wei-Hong
National Taiwan University, Taipei, Taiwan

When wounded, our body tends to repair with fibrosis. In skin, this often
leads to scar formation with loss of associated appendages including
hair follicles. Since hair follicles are composed of various distinct
epithelial and mesenchymal cells in an organized three-dimensional
structure, direct conversion of cells into a single cell type is not able to
regenerate a functional hair follicle. To regenerate functional skin, we
asked whether hair follicle regeneration can be facilitated by defined
extracellular factors. We found that tissue extraction from a specific
developmental stage was able to induce hair follicle neogenesis from
non-follicular cells. Adult fibroblasts with short-term exposure to the
extraction in vitro were able to induce hair follicle neogenesis from
keratinocytes when they were transplanted back in vivo. Hence, such
pro-regeneration effect worked through regulating adult fibroblasts,
but not epithelial cells, to initiate their cross-talk with keratinocytes
for hair follicle neogenesis. In further analysis, we discovered defined
extracellular factors that together were sufficient to initiate hair follicle
neogenesis. Therefore, organ neogenesis can be facilitated by creating
a pro-regeneration environment with defined extracellular factors.
Identification of such factors can be combined with other schemes for
functional regeneration of tissues and organs.

W-1043

MECHANISMS OF CELL FATE DETERMINATION IN
EPIDERMAL PROGENITORS DURING SWEAT GLAND
DEVELOPMENT

Lu, Catherine P., Polak, Lisa, Fuchs, Elaine

Rockefeller University, New York, NY, USA

Sweat gland is the most abundant gland in human body, and its proper
maintenance and functioning is crucial for optimal thermoregulation
and water balance throughout our lifetime. Despite their importance
for human survival and quality of lives, little is known about sweat
gland development at the molecular level. Like other skin appendages,
hair follicles or mammary glands, they originate from epidermal
progenitors. Using lineage tracing, we identify multipotent progenitors
in the sweat duct that transition to unipotency after developing
the sweat gland. Exploiting differences in the mesenchymal signals
that affect epidermal progenitor cell fate, our findings provide novel
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insight into mechanisms of cell fate determination within multipotent
epidermal progenitors.

W-1044

LIVE IMAGING OF REGULATED EPITHELIAL CELL DEATH
DURING TISSUE REMODELING

Mesa, Kai, Greco, Valentina

Genetics, Yale University, New Haven, CT, USA

Cell death is an essential component of tissue development and
maintenance. Physiological cell death programs promote the rapid
removal of excess or dysfunctional cells without eliciting harmful
effects on surrounding healthy tissue. Studying this process under
physiological conditions in vivo has been difficult due to the
rapid rate by which dead cells are normally removed as well as the
counterbalancing effects of proliferation with the same tissue. This
has limited our understanding of the signals and cells involved in the
regulation of physiological cell death and tissue remodeling in vivo.
Recent technological advances have been made in our lab to visualize
dynamic cellular behaviors non-invasively in vivo in the skin of live
mice over time by two-photon live microscopy (Rompolas et al.,
2012). The mammalian skin hair follicle cycles through stereotypic
rounds of growth, programmed cell death, and quiescence which are
morphologically well-defined, making it an ideal model to study tissue
dynamics. Combining these unique features with tools to genetically
manipulate, label and track cells in vivo, we have a temporal approach
to uncover the mechanisms that regulate physiological cell death and
tissue remodeling as they contribute to tissue homeostasis, which has
broad implications for the therapeutic treatment of neoplastic and
degenerative diseases.

W-1045

TRANSPLANTATION OF AUTOLOGOUS NON CULTURED
OUTER ROOT SHEATH DERIVED MELANOCYTES IN
VITILIGO

Mohamadi, Parvaneh, Sshafiiyan, Saeid, Orouji, Zahra, Vaezi,
Fatemeh, Khalajasadi, Zahra, Fallah, Nasrin

Royan Institute for Stem Cell Biology and Technology, Tehran, Iran

Vitiligo, one of the most prevalent skin pigmentation disorders is
characterized by the selective destruction of melanocytes, leading to
the development of depigmented macules that may appear anywhere
on the body. It is a visible cosmetic defect that leads to serious
emotional stress. The patients are characterized by low self-esteem,
suffer more frequently from depression, and have difficulties in
finding a job or starting a family. Different treatment strategies such
as topical corticosteroids or other local therapies, systemic steroid or
immunosuppressive and cytotoxic drugs, UV therapy and Laser have
yielded unsatisfactory results in significant number of the patients.
Therefore most current treatment trends focused on surgical options
such as mini-grafting, Epidermal grafting and epithelial sheet grafting.
Cell transplantation options by autologous melanocytes-keratinocytes
in order to selectively replenish melanocytes have been implicated as a
promising treatment of vitiliginous macules. Since overall proportion
of melanocytes is low in the epidermis, we tried follicular outer root
sheath to harvest hair follicles as a source of melanocytes. Therefore
in this study we assessed the safety and efficacy of non Cultured
Melanocyte-Keratinocyte from hair in treatment of vitiliginous
macules. Methods: Autologous epithelial cells from shaved biopsy
skin sample and occipital hair follicles scalp by using enzymatic and
mechanical method were separated. Cell suspension is then injected
in affected area in 13 stable vitiligo patients. None of the patients
received adjuvant therapy. Patients were followed by examination and

questionnaire in a prospective setting at least for 6 months. Percentage
of repigmentation was evaluated with digital imaging analysis system
and graded as marked with >75% pigmentation, moderated with
51-75% pigmentation, mild with 26-50% pigmentation and poor
with less than 25% pigmentation of the treated area. Less than 25%
repigmentation seen at the end of 6 months was labeled as treatment
failure. Result: Seven patients received injection in symmetrical
depigmentation areas in order to evaluate method safety. No side effects
were observed in any patients with injected non-cultured melanocyte-
keratinocyte cells from skin and hair follicle. Six patients were evaluated
for efficacy of the method. In six cases that received epithelial hair
cells, repigmentation started during 2 months after transplantation.
Six months after transplantation, a marked repigmentation in one,
moderate repigmentation in one and mild repigmentation in three
patients were observed. In only one patient signs of repigmentation
began not until 6 months after treatment. Disscution: Autologous
Non Cultured Outer Root Sheath Derived Melanocytes is an effective,
simple, non-invasive and allows easy immediate method for vitiligo
treatment. When patients suffer from large vitiliginous macules instead
of using skin melanocytes its better to use these sources of cells.

W-1046

COUPLING OF THE RADIOSENSITIVITY OF MELANOCYTE
STEM CELLS TO THEIR DORMANCY DURING A HAIR
CYCLE

Nishimura, Emi, Ueno, Makiko

Tokyo Medical and Dental University, Tokyo, Japan

Current stem cell studies have revealed that stem cells are more
radiosensitive than mature cells. As somatic stem cells are mostly kept
in a quiescent state, this conflicts with Bergonié and Tribondeau’s law
that actively mitotic cells are the most radiosensitive. In this study,
we focused on hair graying to understand the stress-resistance of
melanocyte stem cells (McSCs). We used Dct-H2B-GFP transgenic
mice which enable the stable visualization of McSCs and an anti-Kit
monoclonal antibody which selectively eradicate amplifying McSCs
and found that quiescent McSCs are rather radiosensitive but the
coexistence of quiescent and non-quiescent McSCs provide the
stem cell pool with radioresistance. The irradiated quiescent McSCs
prematurely differentiate in the niche upon their activation without
sufficiently renewing themselves nor providing mature melanocytes
to the hair bulb for hair pigmentation. These data indicate that tissue
radiosensitivity is largely dependent on the state of somatic stem cells
under their local microenvironment. Furthermore, the coexistence of
non-quiescent McSCs in the niche ensures the resistance of the McSC
pool to different kinds of stresses to prevent hair graying.
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KIDNEY CELLS

W-1047

NATURAL SCAFFOLDS FOR INVITRO STUDIES

OF KIDNEY DEVELOPMENT, DISEASE, AND TISSUE
ENGINEERING

Batchelder, Cynthia A.!, Lee, C. Chang I."%, Meyers, Frederick J.?,
Tarantal, Alice E'#*

!California National Primate Research Center, University of California,
Davis, CA, USA, ? Department of Cell Biology and Human Anatomy,
University of California, Davis, CA, USA, *Department of Internal
Medicine, University of California, Davis Health System, Sacramento,
CA, USA, * Departments of Pediatrics and Cell Biology and Human
Anatomy, University of California, Davis, CA, USA

In vitro studies of kidney development and disease are challenging
due to the complex three-dimensional (3D) architecture, which must
be overcome in tissue engineering strategies for this vital organ. Our
studies have previously demonstrated that decellularized rhesus
monkey kidneys of all age groups provide a natural extracellular matrix
(ECM) with sufficient structural properties to support migration of
cells from kidney explants in an age-dependent manner, and the ability
of these scaffolds to provide spatial and organizational influences on
human embryonic stem cell (hESC) migration and differentiation.
To further explore the use of decellularized renal scaffolds for ex vivo
studies of development, disease, and as engineered tissue replacements,
strategies to improve recellularization were assessed. The ability of a
decellularized natural kidney scaffold to influence cell migration and
phenotype was studied with undifferentiated hESC seeded in sections
of kidney versus whole kidneys. For studies on the recellularization
of whole kidneys, the delivery of the cells was by the renal artery
versus ureter perfusion. Scaffold and cellular interactions were also
explored using human renal cell carcinoma (hRCC) specimens. A
repository of decellularized whole-kidney and sections of kidney
scaffolds was established from rhesus monkey tissues (age range: fetal
to aged; N=36), which were collected according to established methods
and decellularized with 1% sodium dodecyl sulfate. After multiple
wash steps, decellularized scaffolds were stored at 4°C until use.
Recellularization studies were carried out in 6-well plates (sections)
or custom perfusion bioreactors (whole-kidney) for up to 3 weeks.
Morphology, recellularization, and gene expression were assessed and
serial sections of the entire paraffin-embedded constructs evaluated.
Undifferentiated hESC seeded onto decellularized kidney sections
infiltrated the scaffold and formed tubules with markers of renal
development (Pax2), proximal tubule (Aquaporin 1), and ascending
loop of Henle/distal tubule (Calbindin). Some tubules with large
lumens contained cells that were Vimentin+ (mesenchymal marker).
In comparison, hRCC seeded onto decellularized scaffolds did not
migrate within the scaffold but were found to line large lumens and
expressed Vimentin and Aquaporin 1. When hESC were administered
by slow perfusion through the renal artery or ureter within intact whole
kidney ECM, cells were found within the vascular or tubular space
of seeding. hESC administered via the ureter were shown to express
loop of Henle/distal tubule markers while cells administered via the
vasculature more frequently expressed markers of proximal tubules or
glomeruli (Wilms tumor 1 or Synaptopodin). In comparison, when
hRCC were seeded onto a novel 3D polysaccharide scaffold (PSS), cells
aggregated and expressed proteins of multiple cell lineages resembling
typical in vivo cancer cell phenotypes. These results suggest that: (1)
differentiation is directed, at least in part, by the ECM to which cells
are exposed; and (2) PSS can be used to study complex interactions of
hRCC in a 3D setting that is more relevant to the in vivo environment

when compared to routine two-dimensional culture methods.

ENDOTHELIAL CELLS /

HEMANGIOBLASTS

W-1049

EFFICIENT AND LESS LABOR-INTENSIVE METHODS
FOR INDUCING VASCULAR ENDOTHELIAL CELLS FROM
HUMAN PLURIPOTENT STEM CELLS

Ohta, Ryo, Niwa, Akira, Nakahata, Tatsutoshi, Saito, Megumu
CiRA, Kyoto University, Kyoto, Japan

Background and objective - Understanding mechanisms in normal
and impaired human vascular development, and developing the
cell therapy for vascular diseases are of great interest in the medical
scientific fields. For those purposes, it is important to generate
vascular endothelial cells from human pluripotent stem cells (PSCs)
such as embryonic stem cells and induced pluripotent stem cells.
Although some methods for in vitro endothelial differentiation have
been reported, there remain significant hurdles before translation
of hPSC-based research into clinical situation, including the way
to get cells in sufficient yield and purity. To overcome the problems,
we established a novel and less labor-intensive culture system for
functional endothelial cell induction requiring no cell sorting.
Methods and Results - We previously established a 2-dimensional
serum-free culture for mesodermal differentiation ,which can
generate blood cells and vascular endothelial cells (Niwa et al,
2011). Modifying that culture, ES/ iPS cells on matrigel (BD)-coated
plates were stimulated with BMP4 for 3 days. After that, about 80%
cells expressed a lateral plate mesodermal marker KDR. We next
dispersed whole culture into single-cell level and replated them
onto new matrigel-coated plates at low density. After additional
4-days culture with VEGFA stimulation, endothelial cells positive
for VE-cadherin, CD34 and KDR emerged with more than 70%
efficiency. The potential of them as endothelial cells were confirmed
by function assay such as tube formation and LDL-uptaking test.
Conclusions - We succeeded in generating human endothelial cells
from PSCs at higher efficiency with less-intensive methods. This can
contribute to the development of PSC-based vascular regenerative
medicine, and also can be applied for dissecting the mechanism of
vascular endothelial diseases.

W-1050

ENDOTHELIAL CELL ACTIVATION MEDIATES LEUKEMIA
CELL GROWTH, PROLIFERATION, AND SUSCEPTIBILITY
TO CHEMOTHERAPY CONTRIBUTING TO LEUKEMIA
RELAPSE

Pezeshkian, Bahareh!, Donnelly, Christopher!, Tamburo, Kelley’,
Geddes, Timothy? Madlambayan, Gerard®

!Biological Sciences, Oakland University, Rochester, M1, USA, “Radiation
Oncology, William Beaumont Health System, Royal Oak, MI, USA,
*Oakland University, Rochester, MI, USA

Acute myeloid leukemia (AML) is a debilitating blood malignancy
with high rates of relapse among patients. Overall, > 80% of patients
relapse following initial chemotherapy indicating a lack of effective
treatment methods for AML. Studies have demonstrated a supportive
role of endothelial cells (ECs) in normal hematopoiesis. Recently,
we demonstrated that ECs also play a role in leukemogenesis. We
found that AML cells themselves initiate this intercellular interaction
by inducing EC activation. Through this inflammatory response,
activated ECs produce increased levels of E-selectin, a key cell
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adhesion molecule, inducing a subset of leukemia cells to adhere on EC
layers. These adherent AML cells then become quiescent and survive
chemotherapy. We postulate that this mechanism may contribute
to the formation of minimal residual disease. The observation that
adherent AML cells can later detach and become proliferative further
suggests a role of this process in relapse. We are now studying whether
or not leukemia initiating stem and progenitor cells participate in this
process. Preliminary data suggests that these cells are affected by the
aforementioned EC activation-based mechanisms. Interestingly, we
recently we found that EC activation concomitantly enhances the
growth and proliferation of the non-adherent subset of AML cells
through a paracrine mechanism. Therefore, EC activation acts as a
‘double-edged sword’ generating microenvironments that promote
chemoresistance and survival as well as AML cell growth leading to the
progression of the disease. We are now using this knowledge to develop
novel therapies that overcome this EC activation effects to enhance
patient treatment outcomes.

W-1051

TGF-BETA2 AND SNAIL OVEREXPRESSION IS REQUIRED
FOR ENDOTHELIAL-MESENCHYMAL TRANSITION
(ENDMT) IN DIFFERENT CELL LINEAGES

Pinto, Mariana Tomazini!, Melo, Fernanda Ursoli Ferreira?, Palma,
Patricia Viana Bonini? Rodrigues, Evandra Strazza', Malta, Tathiane
Maisto?, Covas, Dimas Tadeu?, Kashima, Simone!

'Regional Blood Center of Ribeirdo Preto, University of Sao Paulo (USP);
Faculty of Pharmaceutical Sciences of Ribeirdo Preto, USB, Brazil, Ribeirdo
Preto, Brazil, ’Regional Blood Center of Ribeirdo Preto, University of Sdo
Paulo (USP), Ribeirdo Preto, Brazil, *Regional Blood Center of Ribeirdo
Preto, University of Sdo Paulo (USP); Faculty of Medicine of Ribeirdo
Preto, USP, Brazil., Ribeirdo Preto, Brazil

Endothelial-mesenchymal transition (EndMT) is a biological process
in which polarized endothelial cells undergo multiple biochemical
changes that enable them to assume a mesenchymal stem cell
phenotype. These changes include loss of the endothelial markers
and intercellular junctions, increased expression of mesenchymal
markers, and enhanced invasiveness, and migratory capacity. However,
the molecular mechanism involved in this process is not totally
elucidated. The aim of this work was to evaluate the role of TGF-p2
and the transcription factor Snail for the generation of mesenchymal
phenotype in endothelial cells (EC) from distinct anatomical sources.
For this propose, primary pulmonary artery endothelial cell (HPAEC)
and primary pooled umbilical vein endothelial cell (PHUVEC)
lineages were induced under three distinct conditions: I) 10 ng/mL
of TGF-B2; II) ectopic expression of Snail; III) ectopic expression of
Snail associated with 10 ng/mL of TGF-B2. The endothelial cells were
induced for 48 hours. The mammary epithelial cell (MCF-10A) lineage
was used as a control, and was induced under same three conditions.
MCEF-10A containing 10 ng/mL of TGF-B2 (condition I) and ectopic
expression of Snail in MCF-10A (condition II) showed higher gene
expression levels of mesenchymal markers and their morphology
resembled mesenchymal cells. However, the major difference observed
was in ectopic expression of Snail in MCF-10A containing 10 ng/mL
de TGF-B2 (condition III). Overexpression of Snail associated with
TGF-B2 induced MCE-10A cells to undergo epithelial-mesenchymal
transition (EMT), evidenced by the fibroblastoid morphology,
downregulation of epithelial markers (E-cadherin), and upregulation
of the mesenchymal markers (fibronectin, vimentin, a-SMA, Slug,
Zeb1/2). The same results were observed in EndMT using PHUVEC
and HPAEC cells induced with ectopic expression of Snail associated
with 10 ng/mL of TGF-B2 (condition III). The EC assumed a fibroblast
shape and a significant increase (p<0.05) of mesenchymal markers

(CD90, fibronectin, vimentin, FSP1, a-SMA, CollAl, and Slug).
However, the VE-cadherin was not decreased. Moreover, HPAEC and
PHUVEC had the same behavior when induced with ectopic expression
of Snail in MCF-10A containing 10 ng/mL de TGF-B2. These results
indicate that expression of both Snail and TGF-p2 is required to induce
EndMT. Furthermore, our results suggest that the anatomic origin of
EC did not alter the process of EndMT using ectopic expression of
Snail associated with TGF-f2. Therefore, the overexpression of Snail
associated with TGF- B2 is a potent inductor for EndMT and for
mesenchymal cell generation.

W-1052

PARACRINE FACTORS SECRETED BY ENDOTHELIAL
PROGENITOR CELLS PROMOTE ANGIOGENESIS,
MIGRATION AND SURVIVAL OF ENDOTHELIAL CELLS IN
VITRO, BUT ARE INSUFFICIENT TO PREVENT PULMONARY
ARTERIAL HYPERTENSION

Suen, Colin, Deng, Yupu, Stewart, Duncan

Ottawa Hospital Research Institute, Ottawa, ON, Canada

Background: Endothelial progenitor cells (EPCs) have been shown to
be effective in the prevention of pulmonary arterial hypertension (PAH)
in preclinical models. Previously, our group has also demonstrated that
xenotransplantation of human early EPCs in the rat monocrotaline
(MCT) model prevented pulmonary arterial hypertension, despite
the near complete loss of human cells from the lung after even 24
hours. Therefore, we hypothesize that the therapeutic effects of EPCs
in PAH are mediated by a paracrine mechanism, which in turn,
may enhance endothelial repair and integrity. Methods: EPCs were
derived from human peripheral blood mononuclear cells obtained via
leukapheresis by adherence to fibronectin and growth in endothelial
growth medium (EGM-2MV). 24 hour conditioned medium from Day
6 EPCs (EPC-CM) was collected and concentrated by ultrafiltration
prior to in vitro and in vivo studies. PAH was induced by a single
intraperitoneal injection of (MCT) in nude athymic rats (150-200 g).
EPC (5x1076/kg) or EPC-CM from an equivalent number of cells were
administered via jugular vein at day 3 after MCT and hemodynamics
and echocardiography were assessed at day 24. Results: EPCs were
characterized as such based on expression of CD14, CD31, CD45
by flow cytometry as well as the ability to ingest acetylated LDL and
bind UEA-1 lectin. Incubation of human umbilical vein endothelial
cells (ECs) with EPC-CM enhanced Matrigel capillary-like network
formation by approximately 2-fold compared with serum-free media
(p<0.05). EPC-CM increased migration in the scratch wound-
healing assay compared to control media (4-fold, p<0.001). EPC-
CM also significantly improved survival of HUVECs after serum
deprivation (p<0.05) in a dose-dependent manner. Injection of EPCs
resulted in decreased right ventricular systolic pressure (p<0.05) and
improvement in pulmonary artery acceleration time (+28%, p<0.05).
However, infusion of an equivalent amount of EPC-CM as well as a 10-
fold increased dose of EPC-CM failed to prevent PAH. Conclusions:
Therefore, EPC-CM enhanced in vitro EC angiogenesis, migration,
and survival, consistent with potential of a paracrine mechanism.
However, in an in vivo preclinical model, EPC conditioned media did
not prevent PAH, suggesting that intact cells act through mechanisms
that may involve cell-cell signaling.
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EMBRYONIC STEM CELLS AND THEIR DERIVATIVE
NEURAL PROGENITOR CELLS ENHANCE BLOOD-BRAIN
BARRIER PROPERTIES OF MONKEY BRAIN CAPILLARY
ENDOTHELIAL CELLS

Tatsumi, Rie', Nakagawa, Shinsuke', Suzuki, Yutaka?, Aruga, Jun'
'Department of Pharmacology, Nagasaki University Graduate School
of Biomedical Sciences, Nagasaki, Japan, *Mitsubishi Tanabe Pharma
Corporation, Yokohama, Japan

Brain capillary endothelial cells (BECs) have a highly specialized
system for regulating the substance trafficking between bloodstream
and brain, providing the structural and functional basis of the blood-
brain barrier (BBB). The integrity of BBB does not only depend
on BECs but also on other neurovascular cell components such as
astrocytes, pericytes, perivascular microglia, oligodendroglia and
neurons. The cross-talk among these neurovascular cells contributes
to induce the highly organized cell-cell adhesion comprising tight
junctions (TJs) and adherens junctions (AJs), which act for brain
homeostasis by controlling paracellular permeability between
BECs. To date, the co-culturing with astrocytes and pericytes has
been widely known for the induction of the BBB properties in the
primary cultured BECs. In addition, a recent study has reported
that neural progenitor cells (NPCs) play important roles in BBB
development, maturation and maintenance. Although the underlying
mechanism remains unclear, NPCs can differentiate to various brain
cells including neurons, astrocytes and oligodendrocytes. Stem cell-
derived NPCs are thus possible cell sources for in vitro BBB modeling.
Here we present embryonic stem cells (ESCs) or their derivative NPCs
have a potential to enhance BBB barrier integrity of the cultured BECs,
which is one of critical properties of BBB. Briefly, in our experiments,
monkey BECs were cultured with the undifferentiated monkey ESCs
themselves or the ESC-derived NPCs using the conventional cell culture
insert system. After the co-culture, both ESCs and ESC-derived NPCs
improved the barrier integrity and TJ organization in the monolayer
formed by BECs, as measured by increases in the trans-endothelial
electrical resistance (TEER) and decreases in passive permeability
(TEER values, 700-900 Qxcm? for BECs with ESCs or ESC-derived
NPCs). Interestingly, these TEER values were relatively higher than
those observed in the co-culture with primary astrocytes isolated from
rat brains (400-500 Qxcm?), indicating that more effective induction of
BBB properties had occurred by the co-culturing BECs with ESCs or
ESC-derived NPCs than the approaches reported previously. During
the co-culture with BECs, the ESC-derived NPCs (Pax6+, Sox1+)
were differentiating into early stage of neurons (beta III tubulin+),
and ESC population was also changing their differentiated state from
undifferentiated (Nanog+, Oct4+, Sox2+) to neuroectoderm (Sox2+,
Pax6+). Taken together, these results raise a possibility that some
secreted factors from early neural differentiation processes of ESCs
or NPCs are involved in the induction of BBB properties. Thus, ESCs
or NPCs would provide us a new approach to obtain improved BBB
properties of the in vitro BBB model. Further analysis is in progress
to clarify the molecular basis of NPC/ESC-mediated BBB functional
enhancement.

W-1054

EPIGENETIC PROGRAMMING DURING ENDOTHELIAL
DIFFERENTIATION: NOVEL ROLES OF INNATE IMMUNITY
Tian, Xiaoyu', Wong, Wing Tak’, Cooke, John P.?

ICardiovascular Sciences, Houston Methodist Research Institute,
Houston, TX, USA, *Center for Cardiovascular Regeneration, Houston
Methodist Research Institute, Houston, TX, USA

We aim to discover novel epigenetic modifiers critical for endothelial
cell differentiation from pluripotent stem cells and its regulation by NF-
kB signaling, in order to generate functional endothelial cells with high
efficiency and fidelity. These cells could then be used for therapeutic
angiogenesis for ischemic injuries such as coronary heart disease and
peripheral arterial disease. Our current understanding of the regulation
of vascular development and differentiation by transcription factors
and epigenetic modifiers is still limited. In the present study, we use
a heterokaryon model (interspecies cell-to-cell fusion) as a discovery
tool in which endothelial cells instruct pluripotent stem cells to
activate an endothelial gene profile, which recapitulates the endothelial
differentiation. We performed RNA-seq on the stem cell transcriptome
in the heterokaryon model and found several previously unrecognized
regulators, which might be important for endothelial differentiation.
In this work, we have first identified critical innate immune signaling
responses induced in the heterokaryon and examined whether this
activation of innate immunity is responsible for the rapid and robust
induction of endothelial genes from stem cells. Second, we applied
this knowledge to better understand the influence of innate immune
signaling on the commitment of stem cells to endothelial differentiation
by loss- and gain-of-function studies, in the hope of identifying novel
endothelial transcription factors regulated by NF-kB. Finally, based
on the candidate genes (epigenetic modifiers) we identified from
heterokaryon RNA-seq, we examined their potential function on the
regulation of endothelial phenotype through histone demethylation
to remove the repressive histone mark on endothelial gene promoters
to facilitate the transcriptional activation by endothelial transcription
factors. Our data provides a systematic and mechanistic approach by
employing multiple methods to identify key regulators for endothelial
differentiation, which will provide insights into formulating methods
for directed endothelial differentiation from pluripotent stem cells for
therapeutic angiogenesis.

HEMATOPOIETIC CELLS

W-1055

MOLECULAR CLASSIFICATION OF BONE MARROW
FAILURE SYNDROME: ANALYSIS OF PROTEIN

EXPRESSION PATTERNS OF HEMATOPOIETIC STEM

CELLS DERIVED FROM PLASTIC ANEMIA, HYPOPLASTIC
MYELODYSPLASTIC SYNDROME AND PAROXYSMAL
NOCTURNAL HEMOGLOBINURIA PATIENTS

Alaiya, Ayodele, Shinwari, Zakia, Owaidah, Tarek, Al Mohareb, Fahad,
Al Sharif, Fahad, Al Zahrani, Hazzaa, Al Nounou, Randa, Syed, Osman
Ahmed, Chaudhri, Naeem, Al Jurf, Mahmoud

King Faisal Specialist Hospital and Research Center, Riyadh, Saudi
Arabia

Background/Purpose: Bone marrow failure syndrome is an
example of disease entity where accurate diagnosis of Aplastic
Anemia (AA), Paroxysmal Nocturnal Hemoglobinuria (PNH) and
Hypoplastic Myelodysplastic Syndrome (MDS) is difficult. The aim
of this study was to analyze global protein expression profiles of
hematopoietic stem cells derived rom bone marrow samples from
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patients diagnosed with subtypes of bone marrow failure syndromes.
Methodology: We have analyzed global protein expression profiles
of bone marrow and serum, samples from 20 patients with newly
diagnosed AA/MDS/PNH and normal BM samples using the classical
expression proteomics platforms (2-DE and label free quantitative
liquid chromatography coupled to tandem mass spectrometry (LC-
MS/MS). The goal was to identify potential disease-specific /disease-
associated proteins biomarkers for accurate differential diagnosis
of diseases of bone marrow failure and better prediction of disease
prognosis. Results: A higher similarity in protein expression profiles
between pairs of AA vs. MDS was observed compared with pairs of
AA/PNH and MDS/PNH. Approximately 50% of all resolved protein
spots are common to all the three disease entities. However, the
fraction of spots that are uniquely expressed in single disease entity is
very small. We identified a panel of 13 differentially expressed proteins
(> 2- oo- fold change, p < 0.001) between AA and MDS (Table 1). Six
(6) of the 13 identified proteins were filtered and mapped as potential
biomarkers using Ingenuity Pathway Analysis. Our data indicates that
multivariate analysis of quantitative proteome data can potentially be
useful as a means of discovery of disease related or disease specific
biomarkers for bone marrow syndromes. Conclusions: We conclude
that label-free quantitation proteomics can, objectively be used for
discovery of disease related or disease specific for bone marrow failure
syndromes patients, thus opening the possibility that validated studies
can lead to the identification of clinically useful biomarkers.

W-1056

ENHANCEMENT OF FUNCTIONAL ERYTHROID
DIFFERENTIATION AND ENUCLEATION OF HUMAN
HEMATOPOIETIC STEM CELLS ON POSITIVELY CHARGED
POLY-L-LYSINE SUBSTRATE

Park, Kwang-Sook', Ahn, Jongchan', Kim, Ji Yeon? Kim, Hyun OK?,
Kim, Jin-Su', Arai, Yoshie', Moon, Bo Kyung', Park, Hansoo?, Lee, Soo-
Hong'

ICHA University, Seongnam-si, Republic of Korea, *Yonsei University,
Seoul, Republic of Korea, ’Chung-Ang University, Seoul, Republic of
Korea

Hematopoietic stem cells (HSCs) are continuously stimulated by
physical interactions with bone marrow or umbilical cord niches,
and chemical factors found within these niches. The niche can be
mimicked by modification of the cytokine composition, elasticity,
topography, and/or charge. This work employed positively charged
cell culture plates coated with several concentrations of poly-1-lysine
(PLL). The PLL coated plate significantly increased the total number
of differentiating erythroid cells during erythroid differentiation of
CD34+ cells compared to non-coated plate. Furthermore, the PLL
stimulated enucleation of erythroid cells resulting in an increase in the
number of erythrocytes. Interestingly, PLL substrate enhanced oxygen-
carry ability of erythroid cells compared to even peripheral blood.
Thus, PLL would be a useful material to enhance the production of
functional erythroid cells from human HSCs in vitro.

W-1057

REDUCED ACTIVITY OF GROWTH-FACTOR ACTIVATED
HUMAN SHORT-TERM HEMATOPOIETIC REPOPULATING
CELLS TRANSPLANTED INTO IMMUNODEFICIENT MICE
Miller, Paul Harry, Rabu, Gabrielle, Knapp, David JHE, Beer, Philip A.,
Wei, Lisa, Humpbhries, R. Keith, Eaves, Connie

Terry Fox Laboratory, BC Cancer Agency, Vancouver, BC, Canada

Transplantation of hematopoietic cells is now a critical component
of treatments used to cure a range of malignancies and congenital

disorders. Cells with rapid but short-term repopulating ability
(STRCs) are the main source of early neutrophils and platelets post-
transplant, and their relative under-representation in human cord
blood (CB) explains the clinical inadequacy of single CB collections
for adult patients. Extensive ex vivo expansion of hematopoietic
progenitors can be readily achieved with currently available growth
factors and culture conditions, but these expanded populations do
not significantly accelerate neutrophil and platelet recoveries when
transplanted. To investigate the mechanism underlying this apparent
deficiency, we have used NOD/SCID-IL-2Ryc-null mice constitutively
producing human IL-3, GM-CSF and SF (NSG-3GS) as an in vivo
recipient model for assessing STRCs derived from cultured human
CD34+ CB cells. Initial experiments showed that 7-day serum-free
cultures supplemented with human insulin, FLT3-L, SE IL-6, IL-3
and G-CSF (6 GFs) contained 10-fold more in vitro colony forming
cells (CFCs) than the input cells but the rapid (week 3) granulopoietic
repopulating activity of the cells in these cultures was reduced 10-fold.
Similar (5-fold) reductions in this early in vivo repopulating activity
were observed when the culture period was shortened to 24 hours,
but not if all the GFs except insulin were omitted from the medium
or in the presence or absence of insulin in medium supplemented
with 2% FCS. We also found that the inhibitory effect of the 5 GFs
could be replicated by SF+FLT3L, or G-CSF+IL6, or IL3 only - strongly
suggesting that all of these GFs activate a common pathway to mediate
this effect. In a next series of experiments, we showed that this effect
on rapid neutrophil recovery was mirrored by the numbers of fresh
and cultured (24 hours in 6 GFs) CB CFCs that could seed the bone
marrow (BM) of NSG mice 16-24 hours after being injected IV and
this latter effect was also mimicked by similar GF treatment of several
human leukemia-derived cell lines (AML5, HL60, and KG1 with a 3.5
to 10-fold GF-induced reduction in BM seeding efficiency). In fact,
even when the GF concentrations were decreased 1000-fold, the BM
seeding efficiency of AML5 cells remained at 50% of that obtained
when the same cells were cultured in the absence of added GFs.
Preliminary phosphoflow analyses to compare the 30 minute signalling
responses of CB CD34+CD45RA- and AMLS5 cells to insulin vs IL-3
have identified pSTAT5 as a candidate differentially responsive target.
In summary, exposure to several growth factors (but not insulin)
rapidly induces an engraftment defect in human STRCs as well as
several human leukemia cell lines. Comparison of the molecular
changes invoked by the 5 GFs versus insulin should lead to an improved
understanding of the defective engraftment of cultured cells, and
thereby enable expansion strategies that can generate large numbers of
functional STRC:s for clinical use.

W-1058

HUMAN MESENCHYMAL STEM CELLS DOWNREGULATE
LPS-INDUCED MYELOID DENDRITIC CELL MATURATION
AND CYTOKINE REPONSES

Mun, Chin Hee, Shin, Yong Dae, Kyu-Hyung, Park, Lee, Sang-Won,
Lee, Soo-Kon, Park, Yong-Beom

Department of Internal Medicine, Division of Rheumatology, Yonsei
University College of Medicine, Seoul, Republic of Korea

Background: Mesenchymal stem cells (MSCs) have profound
immunomodulatory properties. Using their properties, MSCs-based
therapies have been applied in several inflammatory diseases. The
immune modulation of MSCs is related to inhibition of immune cell
proliferation and activation. Dendritic cells (DCs) play pivotal roles in
initiating immune response as DCs are important antigen-presenting
cells. DCs are able to mature into inflammatory DCs, sustaining a
continuous activation of adaptive immune system. As the effects
of MSCs on DCs have been not fully understood. We investigated
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the immunomodulatory property of MSCs on DCs. Methods: Bone
marrow-derived CD1lc+ mononuclear cells of DBA/1 mice were
differentiated cultured with GM-CSF and IL-4, to immature DCs (iDCs)
for 7 days. The iDCs were maturated using lipopolysaccharides (LPS).
We co-cultured human bone marrow-derived MSCs (BM-MSCs) and
mouse DCs directly with 1:1 and 1:10 ratio. The effect of BM-MSCs on
DC maturation was assessed by maturation markers by flow cytometry,
and supernatants for induced production of cytokines. Results: The
expressions of CD86 and MHCII were highly induced under LPS (100
ng/ml) treatment. Human BM-MSCs significantly inhibited the DCs
maturation by decreasing CD86 and MHCII expressions in both 1:1
and 1:10 co-culture ratio. And, human BM-MSCs decreased the levels
of IL-12p70 and TNF-a in both 1:1 and 1:10 co-culture ratio, and
decreased the level of IL-6 effectively in 1:1 ratio. Conclusion: Our data
showed that human BM-MSCs inhibit the maturation of DCs in in vitro.
This study was supported by a grant of the Korean Health Technology
Rand D Project, Ministry of Health and Welfare, Republic of Korea.
(HI13C1270)

W-1059

THE ROLE OF HISTONE METHYLTRANSFERASE EHMT2/
G9A IN ACUTE MYELOID LEUKEMIA PROGRESSION
Nguyen, Phuong Ha', Lehnertz, Bernhard J.!, Yi, Lin!, Jin, Jian?
Humphries, Keith', Rossi, Fabio M.V.!

"The University of British Columbia, Vancouver, BC, Canada, UNC
Lineberger Comprehensive Cancer Center, Chapel Hill, NC, USA

Posttranslational modifications of chromatin are central to the
regulation of many chromosomal functions and are intimately tied to
transcriptional regulation. The histone methyltransferase (HMTase)
G9a, encoded in human by the EHMT2 gene, is responsible for
methylation of lysine 9 of histone H3 (H3K9me). This modification is
commonly associated with gene repression but G9a can also activate
transcription at least in part by acting as a cofactor for the Mediator
complex. Despite the importance of this histone methyltransferase to
gene expression and development, the cohort of genes regulated by
G9a has not been reported and its functions in lineage specification
of adult cells is still not fully understood. Recently, we have identified
a significant role of G9a in the development of acute myeloid
leukemia (AML). In mouse model, loss of histone methyltransferase
G9a selectively delays disease progression and significantly reduces
the leukemic stem cell (LSC) frequency. In fact, the leukemogenic
transcription factors HoxA9 was shown to strongly interact with G9a
and primary human AML cells are also sensitive to G9a inhibition.
These results suggest a therapeutic approach based on inhibiting
G9a activity as means to suppress the high proliferation rate and self-
renewal of AML cells. Moreover, identifying G9a’s target genes is critical
to understand the mechanisms underlying G9a’s role in AML. Some
remaining barriers include the toxicity, instability as well as the high
level of degradation of the available G9a inhibitors when exposed to
biological fluids. Using a newly-developed lipid nanoparticle delivery
system, we hope to overcome these difficulties and achieve effective
inhibition of G9a in leukemic cells.

W-1060

ANTI CANCER THERAPY USING TUMOR TARGERTED
NATURAL KILLER CELLS DERIVED FROM HUMAN
PLURIPOTENT STME CELLS

Ni, Zhenya'!, Hermanson, David', Knorr, David?, Bendzick, Laura',
Mao, Chao!, Kaufman, Dan S.!

"University of Minnesota, Minneapolis, MN, USA, *University of
Minnesota, Roseville, MN, USA

Natural killer (NK) cells are known to be key components of the innate
immune system with the ability to recognize diverse types of tumors
and virally-infected targets. NK cells represent an attractive option
for adoptive immunotherapy due to their ability to kill target cells in
a human leukocyte antigen (HLA) non-restricted manner and without
prior sensitization. Generation of NK cells from human embryonic
stem cells (hESCs) and induced pluripotent stem cells (iPSCs) is
becoming an unlimited source of cell-based gene/immunotherapy
against a variety of tumors and virally-infected diseases. Chimeric
antigen receptors (CARs) targeting various tumor/viral-associated
antigens have been developed and tested with promising clinical
results. Recently, the studies of specific tumor-targeted T cells derived
from T-iPSCs showed exciting tumor regression in a xenograft model,
independent of HLA restriction. However, the endogenous TCR could
still be a problem, potentially causing graft versus host disease or other
off-target effects. Here, we hypothesized that the combination of CAR
strategy and hESCs/iPSCs would be able to produce “off-the-shelf”
NK cells with tumor-targeted properties. Using the Sleeping Beauty
transposon system, both hESCs and iPSCs have been genetically
engineered to express 3rd generation CARs (including a single chain
antibody fragment specific for CD19 antigen, a CD8a hinge region,
the transmembrane protein CD28, a co-stimulatory protein 4-1BB,
and the activating domain CD3(). NK cells can be routinely derived
from hESCs/iPSCs with an anti-CD19CAR. These CAR-expressing
hESC/iPSC-derived NK cells are phenotypically similar to NK cells
derived from unmodified hESCs/iPSCs (hESC-NKs, iPSC-NKs) and
NK cells isolated from peripheral blood (PB-NKs). These NK cells are
CD56+, CD94+/CD117-, NKp44+, NKp46+, NKG2A+, NKG2D+, and
KIR+. In 51Cr release cytotoxicity assays against a variety of CD19+ B
lymphoma cells, NK cells derived from either CDI9CAR expressing
hESCs or iPSCs (CD19CAR-hESC-NKs, CD19CAR-iPSC-NKs) show
an enhanced anti-tumor activity compared to NK cells derived from
hESCs/iPSCs, even at low effector-to-target ratios. To investigate the
anti-tumor activity of CD19CAR-hESC/iPSC-NK cells in vivo, NOD-
SCID IL2Rycnull (NSG) mice were inoculated with the human CD19+
B lymphoma Raji cells expressing firefly luciferase protein. Three
days later, when the tumors were confirmed by their bioluminescent
signal, anti-CD19CAR-iPSC-NK cells or PB-NK cells were injected
i.p. along with IL-2 and IL-15. Tumor burden was evaluated by
bioluminescent imaging weekly after NK cell treatment. Tumor
progression was significantly delayed in mice treated with either anti-
CD19CAR-iPSC-NK cells or in vitro expanded PB-NK cells, compared
to tumor-carrying mice. Furthermore, when anti-CD19CAR-iPSC-
NK cells were used to treat 018Z (a human B-cell precursor acute
lymphoblastic leukemia (ALL) line)-engrafted NSG mice, a significant
survival advantage was observed than tumor-carrying mice with no
treatment. The bioluminescent imaging also indicated delayed tumor
progression in CD19CAR-iPSC-NK cells treated mice. Together, these
studies demonstrate engineering hESCs and iPSCs with tumor-specific
receptors provides a novel strategy to produce targeted NK cells
suitable for immune therapies against refractory malignancies.
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W-1061

SPHINGOSINE-1-PHOSPHATE RECEPTOR SIGNALING
MEDIATES HEMATOPOIETIC STEM CELL MOBILIZATION
THROUGH PERTURBATION OF OPPOSING BONE
MARROW NICHE AND VASCULAR CHEMOTACTIC
GRADIENTS.

Ogle, Molly E.!, Segar, Claire’, Botchwey, Edward?

Biomedical Engineering, Georgia Institute of Technology, Atlanta, GA,
USA, *Georgia Institute of Technology, Atlanta, GA, USA

Hematopoietic stem and progenitor cells (HSCs) are a powerful
endogenous cellular resource that can be exploited therapeutically
for long-term repopulation of bone marrow in hematological
malignancies and novel regenerative and tissue-engineering goals.
The egress of these primitive progenitor cells from the bone marrow
niche to peripheral blood and engraftment into an extramedullary
site in response to injury and inflammation is regulated by complex
signaling modules. HSCs are localized to the bone marrow niche in
part through antiparallel gradients of stromal derived factor-1 (SDF-1)
in the bone marrow and sphingosine-1-phosphate (S1P) in the blood.
SDF-1 is a key protein governing HSC niche tethering and S1P is a
bioactive lipid signaling molecule with pleiotropic signaling functions
including cell adhesion, migration, and homing. Inflammatory
injury elevates plasma S1P as an endogenous trafficking cue and
therefore the SIP signaling axis presents a promising therapeutic
target. The current study examines the hypothesis that SIP receptor
signaling alters the competing chemotactic gradients of bone marrow
SDF-1 and plasma S1P to control the trafficking of progenitor cells.
Our studies demonstrate that systemic antagonism of SI1P receptor 3
(S1P3) in mice produces a robust and transient mobilization of HSCs
into peripheral blood within 1.5 hours. The plasma isolated from
mobilized animals was significantly more chemotactic for HSCs by in
vitro migration assay. To determine whether the increased chemotactic
potential of the plasma was due to changes in gradients, S1P and SDF
concentrations were investigated in plasma and bone marrow by
HPLC-MS and ELISA, respectively. Interestingly, S1P concentrations
were significantly increased and SDF-1 concentrations decreased in the
plasma with S1P3 antagonism. SDF-1 bone marrow concentration was
also significantly decreased, while S1P was below the level of detection.
SIPR expression was characterized by immunofluorescence and
mRNA expression profiles to begin to identify cell types responsible for
altering chemotactic gradients in response to S1P receptor signaling.
In vitro studies with the OP9 mesenchymal stromal cell line and
human endothelial cells supported the finding that SDF-1 secretion is
reduced by S1P3 antagonism. Further in vitro studies demonstrate that
while HSCs migrate dose dependently toward either SIP or SDF-1 in
a transwell assay, HSCs do not migrate from physiological competing
gradients of bone marrow SDF-1 concentration ranges toward S1P
(500nM). Alteration of the gradient slope by increasing the S1P (1uM)
relative to the SDF-1 concentration overcomes “SDF-1 tethering” and
increases HSC migration toward the S1P compartment. Taken together,
the coordinated changes in S1P and SDF-1 concentrations by SIPR
signaling alters the slope of the chemotactic gradients between blood
and bone marrow which controls the migration response of HSCs.
A better understanding of the endogenous signals that govern HSC
trafficking, including the role of opposing gradients of S1P and SDF-
1 between the bone marrow and blood, will improve strategies for
harnessing the therapeutic potential of this rare cell population. These
studies will not only provide insight to the underlying biology of HSC
trafficking through the S1P signaling axis, but also will inform further
therapeutic applications of S1PR targeting compounds in regenerative
medicine research and endogenous tissue engineering approaches.

W-1062

CONNECTIVE TISSUE GROWTH FACTOR (CTGF/CCN2)
PRODUCED BY NICHE CELLS IS REQUIRED TO MAINTAIN
HEMATOPOIETIC STEM CELLS IN CULTURE.

Vilne, Baiba', Istvanffy, Rouzanna!, Bock, Franziska', Schreck,
Christina!, Grziwok, Sandra!, Prazeres da Costa, Olivia?, Schiemann,
Matthias?, Peschel, Christian', Mewes, Hans Werner?, Oostendorp,
Robert A.].!

'Klinikum rechts der Isar der TU Munchen, Munchen, Germany, *TU
Munchen, Munchen, Germany

Hematopoietic stem cells (HSC) are regulated by intrinsic and extrinsic
signals. We studied the interactions of HSC (lineage-negative Sca-
1+ c-Kit+: LSK) in co-cultures with niche stromal cells. Microarray
analyses from cells prior to co-culture and cells sorted separately from
the cultures revealed that most changes in gene expression occur within
the first 24 hours of co-culture. Interestingly, connective tissue growth
factor (Ctgf/Ccn2), was strongly upregulated in both stromal and LSK
cells, both on mRNA and protein level. In co-cultures of LSK cells
with siCTGF knockdown stromal cells, short-term HSC activity was
unchanged, but siCtgf-stromal cells were unable to sustain long-term
repopulating ability. This finding indicates that Ctgf in stromal cells
is required for maintenance of HSC in culture. To study underlying
mechanisms, we studied co-cultures of LSK cells with control and Ctgf-
knockdown stroma. In the absence of extrinsic Ctgf, Pten was increased
in with a concomittant decrease in phosphorylation of both pS308 and
pS473 Akt while Erk phosphorylation was unchanged. Also, canonical
Wnt (LRP6, Gsk3b, b-catenin) was inhibited, and Tgfb (Smad2/3)
signaling was significantly increased. This resulted in a downregulation
of G1 transition, as was exemplified by downregulation of Cyclin D1,
upregulation of p27Kip1 and upregulated phosphoryalation of both Rb
and p53. Equally interestingly, we found that extrinsic Ctgf deficiency
also downregulates induction of Ctgf in LSK cells, suggesting the
existence of intrinsic-extrinsic feedback regulation of Ctgf induction.
In summary, co-culture of LSK cells with stromal cells results in
cellular activation of both stromal cells and LSK cells, involving Akt-,
Smad2/3- and b-catenin-mediated signaling pathways. Furthermore,
reduced expression of extrinsic Ctgf functionally results in an
increased production of myeloid progenitors and decreased long-term
repopulating ability of HSC. Our studies give insights how the niche
regulates early regenerative responses in hematopoiesis.

W-1063

SCL DETERMINES HEMATOPOIETIC OVER CARDIAC

FATE VIA PRIMED ENHANCERS DURING HEMOGENIC
ENDOTHELIUM SPECIFICATION

Org, Tonis', Duan, Dan', Ferrari, Roberto!, Montel-Hagen, Amelie
C.M.,, Van Handel, Ben', Kerenyi, Marc?, Sasidharan, Rajkumar’,
Fujiwara, Yuko?, Orkin, Stuart H.%, Kurdistani, Siavash’, Mikkola,
Hanna K A'

!MCDB, University of California, Los Angeles, Los Angeles, CA, USA,
“Boston Children’s Hospital, Dana-Farber Cancer Institute and Harvard
Medical School, Boston, MA, USA, *Department of Biological Chemistry,
UCLA, Los Angeles, CA, USA

Uncovering the mechanisms directing mesoderm specification
to hematopoietic and cardiovascular stem/progenitor cells is
important to advance the development of cell-based therapies
for blood and heart diseases. The bHLH transcription factor Scl
is known as the master regulator of the hematopoietic fate. We
discovered that, in addition to its critical function in promoting the
establishment of hemogenic endothelium during hematopoietic
stem/progenitor cell (HS/PC) development, Scl is also required to
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repress cardiomyogenesis. In the absence of Scl, the endothelium in
hematopoietic tissues and endocardium in the heart differentiated
into beating cardiomyocytes. However, the mechanisms how Scl
directs hematopoietic vs. cardiac fate choice have remained unknown.
Combining ChIP-sequencing and microarray analysis of Flkl+
mesoderm differentiated from mouse ES cells, we show that Scl binds
to both its activated genes, including a broad network of regulators
required for hemogenic endothelium and HS/PC development
(e.g. Runxl, cMyb, Lyll, Mef2C, Sox7 etc.), and its repressed genes,
including transcriptional regulators of cardiogenesis (e.g. Gata4,
Gata6, Myocd, etc.). Repression of cardiac program occurs during a
short developmental window through Scl binding to distant enhancers
that are primed with enhancer mark histone H3K4mel. In contrast
to hematopoietic enhancers that retain Scl binding and H3K4mel
throughout HS/PC development, cardiac enhancers lose H3K4mel
as well as Scl binding. Although there was no evidence of Polycomb
involvement in the silencing of the cardiac enhancers in hematopoietic
cells, the final silencing of the Scl dependent cardiac genes was
accompanied by Ezh2 binding and increase in H3K27me3 mark at
the TSS. However, analysis of Scl deficient mesoderm revealed that
the recruitment of the Lysine-Specific Histone Demethylase Lsdl
to the H4K3mel primed enhancers and polycomb to the TSS of
cardiac genes in mesoderm can occur independently of Scl, raising
the hypothesis that rather than directly recruiting co-repressors, Scl
hampers cardiogenesis “passively” by blocking the cardiac enhancers
from competing cardiac master regulators. Indeed, comparison of
Scl and cardiac transcription factor Gata4 binding sites in mesoderm
showed that at least one enhancer in cardiac and hematopoietic
genes can be bound by both factors, nominating these enhancers as
“master enhancers” that act as the battlefield where the initial fate
choice between the competing cell fates is made. Compared to all Scl
binding sites, these co-shared “master enhancers” were evolutionarily
more conserved and showed higher levels of Scl and Lsd1 binding in
mesoderm. These results uncover a dual function for Scl in dictating
hematopoietic vs. cardiac fate choice and suggest that lineage-specific
bHLH/Gata factors compete for H3K4mel primed “master enhancers”
to establish mutually exclusive cell fates.

W-1064

MICRORNA-29A MAINTAINS HEMATOPOIETIC STEM CELL
SELF-RENEWAL

Hu, Wenhuo!, Dooley, James?, Chung, Stephen Shiu-Wah? Shin,
Yusup', de Strooper, Bart*, Liston, Adrian?, Park, Christopher Y.?
"Human Oncology and Pathogenesis Program, Memorial Sloan Kettering
Cancer Center, New York, NY, USA, 2VIB and Department of Microbiology
and Immunology, KU Leuven, Leuven, Belgium, *Pathology, Laboratory
Medicine, and Human Oncology and Pathogenesis Program, Memorial
Sloan Kettering Cancer Center, New York, NY, USA, *VIB and Center
for Human Genetics and Leuven Institute for Neuroscience and Disease,
Memorial Sloan Kettering Cancer Center, Leuven, Belgium

MicroRNAs (miRNAs) are important regulators of both embryonic
and somatic stem cell self-renewal. We previously showed that ectopic
expression of miR-29a, a miRNA highly expressed in HSCs as well
as in human acute myeloid leukemia (AML) stem cells, in immature
mouse hematopoietic cells is sufficient to induce a myeloproliferative
disorder that progresses to AML. During the early phase of this disease,
overexpression of miR-29a is sufficient to confer aberrant self-renewal to
committed myeloid progenitors, strongly suggesting a role for miR-29a
in regulating HSC self-renewal. In order to determine the role of miR-
29a in HSC function, we evaluated HSCs from miR-29a/b1 null mice.
Homozygous deletion of miR-29a/b1 resulted in reduced bone marrow
cellularity and reduced colony forming capacity of hematopoietic

stem and progenitor cells (HSPCs). The phenotype was mediated
specifically by miR-29a,since miR-29b expression was not significantly
altered in HSCs, and reconstitution of miR-29a/b null HSPCs with
miR-29a, but not miR-29b, rescued in vitro colony formation defects.
miR-29a deficient HSCs exhibited defects in self-renewal in both
competitive and non-competitive transplantation assays, and these
deficits were associated with increased HSC cell cycling and apoptosis.
Gene expression studies of miR-29a deficient HSCs demonstrated
widespread gene dysregulation including a number of predicted miR-
29a target genes including DNA methylation enzymes (Dnmt3a, -3b)
and cell cycle regulators (e.g. Cdké, Tcll, Hbpl, Pten). Dnmt3a is a key
mediator of miR-29a’s function in HSCs, as knockdown of Dnmt3a in
miR-29a deficient HSCs resulted in restoration of colony formation,
and functional defects in miR-29a deficient HSCs were rescued in the
setting of Dnmt3a heterozygosity. Together, these studies demonstrate
that miR-29a is an important regulator of HSC function by positively
regulating HSC self-renewal through its inhibitory effect on Dnmt3a
activity.

W-1065

ELUCIDATION OF NOVEL GENETIC REGULATORS OF
HEMATOPOIETIC STEM CELL DEVELOPMENT USING A
ZEBRAFISH FORWARD GENETIC SCREEN

Perlin, Julie', Carr, Logan A.!, Tamplin, Owen!, Zhou, Yi', Pan,
Weijun?, Zon, Leonard I.!

IStem Cell Program and Division of Hematology/Oncology, Boston
Children’s Hospital, Boston, MA, USA, ZInstitute of Health Sciences,
Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences
and Shanghai Jiao Tong University School of Medicine, Shanghai, China

Marrow transplantation of hematopoietic stem cells (HSCs)
is an important therapy for patients with a variety of anemias,
immunodeficiencies, and leukemias. The transplant relies on the
homing and engraftment of donor HSCs to the recipient marrow, yet
the genetics of such cell mobility are not understood. In development,
HSCs arise from the aorta, enter circulation, and then undergo
dynamic interactions with associated endothelial cells to form the
blood stem cell niche. We have undertaken the first large-scale
genetic screen to uncover pathways essential for HSC engraftment
into the stem cell niche in the zebrafish. 35 mutants were found that
were morphologically normal, but that had specific alterations in
the expression of cmyb, a critical hematopoietic transcription factor,
in the fetal liver equivalent of the zebrafish, or caudal hematopoietic
tissue (CHT). cmyb is a conserved transcription factor expressed
in hematopoietic progenitors, which is required for hematopoietic
progenitor specification, maintenance, and differentiation. Six mutant
lines have been cloned and the mutated genes responsible for the cmyb
phenotype participate in cell cycle regulation, cell proliferation, and
cell-cell interactions. Six additional mutant lines have been identified
with a reduction of hematopoietic stem cells (HSCs) in the CHT. The
majority of these lines also have a reduction of T cells in the thymus,
a mature hematopoietic organ, as observed by ragl staining. In order
to examine the cellular behavior of the hematopoietic stem cells and
to understand the reduction of niche occupation we examined HSCs
using a transgenic line that specifically labels blood stem cells. For the
first time, we are able to visualize the HSC-endothelial cell dynamics
required for niche formation in a panel of genetic mutants affecting
HSC development. Transgenic lines labeling HSCs revealed specific
engraftment defects. These include fewer HSCs exiting circulation
to engraft in the vascular niche, decreased HSC proliferation within
the niche, and HSCs that appear unable to leave the niche and reenter
circulation to progress to the mature hematopoietic organs. These
studies will provide insight into HSC development and hematopoietic
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niche formation, and the genes and pathways uncovered may be able to
be manipulated to augment therapeutic marrow transplantation.

W-1066

NERVE GROWTH FACTOR PRODUCED BY PERIVASCULAR
MESENCHYMAL STROMAL CELLS IS REQUIRED FOR BONE
MARROW INNERVATION

Peyer, James G., Murphy, Malea M., Morrison, Sean J.

Children’s Research Institute at UT Southwestern, Dallas, TX, USA

Innervation of the bone marrow by sympathetic nerve fibers has
been shown to regulate hematopoietic stem cell (HSC) function and
hematopoiesis. However, nothing is known about the mechanisms
that regulate bone marrow innervation, and the evidence for neural
regulation of hematopoiesis came from studies that ablated large
portions of the sympathetic nervous system. Sympathetic nerve fibers
enter the bone marrow through the nutrient foramen and extend
along arteries in the central marrow. These nerve fibers synapse upon
mesenchymal stromal cells surrounding arterioles in the central
marrow, but not arterioles near the endosteum. HSCs are distributed
throughout the bone marrow such that some HSCs are found
near nerve fibers but quiescent HSCs overall exhibit little skewing
in their distribution toward nerve fibers or innervated arterioles.
We identified a subpopulation of Leptin receptor-expressing peri-
arteriolar cells in the central marrow that produce Nerve Growth
Factor (NGF). Conditional deletion of NGF from these cells using
Prx1-Cre eliminated bone marrow innervation. This did not lead to
HSC depletion, demonstrating that bone marrow innervation is not
required for HSC maintenance. Nerve innervation is thus regulated by
NGF expression by peri-arteriolar mesenchymal stromal cells in the
central marrow that are not necessarily associated with HSCs or their
niches. This suggests that bone marrow innervation regulates HSC
function and hematopoiesis through indirect mechanisms that do not
generally involve innervation of niche cells themselves.

W-1067

CENTRAL CHOLINERGIC SIGNALS REGULATE
HEMATOPOIETIC STEM CELL MOBILIZATION

Pierce, Halley', Magnon, Claire', Lucas, Daniel', Huggins, Matthew?,
Schwartz, Gary?, Frenette, Paul S.!

ICell Biology, Gottesman Stem Cell Institue, Albert Einstein College
of Medicine, Bronx, NY, USA, *Dominick P. Purpura Department of
Neuroscience, Albert Einstein College of Medicine, Bronx, NY, USA

Hematopoietic stem cells (HSCs) are multipotent self-renewing cells
that give rise to the cellular constituents of the blood throughout the
lifetime. Transplantation of healthy HSCs is the only curative therapy
for many hematologic disorders. Collection of these cells is usually
achieved through the administration of the cytokine granulocyte
colony-stimulating factor (G-CSF), which mobilizes HSCs from
specialized niches within the bone marrow to peripheral blood.
However, a subset of patients (e.g. those that have previously received
myeloablative therapies) fails to mobilize sufficient numbers of HSCs
to peripheral blood for transplantation. A better understanding the
mechanisms through which HSCs are mobilized might improve bone
marrow transplantation efficiency and may also shed light on how
other stem cells migrate. Results from our laboratory have revealed that
adrenergic signals from the sympathetic nervous system (SNS) target
the HSC niche to elicit mobilization of HSCs after G-CSF, identifying a
distinct role for neural stimuli in HSC behavior. Often in mammalian
biology the SNS is antagonized by the parasympathetic nervous
system, which is characterized primarily by cholinergic nerve fibers
that release acetylcholine to effected tissues. Additional studies in our

laboratory have shown that the muscarinic receptor type 1 (Chrml)
promotes the invasion and migration of prostate cancer-initiating cells
(Science. 2013, Jul 12). This led us to explore the role of cholinergic
signaling in HSC migration. We have found that Chrml-/- mice
exhibited a 3.28 fold reduction (p=0.0083) in the number of phenotypic
HSCs mobilized into peripheral blood after G-CSF stimulation.
Additionaly, when G-CSF mobilized blood was transplanted into
irradiated recipients, Chrm1-/- donors displayed a decreased ability to
reconstitute irradiated hosts, suggesting lower numbers of mobilized
functional HSCs. Notably, Chrm1 was not expressed in HSCs or in
various stromal cell populations contributing to HSC niche, including
Nestin+ mesenchymal stem cells, osteoblasts, osteocytes, endothelial
cells, and macrophages, suggesting that the target of cholinergic
activity was located outside of the bone marrow. To test the hypothesis
that Chrm1 expression in the brain might regulate HSC migration
from the bone marrow, we tested HSC mobilization in mice injected
either peripherally (i.p.) and intracerebrally with pirenzepine, a Chrm1
specific antagonist. The chemical characteristics of this drug prevent
it from crossing the blood brain barrier, allowing us to distinguish
between a peripheral and central effect of the receptor. We found
that only mice treated intracerebrally with the Chrml antagonist
exhibited a reduction in HSC mobilization similar to Chrml-/-
mice. This indicates that cholinergic signals from the central nervous
system are required for robust mobilization. Ongoing experiments are
investigating the mechanisms through which central Chrml signals
are transduced to the bone marrow. Identifying the factor that links the
CNS to the bone marrow could provide an alternate therapeutic target
for enhancing HSC yield by mobilization in both healthy and patients
predicted to be poor mobilizers.

W-1068

CHARACTERIZATION OF AML TUMOR GENOMES AND
TRANSCRIPTOMES FOR DEVELOPMENT OF EFFECTIVE,
TARGETED CANCER TREATMENTS

Pilsworth, Jessica', Chiu, Readman?, Nip, Ka Ming?, Birol, Inanc?
'Medical Genetics, The University of British Columbia, Vancouver, BC,
Canada, *Genome Sciences Centre, Vancouver, BC, Canada

Background:More than 80% of myeloid leukemias are associated
with at least one chromosomal rearrangement. These translocations
frequently involve genes encoding transcription factors that have
roles in hematopoietic lineage development. The resulting chimeric
transcripts often play causal roles in tumorigenesis and therefore
represent ideal diagnostic and therapeutic targets. We use high-
throughput sequencing (HTS) platforms on tumor samples from large
patient cohorts and assemble short sequence reads using a scalable
de novo assembly tool, ABySS for genomic data and Trans-ABySS for
RNA-seq data. Our analysis of resulting contig sequences represents
an unbiased approach, which is a crucial feature for identifying
and characterizing complex genetic changes and rearrangements
in the genome. Results: Here, we report on the development of a
clinical pipeline that identifies mutations and variations rapidly and
consistently. We have performed de novo genome and transcriptome
assemblies of tumor samples (and matched normal, when available)
from cancer patients diagnosed with acute myeloid leukemia (AML).
For leukemogenesis to occur, two types of mutations are required:
1) a mutation that improves hematopoietic cells’ ability to proliferate
(class I) and 2) a mutation that prevents the cells from differentiating
(class II). Our analysis pipeline consistently identifies both class I and
class IT mutations, including fusion events between PML and RARA,
fusion events between MYH11 and CBFB, ITD events in FLT3, PTD
events in MLL, and sequence insertion in NPM1. These events are
all clinically relevant markers for AML treatment. Conclusions: This
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project will enable clinicians to evaluate the best treatment options for
their patients based on genomic profiling. We are proposing that if we
have a reliable way of detecting variations and associating them with a
particular disease, it will assist in the development of better treatment
approaches. Conventionally, clinicians use standard treatment
regimes based on a general understanding of a disease, and move to
an alternative treatment if patients do not respond. Clinical genomics
holds great promises to change that paradigm, where each cancer
patient will be evaluated at the genomic level first, results of which will
inform clinicians to develop treatment plans on a per patient basis. The
reported work offers a bioinformatics pipeline that contributes to this
new vision of cancer care.

W-1069

MEGAKARYOCYTES REGULATE HEMATOPOIETIC STEM
CELL QUIESCENCE VIA CXCL4 SECRETION

Pinho, Sandra', Bruns, Ingmar', Lucas, Daniel', Ahmed, Jalal),
Lambert, Michele P? Kunisaki, Yuya', Scheiermann, Christoph’,
Ahamed, Jasimuddin®, Poncz, Mortimer?, Bergmann, Aviv*, Frenette,
Paul S.!

'Ruth L. and David S. Gottesman Institute for Stem Cell and Regenerative
Medicine Research, Albert Einstein College of Medicine, Bronx, NY,
USA, *Children’s Hospital of Philadelphia, Perelman School of Medicine
at the University of Pennsylvania, Philadelphia, PA, USA, *Rockefeller
University - Laboratory of Blood and Vascular Biology, New York, NY,
USA, “‘Department of Systems and Computational Biology, Albert
Einstein College of Medicine, Bronx, NY, USA

Hematopoietic stem cells (HSCs) adapt to the varying needs for the
replenishment of terminally differentiated blood cells by switching
between quiescence, self-renewal and differentiation. In the bone
marrow (BM), HSCs reside in specialized niches that regulate their
behavior. All putative HSC niche cells have a non-hematopoietic
origin. Using three-dimensional whole-mount BM imaging we have
uncovered an association between HSCs and megakaryocytes (Mk), in
that up to 21% of Lineage-CD41-CD48-CD150+ HSC were in direct
contact with Mk compared to ~7% in simulation of random HSC
localization. To assess the functional role of Mk in HSC regulation in
vivo, we bred Cxcl4-cre mice (in which Cre recombinase is under the
control of the Mk-specific CXCL4 promoter, also called platelet factor
4) with iDTR mice (where cre recombination induces expression of the
diphtheria toxin receptor). Strikingly, Mk depletion after DT treatment
led to a specificloss of HSC quiescence and a 5.5-fold increase (P<0.001)
in proliferation. This led to a marked (~11-fold, P<0.001) expansion of
phenotypic Lineage—Sca-1+c-kit+CD105+CD150+ HSC, confirmed
by competitive reconstitution assays. Importantly, Mk depletion did
not result in aberrant hematopoiesis as reflected by WBC and RBC
counts in the peripheral blood and progenitor cell numbers in the
BM that were indistinguishable from control mice. To investigate the
mechanisms through which Mk regulate HSC, we screened for factors
that have been shown to maintain cell quiescence. Of those, CXCL4
itself, which is mainly expressed by Mk, had the greatest reduction in
the BM extracellular fluid upon Mk depletion as determined by ELISA.
We therefore hypothesized that CXCL4 contributed to Mk-mediated
maintenance of HSC. In vitro culture experiments revealed that
recombinant CXCL4 restrained HSC proliferation (20% reduction)
and this effect was abrogated when CXCL4 was neutralized by
heparin. Similarly, in vitro co-cultures confirmed that MK induce HSC
quiescence, whereas Cxcl4—/— MK have a reduced capacity to induce
HSC quiescence. In vivo CXCL4 injection reduced HSC numbers (by
50%; P<0.001) via increased quiescence. By contrast, Cxcl4—/— mice
exhibited increased HSC numbers (1.5-fold; P<0.01) and proliferation.
These results demonstrate a feedback loop where an HSC progeny,

the MK, can directly regulate HSC quiescence via CXCL4. Recently
we described the non-random association of quiescent HSC and
BM arteriolar niches. Thus, we have analyzed the distribution of 260
HSCs relative to MK and arterioles, using computational modeling
of observed and random HSC distribution. These analyses revealed
that a meaningful fraction of HSC are found in a niche comprised of
both arterioles and MK, with 15% of HSCs closer than 25um to both
structures, while only 6% of HSC fell into this configuration in our
random simulation. Interestingly, compared to the 7% of randomly
placed HSC, 20% of the actual HSC were in close proximity to MK
(<25um) but distant (>100um) from arterioles, thus suggesting the
existence of a distinct Mk niche. In summary, our results show that
MK directly regulate HSC quiescence via CXCL4. In addition, our data
implicate a role for MK in the arteriolar HSC quiescent niche as well as
in a niche distant from arterioles.

W-1070

MIRNOME SCREENING IN HUMAN ERYTHROPOIESIS
Rayabaram, Janakiram', Mayuranathan, Thiyagaraj', Srivastava, Alok’,
Palakodeti, Dasaradhi?, Velayudhan, Shaji R.!

ICentre for Stem Cell Research, Christian Medical College, Vellore, India,
2Institute for Stem Cell Biology and Regenerative Medicine, Bangalore,
India

Erythropoiesis, the process of differentiation of hematopoietic stem
cells to mature erythrocytes, is highly regulated at both transcriptional
and epigenetic levels. Several transcription factors and cofactors have
been identified to be involved in the differentiation of haematopoietic
stem cells to erythroid cells. Recent studies revealed the potential role
of miRNAs during hematopoietic stem cell differentiation and a few
miRNAs have been identified to be critical for erythropoiesis and
globin gene regulation. Comprehensive analysis of miRNAs involved
in human erythropoiesis has been lacking and it is important for the
better understanding of the role of these transcriptional regulators
in maintenance of haematopoietic stem cells and erythroid lineage
determination and erythroid disease pathogenesis. We performed ex-
vivo erythroid differentiation of CD34+ haematopoietic stem cells and
progenitors (HSPCs) and the RNA obtained from the cultured erythroid
cells at five different stages of erythropoiesis were used for small RNA
sequencing. Small RNA library was prepared and analyzed in Illumina
Hi Seq platform and the data was analyzed by using in-house perl script.
Transcription factor binding near the miRNAs was determined using
publicly available ChIP-sequencing data in human erythroid cells. We
identified 25 miRNAs that are upregulated greater than 10 fold in the
cultured erythroid cells compared to undifferentiated HSPCs. Among
these, 6 miRNAs have been reported earlier to be involved in mouse
and human erythropoiesis. We found 10 upregulated miRNAs whose
role in erythropoiesis has not been known so far. These include mir-
4732, miR-584, miR-5001, miR-5695, miR-7155, miR-3200, miR-3688,
miR-3117 and miR-561 and miR-375. We found strong occupancy
of GATAL1 or TALLI in the promoter region (~5kb region upstream)
of most of these miRNAs suggesting the erythroid cell specific role
of these miRNAs. We found 23 miRNAs that were downregulated
greater than 20 fold during ex-vivo erythropoiesis. Out of these, miR-
155, miR-221, miR- 222 and miR-145, have been shown earlier to
have critical roles in erythropoiesis and the molecular basis through
which they regulate erythropoiesis have been well studied. The roles
of other downregulated miRNAs in erythropoiesis are not yet known.
Target prediction analysis of these miRNAs on miRDB indicated the
potential miRNA targets associated with erythroid compartment,
especially the membrane proteins. Other targets include epigenetic
factors including TET1 and haematopoietic regulatory proteins like
EPO, GATA1 and LIN28. Interestingly, we found several miRNA
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clusters in which all the miRNAs are co-regulated in erythropoiesis.
It has been previously shown that miR-144 and miR-451 present
in a cluster and they are upregulated during erythropoiesis and we
identified miRNA-4732 present in the vicinity of miR-144 and miR-
451 and it also showed >600 fold increase in erythroid cells suggesting
that all these three miRNAs form an erythroid specific cluster. Our
results suggest that ex-vivo erythropoiesis is a valid tool to study the
transcriptional regulation of human erythropoiesis. We identified
several miRNAs which are differentially expressed in haematopoietic
stem cells and erythroid cells and there are several miRNA clusters that
are transcriptionally co-regulated in these cells. This study helped us
to identify the miRNAs that are required for haematopoietic stem cell
maintenance and erythropoiesis.

W-1071

PHARMACOLOGICAL MOBILISATION OF MURINE
MESENCHYMAL STEM CELLS: IDENTIFYING POTENTIAL
MECHANISMS

Redpath, Andia Nicole, Fellous, Tariq G., Rankin, Sara M.
Leukocyte Biology, Imperial College London, London, United Kingdom

Mesenchymal stem cells (MSCs) expanded ex wvivo display
hypoimmunogenicity, = immunomodulatory ~and  regenerative
properties in addition to the ability to home to areas of tissue
damage and inflammation. Due to these beneficial properties MSCs
are prominently used in cell-based therapies. Our group focuses on
understanding endogenous MSC properties, as such characterisation
is currently in its infancy; with the aim to manipulate MSCs in
vivo. We have thus initiated an investigation into pharmacological
mobilisation of endogenous MSCs as a novel therapeutic strategy. We
have previously demonstrated that treatment of BALB/c mice with
Vascular Endothelial Growth Factor (VEGF) in combination with the
CXCR-4 antagonist, AMD3100, induced mobilisation of MSCs from
the bone marrow (BM) to the peripheral blood. The aim of this study
was to identify potential mechanisms involved in this mobilisation
regime. We hypothesised that VEGF may be acting on MSCs directly,
priming them for migration upon exposure to the SDF-1/CXCR-4
axis induced by AMD3100. At first, we investigated the direct effect
of VEGF on MSCs in vitro as an attempt to elucidate which VEGF
receptor (VEGFR) signalling would induce downstream mediators
involved in MSC migration - however VEGFR-1 and -2 surface
expression was downregulated with culture. Further limitations
discontinued the examination of these downstream mediators which
led us back to investigate our model of mobilisation in vivo by applying
principles surrounding haematopoietic stem/progenitor cell (HSPC)
mobilisation. We therefore explored the widely researched HSPC
mobilising agent Granulocyte-Colony Stimulating Factor, G-CSF, in
parallel to our VEGF regime. Unlike VEGE, G-CSF does not induce
MSC mobilisation when quantified by Fibroblast Colony Forming Unit
(CFU-F) assays. Flow cytometry analysis of Ki67 expression revealed
that whilst VEGF had no effect on the proliferation of MSCs in vivo,
G-CSF decreased proliferation of BM MSCs from 43% to 16%. Further,
we investigated whether VEGF has an indirect role on MSCs in vivo
by affecting BM resident macrophages (M®s) - a cell type which was
reported to interact with MSCs and coordinate MSC-derived SDF-1.
SDF-1 is known to contribute to the BM stem cell retention system.
Clodronate liposomes were administered in mice (10ul/g i.v.) at day
0; a 98.6% decrease in the BM M® population was confirmed at 24hrs
post administration and remained depleted by day 5. Consistent with
previous reports, we confirmed that M® depletion induces HSPC
mobilisation and significantly enhances AMD3100-induced HSPC
mobilisation. In contrast, we showed that M® depletion attenuated
mobilisation of MSCs by the VEGF/AMD3100 regime. There was

an 11-fold decrease in the number of CFU-Fs/ml of blood in these
mice, suggesting that distinct mechanisms regulate HSPC and MSC
mobilisation. We conclude that the presence of BM M®s is important
for MSC mobilisation following pharmacological treatment. These
findings provide insight into potential mechanisms involved, with the
aim to ultimately optimise the MSC mobilising regime as an alternative
or accessory to exogenous MSC therapy. We are currently assessing the
effect of treatments to the niche microenvironment, its resident cells
and the SDF-1/CXCR-4 axis.

W-1072

MUSASHI2 REGULATES PRIMITIVE HUMAN
HEMATOPOIETIC CELL SELF-RENEWAL

Rentas, Stefan, Belew, Muluken, Holzapfel, Nicholas, Hope, Kristin
Stem Cell and Cancer Research Institute, McMaster University, Hamilton,
ON, Canada

The RNA binding protein Musashi2 (Msi2) has recently been shown
to regulate murine hematopoietic stem cell (HSC) activity; however,
it remains unknown if this is conserved in humans. At the transcript
level we show that MSI2 is highly expressed in human HSCs and
decreases as cells lose self-renewal potential. Knockdown of MSI2
had minimal effects on colony forming cell capability but instead
resulted in an almost complete deficiency in the capacity of human
HSC:s to provide long-term reconstitution to immunodeficient mice.
Importantly, lentiviral overexpression of MSI2 led to a pro-self renewal
phenotype resulting in a significant increase in the replating capacity of
multipotential colony forming cells. Furthermore, ectopic expression
provided a significant expansion of total colony forming cells in
short-term in vitro cultures and increased the number of short-term
reconstituting cells as measured at early post-transplant time points.
Altogether, this work demonstrates for the first time that MSI2 is an
essential positive regulator of primitive human hematopoietic cell
activity, impacting directly on their self-renewal capacity.

W-1073

INFORMING DERIVATION OF HEMATOPOIETIC STEM
CELLS FROM EMBRYONIC STEM CELLS VIA COMPARATIVE
PROFILING OF THE WNT PATHWAY IN HEMATOPOIETIC
DEVELOPMENT

Richter, Jenna

Cellular and Molecular Medicine, University of California, San Diego,
CA, USA

Hematopoietic stem cells (HSCs) are the adult stem cells that give rise
to all terminally differentiated blood cells. The restorative properties of
these cells thus underlie the efficacy of hematopoietic cell transplantation
(HCT), which can cure many hematopoietic diseases, including
leukemia, lymphoma, and multiple myeloma. Human pluripotent stem
cells (hPSCs) are a potential source to derive patient-matched HSCs,
however, to date, definitive HSCs suitable for HCT have not been
generated. To gain a better understanding of HSC development, we are
using zebrafish where HSC specification, emergence, expansion and
maintenance can be observed in real time and perturbed using various
methods. Consistent with several published studies, we have found
that activation or inhibition of the Wnt signaling pathway in zebrafish
embryos leads to increases or decreases in HSC numbers, respectively.
To further characterize the role of Wnt signaling in hematopoietic
development we have profiled the expression of Wnt ligands, receptors
(encoded by the Fzd gene family), and coreceptors (encoded by select
LRP genes) in the developing zebrafish embryo at critical stages of
HSC specification, emergence, expansion, and maintenance. From this
analysis, we have selected Wnts, Fzds, and LRP coreceptors that are
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potentially involved in HSC development. We are currently performing
overexpression and knockdown experiments to establish a functional
link between these Wnt signaling components and HSC development.
In parallel, we are analyzing expression of Wnt pathway components
as hPSCs differentiate into cells with hematopoietic characteristics. To
facilitate these experiments, we are using hPSC lines harboring reporter
elements (SOX17-GFP and RUNXI1c-GFP) that become activated in
HSC precursor cell populations. Comparative analysis of Wnt signaling
in the developing zebrafish and differentiating hPSCs will yield new
insights into the molecular mechanisms underlying HSC development
and will inform future strategies to derive HSCs from hPSCs.

W-1074

CYTOKINE-REGULATED GADD45G INDUCES
DIFFERENTIATION AND LINEAGE SELECTION IN
HEMATOPOIETIC STEM CELLS

Thalheimer, Frederic B.!, Wingert, Susanne', De Giacomo, Pangrazio?,
Haetscher, Nadine', Brill, Boris?, Theis, Fabian’, Hennighausen,
Lothar?, Schroeder, Timm T.°, Rieger, Michael A.!

'LOEWE Center for Cell and Gene Therapy, Goethe University Frankfurt,
Frankfurt (Main), Germany, *Georg-Speyer-Haus, Frankfurt (Main),
Germany, ‘Institute of Bioinformatics, Helmholtz Center Munich,
Munich, Germany, *Laboratory of Genetics and Physiology, NIDDK,
National Institutes of Health, Bethesda, MD, USA, °Swiss Federal
Institute of Technology (ETH) Ziirich, Basel, Switzerland

The balance of self-renewal and differentiation in long-term
repopulating hematopoietic stem cells (LT-HSC) must be
strictly controlled to maintain blood homeostasis and to prevent
leukemogenesis. Hematopoietic cytokines can induce differentiation
in LT-HSCs, however, the molecular mechanism orchestrating this
delicate balance requires further elucidation. We identified the tumor
suppressor Growth Arrest and DNA-Damage-inducible 45 gamma
(GADD45G) as an instructor of murine LT-HSC differentiation under
the control of differentiation-promoting cytokine receptor signalling.
GADD45G immediately induces and accelerates differentiation in LT-
HSCs, and overrides the self-renewal program by specifically activating
MAP3K4-mediated MAPK p38. Conversely, the absence of GADD45G
enhances the self-renewal potential of LT-HSCs in Gadd45g knock-
out mice. Long-term time-lapse microscopy-based cell tracking of
single LT-HSCs and their progeny revealed that, once GADD45G
is expressed, the development of LT-HSCs into lineage-committed
progeny occurred within 36h, and uncovered a selective lineage choice
with a severe reduction in megakaryocytic-erythroid cells. Here we
report an unrecognized role of GADD45G as a central molecular
linker of extrinsic cytokine differentiation and lineage choice control
in hematopoiesis.

W-1075

HYPERCHOLESTEROLEMIA INCREASES GENOTOXICITY
OF HEMATOPOIETIC STEM CELLS IN APOLIPOPROTEIN
E-DEFICIENT MICE

Rodrigues, Bianca P!, Porto, Marcella L.!, Bezerra, Geisiane S.,
Campagnaro, Bianca Prandi?, Meyrelles, Silvana S.!, Vasquez, Elisardo
Cc3

!Graduate Program of Physiological Sciences, Federal University of
Espirito Santo, Vitéria, Brazil, *Pharmaceutical Sciences Graduate
Program, University of Vila Velha, Vila Velha, Brazil, ’Emescam Health
Sciences, Vitéria, Brazil

Background: A decline in tissue stem cell functionality may be a
key component in cardiovascular disease. It is well known that
hypercholesterolemia contributes to the development of atherosclerosis

and can enhance the DNA damage leading to apoptosis. Therefore, the
aim of this study was to evaluate how hypercholesterolemia affect bone
marrow hematopoietic stem cell (HSC) function in mice. Methods:
Two month-old male mice (n= 26) were divided into C57 and
apoE” groups. Mice were euthanized and bone marrow was flushed
out of tibias and femurs, mononuclear cells were placed on culture.
Hematopoietic stem cells (HSC) were obtained by immunomagnetic
depletion of non-adherent cells. Briefly, HSC were incubated with
Lineage antibody cocktail (CD3e, CD11b, CD45R/B220, LY-6G and
LY-6C, TER-119/Erythroid) conjugated with magnetic beads and
subjected to the BD IMag magnetic column. HSCH™ were stained with
antibody against Sca-1 (stem cell antigen), CD 90.2, CD 133, CD 117
or matched isotype control. Reactive oxygen species production was
evaluated by flow cytometry with the fluorescent dye dihydroethidium
(DHE). The genotoxicity analysis was performed using the alkaline
comet assay to obtain from individual cells, an array with a fluorescent
halo in the format of a comet corresponding to the amount of the
fragmented DNA. The DNA helices ruptures extensions were evaluated
by the image intensification method, where 50 cells were randomly
selected (25 in each slide) and analyzed using the software CASP. The
measurements of the comets were obtained by the parameters of the
percentage tail DNA and tail moment. For apoptosis detection, HSC
were resuspended in Binding Buffer and incubated with Annexin
V-FITC and propidium iodide (PI). Data by flow cytometry were
acquired and analyzed using BD FACSDiva and FCS Express 4
softwares. Plasma cholesterol was also measured. Data are mean+SEM.
Statistical analysis was performed using Student’s ¢ test. Results: Flow
cytometric analysis showed an increase in reactive oxygen species
production, but statistically difference was not found. Thus, HSC
from apoE’ mice showed a 3-fold augmented DNA fragmentation
compared with C57 in both parameters, percentage tail DNA (C57: 20
+ 5;apoE”: 51 £ 0.2, p<0.05) and tail moment (C57: 26 + 9; apoE": 73
+ 3, p<0.05). Apoptosis was also increased with hypercholesterolemia
(C57: 5 + 0.8; apoE”: 9 + 2.1, p<0.05). Conclusion: Our data shows
that hypercholesterolemia increases DNA fragmentation and
apoptosis can impair HSC function. Such findings contribute to new
insights into the mechanisms by which high levels of total cholesterol
can alter cells involved in maintaining of the immune system.
Financial Support: Bioclin, CNPq, CAPES, FACITEC, FAPES-
PRONEX.

W-1076

EXPERIMENTAL MODEL TO EVALUATE THE EFFECT OF
MESENCHYMAL STEM CELLS ON HEMATOPOIETIC STEM
CELLS SELF-RENEWAL

Rodriguez-Pardo, Viviana Marcela', Jaimes-Leal, Diana’, Barreto-
Prieto, Alfonso!, Jiménez-Borrego, Camilo’, Vernot-Hernandez, Jean
Paul?

!Pontificia Universidad Javeriana, Bogota D.C., Colombia, *Universidad
Nacional de Colombia, Bogota D.C., Colombia

The self-renewal in stem cells is associated with symmetrical or
asymmetrical division models that occur in response to regeneration
processes or maintenance of tissue homeostasis. It has been shown
that the microenvironment can influence division pattern of stem
cells and contact with other cell populations and promote asymmetric
proliferation associated with differentiation or instead a symmetrical
division that aims for conservation multipotent features. In the model
of hematopoiesis, bone marrow mesenchymal stem cells (BM-MSC)
are involved in the regulation of different physiological processes
of the hematopoietic stem cells (HSC); however, is unclear of the
role of the BM-MSC in the modulation of proliferation associated
with self-renewal HSC. In addition, there is not in vitro model to
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evaluate this phenomenon directly. In this work, we have isolated
BM-MSC from human bone marrow (hBM) and have studied their
ability to induce symmetric or asymmetric proliferation in human
umbilical cord blood-derived HSC (hUCB-HSC). hBM-MSC were
isolated and characterized by morphologic and immunophenotypic
criteria (CD34-/CD45-/CD73+/CD105+) and by their ability to
differentiate into osteoblasts, chondrocytes and adipocytes in suitable
conditions. hBM-MSC after passage 3 were used as a feeding-layer
to expand hUCB-HSC (CD34+) cells in the presence or absence of
thrombopoietin (TPO), Flt3-L and stem cell factor (SCF) (50ng/ml)
on 7 days. After that, both experimental conditions were evaluated
by confocal microscopy (Olympus FV1000) using monoclonal
antibodies to CD34 antigen, a-tubulin and nucleus stained DAPI with
Olympus Fluoview® software. Contact pictures between metaphase
hUCB-HSC and hBM-MSC (n = 120, 3D images with X, Y, and Z
coordinates per image) were obtained and a mathematical model of
vector algebra is used to evaluate the angle of the vector between the
centrosomes of metaphase hUCB-HSC regarding contact hBM-MSC.
We established that contact between hUCB-HSC and hBM-MSC (no
exogenous addition of cytokines) induces angles (500 to 700) lower
than with the addition of cytokines (between 870 and 930) (p<0.05).
This indicates that the contact between these cellular populations
induces a parallel location of the hematopoietic cells relative to the
hBM-MSC which can be associated with a symmetric proliferation,
while in the co-culture with hBM-MSC and cytokines, the angle of
inclination of the hUCB-HSC was more perpendicular what might be
related to a model of asymmetric proliferation. This work proposes a
new strategy for evaluating phenomena of UCB-HSC self-renewal in
physical contact with cells of the marrow microenvironment. These
results demonstrate that only contact between UCB-HSC and hBM-
MSC (cell microenvironment population) promotes symmetrical self-
renewal of these hematopoietic cells may be useful in models of tissue
regeneration.

W-1077

HEMATOPOIETIC STEM CELL ACTIVATION UPON STRESS
CONDITIONS CRITICALLY DEPENDS ON CDKé

Scheicher, Ruth Maria, Sexl, Veronika

Institute of Pharmacology and Toxicology, University of Veterinary
Medicine, Vienna, Austria

The kinases CDK6 and CDK4 exert several redundant functions in
regulating cell-cycle progression. Cdké6-/- mice are viable and display
only minor defects in hematopoiesis under homeostatic conditions,
where the absence of CDK6 is presumably compensated for by its
homologue CDK4. Recently, we demonstrated a key role for CDK6 in
lymphoid tumor formation where CDK6 transcriptionally regulates
Vegf-A and pl6INK4a. We here describe a novel role for CDK6 in
hematopoietic stem cell (HSC) activation upon stress that goes beyond
its function as a cell-cycle regulator. HSC homeostasis requires the
precise regulation of cell proliferation as the maintenance of long-term
repopulation capacity is crucial for the retained ability to produce
blood cells. Dormant hematopoietic stem cells represent the reservoir
for hematopoiesis, ready to be rapidly activated when needed. Under
homeostatic conditions HSCs rarely divide and remain quiescent
in the GO-phase of the cell-cycle. Under stress conditions dormant
HSCs enter the cell-cycle, leading to a rapid increase in multipotent
progenitor (MPP) numbers that subsequently differentiate into
distinct mature hematopoietic cells. The transition of d-HSCs from
quiescence to cycling is tightly controlled by a network of transcription
factors. The details of maintaining this delicate balance of HSC
quiescence and proliferation are still only partially understood. We
here show that Cdké6-/- HSCs cannot efficiently repopulate recipient

mice in competitive and serial transplant assays and that Cdké-
/- mice are significantly more susceptible to the chemotherapeutic
drug 5-fluorouracil. When dormant HSCs proliferate in response
to interferon signalling significantly fewer Cdké-/- HSCs exit the
quiescent state. These results define CDK6 as a crucial player in HSC
activation required to allow for hematopoietic recovery after stress.
Molecular alterations triggered by the novel transcriptional activity
of CDKG6 required for stem cell quiescence and homeostasis will be
presented.

W-1078

HEMATOPOIETIC STEM CELLS REQUIRE HIGHLY
REGULATED PROTEOSTASIS MECHANISMS

Signer, Robert A.J.!, Magee, Jeffrey?, Morrison, Sean J.!

IChildren’s Research Institute at UT Southwestern, Dallas, TX, USA,
2Washington University, St. Louis, MO, USA

Proteostasis is crucial for maintaining cellular homeostasis and healthy
aging. The network of biological pathways that coordinate proteostasis
include protein synthesis, protein folding and protein degradation.
However, little is known about how these processes are regulated in
somatic stem cells and whether proteostasis mechanisms affect stem
cell function. We quantified protein synthesis and proteasome activity
in hematopoietic stem, progenitor and differentiated cells. We found
that the amount of protein synthesized per hour in hematopoietic stem
cells (HSCs) in vivo was lower than in most other hematopoietic cells,
even if we controlled for differences in cell cycle status or forced HSCs
to undergo self-renewing divisions. We also found that proteasome
activity was lower in HSCs than in whole bone marrow cells and myeloid
progenitors, but was higher than in some lymphoid progenitors. These
data suggest that proteostasis mechanisms are highly regulated and
differ among hematopoietic cells, raising the possibility that precise
regulation of proteostasis mechanisms is essential for maintaining
stem cell function. To test this, we examined the consequences of either
decreasing or increasing protein synthesis in HSCs using genetic mouse
models. Reduced ribosome function in Rpl24*“* mice reduced protein
synthesis in HSCs and impaired HSC function. Pten deletion increased
protein synthesis in HSCs but also reduced HSC function. Rpl245/*
cell-autonomously rescued the effects of Pten deletion in HSCs,
blocking the increase in protein synthesis, restoring HSC function,
and delaying leukemogenesis. Pten deficiency thus depletes HSCs and
promotes leukemia partly by increasing protein synthesis. These data
demonstrate that the rate of protein synthesis is tightly regulated in
HSCs, and both decreases and increases in translation can impair stem
cell function. Since proteostasis regulates aging and lifespan, our data
raise the possibility that long-lived stem cells may depend on highly
regulated proteostasis mechanisms.

W-1079

MODULATION OF HUMAN HEMATOPOIETIC STEM CELLS
IN SEPSIS

Skirecki, Tomasz', Zielinska-Borkowska2, Urszula?, Kawiak, Jerzy’,
Hoser, Grazyna'

'Laboratory of Flow Cytometry, Centre of Postgraduate Medical
Education, Warsaw, Poland, *Department of Anesthesiology and Intensive
Care, Centre of Postgraduate Medical Education, Warsaw, Poland

Background: Sepsis remains one of the most common cause of deaths
in the intensive care units. One of the main disturbances in sepsis
is development of immune reprogramming frequently associated
with the loss of immune cells. Hematopoietic stem cells (HSCs) are
responsible for an efficient replenishment of the immune cells thanks
to their ability to self-renew and give rise to differentiating progenitors.
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As HSCs express Toll-like receptors and receptors for inflammatory
cytokines they may be affected during systemic inflammation present
in sepsis. We aimed to investigate the effect of sepsis upon circulating
HSCs in patients and in vitro effects of bacterial lipopolysaccharide
(LPS) on these cells. Also, a humanized mouse model was applied
to analyze human HSCs in the bone marrow(BM) in the models of
endotoxemia. Methods: Peripheral blood samples from 20 septic
patients were collected. Blood cells were stained with antibodies against
CD34, CD38, Ki-67, CD133, Lin and CD45. BM derived CD34+
cells were cultured in hypoxia (1%02) and the effects of stimulation
with LPS on their proliferation (CellTrace Violet), differentiation
(appearance of CD38), mitochondrial potential (JC-1), reactive oxygen
species (ROS) production (DCFDA) and activation of NF-kB pathway
(immunofluorescence detection of p-IkB) were evaluated. Furthermore,
a model of endotoxemia (40pug LPS i.v.) on the humanized NSG mice
was performed. The BM cells were analyzed 24h after LPS injection
by CFU assay with medium supporting growth of human cells.
Results: Analysis of blood samples from septic patients demonstrated
a 5-fold reduction in the CD34+CD38- HSC count (p<0.05) but an
increased number of CD34+CD45-Lin- VSELs (2150/ml vs. 180/ml
in healthy). The number of CD34+ progenitor cells expressing Ki-67
was increased 4-fold in septic patients (p<0.05). Notably, the number
of circulating VSELs was significantly higher in non-survivors. The
in vitro experiments showed that stimulation with LPS in 30 minutes
up-regulated the staining of p-IkB in CD34+ cells. LPS also led to an
1.3-fold increase in the mitochondrial potential of CD34+CD38- cells
after 90 minutes of culture. At the same time, the production of ROS
in CD34+ cells increased 4-fold, but in the CD34+CD38- subset ROS
level remained unchanged. After 9 days of culture LPS enhanced the
proliferation of CD34+ cells by 2.3-fold. LPS also reduced the frequency
of CD34+CD38- cells by 50%, but the proliferation rate of these cells
was unchanged by LPS. Analysis of BM cells from humanized mice
that received LPS revealed their significantly decreased potential to
form hematopoietic colonies. Conclusions: Sepsis reduces number of
circulating HSCs, but increases the number of progenitors that entered
cell cycle what can reflect disturbed mechanisms of HSCs self-renewal
and homing. Dissimilar kinetics of the VSELs and HSPCs circulation
imply their differential trafficking mechanisms. Although the in vitro
stimulation of HSCs with LPS seems to promote their survival and
proliferation mediated by NF-kB and metabolic alterations, analysis
of HSC from BM of endotoxemic humanized mice reveled that their
functional capacities may be diminished. Our findings shed light on
the impact of sepsis on the HSCs and suggest they play an important
role in the host responses to those conditions. Supported by Innovative
methods of stem cells applications in medicine, EU Innovative
Economy Operational Programme, POIG 01.02-00-109/09.

W-1080

IN VIVO PHARMACOLOGIC MODULATION OF BONE
MARROW MICROENVIRONMENTAL SIGNALS PROMOTES
LONG-TERM HEMATOPOIETIC STEM CELL FUNCTION
Smith, Julianne Noel Petterson!, Goodman, Alexandra N.%, Hoffman,
Corey M.3, Calvi, Laura M.?

'Department of Pathology and Laboratory Medicine, University of
Rochester School of Medicine and Dentistry, Rochester, NY, USA,
“Department of Medicine - Endocrine Metabolism, University of
Rochester School of Medicine and Dentistry, Rochester, NY, USA,
*Department of Pharmacology and Physiology, University of Rochester
School of Medicine and Dentistry, Rochester, NY, USA

Osteoblasts (OBs) and the bone marrow (BM) vasculature constitute
hematopoietic stem cell (HSC) niches. We previously demonstrated
that OB-activation by Parathyroid Hormone (PTH) expands HSCs

microenvironmentally. To test if the BM vasculature is also modulated
during PTH-induced HSC expansion, we examined effects on BM
endothelial structures. Ten days of PTH treatment increased BM
microvessels (167+18 vs 348+39 per hindlimb section, n=5 mice per
group) and endothelial cells (ECs) (0.09+0.02% vs 0.2+0.02%, n=4-
5 mice per group). Furthermore, intravital analysis of the vascular
network within calvarial BM revealed greater branching (14+2 vs
27+4 branchpoints, n=10-12 three-dimensional areas) after only three
days of PTH treatment, suggesting rapid angiogenesis. OB stimulation
is sufficient to drive these angiogenic changes as comparable effects
were seen in mice with OB-specific PTH receptor activation. To
determine whether vascular remodeling was due to locally increased
proangiogenic signaling downstream of PTH, effects on VEGF-A and
FGF2 were assayed. PTH rapidly increased VEGF in various cultured
OB cell types as well as in endosteal cells in vivo. FGF2 expression
was similarly increased in the same OBs that showed PTH-dependent
VEGF induction. Because the BM perivascular milieu is heterogeneous
and capable of supporting either HSC quiescence or maturation
depending on the specific vascular cell type and stimuli, we went
on to test whether tuning BM angiogenic responses to PTH could
manipulate HSCs more specifically. Treatment with the anti-VEGF-A
monoclonal antibody bevacizumab («VEGF) precluded PTH-induced
vascular branching in calvarial BM (18+3 vs 19+2 branchpoints, n=9-
12 three-dimensional areas), while PTH-induced bone anabolism,
EC and perivascular stromal cell expansion were sustained following
ten days of PTH + aVEGE. aVEGF therapy, alone or in combination
with PTH, did not alter immature mesenchymal cell pools reported to
regulate HSCs. Remarkably however, inhibiting PTH-induced VEGF
augmented HSC expansion with no impairment to hematopoietic
progenitors or precursors. The enhancement of functional HSCs
was sustained throughout 22 weeks in lethally-irradiated, BM
transplant recipients (13.4+ 3.17% vs 20.6+ 4.19% donor-derived
cells in the peripheral blood, from PTH alone vs PTH + aVEGF
treated BM donors, n=21 mice per group). Moreover, this activity was
transplantable into secondary lethally-irradiated recipients, in contrast
to the activity of HSCs modulated by PTH alone that was largely unable
to reconstitute secondary transplant recipients. Because FGF2 is also
increased by PTH and has been reported to expand HSCs directly and
microenvironmentally, we tested its role in PTH + aVEGF-induced
HSC expansion. Inhibiting FGF receptor 1 diminished hematopoietic
stem and progenitor cell expansion by PTH + aVEGF (0.20+ 0.041% vs
0.13+ 0.013%, n=9-10 mice per group), suggesting the two angiogenic
signals have opposing effects on HSCs during microenvironmental
activation by PTH. These data demonstrate that niche heterogeneity
can be targeted to achieve specific stem cell outcomes and identify
a potentially useful strategy in the treatment of BM injury or
hematopoietic malignancy.

W-1081

HEMATOPOIETIC STEM CELL NICHES MATRIX TENASCIN
C PROMOTES DEFINITIVE HEMATOPOIESIS FROM HUMAN
PLURIPOTENT STEM CELLS IN A COMPLETELY DEFINED
SERUM- AND FEEDER-FREE SYSTEM

Uenishi, Gene Ichiro’, Vodyanik, Maxim A.%, Stewert, Ron’, Kumar,
Akhilesh!, Lee, Jeong-Hee!, Theisen, Derek J.!, Raymond, Matthew',
Thomson, James A.?, Slukvin, Igor 1.*

Pathology and Laboratory Medicine, University of Wisconsin, Madison,
WI, USA, °National Primate Research Center, Madison, WI, USA,
*Morgridge Institute for Research, Madison, WI, USA, *University of
Wisconsin Madison, Madison, WI, USA

The advent of human pluripotent stem cell technologies has provided
the opportunity to produce endothelial and hematopoietic cells in
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vitro for functional studies and therapies. Previously, we established a
coculture system using the mouse bone marrow stromal cell line, OP9,
for the efficient and scalable differentiation of human pluripotent stem
cells (hPSCs) into endothelial and blood lineages. However, this system
relied on mouse feeder cells and serum, which limits its utility for
studying hPSC response to specific growth factors and manufacturing
clinical grade therapeutic blood cells. To overcome these limitations,
we identified the optimal combination of morphogens, small
molecules, and hematopoietic cytokines required to reproduce hPSC
differentiation pattern on OP9 in serum-free defined conditions. We
found that stage-specific administration of BMP4, Activin A, FGF2,
VEGE, and LiCl were sufficient and necessary for hematoendothelial
specification, while the addition of hematopoietic cytokines, SCE, TPO,
IL-6, and IL-3 greatly increased hematopoietic expansion. In addition,
based on molecular profiling of OP9 and stromal cell lines with
different hematopoiesis-inducing activity, we found that Tenascin C, a
protein associated with HSC niches, strongly promotes hematopoietic
development from hPSCs. Phenotypic and functional analyses of
cells generated in our Tenascin C-based feeder-free protocol showed
that they undergo similar stages of development as hPSCs cocultured
on OP9 cells. These stages include, ApelinR+PDGFRa+ primitive
posterior mesoderm with mesenchymo- and hemangio-blast forming
potentials, KDRhiApelinR+PDGFRa-/lo hematovascular mesodermal
precursors, VE-Cadherin+CD73-CD235a- hemogenic endothelial
progenitors,  VE-Cadherin+CD73+CD235a/43-  non-hemogenic
endothelial progenitors, VE-Cadherin+CD73-CD235a+ angiogenic
hematopoietic progenitors,and multipotentlin-CD34+CD43+CD45-/+
hematopoietic progenitors. hPSCs differentiated in completely defined
conditions formed the entire spectrum of hematopoietic colonies
including GEMM and possessed T lymphoid potential, indicating the
induction of the definitive hematopoietic program. Collectively, this
novel differentiation system opens the opportunity to produce clinical
grade blood cells de novo for therapies of blood diseases.

W-1082

MIR-146A REGULATES HEMATOPOIETIC STEM CELL
MAINTENANCE AND CELL CYCLE ENTRY

Wegrzyn Woltosz, Joanna', Knapp, David JHF?, Copley, Michael®,
Ibrahim, Rawa', Umlandt, Patricia’, Fuller, Megan', Baltimore, David*,
Boldin, Mark®, Karsan, Aly"

!Genome Science Centre, BC Cancer Agency, Vancouver, BC, Canada,
2Terry Fox Laboratory, BC Cancer Agency, Vancouver, BC, Canada,
*BC Cancer Agency, Vancouver, BC, Canada, *California Institute of
Technology, Pasadena, CA, USA, *Department of Molecular and Cellular
Biology, Beckman Research Institute of City of Hope, Duarte, CA, USA

Maintenance ofblood homeostasis depends on the balance between self-
renewal of hematopoietic stem cells (HSCs) and their differentiation
into blood cell progenitors. A variety of different intrinsic or extrinsic
regulators, including multiple microRNA (miRNA) species, have
been described to play a role in the regulation of these processes.
Disruption of any of these regulators could lead to stem cell exhaustion
or increased risk of leukemogenesis. Given recent reports of the role
of miR-146a in malignant hematopoiesis, we evaluated its role in
hematopoietic stem progenitor cell (HSPC) function. We show that
miR-146a is highly expressed in HSCs and its expression decreases in
committed progenitors. miR-146a- deficient HSCs had dramatically
reduced self-renewal capacity as measured by serial competitive bone
marrow transplantation assays. The lower self-renewal capacity was
accompanied by decreased quiescence in miR-146a-deficient cells, as
revealed by decreased proportion of miR-146a-/- HSPCs (Lin- Sca-
1+ c-kit-, LSK) in GO of the cell cycle (Ki-67- negative), and their
increased proliferation, measured by BrdU incorporation. We further

showed that increased proliferation of HSPCs is cell intrinsic. By
sorting EPCR+ CD48- CD150+ (ESLAM) HSCs and examining cell
division kinetics at the single cell level, we found that miR-146a-/-
HSC undergo cell division earlier and differentiate more rapidly than
wild-type HSCs, thereby producing larger colonies containing more
differentiated (Lin+) cells. Our data provide evidence that miR-146a
loss attenuates HSC quiescence and impairs their self-renewal ability,
leading to hyperproliferation of progenitor cells. The phenotype seen is
cell autonomous and the findings suggest that miR-146a plays a critical
role in maintaining long term HSC function.

W-1083

DISPARATE RAPID EFFECTS OF FLT3-LIGAND AND GP130-
ACTIVATING CYTOKINES ON PRIMITIVE SUBSETS OF
CD34+ HUMAN HEMATOPOIETIC CELLS

Wei, Lisa’, Eaves, Connie', Rose-John, Stefan?, Knapp, David JHF!
"Terry Fox Laboratory, BC Cancer Agency, Vancouver, BC, Canada,
’Institute of Biochemistry, Christian Albrechts Univerity Kiel, Kiel,
Germany

Background: Expansion of human hematopoietic stem cells (HSCs)
remains an important clinical imperative for therapies with the goal
of improving both blood cell recovery and replacement. Current
approaches exploit empirically accrued identification of cytokines that
expand human cells with longterm hematopoietic output potential in
vitro and in transplanted irradiated immunodeficient mice. However
the specific mechanisms by which many of these may act on HSCs and
closely related cell types remain poorly understood. Previous studies
have suggested that FLT3-L and activation of Gp130 (the common
signaling P chain of the IL6 receptor family) are independently active
stimulators of long-term culture initiating cell (LTC-IC) expansion in
short-term (10-day) cultures of CD34+CD38- human cord blood (CB)
cells. More recent experiments have shown that CB cells with in vivo
repopulating activity are obtained at much higher purity (~10%) in
the CD45RA-CD90+CD49f+ subset of the CD34+CD38- population
(CD49f cells; ~10% HSCs). Therefore it was of interest to compare
the effects of this mode of stimulation on the CD49f+ subset with
the total CD34+CD38- fraction of CB cells. Methods: Aliquots of
3150 cells FACS-sorted CD34+CD38- or 100 CD49f+ CB cells were
cultured for 12 days in 100 ng/mL FLT3-L + 20 ng/mL of either IL11
or hIL6 (a synthetic peptide consisting of IL-6 connected via a linker
to its cognate -chain receptor) and then analyzed for their outputs of
CD34+CD45RA-CD90+ cells and LTC-ICs. For molecular analyses,
CD34+ cells were stimulated with the same factors for 5, 15, 30 min,
or 24 hours, fixed, stained in 2 steps for CD34, CD38, CD45RA, CD90,
CD49f, CD135, Cyclin-Bl and Ki67, and then analyzed on a LSR
Fortessa. Results: As expected, under both culture conditions, some
phenotypically primitive (CD34+CD45RA-CD90+) cells (on average a
5-fold decrease from the input no’s) and LTC-ICs (~3 and 16 for hIL6/
IL11 respectively) were present after 12 days in the cultures initiated
with the CD34+CD38- cells. Interestingly, no CD34+ cells were
detected in the 12-day cultures initiated with CD49f+ cells. From the
molecular analyses, these different biological outcomes were mirrored
by a failure of these cytokine combinations to activate Ki67/CyclinB1
expression in the CD49f+ cells, in contrast to the rapid response of
the total CD34+CD38- and the CD34+CD38-CD45RA-CD90-
CD49f- cells. Individually tracked CD34+CD38- cells also showed
more rapid initiation of CD45RA-CD90-CD49f+ cell proliferation in
hIL6. Interestingly, a marked instability was observed in FLT3 receptor
(CD135) levels following stimulation, suggesting that this may not
be a useful marker in the context of manipulated cells. Conclusions:
These results show that cytokines active on very primitive human
hematopoietic cells can have previously unappreciated differences in
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their immediate signaling and subsequent biological effects on closely
related subsets. Further careful dissection of these cell-type specific
responses are thus likely to provide important new information
relevant to the optimization of improved methods to expand primitive
human hematopoietic cells ex vivo.

W-1084

STEM CELLS EXPRESSING HEMATOPOIETIC MARKERS
POPULATE THE INJURED CEREBRAL CORTEX AND CAN
PLAY A ROLE IN TISSUE REGENERATION

Wylot, Bartosz, Konarzewska, Katarzyna, Bugajski, Lukasz, Piwocka,
Katarzyna, Zawadzka, Malgorzata

Neurobiology Center, Nencki Institute of Experimental Biology, Warsaw,
Poland

In response to the central nervous system (CNS) injury cells of
hematopoietic origin populate the lesion and contribute to macrophage
populations. Recent data demonstrated that certain populations of
brain macrophages may support regeneration of the diseased CNS by
secreting a plethora of growth factors as well as reducing inflammation
via production of immunomodulating cytokines and removal of tissue
debris. To date, the source of such pro-regenerative macrophages
in the injured brain has not been unambiguously characterized.
In addition, the contribution of specific rare hematopoietic stem/
progenitor cells to macrophage populations in the injured CNS has
not been sufficiently studied. Therefore, the aim of the present study
was to examine the potential of hematopoietic stem/progenitor cells
to be the source of functional macrophages in the injured CNS. The
CD45+lin- hematopoietic stem/progenitors with different pattern of
c-kit expression were found in the murine cerebral cortex and their
number was increased following traumatic stab wound injury. The
hematopoietic populations were sorted with FACS and examined in
vitro towards differentiation into microglia/macrophages by co-culture
with astrocytes. The potential of these cells to contribute to macrophage
populations in vivo was confirmed by their transplantation into the
CNS lesion. Results of our study showed that primitive hematopoetic
stem/progenitor cells may be the source of macrophages with pro-
regenerative potential in the injured central nervous system.

W-1085

OSTEOPROGENITOR HSC NICHE SUPPORTS POSTINJURY
RECOVERY FOR BLOOD HOMEOSTASIS

Yoon, Kyung-Ae, Kim, Joo-Hyun, Cho, Je-Yoel

Department of Veterinary Biochemistry and BK21, College of Veterinary
Medicine, Seoul National University, Seoul, Republic of Korea

Hematopoietic stem cell (HSC) maintenance requires a specific
microenvironment. HSC niches could be compromised by several
different cell types, such as Nestin+ MSC, CAR cells, macrophage, and
SNS including osteoblasts (OBs) and the vascular marrow sinusoids.
In steady state niche condition, these cells could regulate HSC activity
and blood homeostasis. However, BM stress by treatment with
chemotherapeutic drugs, such as cyclophosphamide and 5-fluorouracil
(5FU) induce activated niche condition. These stimuli also generated
tissue damaging chemotherapeutic drugs and various cell signaling
molecules, such as SDF-1, FGFs. Recent research showed insufficiently
the recovery of OBs including other constituents of niches after
marrow injury. We therefore investigated that how osteoblastic niche
in mice treated with 5FU (150mg/kg) could promote the proliferation
and facilitating mobilization hematopoietic stem and progenitor cells
(HSPCs) to enhance donor HSC engraft or reconstitution. The OBs
isolated from 5FU-treated or control mice were increased niche-related
genes, mSDF-1, mJag-1, mScf, mN-cad, mAngptl and mVcam-1, and

osteoblast marker genes, mOsx, mOpn, mRunx2, mAlp, mColl. Ki67,
proliferation marker gene, significantly decreased in 5FU-activated
OBs comparing to normal OBs. CFU assay also largely decreased the
proliferation rate of OBs isolated from 5FU-treated mice. These results
showed BM stress by 5FU treatment induced activated osteoblastic
niche. FGF signaling is important for hematopoietic regulation. It was
recently reported that FGF ligands in the BM of 5FU-treated mice
significantly increase. We confirmed the proliferation rate and the
expression of niche marker genes in 5FU-activated OBs from mice
was increased during FGF2 treatment. Expression of FGFRs in 5FU-
activated OBs were also activated. Because osteoblast lineage cells within
osteoblastic niche consist various stage osteoblastic cells, we therefore
anticipated that stage-specific interaction between osteoblastic niche
cells and HSPCs was important for postinjury recovery after marrow
injury. To find regulator gene candidates in OSX-GFP positive cells
isolated from 5FU-treated mice using OSX-GFP-CRE mouse, we
performed an RNA-sequencing analysis using next generation tool.
Taken together, FGF signaling could regulate osteoblastic niche
cells to support HSC hemeostasis in response to severe BM damage.

W-1086

PRIMING WITH ERYTHROPOIETIN IMPROVES THE
ANGIOGENIC POTENTIAL OF HUMAN PERIPHERAL
BLOOD STEM CELLS MOBILIZED BY G-CSF

Yun, Ji-Yeon', Hur, Jin?, Kang, Jeehoon?, Jin, Yunjung', Kang, Jin-A',
Lee, Hwan', Choi, Jae-II', Lee, Hyun-chae', Choi, Young-eun', Kwon,
Yoo-Wook? Cho, Hyun-Jai?, Park, Young-Bae? Kim, Hyo-Soo’

ISeoul National University, Seoul, Republic of Korea, “Seoul National
University Hospital, Seoul, Republic of Korea, *Seoul National Hospital
Department of Internal Medicine, Seoul, Republic of Korea

Stem cell therapy in ischemic diseases, such as myocardial infarction
(MI) has been regarded as a promising method to repair ischemic
tissue and enhance neovascularization. Despite the several results
performed by numerous clinical trials of stem cell therapy, there is still
limitation in the therapeutic efficacy of current strategy. In our previous
clinical trials, we proved that intracoronary infusion of the mobilized
peripheral blood stem cells (mobPBSCs) after injection of Granulocyte
colony stimulating factor (G-CSF) is significantly effective in improving
myocardial contractility and reducing infarct volume in patients
with acute myocardial infarction. In addition, we applied a priming
strategy to boost the therapeutic effect of mobPBSCs and established
our strategy to prime these cells just for several hours incubation
without ex-vivo cell culture. In this study, we examined the effect of
erythropoietin (EPO) as a priming agent for mobPBSCs in order to
augment the therapeutic efficacy. In general, EPO is known to promote
survival, proliferation, and differentiation of erythroid progenitor cells
and has long been used for cell based therapy in ischemic diseases.
We used mobPBSCs obtained from healthy volunteers after 3 days’
subcutaneous injection of G- mcg/kg). About 40% of mobPBSCs were
positive for EPO receptor (EPOR) and responded to EPO priming
(10 TU/ml) for 6 hours by increasing the expressions of angiogenic
cytokines or growth factors (IL8, IL10, bFGF, PDGE, MMP9) as well as
adhesion molecules (integrin aV, 1, f2, f8). Various angiogenic factors
such as IL8, IL10, and PDGF were contained more in the conditioned
media from EPO-primed mobPBSCs compared to the conditioned
media from Veh-primed mobPBSCs. The conditioned media from
EPO-primed mobPBSCs significantly enhanced migration and tube
formation capability of endothelial cells. EPO-primed mobPBSCs
also showed increased adhesion on endothelial cells or fibronectin.
Augmented angiogenic potential of EPO-primed mobPBSCs was
confirmed by Matrigel plug assay and athymic nude mice hindlimb
ischemia models, showing direct incorporation of human mobPBSCs

28 60 #ISSCR20 1 4



TH
]2ANNUAL
MEETING VANCOUVER, CANADA

into vasculature and increase in vessels formation and blood stream.
Briefly, EPO could be used a novel priming agent to augment the
angiogenic potential of human mobPBSCs by induction of angiogenic
cytokines and adhesion molecules, which would be helpful to achieve
better results after intracoronary infusion in patients with ischemic
disease. Our results strongly suggest that ex-vivo EPO priming of
mobPBSCs can be a feasible and effective method to improve the
efficacy of stem cell therapy.

W-1087

ZFX MODULATES THE GROWTH AND IMATINIB
SENSITIVITY OF CD34* CHRONIC MYELOID LEUKEMIA
CELLS

Zhang, Xiuyan', Wu, Jie!, Zhou, Haixia?, Wu, Depei? Zhao, Yun'
'Cyrus Tang Hematology Center, Soochow University, Suzhou, China,
Jiangsu Institute of Hematology, The First Affiliated Hospital of Soochow
University, Suzhou, China

ZFX (Zinc finger protein, X-linked) is a key regulator of both
embryonic stem cells (ESCs) and hematopoietic stem cells (HSCs).
A recent report has demonstrated that Zfx is required for Notch
intracellular domain (NotchIC) induced acute T-cell leukemia and
MLL-AF9 induced myeloid leukemia in mice models. Moreover, the
implication of ZFX in various human tumors has been documented as
well. However, the expression and the role of ZFX in human leukemia
(e.g. chronic myeloid leukemia, CML) have not been addressed yet.
In the present study, we firstly found that ZFX had similar expression
level in nucleated cells from chronic phase CML patients (n=13) as that
from normal bone marrow (NBM, n=7), however ZFX was 3-fold up-
regulated in CD34* CML cells compared to that in NBM cells (8 CML
vs. 4 NBM, p<0.01). In addition, we utilized Hoechst 33342 (Hst) and
Pyrosin Y (Py) co-staining to purify the CD34* quiescent CML and
NBM cells (CD34*Hst°Py"), and found that ZFX had a 13-fold higher
expression level in CML cells than that in NBM cells (3 CML vs. 3 NBM,
p<0.05). In contrast, the protein expression of ZFX decreased upon the
treatment of Imatinib mesylate (IM) in K562 cells. To address the role
of ZFX in CML cells, we validated two independent shRNA sequences
delivered with lentiviral vector, which resulted in the decreased ZFX
protein expression by 67% and 73% in K562 cells, respectively. ZFX
silence inhibited the proliferation of K562 cells in liquid culture and
impaired their colony-forming cell (CFC) capacities as well. The
knockdown of ZFX also decreased CFC production of CD34* CML
cells (ranging from 58% to 85%, n=3, p<0.01). Interestingly, ZFX
silence sensitized K562 and CD34* CML cells (both IM sensitive and
insensitive samples) to the treatment of IM. To obtain more molecular
insights, we generated the global gene expression data comparing ZFX
silenced and control K562 cells and we validated that both transcript
and protein expression of B4GALT1 (UDP-Gal:betaGlcNAc beta 1,4-
galactosyltransferase, polypeptide 1) was reduced upon ZFX silence
as what indicated by the array data. Next, we performed chromatin
immunoprecipitate (ChIP) analysis and revealed the direct binding
of ZFX to the promoter of BAGALT1 in K562 cells. Lastly, we co-
transduced K562 cells with BAGALT1 and shRNA against ZFX, which
partially reversed the suppressed CFC production and the enhanced
IM sensitivity obtained with ZFX silence alone. Taken together, we
have demonstrated the aberrant expression of ZFX modulates the
growth and IM sensitivity of CD34* CML cells possibly via its direct
regulation of BAGALT1, which indicates a novel regulatory role of ZFX
in human CML and potentially leading to novel therapies to improve
the management of the disease.

W-1088

MEGAKARYOCYTES MAINTAIN HOMEOSTATIC
QUIESCENCE AND PROMOTE POST-INJURY
REGENERATION OF HEMATOPOIETIC STEM CELLS

Zhao, Meng', Perry, John', Marshall, Heather’, Venkatraman, Aparna?,
He, XI (CiCi)*, Li, Linheng'

IStowers Institute for Medical Research, Kansas City, MO, USA, *Centre
for Stem Cell Research, Bagayam, India

Multiple bone marrow (BM) stromal cells have been identified as
hematopoietic stem cells (HSCs)-regulating niche cells. Mature
hematopoietic cell lineages, including macrophages, can influence HSC
stromal niche cells, however, whether HSC progeny can directly serve
as an HSC niche has not been shown. Here, we report an unexpected
role of megakaryocytes (Mks) in maintaining HSC quiescence
during homeostasis and promoting HSC regeneration in response to
chemotherapeutic stress. We observed that Mks physically associated
with HSCs in the BM (58% within 2 cell distance). Using the Mk-specific
Platelet factor 4 (Pf4)-Cre induced diphtheria toxin receptor (iDTR)
mouse line, we found that Mk ablation led to activation of quiescent
HSCs and increased proliferation (10-fold increase of Lin-Sca-1+c-
kit+CD48-CD150+ HSCs, P<0.001) under homeostasis. RNA-seq
analysis revealed that TgfB1 expressed the highest in Mks compared to
other HSC niche cells, and Mk ablation led to reduction of biologically
active TGFP1 protein in BM and nuclear-localized pSmad2/3 in
HSCs indicating that Mks may maintain HSC quiescence through
TGFP/Smad signaling. Indeed, TGFp1 injection prevented activation
and restored quiescence of HSCs upon Mk ablation, demonstrating
that Mks regulate HSC quiescence prominently through TGFB1. In
response to chemotherapeutic stress, Mks expanded in parallel with
HSC regeneration near blood vessels in the central marrow, however,
Mk ablation resulted in severe HSC regeneration defects (P<0.01).
Mechanistically, Mks were found to increase FGF1 production to
promote HSC expansion in response to chemotherapeutic stress. These
observations demonstrate that Mks uniquely serve as an HSC-derived
niche, which dynamically regulates HSCs under different conditions
maintaining HSC quiescence via TGFp signaling during homeostasis
but supporting HSC expansion via FGF signaling under stress.

CANCER CELLS

W-1092

POMEGRANATE AND THE BREAST CANCER STEM
CELLS - A DETAILED STUDY ABOUT THEIR LINK AND A
NOVEL NUTRACEUTICAL THERAPY

Edward, Christina

Genomics, Madurai Kamaraj University, Madurai, India

Breast Cancer Stem Cell is a single, genetically abnormal cell. As this
one culprit cell divides, it eventually becomes a tumor and develops a
blood supply to nourish its continued growth. The target should be the
cancer stem cells and not any normal cells. At some point, the cancer
stem cells may break off from the primary mass and move through the
blood supply or nearby lymph system to other parts of the body and this
process is called metastasis. The most common sign of breast cancer is
a new lump or mass. Most often when untreated a breast cancer stem
cells trigger the cancer growth to spread to underarm lymph nodes
even before the original tumor in the breast tissue is large enough to
be detected. We are in need of a therapy/treatment to selectively kill
cancer stem cells at the original tumor site and in distant metastases
with no toxic effects on healthy cells, including normal stem cells.
Cancer stem cells are critical to a cancer’s ability to recur following
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conventional chemotherapies and radiation therapy because they
can quickly multiply and establish new tumors that are often therapy
resistant. Here comes the role of pomegranate which has a long history
of use as a food and medicine in Asia and South America. According
to the WHO, this medicinal plant is the best source to obtain variety
of drugs. About 80% of individuals from developed countries use them
in traditional medicine. The plant part or the compounds derived from
the plants are now established recipe of both pharmaceuticals and
nutraceuticals. There are many evidences that the pomegranate has
good anti-cancer properties against prostate, bowel and liver cancer.
But there are no studies so far looking at the use of pomegranate in
humans. The objective of this paper is to provide a detailed report about
why pomegranate in human breast cancer, scientific research proof for
the medicinal quality of pomegranate, Sensitivity of Pomegranate and
its hypersensitive reactions, its interactions with drugs and a novel
nutraceutical therapy using pomegranate.

W-1093

DIFFERENTIAL EXPRESSION OF SPECIFIC OCT4
TRANSCRIPTS IN BRAIN TUMORS

Furukawa, Gabriela!, Rodini, Carolina', Silva, Patricia!, Okamoto,
Oswaldo?

'USB Sao Paulo, Brazil, *University of Sao Paulo, Sao Paulo, Brazil

The OCT4 gene encodes the transcription factor POUS5F1, and
its expression is linked to pluripotency and inhibition of cellular
differentiation in healthy cells. Ectopic expression of OCT4 in neoplastic
cells has also been reported in several types of cancer such as pancreas,
bladder, breast, and gliomas. This gene, however, has three alternative
transcript variants, Oct4A, Oct4B1 and Oct4B, whose protein products
display different functions. OCT4A, the only isoform with a well known
function, is involved in the maintenance of pluripotency. Recent studies
have suggested involvement of OCT4B1 in apoptosis, stress response
and stemness, while OCT4B has been reported as related to genotoxic
stress. However, more studies regarding the function of these isoforms
are still needed. In addition to these three alternative splicing variants,
OCT4-PG1, formerly considered an OCT4 pseudogene, also generates
the transcript Oct41B, which shares 95% similarity with Oct4A. A
previous study from our laboratory analyzed 37 medulloblastoma
samples and revealed that sporadic expression of OCT4 significantly
correlated with poor overall survival, although no information
regarding specific OCT4 transcript expression was known. Here, we
have developed a method to discriminate expression of distinct Oct4
transcripts using specific primers developed in exon-exon junctions
and exclusive gene sequences of OCT4-PGI, in such way that certain
combinations of primers would only amplify one of the transcripts by
real time PCR. Amplification specificity was confirmed by both the
melting curve profile and sequencing of each amplicon. This strategy
allowed us to perform further studies regarding expression of OCT4
alternative transcripts and OCT4-PGI in medulloblastoma. The log-
rank analysis (P<0,05) of data from 15 medulloblastoma specimens
revealed that expression of any of the transcripts on its own does not
significantly correlate with poor survival, but a concomitant expression
of specific transcripts does. This assay could therefore assist the
prescription of post-surgical treatments to medulloblastoma patients.
Studies regarding the influence of OCT4 transcripts in medulloblastoma
will contribute to a better understanding of mechanisms underlying
tumor aggressiveness.

W-1094

PEDIATRIC AND ADULT LEUKEMIAS EXHIBIT DISPARATE
GENOMIC ORGANIZATION AND FUNCTIONAL
PROPERTIES

Giambra, Vincenzo!, Lam, Sonya', Belmonte, Miriam', Ng, Amy’,
Shevchuk, Olena O.!, Gusscott, Sam', Salehi, Sohrab!, Chun Chan,
Fong?, Kridel, Robert’>, Lorzadeh, Alireza’, Jenkins, Christopher’,
Hoofd, Catherine!, Benz, Claudia?, Steidl, Christian?, Eaves, Connie',
Hirst, Martin J.*, Andrew, Weng P.!

Terry Fox Laboratory, BC Cancer Research Centre, Vancouver, BC,
Canada, ’BC Cancer Research Centre, Vancouver, BC, Canada,
*Microbiology and Immunology, University of British Columbia,
Vancouver, BC, Canada, *British Colombia Cancer Agency, Vancouver,
BC, Canada

T-cell acute lymphoblastic leukemia (T-ALL) is an aggressive
malignancy of immature T-cell progenitors which affects both children
and adults. While optimization of chemotherapy regimens has led
to steady improvements in outcome for pediatric patients over the
past 5 decades, new approaches are needed for adults. The basis for
this divergence is likely multifactorial, but we sought in this study
to investigate whether intrinsic features might underlie the biologic
differences between pediatric and adult leukemias. In an effort to
model pediatric and adult leukemias, we transduced hematopoietic
stem/progenitor cells (HSPCs) derived from mouse fetal liver (FL)
and adult bone marrow (ABM) with activated NOTCH1 virus and
transplanted these cells into histocompatible recipient animals. We
find that whereas fetal and adult HSPCs generate similar primary
leukemias in terms of penetrance, latency, disease burden/distribution,
and immunophenotype, fetal leukemias exhibit greater cycling activity,
but dramatically reduced ability to propagate disease in secondary
recipients. In fact, fetal leukemias contain 150- to 500-fold fewer
leukemia-initiating cells than adult leukemias, suggesting there
may be important differences in their self-renewal activity. Using a
combination of gene expression profiling and in vitro culture assays, we
further demonstrate that NOTCH1 induces autocrine IGF signaling in
FL, but not ABM-derived HSPCs which is responsible for the increased
cell cycling phenotype. Importantly, similar results were obtained
with human HSPCs derived from CD34+ cord blood and bone
marrow. We also show that NOTCH1 dimerization is required for the
pronounced IGF expression seen in fetal mouse and neonatal human
HSPCs. Interestingly, NOTCHI1 induces different histone methylation
signatures in chromatin overlying the IGFI locus in FL and ABM
HSPCs, and also mediates a different set of physical interactions with
distant loci. We conclude from these studies that NOTCHI1 enacts
differential, developmental stage-specific transcriptional programs by
a combination of local epigenetic patterning and long-range genomic
interactions. These findings support the idea that pediatric and adult
T-ALL may potentially be regarded as related, but biologically distinct
diseases, and that novel, age-specific therapies that exploit these
differences may improve clinical outcomes.

W-1095

IDENTIFICATION OF PROGNOSTIC BIOMARKERS FOR
HEPATIC CANCER PROGRESSION BASED ON HEPATIC
DIFFERENTIATION OF HUMAN EMBRYONIC STEM CELL
Han, Jiyou

College of Life Sciences and Biotechnology, Lab of Stem Cells and Tissue
Regeneration, Korea University, Seoul, Republic of Korea

MFG-E8 (Milk fat globule-epidermal growth factor VIII), also called
lactadherin or BA46, SED1isaglycoprotein foundin milkand mammary
epithelial cells, it is a major protein component associated with milk
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fat globule membrane. Previously, our study showed that expression
of MFG-E8 is gradually increased with hepatic differentiation of
human embryonic stem cells (hESCs). Therefore, we hypothesized that
MFG-E8 would be an early cancer stem cell marker, which may predict
cancer progression. Our results showed that MFG-E8 was expressed
in various human cancer cell lines such as HepG2, Hep3B, and Huh?7.
Production and secretion of the MFG-E8 were also confirmed in
the conditioned media of those three cell lines using enzyme-linked
immunosorbent assay. Next, we analyzed the MFG-E8 expression in
11 clinical cases of cholangiocellular carcinoma (CC) and 33 cases
of hepatocellular carcinoma (HCC) by immunohistochemistry and
examined the potential correlation with B-catenin and AFP, which
are known cancer markers. According to hitological criteria, the
progression of HCC and CC was evaluated and classified into high,
low, metastatic, and well-, moderate-, poor-differentiated, respectively.
Our immunohistochemistry data showed that MFG-E8 was expressed
both HCC and CC tissue. Interestingly, the MFG-E8 expression was
significantly increased with cancer progression (P<0.05) in both cases.
Additionally, B-catenin expression was increased and its localization
was changed from membrane to cytoplasm and nucleus with the degree
of HCC. Likely B-catenin, AFP was also increased with the degree of
HCC but it was not correlated with severalty of CC. Importantly, both
AFP and p-catenin were highly co-localized with MFG-E8 in HCC.
These results suggest that MFG-E8 may have important physiological
roles and its expression in HCC and CC would be considered as an
important prognostic factor. This research was supported by the Bio
and Medical Technology Development Program of the National
Research Foundation (NRF) funded by the Korean government
(MEST) (No. 2012M3A9C7050139 and No. 2012M3A9B4028636 for
JHK) and Korea University Grant (for JH).

W-1096

LEUKEMIC PROPAGATING CELLS MODULATE THE BM
NICHE IN RESPONSE TO THERAPY

Hong, Dengli

Shanghai Jiao-Tong University School of Medicine, Shanghai, China

Increasing evidence suggests that the residence of cancer propogating
cells (CPCs) in preferential niches may have a major part in evading
therapy and in subsequent evolution. However, this topic should be
further investigated in terms of the nature of the niches involved and
the mechanisms by which CPCs modulate the niche and the niche
protects CPCs. We addressed these issues in the context of human ALL
in this study. We have investigated the mouse models and patients’
BM biopsies. The results reveal the interplay between leukemia
propogating cells (LPCs) and their non-malignant supporting cells
in the bone marrow (BM) niche and the initial events resulting
from primary chemotherapy. Prior to frank leukemic dissemination,
residual leukemic cells were located in normal endosteal and vascular
niches after initial chemotherapy. However, LPCs resided in a sheath of
supporting cells comprising a novel niche once leukemic dissemination
substantially devastated the normal BM environment. The novel niche
is dynamically transient: beginning with Nestin+ cells, maturating
through their transition to a-SMA+ cells, and terminating with
fiber residues. The niche then provided the resident LPCs with anti-
apoptotic properties. This kind of niche-mediated “reprogramming”
in LPCs was achieved by epigenetic cooperation, and the alterations
may be memorized by the niche-resident LPCs until they evolve by
generating genetically distinct refractory subclones. Therefore, the
therapeutic strategies for such disease should prevent the formation of
an early protective niche or interfere with its function during the early
phase of chemotherapy.

W-1097

IDENTIFICATION OF MIRNA INVOLVED IN
MEDULLOBLASTOMA AGGRESSIVENESS

Kaid, Carolini, Silva, Patricia, Rodini, Carolina Oliveira, Semedo-
Kuriki, Patricia, Okamoto, Oswaldo

Genetics Department, Bioscience Institute / Sdo Paulo University, Sdo
Paulo, Brazil

Medulloblastoma is a common malignant brain tumor in children and
amajor cause of morbidity and mortality by childhood cancer. A recent
study of our group revealed that ectopic expression of the pluripotent
factor OCT4 is associated with poor survival of medulloblastoma
patients. Differential expression of miRNAs known to regulate
intrinsic stem cell properties has also been recently correlated with
poor prognosis in some cancers. In this work, we found increased
levels of hsa-miR-367 in human medulloblastoma CHLA-01-Med cells
stably overexpressing OCT4A, established in our lab, which prompted
us to further investigate a possible direct contribution of this miRNA
in medulloblastoma aggressiveness. Expression of primary and mature
hsa-miR-367 was detectable by real-time PCR in parental CHLA-
01-Med cells, albeit at lower levels when compared with OCT4A
overexpressing CHLA-01-Med cells and with human embryonic stem
cells. Transfection of parental CHLA-01-Med cells with a synthetic hsa-
miR-367 mimic resulted in down-regulation of two bioinformatically
predicted transcript targets encoding ITGAV and RAB23, which
are involved in cancer. Furthermore, transfection with the miRNA
mimic significantly increased viable cell growth after 24h and 48h of
cell culture, as well as the amount of medulloblastoma neurospheres
formed four days post-transfection (P<0.05). These findings suggest a
pro-oncogenic activity for this microRNA involved in pluripotency and
stem cell self-renewal, which may contribute to tumor aggressiveness
as a downstream target of OCT4A in medulloblastoma.

W-1098

BONE MARROW DERIVED MESENCHYMAL STEM

CELLS ARE ASSOCIATED WITH THE TUMOR
MICROENVIRONMENT OF GASTRIC CARCINOMA
Kasashima, Hiroaki', Yashiro, Masakazu'?, Masuda, Go', Morisaki,
Tamami', Fukuoka, Tatsunari', Hasegawa, Tsuyoshi', Hirakawa, Kosei'
'Department of Surgical Oncology *Oncology Institute of Geriatrics and
Medical Science, Osaka City University Graduate School of Medicine,
Osaka City, Japan

Current studies have reported that stromal cells in the tumor micro-
environment contribute the development of gastric carcinoma.
However, the origin of the stromal cells remains to be unclear. The
aim of this study is to clarify the correlation between bone marrow
mesenchymal stem cells (MSCs) and tumor stromal cells in gastric
cancer. A gastric cancer cell line, OCUM-2MD3, was used. EGFP-
labelled bone marrow was transplanted into BALB/C nude mice treated
with irradiation of 4 Gray. Then OCUM-2MD3 cells were respectively
transplanted into subcutaneous, stomach, or peritoneal cavity of mice.
EGFP-labelled bone marrow-derived cells in each inoculated tumor
were determined by fluorescence microscopy. Also each tumor was
immunohistochemically stained by a-SMA, and cells with a-SMA
-positive were determined as myofibroblasts. Next, we evaluated
the effect of MSCs on the tumorigenicity of OCUM-2MD3 cells by
inoculating in the presence or absence of MSCs. Taken together, In vitro,
we examined the effect of MSCs on the proliferation and migration
of gastric cancer cells in vitro. EGFP-labelled bone marrow-derived
cells were found in the stroma of each tumor micro-environment.
Some of EGFP-labelled cells were a-SMA positive. The tumorigenicity
of co-inoculated tumor with cancer cells and MSCs was significantly
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(p=0.020) increased, in comparison with that of tumor by cancer cells
alone. Moreover, myofibroblasts with a-SMA -positive was frequently
found in the co-inoculated tumor, in comparison with tumor by cancer
cells alone. Conditioned medium from MSCs significantly increased
the proliferation (p<0.001) and invasion (p<0.001) activity of gastric
cancer cells. Bone marrow MSCs are associated with the tumor micro-
environment, and might affect on the progression of gastric carcinoma.

W-1099

DIFFERENTIAL SENSITIVITY TO CISPLATIN IN A MODEL
OF LUNG LINEAGES DERIVED FROM LUNG CANCER IPC
CELLS

Kong, Chiou Mee, Xie, Xiaojin, Wang, Xueying

Biochemistry, National University of Singapore, Singapore

Non-small cell lung cancer (NSCLC), accounts for 80% of all lung
cancers, is often deadly as majority of patients are detected at late
stages. There is, however, paucity of a suitable model for early NSCLC
detection that hinders the research progress. Despite resistance to
chemotherapeutic drugs, cisplatin (CDDP) is still one of the commonly
used drugs used in treating NSCLC cells. A better understanding
of cellular events and molecular pathways of the development of
resistance to CDDP could improve its therapeutic effect. The advent
of induced pluripotency by Takahashi and Yamanaka in cancer
research has opened up unchartered territories for oncologists to
further understand cancer in order to approach it more effectively.
These induced pluripotent cancer (iPC) cells provide unprecedented
opportunities in studying the pathogenesis of cancer in vivo and serve
as a valuable in vitro tool in studying drug sensitivity. In the present
study, a sequential lung lineages differentiation model from NSCLC-
derived iPC cells was established which enables us to interrogate CDDP
resistance in NSCLC cells. Our results revealed that, in contrary to the
parental NSCLC cells, definitive endoderm (DE) and lung epithelial
cell lineage (LE), differentiated from NSCLC-derived iPC cells were
less sensitive to CDDP. Our results further demonstrated that CDDP
phosphorylates ATM and Chk2, which in turn leads to the activation
of p53 and subsequently increases p21 expression levels, results in
G1/S growth arrest. Taken together, our results showed that the
ineffectiveness of CDDP in targeting differentiated NSCLC cells may
be contributed from its failure in treating the cancer clones through
the p53-p21-cell cycle axis. These findings suggest a more targeted
therapy in treating NSCLC clinically. In summary, a sequential lung
lineages differentiation model from NSCLC-derived iPC cells not only
offers a suitable model for possible early lung cancer detection; but also
improves our understanding of cellular events associated with CDDP
resistance phenotype in NSCLC.

W-1100

HEDGEHOG-INTERACTING PROTEIN (HHIP) IS A KEY
REPRESSOR OF HEDGEHOG SIGNALING THAT DRIVES
CELL SURVIVAL, PROLIFERATION, INVASION, AND DRUG-
RESISTANCE IN LUNG ADENOCARCINOMA

Kuo, Ting-yu', Lin, Erh-Hsuan?, Yang, Sheng-Ping®, Wu, Cheng-Wen'
!Institute of Biochemistry and Molecular Biology, National Yang Ming
University, Taipei, Taiwan, *Institute of Biomedical Sciences, Academia
Sinica, Taipei, Taiwan, ’Institute of Microbiology and Immunology,
National Yang Ming University, Taipei, Taiwan

The cross-talk between oncogenic pathways and stemness pathways
play important roles during cancer development and contribute to
cancer cell stemness. Recent years, the aberrant activations of stemness
signaling such as Hedgehog (HH), hypoxia-inducible factor, and Wnt
pathways, and the stemness factors like Oct-4 and Sox-2 have been

reported in lung cancers. However, most researches to date focused on
the impact of positive regulators of stemness pathways in oncogenesis,
but less on the importance of negative regulators. Hedgehog interaction
protein (HHIP) is a membrane protein that binds to HH ligands with
an affinity comparable to Ptch-1 (the native HH ligand receptor),
and HHIP overexpression attenuates HH signaling by capturing HH
ligands. HHIP has been found to be down-regulated in several types of
cancers through promoter hyper-methylation. In lung cancer, however,
its role and importance has not been identified. Here, we show that
HHIP was significantly repressed in lung cancer cell lines and human
lung tumor samples through epigenetic silencing. Overexpression
of HHIP in lung cancer cells blocked the auto-loop induction of
endogenous HH pathway, and inhibited the invasiveness of cancer cells.
We also found that in starvation state, HH pathway was autonomously
induced which then mediated the expression of HGF and cMET
phosphorylation, while HHIP overexpression blocked such inductions
and significantly repressed cell proliferation rate. Furthermore, HHIP
reduced the size of spheroids formed by lung cancer cells in serum-
free 3D matrix. Finally, we found that HH-induced HGF expression
decreased the sensitivity of lung cancer cells to Genfinitib treatment.
In summary, our results indicate that HHIP is a key regulator of HH
signaling that was silenced in lung cancer and thus potentiates cancer
cells to activate stemness pathway during adverse condition. This result
also implies that cancer cells can acquire stemness by downregulating
negative regulators of stemness pathways for survival, metastasis, and
drug resistance.

W-1101

THE EMERGING ROLE OF YAP IN CELL SURVIVAL AND
PROLIFERATION AND ITS CROSSTALK WITH EGFR IN
LUNG ADENOCARCINOMA

Lee, TingFang, Wu, Cheng-Wen

National Yang-Ming University, Taipei, Taiwan

Lung cancer is one of the leading causes of malignancy-related deaths.
The epidermal growth factor receptor (EGFR) pathway, a signaling
network that regulates cell growth and survival, is overexpressed or
mutated in a majority of lung adenocarcinoma (LAC) cases. Hippo
pathway has emerged over the past decade as a major determination
of organ growth and contact inhibition. The Hippo signaling effector
YAP plays an important role in the maintenance of pluripotency in
embryonic stem cells. Here we demonstrate that YAP is crucial in
the maintenance of cell survival, cell proliferation and stemness-like
properties in LAC cells. Overexpression of YAP promotes oncogenic
phenotypes while knocking down YAP attenuates proliferation in LAC
cells. We also observed a crosstalk between YAP and EGFR. YAP is
regulated by EGFR signaling and overexpressed YAP can further
upregulate EGFR, forming a positive feedback loop. EGFR active
mutant LAC cell lines showed higher YAP protein levels compared to
EGFR wild type cells. Knocking down EGFR contributes to decreased
YAP expression in EGFR mutant cells; EGF stimulation rescued
YAP expression in EGFR wild type cells. Our findings suggested
the emerging role of YAP in proliferation and survival in LAC cells
involved with EGFR signaling. YAP can serve as a potential target as a
prognosis marker and a drug target.
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W-1102

INTERACTION OF GD2 GD3 WITH GROWTH FACTOR
RECEPTORS SUSTAIN THE STEM CELLS PHENOTYPE OF
BREAST CANCER

Liang, Yuh-Jin

Chang Gung Memorial Hospital, Institute of Stem Cell and Translational
Cancer Research, Taoyuan, Taiwan

Glycosphingolipids (GSLs) are ceramide with one or several sugar units
attached, primarily localized on the plasma membrane of animal cells
to mediate cell adhesion and signal transduction via lipid raft in the
membrane. It was also reported that specific GSLs are highly expressed
in human cancer cells and enhance tumor phenotypes include cell
proliferation, invasion and motility. In this study, we used an EMT
model which generate breast cancer stem like cells from immortalized
human mammary epithelial cells and assessed the different expression
profiles of GSLs between cancer stem cells (CSCs) and non-CSC. We
have found that Fuc-(n)Lc4Cer and Gb3Cer were drastically reduced
in CSCs, whereas GD2, GD3, GM2, and GD1a were greatly increased
in CSCs. Among various glycosyltransferases tested, mRNA levels for
ST3GAL5, B4AGALNT1, ST8SIA1, and ST3GAL2 were increased in
CSCs, which could explain the increased expression of GD3, GD2, GM2,
and GD1a in CSCs. We further demonstrated that gangliosides GD2
and GD3 are specifically enriched in CD44hi/CD24lo CSC population.
In addition, the stem cell phenotypes, such as mammosphere formation
and migration ability, were reversed when GD3 synthase (ST8SIA1)
or GD2 synthase (B4GALNT1) were knockdown in breast cancer cell
line. Our results demonstrated that GD2 and GD3 may play a function
role in maintaining the CSC phenotype in human breast cancer. Since
gangliosides combined with their interacting receptors/ adaptors are
known to exist in lipid rafts on the surface of plasma membrane and
leading to regulate signaling transduction. Thus, how the GD2/ GD3
regulate the breast CSC phenotype by interacting with their interacting
receptors/ adaptors in lipid raft and transmit specific signal for cell self-
renewal and invasion in breast CSCs were investigated by Enzyme-
Mediated Activation of Radical Sources reaction combind with Mass
Spectrometry. A number of interacting molecules with GD3 or GD2
on the cell membrane were identified. Representative results of GD3
associating EGFR and GD2 associating c-Met were shown.

W-1103

FUNCTIONAL CHARACTERIZATION OF

NOVEL BIOMARKERS FOR SUBTYPE-SPECIFIC
MEDULLOBLASTOMA CELL PHENOTYPES

Liang, Lisa', Aiken, Christopher!, Coudiére-Morrison, Ludivine',
McClelland, Robyn', Remke, Marc?, Del Bigio, Marc!, Taylor, Michael
D.2, Werbowetski-Ogilvie, Tamra'

"University of Manitoba, Winnipeg, MB, Canada, *Hospital for Sick
Children, Toronto, ON, Canada

Medulloblastoma (MB) is the most common malignant primary brain
tumor in children. Despite improved clinical outcomes, children with
MB often suffer from the consequences of treatment such as surgery,
chemotherapy and radiation. MB is currently classified into 4 distinct
molecular subtypes based on genomic alterations, gene expression
profile, response to treatment and cell of origin; Wnt, Sonic Hedgehog
(Shh), Group 3, and Group 4. This extensive heterogeneity has revealed
a critical need for subtype-specific, functionally validated biomarkers
and therapeutic strategies. Here, we utilized a recently developed high-
throughput flow cytometry cell surface marker screening platform
to identify biomarkers that are differentially expressed in higher
self-renewing vs. lower self-renewing Shh MB cells. From 242 cell
surface markers, 25 showed differential expression between these two

phenotypes. Four of these cell surface markers were also differentially
expressed in the Shh variant relative to the other 3 subgroups across 3
independent transcriptome datasets consisting of 548 patient samples:
CD271/p75NTR/NGFR, CD106/VCAMI1, CDI171/NCAM-L1 and
EGFR. This differential expression was validated by flow cytometry
using multiple cell lines derived from the MB subgroups. As we had
previously demonstrated a role for CD271 as a potential marker for
tumor propagating cells (TPC) in a Shh variant MB model in vitro,
we initially chose this candidate for additional functional analysis. We
employed gain and loss of function studies to investigate the effect of
CD271 on MB cellular properties including self-renewal, proliferation,
differentiation and cell motility/invasion. To date, our results
demonstrate that compared to the control, CD271 overexpression
cells generate larger tumorspheres, but lose their self-renewal capacity
over subsequent passage. Neural lineage analysis of tumorspheres
grown in differentiation conditions revealed a decrease in expression
of both glial (A2B5 and O4) and neuronal markers (BIII-tubulin).
These data suggest that CD271 may amplify progenitor cells. Our study
demonstrates the utility of high throughput flow cytometry screening
platforms for identifying novel markers associated with specific MB
phenotypes. Due to the cellular heterogeneity between MB subgroups,
identification of TPC populations for specific MB variants will be
crucial for the design of next generation targeted therapies. Exploring
the relevance of CD271 in the Shh variant MB will provide insight
into a Shh specific TPC signature and the mechanisms responsible for
regulating these clinically relevant cells. This will ultimately lessen the
broad impact of toxic treatments such as radiation and chemotherapy
on the child’s developing nervous system and improve the quality of life
for those children who survive long-term.

W-1105

THERAPEUTIC TRANSMEMBRANE PEPTIDES
NEUROPILINE-1 AND PLEXIN-A| INHIBIT GLIOBLASTOMA
STEM CELL GROWTH

Meyer, Lionel, Jacob, Laurent, Crémel, Gérard, Bagnard, Dominique
INSERM, Strasbourg, France

Glioblastoma multiforme (GBM), the highest grade of glioma
according the W.H.O classification is a lethal brain tumour for
which no effective treatment is available. It is characterized by high
proliferation, invasiveness, angiogenesis and resistance against
treatments. The latter confers to GBM a systematic recurrence capacity,
partially due to a subpopulation called glioblastoma stem cells (GSC).
Here, we propose innovative membrane targeting peptides
Plexin-Al (MTP-PlexAl) and Neuropilin-1 (MTP-NRPI) to
interfere on proliferation and differentiation capabilities of the
GSCs. GSC were initially subjected to molecular characterization
(Immunocytochemistry and RTqPCR) and differentiation assay
showing an important oligodendrocyte ratio (O4 marker = 46% of total
cells) compared to normal neural stem cells (O4 marker = 19% of total
cells p <0.0001). Hence, sphere formation assay revealed the possibility
to inhibit GSC proliferation using MTP-PlexA1 and MTP-NRP1 (-32%
and -34% respectively, p = 0.001). To address whether this inhibitory
effect would impede tumor development in vivo we performed
xenografts experiment. GCSs were grafted in the flank of nude mice
without treatment or when cells were pre-incubated with MTP-
PlexAl. This was done using a mCherry fluorescent version of GSC
(NCH644-mCherry) allowing live monitoring of tumor apparition. We
chose to monitor tumor development over a 5 days period of time as
a compromise to reach the size of detectable tumors while conserving
significant inhibitory activity of MTP-PlexAl. With control cells we
observed the development of 14 tumors out of the 20 grafted mice
(70%). However, GCS pre-incubated with the peptides gave rise to 25%
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of detectable tumor bulks. Hence, the transmembrane peptide strategy
using MTP-PlexAl and MTP-NRP1 inhibits GSCs growth in different
in vitro and in vivo models thereby opening an interesting potential
therapeutic option.

W-1106

BAALC PROMOTES LEUKEMOGENESIS BY BALANCING
MEK/ERK-DEPENDENT PROLIFERATION WITH KLF4-
DERIVED DIFFERENTIATION BLOCK.

Morita, Ken', Masamoto, Yosuke', Kagoya, Yuki', Kataoka, Keisuke’,
Koya, Junji', Yashiroda, Hideki? Sato, Tomohiko', Murata, Shigeo?,
Kurokawa, Mineo'

'Department of Hematology and Oncology, The University of Tokyo,
Tokyo, Japan, *Graduate School of Pharmaceutical Sciences, The
University of Tokyo, Tokyo, Japan

BAALC (brain and acute leukemia, cytoplasmic) has drawn increasing
attention since its clinical significance on worsened outcomes in
cases of acute myeloid leukemia (AML) and acute lymphoblastic
leukemia (ALL), however, the precise mechanisms of BAALC to
promote leukemogenesis remain to be addressed. BAALC has been
shown to localize mainly in the cytoplasm, which offered us a clue to
seek for alterations of signal transduction in cytoplasm by excessive
BAALC. Our elaborate profiling of phosphorylated proteins in
BAALC-overexpressed HEK293T cell line revealed the enhanced
phosphorylation of extracellular signal-regulated kinase (ERK), and
its downstream target p90RSK. To find out possible factors that bind
to BAALC, yeast two-hybrid screening was conducted, in which
BAALC as a bait and human bone marrow-derived cDNA library
were simultaneously introduced, and MEKK1 (MAP3K1), a scaffold
protein necessary for ERK activation, and KLF4, a differentiation-
promoting transcription factor, were identified as partners of BAALC.
In multiple cell lines with BAALC-overexpression, the interactions
between BAALC and MEKK1 or KLF4 were confirmed by immune-
precipitation (IP) assay and the colocalization of these proteins in
the cytoplasm was detected by immune-fluorescence assay. The key
properties of BAALC overexpression in leukemia cell lines turned out
to be its proliferative capacity and differentiation block. The former was
dependent on MEK/ERK activation level and the latter was represented
by the reduced expression of hematopoietic differentiation-associated
surface markers such as CD11b and CD14. Indeed U0126, a potent
MEK inhibitor, could sufficiently suppress the augmented proliferation
of these cell lines by BAALC, emphasizing the dependence of BAALC
on MEK/ERK pathway. Furthermore, BAALC could inhibit the
recruitment of MKP3, an ERK-specific cytosolic phosphatase, to ERK,
resulting in sustained ERK activation by reduced dephosphorylation
of ERK. Overexpression of MKP3 in leukemia cell lines effectively
suppressed BAALC-induced proliferative advantage, highlighting
the role of BAALC in MEK/ERK signal transduction cascade as a
core coupling factor. Additionally, BAALC sequestered KLF4 in the
cytoplasm, which might induce differentiation block by reducing
nuclear KLF4 expression, and forced expression of KLF4 in leukemia
cell lines in turn cancelled the augmented proliferative capacity by
BAALC. Interestingly, IP assays further proved that MEKKI1 and
KLF4 competitively bound to BAALC, suggesting that BAALC might
promote leukemogenesis by balancing MEK/ERK-derived proliferation
with KLF4-derived differentiation block. Our series of knocking-down
of BAALC, ERK or KLF4 in leukemia cell lines ensured consistency
with the results by overexpressing these factors. Notably, in primary
human AML samples, BAALC mRNA expression showed a positive
correlation with the expression of ERK target genes and the sensitivity
to U0126, as well as an inverse correlation with KLF4 expression,
which could underscore our analyses at molecular level. Taken

together, BAALC acts as a key coupling factor that positively regulates
MEK/ERK pathway, in addition to as a cytoplasmic KLF4 conveyer,
both of which eventually lead to the maintenance and proliferation
of immature leukemic cells. These novel functions of BAALC might
account for the aggressiveness of leukemia and would be a promising
therapeutic target of BAALC-high leukemia.

W-1107

DIFFERENTIATION AND CANCER-SPECIFIC CPG
METHYLATION STATES COEXIST IN HIERARCHICALLY
RELATED PROSTATE CANCER CELL SUBSETS

Pellacani, Davide!, Simms, Matthew S.2, Mann, Vincent M.2, Collins,
Anne T3, Maitland, Norman’®

"Terry Fox Laboratory, BC Cancer Agency, Vancouver, BC, Canada,
“Castle Hill Hospital, Cottingham, United Kingdom, *Department of
Biology, University of York, York, United Kingdom

The mature luminal cells of the normal adult human prostate epithelium
develop from undifferentiated and basally located stem cells through
a continuous series of amplifying divisions. In prostate cancer (CaP),
this process is perturbed and an excess of proliferating cancer cells
with luminal features (AR+/PSA+/P63-) accumulate. However, also
present is a small population of malignant (AR-/PSA-/P63+) basal
cells with stem-like proprieties. Altered DNA methylation control
profoundly alters normal differentiation in many tissues, and aberrant
DNA methylation patterns in cancers are thought to promote their
development and progression. However, the status and role of DNA
methylation in the hierarchy of cell types in human CaP have not been
investigated. To address this issue we isolated phenotypically distinct
subsets of prostate epithelial cells from matched normal and cancer
biopsies from the same patients and then analyzed their individual
DNA methylation profiles. This enabled us to compare the DNA
methylation profiles of CaP cells with basal and luminal phenotypes,
as well as comparing these to their phenotypically matched normal
counterparts. In initial studies, we found a set of genes previously
reported to be hypermethylated in CaP to be hypermethylated in
luminal (tissue-derived Lin-/CD24+) CaP cells, but unmethylated and
actively expressed in basal CaP cells (derived from primary cultures).
During normal differentiation of basal to luminal cells, expression of
these genes was downregulated by a CpG methylation-independent
mechanism. The downregulation and hyper-methylation of these
genes, which include the well-studied GSTP1, is therefore not essential
for CaP development or expansion. Genome-wide RRBS analysis of
freshly isolated cells from patients with organ confined, treatment
naive CaP (first of 4 patients to be analyzed) showed normal and
CaP basal (Lin-/EPCAM+/CD24-/CD49f+) cells possessed similar
CpG methylation profiles. In contrast, the methylation profiles of
the luminal (Lin-/EPCAM+/CD24+/CD49f-) cells from the same
samples differed greatly from each other and from those of both
sources of basal cells. This implies that CpG methylation is subject to
substantial changes during normal prostate epithelial differentiation,
and these are then further modified in CaP populations. Nevertheless,
almost two-thirds of the CpG islands (CGI) characteristically hyper-
methylated in normal luminal cells as compared to basal cells, were also
hypermethylated in CaP luminal cells. This suggests that many changes
in CGI methylation that occur during normal differentiation are
conserved in CaP. Interestingly, however, numerous CGI were hyper-
methylated specifically in CaP luminal cells. Moreover, half of the CGI
hyper-methylated in basal CaP cells were also hyper-methylated in
luminal CaP cells (compared to their normal counterparts), suggesting
that many CaP-specific methylation patterns are established in the basal
CaP cells and conserved when these cells generate luminal progeny.
In summary, by separate analysis of phenotypically distinct subsets of
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normal and CaP epithelial cells, we show that a large part of the DNA
methylation patterns established during normal prostate epithelial cell
differentiation persists in CaP, with many cancer-specific methylation
patterns being shared by basal and luminal CaP cells, consistent with
a model of luminal CaP cells being derived from an epigenetically
defined minor basal CaP cell population.

W-1108

MOLECULAR MECHANISMS ASSOCIATED WITH STEMNESS
FEATURES IN CANCER CELLS UNDER HYPOXIC
MICROENVIRONMENT

Prasad, Pankaj, Srivastava, Tapasya

Department of Genetics, University of Delhi South Campus, New Delhi,
India

The solid tumors are characterized by their genetic heterogeneity which
determines their proliferating capacity. Lack of drug penetrance and
hypoxia are key features of solid tumor interiors. Prolonged hypoxic
micro-environment leads to stemness characteristics in several
tumor cell types but how such features get attributed to tumor cells
is poorly understood. Also, do these stemness exhibiting cells carry
similar molecular profile as of human embryonic stem cells (hESCs)
and possess the hallmark properties of cancer stem cells (CSCs) like
extensive proliferative potential and maintenance of self-renewal? In
this study, we hypothesized that hypoxia up-regulates stem-cells like
features in tumor cells via active DNA demethylation and cancer
cells exhibit epigenetic reprogramming at the promoter regions of
pluripotency-associated genes. Differential methylation analysis, ChIP
assay, side population assay, immunolocalization and gene expression
profiles of stemness and differentiation associated genes demonstrated
that active demethylation of the pluripotency-associated genes help
restoration of stem cell transcriptional circuitry in brain tumor cell
lines when cultured in hypoxic conditions.

W-1109

MYELOID LEUKEMIA STEM CELL PROGRESSION
SIGNATURE BASED ON ISOFORM EXPRESSION PATTERNS
Sadarangani, Anil P!, Court, Angela’, Chun, Hye-Jung’, Barrett,
Christian L2, Minden, Mark D.!, Storb, Rainer F°, Frazer, Kelly?
Jamieson, Catriona HM'

'Medicine, University of California San Diego Moores Cancer Center,
La Jolla, CA, USA, *University of California San Diego Moores Cancer
Center, La Jolla, CA, USA, *Canada’s Michael Smith Genome Sciences
Center, BC Cancer Agency, Vancouver, BC, Canada, *The Princess
Margaret Hospital, Toronto, ON, Canada, *Fred Hutchinson Cancer
Research Center, Seattle, WA, USA

This study details a RNA transcriptome-based method to identify
stage-specific cancer stem cells (CSC) in myeloid leukemic disorders.
While previous studies have described CSC signatures that can predict
disease stage in chronic myeloid leukemia (CML) or in acute myeloid
leukemia (AML), these are primarily based on gene expression and/
or microarray analysis techniques. In contrast, our refined progression
signature identifies the differential expression profile of 1) whole
transcriptome isoforms, 2) cluster differentiation (CD) surface antigen
isoforms, 3) non-coding (nc) RNA isoforms, and 4) whole gene
expression. The signature was developed by analysis of FACS-sorted
CSC (CD34+CD38+Lin-) from primary CML samples taken from
patients in blast crisis (BC, n=38) versus chronic phase (CP, n=9), and
from myelodysplastic syndrome (MDS, n=7) versus secondary AML
(n=7). These novel transcriptomics-based signatures allow more precise
identification and characterization of CSC corresponding to specific
disease progression states. Moreover, these unique expression profiles

may be implemented in clinical trials to aid in patient diagnostics,
prognostics, and evaluation of therapeutic response. This paves the way
for patient-based personalized CSC medicine and could have broader
application to other CSC-driven malignancies.

W-I1110

DOSE DEPENDENT EFFECT OF OCT4A ON BRAIN
TUMOR AGRESSIVENESS

Silva, Patricia B G!, Rodini, Carolina O.!, Kaid, Carolini!, Furukawa,
Gabriela?, Okamoto, Oswaldo?

"University of Sao Paulo, Sao Paulo, Brazil, *University of Sao Paulo, Sao
Paulo, Brazil, *University of Sao Paulo, Sdo Paulo, Brazil

Medulloblastoma is a common form of embryonic tumor of the
CNS in which expression of OCT4 has been recently associated with
poor survival. However, the contribution of this transcription factor
to medulloblastoma aggressiveness is still poorly understood. In this
work, we have investigated the specific effects of the OCT4A isoform
on tumorigenic properties of human medulloblastoma cells and
underlying molecular alterations. Two retroviral-mediated expression
of OCT4A were performed in medulloblastoma DAQY cells, achieving
distinct overexpression levels. Real time PCR revealed that native DAOY
cells express low levels of OCT4A compared with human embryonic
stem cells. Upon overexpression, cells with increments of about 67
and 246 times in OCT4A transcripts were obtained, respectively. Such
pattern of OCT4A overexpression was confirmed at the protein level by
western blotting. Cells overexpressing OCT4A generated significantly
higher amounts of colonies when cultivated in soft agar, indicating
enhanced anchorage-independent cell proliferation. Noteworthy,
colonies of OCT4A overexpressing cells were larger than those of
control cells. Such effect on colony formation was dose-dependent with
respect to the level of OCT4A expression. A similar dose-dependent
effect was found in a subcutaneous model of medulloblastoma in
Balb/C nude mice, in which OCT4A overexpressing cells displayed
enhanced in vivo tumorigenesis. Altogether, these results suggest pro-
tumorigenic effects of OCT4A in medulloblastoma. To investigate the
molecular alterations that could contribute to the OCT4A-induced
tumor cell phenotype, a global gene expression analysis was performed
and revealed a significant enrichment of differentially expressed genes
functioning in tissue and system development, cell differentiation, cell
cycle, cell adhesion and immune system. Additionally, enrichment
of differentially expressed genes involved in neuron function and
development, apoptosis, cell migration, response to hypoxia, blood
vessel development, inflammatory response and cytokine-cytokine
receptor interaction were detected in the more aggressive tumor cells
displaying the highest level of OCT4A overexpression. These findings
indicate that expression of OCT4A, an isoform with well characterized
function in pluripotency and stem cell self-renewal, contribute to
medulloblastoma development and aggressiveness.
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PITUITARY TUMORS CONTAIN A SIDE POPULATION WITH
‘TUMOR STEM CELL-ASSOCIATED CHARACTERISTICS
Vankelecom, Hugo', Gremeaux, Lies', van Loon, Johan? Bex, Marie?,
Cristina, Carolina*, Bect-Villalobos, Damasia®, Mertens, Freya'
Development and Regeneration, Cluster Stem Cell Biology and
Embryology, Unit Stem Cell Research, KU LEUVEN (University of
Leuven), Leuven, Belgium, *Neurosurgery, UZ LEUVEN (University
Hospital Leuven), Leuven, Belgium, *Endocrinology, UZ LEUVEN
(University Hospital Leuven), Leuven, Belgium, *National University
of the Northwest of Buenos Aires Province (UNNOBA), Pergamino,
Argentina, °Lab. Pituitary Regulation, Biology and Experimental
Medicine Institute, National Research Council of Argentina (IBYME-
CONICET), Buenos Aires, Argentina

Pituitary tumors represent the most frequent pathology of the gland
and cause severe morbidity due to hormone dysregulation and
invasion in neighboring brain regions. Little is known on pituitary
tumor pathogenesis. In a variety of cancers, tumor-driving ‘cancer
stem cells’ (CSC) represent a mechanistically as well as therapeutically
valuable concept. Here, we started to search for CSC (or better, ‘tumor
stem cells’) in pituitary adenomas by applying the side population
(SP) technology. SP cells are identified as Hoechstlow cells using dual-
wavelength flow cytometry, based on their efficient efflux capacity. In
several tumor types the SP has been found enriched in (candidate)
CSC. A SP was detected in all pituitary tumors obtained after surgery,

irrespective of hormonal phenotype (~2% of the adenoma cells; n=60).
Further phenotyping revealed the presence of a varying number of
CD31+ endothelial cells (6-95%) and CD45+ hematopoietic cells (0.2-
67%) in the SP. Whole-genome expression profiling of the CD317/
CD45" SP (purified SP or pSP; 0.5% of all CD317/CD45" adenoma
cells) versus the bulk CD317/CD45™ main population (pMP) showed
upregulation of several ‘tumor stemness’ markers and, intriguingly, of
genes pointing to epithelial-mesenchymal transition (EMT). EMT has
recently been identified as a major driver in the generation and activity
of CSC. RT-qPCR exposed the EMT markers and regulators VIM,
SNAI2 and ZEB2 as most prominently expressed in the pSP, together
with the ‘tumor stemness’ genes CD44, CXCR4, and NOTCH2/HESI.
The human pituitary adenomas were found to contain self-renewing
sphere-forming cells, considered a general property of CSC/tumor
stem cells. The sphere-forming cells segregated to the tumor’s pSP,
although only very few spheres could be obtained in these conditions.
Human pituitary adenomas, typically benign, were found incapable to
grow in immunodeficient mice. Therefore, in vivo tumorigenic capacity
of adenoma (pSP) cells could not be tested. In addition, primary human
pituitary adenoma cells do not grow (well) in culture. Hence, we further
turned to the well-established (mouse) pituitary tumor cell line AtT20.

The cell line was found to contain a SP (~1%) and to induce tumor
growth after s.c. injection in SCID mice. We tested the impact of the
EMT-regulatory pathways TGF{ and Cxcr4. AtT20-derived xenograft
tumor growth was not affected by TGF( activation, but was reduced
by Cxcr4 inhibition. The above-mentioned microarray analysis also
suggested upregulated expression of the pituitary stem cell marker
SOX2 in the human pSP. Higher Sox2 expression was also found in the
AtT20 SP (versus the MP). The link of Sox2 expression with pituitary
tumors was further investigated in the dopamine receptor D2 knock
out (Drd2-/-) mouse in which pituitary tumors (prolactinomas)
develop de novo. The absolute number of CD317/CD45™ SP cells,
as well as of colony-forming and Sox2+ cells, is found higher in the
tumorous Drd2-/- pituitaries than in control. The Drd2-/- pituitary
contains some expanded Sox2+ stem-cell niche regions. In addition,
Sox2+ cell clusters occur within the prolactinomas. Lineage tracing
is now performed to examine the relationship between the pituitary

stem cells and the tumor. In conclusion, we detected a SP in pituitary
adenomas and identified ‘tumor stem cell’-associated characteristics.
Our study may contribute to a better understanding of pituitary tumor
pathogenesis, and lead to the identification of new therapeutic targets.

W-1112

TUMOR SUPPRESSOR ROLE OF HIF-1ALPHA IN MYELOID
MALIGNANCIES

Velasco, Talia, Hyrenius-Wittsten, Axel, Cammenga, Jorg

Lund University, Lund, Sweden

Acute Myeloid Leukemia (AML) is a hematological disease caused by
diverse cytogenetic and molecular alterations. While new therapeutic
approaches are desperately needed, the genetic heterogeneity makes
difficult to develop targeted therapies for this disease. AML shows a
hierarchical cellular organization with some primitive cells known
as Leukemia-Initiating Cells (LICs) at the top of the hierarchy. LICs
are known to stay in a quiescent state, which makes them resistant
to chemotherapy and responsible for the relapse of AML. Hypoxia
signaling has been established as one of the main regulators in keeping
hematopoietic stem cells (HSCs) in quiescence. Better understanding
of the molecular response to hypoxia in LICs could lead to develop new
therapies for this complex and highly heterogeneous disease. We used
retroviral expression of different leukemic oncogenes in HSCs from
conditional HIF-1a knock-out mice, the main protein involved in the
hypoxic response. Expression of oncogenes that are regulating HIF-
la(like HoxA9-Meis1 and MLL fusion proteins) and those that have no
described effect on HIF-1a signaling (like AML1-ETO9a) have been
studied. Additionally, we have investigated how the phenotype of Flt3-
ITD-induced myeloproliferative disease (MPD) isinfluenced by deletion
of HIF-la. Although primary AMLs originated from the different
oncogenes showed no differences in disease latency derived from HIF-
la -/- and HIF-1a +/+ cells, we observed a faster myeloproliferation of
HIF-1a -/- cells. Secondary leukemias derived from HIF-1a -/- cells
showed a shorter latency in the case of AML-ETO9%a-induced AML,
arguing for an increased proliferation of LICs lacking HIF-1a. However,
we did not observe the same effect in HoxA9-Meisl-induced AML,
whose latency showed no differences regarding the status of HIF-1a.
Flt3 ITD/+ HIF-la -/- transgenic animals showed a more severe
MPD phenotype, indicated by higher white blood cell (WBC) counts,
increased myeloid cells in peripheral blood and bigger spleens than
Flt3 ITD/+ HIF-1a +/+ mice. This phenotype was transplantable into
secondary recipients indicating a cell intrinsic effect. We could neither
observe a change in phenotype nor a delay or prevention of leukemia
development in hematopoietic cells lacking Hif-1a. In contrary, we
found that in the majority of these leukemia models, deletion of Hif-1a
resulted in increased proliferation and an enhanced phenotype. These
results lead us to conclude that HIF-1a function is not required for the
initiation and progression of myeloid malignancies induced by these
genetic alterations and that its absence instead could accelerate the
progression of the disease mainly by enhancing the cycling of the LICs
in a transient way depending on the driver mutation.
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CHEMOGENOMIC PROFILING OF HUMAN GLIOMA
INITIATING CELLS REVEALS A STEMNESS-RELATED
SENSITIVITY TO ION FLUXES

Wee, Shimei!, Niklasson, Mia?, Marinescu, Voichita?, Linnarsson,
Sten’, Uhrbom, Lene?, Nelander, Sven?, Andang, Michael'

'Physiology and Pharmacology, Karolinska Institutet, Stockholm,Sweden,
“Immunology, Genetics and Pathology, Uppsala University, Uppsala,
Sweden, *Medical Biochemistry and Biophysics, Karolinska Institutet,
Stockholm, Sweden

Tumor-initiating cells found in aggressive cancers share traits such as the
ability of self-renewal and differentiation with embryonic stem cells. In
malignant glioma, a subpopulation of cells known as glioma-initiating
cells (GICs) exhibits this stem cell-like phenotype, and is more resistant
to chemotherapy and radiation therapy than the differentiated tumor
cells. Using RNA sequencing, we found that a large number of ion-
related and ion channel specific signaling genes were downregulated as
GICs began to differentiate. We also showed functional ion signaling
sensitivity using a small molecule screen and post-screen dose response
analysis, and this ranked the undifferentiated GIC lines according to
their expression of stemness markers. The results show that the ion
signaling is a target mechanism that may allow efficient eradication of
the therapy resistant tumor initiating subpopulation.

W-1114

PODOCALYXIN-LIKE | PROMOTES INVADOPODIA
FORMATION AND METASTASIS THROUGH ACTIVATION
OF RACI/CDC42/CORTACTIN SIGNALING IN BREAST
CANCER CELLS

Wu, Han-Chung’, Lin, Cheng-Wei!, Sun, Min-Shiou', Liao, Mei-Ying',
Yu, John!, Lu, Jean?

nstitute of Cellular and Organismic Biology, Academia Sinica, Taipei,
Taiwan, *Genomics Research Center, Academia Sinica, Taipei, Taiwan

The study of stem cell markers that determine the fate of a stem cell
is interesting from both fundamental biology and clinical applications
in regenerative medicine and cancer therapy perspectives. Recently,
we have used hybridoma or phage display technology to identify
surface markers of human embryonic stem cells (hESCs), and we have
successfully generated more than 10 monoclonal antibodies which
recognized undifferentiated hESCs but not differentiated hESCs.
Immunoaffinity chromatography and LC/MS/MS were used to identify
hESC-Ab-5-22; a monoclonal antibody that recognized specific
membrane protein of undifferentiated hESCs and cancer stem cells
(CSCs). We further verified the target protein of hESC-Ab-5-22 to be an
unique form of highly sialylated podocalyxin-like protein 1 (PODXL).
Herein, we demonstrated that PODXL is overexpressed in breast tumor
cells and elevated in lymph node metastatic cancer. Mechanistically, we
found that the expression of PODXL was associated with cell motility
and invasiveness. Suppression of PODXL in MDA-MB-231 cells
reduced lamellipodia formation, and FAK and paxillin phosphorylation.
Inhibition of PODXL reduced colocalization of F-actin with cortactin,
and suppressed phosphorylation of cortactin and N-WASp. Conversely,
overexpression of PODXL in MCF7 cells induced F-actin/cortactin
colocalization and enhanced invadopodia formation and activation.
Suppression of PODXL showed similar effects on invadopodia
activity and tumor invasion as those in cortactin-knockdown cells.
We further found PODXL to be associated with cortactin. Deletion of
the DTHL motif in PODXL abrogated the association with cortactin
and inhibited Racl/Cdc42 activation and invadopodia activity.
Suppression of PODXL inhibited Rac1/Cdc42 activity, and blockage of
Racl/Cdc42 diminished cortactin phosphorylation and its association

with PODXL. Moreover, inhibition of PODXL in MDA-MB-231 cells
suppressed tumor colonization in the lungs and distant metastases,
similar to those in cortactin-knockdown cells. DNA microarray
analysis data revealed that suppression of PODXL significantly affected
subsets of genes associated with extracellular matrix organization, the
epithelial-mesenchymal transition, and metastasis-related cytokine
expressions. These findings show that overexpression of PODXL
enhanced invadopodia formation and tumor metastasis by inducing
Racl/Cdc42/cortactin signaling network.

EMBRYONIC STEM CELL CLINICAL

APPLICATION

W-I115

DEVELOPING A HUMAN ES CELL DERIVED DOPAMINE
NEURON SOURCE FOR CELL THERAPY IN PARKINSON’S
DISEASE - FROM ACADEMIC TO TRANSLATIONAL
RESEARCH

Irion, Stefan', Tomishima, Mark’, Riviere, Isabelle', Rutishauser, Urs’,
El-Maarouf, Abderrahman', Wakeman, Dustin R.?, Kordower, Jeffrey
H., Sadelain, Michel!, Henchcliffe, Claire’, Tabar, Viviane!, Studer,
Lorenz'

!Memorial Sloan Kettering Cancer Center, New York, NY, USA, *Rush
University, Chicago, IL, USA, *Neurological Sciences, Neurosurgery,
Rush University, Chicago, IL, USA, *Department of Human Genetics,
Memorial Sloan Kettering Cancer Center, New York, NY, USA, *Weill
Cornell Medical Center, New York, NY, USA

The discovery of pluripotent stem cells will change the scope of
treatment options for human diseases. Today several stem cell
therapies are on the verge of clinical translation and funding agencies,
such as New York State and its NYSTEM office, realize the potential
of these findings. By providing laboratories with the necessary funds
they enable these crucial, translational steps. Our team secured a
4-year contract with the stem cell funding agency for New York State
(NYSTEM) with a specific goal to file an ‘investigational new drug
(IND) application for Parkinsons disease (PD) by 2017. PD is the
second most common neurodegenerative disorder and affects nearly 5
million patients worldwide, a number predicted to more than double
by 2030. A fundamental characteristic of PD is the progressive, severe
and irreversible loss of specific dopamine-producing neurons in the
midbrain, resulting in disabling motor dysfunction. Multiple therapies
have been developed for PD but none can restore the function of
the lost cells. Despite the challenges encountered in the fetal graft
trials, cell therapy for PD remains attractive due to the possibility of
restoring actual dopamine (DA) neurons capable of integration into
the host circuitry. After extensive efforts in labs across the world, our
team has recently made a major discovery that enables the derivation
of nearly unlimited numbers of authentic, engraftable midbrain DA
(mDA) neurons from hESCs. This discovery has the potential to
become the first in human clinical trial for PD using hESC derived
mDA neurons. We entered the early stages of this 4-year project and
are presenting our current progress towards an FDA approval for this
novel therapy for PD. In this presentation we will use a dopaminergic
neuron Parkinsons disease therapy as an outline to highlight the
unique challenges one faces when moving a promising finding from
the bench to the clinic. For our group, this meant assessing the relative
risks of hESCs vs. induced pluripotent stem cells (iPSCs). We selected
hESCs but then had to do a similar risk analysis on the different hESC
lines. We next had to decide on the ideal media formulation for the
expansion of hESCs and are now adapting the differentiation process
to be compatible with current good manufacturing practices (cGMP).
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In parallel, work to set-up a suitable, physical laboratory for on-site
manufacturing of the clinical product was started and is now nearing
completion. The second large class of experiments is designed to make
sure that the product is safe, functional and well tolerated and we have
designed a suite of tests that will address the safety, toxicology and
efficacy of the differentiated cells. Lastly, we have a team of clinicians
that define the target patient population, the surgical procedure and
the immunosuppression regimen. For any group attempting this,
it will become clear that this effort requires multiple disciplines and
broad support from the host institution. This has significant impact on
how teams collaborate and requires a step outside the usual academic
lab practices. Our presentation will focus on the process of clinical
translation, the considerations necessary for cGMP manufacturing and
point out the differences between academic and translational research.
We believe that sharing our experience with the stem cell community
will be of great value to all attendants.

W-1116

DISCRIMINATION BETWEEN HUMAN EMBRYONIC STEM
AND HUMAN EMBRYONAL CARCINOMA CELLS USING
GLYCAN SIGNATURE ON PLURIPOTENT STEM CELL
MARKER, PODOCALYXIN

Itakura, Yoko', Kuno, Atsushi?, Hirabayashi, Jun?, Umezawa, Akihiro?,
Toyoda, Masashi'

"Tokyo Metropolitan Institute of Gerontology, Tokyo, Japan, *National
Institute of Advanced Industrial Science and Technology, Ibaraki, Japan,
*National Institute for Child Health and Development, Tokyo, Japan

Human embryonic stem cells (hESCs) and human embryonal
carcinoma cells (hECCs) have been extensively used for stem cell
research. Although these cells are known to share many properties
including high developmental capability and cell surface antigens,
such as SSEA-3, SSEA-4, TRA-1-60 and TRA-1-81. However, their
origins are basically different: hESCs are derived from inner cell mass
of blastocysts cultured in vitro, while hECCs are from malignant
pluripotent stem cell lines of human germ tumor origins. The
pluripotent stem cell markers common to hESCs and hECCs have
been used for characterization of induced pluripotent stem cells
(iPSCs). These high development capable cells have concerns about
risk of tumorigenesis in cell transplantation therapy. In this context,
development of specific markers to distinguish hESCs from hECCs
is of clinical value. In other words, effort to distinguish hESCs and
hECCs will helpful for diagnosis of pluripotent stem cells used for
regenerative therapy, e.g., ESCs, iPSCs and other pluripotent stem
cells. In this study, we focused our glycan analysis on a carbohydrate-
rich glycoprotein, podocalyxin, known as a carrier of TRA-1-60
and TRA-1-81 antigens, which represent hESC glycan markers. The
target glycoprotein semi-quantified by immunoblotting was enriched
from the cell extracts by immunoprecipitation, and the glycosylation
differences occurring between hESCs and hECCs were systematically
analyzed by an advanced technology of lectin microarray, antibody-
overlay lectin profiling (ALP). Profiles of human embryonic bodies
(hEBs) differentiated from hESCs were also analyzed. A glycan profile
of podocalyxin from hECCs was significantly different from that of
hESCs. Lectin signals corresponding to a2-6 linked sialic acid were
elevated in the hECCs, and glycosidase digestions further revealed
significant difference in the non-reducing terminal and penultimate
structures. These results demonstrate that the present procedure with
focus on a particular glycoprotein could enhance relatively small but
significant differences between closely related cells like hESCs and
hECCs at the glycome level. The present finding will be helpful to
develop a diagnostic method to distinguish undifferentiated stem cells
from differentiated ones used for regenerative therapy.

W-1117

INHIBITION OF PLURIPOTENT STEM CELL-DERIVED
TERATOMA FORMATION BY SMALL MOLECULES

Jeong, Hochang', Lee, Mi-Ok?, Moon, Sung Hwan?, Kim, Kwang-Soo?,
Cha, Hyukjin'

'Sogang University, Seoul, Republic of Korea, ’KRIBB, Daejeon, Republic
of Korea, *Konkuk University, Seoul, Republic of Korea, *Harvard Medical
School McLean Hospital, Belmont, MA, USA

The future of safe cell-based therapy rests on overcoming teratoma/
tumor formation, in particular when using human pluripotent stem
cells (hPSCs), such as human embryonic stem cells (hESCs) and human
induced pluripotent stem cells (hiPSCs). Because the pre- sence of a few
remaining undifferentiated hPSCs can cause un- desirable teratomas
after transplantation, complete removal of these cells with no/minimal
damage to differentiated cells is a prerequisite for clinical application
of hPSC-based therapy. Having identified a unique hESC signature of
pro- and antiapoptotic gene expression profile, we hypothesized that
targeting hPSC-specific antiapoptotic factor(s) (i.e., survivin or Bcl10)
represents an efficient strategy to selectively eliminate pluripotent cells
with teratoma potential. Here we report the successful identification
of small molecules that can effectively inhibit these antiapoptotic
factors, leading to selective and efficient removal of pluripotent stem
cells through apoptotic cell death. In particular, a single treatment of
hESC-derived mixed population with chemical inhibitors of survivin
(e.g., quercetin or YM155) induced selective and complete cell death
of undifferentiated hPSCs. In contrast, differentiated cell types (e.g.,
dopamine neurons and smooth-muscle cells) derived from hPSCs
survived well and maintained their functionality. We found that
quercetin-induced selective cell death is caused by mitochondrial
accumulation of p53 and is sufficient to prevent teratoma formation after
transplantation of hESC- or hiPSC-derived cells. Taken together, these
results provide the “proof of concept” that small-molecule targeting of
hPSC-specific antiapoptotic path- way(s) is a viable strategy to prevent
tumor formation by selectively eliminating remaining undifferentiated
pluripotent cells for safe hPSC-based therapy.

W-1118

CDI13 MODULATION ENHANCES TRANSPLANT
OUTCOMES

Kim, Jiyeon, Shapiro, Linda H.

Cellular and Vascular Biology, University of Connecticut Health Center,
Farmington, CT, USA

Stem cell based reparative therapies are being introduced in the
clinic for patients suffering from diseases that are either refractory
to current standards of care or do not have any available treatments.
Most of the new studies approved for clinical trials involve the
use of autologous adult stem cells which circumvent the problem
of immune-mediated rejection, but fall short of tapping into the
enormous potential of pluripotent embryonic stem cells which would
provide a theoretically unlimited source of any cell type in the body.
While the landmark generation of induced pluripotent stem cells has
provided the foundation for personalized stem cell therapies, current
limitations of cost, efficiency and scalability have hampered transition
of these cells into general practice. The discovery of transplant-
specific immunoregulatory mechanisms is critical to the expeditious
and effective application of non-autologous stem cell treatments. We
have identified CD13 as a novel and specific modulator of transplant
immunity. Using CD13 transgenic mice and mouse embryonic stem
cells, we show that CD13 affects not only the survival of transplants,
but also growth and development of teratomas in immune competent
mice. As a highly expressed cell surface protein on myeloid cells,
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activated endothelial cells and stem cells, CD13 is implicated in a variety
of inflammatory disorders, but has yet to be studied in the context of
transplant immunity. In this study, we identify and elucidate the role of
CD13 as a potent regulator of immune responses and demonstrate its
utility by applying ES-derived therapeutic cells to immune competent
mice.

W-1119

MOTOR RECOVERY AND PERSISTENT MICROGLIA
ACTIVATION AFTER TRANSPLANTATION OF HUMAN
DOPAMINERGIC CELLS FROM PLURIPOTENT STEM CELLS
IN ANIMAL MODELS OF PARKINSON'S DISEASE

Leal, Maria C*, Peng, Jun*?, Wenker, Shirley’, Farias,
Maria [I°, Ferrari, Carina C.%, Depino, Amaicha®’, Nuifiez,
Myriam C.°, Fernicola, Marcela®, Radice, Pablo®, Cavaliere
Candedo, Verdénica L., Zeng, Xianmin® Pitossi, Fernando®
* These authors contributed equally to this work.

Leloir Institute, Buenos Aires, Argentina, “Buck Institute for Research
on Aging, Novato, CA, USA, Leloir Institute, Buenos Aires, Argentina,
‘Italian Hospital, Buenos Aires, Argentina, °Faculty of Exact and
Natural Sciences, University of Buenos Aires, Buenos Aires, Argentina,
SDepartment of Mathematics, Faculty of Pharmacy and Biochemistry,
University of Buenos Aires, Buenos Aires, Argentina

Parkinson’s Disease (PD) is a neurodegenerative disorder mainly
characterized by the degeneration of dopaminergic neurons of the
substantia nigra pars compacta (SN), leading to a dysfunctional nigro-
striatal pathway. Transplantation of dopamine-producing cells into
the striatum has already shown its effectiveness in animal models and
clinicaltrials, although undesired complicationsinanumber of casesand
the lack of Good Manufacture Practice (GMP)-grade cell preparation
precludes its wide application in the clinic. Another major caveat of
this approach is the low level of cell survival after transplantation
We sought to test the effects of the striatal transplantation of
dopaminergic neurons derived from human embryonic stem cells
using a GMP-compatible process into rat models of Parkinson’s Disease
(PD). Adult rats were denervated by the inoculation of 6-OHDA, tested
for motor asymmetry by the cylinder test and transplanted with 8 x 105
dopaminergic neurons or control cells into the striatum. Control cells
were human pluripotent stem cells subjected to a similar differentiation
protocol as the dopaminergic cells, but harvested 4 days before they
start producing dopamine. Animals were immunosuppressed with
cyclosporine A one day before transplantation and throughout the
experiment. Pharmacological and non-pharmacological tests showed
a clear improvement in motor behavior of animals transplanted
with dopaminergic cells but not the control cells 12-13 weeks
after transplantation. Persistent microglial activation at the site of
transplantation was observed by MHC-II, ED-1 and GSA staining 90
days post-transplantation in dopaminergic- and control cells-treated
animals. Similar experiments are being conducted in an inflammation-
based animal model of PD. We conclude that the transplant of this GMP-
compatible preparation of human dopaminergic neurons provides a
robust motor recovery in the animals tested. In addition, the chronic
microglia activation observed at the site of transplantation opens up
the possibility of increasing neuronal survival and differentiation by
immunomodulaton.

W-1120

INTERVENTIONAL MAGNETIC RESONANCE IMAGING
(MRI)-GUIDED CELL TRANSPLANTATION INTO THE

BRAIN WITH RADIALLY BRANCHED DEPLOYMENT (RBD)
Silvestrini, Matthew', Yin, Dali', Martin, Alastair', Coppes, Valerie',
Zeng, Xianmin?, Panter, Scott!, Desai, Tejal', Lim, Daniel'

"University of California, San Francisco, San Francisco, CA, USA, *Buck
Institute for Research on Aging, Novato, CA, USA

Cell transplantation to the brain is being pursued for as a treatment
for many neurological diseases, and effective cell delivery is critical
for clinical success. Currently, cell transplantation is performed with
straight cannulas inserted with frame-based stereotaxy. We have
previously demonstrated that radially branched deployment (RBD)
of a cell delivery catheter at multiple points along the initial cannula
penetration tract facilitates cell distribution. However, RBD performed
with traditional frame-based stereotaxy does not provide “real-time”
monitoring of cell delivery. Interventional magnetic resonance imaging
(iMRI) enables such real-time monitoring of stereotactic procedures.
Here we describe an iMRI-guided RBD system for intracerebral cell
transplantation. We developed an RBD system with FDA-approved,
MRI-compatible materials. Our iMRI-guded RBD system functioned
as an “add-on” to a commercially-available stereotactic platform and
software system, which can be used in essentially any clinical 1.5T
MRI. Catheter deployment was highly precise, and we used iMRI-
guided RBD to deliver multiple deposits of human embryonic stem
cell-derived dopaminergic (hDA) neurons to swine striatum with “real-
time” monitoring and guidance. hDA cells were biocompatible with
the RBD system and efficiently delivered with this novel neurosurgical
system. Testing in human cadaveric heads demonstrated function of
iMRI-guided RBD at the human scale: delivery to the entire human
putamen - a target relevant for the treatment of Parkinson’s disease -
could be achieved via a single initial cannula insertion. In conclusion,
iMRI-guided RBD overcomes many of the technical limitations related
to the use of straight cannulas and indirect stereotactic targeting,
thus addressing a critical bottleneck to clinical translation. This
neurosurgical device and approach may facilitate a wide range of
clinical trials involving intracerebral cell transplantation.

W-1121

RESCUE OF INJURED MOTONEURONES BY GRAFTED
NEUROECTODERMAL STEM CELLS: EFFECT OF THE
LOCATION OF GRAFT

Pajenda, Gholam', Pajer, Krisztian?, Marton, Gabor?, Redl, Heinz?,
Nogradi, Antal*

Department for Trauma Surgery, Medical University Vienna, Vienna,
Austria, “Department of Anatomy, Histology and Embryology, Faculty
of Medicine, University of Szeged, Hungary, Szeged, Hungary, *Research
Centre of the Austrian Workers’ Compensation Board, Ludwig Boltzmann
Institute for Experimental Traumatology, Vienna, Austria

Purpose: Avulsion of one or more ventral roots from the spinal cord
leads to the death of the majority of affected motoneurons. In this study
we investigated whether immortalized clonal neuroectodermal stem
cells applied to the injured cord in various ways impart neuroprotection
on motoneurons otherwise destined to die. Methods: The lumbar 4
(L4) ventral root of Sprague-Dawley rats was avulsed and reimplanted
ventrolaterally into the injured cord. Clonal neuroectodermal
murine stem cells (NE-GFP-4C) were placed in fibrin clot around
the reimplanted root, were injected immediately following avulsion
into the reimplanted ventral root or directly into the L4 segment.
Three months after the primary surgery the L4 motoneuron pool was
retrogradely labelled with Fast blue and the numbers of reinnervating
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motoneurons were determined. Functional recovery was tested
biweekly through the use of the CatWalk automated gait analysis
system. Results: Transplantation of neuroectodermal stem cells into
the reimplanted root or into the L4 spinal segment resulted in similarly
extensive regeneration of the motoneurons (671 + 26 and 711 + 14
L4 motoneurons, respectively). In these groups significant functional
recovery was achieved. The negative controls and animals with
periradicular stem cell treatment showed poor motor recovery and
reinnervation (42 + 10 and 65 + 2.5, respectively). Conclusion: This
study provides evidence that neuroectodermal stem cell transplantation
into the reimplanted ventral root induces as successful regeneration of
injured motoneurons as stem cells grafted into the spinal cord.

GERMLINE CELLS

W-2001

EXPANSION OF MOUSE SPERMATOGONIAL STEM CELLS
USING A NOVEL FEEDER-FREE CULTURE SYSTEM

Choi, Na Young, Park, Yo Seph, Ryu, Jae-Sung, Lee, Hye Jeong, Ko,
Kinarm

Department of Stem Cell Biology, School of Medicine, Konkuk University,
Seoul, Republic of Korea

Male spermatogonial stem cells (SSCs, also called germline stem cells)
are self-renewing unipotent stem cells that produce differentiating germ
cells in the testis. SSCs can be isolated from the testis and cultured in
vitro for long-term periods in the presence of feeder cells (often mouse
embryonic fibroblasts). However, the maintenance of SSC feeder
culture systems is tedious because preparation of feeder cells is needed
at each subculture. In this study, we developed a Matrigel-based feeder-
free culture system for long-term propagation of SSCs. Although
several in vitro SSC culture systems without feeder cells have been
previously described, our Matrigel-based feeder-free culture system
is time- and cost-effective, and better preserves self-renewability of
SSCs. In addition, the growth rate of SSCs cultured using our newly
developed system is equivalent to that in feeder cultures. We confirmed
that feeder-free cultured SSCs expressed germ cell markers both at
the mRNA and protein levels. Furthermore, the functionality of the
established SSCs was confirmed by their transplantation into germ cell-
depleted mice. These results suggest that our newly developed feeder-
free culture system provides a simple approach to maintaining SSCs in
vitro and studying the basic biology of SSCs, including determination
of their fate.

W-2003

TERT IS DYNAMICALLY REGULATED AND CO-EXPRESSED
WITH OCT4 DURING GERM CELL DEVELOPMENT
Garbuzov, Alina', Pech, Matthew F? Zhang, Ruixuan ], Artandi,
Steven’

!Genetics, Stanford Univerisity, Stanford, CA, USA, *Cancer Biology,
Stanford Univerisity, Stanford, CA, USA, *School of Medicine, Stanford
Univerisity, Stanford, CA, USA

Telomerase plays an important role in the maintenance of highly
proliferative organs, including the gonad. Unlike somatic tissues,
telomerase activity is sufficiently high in the germline to fully blunt
telomere shortening with age. We hypothesized that high telomerase
activity would be a feature of self-renewing cells of the germline in
the adult and during development. We generated TERT-Tomato
transcriptional reporter mice, which enables the robust isolation of
telomerase-positive cells. Remarkably, FACS and wholemount analysis
of the embryonic gonad revealed TERT-Tomato expression closely

follows the OCT4 (POUS5F1) profile. Like OCT4, TERT is expressed
in the entire epiblast at dpc 7.5 and TERT-Tomato expression is
restricted to primordial germ cells (PGCs) by dpc 9.5. During the
migratory phase of PGC development, we detect a heterogeneity in
TERT expression, with both a TERT+ and a TERT- population present
at dpc 9.5-10.5. In contrast to previous reports, we observed TERT-
Tomato expression and high telomerase activity in both mitotically
active and quiescent PGCs. Mitotically arrested male PGCs continue to
express high levels of TERT until their commitment to differentiation
and entry into meiosis in the young adult testis. Female PGCs down-
regulate TERT at dpc 14.5, also upon entry into meiosis. We propose
that high telomerase activity is a hallmark of the undifferentiated cells
of the germ cell lineage and has evolved to prevent inter-generational
telomere attrition. Our data also suggests that TERT and OCT4 are co-
regulated and both act as markers of the totipotency cycle.

W-2004

DNA METHYLTRANSFERASE | IS REQUIRED FOR
MAINTAINING CYTOSINE METHYLATION DURING PGC
REPROGRAMMING

Hargan Calvopina, Joseph!, Lee, Serena’, Taylor, Sara', Cook, Helene?,
Clark, Amander T.?

University of California, Los Angeles, Los Angeles, CA, USA, 2MCDB,
University of California, Los Angeles, Los Angeles, CA, USA, *University
of California, Los Angeles, Los Angeles, CA, USA

Reprogramming in PGCs is essential for erasing the epigenetic memory
of the parental genome in order to establish a new epigenetic landscape
based on the sex of the embryo. Failure to reset parental epigenetic
memory results in either infertility, or birth defects in the next
generation. At the time of specification at embryonic (e) day 7.5, PGCs
have high levels of cytosine methylation. From €8.0 to e€13.5 cytosine
demethylation occurs in two distinct phases. The first phase involves
the global loss of cytosine methylation before 9.5, with retention of
cytosine methylation at specific loci in the genome including maternally
methylated imprinting control centers (ICCs), germline genes that are
required at later stages of development and specific retrotransposon
sequences. Phase 2 DNA demethylation occurs in PGCs from e10.5
to el13.5 in a time and locus-specific manner that is regulated in part
by Tetl. Maintenance of cytosine methylation at specific loci during
phase 1 DNA demethylation could involve either protection against
demethylation, or maintained activity of de novo methyltransferases.
Given that maintenance DNA methyltransterase 1 (Dnmtl) is
expressed throughout PGC development, whereas Dnmt3a and
Dnmt3b are expressed at or below the limit of detection, we hypothesize
that Dnmt1 functions to maintain cytosine methylation in PGCs in a
Uhrfl independent manner. To address this, we created a conditional
germline knockout of Dnmt1 using the Dnmt12]lox/2lox strain crossed
to Blimp1-Cre (BC). Analysis of BC; Dnmt11lox/1lox PGCs revealed
that Dnmtl is not required for PGC specification. Instead we found
that loss of Dnmt1 leads to precocious expression of the gonadal stage
germline gene VASA. In order to confirm that Dnmtl is responsible
for maintaining methylation in PGCs we crossed Dnmt12lox/2lox to
Oct4-GFP and using this strain we will examine cytosine methylation
at ICCs using bisulfite sequencing. Taken together, we propose a
model in which maintenance of cytosine methylation by Dnmt1 in the
absence of Uhrfl is essential to maintain cytosine methylation in PGCs
until the time when 5-methyl cytosine is converted to 5-hydroxymethyl
cytosine leading to Tet targeted replication-coupled demethylation.
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W-2005

XENOTRANSFER OF ADULT EXOTIC BIRD GERMLINE
STEM CELLS TO CHICKEN GALLUS GALLUS HOST
EMBRYOS: AVIAN CONSERVATION IN THE 21ST CENTURY
Jensen, Thomas, Roe, Mandi, Durrant, Barbara

San Diego Zoo Institute for Conservation Research, Escondido, CA, USA

As advanced reproductive technologies have become routine in
domestic animals over the past decades, it was inevitable they would
be applied in the field of endangered species conservation. For avian
conservation, techniques such as in vitro fertilization and cloning
will not be a viable method for routine germplasm rescue. However,
the xenotransfer of germline stem cells from deceased donor gonads
to chicken host embryos show potential as a way to rescue valuable
germplasm. In this study, adult testes were dissociated and the cells
(including spermatogonia) were transferred to stage 14-17 chicken
host embryos. Flow cytometry was used to quantify the PKH26 dyed
donor cells’ colonization of the host gonad. Fluorescent microscopy
co-localization of stem cell specific antibodies on PKH dyed cells
was used to confirm continual stem cellness of donor-derived cells.
Gonadal cells from 16 deceased male birds were xenotransferred to
host embryos, either freshly isolated or following culture. No effect of
species was observed on the number of positive gonads (Levene’s test
p=0.92), and all species were combined for further analysis. Of the 84
host gonads analyzed, 5 of 6 (69%) fresh cell injected host embryos
and 54 of 78 (83%) cultured cell injected host embryos contained
donor-derived cells. The range of donor-derived cells per positive host
gonad ranged from 0.05-0.43% (fresh cells) and 0.01-0.78% (cultured
cells) of total host gonadal cells. No statistical difference was observed
in number of positive gonads (Fisher’s exact test p=0.66), or donor-
derived cells/gonad (t-test t=0.40, df=57, p=0.69) following fresh or
cultured cell transfers. PKH26 dyed donor-derived cells co-stained
with stem cell marker antibodies indicates they maintained their
stem cellness during host gonad organization. This study suggests it is
feasible to rescue exotic adult bird germplasm. By collecting germline
stem cells from deceased exotic birds, the reproductive lifespan of
individuals from critically endangered species or otherwise genetically
valuable individuals can be extended by transfer to an embryonic host.
Furthermore, as this study included xenotransfers from 14 species in
eight orders it implies germline stem cell migration during the early
embryonic development may be highly conserved in birds.

W-2006

EFFECT OF STO FEEDER LAYER ON PROLIFERATION OF
AVIAN SPERMATOGONIAL STEM CELLS IN SHORT-TERM
CULTURE

Karimi, Rasoul

Animal Science, Tehran University, Karaj, Iran

Spermatogonial stem cells (SSCs) are exceptional adult stem cells that
transfer genes to new generations and this unique potential makes
them the perfect cells in the production of transgenic chickens. For
this purpose, proliferation of SSCs is very important, as there is a
few numbers of these cells (0.03%) among testis cells. Using a feeder
layer for cell culture is an effective method for SSCs proliferation. The
objective of this experiment was to evaluate the effects of STO (SIM
mouse embryo-derived thioguanine and ouabain resistant) as a feeder
layer on in vitro short-time culture of prepubertal chicken testicular
stem cells. Testis cells harvested from Rhode Island Red chicken were
cultured both on STO and non-STO surface for ten days. LIF and bFGF
were used as growth factors. Several tests were conducted at the 7 and
10" day of culture, including: immunoflourecent staining, PAS staining
(Periodic Acid-Schiff), and colony assay. Detected SSCs markers

such as SSEA1, SSEA3 on both treatment were positive. Also, PAS
test in both treatment showed proliferation of SSCs like cells during
cell culture. The result of the Colony assay at the 7" day revealed a
higher colony number as well as higher cell/colony on STO surface.
Furthermore, the area of colonies formed on the STO feeder was
significantly greater than the non-STO surface on day 7. In contrast
the result of colony assay at the 10" day of culture were declined in
both treatment. In conclusion the results have shown that STO is a
suitable feeder layer for prepubertal Rhode Island Red chicken SSCs
on in vitro culture and proliferation of chicken testicular stem cells.
Keywords: STO, Spermatogonial stem cell, Chicken testicular cell.

W-2007

DNA METHYLATION AND GENE EXPRESSION PROFILES
DURING SPERMATOGONIAL STEM CELL GENERATION IN
NEONATAL MOUSE TESTIS

Kubo, Naoki', Toh, Hidehiro', Shirane, Kenjiro', Shirakawa, Takayuki?,
Sato, Tetsuya’, Kamizato, Yoshito?, Sone, Hidetoshi? Sato, Yasuyuki?,
Tomizawa, Shin-ichi?, Tsurusaki, Yoshinori*, Kobayashi, Hisato®,
Shibata, Hiroki®, Saitsu, Hirotomo?, Matsumoto, Naomichi*, Kono,
Tomohiro®, Suyama, Mikita®, Ohbo, Kazuyuki?, Sasaki, Hiroyuki'
!Division of Epigenomics and Development, Department of Molecular
Genetics, Medical Institute of Bioregulation, Kyushu University, Fukuoka,
Japan, *Department of Histology and Cell Biology, Yokohama City
University, Yokohama, Japan, *Division of Bioinformatics, Multi-scale
Research Center for Medical Science, Medical Institute of Bioregulation,
Kyushu University, Fukuoka, Japan, *Department of Human Genetics,
Yokohama City University, Yokohama, Japan, °Department of
BioScience, Tokyo University of Agriculture,, Tokyo, Japan, *Division of
Genomics, Research Center for Transomics Medicine, Medical Institute of
Bioregulation, Kyushu University, Fukuoka, Japan

DNA methylation has an important role in mammalian germ cell
development. In the male germline, the bulk genome is initially
hypomethylated in primordial germ cells and becomes progressively
methylated during fetal prospermatogonium stage. After birth,
prospermatogonia start to differentiate into spermatogonia,
which include the stem cell population that supports continuous
spermatogenesis in adult life. To understand the epigenetic regulation
of spermatogonial differentiation, we have determined the DNA
methylation and gene expression profiles of prospermatogonia,
undifferentiated spermatogonia and differentiating spermatogonia in
neonatal testis. We revealed large partially methylated domains similar
to those found in cancer cells and placenta, extremely high levels of
non-CG methylation in neonatal prospermatogonia, and stage-specific
differentially methylated regions potentially important for regulation
of genes involved in stemness and/or differentiation. Our findings
reveal unique epigenetic changes that may regulate the spermatogonial
stem cell generation and differentiation.

W-2008

EVIDENCE OF STEM CELLS’ IMMUNITY TO CELL DEATH
IN DROSOPHILA MELANOGASTER

Xing, Yalan!, Su, Tin Tin? Ruohola-Baker, Hannele?

!Biochemistry, University of Washington, Seattle, WA, USA, *Molecular,
Cellular and Developmental Biology, University of Colorado, Boulder,
CO, USA, ’Institute for Stem Cell and Regenerative Medicine University
of Washington, Seattle, WA, USA

Stem cells are responsible for regenerating differentiated cells and
tissues, especially in response to external stresses, such as injury,
wounding, or nutrient deprivation, which frequently cause increasing
apoptosis in the corresponding tissues. Some specific cell types, such as
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cancer cells, have been demonstrated to be resistant to apoptosis, so that
no efficient cell death can be induced to eliminate the deteriorate cells.
In Drosophila Melanogaster germline and midgut, we have observed
striking phenomenon that comparing to the differentiated progenies,
the adult stem cells are more resistant to irradiation or chemical
induced apoptosis. Furthermore, some well-studied cell survival genes,
pineapple eye (pie) as an example, function differentially in stem cells-
-pie mutant stem cells are carefully exempted from apoptosis; they
rather enter differentiation and leave the stem cell niche. This stem
cell-specific role is through negative regulation on protein level of the
transcription factor FOXO, by ubiquitin-mediated protein degradation.
The potential FOXO target genes regulated in this process is now under
investigation. Further exploration of the cell type-specific response to
apoptosis and the mechanism underlying will extend knowledge to the
understanding of the stem cells’ apoptosis-resistant characteristics and
future treatments towards cancer cells.

TOTIPOTENT / EARLY EMBRYO

CELLS

W-2009

ROLE OF THE SOLUTE CARRIER, SLC2A2, EXPRESSED

BY MURINE EMBRYONIC STEM CELLS ISOLATED IN
PHYSIOLOGICAL GLUCOSE MEDIA IN EXOGENOUS
GLUCOSAMINE TRANSPORT AND ENHANCEMENT

OF SELF-RENEWAL AND ANAEROBIC AND ANABOLIC
METABOLISM

Loeken, Mary R., Jung, Jin Hyuk

Section on Islet Cell and Regenerative Biology, Joslin Diabetes Center,
Boston, MA, USA

The sugar transporter, Slc2a2, is expressed by preimplantation and early
postimplantation mouse embryos. Slc2a2 is a high K, (16 mmol/L)
glucose (Glc) transporter as well as alow K|, (0.8 mmol/L) glucosamine
(GIeN) transporter. Slc2a2 is unlikely to function as a Glc transporter
for embryos, because it is not an efficient transporter at normal Glc
concentrations (~5.5 mmol/L), and the embryo also expresses Slc2al
and Slc2a3, whose K,/'s for Glc are near normal Glc concentrations.
Whether Slc2a2 functions as a GIcN transporter for the early embryo
has not been investigated, however, Slc2a2" and Slc2a” embryos are
produced at fewer than predicted Mendelian frequency, suggesting that
it is important. We previously showed that murine embryonic stem
cells (mESC) isolated and cultured in low Glc (5.5 mmol/L) media
(referred to as LG-ESC) retain expression of Slc2a2, whereas traditional
mESC maintained in conventional high Glc (25 mmol/L) media do
not. GIcN-6-PO, is an intermediate in the hexosamine biosynthetic
pathway, which leads to production of UDP N-Acetylglucosamine
for O-glycosylation (O-GlcNAcylation) of proteins. O-GlcNAcylation
of many transcription factors that regulate stem cell self-renewal
and pluripotency, including Oct4 and Sox2, enhances their DNA-
binding and transcriptional activity. GIcN-6-PO, can be synthesized
from fructose-6-PO, + glutamine or it can be obtained from
transport of exogenous GIcN and phosphorylation by hexokinases.
Here we tested the hypothesis that Slc2a2 is important for exogenous
GIcN uptake and enhances stem cell functions by ESC. We employed
LG-ESC as well as LG-ESC in which Slc2a2 mRNA was silenced
with a constitutively expressed shRNA vector (Slc2a2-KD ESC).
Adding 0.8 mmol/l GIcN to low Glc media increased numbers of
alkaline phosphatase-positive colonies and stimulated expression of
proliferating cell nuclear antigen (PCNA) by LG-ESC but not by Slc2a2-
KD ESC. Whereas total O-GlcNAcylation of proteins in LG-ESC was
increased by GIcN, it does not appear that the effects of GIcN were due

to increased O-GlcNAcylation because inhibiting O-GlcNAcylation
by the enzyme, O-GlcNAc transferase (OGT) with alloxan did not
inhibit increased formation of alkaline phosphatase-positive colonies.
GIcN increased glycolytic activity, as indicated by lactate production,
and pentose shunt pathway flux as indicated by glucose-6-PO,
dehydrogenase activity. This suggests that exogenous GIcN stimulates
the anaerobic and anabolic metabolic pathways that promote stem cell
function and self-renewal. These studies indicate that GIcN derived
from maternal circulation is important for early embryo development.
Moreover, they indicate that expression and retention of Slc2a2 by ESC
and iPSC lines by isolation and culture in physiological Glc media may
be advantageous for stem cell metabolism, self-renewal, and perhaps,
clinical applications, over existing culture methods.

W-2010

DYNAMIC MODEL OF MURINE TROPHOBLAST AND
EMBRYONIC STEM CELLS INTEGRATING SIGNALLING
PATHWAYS, TRANSCRIPTION NETWORK AND
EPIGENETIC MACHINERY

Pir, Pinar, Le Novére, Nicolas

Babraham Institute, Cambridge, United Kingdom

Decrypting the regulation of initial cell fate decision in the morula and
blastula is important to understand the causes of early miscarriages. The
generation, from totipotent cells, of pluripotent embryonic stem cells
and trophoblast stem cell, is also a model of epigenetic fate restriction.
Cell fate is regulated by a cascade of interactions involving signalling
pathways, transcription networks and epigenetic mechanisms. We are
building a mathematical model that presents a dynamic view of theses
cascades. This model can be simulated to predict the decision towards
cell differentiation, proliferation or re-programming for a given set of
external stimuli or genetic modifications. The external signals received
by the cell are processed by a few signalling pathways involved in initial
cell fate decisions. These pathways act together to regulate the core
transcriptional network of pluripotency and differentiation in early
mouse embryos. The effect of these factors on cell fate is modulated
by chromatin condensation and nucleosome positioning, depending
on DNA methylation and histone marks, themselves under the control
of transcription factors. The epigenetic status of a promoter can be
used to predict the availability of the promoter for transcription factor
and POLII binding, which regulate the transcriptional activation or
inactivation of each transcription factor. To represent interactions of
different nature requires different modelling approaches. For example,
enzymatic reactions in the cytosol involve many molecules and can
be approximated by classical chemical kinetics. However, binding of
transcription factors have to be represented as stochastic events, because
the small copy numbers of TFs and binding sites. Also, different time
scales have also to be taken into consideration, to represent for example
cell division, and DNA binding or protein phosphorylation. Therefore,
we have built modular models, represented each type of interaction
with the appropriate formalism and used simulators supporting each
formalism. The simulations of each module were carried out in parallel,
with event-driven synchronisation. A Python interface facilitates the
interactions between simulators running in parallel and integrates the
different simulation results. Our model is able to predict dynamics of the
early cell commitment decisions in mouse embryos, as well as dynamic
transcriptional profile of cells that are re-programmed by genetic
modifications and/or growth in specific niches. Our simulations have
indicated that the cross-talk between the external signals together with
the complex epigenetic regulation of transcription can lead to a vast
variety of transcription and epigenetic profiles in cells with the same
initial state. For example forced generation of trophoblast stem cells
(TSC) from embryonic stem cells (ESC), a transformation that does
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not take place naturally, can follow more than one route. However not
all of these routes lead to transcriptional and epigenetic profiles which
exactly matches the profile of TSCs derived from trophectoderm. In
silico identification of such routes can be used in designing improved
experimental conditions for increased efficiency of re-programming.

W-201 1

METABOLOMICS IN STEM CELLS - CHANGES FROM NAIVE
TO PRIMED STAGE

Sperber, Henrik!, Mathieu, Julie?, Shannon, Sandra?>, Hesson,
Jennifer?, Gu, Haiwei?, Meissen, John K.3, Fiehn, Oliver?, Ware, Carol
B.*, Hockenbery, David®, Raftery, Daniel*, Ruohola-Baker, Hannele®
!Biochemistry, University of Washington, Seattle, WA, USA, 2University
of Washington, Seattle, WA, USA, *University of California, Davis,
Davis, CA, USA, *University of Washington, Seattle, WA, USA, *Fred
Hutchinson Cancer Research Center, Seattle, WA, USA, SInstitute for
Stem Cell and Regenerative Medicine University of Washington, Seattle,
WA, USA

Naive human embryonic stem cells (hESC) have recently been derived
and have more robust developmental potential than primed ESCs
(Ware et al. 2014, Gafni et al. 2013). Metabolic signatures are highly
characteristic for a cell and may act as a leading cause for cell fate
changes, preceding changes in cell fate genes. We have previously shown
that from naive to primed stage the cells undergo a dramatic transition
from metabolically bivalent to highly glycolytic. However, primed state
of inert mitochondria rapidly changes to highly potent mitochondria
during further differentiation. It is not yet understood how and
why the pluripotent cells enter the highly glycolytic, metabolically
cancer-like (Warburg effect) stage and how a differentiating cell
leaves this stage. To search for critical metabolites that might control
those transitions as well as other pathways that change during ESC
development, we have now performed metabolomics profiling of
naive and primed ESCs using non-targeted GC-TOF and LC-QTOF
mass spec analysis as well as targeted LC, showing a difference in
metabolite profile between naive and primed cells, which is consistent
across species for human and mouse. We have verified through this
analysis that glucose levels are reduced and lactate levels increase in the
primed stage, which is consistent with the cells becoming exclusively
glycolytic. Further study of the glycolysis shows a high upregulation
of fructose 1,6-bisphosphate (F16BP) due to upregulation of PFK
and downregulation of gluconeogenesis gene FBP in primed ESCs
indicating that the accumulation of F16BP is due to upregulated
glycolysis and downregulated gluconeogenesis. Interestingly
glyceraldehyde-3-phosphate (G3P), the downstream metabolite of
F16BP, does not increase in primed ESCs. Since G3P can be conserved
for biosynthetic purposes in the synthesis of fatty acids and amino
acids we tested the upregulation of these pathways. Interestingly we
observed a significant increase in long carbon chain lipids in primed
ESCs, an indication of increased synthesis and/or decreased beta-
oxidation. In addition primed cells show high enrichment of the
tryptophan degradation product kynurenine. Kynurenine can act as a
ligand for the transcription factor AHR. In cancer cells AHR activation
by kynurenine is shown to induce growth while in surrounding T-cells
kynurenine based AHR activation inhibits the immune response
against cancer cells. Microarray and qPCR data showed a high increase
of the tryptophan degrading enzyme IDO1 in primed hESC, which
- in combination with the increase in glycolytic products - would
explain the mechanism by which kynurenine is accumulated. After
peaking in primed ESCs IDOL1 levels quickly drop as the ESCs begin
to differentiate, indicating that the function of IDO1 is specific for the
primed stage. Preliminary data from validation by qPCR show that
IDOL1 levels are 60 fold higher in primed hESC (H1) compared to

naive human ESC (EIf1). Our working hypothesis is that kynurenine is
a key metabolite acting in primed hESC in a manner similar to cancer
cells; In primed hESC kynurenine may support stem cell growth and
self-renewal while when secreted from hESC kynurenine may inhibit
Treg cell proliferation, thereby providing protection to the primed
stage embryo by silencing the mother’s immune cells through AHR
activation.

W-2012

SPECIFICATION OF BIPOTENT NEUROMESODERMAL
PROGENITORS FROM PLURIPOTENT EPIBLAST
Wilson, Val, Tsakiridis, Anestis, Huang, Yali

University of Edinburgh, Edinburgh, United Kingdom

During gastrulation, the fate of epiblast cells is thought to be
constrained principally by their position. Cell fate is progressively
restricted by localised signalling cues from areas including the
primitive streak, and yet cells remain pluripotent (able to give rise
to derivatives of all three embryonic germ layers) until the end of
gastrulation. We previously showed that pluripotency in embryonic
epiblast cells is extinguished over a very short period at the beginning
of somite formation, accompanied by reduced levels of Oct4, just as a
population of bi-potent neural/mesodermal stem cell-like progenitors
begin to produce the spinal cord, muscles and skeleton (Osorno et
al. 2012 Development 139, 2288-98). Epiblast stem cells (EpiSCs) -
pluripotent stem cell lines that are equivalent to the gastrulation-stage
postimplantation epiblast - express gastrulation-stage regional markers
in self-renewing conditions. We show here that undifferentiated EpiSC
cultures contain a major subpopulation of cells with reversible early
primitive streak characteristics, which is mutually exclusive to a
neural-like fraction. Using in vitro differentiation assays and embryo
grafting we demonstrate that primitive streak-like EpiSCs are biased
towards mesoderm and endoderm fates while retaining pluripotency.
The acquisition of primitive streak characteristics by self-renewing
EpiSCs is mediated by endogenous Wnt/B-catenin signalling.
Further elevation of Wnt/B-catenin activity in EpiSCs promotes
downregulation of Oct4, exit from pluripotency and a transition
towards at least two distinct primitive streak-associated lineages with
mesendodermal and neuromesodermal characteristics. Thus both the
dynamics of pluripotent subpopulations expressing regional markers
during gastrulation, as well as the restriction of pluripotency in post-
gastrulation embryos in vivo towards neuromesodermal progenitors,
are reflected by the behavior of EpiSC cultures.

EMBRYONIC STEM CELL

DIFFERENTIATION

W-2014

RHO-ASSOCIATED PROTEIN KINASE (ROCK) INHIBITOR
Y-27632 ABROGATES DEFINITIVE ENDODERM
COMMITMENT THROUGH DISTINCT P53 SIGNALS IN
HUMAN PLURIPOTENT STEM CELLS

Chen, Kevin G.!, Hoeppner, Daniel H.}, Park, Kyeyoon', Johnson, Kory
R.', Mallon, Barbara', Garfield, Susan H.?, Chu, Virginia’, Carpentier,
Arnaud’, Liang, T. Jake’, Robey, Pamela G.*, McKay, Ronald D.!
!National Institute of Neurological Disorders and Stroke, NIH, Bethesda,
MD, USA, °National Cancer Institute, NIH, Bethesda, MD, USA,
*National Institute of Diabetes and Digestive and Kidney Diseases, NIH,
Bethesda, MD, USA, *National Institute of Dental and Craniofacial
Research, NIH, Bethesda, MD, USA

Human pluripotent stem cell (hPSC)-based therapeutics and
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pharmaceutical applications require efficient production of clinical-
grade hPSCs with controlled stress responses, homogeneous cellular
states, and stable genomic integrity. Molecular modulation of hPSC
growth and differentiation by small molecules has provided a powerful
approach to achieve the above goals. Currently, small molecule-
mediated pathway interventions represent an emerging field in hPSC
biology, regenerative medicine, and cellular reprogramming. However,
this approach has been constrained by the lack of simple and robust
assays that accurately measure the effects and impact of small molecules
on key signaling pathways that control hPSC stress response, survival,
and multilineage differentiation. In this study, we describe such a
generic genome stress-response assay, based on a p21-YFP knock-
in reporter at the CDKNIA locus. It is known that CDKNAIA (p21)
is a specific downstream effector gene of the MDM2-p53 pathway.
Consistent with this, we demonstrated that the p21-YFP reporter
system was highly sensitive to p53 pathway-related stress signals such
as MDM2 inhibition by the small molecule, nutlin-3, and MDM2
knockdown by specific siRNAs. Therefore, this reporter system allows
us to examine correlative responses of downstream effectors of the
p53 pathway and perform single-cell kinetic assays of the effects of
pivotal small molecules (e.g. Rho-associated protein kinase inhibitors
or ROCKi) on hPSC cellular states and fate determination. Our data
revealed previously unknown survival and death mechanisms that
involve both the p53 and ROCK pathways. Under dissociated hPSC
conditions, the ROCKi, Y27632, promoted single-cell survival by
transiently modulating p53 signaling concomitantly with cell cycle
arrest at Gl and G2/M phases. However, the same treatment also
promoted hPSC growth inhibition and cell death when the cells
were grown as condensed colonies or aggregates, likely through a
different p53 signaling pathway. Molecular profiling data of 21 hESC
and 8 hiPSC lines showed that p53-effector CDKNIA (p21) mRNA
levels were up-regulated in all differentiated hPSC lines, particularly
in cells differentiated toward definitive endoderm. Moreover, down-
regulation of p21-YFP activity was much reduced in hESCs under
single-cell based and Y27632-mediated non-colony type monolayer
(NCM) culture compared with that of the same cells grown as colonies.
Accordingly, the Y27632-mediated NCM had an impaired capacity to
differentiate toward definitive endoderm as indicated by only 5% of
cells becoming SOX17 positive cells, as compared to 60-80% SOX17
positive cells generated from colony-type culture (in the absence of
ROCK:i). Furthermore, laminin isoform-521-mediated NCM, without
the use of Y27632, significantly enhanced the generation of SOX17
positive cells (>80%). These data highlight the differential roles of
ROCK:i in cell survival and differentiation, which depend on the modes
of multicellular association and growth-patterns. Our study sheds light
on the role of ROCK, p53, and CDKNIA (p21) in influencing the
propensity of a specific lineage differentiation. Thus, fine-tuning of p53
and ROCK signaling would enable us to optimize growth conditions
suitable for in vitro hPSC maintenance, expansion, and differentiation,
which are essential steps for regenerative medicine and drug discovery.

W-2015

A MICRO-ENGINEERED PLATFORM OF ORGAN-DERIVED
ECM ISLANDS TO PROBE CELL-ECM INTERACTIONS
DURING DIFFERENTIATION

Goh, Saik Kia', Bertera, Suzanne?, Halfter, Willie', Banerjee, Ipsita'
"University of Pittsburgh, Pittsburgh, PA, USA, *Children’s Hospital of
Pittsburgh, Pittsburgh, PA, USA

Introduction: Extracellular matrix (ECM) components are important
physiological regulators of stem cell fate and function. Recapitulating
the native ECM microenvironment niche with single purified proteins
has proved to be inadequate, hence more complex ECM has also been

investigated using cell-derived matrix in-vitro or decellularized organ
or tissue. However, purified matrix is simply unavailable in sufficient
quantity and it remains a challenge to perform high throughput analysis
of interactions between stem cells and native ECM in vitro. Here, we
describe a novel miniature ECM array combined with quantitative
imaging that permits high-throughput screening of the effects of
organ-specific ECM on stem cell behavior. We hypothesize that organ-
derived ECM will constitute an appropriate milieu suitable for stem
cell fate and function. Materials and Method: Organs of interest (Heart,
Pancreas, and Liver) were perfusion-decellularized with detergent as
previously described [1,2,3]. For ECM extraction, each decellularized
organ was digested in protein solubilization buffer (4M guanidine HCI,
8M Urea in PBS) overnight with gentle shaking. We then immobilized
the ECM extracts on nitrocellulose coated surfaces to micro-pattern
spatially separated ECM islands. We characterized the molecular
composition, structural features with antigenic recognition and atomic
force microscopy respectively. To quantify specific cellular response
to multiple organ-derived ECM extracts, we seeded pancreatic
B-cell line (MIN6); human embryonic stem cell derived definitive
endoderm cells (hESC-DE) and hESC derived pancreatic progenitor
cells (hESC-PP) (10° cells/mL) on the ECM array. Seeded cells were
cultured for 4-7 days on the ECM array before being evaluated for
viability (Live/dead), proliferation (Ki-67), functions (C-peptide) and
differentiation (FoxA2 and PDXI1) via in-cell western assay (Licor).
Results and Discussion: Perfusion-decellularization of organs with
detergent resulted in complete removal of cells. AFM characterization
verified the immobilization of ECM proteins onto the nitrocellulose
coated slide. Quantification from the ECM array identified distinct
differences in ECM properties of three organs. Analysis of seeded
cells on ECM array demonstrated that cells attached preferentially on
the ECM islands and retained high viability (90+5.8%). The cellular
patterning remained robust over 7 days of culture, yielding a uniform
array of confluent cellular islands. In our studies with hESC-PP cells
cultured on the organ-derived ECM islands, in-cell western analysis
showed significantly higher number of PDX1+ cells (18.1+3.8% higher,
P<0.05) on pancreas derived ECM than heart or liver derived ECM.
Proliferation marker remained high (>90%) throughout the 7 days
culture and showed no significant differences among organs (P>0.05).
Conclusion: Our methodology enables high throughput analysis of the
contribution of native-like multicomponent ECMs toward stem cells
fate and function. This miniature bioassay is especially useful to study
low amounts of ECM proteins and cells, such as organ derived ECM
and stem cells respectively. In addition, this p-engineered platform is
very versatile and easily adaptable to any other cell types and/or tissue
or organ derived ECM. The developed ECM array will pave the way for
a more rational design of engineered stem cell niches and support the
rapidly developing field of regenerative medicine.
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ANEUPLOIDY ENDOWS EMBRYONIC STEM CELLS WITH
FEATURES OF NEOPLASTIC PROGRESSION

Huang, Yue, Zhang, Meili, Jia, Yuyan, Liu, Guang, Cheng, Li

Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences
and Peking Union Medical College, Beijing, China

Aneuploidy, an uneven number of chromosomes, leads to severe
developmental defects in mammals and is also a hallmark of cancer.
Aneuploidy has been observed in more than 90% of human solid tumors
with rapid proliferation. However, whether aneuploidy is a driving
cause or a consequence of tumor formation remains controversial.
Paradoxically, recent studies showed that gains of single chromosomes
in yeast, mouse fibroblasts (MEFs) and human Down syndrome (DS)
fibroblasts impaired cell proliferation in vitro. Here, we examined the
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effects of aneuploidy on mouse embryonic stem cells (mESCs). Using
a novel genetic scheme, we generated a series of aneuploid mESC
lines that each carries an extra copy of single chromosomes and then
characterized the traits shared by these cell lines. All cultured aneuploid
mESCs morphologically resembled diploid stem cells, and expressed
the core transcription factors, Oct4, Sox2 and Nanog, normally. They
all had rapid proliferation rates and enhanced colony formation
efficiencies. They were less dependent on exogenous growth factors
LIF for self-renewal and showed a reduced capacity to differentiate
in vitro. Moreover, xenografted aneuploid ESCs formed teratomas
more efficiently, with features of neoplastic progression. In addition,
microarray analysis showed that some differentiation and development
related gene expression changes are conserved among these aneuploid
cell lines. Our study demonstrates that aneuploidy enhances the
self-renewal capacities of stem cells and reduces their differentiation
abilities. The findings also reveal that aneuploidy endows stem cells
with features of neoplastic transformation by reinforcing the capacity
of self-renewal.

W-2017

GENERATION OF ORIGIN SPECIFIC CORONARY-LIKE
VASCULAR SMOOTH MUSCLE CELLS FROM HUMAN
PLURIPOTENT STEM CELLS AND THEIR ABILITY TO
SUPPORT VASCULOGENESIS

Iyer, Dharini, Low, Lucy, Cheung, Christine, Sinha, Sanjay
University of Cambridge, Cambridge, United Kingdom

Cardiovascular regenerative medicine is an emerging field that
intersects both developmental biology and clinical research. Human
pluripotent stem cells (hPSCs) offer unique value to this field as
they can be directed to become specialised cardiovascular cells.
Due to its fundamental role in heart development, the epicardium
has emerged as a multipotent cardiovascular progenitor source
with therapeutic potential in terms of coronary smooth muscle
cell (CoSMC), cardiac fibroblast and cardiomyocyte regeneration.
We recently reported an in vitro strategy for generating lineage-
specific vascular smooth muscle cells (VSMCs) from hPSCs.
We have now extended this approach to obtain epicardium and
epicardium-derived VSMCs. Here we investigated the function of key
developmental growth factors such as BMP, FGF, Wnt and retinoic acid
in guiding hPSCs to a pro-epicardial/ epicardial lineage through lateral
plate mesoderm (LM), under chemically defined conditions. We were
able to induce high expression of epicardium specific genes (Tbx18,
Tcf21, Wtl and Basonuclin), comparable to human fetal epicardial
explants. The LM-derived epicardial cells, when treated with PDGF-
BB and TGF-f1, underwent an epithelial to mesenchymal transition
(EMT) and resulted in contractile SMCs that expressed a repertoire
of early and late VSMC markers. Our results further suggest that
epicardium derived SMC differentiation is regulated by the RhoA
and Notch signalling pathways. The epicardium derived VSMCs also
support better endothelial network formation when co-cultured with
HUVECs in a 3D in vitro Matrigel assay compared to neuroectoderm-
or paraxial mesoderm-derived VSMC subtypes. We anticipate that this
coronary-like VSMC population will serve as a platform for disease
modelling and lay the foundation for novel approaches in regenerative
cardiovascular medicine.

W-2018

A SHH CORECEPTOR CDO IS REQUIRED FOR NORMAL
HEART DEVELOPMENT AND CARDIOMYOGENESIS.
Jeong, Myong-Ho

Samsung Biomedical Research Institute, Suwon, Republic of Korea

Shh signaling is implicated in the early specification stages of
cardiomyogenesis and Shh mutant mice show various cardiac
abnormalities, such as abnormal heart tube formation and specification
of the myocardial and outflow tract. A multifunctional receptor Cdo
functions as a Shh coreceptor to fully activate Shh signaling. Cdo
mutant mice exhibit defects in CNS development associated with
the decreased Shh activity. In this study, we assessed the role of Cdo
in cardiomyogenesis and heart development. Cdo is expressed in
developing hearts and Cdo-/- hearts are small. Cdo-depleted P19 EC
and Cdo-/- ES cells show delayed cardiomyogenesis with decreased
expression of cardiac markers, including Gata4, Nkx2.5 and Mef2c, and
reduced Shh signaling activities. In addition, Cdo deficiency causes a
stark reduction in the formation of beating mature cardiomyocytes.
Furthermore forced activation of Shh signaling by purmorphamine
treatment restores cardiomyogenesis of Cdo-/- ES cells comparable
with Cdo+/+ ES cells. Taken together, Cdo is required for normal heart
development and cardiomyogenesis.

W-2019

STEPWISE DIFFERENTIATION OF PLURIPOTENT STEM
CELLS INTO OSTEOBLASTS USING FOUR SMALL
MOLECULES UNDER SERUM-FREE AND FEEDER-FREE
CONDITIONS

Kanke, Kosuke', Masaki, Hideki? Saito, Taku®, Komiyama, Yusuke’,
Hojo, Hironori', Nakauchi, Hiromitsu?, Lichtler, Alexander C.%, Takato,
Tsuyoshi®, Chung, Ung-il', Ohba, Shinsuke'

!Center for Disease Biology and Integrative Medicine, The University
of Tokyo, Tokyo, Japan, *Division of Stem Cell Therapy, Center for
Stem Cell Biology and Regenerative Medicine, Institute for Medical
Science, The University of Tokyo, Tokyo, Japan, *Department of Bone
and Cartilage Regenerative Medicine, The University of Tokyo, Tokyo,
Japan, *University of Connecticut Health Center, Farmington, CT, USA,
*Department of Sensory and Motor System Medicine, The University of
Tokyo, Tokyo, Japan

Pluripotent stem cells are a promising tool for in vitro mechanistic
studies of tissue development, models of human disease, drug screening,
and stem cell-based therapies. Here, we developed an efficient, mass-
producible, and reproducible culture protocol for directing mouse
embryonic stem cells (mESCs), mouse induced pluripotent stem
cells (miPSCs), and human iPSCs (hiPSCs) toward osteoblasts under
serum-free and feeder-free conditions. The protocol is composed of
four phases: the maintenance of pluripotent stem cells in serum-free 2i
culture (mESCs and miPSCs) or mTeSR1 media (hiPSCs), mesoderm
induction (5 days), osteogenic induction (14 days), and maturation
of osteoblasts (4 days). Mesoderm induction was achieved in serum-
free media by inhibiting neural differentiation with the Hh signaling
inhibitor cyclopamine and by inducing mesoderm differentiation with
a high concentration of GSK-3 inhibitor CHIR99021. Cells were then
cultured with the Hh signaling activator SAG and the helioxanthin-
derivative TH in serum-free osteogenic media for 14 days; the cells
spontaneously differentiated into mature osteoblasts without any
inducers in the next maturation phase. In the mESCs, the mesoderm
markers T and MixII were transiently up-regulated by the mesoderm
induction; subsequent osteogenic induction strongly induced
osteoblast-related genes including Runx2, Sp7, Collal, Ibsp, and
Bglap (p<0.05 vs. control) without upregulating ectoderm- (Sox1) and
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endoderm-lineage genes (Sox17 and Gata4) throughout the culture.
The expression levels of these osteoblast-related genes were comparable
to or higher than those in the mouse primary osteoblasts and the
osteogenic cultures of mESCs obtained by a conventional strategy.
Immunocytochemistry revealed that high percentages of the cells
expressed RUNX2 (78 £ 3%), SP7 (66 + 5%), and Collal-GFP (45 + 1%)
at the end of the osteogenic induction, which supressed the expression
of pluripotency markers (OCT4, 2.3 + 0.6%; NANOG, 1.5 £ 0.7%). von
Kossa staining revealed the uniform formation of calcified cell clusters
by the present strategy. These results indicate that the strategy induced
both the expression of osteoblast-related genes and the calcification
of matrix, two key features of osteoblasts. We next examined whether
Runx2’-mESCs cultured using the present strategy could molecularly
recapitulate osteoblast phenotypes in Runx2’ mice. The results
revealed that the gene expression patterns of Ibsp, Sp7 and Bglap in
Runx2’-mESCs were similar to those in developing bones in Runx2"
mice. We also applied the protocol to 2i-adapted miPSCs and hiPSCs
maintained in mTeSR1 media. Both cells showed the upregulations of
osteoblast-related genes (Runx2, Sp7, Collal, Ibsp, and Bglap) at the
end of the osteogenic induction (p<0.05 vs. control); RUNX2 and SP7
proteins were highly expressed in the periphery of the cell clusters.
Thus, we achieved the direct differentiation of pluripotent stem cells
into osteoblasts using four small molecules under serum-free and
feeder-free conditions. The results obtained in Runx2"- mESCs suggest
that the present strategy will be useful for analyzing development of
mutant osteoblasts. The strategy will be a novel platform for biological
studies of osteoblast development, patient-oriented research regarding
skeletal disorders, the screening of bone augmentation drugs, and the
regeneration of skeletal tissues.

W-2020

CALRETICULIN MODULATES CELL-SUBSTRATUM
ADHESION IN CARDIAC DIFFERENTIATION BY
REGULATING EXTRACELLULAR MATRIX RECEPTORS
AND CADHERIN SWITCH DURING EMBRYOID BODY
FORMATION

Karimzadeh, Fereshteh', Pilquil, Carlos', Opas, Michal?

'Medicine and Pathology, University of Toronto, Toronto, ON, Canada,
2University of Toronto, Toronto, ON, Canada

Calreticulin (CRT) is a multifunctional endoplasmic reticulum-resident
protein that plays a critical role in epithelial to mesenchymal transition
(EMT), a key event in cardiogenesis. The EMT is characterized
by a switch in the class of cadherins on the cell surface of cardiac
progenitors, from E-cadherin in the pluripotent stage to N-cadherin
in the differentiated stage. Changes in cell-cell adhesion (,,the cadherin
switch”) are likely to affect cell-substratum (extracellular matrix;
ECM) adhesion, both critical during cell commitment and subsequent
differentiation. Calreticulin modulates adhesions: cell-substratum via
focal contacts and cell-cell via zonulae adherens, thus being uniquely
positioned to affect global adhesiveness of a differentiating cell
community. CRT-deficient (CRT-KO) mouse embryonic stem (ES)
cells are less adhesive to the substratum than wild-type (WT) ES cells
and express lower levels of proteins involved in focal contact-based
adhesion mediated by integrins. Integrins regulate mouse ES cell self-
renewal and, consequently, differences in pluripotency exist between
WT and CRT-KO cells. A change in expression of isoforms of laminin
receptor alpha subunits 6 (“the alpha integrin flip”) occurs as ES cell
exit from the pluripotency, alpha 6B being replaced by alpha 6A as the
predominant isoform. The integrin flip is suppressed in the absence
of calreticulin in CRT-KO ES cells. Another form of cell-substratum
adhesion receptors are discoidin domain receptors (DDRs)-1 and
-2, which are responsible for adhesion to collagen. Interestingly,

changes in expression of DDR variants 1 and 2 that occur in WT
cells are suppressed in the absence of CRT in the CRT-KO ES cells.
By manipulating intracellular calcium homeostatsis in the presence or
the absence of CRT in our ES cell lines, we could specify the effect of
CRT on transmembrane receptors of ECM proteins such as collagen,
laminin, and fibronectin, cadherin expression profile and thus cell-cell
contact preferences which affect dynamics of embryoid body formation
and, ultimately, cardiomyocyte differentiation.
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TLR5 IS INVOLVED IN NEURONAL DIFFERENTIATION
THROUGH NF-KAPPA-B ACTIVATION IN MOUSE
EMBRYONIC STEM CELL

Kim, Won-Jae

Chonnam National University, Gwangju, Republic of Korea

Toll-like receptor 5 (TLR5) is pattern recognition receptors
characteristic of immune cells and crucial for inducting and immune
response to pathogens. TLR5 is widely expressed in multiple tissues
and organs including innate immune cells such as dendritic cells
and macrophages and regulates cellular growth and differentiation.
However, the roles of TLR5 in regulating neurogenesis from mouse
embryonic stem cell (mESC) have not been elucidated. Here, this study
demonstrated that TLR5 is involved in the process of neurogenesis from
mESC. In the present study, TLR5 was gradually up-regulated in mESC
during neuronal differentiation in a time-dependent manner. To verify
role of TLR5 in neural differentiation from mESC, the transfections of
TLR5 overexpression vector or TLR5 shRNA to mESC were performed.
The down-regulation of TLR5 significantly reduced the expression of
NeuroD1 (a neural marker), B-III tubulin (a neural marker)-positive
cells and increased SOX2 expression (a stem cell marker), whereas
overexpression of TLR5 increased expression of NeuroD1 and (-III
tubulin-positive cells and decreased SOX2 expression in mESC
during neuronal differentiation. Down-regulation of TLR5 decreased
the phosphorylation of IkBa and expression of NeuroD1, whereas
overexpression of TLR5 increased p-IkBa and expression of NeuroD1
in mESC during neuronal differentiation. Inhibition of NFkB using
BAY11-7082 decreased the expression of NeuroD1 and B-III tubulin-
positive cells, and decreased generation of embryoid body (EB) as
well as interleukin-6 (IL-6) expression during neuronal differentiation
of mESC. Neutralization of IL-6 also decreased the expression of
NeuroD1 and B-III tubulin-positive cells, and decreased generation
of EB and neuronal outgrowth during neuronal differentiation of
mESC. In addition, translocation to nucleus of pPCREB was reduced by
inhibition of NF«B activation or neutralization of IL-6 during neuronal
differentiation of mESC. Taken together, these data suggest that TLR5
enhances neuronal differentiation from mESC through NF«B mediated
IL-6 signaling.

W-2022

TALEN MEDIATED KNOCK-IN OF EGFP INTO OCTH4
LOCUS OF HUMAN EMBRYONIC STEM CELLS DOES NOT
EFFECT DIFFERENTIATION POTENTIAL: A PROMISING
STRATEGY FOR GENERATING CELL SPECIFIC REPORTER
LINES.

Krentz, Nicole AJ, Lynn, Francis C.

University of British Columbia, Vancouver, BC, Canada

Human embryonic stem cells have great promise as a source of
unlimited transplantable tissues for regenerative medicine, including
the production of insulin-producing beta cells for diabetes therapy.
However, producing efficient differentiation protocols is currently
limited due to both an insufficient understanding of the developmental
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processes that govern the differentiation of these cell types as well as a
lack of tools to study differentiation in vitro. Potential tools to aid in
understanding the in vitro differentiation process are hESC reporter
lines. The traditional method of altering the genome of hESC was
homologous recombination, which proved highly challenging and
inefficient. However, advances in genome editing technologies has
greatly improved the efficiency and allowed for the rapid generation
of novel hESC lines. In this study, we outline a strategy using
Transcription Activator Like Effector Nucleases (TALENS) to generate
OCT4-eGFP-2A-Puro CyT49 hESC lines. Electroporation of the
OCT4-eGFP-2A-Puro donor plasmid with TALENs resulted in 16/52
(31%) correctly targeted clones. Further analysis of three of these
lines, OCT4-2, OCT4-3, and OCT4-28, using immunofluorecence
staining and qRT-PCR for OCT4 determined that the insertion of
eGFP downstream of the last exon of OCT4 did not impact native
OCT4 expression compared to the parental CyT49 cells. Moreover,
eGFP was co-expressed in all OCT4+ cells, highlighting the specificity
of this reporter strategy. Upon differentiation, the number of eGFP+
cells rapidly declined and mirrored the number of immunopositive
OCT4 CyT49 cells. Using a directed differentiation strategy towards
the definitive endoderm germ layer, there was similar formation of
CXCR4+ cells between the OCT4 hESC lines and parental CyT49. As
a proof of principle that this reporter strategy would be amenable to
creating lines specific for differentiation markers, we differentiated
the OCT4-eGFP lines towards pancreatic progenitors and found a
similar proportion of NKX6.1+/SOX9+ pancreatic progenitor cells
by immunofluorescence. In conclusion, these findings highlight the
feasibility of creating cell specific reporter hESC lines using TALEN
mediated genome-editing techniques. Generation of these lines will
greatly improve our understanding of human developmental biology
and our progress towards making desired cell types for regenerative
medicine.

W-2023

DIRECTED DIFFERENTIATION OF PATIENT SPECIFIC
INDUCED PLURIPOTENT STEM CELLS TOWARDS
OVARIAN GRANULOSA-LIKE CELLS

Lan, Chen-wei

National Taiwan University, Taipei, Taiwan

Ovarian  granulosa cells are vitally important for the
development and maturation of oocytes. Recent studies have
suggested that the dysfunction of granulosa cells may lead to
ovarian diseases, such as polycystic ovary syndrome (PCOS),
premature ovarian failure (POF), and granulosa cell tumors.
Induced pluripotent stem cells (iPSCs) can differentiate into all the
specialized cells. These features make iPSCs potentially valuable for
the study of early embryo development, establishment of disease
models, and applications in regenerative medicine. Through multi-step
approaches comprising in vitro treatments with cocktails of growth
factors, gene expression analyse the progress of iPSCs from patients
with POF or PCOS to primitive streak-mesendoderm, intermediate
plate mesoderm, and to functional granulosa-like cells that expressed
the granulosa cell-specific marks FOXL2, CYP19A1, anti-Miillerian
hormone (AMH), the type 2 AMH receptor (AMHR?2), and the follicle
stimulating hormone receptor (FSHR). Using a flow cytometry, we have
identified cell-surface markers AMHR2 and FSHR for the separation
of granulosa-like cell types derived from iPSCs. Gene expression
analyses showed that FOXL2, CYP19A1 and AMH levels in AMHR2+/
FSHR+ population cells were significantly higher than in AMHR2-/
FSHR- population cells from iPSCs-derived granulosa-like cells.
These enriched cells will aid investigations that use granulosa-like cells
generated from pluripotent stem cells to study folliculogenesis and

steroidogenesis and in the creation of novel treatment modalities for
ovarian diseases in future. Furthermore, it may aid in the creation of
novel treatment modalities for ovarian diseases in future.

W-2024

MONOCARBOXYLATE TRANSPORTER 8 IS EXPRESSED

ON OLIGODENDROCYTE PROGENITORS DERIVED FROM
HUMAN EMBRYONIC STEM CELLS.

Lee, Jae Young', Kim, Min Joung', Stanley, Ed? Elefanty, Andrew
George?, Petratos, Steven'

'Department of Medicine, Central Clinical School, Monash University,
Prahran, Melbourne, Australia, >Murdoch Childrens Research Institute
The Royal Children’s Hospital, Parkville VIC, Australia

Thyroid hormone (TH) plays a significant role in brain development,
responsible for critical cell cycle events during oligodendrogenesis.
Specifically, tri-iodothyronine (T3) is an essential regulator of terminal
oligodendrocyte differentiation and myelination in vivo. Transport
of thyroid hormone into neural cells is not simply a passive diffusion
process but rather an active process involving specific thyroid
hormone transporters. The monocarboxylate transporter 8 (MCT3)
has recently been defined as a TH-specific transporter that is crucial
for brain development. In humans, mct8-deficiency results in the
X-linked-inherited psychomotor retardation disorder, known as Allen-
Herndon-Dudley syndrome (AHDS). Because delayed myelination
is a feature of this disease, we hypothesised that MCT8 may play a
significant role in oligodendrocyte development and myelination.
We have established a novel method of deriving pre-myelinating
O4-positive oligodendrocytes from human embryonic stem cell
(hESC) lines by utilising the NKX2.1-GFP as reporters. By live cell
imaging and flow cytometry, expression profile of NKX2.1-GFP at
the early differentiation stage was determined and GFP+ and GFP-
cells were separated by fluorescence-activated cell sorting (FACS).
By immunocytochemistry, flow cytometry and quantitative real-time
polymerase chain reaction (qRT-PCR), GFP+ cells differentiated
towards oligodendrocyte precursor cells (OPCs) (CD140a+/NG2+)
then immature oligodendroglia (O4+) whereas GFP- cells either stayed
as neural progenitors (Nestin+) or differentiated towards astroglia
(GFAP+) or neurons (PIII-tubulin+). From GFP+ sorted cells, we
have demonstrated that MCT8 protein is expressed on subsets of
OPCs, and immature oligodendroglia by immunocytochemistry, flow
cytometry and western blot. Through qRT-PCR, their mRNA levels
during differentiation showed an increasing trend as cells differentiate
towards immature oligodendroglia. Moreover, we have identified the
expression of the type 2 and 3 deiodinases, the enzymes that regulate
intracellular TH concentration, on these oligodendroglial lineage cells
by immunocytochemistry and their mRNA levels were measured
during differentiation by qRT-PCR. Our results highlight the possible
role of MCT8 in TH transport for oligodendrocyte development and
may implicate this TH-transporter as a central co-determinant in the
promotion of myelinating oligodendrocyte.

W-2025

GENETIC DISSECTION OF ES CELL DIFFERENTIATION
USING HAPLOID ES CELLS

Leeb, Martin!, Smith, Austin G.?

"Wellcome Trust-Medical Research Council Stem Cell Institute, University
of Cambridge, Cambridge, United Kingdom, *Wellcome Trust - Medical
Research Council Cambridge Stem Cell Institute, Cambridge, United
Kingdom

The genetic circuitry that governs self-renewal of embryonic stem cells
is relatively well defined. In contrast, mechanisms that dissolve this
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network at the onset of differentiation to enable cell fate transition and
entryintoalineage specific programme are less appreciated. We followed
a large scale loss of function approach in haploid ES cells to identify
key players in the transition from self-renewal to the commitment
to differentiation. Suppression of differentiation by blocking mitogen
activated protein kinase signalling and partial inhibition of Gsk3 in
2i medium is sufficient to allow ES cell self-renewal. Importantly, the
capacity for proliferation in 2i is rather specific for undifferentiated ES
cells and is lost early in the commitment transition. Thus, the ability to
self-renew in 2i after a period of exposure to differentiation conditions
provides a powerful means to identify and quantify delayed exit from the
ground state. We combined this functional assay together with haploid
ES cell mutagenesis in a genetic screen for differentiation inducers.
Mutagenesis of the haploid genome allows recessive phenotypes to
be directly unmasked. Furthermore, haploid ES cells are pluripotent
and maintain full developmental potential. Therefore haploid ES cells
provide a uniquely powerful system for elucidating the genetic circuitry
of mammalian developmental processes. We have developed both a
clonal and a high throughput approach that allow the comprehensive
identification of all insertions of a piggyBac based gene trap cassette in
a complex pool of mutants. These efforts provided a list of more than
200 candidate genes potentially involved in the exit from pluripotency,
containing multiple members of the Fgf pathway and the p-catenin
destruction complex. Importantly, in secondary siRNA validation
assays, knockdown of 19 out of 24 novel candidate genes showed a clear
delay in ES cell differentiation. Among those were the conserved small
zinc finger protein Zfp706 and the RNA binding protein Pum1. Pum1
targets several mRNAs for naive pluripotency transcription factors and
accelerates their downregulation at the onset of differentiation whereas
Zfp706 appears to be required for efficient downregulation of Klf4
expression. Our results provide an example of the power of haploid ES
cells for the genetic interrogation of developmental processes.Currently,
we aim to achieve saturation mutagenesis using hyperactive piggyBac
transposase, alternative mutagenesis vectors and an enhanced method
of insertion site mapping. With these experiments we want to generate
a comprehensive list of factors that direct the first cell fate transitions
during embryonic differentiation.

W-2026

ONTOGENY OF INVITRO DERIVED HUMAN NEURAL
CREST CELLS

Leung, Wai Lun, Garcia-Castro, Martin

Yale University, New Haven, CT, USA

Introduction:The neural crest (NC) is a recent phenomenon in
evolution, appearing only in vertebrate embryos. These cells are
identified adjacent to the neural plate border in early embryos, later
migrate throughout the embryo via stunning stereotypic patterns,
and generate an unexpected and ample array of derivatives. Multiple
induction scenarios have been proposed to regulate NC formation,
including conflicting contributions from mesoderm, neural, and non-
neural ectoderm that interact through a classic induction mechanism
and provide distinct signaling molecules such as Wnt, FGF, BMP, and
Notch. Result: We have developed a novel, fast and consistent protocol
to generate NC based on Wnt activation and, unlike existing protocols,
does not include BMP and/or Nodal antagonism. Our human ES cell
cultures rapidly form NC cells expressing SOX10 and PAX3/7, along
with other crest markers, and differentiate into NC derivatives. Wnt
activation quickly drives loss of pluripotency markers OCT4 and
NANOG;, and neither neuroepithelial markers nor mesodermal markers
are substantially induced. Instead, transcripts associated with neural
plate border are sequentially upregulated during early differentiation
preceding the appearance of migratory SOX10+ cells. Conclusion: Our

data reveals that Wnt activation is sufficient for in vitro human NC
induction. NC formation appears to pass through an intermediate stage
not expressing definitive neural markers, and without mesodermal
contributions. This suggests an early NC specification -preceeding
neural and mesoderm formation- in agreement with our observations
in chick embryos.

W-2027

QUANTITATIVE CHARACTERIZATION OF MOUSE
EMBRYONIC STEM CELL STATE TRANSITION

Lu, Xibin, Huang, Wei

The University of Hong Kong, Hong Kong

It is known that ES cell differentiation or reprogramming processes
are determined by highly regulated on and off gene regulation of
core transcription factors (TFs) which determines the final cell fate.
And it is shown that most of the cells, if not all, can be converted into
another cell type given sufficient and appropriate perturbations such
as from fibroblasts to embryonic stem cell like cells (iPS) or from
pancreatic exocrine cells to B-cells etc. Here, we propose to develop
a multidisciplinary method to engineer the core gene networks that
control ES cell self-renewal, differentiation or dedifferentiation.
The attractor landscape concept will be incorporated in our project
and together we hope to have a deeper insight into these highly
complicated processes. We first generated a dual reporter ES cell line
in which EGFP was controlled by Nanog promoter and a constant
EFla promoter drive H2B-mCherry expression. Using a simple ES
cell differentiation process (RA induced ES cell differentiation), we
observed the differentiation and dedifferentiation of Nanog based on
flow cytometry and time-lapse imaging. Mathematical models (drift-
diffusion-growth equation) are also introduced based on experimental
data which in turns leads to new experiments and hypotheses. Based
on the quantitative cellular dynamics studies both on the population
level and single cell level, the landscape based on Nanog distribution
was carried out and this would provide more clues for future ES cell
differentiation. To expand this method into more complex processes,
we generated multiple ES cell reporters in which Nanog, Oct4 and Rex1
were all labeled with different fluorescence proteins. We differentiated
the reporter ES cell line specifically into epiblast stem cell based on
previous protocols. Based on flow cytometry and time-laspe imaging,
we found, during the transition from ES cell to EpiSC state, all the
three marker genes showed heterogeneous expression pattern, three
sub-populations can be found at the later steady state. The cell fate
identity and potential converting ability into other identities like ES
cell or inter-converting ability among three populations were being
conducted based on synthetic biology combined with chemical factors.
By using fluorescent protein reporters, we can track the key interested
marker gene expression pattern from time to time, and based on the
quantitative studies of key marker genes, we can observe and design
synthetic circuits to tune gene expression by which we hope to control
the cell state transition finally.

W-2028

NOTCH SIGNALING CONFERS ENHANCED LYMPHOID
POTENTIAL IN MURINE ESC/IPSC-DERIVED HSC

Lu, Yi-Fen', Cahan, Patrick!, Hadland, Brandon? Bernstein, Irwin D.2,
Daley, George'

'Boston Children’s Hospital, Boston, MA, USA, *Fred Hutchinson Cancer
Research Center, Seattle, WA, USA

Transplantation of hematopoietic stem cells (HSCs) from bone
marrow, cord blood, or mobilized peripheral blood can be curative
for a variety of malignant and genetic blood diseases, but the lack of
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optimal tissue-matched donors and the immunologic complications
that accompany hematopoietic reconstitution limits wider application
and causes considerably morbidity and mortality. One strategy for
enhanced transplantation outcomes is the creation of autologous
HSCs via cellular reprogramming, as it is now feasible to generate
induced pluripotent stem cells (iPSCs) from virtually any patient,
and to repair gene defects via genome editing. The challenge now is
to direct the differentiation of these customized iPSC into engraftable
HSC. Our laboratory has previously reported the derivation of murine
HSC from ESC (ESC-HSCs) through ectopic expression of HoxB4
and Cdx4 during embryoid body (EB) differentiation, but these ESC-
HSC manifest a strong myeloid bias in their differentiation potential.
By comparison to the transcriptional profiles of embryonic and fetal
HSCs, we found that ESC-HSC closely resemble the definitive HSC
that emerge in the developing fetal liver, but are deficient in gene
expression programs induced by activation of Notch signaling, which
is known to play critical roles in lymphoid development. We thus have
employed novel differentiation strategies to enhance Notch pathway
activation, including inducible expression of a Notch intra-cellular
domain transgene during EB formation, co-culture of the ESC-HSCs
on OP9 stroma bearing the Notch ligand DL-1, as well as stromal-
free culture in the presence of a tethered Notch ligand. We found that
Notch induction within the early hematopoietic specification stage
of EB formation diverted cells to a lymphoid-biased fate, whereas
titrating the dose of Notch during post-EB in vitro culture enabled the
isolation of ESC-HSCs with enhanced in vivo reconstitution of mixed
populations of myeloid and lymphoid cells in immune-deficient NSG
mice. Reconstituting T lymphocytes displayed a diverse V-beta usage,
indicating functional recombination activity in these ESC-derived cells.
Clonal analysis of sorted lymphoid and myeloid repopulating cells at 16
weeks post-transplantation demonstrated that Notch-enhanced ESC-
HSC possess long-term repopulating multi-potentiality. Interestingly, a
small subset of engrafted ESC-HSC within bone marrow obtained the
Lin~Sca-1*cKit* (ESC-LSK) surface marker expression, phenotypically
resembling embryo-derived definitive HSC. Microarray analysis
shows that ESC-LSK cluster closer to definitive HSC than do ESC-
HSC. We applied CellNet, a network biology algorithm, to expression
profiles of ESC-LSK and observed a significant increase of similarity
to hematopoietic stem/progenitor cells (HSPC). Lastly, evaluation
of NSG mice engrafted with Notch-enhanced ESC-HSC revealed
antigen-specific immune-reconstitution and evidence for B and T
cell-dependent immunity. Our data suggest that the timing and signal
strength of Notch plays a pivotal role in deriving bona fide definitive
HSC from ESC/iPSC in vitro.

W-2029

A HUMAN PLURIPOTENT STEM CELL MODEL OF FSHD-
AFFECTED SKELETAL MUSCLE

Caron, Leslie, Kher, Devaki, Gubernator, Miriam, Main, Heather,
Schmidt, Uli

Genea Biocells, Sydney, Australia

Facioscapulohumeral muscular dystrophy (FSHD) is one of the most
common forms of muscular dystrophy affecting up to 1:7000 people. This
enigmatic genetic disorder is characterized by a progressive weakness
and atrophy of facial, shoulder, and upper arm muscles, eventually
affecting the trunk and lower extremities. Currently, our knowledge of
the pathogenesis of the disease is very limited, and the molecular and
biochemical changes linked to progressive muscle degeneration remain
unknown. To date, no treatment is available specifically for FSHD.
Cellular models for FSHD are critical not only for understanding the
molecular mechanism of the disease but can also have a significant
impact on the development of new therapies. With a lack of suitable

animal models, a major challenge in drug development for FSHD is the
identification of model systems that accurately recapitulate normal and
diseased human muscle physiology in vitro. Due to their plasticity and
unlimited capacity to proliferate, human embryonic stem cells (hESCs)
potentially represent a renewable source of skeletal muscle cells
(SkMCs) and provide an alternative to invasive biopsies from affected
patients. To date, we have derived 4 embryonic stem cell (hESC) lines
carrying the chromosomal deletion causing FSHD type 1. To generate a
cellular model of FSHD, we developed a robust and efficient monolayer
system to differentiate hESC into mature skeletal muscle cells (SkMCs),
achieving 70% differentiation efficiency. Briefly, in our novel protocol,
hESCs are induced to form MyoD+ myoblasts using a combinatorial
application of growth factors and small molecules. This intermediate
population is further differentiated into a population of mature and
multi-nucleated myotubes, which display contractile ability and express
the muscle specific markers myogenin, MF20, SkMHC and dystrophin.
Using our optimised protocol, FSHD-affected hESC lines have been
differentiated to SkMCs with similar efficiencies to control cell lines,
and their phenotypic and molecular characterization is currently in
progress. This includes cell proliferation and viability, RNA profiling,
responses to oxidative stress, functional testing using multi electrode
arrays, and expression levels of pathogenic markers of FSHD including,
Dux 4 and PITX1. We believe that these unique cells will be a useful
resource for FSHD and other muscular dystrophy research, will help to
better understand the disease mechanism and ultimately assist in the
development of effective treatments.

W-2030

DIFFERENTIATION CAPACITY OF CHROMOSOMALLY
ABNORMAL HUMAN EMBRYONIC STEM CELLS

Markouli, Christina, Geens, Mieke, Nguyen, Ha Thi, Dziedzicka,
Dominika, Sermon, Karen D., Spits, Claudia

Research Group Reproduction and Genetics, Vrije Universiteit Brussel
(VUB), Brussels, Belgium

Gains of 20q11.21 and, to a lesser extent, losses of 18q, are
chromosomal aberrations commonly found in hESC. We aimed
at evaluating the spontaneous and lineage-directed differentiation
capacity of three hESC lines carrying a 20q11.21 gain and two with
an 18q deletion and compared them to six control lines with balanced
genetic content. The differentiation efficiency was evaluated by gene-
expression analysis of lineage specific and pluripotency markers. First,
cells were differentiated towards mesoderm lineage using a 42-48 days-
long protocol. In this assay, all lines seemed to equally differentiate.
Residual undifferentiated cells were more present in the 18q group
but still significantly reduced compared to the initial undifferentiated
population. For endoderm differentiation, a 4-days protocol was used,
to which the 18qlines responded less efficiently than the control and the
20q11.21 lines, with a significant residual expression of pluripotency
markers. Next, we assayed in vivo spontaneous differentiation capacity
using embryoid bodies. The 18q deletion lines were not capable to
spontaneously differentiate into embryoid bodies, whilst the 20q11.21
lines showed a fast loss of pluripotency and induction of lineage-
specific markers. This absence of spontaneous differentiation in 18q
deletion lines was confirmed by the lack of epithelial-mesenchymal
transition at the colony borders during culture, suggesting that this
mutation compromises the differentiation capacity of the cells. In the
case of the lines with gains of 20q11.21, there was remarkable inter-line
variability, but no loss of differentiation capacity to a particular lineage,
suggesting that this mutation does not affect differentiation capacity,
and the observed differences are line-specific.
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POTENTIAL OF EPITHELIAL EPIBLAST-LIKE PLURIPOTENT
STEM CELLS FOR INCORPORATION AND INTEGRATION
INTO THE MOUSE EMBRYO

Mascetti, Victoria L.!, Mendjan, Sasha', Ortmann, Daniel', Ferrer
Vaquer, Anna*, Tomishima, Mark?, Hadjantonakis, Anna-Katerina®,
Studer, Lorenz*, Pedersen, Roger A.!

'Laboratory  for Regenerative Medicine, Wellcome Trust-MRC
Cambridge Stem Cell Institute, University of Cambridge, Cambridge,
United Kingdom, ?Memorial Sloan-Kettering Cancer Center, New York,
NY, USA, *Sloan-Kettering Institute for Cancer Research, New York, NY,
USA, “Sloan-Kettering Institute for Cancer Research, New York, NY, USA

Pluripotent stem cells (PSCs) are defined by their ability to differentiate
into all body tissues and to renew themselves through unlimited
proliferation. The pluripotency of mouse embryonic stem cells
(mESCs) has traditionally been assayed by formation of chimeras by
blastocyst injection, demonstrating that mESCs can contribute to all
tissues of the resulting mouse. Mouse epiblast stem cells (mEpiSCs),
established by culturing post-implantation mouse epiblast layers, have
limited capacity for incorporation into mouse blastocysts. Importantly,
the epithelial epiblast-like pluripotent nature of mEpiSCs is shared with
human PSCs, and this distinguishes them from the inner cell mass-like
pluripotency of mESCs. The similarity among epithelial epiblast-like
PSCs is all the more compelling because mEpiSCs can thus be used to
model the clinical suitability of human PSCs by determining mEpiSC’s
capacity for incorporation, survival and integration into normally
developing tissues and thereby ensuring that they are not predisposed
to developmental abnormalities. Our experimental objective was to
determine the capacity of epithelial epiblast-like mEpiSCs to participate
in early mouse embryo development. Early post implantation mouse
embryos were dissected and mEpiSCs were transplanted prior to
culture. Subsequent, in vitro analysis of lineage-specific contribution
by fluorescence confocal microscopy was used assess integration and
function of the stem cells and their progeny. mEpiSCs transplanted
into post-implantation stage mouse embryos were able to integrate
and contribute to each of the three primary germ layers, endoderm,
ectoderm and mesoderm. We found high potential of mEpiSCs for
targeted incorporation, survival and integration following injection at
the presumptive locations of organ rudiments. These findings, together
with the similar nature of epithelial epiblast-like mEpiSCs and human
PSCs, provide a predictive model for the functional participation of
human PSCs in normal development following transplantation into
the post-implantation human embryo, which due to practical and
ethical reasons cannot otherwise be determined. In sum, mEpiSCs
can incorporate into mouse embryos in a stage- and location-specific
(synchronous, orthotopic) manner. This novel approach enables the
study of cell fate decisions and plasticity of tissue specific progenitors
during normal development. Faithful recapitulation of tissue-specific
fate post-transplantation is the ultimate clinically relevant functional
validation for PSCs.

W-2032

SYSTEMS ANALYSIS OF REGULATORY INTERACTIONS

IN SIGNAL TRANSDUCTION PATHWAYS DURING SELF-
RENEWAL AND EARLY ENDODERM DIFFERENTIATION OF
HUMAN EMBRYONIC STEM CELLS

Mathew, Shibin!, Sundararaj, Sankaramanivel', Mamiya, Hikaru’,
Banerjee, Ipsita*

'University of Pittsburgh, Pittsburgh, PA, USA, *University of Pittsburgh,
Pittsburgh, PA, USA

Motivation: Signaling pathways controlling human embryonic stem

cell (hESC) self-renewal and differentiation are regulated at the systems
level by complex regulatory interactions. While current experimental
techniques have established significant correlations between states of
signaling pathways and the end fate of hESCs, it is restrictive to analyze
the dynamics of the interactions using a purely experimental approach.
Here, we present a complete systems level analysis of the regulatory
interactions in the PI3K/AKT pathway (during self-renewal) and
TGF-B/SMAD pathway (during endoderm differentiation) by
integrating efficient computational tools with targeted experimental
perturbations. Methods:Experimental analysis: H1 hESCs were
maintained on matrigel-coated plates in mTeSR1. Endoderm
differentiation of H1 hESCs was performed using 100 ng/ml Activin A
(to activate TGF-B/SMAD2,3) prepared in DMEM/F12 supplemented
with B27 and 0.2% BSA for 24 hr. The phosphorylation dynamics of
key molecules of the signaling pathways were measured using MagPix
Luminex xXMAP technology. Mathematical analysis: Detailed ordinary
differential equation based mathematical model was developed for the
PI3K/AKT and TGF-B/SMAD pathway using literature based model
with additional novel hESC specific mechanisms. The models were
calibrated to experimental dynamics in hESCs using replica exchange
Markov Chain Monte Carlo strategy. To identify sensitive nodes from
the network of interactions, a computationally efficient global sensitivity
approach (GSA) called Random-Sampling High Dimensional Model
Representation was adopted which identifies the global sensitivity
and non-linear contributions of competing reactions for systems with
significant uncertainty. Results: Self-renewal: Here, sensitivity of nodes
in the insulin mediated PI3K/AKT pathway was analyzed to purport
strategies to support self-renewal. Application of GSA on the detailed
mathematical model and combinatorial perturbation experiments
showed that the mean levels and variations in self-renewal molecules
like p-AKT were under the control of negative feedback on IRSI (via
PKC{). Negative feedback also modulated the sensitivity of upstream
PI3K and PIP3 mediated reactions. Therefore, inhibition of negative
feedback can promote self-renewal conditions; a strategy based on
PKCC inhibition was recently observed to boost viability and growth of
naive pluripotent cells. Early endoderm differentiation: Our preliminary
experiments showed that the effector molecules of the TGF-p pathway;,
p-SMAD?2 and p-SMAD3 showed divergent dynamics under Activin
A treatment, a novel result observed in hESCs. Using hESC specific
model, it was observed that the sensitivity of reactions for p-SMAD2
and p-SMAD?3 were of similar ranking but of varying strengths resulting
in the divergent dynamics as well as different downstream (gene level)
effects. Among the most sensitive reactions were, phosphorylation
and de-phosphorylation of SMADs, while SMAD nucleo-cytoplasmic
shuttling rates were associated with modulation of the aforementioned
reactions. Conclusion: Our results have successfully explained the
importance of feedback structures playing homeostatic roles in self-
renewal and those resulting in divergent responses to endoderm signals.
Identification of such sensitive mechanisms under experimental
variability will enable the rational design of defined chemical media for
modulating hESC fate.
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W-2033

SOX17-MEDIATED CONVERSION OF MOUSE

EMBRYONIC STEM CELLS (ESCS) INTO FUNCTIONAL
EXTRAEMBRYONIC ENDODERM STEM (XEN) CELLS
IDENTIFIES DYNAMIC NETWORKS CONTROLLING CELL
FATE DECISIONS

McDonald, Angela C.H.}, Biechele, Steffen’, Rossant, Janet!, Stanford,
William L.2

ISickKids, The Hospital for Sick Children Research Institute, Toronto, ON,
Canada, *Ottawa Hospital Research Institute, Ottawa, ON, Canada

The extraembryonic endoderm (ExEn) of the mammalian conceptus
is important for patterning of the embryo proper, gives rise to support
tissues such as the primary yolk sac, and can be maintained in vitro as
self-renewing XEN cells. Little is known about the regulatory networks
distinguishing XEN cell lines from the extensively characterized ESC.
An intriguing regulatory network candidate is the transcription factor
Sox17, which is essential for XEN cell derivation and self-renewal.
Previous research has shown that forced expression of Sox17 in ESCs
can induce EXxEn gene expression. However, the ability of Sox17 to
convert ESCs to functional XEN cells has not been explored. To address
this, we overexpressed Sox17 in ESCs using a doxycycline-inducible
system (Sox17-ESCs), and generated cells with cell morphology
indistinguishable from embryo-derived XEN cells. Sox17-ESCs rapidly
induce ExEn genes including Col4al, Lamal, Gata4 and Gata6 and
subsequently repress pluripotency genes Oct4 and Nanog. In contrast
to gene expression changes, fluorescent activated cell sorting reveals
a stepwise loss of pluripotency cell surface proteins and a subsequent
induction of XEN cell surface proteins. Single-cell Sox17-mediated
conversion is highly efficient with over 90% of cells converting by day
30. Transgene silencing is observed following Sox17 induction and
stable Sox17-XEN cells can be maintained independent of transgene
expression for greater than 30 passages. Upon injection into host
blastocysts, Sox17-XEN cells integrate and proliferate in the parietal
endoderm of E8.5 mouse embryos. To identify dynamic regulatory
networks involved in Sox17-mediated XEN conversion, time series
RNA-sequencing was performed, revealing distinct stages of gene
expression during conversion. Using the Dynamic Regulatory Events
Miner algorithm, we generated a dynamic regulatory map of gene
expression throughout Sox17-mediated XEN conversion. Mapping
of gene expression bifurcation points revealed 39 dynamic gene
expression paths throughout the conversion process. By overlaying
transcription factor binding data on top of our dynamic regulatory
map, we have identified novel putative regulators of ExEn cell fate.
Based on this analysis, we have drafted three classes of ExEn cell fate
regulators including ExEn cell fate repressors in ESCs, activators of
ExEn cell fate in XEN cells and transcription factors active in both
ESCs and XEN cells, acting to either repress or activate EXEn genes
respectively. Taken together, our findings suggest that Sox17-mediated
XEN conversion is a robust system to study cell fate changes and can
be used to identify novel transcriptional network modules regulating
these changes. To confirm predicted ExEn regulators, we are currently
perturbing the expression of transcription factors in ESCs and XEN
cells to induce cell fate changes.

W-2034

BIOMECHANICAL STRESS INDUCED CHONDROGENIC
DIFFERENTIATION OF ESCS

McKee, Christina’, Yao, Donggang? Roth, Brad!, Perez-Cruet, Mick?,
Chaudhry, G. Rasul’

!Oakland University, Rochester, MI, USA, Z2Georgia Institute of
Technology, Atlanta, GA, USA, *Beaumont Health System, Royal Oak,
MI, USA

While stem cell fate in vivo is determined by complex interactions
with the native three-dimensional (3-D) microenvironment, including
the organization, composition and mechanical properties of the
extracellular matrix (ECM), in vitro differentiation is often achieved
by addition of inductive growth factors to adherent culture. Recent
studies have indicated that mechanical microenvironments are one
of the major epigenetic factors regulating proliferation, survival and
differentiation of stem cells in vivo. To mimic these in vivo conditions,
3-D scaffold culturing conditions capable of transducing mechanical
signals have attracted a great deal of interest. We hypothesized that
understanding the mechanobiology of differentiation could help
lineage specific differentiation of embryonic stem cells (ESCs). In
this study, we used scaffolds composed of a biocompatible and highly
elastic polymer, polydimethylsiloxane (PDMS) to understand the
biomechanical control of differentiation. ESCs seeded in the PDMS
scaffolds and subjected to mechanical loading, either compressive or
tensile forces, underwent significant morphological changes when
compared to the control scaffolds. Cell growth and morphological
analysis showed selected differentiation into chondrogenic lineage.
Further analysis of the cells seeded into PDMS scaffolds subjected to
mechanical stress revealed high levels of chrondrogenic markers as
judged by immunological and quantitative real time chain reaction
(qRT-PCR) studies. Selective up-regulated chondrogenic markers were
observed in cells seeded in PDMS scaffolds subjected to mechanical
stress and cultured in non-chondrogenic induction medium. A
significant increase in collagen type 2 (Col2) and Sox9 was observed
following a one-time application of a static compressive or tensile
force for 24 hours. Additionally, an increase in RhoA was observed
concurrent with up-regulation of chondrogenic markers, signifying a
role in RhoA-ROCK signaling in the induction of specific chondrogenic
differentiation upon mechanical stress. The results of this investigation
suggest a role of mechanical forces in differentiation and may provide
basis for translational studies to regenerate skeletal tissues using cell
therapy.

W-2035

RAPID AND QUANTITATIVE ASSESSMENT OF HUMAN
PLURIPOTENT CELL DIFFERENTIATION POTENTIAL
Meissner, Alexander, Tsankov, Alexander, Akopian, Veronika
Harvard University, Cambridge, MA, USA

Human pluripotent stem cells can give rise to all cell types in the body
and therefore hold enormous potential for regenerative medicine
and for studies in developmental biology and pharmacology. Recent
advances in transforming somatic cells directly into pluripotent
stem (iPS) cells provide an attractive avenue for generating patient-
specific stem cells. However, frequently observed variation between
pluripotent stem cell lines is a practical concern for both basic research
as well as clinical applications and therefore requires efficient and
accurate ways of screening lines for their differentiation potential.
Current characterization generally includes immune fluorescence for
selected surface markers such as SSEA3/4 or TRA1-60/81, in vitro
differentiation or teratoma formation. We have previously shown
that a genomic approach that utilizes gene expression signatures can
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provide high-dimensional, informative results that correlate well with
established measures of differentiation potential. Here we describe a
new qPCR-based platform that would be accessible to most labs and
enables a faster more quantitative assessment. We provide an in-
depth characterization of the new signature panel as well as a direct
comparison with the teratoma assay. We also demonstrate the utility
of this platform for screening purposes that could be readily scaled
and/or adopted to other cell types beyond pluripotent stem cells. In
summary, our study provides detailed insights into the power of gene
expression signatures as a way to rapidly characterize cell populations
in a quantitative fashion.

W-2036

FAS SIGNALING CASCADE DURING THE
DIFFERENTIATION OF MOUSE EMBRYONIC STEM CELLS
Miura, Taichi!, Hirano, Kazumi', Sato, Chikara?, Nishihara, Shoko'
'Department of Bioinformatics, Faculty of Engineering, Soka University,
Hachioji, Japan, *Biomedical Research Institute, National Institute of
Advanced Industrial Science and Technology (AIST), Tsukuba, Japan

Fas is a membrane protein, which works as a major signal for the
regulation of apoptosis. Activation of the Fas signaling cascade is
induced even by the redistribution of Fas into lipid rafts. We have
previously reported that the activation of Fas signaling was required
for the differentiation from mouse embryonic stem (ES) cells to both
primitive endoderm and primitive ectoderm. Fas was recruited into
lipid rafts from intracellular pool by up-regulated 3-O sulfated heparan
sulfate during differentiation. The activated Fas signaling induced the
degradation of Nanog protein by caspase-3. In human T cells, during
the redistribution of Fas into lipid rafts, Fas interacts with actin fiber
(F-actin) via ezrin, the cytoplasmic peripheral membrane protein.
Then Fas is internalized in a clathrin-dependent manner and forms
receptosomes, the vesicles including receptors. Subsequently Fas-
receptosome activates caspase-8 and caspase-3. However, detailed
molecular mechanisms involved in the activation of the Fas signaling
during the differentiation are still unclear. To observe the localization
of Fas during differentiation to primitive endoderm in detail, we
used atmospheric scanning electron microscopy (ASEM), which can
observe the sample in culture condition and estimate the distance of the
proteins from the cell surface. Then we found that Fas was expressed at
low level in mouse ES cells, whereas Fas was significantly increased in
primitive endoderm cells. Furthermore, Fas at the edge of the cells was
co-localized with F-actin and intracellular Fas was co-localized with
clathrin. These results suggest that F-actin and clathrin regulate the
recruitment of Fas into lipid rafts on cell surface and its internalization,
respectively, during the differentiation. These findings contribute to
the clarification of the molecular mechanism of Fas signaling cascade
during the differentiation of mouse ES cells.

W-2037

IDENTIFICATION OF TCF7L1-PROXIMAL PROTEINS IN
MOUSE EMBRYONIC STEM CELLS BY USING ENGINEERED
CELL LINES EXPRESSING BIOTIN-LIGASE-TCF7LI KNOCK-
IN ALLELES

Moreira, Steven', Ng, Deborah? Fung, Vincent!, Raught, Brian?
Doble, Bradley

!Biochemistry and Biomedical Sciences, McMaster University, Hamilton,
ON, Canada, Medical Biophysics, University of Toronto, Toronto, ON,
Canada

Activation of the Wnt/B-catenin signaling pathway can assist in
sustaining mouse embryonic stem cells (mESCs) in a pluripotent
state in specific cell culture conditions. It also plays important roles in

proper lineage specification throughout different stages of embryonic
development. The primary outcome of Wnt/(-catenin signalling is the
stabilization, nuclear translocation and direct binding of p-catenin
to one of the four members of the T-cell/Lymphoid enhancer factor
(TCF/LEF) family of transcription factors. In general, the result of this
interaction is the displacement of co-repressors such as transducin-
like enhancers of split (TLEs) and the recruitment of co-activators that
upregulate the expression of Wnt target genes. Of particular interest
in embryonic stem cells is TCF7L1 (formerly known as TCF3), which
is a negative regulator of pluripotency, repressing pluripotency-
associated genes to promote rapid exit from the pluripotent state.
It has been reported that Wnt/B-catenin-mediated enhancement
of mESC self-renewal and pluripotency results from [-catenin-
mediated dissociation of TCF7L1 from DNA, which results in TCF7L1
proteasomal degradation. Although all TCF/LEF family members share
conserved B-catenin, TLE and High Mobility Group (DNA-binding)
motifs, TCF7L1 functions as a repressor of reporter activity, even in
the presence of elevated B-catenin levels. However, a TCF7L1 mutant
lacking a large portion of the context-regulatory domain (CRD) or
possessing the substituted CRD of LEF1 stimulates reporter activity
in mESCs, demonstrating that CRDs of TCF/LEF factors have unique
functions, which may be due to unique protein-protein interactions. In
this study, we aimed to identify unique TCF7L1 protein interactions
utilizing a promiscuous, Escherichia coli biotin protein ligase (BirA*)
knock-in at the TCF7L1 locus in the E14TG2a mESCline. Transcription
Activator-Like Effector Nucleases (TALENS) in conjunction with a
BirA*-TCF7L1 targeting vector were used to derive 3 independent
clones expressing a BirA*-TCF7LI fusion from a single allele. BirA*-
TCF7L1 fusion proteins biotinylate neighboring and/or binding
protein partners in a proximity based fashion, in cells supplemented
with biotin. Biotinylated TCF7L1 protein interactors were isolated
using streptavidin affinity purification and subsequently identified by
using mass spectrometry. TCF7L1 protein interactors were identified
in cells maintained for 48 hours in the following media conditions: 1)
Serum-free medium supplemented with Wnt3a + LIF medium and
3) standard and defined media lacking LIE This approach termed,
BiolID is advantageous over conventional co-immunoprecipitation as
it identifies weak, transient and proximate interactions such as those
that occur with modifying enzymes. Here we provide data in which we
describe TCF7L1-proximal proteins and their potential involvement in
controlling the function of this key regulator of embryonic stem cell
biology.

W-2038

EPIGENETIC BARRIER IN DIFFERENTIATION OF MOUSE
EMBRYONIC STEM CELLS TOWARDS TROPHOBLAST
LINEAGE

Ng, Ray

The University of Hong Kong, Hong Kong

The first cell differentiation event in mammalian embryo development
is the formation of trophoectoderm (TE) and inner cell mass
(ICM). It is now clear that the diversity of cell differentiation and
the corresponding gene expression pattern is mediated by means
of epigenetic mechanisms, such as DNA methylation and covalent
histone modifications. With a global comparison of promoter DNA
methylation patterns between mouse embryonic stem (ES) cell and
mouse trophoblast stem (TS) cell, we have identified a transcription
factor, Elf5, which regulates the determination of trophoblast cell
fate through its DNA methylation status. However, the mechanism
which directs the setup of differential Elf5 methylation in embryonic
precursor cells remains to be elucidated. Recent studies demonstrated
that both H3K9 methylation and DNA methylation can be established
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at the same loci by a repressor protein complex. We therefore
hypothesize that H3K9 methylation is involved in the regulation
of trophoblast lineage differentiation, potentially associated with
the setup of DNA methylation at EIf5 promoter. To manipulate the
cellular H3K9 methylation level, we have constitutively overexpressed
Kdm4 (Jmjd2) family histone demethylases in mouse ES cells. While
overexpression of Kdm4 family members in ES cells demonstrated
no significant induction of trophoblast differentiation under normal
TS culture condition, the addition of 5-aza-deoxycytidine triggered
significant increase of Elf5 expression, with the exception of Kdm4b
overexpressing ES cells. Further analysis of the Kdm4b overexpressing
ES cells indicated persistent expression of Nanog under 5-aza-
deoxycytidine treatment. Our results thus suggest a role of Kdm4b
in the maintenance of pluripotent state of ES cells, and prevent the
differentiation to trophoblast lineage. Investigation of the functions
of Kdm4 members using the ES cell differentiation system enables us
to unveil the details of epigenetic mechanism as well as identify novel
lineage determination genes in trophoblast development. Studies on
the epigenetic regulation in trophoblast differentiation can provide
valuable information on the formation of the placenta, which is crucial
for the survival and normal development of an embryo.

W-2039

BMP SIGNALING ARE REGULATED THE DIFFERENTIATION
OF MOUSE EMBRYONIC STEM CELLS INTO EPENDYMAL-
LIKE CILIATED CELLS

Ninomiya, Naoto', Nishimura, Yusuke', Nakanishi, Mio', Ohnuma,
Kiyoshi', Komazaki, Shinji*>, Ishiura, Shoichi', Asashima, Makoto’,
Kurisaki, Akira®

"University of Tokyo, Tokyo, Japan, *University of Saitama, Saitama,
Japan, *Research Center for Stem Cell Engineering, National Institute of
Advanced Industrial Science and Technology (AIST), Ibaraki, Japan

Motile cilia play crucial roles in the maintenance of homeostasis
in vivo. Defects in the biosynthesis of cilia cause immotile cilia
syndrome, also known as primary ciliary dyskinesia (PCD), which
is associated with a variety of complex diseases. In this study, we
found that inhibitory Smad proteins, Smad7 and Smadeé, significantly
promoted the differentiation of mouse embryonic stem (ES) cells
into ciliated cells. Moreover, these Smad proteins specifically induced
morphologically distinct Musashil-positive ciliated cells. These
results suggest that inhibitory Smad proteins could be important
regulators not only for the regulation of ciliated cell differentiation,
but also for the subtype specification of ciliated cells during
differentiation from mouse ES cells.

W-2040

SYNERGISTIC EFFECTS OF FOXA2 AND NURRI ON
DOPAMINERGIC NEURONS SURVIVAL VIA MULTIPLE
MECHANISMS

Oh, Sangmin', Rhee, Yong-hee?, Yi, Sang Hoon’, Lee, Sang-Hun*
'Hanyang Univ., seoul, Republic of Korea, *Graduate School of Biomedical
Science and Engineering, Seoul, Republic of Korea, *Hanyang University,
Seoul, Republic of Korea, *Department of Biochemistry and Molecular
Biology, College of Medicine, Hangyang University, Seoul, Republic of
Korea

Parkinson’ disease (PD) is regarded as an intractable disorder. Without
fundamental therapeutic methods, medical treatment has been
commonly done using L-DOPA, a precursor form of dopamine (DA).
Current treatment methods have encountered various difficulties
of their own. The nuclear receptor related 1 protein (Nurrl) and
Forkhead box protein a2 (Foxa2) are the transcription factors of which

specific roles in the development and maintenance of the midbrain
dopamine(mDA) neurons have been suggested. I herein demonstrate
that these factors determine the therapeutic roles in PD by protecting
mDA neurons from toxic insults. I showed in this study that forced
expression of Nurrl and Foxa2 protect DA neurons derived from
ventral midbrain tissues from toxic insults induced by the general
oxygen free radical inducer H,0, and the Parkinsonian toxin MPP+.
Co-expression of Nurrl and Foxa2 showed further dramatic effects
on mDA neuron survival and resistance in a synergistic manner.
Interestingly diffusible factors released from Nurrl+Foxa2-transduced
astrocytes and neighboring non-dopaminergic neuronal cells exerted
the protective roles, suggesting a paracrine mode of the Nurrl+Foxa2
actions. I further revealed that SHH, GDNE BDNE, and NT3 are the
responsible paracrine factors. Furthermore, levels of inflammatory
cytokines such as TNFa, interleukin-1f released from glial cells were
decreased by Nurrl+Foxa2 overexpression. This study is the first
demonstration for the therapeutic potentials of Nurrl and Foxa2 in
PD, and thus can offer promise for the treatment of PD.

W-2041

MICROCARRIER-CELL AGGREGATE DIMENSIONS
MARSHAL EFFICIENT AND RELIABLE PLURIPOTENT CELL
EXPANSION AND CARDIOGENESIS IN BIOREACTORS
Oh, Steve K.W.

Bioprocessing Technology Institute, Singapore

The expansion of human pluripotent stem cells for biomedical
applications such as cardiac regeneration compels a defined, reliable
and scalable platform in suspension bioreactors which can generate
cell densities in the multi-million cells/ml range. This study describes
a special technology whereby 100 micron diameter polystyrene
microcarriers are layered with a cationic charge followed by either
defined Vitronectin or Laminin coatings to provide cell attachment,
spreading and growth. This coating combination critically enables
formation and evolution of microcarrier-cell aggregates which generate
high cell yields reaching over 3.5 million cells/mlin 7 days. The numbers
of these microcarrier-cell aggregates increase from 20/ml to ~80/ml
at a quazi-constant size of ~300 micron indicating that growth occurs
within a self-regulating microenvironment. Importantly, this paired
coating enables single cell seeding and cell growth under continuous
agitation. Different cell lines (HES-3, H7, IMR90) show highly
reproducible cell responses to these surface properties. Post expansion,
these microcarrier-cell aggregates were further directed towards
the cardiomyocyte lineage with Wnt signalling modulators (CHIR
99021 and TWP2) in 4 different conditions. The continuous agitation
bioreactor process yielded the highest numbers of cardiomyocytes of
1.9 million cells/ml compared to the conventional embryoid bodies
(EB) method which generated 0.1 million cells/ml - a significant 19
fold improvement. Cardiomyocytes expressed high levels of cardiac
troponin (>50%) compared to the EB method (13%). Cardiomyocytes
exhibited normal responses to drug -induced QT prolongation assays
against E-4031 and Verapamil. This superior technology is ready to
be translated to larger bioreactor scales for integrated expansion and
differentiation of pluripotent stem cells to cardiomyocytes.
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W-2042

LIVE-IMAGING OF THE DIOXIN RESPONSIVE

GENE DURING NEURONAL OR HEPATIC CELL
DIFFERENTIATIONS FROM HUMAN EMBRYONIC STEM
CELLS

Ohsako, Seiichiroh

The University of Tokyo, Faculty of Medicine, CDBIM, Tokyo, Japan

In the course of research to establish an effective alternative
developmental toxicity test using human pluripotent stem cells, we
have previously reported a human embryonic stem (hES) cell line that
carries a mouse Cyplal driven EGFP promoter gene to enable real-
time monitoring of dioxin biomarker induction during various phases
of differentiation. After sequential passage, responsiveness to TCDD
as displayed by EGFP fluorescence in this ESC disappeared, consistent
with the non-inducible endogenous human CYP1Al gene. On the
contrary, the EB formed from KhESCCYPEGFP showed fluorescence
responsiveness to TCDD in a dose-dependent manner. The TCDD
responsive cells were mainly distributed over the EB surface. After
outgrowth on matrix-coated plate and neural Rosetta formation, the
MAP2-positive cells differentiated in the neuronal differentiation
media showed no response to TCDD, and were also EGFP negative.
However, in the hepatocyte differentiation culture system, CXCR4- and
ALB-positive cells exhibited significant TCDD responsiveness. These
results demonstrate that the cell population at the early stage of embryo
and endodermal cell lineages may be very susceptible to xenobiotics,
but ectodermal cells including neurons are relatively resistant in
comparison to other germ layer cells. By applying KhESCCYPEGFP
to identify the chemical susceptibility of specific human cell
populations, various differentiation culture systems constructed using
KhESCCYPEGFP will become an effective test battery for evaluation of
chemical and drug safety. The research was supported by Grant-in-aid
from the Ministry of Health, Labour and Welfare of Japan.

W-2043

LITHOGRAPHY-TEMPLATED HYDROGEL MICROARRAYS
AND PATTERNING INDICATE NONUNIFORM COMPLEX
MORPHOLOGIES INHERENT IN FORMATION AND
DIFFERENTIATION USE OF LARGE MULTI-CYSTIC HUMAN
PLURIPOTENT EMBRYOID BODIES

Tomov, Martin, Olmsted, Zachary, Paluh, Janet L.

Nanobioscience, SUNY College of Nanoscale Science and Engineering,
Albany, NY, USA

The differentiation of human pluripotent stem cells through
embryoid body (EB) formation is increasingly relied upon to
evaluate pluripotency potential in vitro and as a precursor for lineage
differentiation and organoid formation. EBs formed spontaneously in
solution are by nature nonuniform in size and shape. Varied procedures
exist for generating uniformity including spin cultures, hanging drop,
microwells, and lithography templated arrays, but a convincing need
to control the EB size range has not been made. Lithography is a
common tool of the semiconductor industry and a desirable choice
for generating microwells of customized dimensions. We generated
lithography-templated SU-8 moulds for 200 and 500 micron hydrogel
microarrays of polydimethylsiloxane (LTA-PDMS grids) as an optically
clear seeding platform for formation of human embryonic stem cell
(hESC) EBs. Independent of how EBs were formed, that is seeding
hESCs as single cells, 2D cell clusters or as one to two day pre-formed
3D early aggregates, or by differentiation protocol, we found that larger
EBs generate and retain a complex multi-cystic internal core structure
during differentiation that contributes to delayed 3D/2D transition
during monolayer formation and the retention of polarized cell features

from the multi-cystic core. These characteristics make larger 500
micron EBs unsuitable for high throughput statistical differentiation
since cell-cell contact is variable and disrupted by pockets from mixed
3D/2D character that persists longer in early monolayer formation
and generates non-uniform culture characteristics. Our studies reveal
greater uniformity with 200 micron monocystic EBs, and further
demonstrate the usefulness of transparent hydrogel microwells in
EB cell formation and follow-up analysis. Our new findings on EB
formation indicate the liability of using nontemplated EBs or templated
EBs of incorrect size. By adding a subsequent post-patterning step we
are also able to ensure uniform settling of EBs, an additional parameter
that can affect statistical analysis of differentiation when optimizing
conditions in a high throughput platform. Combined microarrays and
post-formation patterning control multiple parameters in EB formation
and analysis to provide uniform evaluation important for optimizing
differentiation protocols with EBs. We are extending the application
of these lithography-based tools to in vitro platforms for tumorsphere
formation and reprogramming studies in cancer research and for use
in multi-cellular mixed co-cultures. Our approach offers an exciting
new strategy for studying cell aggregates by enabling better control of
formation of multi-cellular 3D environments and their monitoring.
This work is supported in part by NYSTEM Award C026189.

W-2044

THE TRANSPLANTATION OF NEURAL PRECURSOR

CELLS OVEREXPRESSING ARGININE DECARBOXYLASE
ALLEVIATES TISSUE DAMAGE AND IMPROVES
LOCOMOTOR ACTIVITY IN CONTUSED SPINAL CORD
INJURY

Park, Yu Mi, Han, Sun Hyup, Park, Kyung Ah, Lee, Won Taek, Lee,
Won Taek, Lee, Jong Eun

Department of Anatomy, Yonsei University College of Medicine, Seoul,
Republic of Korea

Agmatine, an endogenous primary amine and a novel neuromodulator
synthesized through the decarboxylation of L-arginine by arginine
decarboxylase (ADC), has been reported to exert neuroprotective
effects both in the in vitro and in vivo models. Recently, neural
precursor cells (NPCs) with transgenes have been suggested to be
a promising alternative for the treatment of CNS injuries. In this
study, we employed NPCs expressing ADC to explore the potential
application in spinal cord injury (SCI) mice model. The followings
include the experimental groups chosen for the study 1) SCI model
transplanted with control NPCs, 2) SCI model transplanted with
empty vector carrying NPCs, 3) SCI model transplanted with ADC
gene overexpressed NPCs. In brief, the vertebra thoracic level 9 of mice
was injured with a bilateral micro clamp clip. PKH-26 labeled NPCs,
LXSN-NPCs and ADC-NPCs were transplanted at 7" day following
SCI. Two injections of 0.5ul (1*10° cells/pl) were made using a micro
syringe into bilateral part from the midline and both rostral and caudal
part to the injury epicenter. Then, mice were sacrificed at 1, 2™ and
5t week and spinal cords were isolated for further analysis. We found
that ADC-NPCs transplanted mice demonstrate the improved motor
function compared to LXSN-NPCs or NPCs alone transplanted mice.
On the other hand, glial scar formation was significantly reduced in
ADC-NPCs group. The higher number of PKH-26 and Ki-67 double
positive cells was seen in ADC-NPCs transplantation group, where
MAP-2 and Olig-2 expressions were robust around the lesion sites,
suggesting the implication of ADC in proliferation and differentiation
in terms of the locomotion improvement. Collectively, the present
data suggest that ADC-NPCs transplantation significantly enhanced
motor activity, induced proliferation and differentiation of neuron and
oligodendrocyte, and attenuated the glial scar formation following SCI.
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W-2045

CONTROLLING HUMAN EMBRYONIC STEM CELL FATE

IN THREE-DIMENSIONS USING BIOCHEMICALLY AND
BIOMECHANICALLY TUNABLE MATRICES

Petrie, Timothy A.', Leung, Matthew?, Cooper, Ashleigh? Jana,
Soumen?, Zhang, Miquin?, Moon, Randall T.*

'Department of Pharmacology, Institute for Stem Cell and Regenerative
Medicine, University of Washington-Seattle, Seattle, WA, USA,
“Department of Materials Science and Engineering, University of
Washington-Seattle, Seattle, WA, USA, °Department of Materials
Science and Engineering, Department of Neurological Surgery, University
of Washington-Seattle, Seattle, WA, USA, ‘HHMI, Department of
Pharmacology, Institute for Stem Cell and Regenerative Medicine,
University of Washington-Seattle, Seattle, WA, USA

Stem cell therapy has the potential to dramatically change the course of
treatment for tissue repair and human disease due to stem cell robust
self-renewal and pluripotency. The success of this therapy relies on the
ability to generate a large number of stem cells with high purity in vitro
while being able to attain directed differentiation down specific germ
lineages. Recapitulating the in vivo microenvironment with respect
to stiffness, extracellular matrix, and growth factors in vitro is critical
toward developing translational stem cell therapies. Current methods of
expansion utilize either two-dimensional animal-sourced feeder layers,
which bears risk of viral transmission and is highly labor intensive, and
three-dimensional (3-D) feeder-free systems, including ECM-coated
Matrigel scaffolds, which suffer from long-term structural integrity and
poorly defined mechanical and biochemical parameters. Moreover, a
fundamental understanding of how 3-D material, biomechanical, and
molecular events regulate ESC self-renewal and differentiation is critical
to the design of a more ideal biomaterial-based microenvironment
for large-scale undifferentiated ESC ex vivo maintenance.
In this study we have developed a feeder-free 3-D chitosan-alginate
(CA) scaffold that provides a highly tunable platform within which
key biochemical (ECM protein covalent tethering) and biomechanical
parameters (stiffness: 20 kPa-20 MPa, porosity: 30-250 um) can
be precisely, independently controlled in physiologically-relevant
ranges. Moreover, both chitosan and alginate are biocompatible,
biodegradable, and non-immunogenic. Thus, unlike most other 3-D
systems, this scaffold populated with renewed stem cells is implantable
for direct tissue engineering and generative medicine applications. We
seeded human embryonic stem cells (hESCs, H1) in CA scaffolds of
varying stiffness, porosity, and ECM protein (fibronectin, collagen
I, TV, elastin, laminin) combinations with and without Wnt3a ligand
stimulation, which we have previously shown to enhance hESC
differentiation. We also utilized a Venus-based Wnt/{-catenin reporter
in this H1 line in which Venus expression is induced when the cell
is undergoing Wnt/p-catenin signaling, in order to be able to directly
link microenvinromental parameters with cell signaling within hESCs.
Using flow cytometry, immunohistochemistry, and rt-PCR, we show
that stem cell self-renewal and lineage-specific differentiation are
robustly differentially affected by the combination of Wnt stimulation,
ECM, and biomechanical parameters after just 3 days within seeding.
Specifically, higher stiffness matrices promoted more mesodermal
character in hESCs in all conditions, while porosity did not affect stem
cell fate significantly in the absence of Wnt stimulation. However, greater
pore size matrices promoted faster and more expansive differentiation
into all 3 germ lineages under Wnt stimulation, establishing a clear
biomechanical link between stem cell signaling and fate. Fibronectin-
functionalized matrices promoted the highest degree of differentiation,
although the directed lineage was highly dependent on the stiffness and
dose of Wnt stimulation. In summary, we have developed an innovative
and translationally-relevant 3-D stem cell culture system within which

we have conducted a combinatorial study to determine the integrated
effects of critical biochemical and mechanical parameters on hESC fate.

EMBRYONIC STEM CELL

PLURIPOTENCY

W-2046

REPORT OF SPONTANEOUS TRISOMY RESCUE IN HUMAN
EMBRYONIC STEM CELLS

Lee, Jeoung Eun, Shim, Sung Han, Park, Ji Eun, Shim, Myung Sun,
Lee, Sung-Geum, Lee, Dong Ryul

CHA Stem Cell Institute, CHA University, Seoul, Republic of Korea

Human Embryonic Stem Cells (hESCs) offer a renewable source for
cell based therapy and regenerative medicine by their self-renewal
ability and differentiation ability to all kinds of cell type in the body.
For clinical application, hESCs must have normal karyotype and
then genetic stability of hESCs should be proven during cultivation
and differentiation in the chromosomal level at least. Several
reports showed that sometimes, hESCs in early passage had normal
karyotype and then changed abnormal karyotype after many passages
in vitro cultivation. Rarely, it also reported that hESCs were showed
karyotypically abnormal in early passage but normal at late passage.
Trisomy rescue is the phenomenon in which a fertilized ovum initially
contains 47 chromosomes, but loses one of the trisomic chromosomes
in the process of cell division such that the resulting daughter cells and
their descendants contain 46 chromosomes. Here, we described two
cases of spontaneous trisomy rescue in hESCs during maintenance.
CHA-hES 42 and 45 were established from donated frozen embryo
in CHA Stem Cell Institute, after obtaining informed consent and
approval by the Institutional Review Board of CHA Gangnam Medical
Center. CHA-hES 42 was 47,XY,+5 at passage 4 and 46,XY at passage
24. CHA-hES 45 was 47,XX,+16 at passage 4 and 46, XX at passage
32. In STR marker expression data of CHA-hES 42, the peak size of
one allele(10) of D5S818 loci on chromosome 5 was a half of the other
allele(12) at passage 4 and then changed to similar peak size at passage
38. In STR marker expression data of CHA-hES 45, the peak size of one
allele(10) of D16S539 loci on chromosome 16 was a half of the other
allele(12) at passage 3 and then almost disappeared at passage 20. After
trisomy rescue, CHA-hES 42 and 45 have been maintained normal
karyotype more than 70 passages. Based on these two cases, trisomy
rescue in abnormal hESC line could be spontaneously happened during
cultivation, and this phenomenon could be confirmed by regular check
of STR marker expression analysis and karyotype analysis.

W-2047

SCREENING OF UP-REGULATED GENES ON
CHROMOSOME 12Q IN TRISOMY 12 HUMAN EMBRYONIC
STEM CELLS

Seol, Hye Won', Baek, Jin Ah', Jung, Juwon!, Yoon, Bo Ae', Kim, Hee
Sun?, Oh, Sun Kyung?, Ku, Seung Yup?, Kim, Seok Hyun?, Moon, Shin
Yong Yong', Choi, Young Min®

nstitute of Reproductive Medicine and Population, Medical Research
Center, Seoul National University, Seoul, Republic of Korea, *Department
of Obstetrics and Gynecology, Seoul National University College of
Medicine, Seoul, Republic of Korea

Human embryonic stem cells (hESCs) represent important cell
sources and hold tremendous promise for cell-based therapies and
pharmaceutical application in regenerative medicine as well as basic
research field. However, several reports described nonrandom genetic
changes involving addition of the whole or parts of chromosome
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12, 17, 20 and X in hESCs. Because germ cell tumor (GCT) always
contain amplified regions of chromosome 12p, it is important to
verify the relationship between these specific genetic changes in
hESCs and tumorigenesis. SNUhES3 (S3) and SNUhES4 (S4) were
derived and maintained on mitotically inactivated STO feeder layers
with DMEM/F12 medium including 20% KSR using mechanical
passaging. In prolonged culture, we acquired normal (S3, S4) or
trisomy 12 (S3v12, S4v12) cells simultaneously and these cells were
analyzed the gene expression profiling using the Illumina HumanRef-6
BeadChip, which included 48,095 probe sets. From these analyses,
55 up-regulated genes and 28 down-regulated genes were identified
in S3v12 versus S3. In S4v12, 87 up-regulated genes and 61 down-
regulated genes were identified. 21 (38.2%) out of 55 up-regulated
genes in S3v12 and 24 (27.6%) out of 87 up-regulated genes in S4v12
are located in chromosome 12. Interestingly, 18 genes on 12q (out of
21 up-regulated genes on chromosome 12) were highly expressed in
S3v12 compared to S3 and 22 genes on 12q (out of 24 up-regulated
genes) were highly expressed in S4v12 compared with S4. In particular,
we observed that 8 genes on 12q, including SOCS2, PUS7L, NTS,
INHBE, KRT18, GLTP, FAM113B, and GALNT9 were up- or down-
regulated in both S3v12 and S4v12 cells when compared to normal
hESCs. Thus, genetic aberrations of hESCs, such as trisomy 12, may
not resemble a model of GCT malignancy. Our results may provide
insights for exploring the mechanisms that control the fate decisions
of pluripotent cells between self-renewal, apoptosis and differentiation.
This research was supported by the Bio and Medical Technology
Development Program of the National Research Foundation (NRF)
funded by the Korean government (MEST) (2012M3A9C6049722).

W-2048

HUMAN PLURIPOTENT STEM CELL RESPONSE TO A 720
CONDITION LIGAND AND SMALL MOLECULE HIGH-
THROUGHPUT SCREEN REVEALS REGULATORS OF
PLURIPOTENCY, NEUROECTODERM, AND PRIMITIVE
STREAK

Nazareth, Emanuel J.P.!, Ostblom, Joel E.E.!, Zandstra, Peter W.2
!Institute of Biomaterials and  Biomedical Engineering, University
of Toronto, Toronto, ON, Canada, *University of Toronto Institute of
Biomaterials and Biomedical Engineering, Toronto, ON, Canada

Populations of cells create local environments that lead to emergent
heterogeneity. This heterogeneity in population context is increasingly
recognized as a cause of cell-cell variability in assays, and has been
shown to lead to inconsistencies in large pharmacological studies.
The importance of population context is particularly evident in
human pluripotent stem cells (hPSCs), which reside in complex
microenvironments, or “niches” As in the embryo, these niches
have heterogeneous spatial organization and distinct subpopulations
of factor secreting cells. Currently, assays do not account for this
microenvironmental heterogeneity, which can limit cell fate control,
confound results, reduce assay robustness, and hinder the ability to
gain mechanistic insight into stem cell fate processes. To address this,
we have developed a micro-contact printing based high throughput
(LCP-HTP) platform, consisting of hPSC colonies arrayed in 96-
well plates. We have systematically optimized microenvironment
parameters to achieve rapid and robust cell fate responses to cues,
including colony size, colony spacing, cell density, media composition,
and substrate. End-point analysis of Oct4 and Sox2 co-staining enables
simultaneous tracking of pluripotent, neuroectoderm, primitive streak,
and extraembryonic cell fates in response to cues. We have now applied
this platform to screen hPSC (H9 cell line) response to a library of 400
small molecule inhibitors at two doses (1 uM and 0.2 uM). Additionally,
we have screened 320 combinations of ligands and their small molecule

inhibitors, including all 1 and 2 factor combinations of 24 factors
modulating early development signalling pathways. Enrichment
analysis (hypergeometric test) of the small molecule library data
revealed key targets regulating pluripotency, neuroectoderm, and
primitive streak. Conditions with reduced pluripotency were enriched
for compounds targeting insulin-like growth factor receptor (IGFR,
p=0.018), mitogen-activated protein kinase (MAPK, p=0.037), Src
(p=0.030), and IRE-1 (p=0.038). Neuroectoderm promoting conditions
were also enriched for compounds targeting MAPK (p=0.002), IRE-
1 (p=0.011), and Src (p=0.016), and additionally ALK2/4 (p=0.009).
Conditions with enhanced primitive streak were enriched for inhibitors
of glycogen synthase kinase 3 (GSK-3, p=0.017). Next, we used the
uCP-HTP assay with live-cell calcein staining for endpoint analysis
as a hPSC toxicity assay and confirmed high viability in 66 out of 67
top responding compounds. We followed up with dose curves of 30
compounds, validating several compounds including novel regulators
of pluripotency, neuroectoderm, and primitive streak. We are currently
establishing the effect of these compounds in larger-scale studies and
investigating their mechanisms of action. Using the combinatorial
screen data, we have clarified the role of individual signalling factors
in stem cell fate decisions, and identified synergistic and antagonistic
relationships between factors. Lastly, we are integrating these data sets
to develop a quantitative mechanistic model of how specific signaling
pathways are integrated to determine hPSC fate decisions. Ultimately,
the pCP-HTP platform will enable the improved screening of stem
cell lines and their derivatives, allowing for step-wise optimization
of differentiation an accelerating the pace towards a system-level
understanding of development.

W-2049

HUMAN EMBRYONIC STEM CELLS SHOW LOW GRADE
MICROSATELLITE INSTABILITY

Nguyen, Ha Thi, Markouli, Christina, Geens, Mieke, Barbé, Lise,
Sermon, Karen D., Spits, Claudia

Research Group Reproduction and Genetics, Vrije Universiteit Brussel,
Brussels, Belgium

It is well known that human embryonic stem cells (hESC) frequently
acquire recurrent chromosomal abnormalities, very reminiscent of
those found in cancerous cells. Given the parallels between cancer and
stem cell biology, we set out to investigate the occurrence of a common
form of genome instability in tumors, namely microsatellite instability
(MSI), in hESC. MSI is caused by a deficiency in mismatch repair
(MMR) genes, which leads to the accumulation of mutations during
DNA replication. In this study, we analyzed over 90 microsatellites in
a total of ten hESC lines, for two to seven different passages. In two
lines, this revealed that two microsatellites had altered alleles. Small-
pool PCR for several microsatellites and testing of the Bethesda panel
microsatellites (commonly used in cancer studies) revealed that, whilst
MSI is common in all tested lines, it occurs at a very low and variable
frequency. In cancerous cells, MSI leads to multiple large shifts in allele
sizes within the majority of the cells, while hRESC show small changes in
a minority of the cells. Since these genetic alterations do not take over
the culture, we assume that they are not concurrent with a selective
advantage as it is in tumors. Finally, the MMR genes showed a very
variable gene-expression that could not be correlated to the variable
(low) levels of MSI in the different hESC lines.
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W-2050

GATA6 DIRECTLY REGULATES PLURIPOTENCY AND
EXTRAEMBRYONIC ENDODERM GENES TO REPROGRAM
MOUSE EMBRYONIC STEM CELLS

Wamaitha, Sissy’, Cho, Ting-yin? del Valle, Ignacio’, Wei, Yingying®,
Fogarty, Norah', Sherwood, Richard I.%, Hongkai, Ji*, Niakan, Kathy"
Division of Stem Cell Biology and Developmental Genetics, MRC
National Institute for Medical Research, London, United Kingdom,
“Department of Surgery, University of Cambridge, Cambridge, United
Kingdom, *Department of Biostatistics, Johns Hopkins University,
Baltimore, MD, USA, *Brigham and Women’s Hospital and Harvard
Medical School, Boston, MA, USA

Transcription factors regulate the allocation of cells to specific
lineages, and ectopic expression of certain transcription factors
can reprogram otherwise differentiated cells to alternative fates. To
investigate mechanisms of reprogramming, we engineered mouse
embryonic stem (mES) cells that can be induced to overexpress
endoderm-associated genes and followed transcription factor binding
and global gene expression dynamics over time. In contrast to other
endoderm transcription factors, we find that the GATA factor Gata6
uniquely reprograms mES cells by rapidly and directly inhibiting
the transcription of pluripotency factors Nanog, Esrrb and Nr5a2,
and activating an extraembryonic endoderm gene network. Despite
persistent expression, loss-of-function analysis suggests that Oct4
is not required to drive this lineage switch. In addition, we identify
significant overlap between Gata6 and Esrrb, Prdm14, Klf4 and
Nanog bound genes, suggesting competition for gene regulation. We
demonstrate reciprocal Esrrb and Gata6 protein expression dynamics
in in vivo blastocysts suggesting antagonism, which precedes Nanog
and Gata6 segregation during lineage specification. We propose that
the ability to both activate and inhibit genes defines Gata6 as a master
regulator capable of single factor reprogramming, and our findings
provide important insights into how the pluripotency gene regulatory
network is disengaged during lineage specification.

W-2051

CONTEXTEXPLORER: EXPOSING SPATIAL
ORGANIZATION OF PHENOTYPIC HETEROGENEITY IN
HUMAN PLURIPOTENT STEM CELL COLONIES

Ostblom, Joel E E, Nazareth, Emanuel, Rahman, Nafees, Tewary,
Mukul, Zandstra, Peter W.

Institute of Biomaterials and Biomedical Engineering, University of
Toronto, Toronto, ON, Canada

A growing body of evidence highlights population context as a major
contributor to cellular phenotype and heterogeneity within cell
populations. This phenotypic heterogeneity can strongly influence
experimental outcomes, as has been shown in both mouse and human
pluripotent stem cells (PSCs). However, the emergence of spatial
heterogeneity is poorly studied and may contain novel insights to
microenvironmentally regulated cell fate control mechanisms relevant
to the stem cell niche in vivo. Given the strong relationship between
population context and cellular phenotype, we believe accessibility
to user friendly software to measure microenvironmental factors is
paramount. To address this, we have developed ContextExplorer,
a standalone application for post-processing data from cell image
analysis software, with a focus on measuring population context
dependent variables, such as a cell’s position within a colony and its
number of neighbors. ContextExplorer is open source, cross-platform
compatible and has its full functionality accessible through a graphical
user interface. It identifies colonies in both patterned and unpatterned
wells based on cell density, with optional filters for marker intensity,

colony size and colony shape. Both cell level (position, local cell
density, marker expression, etc.), colony-level (colony size, shape, etc.)
and well level (media condition, total cell number, colony distribution,
etc.) parameters are then quantified for each cell. ContextExplorer can
be used to expose correlations between these factors through a number
of output analytics: superimposition of colony images within the same
condition, robustness measurements between conditions, scatter plot
matrices of measured parameters and cellular phenotypes and quality
control indicators of pattern fidelity. Analysis of patterned colony
data has revealed cells at different developmental stages to display
spatially organized patterns of protein expression. The pluripotency
markers Oct4 and Sox2 show the highest expression at the center of
human PSC colonies, and expression gradually decreases towards
the colony border. By classifying cells into three groups depending
on their position within the colony (“center”, “ring” and “edge”), the
differences in protein expression between the three groups can be
quantified. The Sox2 expression is on average is 93 % higher in the
center compared to along the edges of the colony and 36 % higher than
among cells located in a ring surrounding the center. Oct4 expression
is 41 % higher in the center versus at the perimeter and 12 % higher
compared to the ring group. The non-parametric Kruskal-Wallis rank
test and Tukey’s post hoc test show that 95 % confidence intervals of
ranked means are not overlapping for any of the conditions, indicating
they all have statistical significance. The phenomena of colony
organization appears generalizable, as under other conditions (i.e.
targeted differentiation) we observe similar phenotypic patterns. In
conclusion, by using ContextExloprer to analyze data from patterned
human PSC colonies, we observe spatial heterogeneity in expression of
key pluripotency markers, which seem to be organized in a population
context dependent pattern of gradually decreasing expression towards
the edge of the colony.

W-2052

DESMOGLEIN 2, A NOVEL SURFACE MARKER, PLAYS

A ROLE IN MAINTENANCE OF SELF RENEWAL AND
PLURIPOTENCY IN PLURIPOTENT STEM CELLS.

Park, Jongjin

Korea Research Institute of Bioscience and Biotechnology, Daejeon,
Republic of Korea

Systematic identification and characterization of the cell surface
molecules of pluripotent stem cells(hPSCs) provide simple tools
to identify and analyze specific cell populations and has practical
applications in the purification of cells for cell transplantation therapy.
Here, we generated monoclonal antibodies (MAbs) by immunizing
mice with human embryonic stem cells (hESCs) clumps. Among these,
we selected and characterized a new MADb, 6-1 that binds specifically
to hESCs but not to mouse ESCs and identified its target antigen as
the desmoglein 2 (Dsg2). Dsg2 colocalized with hPSC-specific cell
surface markers, and its expression was markedly downregulated
upon differentiation, similar to the SSEA-3 and SSEA-4 antigens.
Stable Dsg2 depletion markedly decreased hESC proliferation. In
addition, expression of Oct4, Nanog, and Sox2 was significantly
downregulated in Dsg2-depleted hESCs compared to that in control
shRNA-transfected cells. Moreover, Dsg2-depleted hESCs exhibited
accelerated expression of the lineage markers and showed reduced
time expenditure for developing into specific lineage commitment
during embryonic body formation. Notably, depletion of Dsg2 in PSC
significantly reduced single PSC colony forming ability and increased
fibroblast like cells in basement membrane Matrigel coated feeder free
culture. Taken together, our results suggest that Dsg?2 is closely related
to the maintenance of hPSC self-renewal and pluripotency and could
be useful for characterizing specific populations in hPSC.
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W-2053

ROLE OF SEROTONIN IN MAMMALIAN PLURIPOTENT
CELLS

PB, Megha

Lab-5, National Centre for Biological Sciences, Bangalore, India

Though serotonin is more widely recognized as a neurotransmitter,
majority of serotonin in the body is found outside the central nervous
system where it is attributed with various functions. it plays multiple
roles from liver regeneration to insulin secretion. Serotonin is also
shown to play a role in the left-right axis pattern formation (in Xenopus
and Chicken). The presence of serotonin in mouse embryonic stem
cells (mESCs) has been reported earlier. We now report that serotonin
is present in human ESCs and iPSCs. Some of the serotonin co-localizes
to the mitochondria as shown by dual immuno-staining experiments
in both ES and iPS cells. Exogenous addition of serotonin also causes
a decrease in the reactive oxygen species (ROS) levels in both cell
types. However, addition of serotonin shows a significant difference
in its effect on mitochondrial potential - mESCs show an increase
while hESCs show no change. This may reflect the inherent differences
in the mitochondria of these two cell types - mESCs i.e. ‘naive’ cells
and hESCs i.e. ‘primed’ cells which has been reported earlier. To
investigate this difference in the effect of serotonin on mitochondrial
potential between the two cell types, I further attempted to convert
typical ‘primed” hESCs to the ‘naive’ state and characterize them.
Human ESCs being converted to the ‘naive’ state show differences in
various mitochondrial properties and their mitochondria now show
an increase in potential with exogenous serotonin. ‘Naive’ cells seem
to respond to serotonin unlike ‘primed’ cells. This may be based on
inherent metabolic differences between the two states and could be of
potential use in isolating ‘naive’ cells from ‘primed’ pluripotent cells
and somatic cells. We are at present trying to determine the mechanism
involved.

W-2054

PLURIPOTENCY EVALUATION OF EMBRYONIC

STEM CELLS ISOLATED FROM EMBRYO STAGE X IN
COMPARISON TO ADULT CELLS OF CHICKEN (GALLUS
GALLUS)

Pourasgari, Farzaneh', Jahanpanah, Maryam?, Mohammadi-
Sangcheshmeh, Abdollah?, Soleimani, Masoud*

!Molecular Biology and Genetic Engineering, Stem Cell Technology
Research Centre, Tehran, Iran, ?Department of Biology, Kharazmi
University, Karaj, Iran, *Department of Animal and Poultry Sciences,
College of Aburaihan, University of Tehran, Pakdasht/Tehran, Iran,
“Tarbiat Modares University, Hematology Dept, Tehran, Iran

Chicken as a model is particularly desirable when studying
developmental biology or making animal models of human diseases.
In this regard, it has been reported that embryonic stem cells derived
from stage X chicken embryo are an appropriate source of stem cells
to differentiate into the somatic tissue and also germ line cells. This
work is aimed to isolate and characterize the chicken Embryonic
Stem Cells (cESCs) and compare their genes expression with primary
adult chicken and cell line cultures. To that end, the cells were isolated
from area of pellucida from stage X chicken embryo. Then the cells
were cultured on inactivated mouse SNL feeder cells in the presence
of LIF, IGF-1, bFGE CNTE OSM, SCE, 1l-6 and Il-11 growth factors.
The cESCs colonies were picked up and subsequently passaged. To
characterize the cells, they were analyzed for alkaline phosphatase,
SSEA-4 and TRA-1-60 as embryonic-specific markers in the level of
proteins. Furthermore, the expression of Cvh, Brachyury, Gata6, Sox2,
Nanog and cPouV genes as markers of developed chicken tissues were

compared to a chicken adult tissue and a chicken cell line, MDCC, in
the level of mRNA using Quantitative RT-PCR. After one week culture
of cES cells, the morphology of the cells changed, became smaller in
size with big nuclei and detectable nucleus. Isolated cells were passaged
repeatedly and successfully. The stemness of embryonic cells has been
validated by alkaline phosphatase and ICC staining and expression of
above mentioned molecular markers. Quantitative RT-PCRs showed
expression of cPouV, Nanog and Sox-2 increased in comparison to the
tissue and the cell line. Our observation showed that chicken embryonic
stem cells can be isolated successfully from stage X of chicken embryo
and maintain their stemness properties during multi-passages.

W-2055

ANALYSIS OF DIFFERENTIATION DEPENDENT
CONNEXINS IN MOUSE ES CELLS

Saito, Mikako, Asai, Yuma, Tanaka, Kento, Matsuoka, Hideaki
Department Biotechnology and Life Sciences, Tokyo University of
Agriculture and Technology, Tokyo, Japan

Pluripotent embryonic stem (ES) cells are capable of maintaining a self-
renewal state and have the potential to differentiate into derivatives of all
three embryonic germ layers. Despite their importance in cell therapy
and developmental biology, the mechanisms whereby ES cells remain
in a proliferative and pluripotent state are still not fully understood.
Gap junctional intercellular communication (GJIC) has been
suggested to be necessary for cellular proliferation and differentiation.
We would like to investigate the function of GJIC in mouse embryonic
stem (ES) cells using a genetic approach to inhibit the expression of
connexins, that is, the subunit proteins of gap junction channels. For
this purpose, we have analyzed all known connexin genes in mouse
ES cells. All 15 known connexins (Cx26, Cx29, Cx30, Cx30.2, Cx30.3,
Cx31, Cx31.1, Cx32, Cx33, Cx37, Cx40, Cx43, Cx45, Cx46, Cx57) were
detected by RT-PCR. The expression level of three connexins increased
under differentiation process. On the other hand, the expression level
of two connexins decreased under same condition. The connexin
expression patterns in mouse ES cells may provide indicator in cellular
differentiation and the maintenance of pluripotency.

W-2056

PLURIPOTENCY OSCILLATIONS IN CELL CYCLE -
IMPLICATIONS FOR CANCER STEM CELLS

Sekyrova, Petra, Sramkova, Zuzana, Omelyanenko, Anna, Anding,
Michael

Department Physiology and Pharmacology, Karolinska Institutet,
Stockholm, Sweden

Glioblastoma multiforme is a particularly devastating type of brain
cancer with poor survival prognosis. High degree of glioblastoma
recurrence could be explained by existence of subpopulation of cells
in the tumor that posses “stemness” features. To eradicate cancer stem
cells successfully we need to understand mechanisms, which maintain/
generate stemness properties in cancer cells. Recent publications suggest
that stemness is tightly connected to cell cycle progression in embryonic
stem cells. Embryonic stem cells in the G2 phase are most effective in
inducing pluripotency by somatic cell fusion(1). On the other hand,
highest differentiation rate is achieved in embryonic stem cells, which
entered G1 cell cycle phase(2). We aim to understand the mechanisms
how cell cycle regulates pluripotency in embryonic stem cells and if
same mechanisms exist in cancer stem cells. We recently developed a
flow cytometry based technique to isolate stem cells in different cell
cycle phases in large quantities without need for synchronization. We
will analyze transcriptomes and proteomes of cells sorted in different
cell cycle phases and search for pluripotency genes that are regulated
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by cell cycle. We aim to identify common denominators of stemness
in embryonic stem cells and glioblastoma stem cells and manipulate
them to eradicate cancer stem cells by dedifferentiation. Our data will
bring deeper understanding to mechanisms underlying pluripotency
and its connection to proliferation and cell cycle. Targeting stemness
via cell cycle might open possibilities for novel therapeutic anti-cancer
strategies.

W-2057

REGULATION OF PLURIPOTENCY BY NATI IN MOUSE
EMBRYONIC STEM CELLS

Sugiyama, Hayami', Yamanaka, Shinya?

'Department of Reprogramming Science, The Center for iPS Cell
Research and Application, Kyoto, Japan, *Center for iPSC Cell Research
and Application, Kyoto, Japan

NAT]1 was identified as a candidate RNA modified by the RNA editing
enzyme,APOBEC-1, and has amino acid sequence similar to eukaryotic
translation initiation factor (eIF) 4G. eIlF4G binds and coordinates
cap-dependent translation with eIF4E, eIF3 and eIF4A. Human (h)
NATI is homologous to the carboxyl two-thirds of e[F4G and binds
to elF3, eIF4A but not to eIF4E. It was also reported that hNAT1
regulates the translation of C-MYC, XIAP, BCL-2, CDKI1. Mouse (m)
NAT1 shares high homology (99%) with hNAT1 and is ubiquitously
expressed. In our previous study, to analyze the function of NAT1, we
generated NAT1” mice and NAT1”" mES cells. While NAT1*" mice
did not show any detectable phenotypic changes, NAT1”- mice showed
embryonic lethality at the gastrulation stage. In addition, NAT1”" mES
cells exhibited an impaired ability to differentiate into cells of all three
germ layers and in cell culture, have a rounded, dome-like morphology
without differentiated cells. However, the relationship between NAT1
function and those phenotypes is not clear. In this study, we examined
whether NAT1 regulates pluripotency in mES cells. We revealed that
NATI1” mES cells upregulated several pluripotency-associated genes
compared with WT mES cells. After reintroduction of NAT1, rescued
mES cells exhibited their gene expression and morphology similar to
WT mES cells. In addition, NAT1 was localized in the cytoplasm but
not in the nucleus, of mES cells and we figured out NAT1-binding-
proteins. These results indicate that NAT1 influences pluripotency
through cooperation with NAT1-binding-proteins in cytoplasm and
indirect transcriptional regulation of the pluripotency-associated
genes.

W-2058

BIOSYNTHESIS OF RIBOSOMAL RNA REGULATES
PLURIPOTENCY AND DIFFERENTIATION ABILITY OF
PLURIPOTENT STEM CELLS

Takada, Hitomi, Watanabe-Susaki, Kanako, Miwata, Kyoko, Sugino,
Hiromu, Asashima, Makoto, Kurisaki, Akira

National Institute of Advanced Industrial Science and Technology,
Tsukuba, Ibaraki, Japan

Pluripotent stem cells have large and condensed nucleoli. Although it
is well known that the characteristic morphology of nucleoli is one of
the hallmarks of ES cells, the contribution of nucleoli to pluripotency
of ES cells have not been explored. Here, we examined the function
of nucleoli in ES cells by modulating the expression of FBL, a critical
regulator of ribosomal RNA (rRNA) processing in nucleoli. Stable
expression of FBL in ES cells prolonged the pluripotent state of
mouse ES cells cultured in the absence of leukemia inhibitory factor
(LIF). Knockdown of FBL induced a delay of rRNA processing
and apoptosis in ES cells. Interestingly, partial knockdown of FBL
promoted differentiation of ES cells even in the presence of LIF and

caused morphological change of nucleoli. Furthermore, we observed
that the reduction of FBL expression induced differentiation of ES cells
via p53 signaling pathway. These results suggest that biosynthesis of
ribosomal RNA in nucleoli is a key regulatory factor for pluripotency
and differentiation ability of ES cells.

W-2059

CADHERIN-SWITCHING IS IMPORTANT FOR
PLURIPOTENT STEM CELL BETWEEN NAiVE AND PRIMED
STATE

Takehara, Toshiyuki', Teramura, Takeshi’, Onodera, Yuta', Fukuda,
Kanji'

!Kinki University, Osaka, Japan, *Kinki University, Osaka-Sayama, Japan

Recently, because of the development of stem cell biology, pluripotent
stem cell has the biphasic state: naive and primed sate. These stem
cells have different characteristics (i.e. morphology, mechanism of
maintenance of undifferentiated state and differentiation potency).
Understanding and elucidating the mechanisms/factors involved in the
differentiation may enable us to switch these two pluripotent states, i.e.
the shuttle between mESC- and mEpiSC-states can lead to increasing
the value of the hESCs. For example, it may provide a basis for
generating more ideal types of mESC-like human pluripotent cells from
conventional hESCs. However, the factors that affect the pluripotent
state conversions have not been fully elucidated. Interestingly, we have
previously demonstrated that differentiation from mouse Embryonic
Stem Cells(mESCs) to mouse Epiblast Stem Cells (mEpiSCs) is
associated with a cadherin-switching, from E-cadherin to N-cadherin.
However, there is still little knowledge about the influence that it has
on the difference of revelation of cadherin protein and the character
of a pluripotent stem cell. In this study, we tried to elucidate cadherin-
switching effect on the state of pluripotent stem cell. To clarify the
influence of two type of cadherin expression on the pluripotent state, we
used conventional and E cadherin overexpression EpiSC. The analysis
was performed by Realtime-PCR, Westernblot, Immunofluorescence
and Co- immunoprecipitation. Firstly, we showed cadherin type in
mESCs and mEpiSCs. The mEpiSCs express significant N cadherin
but not E cadherin, and by the treatment of N cadherin siRNA,
mEpiSC decreased pluripotent associated gene such as Nanog and
Klf4. Also, in the Ecadherin overexpression mEpiSC, siRNA treatment
similarly decreased that. Furthermore, the existence of N cadherin
were showed the activation of Akt and Erk signal. It has been found
that inhibition of N cadherin suppressed the FGF signal cascade as
associated pluripotency. The present study provides evidence that
the differentiated expression of cadherin type is important factors for
the promotion and stabilization of mEpiSC-state. Determination of
the cadherin functions and signal cascade enhancing the conversion
or increasing mESC- or mEpiSC-state stabilities in future studies are
essential to correctly understanding the developmental stages and
properties of pluripotent stem cells, which may lead to a more ideal
model system for studying human development.

W-2060

RELB-IMP3-LIN28A COMPLEX CONTROLS CELL CYCLE
AND DIFFERENTIATION IN HUMAN PLURIPOTENT STEM
CELLS

Thakar, Nilay Y.!, Ovchinnikov, Dmitry’, Hastie, Marcus?, Gorman,
Jeffrey?, Wolvetang, Ernst!

'Australian Institute for Bioengineering and Nanotechnology, Brisbane
QLD, Australia, *Protein Discovery Centre, QIMR Berghofer Medical
Research Institute, Brisbane QLD, Australia

The molecular mechanisms that orchestrate exit from pluripotency, cell
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cycle and lineage-specific differentiation in human pluripotent stem
cells (hPSCs) remain to be completely understood. RELB, a key protein
in non-canonical NFkB signaling pathway, was previously implicated
in controlling the switch between human embryonic stem cell (hESC)
proliferation and differentiation. Here we show that RELB maintains
pluripotency of hESCs and hiPSCs via suppression of differentiation,
and enhances proliferation of these cells. We demonstrate that RELB
does this by a) forming a tri-partite complex with LIN28A and IMP3
(IGF-2 mRNA binding protein 3), b) that this interaction controls
mRNA levels and protein expression of IGF-2 and key cell-cycle genes
and c) that following stress these proteins co-localize in stress granules
inhESCsand iPSCs. Our data identify RELB as a novel regulator of hPSC
proliferation and differentiation, and reveal a potential mechanism that
involves RELB-mediated recruitment of IMP3 and LIN28 to cytosolic
mRNA translation-control domains. We are currently performing
RNA-Seq to identify novel NF«B interacting RNA molecules and shift
the paradigm from more than 25 years of study into NF«B proteins by
demonstrating its regulation of RNA metabolism.

W-2061

CONSTRUCTION OF ERKI AND ERK2 NULL MOUSE
EMBRYONIC STEM CELLS WITH THE CRISPR/CAS SYSTEM
Wang, Bo'!, Zhang, Qian', Chen, Lingyi*

!Nankai University, Tianjin, China, ?Nankai University, Tianjin, China

MAPK signaling plays an important role in regulating the self-renewal
and differentiation of mouse embryonic stem cells (ESCs). To better
understand the function of Erkl and Erk2 in mouse ESCs, we applied
the CRISPR/Cas system to knockout Erkl and Erk2 in mouse ESCs.
Erkl-/- and Erk2-/- ESCs were obtained with high efficiency. However,
we failed to construct Erkl and Erk2 double null ESCs by sequential
disruption of Erkl/2, implying that MAPK signaling is indeed
indispensable for mouse ESCs. Next, a doxycycline-inducible Erkl
transgene (iErkl) was introduced into Erkl-/- ESCs. In the presence
of doxycycline, we were able to disrupt the Erk2 gene, and obtained
the iErk1, Erk1-/-, Erk2-/- ESCs. We demonstrated that 48 hours after
doxycycline withdrawal, Erkl protein becomes undetectable. With
these cell lines, we will investigate the role of MAPK signaling in mouse
ESC self-renewal and differentiation.

W-2062

MICRORNA CLUSTER 302-367 IS A KEY MEDIATOR FOR
CHEMICAL INDUCED SELF RENEWAL PROGRAM IN
HUMAN EMBRYONIC STEM CELLS

Wu, Wen-shu

Department of Medicine, University of Illinois at Chicago, Chicago, IL,
USA

Human embryonic stem cells (hESCs) and iPS cells hold great potential
for regenerative medicine because of their unlimited self-renewal
capacity and ability to differentiate into all the cell types in the body.
hESC self-renewal is intrinsically regulated by pluripotency-associated
transcription factors (e.g., Oct4, Sox2, and Nanog) and ESC-specific
microRNAs. On the other hand, extrinsic factors such as bEGF and
some small molecules promote self-renewal of hESCs. Especially,
histone deacetylase inhibitors (HDACI) such as sodium butyrate (NaB)
and TSA can induce self-renewal program in hESCs in medium without
bFGE. However, the molecular mechanisms underlying the HDACi-
induced self-renewal programs in hESCs remain largely unknown. In
the present study, we found that NaB upregulated expression of the
miR-302/367 cluster in hESCs. By designing transcription activator-
like effector (TALE)-based transcriptional repressors specific for the
miR-302/367 cluster promoter, we showed that the miR-302/367

cluster dually regulates cell cycle and cell death in hESCs. Interestingly,
the modulation of these two pathways is dictated by the dosage of the
miR-302/367 cluster. We performed PCR array to screen target genes of
the miR-302/367clsuter, and identified two putative targets- BNIP3L/
Nix and BCL-xL. Our studies indicate that BNIP3L/Nix is a direct
target gene of the miR-302/367 cluster. Furthermore, we showed that
over-expression of BCL-xL could rescue hESC from apoptosis caused
by knockdown of endogenous miR-302/367 cluster. Our ongoing
experiments suggest that knockdown of the miR-302/367 cluster
impaired the NaB-induced pluripotency in hESCs in the absences of
bFGE. Based on our data, we proposed a mechanistic action model in
which the miR-302/367 cluster mediates the NaB-elicited self-renewal
program by concurrently promoting cell cycle progress and inhibiting
apoptosis of hESCs.

W-2063

ZFP322A REGULATES MOUSE ES CELL PLURIPOTENCY
AND ENHANCES REPROGRAMMING EFFICIENCY

Wu, Qiang

Biochemistry, National University of Singapore, Singapore

Embryonic stem (ES) cells derived from the inner cell mass (ICM) of
blastocysts are characterised by their ability to self-renew and their
potential to differentiate into many different cell types. Recent studies
have shown that zinc finger proteins are crucial for maintaining
pluripotent ES cells. Mouse zinc finger protein 322a (Zfp322a) is
expressed in the ICM of early mouse embryos. However, little is known
regarding the role of Zfp322a in the pluripotency maintenance of mouse
ES cells. Here, we report that Zfp322a is required for mES cell identity
since depletion of Zfp322a directs mES cells towards differentiation.
Chromatin immunoprecipitation (ChIP) and dual-luciferase reporter
assays revealed that Zfp322a binds to Pou5f1 and Nanog promoters and
regulates their transcription. These data along with the results obtained
from our ChIP-seq experiment showed that Zfp322a is an essential
component of mES cell transcription regulatory network. Targets
which are directly regulated by Zfp322a were identified by correlating
the gene expression profile of Zfp322a RNAi-treated mES cells with
the ChIP-seq results. These experiments revealed that Zfp322a inhibits
mES cell differentiation by suppressing MAPK pathway. Additionally,
Zfp322a is found to be a novel reprogramming factor that can replace
Sox2 in the classical Yamanaka’s factors (OSKM). It can be even used
in combination with Yamanaka’s factors and that addition leads to a
higher reprogramming efficiency and to acceleration of the onset of
the reprogramming process. Together, our results demonstrate that
Zfp322a is a novel essential component of the transcription factor
network which maintains the identity of mouse ES cells.

W-2064

PMF, A KLF4 DOWNSTREAM E3 LIGASE CONTRIBUTES TO
PLURIPOTENCY VIA MODULATING ERK PATHWAY

‘Wu, Mian

School of Life Science, University of Science and Technology of China,
Hefei, China

Embryonic stem cells (ESCs) have great potential for regenerative
medicine. Increasing evidence suggests that the pluripotency state of
ESCs is accurately regulated by an intrinsic signaling network. The
underlying mechanisms, however, remain elusive. Here, we apply a
retroviral insertion vector, which can cause insertional mutagenesis, to
screen and identify novel host genes that are requisite for pluripotency
maintenance of mouse ESCs. We identify that pluripotency maintaining
factor (PMF), an E3 ubiquitin ligase, is involved in the mESCs identity
maintenance. Knockdown of PMF leads to decreased expression
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of pluripotent markers and impaired clonogenicity of mESCs, and
lower somatic reprogramming efficiency. Meanwhile, we show that
PMEF is transcriptionally upregulated by kif4. PMF is able to catalyze
K63-linked poly-ubiquitination of PKR and activate PKA, thereafter
inhibiting Raf/MEK/ERK pathway. Functionally, ectopic expression of
PMEF partially replaces the MEK/ERK inhibitor for mESCs propagation
in the serum-free culture conditions. Altogether, our study uncovers
a novel kIf4-PMF-ERK pathway that plays an important role in the
stemness maintenance of mESCs.

W-2065

A CUSTOM METHYL-SEQ STEM CELL PANEL TO
DETERMINE THE EPIGENETIC SIGNATURES OF CSCS
Poulin, Matthew!, Alexander, Jessica!, Giorda, Kristina?, Meredith,
Gavin?, Timp, Winston?, Yan, Liying'

'EpigenDx, Hopkinton, MA, USA, *Thermo Fisher Scientific, San
Francisco, CA, USA, *Johns Hopkins University, Baltimore, MA, USA

Embryonic stem cells (ESCs) are pluripotent, self-renewing cells. The
physiological properties of pluripotency in stem cells and the processes
of cell specialization are governed by epigenetic mechanisms. One of
the best known epigenetic processes is DNA methylation, which is a
major mechanism for regulation of gene expression. Differential DNA
methylation of pluripotence-associated genes such as Nanog and Oct4/
Pou5fl has been observed between pluripotent and differentiated
cells. As more associations are discovered between aberrant DNA
methylation and cancer stem cells (CSCs), there is an increasing
demand for high-throughput approaches for DNA methylation
analysis. In order to develop a stem cell panel for the determination of a
DNA methylation pattern in cancer stem cells (CSCs), we started with
a candidate gene approach, in contrast to genome-wide methylation
screening. Genes from different functional groups were selected. The
stem cell panel includes pluripotency-associated genes (Oct4, Nanog,
Sox2, cMyc, and Klf4), DNA methyltransferases (DNMTs and MGMT),
DNA repeats (Linel and Sat2), imprinted genes (IGF1, H19, IG-DMR),
genes involved in x-chromosome inactivation (FMRI and XIST), and
cell differentiation regulators (Notch genes, PPARG, RB1, RUNX1).
A total of 30 genes containing 77 PCR amplicons were selected and
assays for these regions were developed and validated using PCR/
Pyrosequencing, individually. The development of a custom assay
for targeted Methyl-Seq using an Ion Torrent PGM™ system, requires
that the 77 PCR amplicons be grouped into 5 different pools based on
the amplicon size, amplicon GC contents, and PCR conditions. DNA
methylation controls (0%, 5%, 10%, 25%, 50%, 75%, and 100%) were
sequenced on an Ion 318 Chip to validate each target region. The
correlation between the calculated methylation levels and the detected
methylation levels were examined. Additionally, 10 pairs of ovarian
cancer DNA samples (tumor vs adjacent normal) were further tested
using both an Ion Torrent PGM™ system and Pyroseqencing. The
comparison of the results obtained by Pyrosequencing and Next-Gen
Sequencing using PGM shows that PCR pools with common amplicons
gave linear correlation. PCR pools with extreme conditions, i.e. AT-
rich (less than 20% GC contents) or GC-rich (greater than 70% GC
contents) required further optimization. In summary, high-throughput
Methyl-Seq using an Ion Torrent PGM™ system has the capability to
generate similar results as Pyrosequencing with the potential of using
less DNA for the analysis. It is also a more cost-effective and a rapid data
generation method by reducing the number of PCR reactions from 77
down to 5 and permits combining and sequencing ampicon pools on
a single sequencing chip. These results support future use of a custom
Methyl-Seq panel for efficient and sensitive epigenetic detection and
analysis of CSCs.

W-2066

ROLES FOR TETS AND 2| IN TELOMERE MAINTENANCE
OF ES CELLS

Yang, Jiao

Nankai University, Tianjin, China

TET proteins play diverse roles in epigenetic regulation, germ cell and
embryonic development, stem cell function and tumorigenesis, but
the underlying mechanisms remain to be defined. We report that Tet1
and Tet2 are required for telomere maintenance and chromosomal
stability of mouse ES cells. Either knockdown or knockout of
Tetl and Tet2 leads to telomere shortening and dysfunction, and
eventually abrogates pluripotency. Dnmt3b is implicated in Tets role
in telomere maintenance by regulating DNA methylation levels at
subtelomeres of specific chromosomes. Notably, 2i down-regulate
Dnmt3a/b and effectively elongate telomeres, compensating for Tetl
and Tet2 deficiency in mouse ES cells. Together, Tets(Tetl and Tet2)
play novel roles in telomere maintenance by epigenetic modification,
implying that telomeres also may link Tets function to ES pluripotency,
development, aging and cancer.

W-2067

LIVE-CELL IMAGING FOR THE ANALYSIS OF CELLULAR
HETEROGENEITY IN MOUSE EMBRYONIC STEM CELL
MUTANT CLONES IDENTIFIED BY FORWARD GENETIC
SCREENING

Yoshida, Junko', Horie, Kyoji*

!Osaka University Graduate School of Medicine, Suita, Japan, *Nara
Medical University, Kashihara, Japan

Forward genetics is a powerful method for the discovery of novel
genes involved in the regulation of various biological processes in an
unbiased manner. However, recessive genetic screening is difficult
in mammalian cells due to the diploidy of the genome. Generating
homozygous mutant cells through two rounds of gene targeting is labor-
intensive. Therefore, a more streamlined high-throughput approach
is anticipated in order to achieve forward genetics in mammalian
cells. Embryonic stem cells (ESCs) are attractive for forward genetics
because various biological processes can be studied using in vitro
differentiation protocols. We recently reported a method to rapidly
generate homozygous mutant mouse ESCs from heterozygous mutant
ESCs by conditional regulation of the Bloom’s syndrome gene (Blm).
This method takes advantage of the high rate of loss of heterozygosity
associated with Blm-deficient condition. We have so far generated ~200
homozygous mutant ESC clones. To accelerate phenotype analyses of
the homozygous ESC clones in various culture conditions, we devised
a system to conduct phenotype screening by pooling homozygous ESC
clones. To keep track of the behavior of each homozygous mutant ESC
clone, we introduced synthetic short nucleotide barcode sequences
into homozygous ESC clones. Barcode-labeled homozygous ESC pool
was cultured in various conditions and populations of undifferentiated
and differentiated ESCs were quantified by counting barcode reads
using the Illumina GA2 sequencer. As a result, we identified mutant
ESCs that can be grouped into following categories: (1) differentiation-
resistant clones, (2) differentiation-prone clones, (3) mutant clones
showing both undifferentiated and differentiated states in the absence
of LIE. Heterogeneity of the undifferentiated and differentiated states
in category (3) strongly suggests that the genes mutated in category (3)
play important roles in orchestrating pluripotency-inducing factors and
differentiation-inducing factors. We therefore focused on phenotype
analyses of a representative clone of category (3) (hereafter designated
as “Clone A”). To distinguish undifferentiated and differentiated states
in live cells, we knocked-in the EGFP reporter into the Nanog locus of
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Clone A as well as wild-type (Wt) ESCs. Upon withdrawal of LIF, EGFP
signal dropped rapidly in Wt ESCs. In contrast, Clone A exhibited
continuous expression of EGFP. However, the intensity of EGFP
signal was substantially heterogeneous in Clone A and EGFP-negative
population was always observed in the same culture. We FACS-sorted
EGFP-negative and EGFP-positive populations, and then cultured
separately in the absence of LIE. Only EGFP-negative cells were
observed from EGFP-negative population. In contrast, EGFP-positive
population gave rise to both EGFP-positive and EGFP-negative cells,
suggesting that the cellular state is fluctuating in undifferentiated state
while a portion of the cells go beyond the threshold and reach to an
irreversibly differentiated state. We consider that the dynamics of
this fluctuating state implies a unique role of the mutated gene in the
regulation of pluripotency. To further elucidate the role of the mutated
gene, we are currently conducting live-cell imaging with single cell
resolution and trying to quantify dynamic alteration of the cellular
state upon LIF depletion.

W-2068

REGULATION OF PLURIPOTENCY BY WDR5 AND ITS
BINDING PARTNERS

Yuan, Ye', Ding, Junjun', Waghray, Avinash!, Chang, Betty', Lee,
Dung-Fang!, Pereira, C. Filipe', Faiola, Francesco', Graham, Robert?,
Williamson, Andrew?®, Wang, Jianlong', Lemischka, Thor R.!

Teahn School of Medicine at Mount Sinai, New York, NY, USA,
2University of Manchester, Manchester, United Kingdom, *Paterson
Institute for Cancer Research, Manchester, United Kingdom

Embryonic stem cells (ESCs) and induced pluripotent stem cells
(iPSCs) are capable to proliferate indefinitely in vitro (self-renewal)
while maintaining the potency to generate all types of cells in a
mammalian body (pluripotency), thus holding great promise for
regenerative medicine. While numerous molecular components of
the cell fate regulatory machinery have emerged, more in-depth
knowledge is required to facilitate future ESC- or iPSC-based clinical
applications. In particular, it remains largely unclear how regulatory
networks are wired and how they process information to maintain or
change a cellular state. Pluripotent stem cells share the same genomic
DNA sequences with lineage-specified cells. Thus epigenetic regulation
of gene expression lies at the heart of how a single zygote or ESC
develops into a complex organism consisting of multiple tissue types.
To date it is largely unclear how epigenetic regulators cooperate with
each other and with transcriptional machinery in pluripotent stem
cells. Here, we present a protein-protein interaction network centered
on Wdr5, an important scaffolding protein in the Set/MIl histone H3
lysine 4 methyltransferase complexes. In this network, we identified
several groups of proteins interacting with Wdr5, including histone
acetyltransferase complexes, NuRD complex, chromatin remodeling
complexes, transcription factors as well as Set/MIl complexes.
Among the interacting partners are novel proteins together with
known interactors. This study greatly facilitates our understanding
of the functional cooperation between several epigenetic regulating
complexes in mouse ESCs and the integration of the epigenetic
regulatory network with the transcriptional machinery.

W-2069

INACTIVATION OF AN INTEGRATED ANTIBIOTIC
RESISTANCE GENE IN MOUSE MOUSE EMBRYONIC STEM
CELLS TO RE-ENABLE ANTIBIOTIC SELECTION

Zhikang, Liu', Nil, Peiling', Chen, Lingyi*

!Nankai University, Tianjin, China, ?Nankai University, Tianjin, China

Removing antibiotic resistance gene allows re-use the same antibiotic in

the next round of genetic manipulation. Here we applied the CRISPR/
Cas system to disrupt puromycin resistance gene in mouse embryonic
stem cells, and used puromycin selection in the resulting cells to
establish stable reporter cell lines. With the CRISPR/Cas system, no
pre-engineered sequences, such as loxP or FRT, are required. Thus,
this technique is applicable to disrupt antibiotic resistance gene which
cannot be removed by the Cre-loxP and Flp-FRT systems.

W-2070

RAPID CONVERSION OF HUMAN PLURIPOTENT STEM
CELLS INTO A NAIVE GROUND STATE WITH ENHANCED
DIFFERENTIATION CAPACITIES

Zimmerlin, Ludovic, Verma, Karan, Park, Tea Soon, Naler, Lynette,
Zambidis, Elias

Pediatric Oncology, Johns Hopkins University School of Medicine,
Baltimore, MD, USA

While human and mouse pluripotent stem cell (PSC) cultures share
many molecular similarities, they display a number of phenotypic and
functional differences that are reminiscent of developmentally distinct
pluripotent states. While standard human PSCs are presumed to
embody the primed post-implantation epiblast-like state, mouse PSCs
can attain a naive ground state of pluripotency using defined medium
with kinase (GSK3P and MEK/Erk) inhibitors commonly referred as
2i. Recent reports have described the conversion of human PSCs into
naive-like cultures using complex cocktails of inhibitors with 2iand have
successfully reached a phenotype resembling preimplantation inner
cell mass. Here, we present novel culture conditions that ultimately
allowed human PSCs to attain mouse-like ground pluripotency with
only WNT and MEK/ERK modulation, and which led to a dramatic
increase of their differentiation capacity. We initially performed a
small molecule screening on a panel of human PSCs (3 ESC lines and
several blood-derived and fibroblast-derived iPSC lines) to identify
minimal combinations tolerating efficient transition to clonogenic
cultures. We identified two molecules modulating protein kinase
activity, as well as a conventional 2i-based (i.e. additional modulation
of sHH, protein kinase A and WNT; 5i medium) culture condition
that readily allowed human PSCs to acquire distinct mouse ESC-
like features (e.g. dome-shaped morphology) and tolerate single cell
dissociation. Unlike recent reports, effective transition of human PSC
did not require survival-enhancing small molecules. We adapted our
previously reported efficient bulk reprogramming of human myeloid
progenitors and converted de novo human PSC lines to transgene-
free clonogenic mouse ESC-like cultures. Converted naive-like PSC
lines rapidly reached a stable phenotype (SSEA-4+ TRA-1-60+ TRA-
1-81+) with robust growth kinetics and uniform morphology for
up to 30 passages. Uniform retention of NANOG and E-cadherin
expression was observed by immunofluorescence throughout small
compact colonies and expression of pluripotency-associated genes was
confirmed by Q-RT-PCR at levels matching or superior to standard
cultures. Our data indicate that most established or de novo human
PSC cultures can be readily (<2 passages) and stably adapted into 2i
medium with sole supplementation with a beta-catenin modulator (3i
medium). Converted and neo-established lines rewired their regulatory
circuitry to adopt mouse ESC-like signaling pathways (i.e. sensitivity to
JAK/STAT inhibition). Teratoma formation assays revealed remarkably
robust tri-lineage differentiation. Converted human PSCs also
demonstrated superior hemato-endothelial differentiation efficiencies
in vitro. While we previously demonstrated that our hematovascular
differentiation system produced consistently efficient hematopoietic
and vascular progenitors, converted naive hPSC lines yielded up-to-
7-fold greater amounts of hemangioblast, endothelial and pericytic
progenitors. In summary, we have developed novel culture conditions
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that can robustly and efficiently sustain clonal growth of human PSC in
interchangeable pluripotency states and with augmented differentiation
capacities. We are currently specifying the identity of these states in
syngeneic lines, to determine molecular pathways, epigenomic and
transcriptomic signatures, as well as their capacity for gene targeting
by homologous recombination.

REGENERATION MECHANISMS

W-2071

IN VIVO TISSUE INJURY ACTIVATES PROLIFERATION

AND MOBILIZATION OF QUIESCENT BONE MARROW-
DERIVED STEM CELLS WITH EMBRYONIC-LIKE FEATURES
Zuba-Surma, Ewa!, Labedz-Maslowska, Anna', Karnas, Elzbieta!,
Berdecka, Dominika’, Ratajczak, Mariusz Z.2, Madeja, Zbigniew"
'Department of Cell Biology, Faculty of Biochemistry, Biophysics and
Biotechnology, Jagiellonian University, Krakow, Poland, ZStem Cell
Biology Institute, James Graham Brown Cancer Center, University of
Louisville, Louisville, KY, USA

The adult murine bone marrow (BM) harbors several stem cell (SC)
populations including non-hematopoietic Sca-1+/Lin-/CD45- cells
exhibiting several features corresponding to embryonic-like cells. Such
embryonic-like stem cells (VSELs) have been shown to differentiate
into several lineages, including cardiac and vascular lineages in vitro.
However, in opposite to ESCs, such adult BM- derived SC represents
quiescent, non-proliferating cells. Importantly, they have been shown
to be mobilized into blood following tissue injury and to participate
in tissue regeneration including in heart repair in vivo. However, their
activation and proliferation during such injury/ repair events in vivo
have not been reported. In this study, we examined whether acute
ischemic tissue injury may stimulate both proliferation of quiescent
VSELs in BM and their mobilization into peripheral blood (PB). Thus,
wild-type C57BL/6 mice (9-week old) underwent a hind limb ischemia
(LI) by permanent proximal femoral artery occlusion. Mice were
administrated with bromodeoxyuridine (BrdU, 1mg/mouse/i.p.) every
two days and were scarified at 2, 7, 14 and 28 days following ischemia
(N=5 per group). PB and BM from non- and ischemic limbs were
collected from individual animals. Healthy non-ischemic mice were
used as control groups in each time point. The presence of proliferating
(BrdU+) VSELs (CD45-/Lineage-/Sca-1+), endothelial progenitor
cells (EPCs; CDA45-dim/Lin-/Sca-1+/Flk-1+) and hematopoietic
stem/ progenitor cells (HSPCs; CD45+/Lineage-/Sca-1+) in PB and
BM was evaluated by multiparameter flow cytometry (LSR II; BD
Bioscience) and ImageStream system (Amnis Corp.). The expression
of genes related to the presence of VSEL and EPC fractions including
Oct-4A, Nanog, Rex-1 and Tie-2, VE-cadherin, respectively - was
examined by real-time RT-PCR (Applied Biosystems). Moreover, we
examined the change in expression of 53 angiogenesis-related proteins
in plasma (RandD Systems). We established that the content of BrdU+
proliferating CD45-/Lineage-/Sca-1+ cells was significantly increased
in BM of ischemic mice after 7 days post injury. We observed elevated
number of BrdU+ VSELs in BM and circulating in PB of the injured
animals indicating vast impact of acute ischemia on activation of these
cells. Similar results were obtained for BM- derived and circulating
EPCs. We confirmed, the presence of activated BrdU+ embryonic-like
SC in BM of injured animals by employing both imaging cytometry
and transmission electron microccopy (TEM) following immunogold
staining for incorporated BrdU. Increased number of BrdU+ VSELs in
BM and circulating in PB of the injured animals was accompanied with
change in expression of genes guiding their proliferation (H19 and
Igf2) and loss of expression of pluripotency- related genes such as Oct-

4A and Nanog. We also found increase in expression of angiogenesis-
related mRNA and proteins which may stimulate proliferation and
mobilization of VSELs. We conclude that acute tissue injury such as
limb ischemia may provide stimulatory agents to activate proliferation
of rare quiescent embryonic-like SC residing in BM followed by
their mobilization into PB. Thus, the ischemic injury may recruit the
normally quiescent pluripotent stem cell pools to enhance endogenous
mechanisms of tissue repair including stem/ progenitor cell- dependent
angiogenesis which we further investigate.

W-2072

DIRECT ADMINISTRATION OF SECRETOME DERIVED
FROM UMBILICAL CORD MESENCHYMAL STEM CELLS
ATTENUATES PROGRESSION OF HEPATIC FIBROSIS

An, Su Yeon', Han, Jiyou', Lim, Hee-Joung', Jang, Yu Jin', Son, Jeong
Sang', Lee, Jae Hun'!, Kim, Ji Hyang? Do, Byung-Rok? Kim, Jong-
Hoon!

'Laboratory of Stem Cells and Tissue Regeneration, Korea University,
Seoul, Republic of Korea, *Laboratory of Stem Cells and Tissue
Regeneration, HurimBioCell Inc., Seoul, Republic of Korea

Liver fibrosis is a result of excessive accumulation and reorganization of
the extracellular matrix (ECM) and mediated by numerous fibrogenic
cytokines. Activated hepatic stellate cells (HSCs), a key source of the
excessive production of ECM, may be a potential target for therapeutic
intervention to prevent the development of chronic liver disease.
We investigated potential therapeutic effects of secreted proteome
(secretome) derived from human umbilical cord mesenchymal stem
cells (UCMSC) and UCMSC-derived hepatocyte-like cells (HLC) in
hepatic fibrosis. HLC differentiated from UCMSC showed multiple
features of hepatocytes. However, transplantation of HLC induced
only limited improvement of liver functions and caused embolism in
the intrahepatic vascular system. In contrast, direct intraperitoneal
injection of secretome obtained from UCMSC or HLC reduced fibrotic
tissues without cell grafting in a mouse model of fibrosis. Secretome
of HLC more effectively and significantly decreased the activation of
HSCs in vivo and in vitro compared to that of UCMSC. Using LC-MS/
MS and functional network analyses, we identified 701 and 813 proteins
secreted from UCMSC and HLC and found three candidate molecules
which may play key roles in the control of HSCs activation. The potential
anti-fibrotic activity of three candidate molecules was confirmed
in in vitro model of HSCs activation using recombinant proteins
and activity-blocking antibodies. In summary, we demonstrate that
secretome of HLC derived UCMSC attenuates activation of HSCs and
progression of liver fibrosis. We also suggest three candidate proteins
which may play a key role in anti-fibrotic effects of the secretome.
This research was supported by the Bio and Medical Technology
Development program of the National Research Foundation (NRF)
funded by the Korean government (MEST) (2012M3A9B4028636)
and Industrial Core Technology Development Program funded by
the Ministry of Knowledge Economy. (No.10033594, Establishment of
Therapeutic Stem Cells and Development of Global Cell Based Therapy
Using Novel Cell Differentiation Techniques).
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W-2073

SUPERIOR REGENERATIVE POTENTIAL OF HUMAN GLIAL
RESTRICTED PROGENITORS COMPARED TO MOUSE
ALLOGRAFTS IN IMMUNODEFICIENT DYSMYELINATED
MOUSE MODEL

Arnold, Antje, Agatha, Lyczek, Miroslaw, Janowski, Bulte, Jeff W.M.,
Zhang, Jiangyang, Walczak, Piotr

Johns Hopkins University School of Medicine Department of Radiology,
Baltimore, MD, USA

A wide range of neurological disorders result in loss or dysfunction
of myelin. Recent advances in regenerative medicine raise the hope
that the transplantation of glial-restricted progenitor cells (GRPs)
may be an effective approach to restore brain function in patients
who suffer from myelin disorders. Primary fetal-derived GRPs have
a high potential to proliferate, migrate, and remyelinate axons after
transplantation into dysmyelinated shiverer mouse brain. Application
of immunodeficient animals as graft recipients facilitates successful
testing of both, mismatched allografts and human cell xenografts
without the interference of immune rejection. In this study, we
performed head to head comparison of therapeutic properties of human
and mouse GRPs in myelin deficient, immune deficient shiverer rag2-
/- mice. msGRPs were derived from transgenic mice expressing eGFP
under oligodendrocyte-specific proteolipid protein (PLP) promoter
(msGRPeGFP+). Human GRPs were provided by Q Therapeutics,
Inc. The cells were transplanted bilaterally (2x2ul; 4x105 cells) into the
lateral ventricles of neonatal rag2-/- shiverer mice (P1-3). Transplanted
mice (msGRPs n=6; hGRPs n=19) were followed with longitudinal MR
imaging (T2, MTR, DTI) for up to 450 days. Individual animals were
sacrificed at 360 and 440 days after transplantation for assessment of
grafted cells with immunohistochemistry and electron microscopy.
We have found that survival of mice transplanted with mGRPs was
between 180 and 200 days and was not significantly longer compared
to non-transplant controls. In contrast, survival of mice grafted with
hGRPs was dramatically extended with 57% of mice surviving for
over 400 days. In MRI, evidence of myelination with improvement
of imaging parameters in the corpus callosum has been observed at
200 days postgrafting for mGRP transplanted mice and after 360 days
in mice grafted with hGRPs. Histological analysis revealed grafted
cell survival and myelination in both mouse and human GRPs;
however, mouse cells engrafted and myelinated only in the vicinity
of the ventricles in the corpus callosum and fimbria while for human
cells the effect was much more robust with cells and myelin present
throughout the entire neuraxis. Electron microscopy has shown axons
with increased number of myelin wraps in comparison to non-grafted
mice for both GRP types, but the myelin thickness was lower compared
to wildtype mice. The lack of therapeutic effect in msGRP-grafted mice
is possibly due to their limited potential to migrate to distant brain
regions. Delay in MRI-detecteble myelination for hGRP compared
to mGRP-grafted mice may be due to developmental differences. In
conclusion, transplanted human GRPs showed superior therapeutic
potential compared to mouse cells including more extensive migration,
myelination and most importantly extended survival of animals.
Further detailed analysis and comparison of both GRP cell types is
expected to reveal features that can be exploited for improved therapy
of myelin diseases.

W-2074

PDGFRa-POSITIVE PROGENITOR CELLS FORM
MYELINATING OLIGODENDROCYTES AND SCHWANN
CELLS FOLLOWING CONTUSION SPINAL CORD INJURY
Assinck, Peggy', Duncan, Gregory J.!, Plemel, Jason R.!, Bandesha,
Sundeep’, Moosvi, Sahir!, Liu, Jie', Tetzlaff, Wolfram?

'UBC/ICORD, Vancouver BC, BC, Canada, *University of British
Columbia - ICORD, Vancouver, BC, Canada

Contusive spinal cord injury (SCI) results in considerable
demyelination of spared axons, which impairs signal transduction and
may leave axons vulnerable to degeneration. Both oligodendrocytes
(OL)s and Schwann cells remyelinate denuded axons in the subsequent
weeks and months following SCI. NG2 cells, characterized by the near
ubiquitous co-expression of platelet derived growth factor receptor
a (PDGFRa) in the uninjured central nervous system (CNS), are
oligodendrocyte progenitors (OP)s which may serve as a source of new
OLs following SCI. PDGFRa-CreERT mice were crossed with Rosa26-
YFP mice and administered tamoxifen to label OPs two weeks prior to
contusive thoracic spinal cord injury. In the uninjured spinal cord we
found that YFP was expressed in NG2+ OPs at very high efficiency, as
well as aSMA+ pericytes and fibronectin+ fibrocytic cells in the spinal
roots. Following injury, many recombined cells continue to express
the PDGFRa+, Olig2 and NG2, indicative they have remained as
OPs, but substantial differentiation into new mature oligodendrocytes
(CC1+) was observed, particularly in the spared ventral and lateral
white matter. Strikingly, the majority of PO+ Schwann cells in the
spinal cord expressed YFP, suggesting they originated from central
nervous system PDGFRo+ OPs. However, further work is required
to characterize if other YFP+ populations like aSMA+ pericytes or
the peripheral fibrocytic-like cells can contribute to the formation of
myelinating Schwann cells or OLs in the injured CNS. Overall, this
work reveals enormous phenotypic plasticity of PDGFRa precursors
following spinal cord injury as a source of the new remyelinating
Schwann cells and oligodendrocytes in the injured spinal cord.
This work is supported by the Canadian Institute of Health Research,
and the Multiple Sclerosis Society of Canada.

W-2075

INTERLEUKIN-4/ SIGNAL TRANSDUCER AND ACTIVATORS
OF TRANSCRIPTIONG6 SIGNALLING PATHWAY IN MUSCLE
REGENERATION

Babaeijandaghi, Farshad', Perona-Wright, Georgia’>, Rossi, Fabio
M.V?

'Biomedical Research Centre, The University of British Columbia,
Vancouver, BC, Canada, *Department of Microbiology and Immunology,
The University of British Columbia, Vancouver, BC, Canada, *University
of British Columbia, Vancouver, BC, Canada

We previously identified a new population of bipotent muscle-resident
Fibro-Adipogenic Progenitor cells (FAPs) that are quiescent in intact
muscle but proliferate efficiently in response to damage to provide
a transient source of pro-differentiation signals for proliferating
myogenic progenitors. A recent in vitro study suggested that
interleukin 4 (IL-4) signals through signal transducer and activators of
transcription 6 (STAT6) to promote proliferation of FAPs. To further
characterize this signaling axis in vivo, we assessed FAPs proliferation
following sterile muscle injury in STAT6 knockout (K/O) mice
compared to wild type (WT) controls. Before damage, the number of
FAPs per Tibialis Anterior muscle was comparable in both control and
transgenic groups. Four days after Notexin injection proliferation of
FAPs, assessed by EDU incorporation assay, was significanty impaired
in STAT6 K/O mice (16.75 + 4.66 vs. 31.26 + 3.46, p-value <0.05).




TH
]2ANNUAL
MEETING VANCOUVER, CANADA

This phenotype could result from intrinsic loss of IL-4 signaling in
FAPs or it could be an indirect consequence of impaired macrophage
polarization to M2 phenotype (which is also mediated by IL-4 signals).
Further investigations of the effects of such impairment on the overall
regenerative process are ongoing and will be presented.

W-2076

PROMOTING SELF-REPAIR: THE RAPID AND DIRECTED
MIGRATION OF ADULT NEURAL PRECURSOR CELLS IN
ELECTRIC FIELDS IS DEPENDENT ON CALCIUM INFLUX
Babona-Pilipos, Rob', Mok, Alex?, Popovic, Milos R.’, Morshead,
Cindi M.*

'IBBME, University of Toronto, Toronto, ON, Canada, *University
of Toronto, Toronto, ON, Canada, *IBBME, Toronto Rehabilitation
Institute, University of Toronto, Toronto, ON, Canada, *‘Department of
Surgery, Division of Anatomy, IBBME, University of Toronto, Toronto,
ON, Canada

The existence of mammalian neural stem and progenitor cells
(together termed neural precursor cells or NPCs) in the adult brain
has generated interest in utilizing these cells for regenerative medicine
strategies. Following injury such as stroke, NPCs within the adult
forebrain subependyma become activated to proliferate and migrate
toward the lesion where they differentiate into neural cells, albeit
with limited efficacy. This is in part due to insufficient migration of
NPCs toward the injury site. With the goal of enhancing self-repair,
our work has focused on enhancing and directing the migratory
behaviour of NPCs using electric fields. We have previously shown that
undifferentiated adult NPCs undergo rapid and directed migration
toward the cathode in the presence, but not the absence, of direct
current electric fields (dcEFs), a phenomenon known as galvanotaxis.
We have demonstrated that adult NPC migration occurs with the same
velocity, directedness, and tortuosity irrespective of the matrix and the
region of isolation (i.e. spinal cord versus brain). It remains unclear
exactly how NPCs sense and transduce an external electric field into
cellular motility. We hypothesized that calcium signaling played a role
in directed migration. Using PCR, we determined that NPCs express
voltage dependent calcium channel subtypes CaV1.2 (L-type) and
CaV3.1, CaV3.2, CaV3.3, (T-type channels). Using time-lapse live cell
imaging microscopy and cell tracking software, we determined the
effects of manipulating both intracellular and extracellular calcium
concentrations on NPC galvanotaxis. NPCs retracted their cellular
processes and cell migration was completely inhibited in the presence of
cell membrane-permeable calcium chelator BAPTA-AM. In conditions
of reduced external calcium (low-calcium media) (0.46 mM), NPCs
exhibit a >50% reduction in migration velocity and eventually cease
migrating. Importantly, we demonstrate that cells are not undergoing
cell death as we can rescue the migration by restoring conditions
back to normal calcium levels (3.20 mM). Using the specific blocker
to L-type channels (Nifeipine) we were able to block galvanotaxis in
a dose dependent fashion revealing the influx of extracellular calcium
is necessary for NPC galvanotaxis. Notably, our preliminary findings
suggest the surprising finding that cell migration is unaffected by
blocking the more abundant T-type channels on NPCs. We purport
that understanding the cellular mechanisms underlying the rapid and
directed migration of adult NPCs will aid in the development of novel
therapeutics to promote brain repair.

W-2077

SMALL MOLECULE SCREEN FOR INDUCERS OF RETINAL
REGENERATION IN ZEBRAFISH

Brady, Colleen Ann, Peterson, Randall

Harvard Medical School and Massachusetts General Hospital, Boston,
MA, USA

Unlike mammals, zebrafish have the remarkable capacity to regenerate
many different tissues including the neural retina. This retinal
regeneration is of particular interest in the search for therapeutic
strategies to treat retinal degenerative disease. In response to injury,
regeneration in the zebrafish retina occurs through dedifferentiation
of resident Miiller glia, which then proliferate to generate new
photoreceptors. While some of the drivers of this regeneration process
have been uncovered, many details remain uncertain. We sought to
identify small molecules that could initiate retinal regeneration. Such
molecules would provide insight into the signals that activate Miiller
cells and provide a means to study activation of the regeneration process
without injury. We designed a whole-mount in situ hybridization
screen for compounds that could activate expression of pro-neurogenic
bHLH transcription factor Asclla in Miiller cells, which is one of the
earliest transcriptional changes indicative of activation of these cells.
Positive controls of either intense light injury or treatment with
y-secretase inhibitor compound E were used to induce expression of
Asclla in the Miiller glia. We identified and confirmed 7 hits from
libraries of 1100 FDA-approved drugs and 2600 known bioactive
molecules, and we are currently further analyzing these hits. As injury
is a potent inducer of regeneration in the fish eye, we assessed cell death
by TUNEL staining in the retina after compound treatment. Several of
the hits we identified that activate Asclla expression also promote cell
death of photoreceptors or retinal pigmented epithelium. Interestingly,
in whole-mount TUNEL staining, the cell death seemed fairly well
restricted to the retina, suggesting that we could use these compounds
as a tool for studying retinal injury in a non-genetic system. We are
currently investigating the different modes of cell death from different
compound treatments. Additionally, we are pursuing further screening
and alternate screening methods to identify compounds that modulate
Miiller glia cell fate.

W-2078

PRO-TISSUE REPAIR CAPACITY OF MYELOID
ANGIOGENIC CELLS (MACS) IS IMPAIRED WHEN
EXPOSED TO HIGH GLUCOSE

Chambers, Sarah Elizabeth Jane!, Medina, Reinhold?, O’Neill,
Christina?, Stitt, Alan!

!Centre for Experimental Medicine, Queen’s University, Belfast, United
Kingdom, *Centre for Experimental Medicine, Queen’s University Belfast,
Belfast, United Kingdom, *Centre for Experimental Medicine, Belfast,
United Kingdom

Endothelial progenitor cells (EPCs) promote angiogenesis, maintain
and regenerate the vasculature. We have recently demonstrated that
early EPCs, which promote vascular repair in ischaemic tissues,
actually represent myeloid angiogenic cells (MACs). They express
haematopoietic markers CD45 and CD14, and are molecularly and
functionally similar to alternatively activated M2-macrophages.
MACs-based cytotherapy significantly enhances vascular repair in
the murine ischaemic retina and is mediated by paracrine release
of angiogenic factors, such as IL8. This pro-angiogenic potential of
MAC:s could be harnessed as a novel cellular therapy for the treatment
of diabetic retinopathy. However, since MACs are akin to M2-
macrophages, a switch between their pro-angiogenic phenotype and
towards a pro-inflammatory phenotype is possible and will be dictated
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by their environment. Therefore, the plasticity and pro-angiogenic
function of MACs needs to be assessed within the context of a diabetic
milieu. In vitro diabetic milieu was achieved by 4-day exposure to
25mM D-glucose (high DG). An in vitro 3D-angiogenesis assay
demonstrated that high DG significantly reduced the pro-angiogenic
potential of MACs and their conditioned medium on retinal
microvascular endothelial cell (RMEC) tube formation (P<0.0001),
compared to the untreated control (5mM DG) and the osmotic
control (5mM DG + 20mM L-Glucose LG). Analysis of conditioned
media by an angiogenesis protein array highlighted that DG-treated
MAC:s secreted reduced levels of pro-angiogenic cytokine IL8. Gene
expression analysis from high DG-treated cells were compared to
MI and M2-macrophages, cultured from CD14+ve sorted cells. DG
exposure induced a more M1 pro-inflammatory profile, with higher
levels of IL1a, IL6, ICAM-1 and lower levels of M2 markers CD209,
CD163 and angiogenic promoter IL8. Before observing MACs in
vivo, a STZ-induced diabetic retinopathy model was characterised for
pathological changes in vascular density and retinal thickness over a
period of 4-9months diabetes using Fluorescence Angiography and
Optical Coherence Tomography. A reduction in retinal thickness
(P<0.0001) and vascular density (P<0.01) was only observed after
9months of diabetes. This study shows that although MACs are capable
of inducing angiogenesis and act as M2 macrophages, they have a
reduced capacity to promote angiogenesis when exposed to high DG in
vitro. This significant decrease in vasoreparative properties is coupled
to changes in their secretome profile, which suggest a phenotypic
change towards a more M1 profile. This switch in phenotype is an
important consideration when delivering MACs as a cell therapy into
a diabetic environment, and highlights that more research is required
to understand how MACs behave in vivo, and the plasticity of their
M2 phenotype, before these cells can be used successfully as a cellular
therapy.

W-2079

NEUROVASCULAR REPAIR AND FUNCTIONAL RECOVERY
BY INTRANASAL DELIVERY OF INDUCED-PLURIPOTENT
STEM CELLS IN A WHISKER BARREL STROKE MODEL
Deveau, Todd Carter', Yuengling, Katharine', Douhne, Timothy? Yu,
Shan Ping', Wei, Ling'

!Anesthesiology, Emory University, Atlanta, GA, USA, *Lee University,
Cleveland, TN, USA

Induced Pluripotent Stem Cells (iPS cells) are a useful tool for tissue
repair following stroke. The present study investigates the potential
of intranasal administration of induced pluripotent stem cell-derived
neural progenitor cells (iNA-iPS-NPCs) to improve functional
recovery following ischemic stroke. Mouse iPS cells were differentiated
using standard differentiation methods in tandem with a novel rotary
suspension technique we developed to improve neuronal differentiation
(>80-90% NeuN positive). Semi-quantitative PCR analysis shows iPS-
NPCs also express growth factors VEGF and BDNE, as well as the anti-
inflammatory cytokine IL-6, demonstrating their potential not only for
cell replacement but also for providing growth factors for neurovascular
repair. Our data shows that iPS cells can be efficiently differentiated
into neurons. In vivo, we employ a permanent distal middle cerebral
artery occlusion in tandem with temporary bilateral common carotid
occlusion to produce a focal ischemic insult located primarily in the
rodent whisker barrel cortex. Twenty-two mice were randomly assigned
to two groups: vehicle (n=11) and transplant (n=11). We created a
transgenic line of mouse iPS cells that express GFP to track cells after
transplant. Using a novel, non-invasive delivery method, vehicle or
iPS-NPCs were administered to mice 1-3 hours after stroke through
the nose. We observed increased local cerebral blood flow in the barrel

cortex of animals that received iPS-NPCs compared to vehicle at day
3 after transplant. Animals who received iPS-NPCs showed significant
improvements in functional recovery compared to vehicle as assayed
by the adhesive removal test at day 7 (p<0.05). Animals were sacrificed
at 28 days after transplantation. Microvessel staining data revealed
improved angiogenesis and neurogenesis in the transplantation group.
Our results suggest that intranasal administration of iPS-dervied
neural progenitors can improve neurovascular repair and functional
recovery following ischemic stroke.

W-2080

BONE MARROW CELLS RESTORE THE STATUS
EPILEPTICUS-RELATED ALTERATION IN LONG-

TERM POTENTIATION PROBABLY MEDIATED BY
INFLAMMATION

Ferro, Zaquer Suzana Munhoz Costa', Salamoni, Simone Denise?,
Simédo, Fabricio!, Borelli, Wyllians Vendramini’, Heldt, Fagner
Henrique?, Machado, Denise Cantareli?, daCosta, Jaderson Costa'
Instituto do Cérebro - InsCer, Porto Alegre, Brazil, *Instituto de
Pesquisas Biomédicas, Pontificia Universidade Catdlica do Rio Grande
do Sul, Porto Alegre, Brazil

Status epilepticus (SE) induced in rats by the systemic injection
of pilocarpine, a non-subtype-specific partial muscarinic agonist,
promotes spontaneous chronic seizures and pathological abnormalities
that show similarities to human temporal lobe epilepsy. Long-term
potentiation (LTP), an electrophysiological correlate of synaptic
plasticity related to memory process, is compromised in epileptic
rats due to hippocampal damage. Epileptic animals transplanted with
bone marrow cells (BMC) showed LTP recover 10 and 120 days after
SE. Associate with the brain insult, pro-inflammatory Interleukin-
1B (IL-1B) was increased in the epileptic rats and was normal in rats
transplanted with BMC. In order to better understand the role of
the BMC in the inflammatory responses in acute and latent phase of
the temporal lobe epilepsy, and its role in restoring the hippocampal
synaptic activity, we investigate the level of IL-1f and correlated with
the LTP obtained in rats submitted to SE. Male Wistar rats (45-50
days old) were initially treated with methylscopalamine (1 mg/kg;
i.p.) in order to limit peripheral cholinergic effects. Twenty minutes
later a single injection of pilocarpine (260 mg/kg; i.p.) was performed.
SE describes an enduring epileptic state during which seizures
are unremitting and are characterized by generalized tonic-clonic
seizures. Diazepam (10 mg/kg, i.p.) was administered 1h after onset
of SE, and these rats were randomly assigned to groups: the (1) rats
submitted the SE (SE-saline), (2) SE transplanted with mononuclear
bone marrow cells (SE-BMC). Control group (rats not submitted to
induced SE). SE-BMC after Diazepam received BMCs (107 cells in
0.2 ml PBS) from GFP-donor and the SE and control group received
saline solution, both through intravenous injections. At one, three and
ten days after SE animals were anesthetized with thiopental (40 mg/
kg i.p) and decapitated; one hippocampus was separated for in vitro
electrophysiological study (LTP) and the other one for IL-13 ELISA
assay. To further examine the impact of inflammatory changes on
synaptic plasticity, besides the IL-1p evaluation we also investigated
the potential effect of indomethacin (100uM) and celecoxib (10uM).
We demonstrated that pilocarpine-induced SE increased IL-1p one day
after SE and this effect was inhibited by BMC. Three and ten days after
the onset of SE, no induction of LTP was obtained. Similarly occurred
in animals treated with BMC one and three days after SE. We found
that indomethacin and celecoxib did not significantly change the
induction and maintenance of LTP in the control group but they were
able to reverse the LTP induction in animals at 1-day post-SE. Our data
suggest that LTP obtained in hippocampal slices of rats submitted to
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SE by pilocarpine probably is in part related to inflammatory process
modulated by BMC and reversed by an inhibitor of prostaglandin
synthesis and COX-2.

W-2081

PI4ARF IS A POTENT SUPPRESSOR OF SOLID TISSUE
REGENERATION IN THE ZEBRAFISH CAUDAL FIN

Hesse, Robert G.!, Kouklis, Gayle K.!, Ahituv, Nadav?>, Pomerantz,
Jason H.!

ISurgery, Division of Plastic Surgery, Orofacial Sciences, University of
California, San Francisco, San Francisco, CA, USA, ?Bioengineering
and Therapeutic Sciences, University of California, San Francisco, San
Francisco, CA, USA

The CDKN2A locus encodes two distinct tumor suppressor proteins
in humans and mice. One of the tumor suppressors, p16INK4a, is an
inhibitor of cyclin-dependent kinases 4 and 6. The other, the alternate
reading frame (ARF) protein, promotes TP53 pathway function by
antagonizing MDM2, a negative regulator of TP53. ARF bridges the
retinoblastoma (RB) and the TP53 pathways, by sensing aberrant RB
pathway signaling. In addition to canonical TP53-dependent functions,
ARF possesses TP53-independent functions such as regulating
ribosome biogenesis and responding to oxidative stress. Unlike
pl6INK4a and its orthologs, which are highly conserved throughout
evolution, ARF appeared more recently in vertebrate lineages and can
inhibit dedifferentiation of skeletal muscle cells in culture. Therefore,
we are investigating whether absence or presence of an ARF gene
correlates with species’ regenerative capacity and whether expression
of ARF impacts regenerative capacity in vivo. We analyzed the Ensembl
and UCSC Genome Browser databases and confirmed that ARF
homologs exist in birds. Additionally, we found a homolog in alligator,
but none in other reptiles including lizards and turtles, or Xenopus, or
fish including fugu and zebrafish. We are using transgenesis to evaluate
the impact of human ARF on regeneration of the zebrafish caudal fin.
We found in zebrafish that, as in mammals, human ARF localizes to
the nucleolus, interacts with endogenous Mdmz2, and stabilizes Tp53.
Induction of ARF in a transgenic zebrafish line (Tg(hsp70l:ARF))
inhibits caudal fin regeneration in a dose-dependent manner. In
a transgenic zebrafish line that expresses human ARF under the
control of its endogenous human promoter (Tg(ARF:ARF)) we tested
whether the human ARF promoter responds to regenerative signals.
Tg(ARF:ARF) fish are viable, grow to adulthood, and do not express
AREF in the caudal fin. However, upon caudal fin amputation, ARF is
expressed, and fin regeneration fails to occur. When expressed in the
fin after amputation, ARF inhibits s-phase and induces apoptosis of
blastema cells. Our findings provide experimental evidence that ARF
is a potent suppressor of solid tissue regeneration in vivo, in addition
to its known role as a tumor suppressor. We are investigating how
the evolution of ARF may relate to distinct metabolic and cancer
susceptibility variations among vertebrates.

W-2082

ROLE OF EXOSOMES AND THEIR MICRORNA
CONSTITUENTS IN MEDIATING THE THERAPEUTIC
BENEFITS OF HUMAN CARDIOSPHERE-DERIVED CELLS IN
VITRO AND IN MICEWITH MYOCARDIAL INFARCTION
Ibrahim, Ahmed G.!, Cheng, Ke?, Marban, Eduardo’

"Heart Institute, Cedars Sinai Medical Center, Los Angeles, CA, USA,
2Cedars-Sinai Medcal Center, Los Angeles, CA, USA

Background: Exosomes are nano-sized bilayer vesicles that are secreted
by most cell types. Exosomes are rich in microRNAs (mirs) which may
function in a paracrine fashion. Cardiosphere-derived cells (CDCs)

have been shown to regenerate heart after myocardial infarction (MI)
in animal models and in the CADUCEUS clinical trial. However, most
of the regenerated muscle is of innate origin, which suggests that CDCs
function mainly through indirect pathways. Method and Results: In
vitro and in vivo, we compared three treatment groups: vehicle only
(control), CDC-derived exosomes and normal human dermal fibroblast
(NHDF)-derived exosomes. Neonatal rat cardiomyocytes (NRCMs)
incubated with CDC exosomes were more frequently positive for Ki67
(n=4, p<0.001), and less frequently tunel-positive, compared to NHDF
exosomes or control (n=4, p<0.01). CDC exosomes also stimulated tube
formation in HUVEC cells compared to NHDF exosomes or control
(p<0.05). SCID mice injected with exosomes from CDCs during acute
MI showed higher LVEF at two weeks (n=6, p<0.05) and four weeks
(n=6, p<0.05) post MI, as well as increased viable mass. The therapeutic
benefits of exosomes were equivalent to those of 105 injected human
CDCs (p=ns). Inhibition of exosome secretion by ceramide synthesis
inhibition abrogated the beneficial effects by CDCs in vivo and in vitro.
Mir microarray analysis identified mirsl46a as the most highly-up
regulated mirs in CDC-exosomes compared to NHDF (262-fold, n=4).
Mir-146a-treated NRCMs were more resistant to H202-induced stress
compared to a mimic control. Array analysis of these NRCMs treated
also showed suppression of IRAK1 and TRAF6 transcripts. SCID mice
injected with 80 ng of mir-146a during acute MI showed higher LVEF
at two weeks (n=6, p<0.05) and four weeks (n=6, p<0.05) post MI, as
well as increased viable mass compared to mimic control. Conclusions:
Mir-containing exosomes secreted by CDCs exhibit multiple beneficial
effects on injured myocardium, suggesting that exosomes may mediate
some of the therapeutic effects of CDCs. Most notably mir-146a
provides cardioprotection in an acute model of MI.

W-2083

GENE EXPRESSION ANALYSIS OF HAIR CELL
REGENERATION IN THE ZEBRAFISH LATERAL LINE

Jiang, Linjia, Romero-Carvajal, Andres, Haug, Jeff S., Seidel,
Christopher W., Piotrowski, Tatjana

Stowers Institue for Medical Research, Kansas city, MO, USA

Deafness due to the loss of inner ear sensory hair cells is one of the most
common sensory diseases. Such loss is permanent, as mammalian inner
ear hair cells do not regenerate. However, non-mammalian animals
(e.g., birds, amphibian and fish), regenerate damaged hair cells. In
order to better understand the reasons underpinning such regeneration
disparities in vertebrates, we set out to define at high resolution the
changes in gene expression associated with the regeneration of hair
cells in the zebrafish lateral line. We performed RNA-Seq analyses on
regenerating support cells purified by fluorescence activated cell sorting
(FACS). The resulting expression data were subjected to pathway
enrichment analyses, and the differentially expressed genes validated
in vivo via whole-mount in situ hybridizations. We discovered that cell
cycle regulators respond hours before the activation of Wnt/p-catenin
signaling, we propose that Wnt/B-catenin signaling is not involved in
regulating the onset of proliferation but governs proliferation at later
stages of regeneration. The pathways of Jakl/Stat3, nitric oxide and
reactive oxygen species are quickly activated and might function to
induce cell proliferation after hair cell death. In addition, and in marked
contrast to mammals, our data clearly indicate that the Notch pathway
is significantly downregulated shortly after injury, thus uncovering a
key difference between the zebrafish and mammalian response to hair
cell injury. Our efforts presented here have characterized the temporal
activation pattern of signaling pathways during zebrafish sensory hair
cell regeneration. These results will aid in the design and interpretation
of functional studies aimed at elucidating the gene regulatory network
underlying zebrafish hair cell regeneration, as well as guide experiments
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to trigger hair cell regeneration in mammals.

W-2084

OLEIC ACID PROMOTES HUMAN UMBILICAL CORD
BLOOD DERIVED MESENCHYMAL STEM CELLS
MIGRATION AND THERAPEUTIC EFFICACY THROUGH
THE EXPRESSION OF EPHB2 RECEPTOR

Jung, Young Hyun, Lee, Sei-Jung, Lee, Hyun Jik, Kim, Mi Ok, Jeon,
Jihoon, Song, Eun Ju, Han, Ho Jae

Department of Veterinary Physiology, BK21 PLUS Creative Veterinary
Research Center, College of Veterinary Medicine, Seoul National
University, Seoul, Republic of Korea

Oleic acid (OA), a monounsaturated fatty acid (MUFA), plays a critical
role in stem cell function. However, the effect of OA on clinical utility
of cell-based therapy and its mode of actions in stem cells have not
been reported. Therefore we investigated the role of OA on motility
and skin wound healing effect of human umbilical cord blood derived
mesenchymal stem cells (hUCB-MSCs). In in vitro, OA increased
hUCB-MSCs migration and assembly of F-actin. The migration effect
of OA was inhibited by GPR40 antagonist, a free fatty acid receptor-1.
OA increased phosphorylation of protein kinase C (PKC), and
then activated Src and VEGFR2. The VEGFR2 transactivation was
attenuated by Src inhibitor. Activation of VEGFR-2 phosphorylated
glycogen synthase kinase 3p (GSK3p), resulting nuclear translocation
and activation of B-catenin. As a transcriptional target of p-catenin,
OA significantly increased level of EphB2 mRNA expression among
EphB1, EphB2, EphB3, EphB4 and EphB6 mRNA. Transfection with
CTNNBI (p-catenin) siRNA inhibited up-regulation of EphB2 induced
by OA, suggesting that B-catenin is a transcription factor for EphB2.
In addition, we found that EphB2 receptor was expressed in hUCB-
MSCs membrane and the expression was increased by OA treatment.
EphB2 siRNA attenuated OA induced migration and actin filament
reorganization. Pre-clustered ephrinB2 phosphorylated EphB2 and
enhanced OA-induced hUCB-MSCs migration. Furthermore, OA
pre-treatment enhanced ephrinB2 ligand mediated signaling involving
AKT/FAK phosphorylation and RhoA activation, indicating that OA
had an influence on Eph/ephrin signaling pathway of hUCB-MSCs. In
mouse excisional wound splinting in vivo model, OA-induced hUCB-
MSCs accelerated skin wound healing and angiogenesis surrounding
wound sites. Interestingly, after treatment of OA-induced hUCB-
MSCs, we found that EphB receptors expression as well as VEGFR
receptors expression was increased in the process of wound healing.
These findings demonstrate that increased expression level of EphB2
with microenvironmental changes by OA provides the evidence of
improving therapeutic effect of hUCB-MSCs on wound healing.

W-2085

SYNERGISTIC EFFECT OF LOCAL CONTROLLED RELEASE
STATIN AND ADIPOSE-DERIVED STEM CELLS IN A MOUSE
HIND LIMB ISCHEMIA MODEL

Shintani, Takashi', Ii, Masaaki', Saito, Takashi?>, Tabata, Yasuhiko?,
Asahi, Michio!

'Department of Pharmacology, Osaka Medical College, Takatsuki,
Osaka, Japan, *Department of Biomaterials, Field of Tissue Engineering,
Institute for Frontier Medical Sciences, Kyoto University, Kyoto, Japan

Aim: Clinical trials of autologous adipose-derived stem cell (AdSC)
therapy for peripheral artery disease (PAD) patients with critical limb
ischemia are now on-going. We have investigated the hypothesis that
statin, an agent for stem cell activation, could augment the therapeutic
potential of AdSCs. Materials and methods: Human AdSCs were
isolated from surgically resected subcutaneous adipose tissue by

enzymatic digestion method. Nude mice underwent unilateral hind
limb ischemia by femoral artery ligation and were assigned in the
following 4 groups with different local intramuscular injection: 1)
gelatin hydrogel (1mg, Control), 2) Simvastatin-conjugated gelatin
hydrogel (18ug/1mg, ST), 3) AdSCs (5.0x104), and 4) ST+AdSCs.
Laser Doppler Imaging analysis was performed weekly for blood flow
assessment in ischemic area, and vascularity and transplanted AdSC
retention/differentiation were examined by immunohistochemistry at
28 days after surgery. To determine whether statin improve survival
rate and promote vascular differentiation of transplanted AdSCs with
its anti-apoptotic effect, the retained AdSCs in ischemic tissue were
examined by immunohistochemistry at 7 and 28 days after surgery.
Next, to evaluate the direct effect of simvastatin on AdSC functions of
proliferation/migration and differentiation/growth factor production,
AdSCs were treated with different doses (0, 1, 10, 100, 1000nM) of
simvastatin for MTT assay, Transwell assay, and real-time RT-PCR
analysis. Results: Although all groups exhibited significant recovery
of blood perfusion with increased vascularity, the fastest recovery was
observed in ST+AdSCs group at 21 days after surgery. The survival
rate of transplanted AdSCs was significantly increased in ST+AdSCs
group compared with those in AdSCs group at 7 days after surgery.
Moreover, a number of transplanted AdSCs were not only survived but
also differentiated into endothelial cells (ECs) and vascular smooth
muscle cells (VSMCs) in ischemic tissue at 28 days after surgery in
ST+AdSCs group. In vitro assay, simvastatin significantly promoted
the migration activity of AdSCs without changing the proliferation
activity, and also up-regulated mRNA expressions of various growth
factors and EC or VSMC markers in a dose-dependent manner
peaking at 100nM in AdSCs. Conclusions: Local/controlled-release
statin augments both paracrine effect on angiogenesis and direct
contribution to neovascularization of AdSCs by promoting cell
survival and differentiation into ECs or VSMCs in ischemic tissue.
Local combined application of statin and AdSCs might ameliorate
therapeutic angiogenesis with their synergistic effect in severe PAD
patients.

TISSUE ENGINEERING

W-2086

VASCULARIZATION OF HUMAN INDUCED PLURIPOTENT
STEM CELL ENGINEERED BONE GRAFTS

Sladkova, Martina, Lin, Charles, de Peppo, Giuseppe Maria

The New York Stem Cell Foundation Research Institute, New York, NY,
USA

INTRODUCTION: Skeletal reconstructions are required to obviate
bone deficiencies associated with trauma and diseases. Biomimetic
approaches of bone engineering using human induced pluripotent stem
cells (iPSCs) open the possibility to construct unlimited amount of
patient-specific bone substitutes for personalized applications. Human
bone is a highly vascularized tissue, and survival and functionality
of engineered bone following transplantation strongly depends on
angiogenesis and substitute vascularization. Engineering vascularized
bone substitutes is therefore paramount for enhanced healing of large
skeletal defects. MATERIALS AND METHODS: iPSC line 1013A
(1013A-MSC) were co-cultured with human umbilical vein endothelial
cells expressing the green fluorescent protein (GFP-HUVECs; Lonza)
at different cell-to-cell ratios and under different concentrations of
osteo- and vascular-inducing factors both in 3D clots of fibrin (20 mg
fibrinogen/20U thrombin) and decellularized bone scaffolds (8 mm @
x 2 mm height) for 4 and 6 weeks respectively. The effect of osteogenic
pre-differentiation on bone vascularization was also evaluated. Human
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bone marrow-derived mesenchymal stem cells (BMSC; Lonza) were
used as control for all experiments. Functionality of GFP-HUVECs
was compared with wild type HUVECs by assessing their proliferation
rate, expression of specific markers, uptake of acetylated LDL, and
tube formation assay for over 10 culture passages. Maturation and
vascularization of engineered bone were assessed via confocal
imaging, and by biochemical, histological and immunohistochemical
analyses. RESULTS: Our studies demonstrate that co-culture of BMSC
and 1013A-MSC with HUVEC resulted in long-lasting formation of
vascular networks, either when cells were embedded in fibrin clots
or seeded onto decellularized bone scaffolds. Formation of vascular
structures in decellularized bone scaffold was concomitant with
bone development as evidenced by increased expression of specific
markers and positive staining for osteocalcin, osteopontin and bone
sialoprotein. CONCLUSION: Development of proper vascularization
protocols in combination with our biomimetic approach of bone
engineering using patient-specific iPSC lines open the possibility to
construct unlimited amount of vascularized bone grafts for enhanced
treatments of the skeletal system.

W-2087

PRESERVATION OF VERY SMALL EMBRYONIC-LIKE STEM
CELLS IN THE CORD BLOOD PROCESSING BY HESPAN
SEDIMENTATION

Tsai, Ming-Song', Chang, Yu-Jen?, Hwang, Shiaw-Min?

!Obstetrics and Gyn, Cathay General Hospital, Taipei, Taiwan, Food
Industry and Development Institute, Hsinchu, Taiwan, *Bioresource
Collection and Res Center, Hsinchu, Taiwan

Very small embryonic-like (VSEL) stem cells are identified as the
specific stem cells population present in bone marrow, cord blood and
other tissues. The VSEL stem cells is a rare cell subset characterized
by their small size (3-5 um) and high nuclear/cytoplasmic ratio, and
these cells have the ability to differentiate into cells of the 3 germ layers.
These VSEL stem cells were reported to be lost with red blood cells
by Ficoll-Paque density gradient centrifugation during bone marrow
and cord blood specimens processing. However, most cord blood
banks process specimens following the Cord Blood Transplantation
Study: cord blood bank standard operating procedures (COBLT
SOP). According to COBLT SOP, total nuclear cells are preserved
during red blood cells removal using Hespan sedimentation but
not Ficoll-Paque density gradient centrifugation. In this report, we
showed that the rare sub-population of CD45-/Lin-/SSEA-4+ VSEL
stem cells survived after Hespan sedimentation, and there was highly
positive correlation between the recovery of total nucleated cells and
the recovery of CD45-/Lin-/SSEA-4+ VSEL stem cells after Hespan
processing. Furthermore, the results showed that the expression of
pluripotent genes were slightly reduced after Hespan sedimentation,
and the recovery of the gene expression was 92.0% in Oct-4, 81.2% in
Sox2 and 80.0% in Nanog. However, a significant decrease in the level
of these genes in mononuclear cells was observed after Ficoll-Paque
processing. Immunocytochemical staining also revealed that the VSEL
stem cells isolated with Hespan sedimentation had positive staining
with Oct-4 and SSEA-4. In this study, we concluded that using Hespan
sedimentation for cord blood processing and banking can retain the
majority of VSEL cells in final products.

W-2088

DIRECT REPROGRAMMING OF FIRBROBLASTS TO
FUNCTIONAL HEPATOCYTE-LIKE CELLS

Hui, Lijian

Shanghai Institute of Biochemistry and Cell Biology, Shanghai, China

Generating functional hepatocytes independent of donor liver organs
is of great interests for regenerative medicine to cure liver diseases.
Induced hepatic differentiation was achieved using embryonic stem
cells or induced pluripotent stem (iPS) cells. However, induction of
hepatocytes from iPS cells still composes complex steps, which can be
replaced by improved technology. On the other hand, the generation
of large numbers of functional human hepatocytes for cell-based
approaches to liver disease is an important and unmet goal. We have
previously induced mouse tail-tip fibroblasts (TTFs) into functional
hepatocyte-like (iHep) cells by transduction of Gata4, Hnfla and
Foxa3 and inactivation of p19Arf (1). Lately, we generated human
induced hepatocyte-like (hiHep) cells from fibroblasts by forced
expression of human FOXA3, HNF1A, and HNF4A (2). HiHep cells
express hepatic gene programs, can be expanded in vitro, and display
functions characteristic of mature hepatocytes including cytochrome
P450 enzyme activity and biliary drug clearance. Upon transplantation
into mice with concanavalin A-induced acute liver failure and fatal
metabolic liver disease due to fumarylacetoacetate dehydrolase (Fah)
deficiency, hiHep cells restore the liver function and prolong survival.
Collectively, our results demonstrate successful lineage conversion
of non-hepatic human cells into mature hepatocyte-like cells with
potential for biomedical and pharmaceutical applications.

W-2089

OSTEOCYTES FORM DUE TO CONCERTED EFFORTS OF
POLARISED OSTEOBLASTS IN CONDENSATIONS

Kaul, Himanshu', Hall, Brian K2, Newby, Christopher®, Ventikos,
Yiannis*

"University of Oxford, Oxford, United Kingdom, “Department of Biology,
Dalhousie University, Halifax, NS, Canada, *University of Leicester,
Leicester, United Kingdom, *Mechanical Engineering, University College
London, London, United Kingdom

Deposition of osteoid is essential to initiating the terminal
differentiation of osteoblasts into osteocytes within or following
osteogenic condensations. However, the dynamics regulating this
process remain an open question. Multiple hypotheses exist, which,
in proposing mechanisms of osteoid deposition, aim to clarify this
executive event with immense clinical implications. The hypotheses
either suggest self-entrapment of osteoblasts: resulting from random
deposition of osteoid due either to (a) non-polar osteoblasts or
(b) unidirectionally polarised osteoblasts; or entrapment due to
neighbouring osteoblasts: resulting from (c) osteoblasts in the same
generation acting in unison to deposit osteoid, thereby burying
osteoblasts in the preceding generation or (d) certain osteoblasts
switching-off their osteoid deposition capability and being buried by
the surrounding osteoblasts. Visualising this executive event from the
perspective of these hypotheses experimentally is near impossible due
to inherent logistical and technical issues. Computational strategy being
the only available investigative approach, we sought to test the veracity
of these hypotheses by employing a computational method that can
provide suitable ontologies for both the system (condensation) as well
as the system constituents (cells and osteoid). Agent-based modelling
was chosen to develop a 3D in vitro model of osteogenic condensation.
Whereas the pattern-oriented method was adopted to construct the
model, the strong-inference approach was used to test the various
hypotheses. Agents, endowed with ‘genes’ as well as rules - pertaining
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to proliferation, migration, differentiation, osteoid deposition, and
apoptosis - were used to represent cells capable of detecting their local
environment and acting at each discrete time step based on the rule-
set assigned to them. Fibroblasts, pre-osteoblasts, osteoblasts, osteoid,
and osteocytes were the only players modelled, with the condensation
evolving from the heterogeneous, dynamic, bi-directional set of
interactions between them. All hypotheses were simulated five times,
with additional sensitivity analysis conducted on one of the hypotheses
(amounting to 10 parametric changes). Furthermore, to ensure model
robustness as well as insensitivity to random variables, the models were
simulated on two additional workstations. In virtuo condensations
were validated using in vitro data. Both were found to be quite similar
in terms of structure, shape and composition. Two-way ANOVA
conducted on the data indicated that transition from condensation to
differentiation was a result of osteoid deposition and pre-osteoblast
mitosis acting in synchrony with each other (p<0.001), which is in
agreement with in vitro observations (and in vivo, at least, in terms of
osteoid deposition). Kruskal-Wallis test for non-normally distributed
data (p=0.612) suggested that models testing hypotheses a, b, and ¢
produce largely similar condensations. However, hypothesis d failed to
produce normal condensation. Further tests revealed that hypothesis d,
similar to ¢ but for the slowing down of osteoid deposition, produces
normal condensations if the ability to slow-down matrix deposition is
made redundant. Cluster analysis carried out on the data indicated that
hypothesis ¢ leads to most consistent condensation structures across
generations. We conclude that polarised osteoblasts act in alignment to
bury osteoblasts in preceding generations.

W-2090

CHONDROGENIC CELL SHEET FABRICATED FROM
HUMAN DENTAL PULP STEM CELLS

Tatehara, Seiko, Tadokoro, Susumu, Imamura, Takahiro, Ide, Shinji,
Tokuyama, Reiko, Satomura, Kazuhito

Department of Oral Medicine and Stolomatolgy, School of Dental
Medicine, Tsurumi University, Yokohama, Japan

Articular hyaline cartilage is a connective tissue that covers articular
surfaces and allows almost frictionless movement of synovial joints.
This cartilage can be damaged due to a variety of causes such as
traumatic accident, wear and tear over time, and other pathological
conditions. Once this tissue is injured, however, it does not usually
regenerate sufficiently because of its very less regenerating capacity.
For the purpose of overcoming these situations, cell-based therapies
have been recently performed for damaged articular cartilage. The
cells necessary for this therapeutic modality have been usually
obtained from healthy cartilage, bone marrow or adipose tissues. In
these cases, however, there are some critical problems to be overcome,
which are morbidity of the harvest site, quantitative and qualitative
insufficiency of available cells, and difficulty of three dimensional
structure, and so forth. Cell sheet technology has been proven to
be useful for the regeneration of some tissues such as cornea and
esophageal mucosa and myocardium. As the cell sheet is a complex
consisting of functional cells and abundant extracellular matrices, it is
considered to be available and useful even for cartilage regeneration.
Accumulating evidence indicated that dental pulp tissues contain stem
cells designated as dental pulp stem cells (DPSCs) and that these cells
have very high proliferation capacity and multilineage differentiation
potential. DPSCs are considered to be an advantageous cell source
for tissue regeneration because they can be obtained from extracted
teeth that are usually discarded as clinical waste. We propose, here in
the present study, a new strategy for cartilage regeneration based on
the combination of DPSCs and cell sheet technology.Dental pulp cells
were isolated by enzymatic digestion from dental pulp tissues obtained

from third molars in mandible of patients at 19 to 25 years of age. As
the isolated cells were positive for STRO-1, a stem cell marker, these
cells were considred to be DPSCs. To fabricate chondrogenic cell
sheet, DPSCs were cultured in the presence of TGFBeta3 for 2 weeks.
Thereafter, the cell sheets were analyzed by immunohistochemistry
and reverse transcriptase-polymerase chain reaction (RT-PCR) to
confirm its chondrogenic characteristics. Moreover, these cell sheets
were subcutaneously transplanted into the back of SCID mice and
histologically observed at 6 weeks after transplamtation. The DPSCs
formed mono- or two-cell layered sheet structure which was strongly
positive for type II collagen (Col II) and intensely stained with alcian
blue at 2 weeks of culture in chondrogenic induction medium. In
addition, RT-PCR analysis revealed that thses chondrogenic cell sheets
expressed mRNA encoding SOX 9, Col II and aggrecan. Histological
analysis showed that the transplants contained alcian blue-positive
cartilageous extracellular matrix and also immunohistologically
positive for Col II. The cells surrounded by the extracellular matrices
were positive for Col II and aggrecan. These results demonstrated
that DPSCs were capable of forming a transplantable chondrogenic
cell sheet. Taken together, the chondrogenic cell sheets fabricated
by human DPSCs could be a new promising approach for effective
cartilage regeneration.

W-2091

DEVELOPMENT OF AN IN VITRO SYSTEM TO STUDY

THE INITIATION OF GASTRULATION DURING HUMAN
DEVELOPMENT

Tewary, Mukul', Nazareth, Emanuel?, Ostblom, Joel', Zandstra, Peter
W3

'IBBME, University of Toronto, Toronto, ON, Canada, *University
of Toronto, Toronto, ON, Canada, *University of Toronto Institute of
Biomaterials and Biomedical Engineering, Toronto, ON, Canada

Somatic tissues of all species are formed by the initial formation of the
three germ layers during development in an evolutionarily conserved
principle called gastrulation. In amniotes, gastrulation initiates with
the induction of the primitive streak (PS). During development,
the epiblast is subjected to a gradient of morphogens. Specifically, a
gradient of Wnt, and BMP4 that reduces anteriorly and ActivinA
that reduces posteriorly. These gradients result in the differential
primitive streak fates - anterior PS and posterior PS. Although a
lot of work has been done in identifying the concentrations of the
morphogens required to direct human pluripotent stem cells (hPSCs)
toward either the anterior or the posterior primitive streak, dynamic
regulation of the primitive streak induction and subsequent germ layer
segregation in vitro remains elusive. The aim of this project is to use
micro-engineering technologies to develop a platform that facilitates
control of colony size, cell positioning, and morphogen gradients to
mimic epiblast dynamics, and use this platform to study the germ layer
segregation event that occurs during gastrulation. As a first step, we
sought to develop a technology that permits high fidelity hPSC colony
patterns, because it has been widely reported that micropatterning is
able to elicit a homogenous response from hPSC colonies. We elected
to develop a lithography based platform as it is known to produce high
fidelity patterns. To avoid a laborious protocol that required the use of
photoresists and access to a cleanroom, we chose to employ the use of
substrates coated with organic polymers like polyethylene glycol (PEG)
and phosphorylcholine (PC) presenting molecules as passivating
agents, and utilize Deep UV light (<200nm) for patterning as it is
able to photo-oxidize organic polymers. The surface chemistries of
the two polymers, post photo-oxidization, were analyzed using X-Ray
Photoelectron Spectroscopy (XPS) to detect functional groups that
facilitated immobilization of extra-cellular matrix (ECM) proteins.
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The PEG coated substrates presented carboxyl groups which were
crosslinked with ECM proteins to allow for high fidelity patterns (60
colonies per well of a 96-well plate). The PC polymer did not contain
bio-functionalizable groups, so a pretreatment with a synthetic peptide
(Poly-L-Lysine) was used to crosslink ECM proteins. We next set out to
validate that the hPSCs patterned colonies on these surfaces were able
to differentiate robustly in response to inductive signals. The validation
was done by comparing the response of the hPSC colonies to a variety
of cytokine treatments of hPSC colonies patterned on these surfaces
with micro-contact printing controls. The comparison yielded a poor
correlation for the colonies patterned on the PC polymer (R2 = 0.69),
but high correlation for PEG coated substrates (R2 = 0.89). We also
investigated the differential induction of PS in varying shapes and
sizes of colonies of a Mixl1 (PS marker) reporter hPSC line subjected
to a saturating signal of BMP4 and ActivinA. We found that the
Mixll expression localized in predictable regions depending on the
size and shape of the hPSC colony. In conclusion, we have developed
a novel high-throughput platform to study the effect of varying
micro-environments on PS induction in hPSC colonies and report a
differential spatial expression pattern of Mixl1 as a function of hPSC
colony size and shape, indicating the possibility of in vitro control over
PS patterning.

W-2092

HUMAN SKIN MESENCHYMAL STEM CELLS ASSOCIATED
WITH DERMAL SUBSTITUTES AS POTENTIAL TOOL FOR
SKIN REGENERATION

Trentin, Andrea!, Jeremias, Talita Silva!, Machado, Rafaela Grecco!,
Visoni, Silvia Beatriz Coutinho', Leonardi, Dilmar Francisco®
!Biologia Celular, Embriologia e Genética, Universidade Federal de Santa
Catarina, Florianopdlis, Brazil, *Cirurgia, Hospital Regional de Sdo José
Dr Homero de Miranda Gomes, Sdo José, Brazil

New strategies for skin regeneration are needed in order to provide
effective treatment for cutaneous wounds and disease. Among these
possible strategies are the development of new biomaterials, cell
therapy and the identification and application of factors involved in
tissue repair. Mesenchymal stem cells (MSCs) have been suggested
as an attractive source of cells for tissue engineering because of their
multipotentiality and ability to release active molecules for tissue repair.
Therefore, the present study established and evaluated a new method
for treatment of skin lesions, based on the association of MSCs from
human skin with commercial dermal substitutes (DS) currently used
in clinical procedures. MSCs from human skin (dMSCs) were isolated
and characterized according to their morphological, phenotypical and
migratory features and potentiality. By these characteristics, dMSCs
were similar to bone marrow MSCs. We also developed a new three-
dimensional (3D) culture system that associate dMSCs with the DS,
Pelnac® and Integra®. Both DS were equally efficient to support the
adhesion, spread and growth of human dMSCs. In this 3D-culture
system, dMSCs maintained the MSC phenotype and the expression of
pluripotent, neural and mesenchymal markers. Next, the therapeutic
potential of dMSCs associated with Integra® was evaluated in the
repair of skin lesions. Therefore, we carried out an experimental in vivo
analysis of full-thickness skin wounds, in a murine model. Histological
and immunohistological sections performed at the 7, 14" and 21"
days after surgery were analyzed with regard to vascularization,
inflammatory response, deposition of extracellular matrix molecules
and re-epithelialization. Animals treated with dCTMs associated
with Integra® displayed increased granulation tissue, density of
inflammatory cells (neutrophils and macrophages), vascularization,
deposition of collagen fibrils and re-epithelization, and thus exhibited
accelerated tissue repair. Furthermore, qPCR array analysis revealed

that the dMSC-Integra® treatment also modulated the expression of
genes related to tissue repair. In conclusion, the population of dermal
MSCs isolated in the present study from human skin was efficiently
associated with SDs in the described 3D-culture system and can be
used for the treatment of cutaneous lesions in mice thus represents a
new therapeutic tool for tissue engineering.

W-2093

INJECTABLE MYOCARDIAL MATRIX-GRAPHENE
COMPOSITE HYDROGELS FOR FUNCTIONAL CARDIAC
TISSUE ENGINEERING

Tsui, Jonathan', Jang, Jinah? Lefebvre, Austin E.!, Neal, Nicholas',
Cho, Dong-Woo?, Laflamme, Michael®, Kim, Deok-Ho'
!Bioengineering, University of Washington, Seattle, WA, USA,
2Integrative Biosciences and Biotechnology, Pohang University of Science
and Technology, Pohang, Republic of Korea, *Pathology, University of
Washington, Seattle, WA, USA

Introduction: While direct stem cell injection therapies for treating
cardiac infarcts hold much potential, it has now been demonstrated
that the vast majority of grafted cells die shortly following introduction,
thereby limiting their ability to contribute to the long-term restoration
of cardiac function. Additionally, the key limitation of current synthetic
matrices used for cardiac tissue engineering is their poor conductivity,
which hampers signal propagation and cell to cell electrical
communicationbetween pores,leading toinadequateelectrical coupling
ofimplanted tissues with the host environment. This study examined the
hypothesis that a composite biomaterial composed of reduced graphene
oxide (rGO) integrated with decellularized extracellular matrix
(dECM) can be used as an injectable scaffold that serves to properly
mimic the native cell microenvironment and thereby create functional
tissues that will contribute to the restoration of cardiac function
in injured hearts due to enhanced electromechanical integration.
Methods: Fabrication of rGO-dECM Composite Scaffolds: Porcine
ventricular myocardium was sectioned into thin fragments and soaked
for 12 h in 1% SDS and washed in 1% Triton-X100 before washing
with PBS to remove residual detergent and cell debris. Single-layer
graphene oxide (GO) stock solution was reduced by NaBH4 for 1 h
before solid reduced graphene oxide (rGO) is filtered out. rGO and
dECM were combined together in a acetic acid, pepsin, and riboflavin
solution at various rGO concentrations and at 2% w/v dECM. In-vitro
Characterization: Scaffold structure was examined using scanning
electron microscopy (SEM). Conductivity of scaffolds was measured
using a four-point probe method, and mechanical properties were
measured usingan Instron compressive tester. Scaffolds were seeded with
human induced pluripotent stem cell (hiPSC)-derived cardiomyocytes,
and cell phenotype was assessed with immunohistological and western
blot analysis of Cx43 and cTnl expression. Live-cell calcium dye
imaging was used to examine the ability of the composite scaffolds to
enhance cell signal propagation. In-vivo Characterization: Cell-seeded
scaffolds were injected at the site of injury in a guinea pig model using
a 27-gauge catheter, and restoration of cardiac function was assessed
using intravital calcium imaging and echocardiography 4 weeks post-
injection. Results: SEM imaging of composite scaffolds revealed a
porous 3D structure with pores approximately 50-200um in diameter.
Higher magnification images of the pore walls showed a deposition
of rGO flakes throughout. The collagen and GAG content of scaffolds
was found to be comparable to that of native tissue, confirming
that the ECM composition was unaffected by the decellularization
process. Conductivity measurements showed an increasing trend in
conductivity corresponding with both an increase in rGO content
and an increase in the degree of reduction of GO. Scaffolds seeded
with hiPSC-derived cardiomyocytes showed good cell viability, and
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cardiomyocyte maturation was enhanced compared to those seeded
in non-conductive scaffolds. Cardiac function was improved with
scaffold treatment. Conclusions: In this study we have developed
an electrically conductive 3D scaffold with tunable properties, and
demonstrated the ability for these composite functional scaffolds to
promote cardiomyocyte maturation and integration with host tissue.

W-2094

DO HGF-LOADED BIOMATERIALS RECRUIT
MESENCHYMAL STEM CELLS

van de Kamp, Julia', Jahnen-Dechent, Willi’, Woeltje, Michael?,
Boebel, Michael?, Rheinnecker, Michael?, Neuss, Sabine?

'Helmbholtz Institue for Biomedical Engineering, Biointerface Laboratory,
RWTH Aachen, Aachen, Germany, “Spintec Engineering GmbH, Aachen,
Germany, *Institute of Pathology, RWTH Aachen University, Aachen,
Germany

Wound healing - a topic that affects everyone. Usually the skin has
the capacity to heal itself and restore its function. In the case of burns,
(chronic) ulcers or large scale skin traumata, the skins’ regenerative
capacities might be disturbed, making external assistance, e.g. grafts,
necessary. Auto- or allografts are well-established in the clinics,
although both methods show several deficits. In tissue engineering,
an alternative is stem cell application. Adult mesenchymal stem cells
(MSC) are ideal, owing to their self-renewal capacity and differentiation
potential. They can be harvested from several tissues and take part in
tissue regeneration, repair and wound healing. MSC secrete, among
others, hepatocyte growth factor (HGF). HGF concentration is
enhanced in wounded areas, and it is shown to act as a chemoattractant
for MSC and other cell types related to wound healing processes. Our
objective is the identification of a biomaterial suitable to carry and
release growth factors in an appropriate manner. This combinatory
wound dressing should recruit endogenous MSC from their tissue-
specific niche towards the wounded area. Additionally, we aim to
circumvent the costly multi-step procedures (cell isolation, expansion,
differentiation, transplantation) generally used in tissue engineering
today. HGF was incorporated into collagen and fibrin gels during
polymerization, silk was purchased from Spintec Engineering, Aachen.
MSC motility and migration in the presence and absence of HGF was
analyzed with scratch assays. Quantification of chemotactic behaviour
of MSC towards HGF-loaded biomaterials was assessed with Boyden
Chamber Assays. MSC were transfected with c-met siRNA to identify
the HGF receptor c-met as an important factor for MSC migration.
HGF release from all biomaterials was evaluated with ELISA. We
implanted HGF-loaded and HGF-free biomaterials subcutaneously
into mice; animals were sacrificed at 1, 3, and 12 weeks after operation.
Residual biomaterials and adjacent tissue were resected and processed
for histology (HE, Elastica van Gieson) and immunohistochemistry
(CD20, CD68, CD117). Cells were quantified by means of their
marker positivity. All results were analyzed with One-way ANOVA
(*p<0.05). Incorporation of HGF into all biomaterials led to enhanced
and directed migration of MSC in vitro. Transfection of MSC showed
the importance of the receptor c-met for directed migration of MSC.
HGEF release was controlled and detectable over a period of 7 days.
Animals tolerated biomaterials well and showed low to moderate
inflammatory response. Collagen gels and silk were macroscopically
still visible after 12 weeks while fibrin was dissolved even before 1
week. Vascularization was more prominent proximal to HGF-loaded
biomaterials than proximal to HGF-free biomaterials. Cells infiltrated
collagen and fibrin gels while silk was covered with a dense cell layer
at all time points. We identified HGF as effective for MSC migration in
vitro and cell recruitment in vivo. Collagen and fibrin gels as well as silk
are applicable carriers for the delivery of drugs, growth factors and/or

cytokines. This novel approach of growth factor-loaded biomaterials is
an excellent solution to sidestep time-consuming ex vivo cell expansion
and differentiation processes. Patients requiring immediate and/or
intensive wound care, such as burn victims or chronic ulcer patients,
can profit from an off the shelf, easy to handle product.

W-2095

COCULTURE OF STEM CELLS FROM THE APICAL PAPILLA
AND HUMAN UMBILICAL VEIN ENDOTHELIAL CELLS
ENHANCES THE ANGIOGENIC POTENTIAL OF DENTAL
PULP TISSUE

Wang, Penglai', Yuan, Changyong? Zhang, Chengfei?

'Xuzhou Stomatological Hospital, Xuzhou, China, *Faculty of Dentistry
The University of Hong Kong, Hong Kong, Hong Kong

PURPOSE: To observe the effect of coculture of stem cells from
the apical papilla (SCAPs) and human umbilical vein endothelial
cells (HUVECs) on the angiogenic potential of dental pulp tissue.
METHODS: SCAPs were incubated in osteo/odontogenic, adipogenic,
neurogenic induction medium and o-MEM medium, whose
multilineage differentiation capacities were confirmed using alizarin
red staining, Oil red O staining and PIII-Tubulin immunofluorescent
staining. The tubular length, branching points number and junctional
areas were detected after 3 h, 6 h and 9 h since cells were seeded onto
Matrigel, and the data were calculated using SPSS 16.0. RESULTS:
SCAPs of experimental groups were detected having more lipid
droplets, mineralization nodules and neuron-like cells. Coculture of
SCAPs and HUVECs formed more vessel-like structures in tubular
formation assay. CONCLUSIONS: SCAPs are capable of differentiating
into fat, bone, and nerve-like cells in vitro. Coculture of SCAPs and
HUVEGCs is able to enhancethe angiogenic potential of dental pulp
tissue.

W-2096

INVESTIGATION OF THE OPTIMAL SOURCE OF
ISOLATING HUMAN SOFT TISSUE PROGENITOR CELLS
FOR CLINICAL APPLICATION

Yang, Tsunglin', Chen, You-Tzung? Hsiao, Ya-Chuan’

!National Taiwan University Hospital and College of Medicine, Taipei,
Taiwan, *National Taiwan University College of Medicine, Taipei,
Taiwan, *Department of Ophthalmology, Zhongxing Branch, Taipei City
Hospital, Taipei, Taiwan

The area of head and neck is essential for many physiological functions
and also relevant to personal identity and self-esteem. The craniofacial
damage is particularly devastating to personal life. The current method
to restore normal structures of head and neck is always restricted
by a shortage of donor tissue. Therefore, the tissue engineering
approach based on autologous progenitor cells of soft tissue is
another choice. Since craniofacial area is composed of complex and
exquisite musculature, to harvest cells by taking biopsy in situ may be
inappropriate. Soft tissue progenitor cells now plays an important role
in many bioengineering approaches for soft tissue regeneration such
as skeletal muscle. However, the influence of clinical parameters and
patient characteristics on the quantity and quality of harvested soft
tissue progenitor cells remains elusive. Therefore, the aim of current
proposal is to explore the method of harvesting soft tissue progenitor
cells, and to define the optimal cell sources. Based on clinical
information and patient variables, the methodology serves as a routine
procedure that can be widely applied to facilitate clinical translation. In
the present study, soft tissue progenitor cells are isolated from muscle
samples and expanded. This methodology can be employed in patients
with different demographic backgrounds, and adequate numbers
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of soft tissue cells can be efficiently obtained and expanded. By our
procedure, a small piece of soft tissue is sufficient to generate adequate
cell numbers for tissue engineering applications within a reasonable
time frame, which indicates that minimally invasive procedure of
biopsies is sufficient.

W-2097

TISSUE STRANDS AS BIOMATERIAL FOR SCALE-UP
ORGAN PRINTING

Yu, Yin!, Ozbolat, Ibrahim?

'Biomedical Engineering, University of lIowa, lIowa City, IA, USA,
“Mechanical and Industrial Engineering, University of Iowa, Iowa City,
IA, USA

Objective: Organ printing has taken tissue engineering to a new era
with the interdisciplinary effort spanning biology, medicine, and
engineering. As the foundation of organ printing, cell aggregates, or
tissue spheroids have recently been attracted enormous attention,
where spheroid-shaped cell aggregates are used as building blocks for
tissue fabrication. Although a wide array of cell aggregate techniques
has been investigated, there has been no reported research in fabrication
of bioprintable cell aggregate strands for scale-up tissue fabrication. In
this paper, we introduced a new micro-fabrication technique to create
cellular tissue strands as a feeding material for robotic organ printing.
Methods: Sodium alginate hydrogel was used to directly print micro-
tubular conduits with pneumatic pressure-assisted bioprinter. Later,
these conduits were used as semi-permeable capsules for mouse
insulin producing cells (Beta-TC-3) encapsulation to facilitate cell
aggregation and maturation followed by dissolving the capsules
leaving cellular tissue strands. Mechanical property and cell viability
were recorded at different time point to evaluate biocompatibility
of fabircation process as well as the process of strands maturation.
Finally tissue strands were bioprinted together with human umbilical
vein smooth muscle cell (HUVEC) loaded microvasculature tissue
to demonstrate the capability of scale-up vascularized organ printing
with customized multi-arm bioprinter (MABP). Results: Tissue
strands were succesffully formed upon 4 days post fabrication with
reasonable mechanical strength, structural integrity. The diameter of
tissue strands decreased from 672 + 21um to 512 + 11um till day 10
without further shrinkage. Cell viability increased from 75 + 5% to 85 +
4% over 10 days in vitro culture. Fusion were readily observed between
strands as soon 24 hours after placing them together, and furthered
during prolonged culture, and completed at day 7 without visible gap.
Also, tissue strands were printed layer by layer with vascular conduits
together to fabricate miniature tissue analog, which successfully fused
in culture. Immunofluorescent staining examination showed overall
tissue specific c-peptide, insulin, glucagon expression on matured
tissue strands as well as hybrid tissue constructs, which demonstrated
the potential function of fabricated tissue analog with its nature
counterpart. Conclusion: Our study provided a novel approach for
cellular tissue strands fabrication, which have high viability and quick
fusion capability, that might expedite tissue maturation thus facilitate
scale-up organ printing process.

W-2098

HYPOXIA ENHANCES THE ANGIOGENIC POTENTIAL

OF DENTAL STEM CELLS FROM APICAL PAPILLA VIA
UPREGULATION OF VEGF AND EPHRINB2 EXPRESSION
Yuan, Changyong', Wang, Penglai’, Zhu, Lifang', Dissanayaka,
Waruna L.!, Green, David William', Tong, Edith H.Y.!, Jin, Lijian’,
Zhang, Chengfei’

Faculty of Dentistry The University of Hong Kong, Hong Kong, *Dental
Implant Center, Xuzhou Stomatological Hospital, Xuzhou, China

The ultimate success of bioengineereddental pulp depends on two
principal elements, (1) whether the transplanted tissue can develop
its own vascular endothelial tubule network and (2) whether host
vasculature can be induced to penetrate the bioengineered pulp
replacement and conjoin. Principal inductive molecules that participate
inlaying down blood vessels include: vascular endothelial growth factor
(VEGF), ephrinB2 and hypoxia-inducible factor la (HIF-1a). Being
able to modulate the genes that control these angiogenic molecules
is a target for therapy in pulp regeneration for endogenous blood
vessel formation, prevention of graft rejection and infection exclusion.
Once implanted inside the root canal, a bioengineered pulp is subject
to severe hypoxia and is the cause of tissue degeneration. However,
short-term hypoxia is known to stimulate angiogenesis. Thus, it may
be feasible to potentiate dental cells for angiogenic activity prior to
implantation. Stem cells from apical papilla (SCAP) are arguably one
of the most potent and versatile dental stem cell populations available
for bioengineering pulp in the petri dish. Coculture of SCAP with
endothelial cells (EC) promotes endothelial tubules, the formative
blood vessel network. The aim of this study was to investigate whether
coculture of these two sorts of cells under hypoxia was able to enhance
the angiogenic potential of EC. In addition, we aim to clarify the
interplay between the genes that orchestrate these important angiogenic
molecules in hypoxic conditions in SCAP. We showed that SCAP
cocultured with human umbilical vein endothelial cells (HUVEC)
promoted VEGF and HIF-la protein expression combined with
increases in: the number of endothelial tubules, the tubule lengths, and
branching points. Transcripts of ephrinB2 mRNA were significantly
increased in this artificially induced hypoxic environment. We show
evidence that this is directly mediated by HIF-1a signaling pathway.
SCAP cultured with HUVEC in a 1:5 ratio promoted endothelial
tubules and the overexpression of key angiogenic gene transcripts
for VEGE HIF-1a and ephrinB2. The significance of this study is to
highlight hypoxia as a targeted way of stimulating angiogenic responses
in SCAP committed to the engineering of dental pulp replacement.
The results from this study will help us focus on the best therapeutic
target in promoting angiogenesis so that future bioengineered pulp
replacements integrate faster and permanently within the host.

W-2099

THREE-DIMENSIONAL MICROTISSUE SPHEROIDS OF
DENTAL PULP STEM CELLS AND ENDOTHELIAL CELLS IN
VASCULARISED PULP REGENERATION

Zhang, Chengfei

Faculty of Dentistry The University of Hong Kong, Hong Kong

Objectives: To fabricate the microtissue spheroids of dental pulp stem
cells (DPSCs) and human umbilical vein endothelial cells (HUVECs);
and to examine the potential of these three-dimensional spheroids
in vascularised pulp regeneration. Methods: Three-dimensional
microtissue-spheroids of DPSC-alone and DPSC-HUVEC co-
cultures were fabricated using 12-series micro-molds (MicroTissues
Inc.). Cellular organization within the spheroids (CellTracker dyes)
and cell viability (live/dead assay) were assessed at day-1, 7 and 14.
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Microtissue-spheroids were induced for odontogenic differentiation
(21-days), examined for expression levels of osteo/odontogenic
markers: alkaline phosphatase (ALP), bone sialoprotein (BSP)
and RUNX2 (Real-time PCR), mineralization (von-Kossa) and for
prevascularisation (Immunohistochemistry for CD31). Microtissues
were inserted into the canal space of tooth-root slices and implanted
into the subcutaneous space on the back of 6-8-week-old female
severe combined immunodeficient (SCID) mice. Four weeks after the
transplantation, the mice were euthanized and the tooth fragments
were removed for histological (Haematoxylin and eosin) and
immunohistochemical (human mitochondria, human CD31, Human
Nestin antibodies) analysis. Experiments were conducted in triplicate
using DPSCs from three different donors and statistically analysed
(ANOVA). Results: DPSCs and HUVECs were self-aggregated into
spheroids with no evidence of cell death at the centre. HUVECs were
organized into a dense-network of tubular-like structures throughout
the DPSC:HUVEC co-cultured microtissues. Elevated levels of ALP,
BSP and RUNX2 (p < 0.05) in DPSC:HUVEC microtissues compared
to DPSC-alone microtissues confirmed that HUVECs enhanced osteo/
odontogenic differentiation. Both DPSC-alone and DPSC: HUVEC
groups showed vascularized pulp-like tissue with an odontoblast-like
cell layer adjacent to the dentin after transplantation in SCID mice.
DPSC-HUVEC microtissue groups showed a significantly higher
amount of extracellular matrix, vascularisation and mineralization
compared to DPSC-alone microtissues both in-vitro and in-vivo.
Positive staining for antibodies against human mitochondria confirmed
the contribution of transplanted microtissues in regenerated pulp-like
tissue and vasculature. DPSCs and HUVECs in three-dimensional
microtissue spheroids synergistically enhance osteo/odontogenic
differentiation and angiogenesis in-vitro. These prevascularized
microtissue spheroids can successfully regenerate vascularised pulp-
like tissue in-vivo.

W-2100

REOVIRUS PURGING OF UNDIFFERENTIATED
PLURIPOTENT STEM CELLS FROM DIFFERENTIATION
CULTURES IS NOT MEDIATED THROUGH ERAS

Zhang, Ben Tianzong', Hsu, Charlie Yu-Ming? Ito, Ken? Rancourt,
Derrick?

'Biomedical Engineering, University of Calgary, Calgary, AB, Canada,
“Biochemistry and Molecular Biology, University of Calgary, Calgary,
AB, Canada

Pluripotent stem cells (PSC) provide a viable source of cells for
regenerative medicine owing to their ability to proliferate indefinitely
and develop into any cell type in the body. However, one of the prevailing
issues currently facing the clinical translation of PSC is the resurgence
of undifferentiated cells in PSC-derived tissue culture, which poses the
risk of tumorigenesis following in vivo transplantation. One solution
to overcome this safety hurdle is to apply a negative selection strategy
to preferentially remove the contaminating cells from the culture. In
this study we examined the possibility of using Respiratory Enteric
Orphan virus (reovirus), currently in clinical trials as an oncolytic
virus, as a purging agent to selectively remove undifferentiated mESC
from differentiated tissue culture. We demonstrate that reovirus is able
to significantly reduce the viability of mESC in a viral-titre dependent
manner at an optimal time frame of 72hrs after viral infection. As a
proof-of-concept, we infected a mixed population of mouse embryonic
fibroblasts (MEF) and mESC with reovirus and found that reovirus
was able to preferentially reduce the viability of the mESC by up to
80%, without affecting the viability of MEFs. Further, the reduction in
overall cell viability is dependent on the proportion of mESC present
in the heterogeneous cell population. Since reovirus was known to

infect cells that constitutively express the signal transducer Ras, we
found that ERas, a homolog of Ras, is differentially expressed in mESC
but absent in MEE. However, when reovirus was applied to infect
a hemizygous ERas exon knockout mESC strain, the viability of the
mutant mESC did not increase, suggesting ERas may not be directly
involved in mESC susceptibility to reovirus infection. Taken together,
these results showed that reovirus can be used to selectively remove
undifferentiated PSC from differentiated cell culture to reduce the
risk of tumor formation prior to in vivo transplantation. However, the
mechanism behind reovirus selectivity of mESC remains to be clarified.

TECHNOLOGIES FOR STEM CELL
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REPEATED COCULTURE WITH ADIPOSE-DERIVED STEM
CELLS ENHANCED CHONDROGENIC PROPERTIES OF
DEGENERATIVE NUCLEUS PULPOSUS CELLS

Kim, Jin-Su', Ryang, Ah-Yeon? Park, Kwang-Sook', Arai, Yoshie!,
Moon, Bo Kyung', Han, Inbo’, Park, Hansoo?, Lee, Soo-Hong'

!CHA University, Seoul, Republic of Korea, ?Chung-ang University, Seoul,
Republic of Korea

Co-culture has been suggested to be an effective method for stem cell
differentiation. In this work, we used porous membranes for co-culture
of adipose stem cells (ASCs) and nucleus pulposus cells (NPCs), and
investigated whether repeated co-cultures enhanced the chondrogenic
properties of degenerative NPCs (dNPCs), which in turn stimulated
the dNPCs in a consecutive repeated co-culture. The ANPCs with low
level of chondrogenic gene (such as collagen type II, aggrecan and sox-
9) and alcian blue were collected, classified as dNPCs, and co-cultured
with ASCs for 1 week (first co-culture). The dNPCs co-cultured with
ASCs for 1 week showed slight increase of expressions of chondrogenic
genes and alcian blue compared with dNPCs cultured alone. The
dNPCs were then collected and co-cultured again with ASCs for 1
week (second co-culture). The second co-cultured dNPCs exhibited
higher expression of chondrogenic genes than first co-cultured dNPCs
and much more than dNPC cultured alone. Furthermore, Six weeks
after in vivo transplantation, second co-cultured dNPCs also showed
a significantly higher cartilage tissue formation compared to first co-
cultured dNPCs. These data demonstrate that repeated co-culture
with ASCs would be a useful technique to recover chondrogenic
characteristics of degenerative NPCs.

W-2102

3D CULTURE OF RAT EMBRYONIC STEM CELLS AND

RAT INDUCED PLURIPOTENT STEM CELLS IN A NOVEL
PGMATRIX HYDROGEL

Rajanahalli, Pavan', Huang, Hongzhou?, Sun, Xiuzhi?, Weiss, Mark!
!Anatomy and Physiology, Kansas State University, Manhattan, KS,
USA, *Grain Science and Industry, Kansas State University, Manhattan,
KS, USA

Expanding embryonic stem cells (ESCs) in a synthetic 3D
microenvironment in vitro while maintaining the undifferentiated
state has been challenging. It would be advantageous to identify a
substrate which could be modified such as by changing ligands that
interact with cell surface receptors or by changing the substrate’s
stiffness. We developed a synthetic PGmatrix hydrogel to include these
design specifications and determined whether it could support the
expansion of undifferentiated ESCs in a 3D microenvironment. Rat
embryonic stem cells (rESCs) and rat induced pluripotent stem cells
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(riPSCs) were used for evaluation. The cells were grown both in 2D
and 3D in PGmatrix hydrogel containing 2 inhibitors (2i), e.g., GSK3p
and MEK inhibitors. Dynamic rheological tests of PGmatrix hydrogel
in 2i medium showed a rapid increase of storage moduli (G’ = 600 Pa
for 3mM in 1 hr) indicating gelation after mixing. The mechanical
strength of hydrogel was full recovered after shear-thinning into liquid
phase. Also, the hydrogel reached a self-supporting strength within
1000sec which is a reasonable rate to ensure cells were suspended in the
hydrogel matrix before they reached the bottom of the plate. A range of
hydrogel peptide concentration was tested (0.5 mM to 12 mM) for ESC
culture and cells grown in 3mM showed the best results. Both cell lines
were cultured for more than 30 passages using regular trypsinization
method to produce single cells at passage prior to plating. We
harvested cells from the hydrogel for passaging by shearing the gel to
liberate the cells. Phase contrast images of pluripotent stem cells grown
in 3D showed similar morphology which had rounded phase-bright
borders compared to cells grown on murine embryonic fibroblast
(MEF) feeder layer. They retained pluripotent stem cell properties and
showed positive staining for alkaline phosphatase, Oct-4, Nanog, Sox-2
and SSEA-1. Karyotypes of pluripotent stem cells cultured in 3D were
normal after 20 passages. Embryoid bodies (EBs) could be formed by
hanging drop after the cells were trypsinized from 3D cultures. We
plan to compare the gene expression profiles of rESCs and riPSCs
grown in 2D (MEFs) vs 3D (PGmatrix hydrogel) and determine if the
3D cultured cells can undergo differentiation into all the 3 germ layers
and form teratomas. Growing ESCs in a fully synthetic 3D culture can
significant advantages for directing differentiation and examining the
interactions with surface receptors. Such knowledge will enable 3D
culture for their use in drug development or for encapsulation of cells
for clinical use.

W-2103

VALIDATION OF CLINICAL GRADE HUMAN EMBRYONIC
STEM CELLS PRODUCED UNDER GMP

Hirai, Masako', Takada, Kei', Hamao, Mari', Kashigi, Fumi', Kawase,
Eihachiro!, Suemori, Hirofumi’, Nakatsuji, Norio? Takahashi, Tsuneo
Al

'Department of Embryonic Stem Cell Research, Institute for Frontier
Medical Sciences, Kyoto University, Kyoto, Japan, *Institute for Intergrated
Cell-Material Sciences, Kyoto University, Kyoto, Japan

In our laboratory five human embryonic stem cell lines were established
for research use and these human embryonic stem cells (hESCs) have
been distributed worldwide. The hESCs have been maintained using
mouse feeder cells and culture medium containing animal-derived
components. We report here a new method for production of clinical
grade hESCs using a defined culture medium and synthetic substrate.
The cell processing was performed in the manufacturing GMP-based
cell processing facility built in our institute. The clean up procedures to
ensure cell purity and safety were performed by culturing of hESCs for
multiple passages under xeno-free conditions, and stocking expanded
cells as a master cell bank (MCB). A working cell bank was made by the
culture of the MCB cells for few more passages. For the process of clean
up of hESCs, we cultured the cells for several passages for stocking
the working cell bank (WCB). Characterization of the cells include
assaying for viability, morphology, growth rate, undifferentiation state
and pluripotency. Quality and safety testing comprised karyotype
(G-banding), animal and human derived viruses, sterility, mycoplasma
and endotoxin screening. The amount of residual animal serum was
analysed by an ELISA, and the presence of residual mouse feeder cells
was measured by an immune fluorescence staining method and by a
new real-time PCR method. Viral screening of the MCB determined
that animal derived viruses were not present. For cryopreservation, we

developed a slow cooling method using a non-toxic cryoprotectant. All
the test results met the requirement of domestic guidelines and that
of ISCBI. This system developed for the production of clinical grade
hESCs will be applicable for production of other types of stem cells for
advanced cell therapy.

W-2104

A STEM CELL COMMONS FOR THE HARVARD STEM

CELL INSTITUTE: BUILDING DATA INTEGRATION AND
SHARING, ANALYTICAL CAPABILITIES AND KNOWLEDGE
Ho Sui, Shannan J.!, Das, Sudeshna? Gehlenborg, Nils’, Merrill, M.
Emily? Sytchev, Ilya*, Park, Richard W.?, Haseley, Psalm?, Hutchinson,
John*, Corlosquet, Stephane?, Hansen, Terah A.?, Hofmann, Oliver’,
Park, Peter J.3, Hide, Winston'

"Harvard Stem Cell Institute, Harvard School of Public Health, Boston,
MA, USA, °MIND Informatics, Massachusetts General Hospital,
Cambridge, MA, USA, *Center for Biomedical Informatics, Harvard
Medical School, Boston, MA, USA, *Biostatistics, Harvard School of
Public Health, Boston, MA, USA

Biology has become a data intensive field: large-scale biological screens
generate large volumes of data that require bioinformatics expertise
and specialized infrastructure to synthesize. Omics data stored in
most databases are not consistently associated with experimental
and molecular phenotypic information, resulting in added expenses
and lost opportunities to perform biological analysis, integration and
comparison at the systems level. Manually keeping track of software
and data used in analyses is tedious and error prone, and visual
exploration to study the results of such analyses is currently not well
supported. To address these challenges, we have developed the Stem
Cell Commons (SCC) for the Harvard Stem Cell Institute (HSCI), a
system that facilitates collaboration by enabling curation, storage,
retrieval and sharing of data and analyses, as well as large-scale
integration, analysis, and comparison. The SCC repository, built on
the open source eXframe platform, has rich metadata annotations and
uses the widely accepted ISA-Tab data standard to curate and structure
data with standard ontologies/vocabularies, making it possible to
share and compute upon this data in consistent and innovative
ways. Coupled with the new Refinery Platform, the SCC provides a
flexible environment for managing data, running diverse analysis
workflows using the popular Galaxy analysis framework, and saving
data provenance information to enable reproducible analyses. The
SCC currently contains data from 17 HSCI laboratories and 89 public
datasets, covering more than 100 cell types. Data in the SCC can be
clustered by its shared molecular characteristics and experimental
descriptions, making it comparable and searchable in more powerful
ways. Refinery also allows for powerful searching and retrieval of
experiments that can be submitted for analysis or visualization. The
SCC is available at http://stemcellcommons.org. All SCC data and
tools are open source and freely available. Through the SCC, we hope
to build a community of stem cell researchers centered on its data and
tools, with the ultimate goal of providing a platform for new knowledge
and discoveries in stem cell biology.

W-2105

FUNCTIONAL STUDIES OF EXOSOMES FROM
WHARTON'’S JELLY MESENCHYMAL STEM CELLS

Hsu, Li-Wen, Hwang, Shiaw-Min

Bioresource Collection and Research Centet, Food Industry Research and
Development Institute, Hsinchu, Taiwan

The transplantation of mesenchymal stem cells (MSCs) has been
proved as a potent therapeutic tool for a diversity of aging-related and
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degenerative diseases. Most of these pathologies are linked to increased
levels of reactive oxygen species. Besides restoration of tissue function
by MSCs differentiation, the paracrine effects of MSCs participate
in anti-oxidative stress are also demonstrated in many studies.
Exosomes, one of paracrine mediators released from MSCs, affect tissue
repair after MSCs application. Exosomes are microvesicles secreted
from cells via exocytosis pathway. These small extracellular vesicles can
function as carriers of proteins and genetic materials to neighboring
or distant target cells. Therefore, exosomes play an essential role
in the regulation of cell behaviors. However, the role of exosomes
in the management of oxidative stress remains to be established.
In this study, we isolated exosomes from Wharton’s Jelly MSCs (WJ-
MSCs) and analyzed their characteristics and anti-oxidants potentials.
The immunophenotypic profile showed that WJ-MSCs were positive
for CD73, CD90 and CD105, and negative for CD14, CD19, CD34,
CD45 and HLA-DR for the surface markers of mesenchymal stem
cells. Exosomes derived from WJ-MSCs were also expression exosomal
protein markers, including CD9, CD63, CD81 and Hsp70. In addition,
we found that WJ-MSCs-derived exosomes contributed to anti-
oxidative activities by limiting oxidative stress-induced DNA damage
in vitro. Through this study, we can elucidate the mechanism and
therapeutic potential regarding how exosomes act on oxidative stress-
mediated cell injury, in hopes of bringing this exciting technology
toward an effective clinical reality.

W-2106

INHIBITION OF NF-KAPPA-B ACTIVATION ATTENUATES
CARDIAC FAILURE BY SECRETION OF BONE MARROW
MESENCHYMAL STEM CELL

I1-Kwon, Kim', Wei, Chuanyu?, Kim, Sung-Hwan’, Lee, Jeong-Sang’,
Song, Byeong-Wook?®, Kim, Han-Soo? Gupta, Sudhiranjan?
International St. Mary’s Hospital, Innovative Cell and Gene Therapy
Center, Incheon, Republic of Korea, *Texas A and M Health Science
Center, Temple, TX, USA, ’Innovative Cell and Gene Therapy Center,
Incheon, Republic of Korea

Cardiovascular disease remains the leading cause of mortality
irrespective of type and etiology. Stem cell therapy (SCT) is emerging
as a potential novel therapy to repair the damaged heart from
myocardial infarction (MI). Various adult stem cells, including bone
marrow-derived cells (BMC), endothelial progenitor cells, and bone
marrow-derived mesenchymal stem cells (BM-MSC) have been shown
to be able to differentiate into cardiomyocytes, support survival of
residential cells; ultimately promote the repair mechanism of injured
myocardium. Among donor cell types used for SCT, MSC have been
the focus of much research because of their plasticity and availability.
Accumulating evidence further indicates that MSC may exert their
beneficial effects by releasing cytoprotective paracrine factors e.g.
SDF1, which contribute to the recovery of cardiac contractile function.
The paracrine factors secreted from BMC have been shown to prevent
adverse cardiac remodeling, but the effect of secreting factors released
from MSC in cardiac cells are not well known. Recently few studies
indicated a salutary effect of genetically modification of stem cells which
enhances the survival of engraftment of MSC after myocardial injury.
However, the mechanism mediating this process is currently unknown.
NEF-«B, a pleiotropic transcription factor has become the major focus
of attention over the past decade in the patho-physiology of ischemia-
reperfusion injury, cardiac hypertrophy (CH) and congestive heart
failure. NF-kB activation is necessary for the development of cardiac
hypertrophy and inhibition of NF-«B attenuated cardiac hypertrophy
indicated a potential candidate for therapeutic intervention. Although,
NE-«B has been studied extensively in various cardiac pathologies, but
there is no evidence to delineate the role of this transcription factor in

MSCsasabetter cell based therapy. We carried out the experiment using
conditioned media (CM) from MSC isolating from IkBa triple mutant
transgenic mice (3M, resistant to NF-kB activation) and, compared
the efficacy with wild type (WT) CM. In this study, we induced rat
neonatal cardiac myocyte and fibroblast with angiotensin II (Ang II)
in the presence and absence of WT and 3M CM, to investigate the
hypertrophic, pro-inflammatory, apoptotic and pro-fibrotic responses,
respectively. Our results suggest that the CM from 3M-MSC provide
better efficacy compared to the WT-MSC in cardiac cells. We propose
that anti-inflammatory function of genetically modified BM-MSC
has advantage in overcoming the limitation and risk associated STC
for cardiovascular disease. This study was supported by a grant of the
Korean Health Technology R and D Project, Ministry of Health and
Welfare, Republic of Korea. (HI13C1270)

W-2107

STEM CELL SCREENING FOR THE DISCOVERY OF
CHONDROGENIC DRUGS

Jeyakumar, Jey', Mennecozzi, Milena!, Coote, Victoria!, Cerqueira,
Antonio?, Choo, Yen?

'Plasticell Ltd, Stevenage, United Kingdom, 2Progenitor Labs Ltd,
Stevenage, United Kingdom

Drugs that promote chondrogenesis could be used to induce self-repair
and regeneration of damaged articular cartilage after traumatic joint
injury or osteoarthritis (OA). This could be achieved by targeting the
resident chondrogenic progenitor cell populations that exist within
or adjacent to the articular cartilage. Using Plasticell's bead-based
combinatorial cell culture system CombiCult, we have discovered a
number of highly efficient, serum-free chondrogenic media capable of
generating chondrogenic progenitor cells and chondrocytes from MSC
cultures in monolayer with high reproducibility. This was achieved via
screening of a large number of chemicals and growth factors in 3,375 of
serum-free media, where the optimal combinations of factors and time
windows were identified. Chondroprogenitor cells derived in this way
were further characterized by phenotype, stability and suitability for
compound screening. We then carried out phenotypic screening using
these cells on chemical libraries including FDA approved drugs, and
identifiedanumberof “hits” capableofpromotingchondrogenesisinvitro.
We anticipate intra-articular administration of drugs developed
from these hits will target the resident chondrogenic progenitor cell
populations in the joint to promote chondrogenesis or stimulate
resident chondrocytes to produce new cartilage matrix within the
tissue, thus preventing additional joint damage and improve joint pain
and function.

W-2108

LN521 STEM CELL MATRIX ENABLES EASY SINGLE-CELL
PASSAGE OF HPSCS AND CLONAL SURVIVALWITHOUT
ARTIFICIAL INHIBITORS

Kallur, Therese, Sun, Yi, Tryggvason, Kristian

BioLamina, Stockholm, Sweden

There has been a lack of defined, xeno-free, easy and robust methods
for the labor- and cost-effective expansion of human pluripotent stem
cells (hPSC) and the possibility to culture these cells under clonal
conditions without using inhibitors of anoikis. This has hindered both
basic research experiments due to high experimental variation and
introduction of genetic changes as well as the development of human
cell therapy requiring absolute safe methods and large numbers of
low passage cells. By using a human recombinant protein naturally
expressed by hPSCs, LN-521", we can culture hPSCs for over 130
single cell passages without any abnormal genetic aberrations and
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with maintained expression of pluripotency markers. Cells cultured on
LN-521™ grow twice as fast compared to other matrices and can be
split 1:20 or up to 1:30 as single cells without the addition of artificial
ROCK inhibitor (Rodin et al, 2014). The simplicity and reliability of the
procedure, speed of cell amplification and the rational of biorelevance
make LN-521™ a cost-effective and scientific sound alternative of hPSC
matrix. Furthermore, LN-521™ based CloneStem-To-Go pre-coated
plates support the clonal survival and expansion of hPSCs. Not only
does this allow the defined and xeno-free derivation of new human
embryonic stem cells lines, even without destroying the embryo
(Rodin et al, 2014), but is important for e.g. small molecule, siRNA and
high-throughput screening experiments. In conclusion, we show that
LN-521™ is an optimal and cost-effective matrix for hPSC culture due
to its biological relevance allowing derivation, clonal cultivation and
robust long-term pluripotent cell growth, making LN-521™ a suitable
choice for the advancement of human cell therapy.

W-2109

HIGH-THROUGHPUT MICROFLUIDIC SCREENING
PLATFORM FOR CRATION OF AN ARTIFICIAL THREE
NICHE OF HUMAN PLURIPOTENT STEM CELLS

Kamei, Kenichiro, Koyama, Yoshie, Mashimo, Yasumasa, Fockenberg,
Chris, Yoshioka, Momoko, Nakajima, Minako, Nakashima, Miyuki,
Chen, Yong

Kyoto University, Kyoto, Japan

Human pluripotent stem cells (hPSCs) canbe used in drug development,
cell-based therapies, tissue engineering as well as to elucidate
underlying mechanisms of organ development in humans. Developing
these applications requires a predictive understanding of the factors
that control cell fates and functions. Therefore, establishing artificial
in vitro cellular microenvironments (or niche) is necessary because
they play critical roles in the precise regulation of cell fate decision and
functions in the body; they also segregate the appropriate cells into
a heterogeneous cell population for developing rigorously arranged
functional tissues. However, the current artificial niches established
in most in vitro tissue culture systems are vastly different from the
in vivo conditions due to the lack of controllability of the topological
features of cellular scaffolds at subcellular levels, precise configuration
of three-dimensional (3D) extracellular space, and diffusion of soluble
factors. Therefore, there is a clear need to establish artificial regulatory
niche to precisely control stem cell functions. Here, we describe a high-
throughput microfluidic device in combination with biocompatible
and thermo-responsive hydrogel to create artificial 3D niche for the
systematic investigation of how a niche regulates cellular functions
and fate decisions. This platform allows the manipulation of chemical
(e.g., growth factors) and physical (e.g., mechanical stress) cues within
a microfluidic cell-culture channel; NSP also helps in identifying the
optimal niche conditions for inducing desired hPSC functions. In
this study, we identified a completely defined 3D niche condition for
maintaining the self-renewal of hPSCs.

W-2110

APPLICATION OF A CAPILLARY BASED VACUUM ASSISTED
MICRODISSECTION INSTRUMENT FOR RAPID AND
EFFICIENT COLLECTION OF INDIVIDUAL CELLS FROM
ADHERENT CULTURES FOR SINGLE CELL AND CLONAL
ANALYSIS

Karsten, Stanislav L., Ma, Zhongcai, Kudo, Lili C.

NeuroInDx, Inc., Signal Hill, CA, USA

Our understanding of normal stem cell function is greatly challenged
by the diversity of stem cells and progenitor populations often present

concurrently during organism development. Therefore traditional
analysis at the population level often fails, and demand for single cell
research becomes very high. Numerous technologies and protocols
tailored for single cell analyses have been developed, which include
whole genome sequencing and expression analyses. Although
current flow sorting technology permits collection of single cells
for their further analysis, rapid acquisition of cells directly from cell
culture dishes based on their morphology, location or label remained
challenging. Recently we introduced a novel cell and tissue acquisition
system (KuiqpicK) and demonstrated its application for brain tissue
microdissection (Kudo eta 1, 2012; PLoS One). Here, we examine
KuiqpicK’s ability to efficiently collect single and multiple cells from
adherent cell cultures. Collection of individual live cells was performed
from various types of adherent cultures, including primary neural
progenitor cells established from embryonic and adult mouse and rat
brains, neuroblastoma SH-SY5Y, Chinese hamster ovary (CHO) and
human melanoma MDA-MB-435 cell cultures. Single and multiple
cell acquisitions were performed based on their morphology, location
in the plate and fluorescent label (e.g. CellTracker probes). To test
the viability of collected cells, Trypan blue exclusion test and single
cell recultivation experiments were performed. Trypan blue assay
demonstrated survival rates ranging from 80 to 95% (n>300) for all
cells tested. The clonal expansion of collected single SH-SY5Y and CHO
cells was demonstrated within 6 and 25 days, respectively. In addition,
applicability of the instrument for the collection of single cells grown
in three-dimensional (3D) culture system was shown using MDA-
MB-435 cells. Moreover, isolation of RNA from collected cells exhibited
high integrity and low degradation rates. Subsequent T7 based labeling
procedure consistently produced high incorporation yields making it
suitable for downstream sequencing and gene expression analyses. To
summarize, our experimental data convincingly demonstrated that
using the capillary based vacuum assisted instrument is a convenient
approach to collect single and multiple cells (e.g. colonies) from both
adherent and 3D cell cultures, capable of providing cells with high
survival rate and suitable for an array of downstream functional studies.
This work was supported by NIH/NIMH 2R44MH091909-03.

W-2111

LARGE CRISPR/CAS9-MEDIATED DELETIONS ALLOW
FOR CHARACTERIZATION AND FUNCTIONAL ANALYSIS
OF GENOMIC REGULATORY ELEMENTS IN AN ALLELE
SPECIFIC MANNER

Katsman, Yulia, Mitchell, Jennifer

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

The study of transcriptional regulatory elements is critical for
understanding cellular processes and responses, as well as for
elucidation of disease mechanisms. Traditionally, gain-of-function
luciferase reporter assays have been used for enhancer validation.
Large scale loss-of-function studies have not been feasible as the
traditional homologous recombination approach for knocking out
genomic elements is extremely inefficient. The TALENs approach,
although more efficient, is difficult to conduct at several locations as
new proteins must be engineered to target different genomic regions.
The recent advancement of the CRISPR/Cas9 system, which uses a
guide RNA to target the Cas9 nuclease to the desired genomic location,
has opened the door for large scale exploration of genomic elements.
This system presents a powerful tool for validation of regulatory
elements, due to its specificity, efficiency, and accessibility. In our
studies, we used the CRISPR/Cas9 system to delete proximal and distal
enhancers surrounding the Sox2 gene in mouse embryonic stem cells.
To this end, a Cas9-GFP expression vector was transfected into mouse
F1 (M. musculus' x M. castaneus) ES cells along with pairs of guide
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RNAs flanking the targeted enhancer region. GFP expressing cells were
sorted 48 hours post transfection, and individual clones were picked
for propagation, screening and analysis. Incorporation of SNPs in the
screening primers allowed for allele specific colony screening by real-
time PCR. Deletion breakpoints in heterozygous and homozygous
deleted clones were confirmed by sequencing. Allele specific gene
expression was measured by real-time PCR using SNP-containing
primers. Using this approach we deleted the two gene proximal
enhancers, Sox2 regulatory region 1 (SRR1) and SRR2, as well as two
distal downstream enhancer regions (Sox2 control region 104-112
(SCR112) and SCR'®). The CRISPR/Cas9 system allowed for efficient
and precise deletion of both large (>10kb) and small (<2kb) enhancer
regions. We found that deletion efficiencies, although remarkably high
compared to those expected to be obtained by traditional methods,
were quite variable. Single allele deletion efficiencies ranged from 1%
(for SRR1) to 38.5% (for SCR!*!12), while double deletion efficiencies
ranged from 0 to 10%. This variability could result from a range of
factors, such as individual guide efficiencies, the specific region being
targeted, or possibly even break point homology, but appeared to be
independent of the deletion size. Despite this variability in deletion
efficiency, we were able to obtain multiple clones from each screen
to perform gene expression analysis which revealed the necessity of
downstream distal regulatory elements for Sox2 transcription in ES
cells. In summary, we have demonstrated the utility of large Cas9-
mediated deletions in F1 ES cells for the study of genomic regulatory
elements in an allele-specific manner. The efficiency and specificity
of targeted genome modifications conducted via the CRISPR/Cas9
system provide an opportunity for high throughput validation of
distal regulatory elements in mammalian genomes, allowing for a
mechanistic understanding of the 80% of disease-linked loci which are
found in uncharacterised intergenic regions of the human genome.

W-2112

INJECTABLE MULTIFUNCTIONAL MICROGEL
ENCAPSULATING OUTGROWTH ENDOTHELIAL

CELLS AND GROWTH FACTORS FOR ENHANCED
NEOVASCULARIZATION

Kim, Pyung-Hwan', Yim, Hyun-Gu?, Choi, Young-Jin', Kang, Byung-
Jae!, Kim, Joohyun!, Kwon, Sang-Mo?® Kim, Byung-Soo? Hwang,
Nathaniel S.2, Cho, Je-Yoel'

!College of Veterinary Medicine, Seoul National University, Seoul,
Republic of Korea, 2School of Chemical and Biological Engineering, Seoul
National University, Seoul, Republic of Korea, *Department of Physiology,
Pusan National University, Yangsan, Republic of Korea

Recent cell-based therapy approaches have employed both
nanotechnologies and other biomedical technologies to enhance
their therapeutic potential. A combined strategy using therapeutic
stem/progenitor cells and angiogenic proteins is attractive for the
treatment of vascular disease. In this study, we developed an injectable
multifunctional micro-sized gel system (microgel), composed of
arginine-glycine-aspartic acid (RGD)-conjugated alginate, for the
delivery of both cells and growth factors in vivo. The microgels
were formed via electrosparying, and outgrowth endothelial cells
(OECs) and growth factors (vascular endothelial growth factor,
VEGE and hepatocyte growth factor, HGF) were encapsulated for
multifunctionality. Incorporation of RGD into the microgel resulted
in enhanced cell viability. Cells encapsulated within the microgel
exhibited a time-dependent proliferation, and the size-controlled
microgels resulted in sustained release of growth factors for enhanced
new vessel formation, as demonstrated by tube formation and rat aorta
sprouting in the in vitro assay. Angiogenesis was also estimated in vivo,
in which strong, thick blood vessel formation was observed at the site

injected with the RGD-microgel containing OECs and growth factors
in comparison with that of single treatment groups. Furthermore,
injection of the multifunctional microgel into a hindlimb ischemia
model improved blood flow perfusion and increased the capillary
density, which was assessed by histological analysis. Compared
with hydrogel system, our injectable microgel system was shown
to be superior, demonstrating no toxicity, for increased new vessel
formation. Overall, our injectable multifunctional microgel system has
been shown to be an effective method to deliver potential therapeutic
agents/cells for the treatment of vascular diseases.

W-2113

SPECIFIC DETECTION OF STEM CELL BIOMARKERS WITH
RNA PROBES IN LIVE CELL POPULATIONS

Koong, Victor, Weldon, Don, Su, Kevin, Hsu, Matthew, Wells, Erika
EMD Millipore, Temecula, CA, USA

Although cell surface protein markers forembryonic stem cellshave been
widely employed for detecting and sorting pluripotent and differentiated
stem cell populations researchers are currently limited to surface
markers for live cell sorting. Gold nanoparticle RNA probes can be used
to detect specific RNA expression within living cells without harming
or effecting cell health. The use of RNA markers in live cells would allow
for greater flexibility in enriching for cells with high and low expression
profiles through Fluorescent Activated Cell Sorting (FACS). Live cell
detection of RNA markers would leave cells unchanged and unharmed
allowing the use of the enriched population for downstream assays.
Here we show the ability to detect specific RNA expression of single
cells within live stem cell populations using RNA probes attached to
gold nanoparticles. We generated probes to detect mRNA levels of
OCT4, UTF1, SOX2, REX1, DPPA2, TERT, KLF4 and TLEI in human
embryonic stem cells (hESC) and hESC-derived neural progenitor cells
(NPC). We employed this technique to detect changes in Oct4 mRNA in
hESC and NPC and thus were able to demonstrate the downregulation
of OCT4 mRNA in the differentiated cells by flow cytometry.
Fluorescent imaging also revealed the heterogeneity of OCT4 mRNA
expression within individual hESC. Finally, we also demonstrated the
differential mRNA expression of seven additional stem cell biomarkers
in hESC and NPC. This technology enables researchers to analyze and
sort live stem cell populations for additional downstream applications,
based on intracellular RNA expression, allowing for new advancements
in the fields of regenerative and personal medicine.

W-2114

IMPROVED CRYOPRESERVATION AND RECOVERY
SOLUTIONS FOR PLURIPOTENT STEM CELLS AND
DIFFICULT-TO-PRESERVE PRIMARY CELLS

Newman, Rhonda, Sangenario, Lauren, Kuninger, David

Cell Biology, Life Sciences Solutions Group, Thermo Fisher Scientific,
Frederick, MD, USA

Pluripotent stem cells (PSCs) and primary cells are foundational tools
for basic research and applied applications including regenerative
therapy, drug discovery, and toxicological assessment. While stem
cells have a tremendous proliferative capacity, long term culture of
these cells has been shown to cause an accumulation of mutations that
result in genetic instability, increasing tumorigenicity and thus limiting
their usefulness in research and clinical applications. Improved
solutions for cryopreservation of early passage cells that minimize loss
of viability, maximize post-thaw recovery, and minimize unwanted
differentiation are essential components to PSC, as well as primary
cell, workflows. While many cryopreservation reagents afford high
viability immediately post-thaw, significant apoptosis and necrosis is
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often observed following the first 24 hours post-thaw, decreasing the
effective viability, reducing cell numbers and adding additional stress
and selective pressure to cultures. Further, this extends the time post-
thaw cells must be cultured prior to use in downstream experiments.
Using a series of Design of Experiments (DOE) and mathematical
modeling methods, we describe the development of a xeno-free
cryomedium for use in cryopreservation of PSCs and ESCs, and a
chemically defined post-thaw recovery supplement for use in recovery
of PSCs, ESCs, as well as difficult-to-preserve primary cells. When used
together, we show this system provides >80% direct post-thaw viability
of PSCs with >70% cell survival following 24 hours post-plating. As a
result of increased post-thaw survival rate, cells recover faster and are
ready to passage sooner than with current solutions, while maintaining
pluripotency and normal karyotype over 10 passages. Additionally, the
post-thaw recovery supplement was tested in combination with other
cryopreservation reagents which lead to markedly improved 24 hour
post-thaw viability of difficult-to-preserve primary cells, including
primary cortical neurons and human corneal epithelial cells.

W-2115

GENE TARGETING AT SILENT GENES IN HUMAN
PLURIPOTENT STEM CELLS

Li, Li B.!, Gornalusse, German', Deyle, David R.%, Pilat, Kristina',
Russell, David W.!

'Medicine, University of Washington, Seattle, WA, USA, *Medical
Genetics, Mayo Clinic, Rochester, MN, USA

Gene targeting is a genetic engineering technique that is used to make
precise modifications to the genome. Many genes of interest are silent
in pluripotent stem cells, and it can be difficult to obtain targeted
cells for these genes. This could be due to reduction in homologous
recombination at silent loci, and/or suppression of the exogenous
promoter that drives the selection marker. Here we designed an
assay to study gene targeting frequencies and to compare exogenous
promoter activity at a silent locus in human iPSCs. The iPSCs were
reprogrammed from mesenchymal stem cells, in which an IRES-
NEO cassette had been inserted into exon 1 of the robustly expressed
COLI1AI gene. The iPSCs became G418-sensitive due to silencing of the
COLIAI promoter driving the NEO gene. This silent COLIAI-IRES-
NEO locus was then targeted with a series of AAV vectors designed
to insert different promoters between IRES and NEO sequences, such
that only gene-targeted cells with an active exogenous promoter would
become G418-resistant. The results showed that UCOE was the best
promoter, achieving a G418-resistance frequency of 0.4%, followed by
PGK and EFla promoters, and distantly followed by SOX2, REX1 and
EPC promoters. We next quantified the homologous recombination
frequencies by Tagman qPCR, which measured the copy number of
targeted alleles in all infected cells without G418 selection. The results
showed that AAV vectors with EPC, REX1 and UCOE promoters
recombined with the target locus in 0.16%, 0.42% and 0.52% of total
cells respectively, which were all similar frequencies. Therefore the
differences between G418-resistance and recombination frequencies
reflect exogenous promoter silencing, which was not observed with
the UCOE promoter. Our study proves that AAV vectors target silent
genes efficiently and that the UCOE promoter can be used to ensure
stable transgene expression. We next performed epigenetic analysis
to examine the chromatin status of the targeted COLIAI locus. The
chromatin-immunoprecipitation results showed that introduction
of the UCOE promoter resulted in the removal of histone markers
of transcriptional silencing and introduction of active chromatin
markers. Bisulfite sequencing analysis showed that the UCOE promoter
insertion also caused demethylation of the CpG island in the COL1AI
locus. Thus the UCOE promoter is able to activate repressed chromatin

and maintain an active chromatin status. Mutations in the Interleukin-2
Receptor Gamma (IL2RG) gene cause X-linked severe combined
immunodeficiency (X-SCID), featured by a lack of T, NK and activated
B cells, and this gene is silent in pluripotent stem cells. As a proof-of-
principle, we targeted IL2RG in human ESCs and set up an in vitro
model for X-SCID. In the targeting vector, the UCOE-NEO expression
cassette is flanked by two IL2RG homology arms. Human ESCs were
infected with this AAV vector and selected with G418. The results
showed that 0.15% of all infected cells and 19% of G418-resistant cells
underwent gene targeting at IL2RG, similar to what can be obtained
at expressed loci. The IL2RG-targeted clones were then differentiated
to CD45+ hematopoietic cells, which only expressed non-functional
IL2RG. The IL2RG mutation does not affect the production of CD45+
cells from ESCs. Additional experiments are being done to generate
T and NK cells for comparison. A similar targeting strategy could be
employed to fix IL2RG mutations in X-SCID patients for cell therapy
and modify other silent genes in pluripotent stem cells.

W-2116

HUMAN GENOME EDITING USING LAMBDA INTEGRASE-
MEDIATED SITE-SPECIFIC GENE INSERTION

Makhija, Harshyaa!, Vijaya Chandra, Shree Harsha!, Peter, Sabrina’,
Siau, Jia Wei?, Ghadessy, Farid John?, Droge, Peter!

ISchool of Biological Sciences, Nanyang Technological University,
Singapore, Singapore, *p53 Laboratory, Immunos, A-Star, Singapore,
Singapore

The manipulation of the human genome is an important
tool for applications in basic biological, biomedical and
biotechnological research, and forms the basis of gene therapy.
Based on the desired outcome, various tools exist to alter the
human genome. Our tool employs A integrase-mediated site-
specific recombination, and our strategy is to select single, specific
docking sites in the human genome which can be targeted and
allow for homogenous stable long term expression of a transgene.
We identified sequences in the human genome which can be targeted
by a circular vector containing a corresponding recombination partner
sequence in the presence of a novel factor-independent \ integrase.
The majority of these target nucleotides are conserved and found in
many locations in the human genome. Conservative single site-specific
targeting events, i.e. without changes in nucleotide compositions as a
consequence of recombination, were confirmed by PCR, sequencing
and Southern blot analysis. Site-specific gene adding has been achieved
and validated in human HT1080, HeLa, NEB-1 and hESC cell lines.
Targeting is possible with mutant integrase expressed from co-
transfected mRNAs. It is, therefore, a simple, safe and efficient novel
tool with many applications in human stem cell-related research and
gene therapy.

W-2117

DEVELOPMENT OF A GMP CRYOGENIC COLD CHAIN
FOR CLINICAL DELIVERY OF REGENERATIVE MEDICINE
THERAPEUTICS

Man, Jennifer', Hunt, Charles .2, Healy, Lyn E.}, Stacey, Glyn®, Morris,
GJs

'UK Stem Cell Bank, National Institute for Biological Standards
and Control, Hertfordshire, United Kingdom, UK Stem Cell Bank,
National Institute for Biological Standards and Control, Hertfordshire,
United Kingdom, *UK Stem Cell Bank, National Institute of Biological
Standards and Control, Hertfordshire, United Kingdom, *Asymptote Ltd,
Cambridge, United Kingdom

The potential use of human embryonic stem cells (hESCs) for
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therapeutic applications has been met with increasing interest within
the regenerative medicine community. One of the key challenges in
using cells for therapy is the ability to cryopreserve and store these
cells for eventual clinical application without compromising loss of
functionality, viability and efficacy. The advantage of successful banking
of clinical grade cell products is the development of “off-the-shelf”
therapies with significantly increased shelf-life. The use of stem cells for
clinical applications requires that all the steps within the production
processes conform to Good Manufacturing Standards (GMP), defined
by both the European Medical Agency and the US Food and Drug
Administration. This project focuses on key elements within the
cold chain, including controlled rate freezing of large banks of cells,
short and long-term frozen storage and controlled thawing, with the
intention of developing the first GMP compliant cryogenic cold chain
for the delivery of regenerative medicine therapeutics. The use of
liquid nitrogen-free, Stirling-cycle cooling technology will enable the
development of equipment that can be used within GMP environments
where control of particulates is an important consideration. One key
element in this project is the qualification of a novel Stirling cycle
engine controlled rate freezer (the CBCRF) for the cryopreservation
of large banks of hESCs and induced pluripotent stem cells. Short and
long-term culture of cells post-thaw has been investigated for markers
of self-renewal and a panel of biological tests including membrane
integrity and markers of early and late apoptosis, applied to investigate
cell quality and function following cryopreservation. Expression of
extracellular stem cell markers; SSEA-1, SSEA-3, SSEA-4 and TRA-1-
60 were comparable to those using standard protocols and no change
in relative expression of key signalling molecules regulating adhesion,
cell cycle, apoptosis and cell renewal were detected in any sample
following cryopreservation when compared to pre-freeze control.
The results show that the CBCRF can be as effective at maintaining
cell viability and functionality as current alternatives when used with
standard freezing protocols thereby providing a novel approach for
cryopreservation.

W-2118

MESENCHYMAL STEM CELLS ORGANISE ENDOTHELIAL
NETWORKS THROUGH PLATELET-DERIVED GROWTH
FACTOR AND INTEGRIN-LINKED KINASE SIGNALLING
Marshall, Julia', Yang, Xuebin? Genever, Paul'

'The University of York, York, United Kingdom, *The University of Leeds,
Leeds, United Kingdom

In addition to their capacity for skeletogenic differentiation, there
are suggestions that mesenchymal stem/stromal cells (MSCs) have
additional roles in organising tissue vasculature through interactions
with endothelial cells (ECs). However, suitable experimental models
to test these unique MSC activities are lacking and the mechanisms
are unclear. Here, we have developed a novel 3D in vitro co-culture
spheroid model of MSCs and ECs to track endothelial restructuring
and identify the signalling processes involved. Human bone marrow
derived MSCs and ECs (human umbilical vein endothelial cells) were
labelled with CellTracker™ green and red respectively. The cells were
counted and mixed suspensions totalling 30,000 cells were added to
non-adherent, U-bottomed 96-well plates in optimised MSC/EC media
containing 0.25% (w/v) methylcellulose. By trialling different MSC:EC
cell ratios, we identified a 50:50 composition as being most suitable
for cell tracking and reorganisation events. The 3D MSC:EC spheroids
were grown in the presence and absence of a range of specific inhibitors
of different signalling pathways, ultimately focusing on platelet-derived
growth factor receptor (PDGFR) and integrin-linked kinase (ILK),
which can act downstream of PDGFR. MSC-EC self-organisation was
tracked by multiphoton confocal microscope for up to 7 days. Spheroid

volume changes were determined using Volocity image analysis
software and internal cellular organisation were examined following
snap-freezing and cryosectioning. Control, dual-labelled (green and
red) MSC:MSC spheroids were also generated to test EC-specific self-
organisation events. Between days 1 and 3 of culture, dramatic self-
organisation of the MSC:EC spheroids was observed. ECs formed inter-
connected vascular-like lattices surrounded by MSCs, which extended
from peripheral EC assemblies to internal networks throughout the
spheroid. MSC:MSC spheroids remained randomly mixed, with no
evidence of self-organisation. Exposure to inhibitors of PDGFR, and to
a lesser extent ILK, induced significant increases in MSC:EC spheroid
volume within 24 hours (59% * 14% and 31% * 20% respectively
(n=9) compared to controls). The PDGFR inhibitor-treated MSC:EC
spheroids were also 157% + 15.9% larger at day 2, however beyond this
time point, no significant differences in size were observed. Inhibition
of PDGFR and ILK also disrupted spheroid self-organisation by altering
the peripheral distribution of ECs at the spheroid surface and causing
them to form enlarged cell aggregates without the connected lattices
observed in untreated MSC:EC controls. Again, these observations
were most pronounced following PDGFR inhibition. This study
showed that MSCs and ECs have an intrinsic capacity to self-organise
when co-cultured under defined 3D conditions to form elaborate
vascular-like networks in a mechanism that is dependent on PDGF and
ILK-mediated signalling. ILK inhibition is known to suppress VEGF
function in ECs resulting in disrupted angiogenesis, whilst PDGF
signalling plays an important role in vascular stabilisation. Our novel
3D co-culture model represents a simplified system to decipher the
mechanisms guiding MSC-dependent remodelling of host vasculature,
which may be exploited to augment MSC-based tissue repair.

W-2119

INTEGRATED MICROFLUIDIC PLATFORMWITH
NANOFIBERS TO CREATE ARTIFICIAL NICHE FOR
CONTROLLING HUMAN PLURIPOTENT STEM CELLS
Mashimo, Yasumasa', Kamei, Kenichiro', Li, Liu', Chen, Yong?
nstitute for Integrated Cell-Material Sciences (iCeMS), Kyoto University,
Kyoto, Japan, *Ecole Normale Supérieure, Paris, France

Human pluripotent stem cells (hPSCs), which they can self-renew
indefinitely and differentiate into most of the cell types, hold a
great potential for drug development, cell-based therapies, tissue
engineering as well as biological investigation. These applications
require precise regulation of cellular microenvironments (or niche)
as cell fates and functions are finely controlled in our body. Thus,
establishment of artificial in vitro niche is necessary to understand
what factors are critical in obtaining cells or tissues which we desired.
In this study, we created artificial in vitro niche controlling cell-cell
contact and consisting of engineered cellular scaffolds by utilizing
micro/nanofabrication technologies. Our designed niches consisted
of (i) a microfluidic device for miniaturization of experiments and
high-throughput analysis and (ii) an engineered cellular scaffold for
mimicking in vivo extracellular matrix and realizing the fully defined
culture condition. Furthermore, the niches were arranged in the
pattern of standard 96-well plate format to perform semi-automatic
experiment, and screened based on expression of cell-fate factors
with defined media, a single-cell imaging and data analysis pipeline.
Utilizing the screening platform, we optimized cell density, and
material and density of the scaffold to allow robust maintenance of
pluripotency of hPSCs. Here, we used a 3D printer for fabricating the
mold of a microfluidic device within a few hours, while a conventional
lithography technique needs at least one week. It allowed us to easily
investigate the designs of an optimal microfluidic device for the
experiment, and to fabricate culture chambers of a different height at
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resolution of tens of micrometer. For proof-of-concept, we investigated
how engineered niches influenced cell fate decision by monitoring
their statuses of pluripotency (OCT3/4), cell proliferation (EdU) as
well as apoptosis (Annexin V) in individual cells. The investigation
was performed by microfluidic image cytometry, which is capable of
quantitative, single-cell proteomic analysis of multiple molecules using
only thousands of cells. Moreover, adapting bioinformatics analysis
(i.e., self-organizing maps and unsupervised hierarchical clustering),
we obtained a visual summary of the similarities, dissimilarities,
and the degree of cellular heterogeneity in each niche, and identified
the optimal niche for stem cell self-renewal from multi-parameteric
analysis.

W-2120

DMSO-FREE FORMULATIONS FOR CRYOPRESERVATION:
A STUDY ON FIBROBLASTS, MESENCHYMAL STEM CELLS
AND INDUCED PLURIPOTENT STEM CELLS

Matosevic, Sandro, Zylberberg, Claudia

Akron Biotech, Boca Raton, FL, USA

While traditional cryoprotective agents (CPAs) such as
dimethylsulfoxide (DMSO) have been successfully used for the
cryopreservation of stem cells for decades, side effects such as elevated
toxicity call for new strategies for cryopreservation that maintain cell
viability while eliminating damage to the cells. We have been developing
non-toxic CPA formulations based on polyampholytes as well as solutes
such as ectoine. One such formulation utilizes polyampholytes with
cryoprotective properties. The active form of such CPAs is obtained
after carboxylation of reactive amino groups. The exact mechanism of
cryoprotection by polyampholytes is postulated to occur by adsorption
to the cell membrane which reduces ionic permeability. Ectoine, on
the other hand, penetrates the cell interior and creates ectoine-water
complexes that stabilize the cell membrane. Here we present validation
data following assessment of cryopreservation efficiency for a number
of cell types, including human lung fibroblasts, mesenchymal stem
cells, hematopoietic stem cells and induced pluripotent stem cells.
We show that cryoprotectant performance is strongly dependent
on cell type. In vitro data on the effect of cryoprotectant toxicity on
cell proliferation is also reported by expanding cells in the presence
of these DMSO-free CPAs. Cell toxicity of DMSO-free CPAs is cell
type-dependent. Moreover, we validate these findings by reporting
cell viability post-thaw following a number of freeze-thaw cycles, and
compare this to traditional CPAs containing DMSO as well as sugar-
rich DMSO CPAs. As cryoprotectants, we demonstrate that both
polyampholyte and ectoine-based CPAs are promising alternatives to
DMSO with important implications in the fields of tissue regeneration
and regenerative medicine.

W-2121

INTEGRATED MULTI-STAGE TISSUE ON A CHIP
GENERATION FROM HUMAN PLURIPOTENT STEM CELLS
Giobbe, Giovanni Giuseppe', Michielin, Federica', Martewicz,
Sebastian Lukasz!, Giulitti, Stefano!, Giulitti, Stefano', Luni, Camilla',
Floreani, Annarosa', Elvassore, Nicola?

"University of Padova, Padova, Italy, *University of Padova, Padova, Italy

The development of human organs-on-chips, in which the microscale
engineering technologies are combined with cultured human
cells, offers a unique opportunity to study human physiology and
pathophysiology in an organ-specific context. The possibility of
developing direct organogenesis-on-chip from human pluripotent
stem cells (hPSCs) could overcome the limited availability of human
primary cells, such as hepatocytes and cardiomyocytes. Human

embryonic (hESCs)and induced pluripotent stem cells (hiPSCs) open
a wide perspective for multi-organ generation on a chip. Integrated
functional hPSCs differentiation on a chip has not yet been developed.
Here we demonstrate how to control stem cell expansion, selective germ
layer commitment and derive functional tissue-specific cells on a chip
from both hESCs and hiPSCs through a multi-stage microfluidic-based
technology. Experimentally, we showed that a discontinuous periodic
medium delivery with stage-dependent frequency, f, (number of cycles
of medium change per day) is an effective strategy for modulating
stem cell niche specification in vitro, ensuring optimal delivery of
exogenous factors and removal of endogenous cell-secreted factors.
HPSCs homogeneously express pluripotency markers Oct4, Sox2 and
Tral-60, along the microfluidic channel. QRT-PCR analysis of Oct4
and Nanog, showed an optimal frequency of f=2d-1 and a significant
three-fold higher expression compared to lower and higher frequencies
was observed. HPSCs were induced to spontaneously differentiate
within the microfluidic platform and a frequency-dependent germ
layer enrichment was observed. Compared to standard culture in Petri
dish, we obtained a significant increase in ectoderm markers OTX2
and TUBB3 expression by adopting f=1d-1 and a dramatic reduction
with f=8d-1, confirming that ectoderm commitment is mainly driven
by endogenous factors accumulation. Conversely, by adopting f=8d-1,
we observed a significant increase of meso-endoderm T and GATA4
markers and early endoderm FOXA2, EOMES and AFP markers
expression. More selective germ layer commitment was successfully
obtained following specific differentiation protocols and an optimal
f for each germ layer commitment was established. Cardiac cells on
a chip were derived in 15 days of frequency-dependent multi-stage
differentiation protocol. 60% Troponin-T positive cells showed defined
sarcomeric organization, spontaneous contractile activity and proper
calcium dynamics. Cells were also responsive for caffeine and verapamil
stimulation. Similarly, hepatic-like cells on a chip were obtained
starting from endoderm commitment up to hepatic maturation.
Cells express cytokeratin 18, CYP-3A and albumin. Cells are also
responsive to indocyanine green digestion, glycogen storage (75% of
total cells) and 40% increase albumin secretion, compared to static
conditions was observed. Drug-induced cytotoxicity assays have been
performed, in order to verify effective responsivness of hepatocyte-
like cells. Microfluidic-differentiated cells showed higher sensitivity to
acetaminophen stimulation in a dose- and time-dependent manner,
compared to Petri dish cells. Functionally differentiated cells derived
in the microfluidic channels can be directly used for dynamic multi-
parametric and large-scale drug screening or for developing micro-
engineered human organ models, overcoming issues related to the
limited availability of human primary cell sources.

W-2122

A VERSATILE ADENOVIRAL VECTOR SYSTEM FOR BOTH
TRANSIENT AND STABLE VISUALIZATION OF BONE-
FORMING OSTEOBLASTS

Mitani, Ko, Sone, Takefumi, Katagiri, Takenobu

Research Center for Genomic Medicine, Saitama Medical University,
Saitama, Japan

Osteoblasts are specialized cells for bone formation and are derived
from undifferentiated mesenchymal progenitor cells. The expression
of osteocalcin (OC) is widely used as a specific marker for bone-
forming osteoblasts. While some studies have reported isolation of
the osteoblasts using an anti-OC antibody by FACS, this technique
appears to be less efficient since OC is released from the cell surface as
a secretory protein. To generate a human OC-Venus helper-dependent
adenoviral vector (HDAd-hOC-Venus), a BAC clone containing the
human OC locus was modified so that the ATG start codon of Venus
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was fused in frame with the ATG of the OC gene. Subsequently, a total
of 21.4 kb of OC genomic sequences including the marker cassette was
subcloned into the HDAAV plasmid, and the vector was propagated by
serial passages. The MG-63 human osteosarcoma cell line was infected
with the HDAdV's at an MOI of 10000. With this MOI, 99% of the cells
were transduced by the control HDAd-CAG-Venus vector. The specific
expression from hOC-Venus was examined by FACS analyses and
qRT-PCR, and the mean fluorescence intensity of the total cells was
observed to increase after treatment with 1a,25(OH)2D3 in a dose-
dependent manner in parallel with the level of mRNA. The mature
osteoblast-specific expression of hOC-Venus was further examined in
cultures of murine primary osteoblasts, which were infected with the
HDAdVs at an MOI of 1000. With this MOI, 60% of the cells were
transduced with the HDAd-CAG-Venus vector. With the HDAd-hOC-
Venus virus, Venus was specifically expressed in the cells forming bone-
like nodules. The merged images of the HDAd-hOC-Venus expression
and the anti-OC staining indicated that the expression of hOC-Venus
correlates with that of endogenous OC. The Venus (+) fraction in the
HDAd-hOC-Venus infected cultures was 5.0% of the total cells, and
the purity after FACS sorting was 87%. Five endogenous genes, OC,
Bsp, Pthl, Alp and Osx, showed higher mRNA levels in the Venus
(+) cells than in the Venus (-) cells. A transcription factor, Runx2,
was also slightly higher (1.1-2.4 fold) in the hOC-Venus (+) fraction.
The results are expected for Bsp because it has been reported to be
highly expressed in mature mineralizing osteoblasts, while they are
unexpected for Alp and Pthlr because these genes have been regarded
as an early marker of osteogenesis. Although Runx2 has been identified
as the critical transcription factor for osteoblast-specific expression
of OC mRNA, there was little difference in the Runx2 mRNA levels
between the hOC-Venus (+) and (-) fractions. The same vector was
also used to make a reporter human iPS cell (hiPSC) lines, with the
Venus integrated in the ATG-coding exon of OC locus. Human iPS
cells were infected with the vector and subject to neomycin selection
to isolate hiPSC clones with chromosomal vector integration. From
2.4 million infected cells, we obtained 29 colonies, among which 7%
were gene-targeted confirmed by PCR and Southern analyses. These
iPSC clones would be useful to optimize conditions for inducing
osteoblast differentiation from hiPSCs. In summary, we established a
novel HDAdV-based system to transiently detect living bone-forming
osteoblasts and to stably establish osteoblast-specific reporter hiPSCs
by using the long regulatory sequences of the human OC gene. Our
HDAdV-based hOC-Venus reporter will thus be useful to visualize,
isolate and characterize bone-forming osteoblasts in various systems.

W-2123

PROLIFERATION OF MOUSE NEURAL STEM/PROGENITOR
CELLS ON POLYVINYL ALCOHOL HYDROGELS

Mori, Hideki, Hara, Masayuki

Graduate School of Science, Osaka Prefecture University, Sakai, Osaka,
Japan

Aqueous solution of polyvinyl alcohol (PVA) can be modified into
soft hydrogels by radiation cross-linking and can be used in several
pharmaceutical and biomedical applications. We investigated the
mechanical and biological properties of PVA hydrogels for use as
culture substrates to maintain neural stem/progenitor cells (NSPCs).
PVA hydrogels were synthesized from 3.75, 7.5, and 15% PVA solution
by y-irradiation with the dose of 10, 20, and 40 kGy. The mechanical
properties of these hydrogels were characterized by calculating the
swelling ratio based on the data of weight measurement, the Young’s
modulus based on the data of compression test. PVA hydrogels close
to a swelling ratio of 100%, which are synthesized from 3.75% PVA
solution by 10 kGy radiation (3%-10kGy PVA), 7.5% PVA solution

by 20 kGy radiation (7%-20kGy PVA), and 15% PVA solution by 40
kGy (15%-40kGy PVA), were selected to test the ability of the culture
substrate for NSPCs. The Young’s modulus of PVA hydrogels were
increased with increasing the concentration and the irradiation dose
(3.3+0.5 kPa for 3%-10kGy PVA, 10.7+1.0 kPa for 7%-20kGy PVA,
and 26.3+8.1 kPa for 15%-40kGy PVA). The PVA hydrogels were well
dried, and then the structure was investigated by Fourier Transform
Infrared Spectroscopy (FTIR). The FTIR spectra of PVA hydrogels
showed a little difference of the relative intensity of the band related to
hydroxyl groups (v = 3,550-3,200 cm™). The NSPCs that were isolated
from embryonic forebrain tissue of E14 ICR mouse and were cultured
in DMEM/F-12 medium supplemented with B-27 solution and growth
factors (EGE, b-FGF) applied to test the ability of PVA hydrogels as the
cell culture substrate. NSPCs were incubated on each PVA hydrogel
at 37°C, 5%CO, for 7days, and then were counted their cell numbers.
Additionally, the cell populations in the NSPC culture were examined
using immunocytochemistry and quantitative RT-PCR analysis. The
NSPCs attached and proliferated on respective PVA hydrogels. On the
15%-40kGy PVA, the cells showed obviously spreading and extension.
However, the neural stem cell markers, nestin- and sox-2-positive cells
were detected abundantly in NSPCs cultured on every PVA hydrogels
in immunocytochemical analysis using fluorescence microscopy. The
RNA expressions of Nestin and Sox2 showed similar values among these
PVA hydrogels. PVA hydrogels prepared by y-irradiation cross-linking
will enable the new application as the adhesion culture of NSPCs.

W-2124

PLURITEST - PROVIDING A PLURIPOTENCY TEST FOR THE
GLOBAL STEM CELL COMMUNITY

Mueller, Franz-Josef', Briandl, Bjorn’, Lenz, Insa?, Williams, Roy M.%,
Mason, Dylan*, Schuldt, Bernhard®, Loring, Jeanne E*

'Department for Psychiatry, Zentrum Fiir Integrative Psychiatrie, Kiel,
Germany, *Zentrum Fiir Integrative Psychiatrie, Kiel, Germany, >The
Moores Cancer Center, University of California, San Diego, La Jolla,
CA, USA, *Independent Consultant, Encinitas, CA, USA, *Department
for Data-Driven Modeling, Aachen Institute for Advanced Study in
Computational Engineering Sciences, Aachen, Germany, *The Scripps
Research Institute, La Jolla, CA, USA

We developed PluriTest as an alternative to the teratoma assay, which
requires the use of laboratory animals, for determining whether human
stem cells are pluripotent. PluriTest is a bioinformatics-based assay
based on gene expression profiles of cells of interest. An important
feature of PluriTest was the establishment of a website (www.pluritest.
org), which enables the non-expert in bioinformatics to process and
retrieve the assay results from data that has been uploaded to the
website. Our goal is to make assessment of pluripotency in human
cells both reliable and user-friendly. PluriTest is increasingly being
used for testing large collections of human iPSCs, where the teratoma
assay is impractical. As of the time of this submission nearly 8,000
gene expression datasets have been uploaded by 524 unique registered
users from 29 countries, and the test has been used in publications in
Nature, Nature Methods, PNAS, Cell Stem Cell, Science Translational
Medicine, Genome Research, and others. Here we will present and
discuss extensions to the current PluriTest report, anonymized usage
data and data trends, our ongoing improvements in the PluriTest data
model for pluripotency, and new applications using the bioinformatics-
based model.
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W-2125

INVESTIGATING THE IMPACT OF FLUIDIC AGITATION

ON HUMAN PLURIPOTENT STEM CELLS IN DYNAMIC
SUSPENSION

Nampe, Daniel', Joshi, Ronak? Beaudette, Chad’, Liew, Chee Gee?,
Tsutsui, Hideaki?

!Bioengineering, University of California, Riverside, Riverside, CA, USA,
Cell Biology and Neuroscience, University of California, Riverside,
Riverside, CA, USA, *Mechanical Engineering, University of California,
Riverside, Riverside, CA, USA

Due to the unique ability to self-renew indefinitely and differentiate
into any cell type, human pluripotent stem cells (hPSCs) are an ideal
cell source for future cell therapy applications. Despite its potential, a
robust scalable culture system that can produce a sufficient number of
clinical stem cell products is currently lacking. Dynamic suspension
culture is a promising platform because it is easily scalable and
automated, thereby reducing cost of stem cell production. However,
propagation of undifferentiated hPSCs in dynamic suspension has not
been explored until recently, and the microenvironmental factors that
regulate the fate decision of hPSCs are poorly understood. In particular,
fluidic agitation is unique to dynamic suspension culture and can
play an important role in survival, self-renewal, and differentiation of
hPSCs. We assessed impacts of different agitation rates (0-120 rpm) on
cell output using a conventional spinner flask. After 7 days of dynamic
suspension culture in mTeSR medium, moderate agitation at 60 rpm
achieved the highest cell yield (55 fold increase) while maintaining
high expression of pluripotent markers. This condition also produced
the most uniformly sized cell aggregates with 200-300 pum in diameter,
whereas the other agitation rates resulted in broader size distribution.
Specifically, agitation conditions below 60 rpm resulted in large
aggregates, mostly above 400 pm in diameter, and a low cell yield (5-15
fold increase), and conditions above 60 rpm resulted in smaller sized
aggregates below 400 pm and a high cell yield (30-40 fold increase).
This result presented a strong relationship between size of the cell
aggregates and the cell yield, indicating there is an optimal aggregate
size for survival and growth of hPSCs. To confirm this observation,
we cultured aggregates of hPSC of prescribed sizes (100-500 pum) in
mTeSR under static condition for 7 days. Overall, aggregate size at 300
pm had the highest cell yield (40 fold increase) and viability (90%) as
well as high expression of pluripotency makers. Sizes below or above
300 pum displayed a decrease in both cell yield (10-25 fold increase)
and viability (78-82%). Moreover, as confirmed by qPCR, large sizes
(>400 pm) resulted in early germ layer differentiation, likely due to
diffusion limitation of soluble factors. Collectively, this set of studies
suggest that cell aggregate size is a critical parameter which can affect
survival, growth and differentiation of hPSCs and that fluidic agitation
can control their fate decisions at least partially by modulating
aggregation and agglomeration kinetics. Another potential means of
stem cell fate control in dynamic suspension culture is shear-induced
mechanotransduction, although it is to be explored in our future study.
Understanding cellular and molecular mechanisms that are induced
by fluidic motion in suspension will help the development of scalable
stem cell culture systems to meet the anticipated demands of stem cells
and their derivatives.

W-2126

A FULLY AUTOMATED SYSTEM FOR LARGE-SCALE
INDUCED PLURIPOTENT STEM CELL PRODUCTION AND
DIFFERENTIATION

Paull, Daniel', Sevilla-Hernandez, Ana', Zhou, Monica', Hahn, Aana’,
Kim, Hesed!, Napolitano, Chris', Sun, Bruce!, Woodard, Chris’, Shang,
Linshan?, Zimmer, Matthew!, Moroziewicz, Dorota', Jagadeesan,
Premlatha!, Krumbholz, Katherine?, Tsankov, Alexander®, Kahler,
David’, Forero, Eliana', Sy, Reese', Martina, Hector', Dusenberry,
Carmen?®, Vensand, Lauren®, Solomon, Susan!, Chang, Stephen’,
Meissner, Alexander®, Eggan, Kevin Carl®, Noggle, Scott’

INew York Stem Cell Foundation, New York, NY, USA, *The New York
Stem Cell Foundation, New York City, NY, USA, *The New York Stem
Cell Foundation, New York, NY, USA, “Harvard, Cambridge, MA, USA,
*Harvard University, Cambridge, MA, USA

Induced pluripotent stem (iPS) cells represent a source of patient-
specific cells with the potential to differentiate into all the cell types
in the human body. Given its significant utility in basic and clinical
research, as well as in clinical applications, the demand for iPS is
growing. However, the protocols, procedures, and reagents for iPS
cell generation vary significantly between laboratories, leading to
major concerns about the products safety, quality, and consistency.
Moreover, the current methods of iPS cell generation are mostly
carried out manually, resulting in derivation that is time-consuming
with variable efficiency, accuracy, and consistency. Therefore, a
combined approach of iPS cell production, characterization, and
differentiation using a standardized protocol in an automated cell
production platform is desired. The NYSCF Global Stem Cell Array
is a new technology platform for the derivation and manipulation
of stem cell lines as well as the differentiation of adult cell types in a
high-throughput, parallel process using automation. Standardization
and scale-up capabilities achieved through this automated process
are critical in efforts to reduce methodological variability to uncover
true biology by improving signal to noise ratios in phenotype studies.
The automated system has the capacity to generate hundreds of stem
cell lines per month allowing large-scale investigation into disease
pathologies and drug toxicity and efficacy studies. The platform
will generate panels of stem cell lines from thousands of genetically
diverse individuals representing both diseased patients and controls.
In this fully automated system, the robotic methods for fibroblast cell
thawing and seeding, reprogramming induction, iPS cell enrichment
and purification, as well as iPSC colony selection and consolidation are
optimized and tested. The entire production process is recorded with
the cells imaged using an automated image-processing method and
analyzed simultaneously, allowing for tracking every step and enabling
the measurement of cell properties and consistent quality control.
iPSC cultures have been generated, characterized, and maintained in
feeder free conditions. The Array has the capacity for automated tri-
lineage differentiation in embryo bodies as well as lineage specific
differentiation into adult cell types such as dopaminergic neurons and
pancreatic beta cells.
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W-2127

VERAVEC ENDOTHELIAL CELLS RECREATE THE VASCULAR
STEM CELL NICHE FOR MODELING AND EXPANSION

OF STEM AND PROGENITOR CELLS OF HEALTHY AND
MALIGNANT ORIGINS

Nolan, Daniel Joseph

Angiocrine Bioscience, New York, NY, USA

The scarcity of stem cells from various tissues has created a bottle
neck for basic research, transplantation, and regenerative medicine
at large. Current methodologies for the expansion of stem cells in
vitro invariably reduce the capacity for engraftment and multi lineage
commitment of the expanded stem cells. The ability to recapitulate the
stem cell niche in vitro has eluded scientists as the creation of such
a niche often requires irreducibly complex media additives, such as
serum. The recent appreciation of the association of stem cells with
the endothelial cells forming the vascular stem cell niche has only
recently been understood. Angiocrine factors, the growth factors
supplied by endothelial cells, are indispensable for the maintenance
and expansion of stem cells in vivo. Historically, this observation has
not been transferable to in vitro cultures due to the numerous additives
needed to cultivate endothelial cells. VeraVec endothelial cells are
capable of adapting endothelial cells from various species to tissue
culture conditions without the need for such toxic and deleterious
media additives. VeraVec endothelial cells are phenotypically stable for
numerous passaging until their eventual senescence and are capable
of recreating the vascular stem cell niche in vitro with defined media
conditions. The co-culture of stem cells, with hematopoietic stem
cells used as an example, with VeraVec endothelial cells resulted in a
profound 1200 expansion within 12 days. Importantly, the expanded
stem cell population maintained multi lineage engraftment capacity
while simultaneously having enhanced engraftment. Transplantation
studies revealed that the long term engrafting stem cells were both
serially transplantable and at a higher frequency when compared to
primary stem cell populations. This is in stark contrast to the loss
of long term engraftment and lineage bias normally observed with
HSC expansion protocols which rely on reductionist conditions. In
addition to other adult stem cell lineages, recent studies have also
demonstrated the effect on VeraVecs on cancer stem cells in a similar
fashion. Primary malignant cells were demonstrated to retain their in
vivo phenotype only when co-cultured on VeraVec ECs. Traditional
mechanisms of culture cause a rapid departure from the original
phenotype. Collectively, these observations underscore the capacity to
use the the vascular stem cell niche in vitro for the expansion of stem
cells for both research and clinical applications.

W-2128

REPLACEMENT OF BASIC FGF BY A STABLE-TYPE
CHIMERIC FGF IN HUMAN PLURIPOTENT STEM CELL
CULTURE

Onuma, Yasuko', Higuchi, Kumiko!, Aiki, Yasuhiko!, Shu, Yujing',
Asada, Masahiro?, Asashima, Makoto', Suzuki, Masashi’?, Imamura,
Toru?, Ito, Yuzuru'

'Research Center for Stem Cell Engineering, National Institute of
Advanced Industrial Science and Technology (AIST), Tsukuba, Japan,
“Biomedical Research Institute, National Institute of Advanced Industrial
Science and Technology (AIST), Tsukuba, Japan

FGF signal is essential for self-renewal of human embryonic stem cell
and induced pluripotent stem cells. Recombinant basic FGF (bFGF or
FGF2) is conventionally used for culture of the pluripotent stem cells,
however because of its instability, consecutive addition of fresh basic
FGF protein into the culture medium is required. In this study, we

demonstrated that a recombinant stable-type FGE, FGFC, was useful
for maintaining of human pluripotent stem cells. FGFC is a chimeric
protein composed of human FGF1 and FGF2 domains, and is excellent
at thermal stability and protease resistance than FGF1 and FGF2. Both
human embryonic stem cells and induced pluripotent stem cells were
maintained in ordinary culture medium containing FGFC instead
of FGF2, without a significant change either in pluripotent markers
expression, global gene expression, karyotype or differentiation
potential into three germ lineages. Therefore, FGFC is an effective tool
for stable maintenance of human pluripotent stem cells.

W-2129

GENOME ENGINEERED HUMAN EMBRYONIC STEM

CELLS EFFICIENTLY REPORT GENE EXPRESSION DURING
THE TRANSITION FROM PLURIPOTENCY TO THE
DIFFERENTIATED CARDIOMYOCYTE STATE

Ortiz, Mariaestela', Ortmann, Daniel', Mascetti, Victoria', Mendjan,
Sasha!, Bernardo, Andreia Sofia', Janeway, Weslie!, Mujica, Alejandro?,
Bekele, Yalem? Skarnes, William C., Rosen, Barry?, Pedersen, Roger
Al

"The Anne McLaren Laboratory for Regenerative Medicine, WTMRC,
Cambridge Stem Cell Institute, The University of Cambridge, Surgery
Department, Cambridge, United Kingdom, *T87 Wellcome Trust Genome
Campus, The Wellcome Trust Sanger Institute, Hinxton, Cambridge,
United Kingdom

Genome engineering of human embryonic stem cells (hESCs) enables
visualization of gene expression during the transition from a pluripotent
to a differentiated state. BAC recombineering methodology was used to
generate vectors for gene targeting of hESCs. A gene targeting strategy
was employed in hRESC H9 cells to study cardiac progenitors previously
described in mouse to arise from the mesoderm in the primitive streak,
which expresses the T-gene (BRACHYURY/T), and the subsequent
cardiac lineage committed progenitors that express NKX2.5 and TBX5.
Knockin targeting vectors were engineered to encode H2B_Venus YFP
or H2B_Cherry RFP reporter gene, which faithfully reported activity
of the endogenous promoter of each gene expressing bright, nuclear
localized fluorescence. While mesoderm formation and cardiomyocyte
specification are typically studied in hESCs, gene dosage effects during
these processes has been more difficult to model. To assess the precise
gene dosage activity levels of those genes that are not expressed by
pluripotent cells two design strategies were used: First, knockin
reporter insertions which perturbed one copy of the endogenous locus
resulting in heterozygousity (+/-), which should potentially model
human haploinsufficient disease states. An additional targeting event
of a (+/-) reporter line with the same vector (after marker removal)
rendered the locus homozygous null (-/-). Second, the insertion of
T2A_H2B_Venus YFP at the 3’ end of the locus was used to render a
non-perturbed wild type state (+/+). To enable functional interrogation
of genes that might be necessary for pluripotent hESC growth a CRE-
conditional targeting approach was developed. Targeting efficiencies
of 1% to 3% were observed for T_T2A_H2B_Venus YFP and TBX5_
H2B_Cherry RFP knockins. Similar gene targeting frequencies were
observed for double targeted lines, which reported stably TBX5 with
H2B_Cherry RFP and NKX2.5 with H2B_Venus YFP upon induction
of differentiation of targeted clones to beating cardiomyocytes. The
modular reporter cassettes and strategy for regulating gene dosages
described here can equally be applied to engineer hESCs and hiPSs
using CRISPR based approaches applicable to human cardiovascular
development and disease.
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W-2130

3D SPHERE CULTURE WITH FUNCTIONAL POLYMERS
FOR LARGE-SCALE HUMAN PLURIPOTENT STEM CELL
PRODUCTION

Otsuji, Tomomi G.!, Bin, Jiang', Yoshimura, Azumi', Tomura,
Misayo?, Tateyama, Daiki’, Minami, Itsunari’, Yoshikawa, Yoshihiro?,
Aiba, Kazuhiro!, Heuser, John E.}, Nishino, Taito?, Hasegawa, Kouichi',
Nakatsuji, Norio'

nstitute for Integrated Cell-Material Sciences (iCeMS), Kyoto University,
Kyoto, Japan, *Nissan Chemical Industries, Ltd., Tokyo, Japan, Nipro
Corporation, Kusatsu, Japan

Human pluripotent stem cells (hPSCs), including human embryonic
stem cells (hESCs) and human induced pluripotent stem cells
(hiPSCs), are expected to contribute greatly to regenerative medicine
and drug discovery. These practical applications require defined
and quality-controlled large-scale cell production. However,
scaling up conventional adherent cultures presents challenges
of maintaining a uniform high quality at low cost. In addition,
current three-dimensional (3D) culture systems for large-scale
hPSC production have disadvantages such as low survival rates,
control of aggregate size and cell damage due to physical forces.
Here, we have solved such problems in the suspension culture
system through addition of functional polymers. Spontaneous fusion
between spheres made variation in sphere sizes including very large
spheres, which may cause cell death and autonomous differentiation.
Addition of polymer 1 was able to produce uniform hPSC spheres
through decrease of spontaneous fusion. Moreover we found polymer
2 that inhibits sedimentation and maintains the sphere in suspension
without high viscosity or gel formation. Combination of polymer 1
and 2 improved our sphere culture system toward 3D culture without
mechanical or dynamic stirring. In our 3D culture, hPSC spheres
can be passaged with around 6-8 times split rate every 5 days, at least
more than 50 passages, and the cells maintained a normal karyotype
and pluripotency. Finally, to demonstrate the capability of our novel
3D sphere culture system, we tried to use 200 mL volume capacity
culture bag made of gas permeable membrane. The morphologies of
spheres and growth rate were similar to those of sphere in the small-
scale culture, and average cell number yield was 1.4E+8 per bag. Thus,
this simple and robust 3D sphere culture method would present new
possibility of suspension culture for the large-scale hPSC production.

W-2131

DEVELOPMENT OF COMPARTMENTALIZED CULTURE
PLATFORMS TO STUDY THE CELLULAR AND MOLECULAR
PHENOTYPES IN SCHIZOPHRENIA PATIENT-DERIVED
NEURONS

Pankonin, Aimee Ree, Kim, Hyung Joon, Kim, Yongsung, Wright,
Rebecca, Gage, Fred H.

Salk Institute for Biological Studies, La Jolla, CA, USA

Schizophrenia (SZ) is prevalent in approximately one percent of the
world’s population over the age of 18. This disorder is ranked amongst
the top ten causes of disability in developed countries worldwide.
Postmortem studies have concluded that a patient inflicted with SZ
shows a decreased cerebral volume, particularly in the frontal cortex
and temporal lobes. This has been thought to be due to a decreased
neuronal size in conjunction with a loss of neurites, as well as an
increased neuronal density. However, these studies can only give us a
snapshot of the inner workings of the brain without neuronal activity.
With the scientific advancement of induced pluripotent stem cells
(iPSC), we can now observe the activity of live neurons and create a
more authentic model of neuronal activity. In order to reproduce

the cellular and molecular defects of SZ, we used reprogramed SZ
patient-derived iPSCs, which were then differentiated into neurons
representing the diseased state. Due to the complex integrity of the
brain, it is a challenging task to establish in vitro assays for quantitative
studies of the synaptic connectivity in SZ. By interconnecting two
100um-high cell culture chambers with 3pm-high microgrooves, we
successfully compartmentalized neuronal cell bodies and neurites
(axons and dendrites). This approach establishes a valuable in vitro
assay for identifying cellular and molecular phenotypes in patient-
derived neurons from iPSCs along with better quantification strategies.
Using microfluidics-based compartmentalized culture, we are able to
reproduce some key cellular and molecular events in the nervous system,
such as cellular migration and neuronal differentiation, mitochondrial
dynamics, and synaptic connectivity in both healthy control and
disease states. Here, we report that the SZ neurons have shorter neurite
length, less mobile mitochondria and decreased synaptic connectivity
than control neurons. This technological ingenuity will impact research
in neurological disorders by providing for the possibility of improved
drug screening assays and the quantification of other phenotypes
within the nervous system.

W-2132

AN IMPROVED WHOLE GENOME BISULFITE SEQUENCING
(METHYL-SEQ) LIBRARY CONSTRUCTION METHOD
FROM LOW _DNA INPUTS FOR EPIGENETIC STUDIES
Pease, Jim, Czyz, Agata, Khanna, Anu, Gabel, Dixie, Ruotti, Victor,
Syed, Fraz, Vaidyanathan, Ramesh

Illumina, Madison, WI, USA

Changes in DNA methylation patterns play a significant role in a variety
of epigenetic processes including cell differentiation and disease on-
set. Genome-wide analysis of methylated CpG nucleotides is possible
by whole-genome bisulfite sequencing (WGBS; methyl-seq) which
provides DNA methylation status at single nucleotide resolution.
Conventional WGBS sample prep involves DNA shearing, ligation of
methylated sequencing adaptors, bisulfite conversion of unmethylated
cytidine nucleotides and sequencing on an Illumina sequencer.
However, a major challenge with conventional WGBS sample prep is
that large amounts of gDNA must be used because ~90% of the adaptor-
tagged DNA is degraded during the bisulfite conversion step rendering
them incapable of being sequenced. We describe an improved WGBS
library construction method that features bisulfite conversion of
cytosines prior to addition of the Illumina sequencing adaptors. As a
consequence, our method enables use of as little as 50 ng of gDNA
because virtually 100% of the DNA fragments, independent of position
of bisulfite-mediated strand breaks, remain as viable templates for
library construction and sequencing. Our WGBS library construction
method is faster and produces highly diverse libraries with uniform
CpG coverage.

REPROGRAMMING

W-2133

REPROGRAMMING OF MOUSE SOMATIC CELLS BY
MICRORNA 302.367 CLUSTER

Kang, Kyung-Ku, Kim, Ah-Young, Lee, Eun-Mi, Lee, Eun-Joo, Min,
Chang-Woo, Lee, Myeong-Mi, Kim, Sang-Hyeob, Sung, Soo-Eun,
Hwang, Meeyul, Ghim, Soong-Koo, Jeong, Kyu-Shik

Department of Veterinary Pathology, College of Veterinary Medicine,
Kyungpook National University, Daegu, Republic of Korea

Induced pluripotent stem cells (iPSC) have been directly generated
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from fibroblast cultures though retrovirus-mediated ectopic gene
overexpression of only a few defined transcriptional factors. This
remarkable achievement has greatly enhanced the promise of
regenerative medicine through overcome immunological and ethical
problem of embryonic stem cells. Recently, many kinds of somatic cells
from different tissues have exhibited a capacity for reprogramming
toward an embryonic stem cell-like state, but limitations in iPSC
derivation and therapeutic use remain, including low reprogramming
efficiency and safety of the generated iPSC. In this study, to overcome
these limitations of iPSC, we’re trying to reprogramming by using
microRNA  302/367 cluster without exogeneous transcriptional
factors. There was overexpressed exogeneous microRNAs into mouse
embryonic fibroblasts via lentivirus transduction of microRNA
302/367 cluster expression vector. After lentiviral transduction,
transducted cells showed immature colony characteristic such as
assembled cells and blunt boundary. But RT-PCR results show
upregulation of pluripotentcy gene expression such as Nanog and Klf4
compared to mouse embryonic fibroblasts. These results suggested that
microRNA 302/367 cluster transducted cells were progressed partially
reprogramming but not fully that. Thus, this study showed possibility
of mouse somatic cells reprogramming by microRNA 302/367 cluster
as alternative method.

W-2134

HETEROTYPIC CELLULAR REPROGRAMMING TO
CORTICOFUGAL SUBTYPES USING A NOVEL GENETIC
SYSTEM FOR INDUCIBLE EXPRESSION OF FEZF2

Akhtar, Aslam, Kim, Gi Bum, Molina, Jessica, Breunig, Joshua
Regenerative Medicine Institute, Cedars Sinai Medical Centet, Los
Angeles, CA, USA

The neurons of the cerebral cortex arise from neural stem cells
during embryogenesis to generate a six layer structure. These
cells terminally differentiate into precise subtypes of neurons. The
intrinsic and extrinsic determinants of cerebral cortex development
and the establishment of laminar neuronal subtype identities are
increasingly understood. In particular, the transcription factor Fezf2
has been identified as a critical determinant of layer 5 corticofugal
projection neurons. This class of neurons includes corticospinal motor
neurons that are lost in degenerative motor neuron disorders such
as amyotrophic lateral sclerosis (ALS). Previous work has explored
the ability of Fezf2 to reprogram cells to a corticofugal phenotype
within a very spatial and temporal window of early development.
We have developed an electroporation based method for stably
misexpressing Fezf2 in neural stem cells lining the lateral ventricle.
Misexpression of Fezf2 in these cells reduces astrogliogenesis and
olfactory bulb (OB) neurogenesis. To avoid acute OB neurogenesis
alterations, we developed an inducible and reversible, 3rd generation,
doxycycline(Dox)-regulated genetic system for expressing Fezf2. When
our expression vector is induced by Dox in cultures of mouse neural
stem cells or astrocytes, Fezf2 causes morphological conversion into
neuron-like cells despite the presence of growth factors and serum. We
have verified that this system is very robust upon in vivo electroporation,
displaying little or no leakage and excellent inducibility. When Fezf2
expression is induced postnatally in the olfactory bulb, we see changes
in nuclear size, increased ER81 expression, and evidence of ectopic
axonal growth from the olfactory bulb. Using this new technology,
we are exploring the ability of Fezf2 to reprogram heterogeneous
populations of stem, progenitor and terminally differentiated cells to
corticofugal subtypes in postnatal and adult mice, including in cortical
lesion and neurodegenerative disease models. In the future, we will
explore the suitability of this tool for generating enriched populations
of motor neurons for studying disease processes in patient derived

induced pluripotent stem (iPS) cells.

W-2135

VALIDATION OF AUTOMATIC, LABEL-FREE AND REAL-
TIME SELECTION OF FULLY REPROGRAMMED IPSC
COLONIES USING TIME-LAPSE MICROSCOPY AND
KINETIC IMAGE PATTERN RECOGNITION

Alworth, Samuel V.!, Hendriks, William T.?, Kenyon, Zakary A.',
Collins, Nicholas J.>, Nakada, Chieko?, Kiyota, Yasujiro!, Daheron,
Laurence®, Rubin, Lee?, Cowan, Chad A.% Lee, James®

'DRVision Technologies LLC, Bellevue, WA, USA, *Department of Stem
Cell and Regenerative Biology, Harvard University, Cambridge, MA,
USA, ‘Department of Stem Cell and Regenerative Biology, Havard
University, Cambridge, MA, USA, *Nikon Corporation, Tokyo, Japan,
*Harvard Stem Cell Institute, Harvard University, Cambridge, MA, USA,
SDRVision Technologies LCC, Bellevue, WA, USA

The ability to reprogram somatic cells to an embryonic stem cell-like
state has had a landmark impact on basic biological research, drug
screening, and drug discovery. However, picking fully reprogrammed
induced pluripotent stem cell (iPSC) colonies can be unreliable,
costly and time consuming. In particular, currently there are no
methods to consistently and automatically pick fully reprogrammed
iPSC colonies without fluorescent surface markers. Label free and
automated selection of iPSC colonies would greatly reduce the
complexity of automated reprogramming and expansion systems, save
time and resources in iPSC production, and facilitate high-throughput
application of iPSC technology. In addition, for researchers less
familiar with iPSC technology, computer assisted iPSC colony selection
would ease implementation of reprogramming in their laboratories.
We have discovered that the way iPSC colonies form contains very
useful information that can be used to predict whether they will
become fully reprogrammed. We have developed software methods
to quantify and score these colony formation patterns using phase
contrast video microscopy, and predict which colonies will become
iPSCs. Since, in general, only a few fully reprogrammed iPSC colonies
per patient sample are needed, we designed our approach to achieve
very high specificity while allowing lower sensitivity. We developed the
method using a database of seven patient samples, comprised of time-
lapse recordings showing thousands of colonies forming, rigorous
annotated ground truth (TRA 1-60 staining and manual review) on
over 1800 colonies, and pluripotency characterization of ten cell lines.
In the current study, we have validated the method in a double blinded
study using healthy and disease-specific fibroblasts and Sendai virus-
mediated reprogramming with K1f4, Oct3/4, Sox2 and c-Myc, imaged
continuously for three weeks on the Nikon BioStation CT. The kinetic
image pattern recognition software automatically identifies and ranks
up to 10 fully reprogrammed colonies for selection per patient using
only time-lapse phase contrast microscopy image sequences without
fluorescence. Concurrently, skilled technicians in the HSCI iPSC core
select fully reprogrammed colonies based on morphology and TRA-
1-60 staining. Here we present the kinetic image pattern recognition
method and validation results that show fully blinded and automated
selection of iPSC colonies with high specificity. Pluripotency validation
was performed and comparison between human and computer
selected colonies shows no significant difference in colony quality
using standard and rigorous pluripotency assessment methods. This
research is supported in part by grant number 4R44HL106863 from
the NHLBI and the Harvard Stem Cell Institute.
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W-2136

IDENTIFICATION OF ATIMEWINDOW FOR
SPONTANEOUS ESTABLISHMENT OF PLURIPOTENCY IN
MOUSE SPERMATOGONIAL STEM CELLS INVITRO

Azizi, Hossein!, Conrad, Sabine’, Hinz, Ursula', Asgari, Behrouz?,
Nanus, Daniel', Peterziel, Heike', Moghadam, Akbar Hajizadeh®,
Baharvand, Hossein?, Skutella, Thomas!

"University of Heidelberg, Heidelberg, Germany, *University of Tuebingen,
Tuebingen, Germany, *Royan Institute, Tehran, Iran, *University of
Mazandaran, Babolsar, Iran

Although testis-derived embryonic stem cell-like (ES-like) cells
have been obtained in several studies, the time window for the shift
to pluripotency is not clear yet. Here we describe, that only during a
special time window (41 until 125 days) after initiation of germ line
stem cell (GSCs) cultures from neonate and adult promoter-reporter
Oct4-GFP transgenic mouse the spontaneous appearance of germline-
derived pluripotent stem (gPS) cells from both neonate and adult GSCs
occurred. The isolated and long-term cultured (more than one year)
GSCs which were isolated by a morphology based selection procedure
expressed germ cells markers and exhibited a similar morphology
with a high nucleus/cytoplasm ratio in comparison to undifferentiated
SSCs (spermatogonial stem cells) in vivo. The generated gPS cells
expressed pluripotency marker, in-vitro differentiated into all three
germ lineages, formed complex teratoma after transplantation in SCID
mice and produced chimeric mice. Although the exact mechanism
of the development of gPS cells from GSCs is still unclear, this new
information could provide an ideal strategy for scheduling natural
conversion mechanisms of ES-like cells from mouse testis.

W-2138

HIGHLY EFFICIENT REPROGRAMMING OF A SMALL
NUMBER OF HUMAN SOMATIC CELLS INTO STABLE
INDUCED PLURIPOTENT STEM CELL LINES USING A
COMBINATORIAL RNA-BASED APPROACH

Bilousova, Ganna', Kogut, Igor’, Ortega, Sandra M.}, Pavlova, Maryna
V., Astling, David P2, Jones, Kenneth L.2, Cambier, John C., Roop,
Dennis R.!

'Department of Dermatology, Charles C. Gates Center for Regenerative
Medicine and Stem Cell Biology, University of Colorado, Aurora, CO,
USA, *Department of Biochemistry and Molecular Genetics, University
of Colorado, Aurora, CO, USA, *Department of Immunology, University
of Colorado and National Jewish Health, Denver, CO, USA

Reprogramming somatic cells into induced Pluripotent Stem Cells
(iPSCs) has greatly advanced the field of regenerative medicine and
stem cell biology. However, there are still many obstacles that limit the
broad application of iPSCs in the clinic and research, such as: (1) the
relatively low efficiency and high cost of reprogramming protocols,
including clinically relevant integration-free approaches; (2) substantial
time required to establish a cell line from a patient’s biopsy before iPSC
generation can be initiated; (3) difficulties in reprogramming a low
number of somatic cells with integration-free approaches. To address
these obstacles, we optimized a synthetic mRNA-based approach
described by Warren et al. through incorporating previously reported
reprogramming mimic miRNAs, employing a feeder-free system,
enhancing synthetic mRNA transfections, as well as improving the
reprogramming regiment, medium composition, mMRNA/miRNA
concentrations, and cell plating conditions. As a result of these
optimizations, we were able to attain an unprecedented efficiency of
human cell reprogramming starting from as little as a single human
cell. Using human primary neonatal fibroblasts, we generated ~1100
Tra-1-60 positive iPSC colonies from 200 starting cells within 2

weeks of reprogramming with only 6 transfections. A minimum of
3 transfections was required to obtain a few iPSC colonies, and 6 - 7
transfections to achieve the maximum reprogramming efficiency. The
first colonies started to emerge as early as day 8, and mature iPSC
colonies could be picked on day 12 of this reprogramming regiment.
We were also able to reprogram ~75% of individually plated human
neonatal fibroblasts that survived through the remainder of the
reprogramming protocol; with each reprogrammed cell producing on
average 22 Tra-1-60 positive iPSC colonies. When our protocol was
employed for the reprogramming of adult fibroblasts derived from 41
and 50 year old individuals, the resulting efficiency of iPSC generation
was ~14% and ~36% respectively. To address the applicability of our
protocol in aging research, the same adult fibroblast lines were serially
passaged until more than 91% of cells exhibited a senescent phenotype
and then reprogrammed into iPSCs. The reprogramming of these
senescent lines took only 2 weeks and resulted in an efficiency of
~0.22% and ~0.33% respectively. The established iPSC lines generated
from neonatal, adult and senescent human fibroblasts exhibited
normal karyotypes and have been successfully maintained for at least
15 passages. The pluripotency of the generated iPSCs was confirmed
by gene expression analysis and the differentiation into cell types of all
three germ layers both in vitro and in vivo. Thus, our protocol allows for
the integration-free reprogramming of a variety of somatic human cells
with kinetics and the efficiency which surpass all previously published
reports. The approach is cost effective, provides an opportunity to
shorten the time between the biopsy and the generation of stable
high-quality iPSC lines, and allows for the production of iPSCs from
individually plated cells in a feeder-free system. We anticipate that the
reported method can be used to reprogram fibroblasts derived from
both young and elderly patients into clinical grade iPSCs and, due to its
ultra-high efficiency, opens up new horizons to studying the biology of
reprogramming at a single cell level using primary human cells without
any prior genomic modifications.

W-2140

RAPID AND EFFICIENT REPROGRAMMING OF HUMAN
SOMATIC CELLS INTO INDUCED NEURAL STEM CELLS BY
MIR-A/NTEF-1

Yu, Kyung-Rok, Shin, Ji-Hee, Kim, Jae Jun, Lee, Jin Young, Koog,
Myung Guen, Choi, Soon Won, Tae-Wook, Kang, Kim, Hyung-Sik,
Seo, YooJin, Lee, Byung-Chul, Kang, InSung, Sung, Eun-Ah, Kang,
Kyung-Sun

Seoul National University, Seoul, Republic of Korea

Recent advances have suggested that somatic cells can be generated
to human induced neural stem cells (hiNSCs) by expressing defined
sets of transcription factors. From miRNA expression profile analysis
and validation, we identified miR-A acts as an inhibitory influence on
the hiNSC generation. Furthermore, NTF-1, one of miR-A targeting
gene, significantly promotes hiNSC derivation efficiency. Coexpressing
NTF-1 with NTF-2, previously reported hiNSC reprogramming
factor, greatly accelerated reprogramming so that reprogramming of
human dermal fibroblast to hiNSCs requires only 7 day with 10-fold
higher efficiency compared to NTF-2 alone. These induced hiNSCs
display morphology, molecular features and tri-lineage differentiation
potential with in vitro functionality similar to that of H9-derived NSCs.
With NTF-1/NTF-2 combination, we successfully generated hiNSCs
from human mesenchymal stem cells and human cord blood CD34+
cells. Finally, we demonstrated that only NTF-1 expression is sufficient
to induce hiNSCs with combination of a small molecule, SB431542.
Together our findings suggest miR-A/NTF-1 pathway plays critical
roles in direct reprogramming into hiNSCs.
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W-2141

DEFINED AND XENO-FREE MEDIUM FOR
REPROGRAMMING BLOOD-DERIVED CD34+ CELLS OR
ERYTHROID CELLS

Chang, Wing Yean, Hunter, Arwen L., Ng, Alvin, Wong, Matthew,
De Jong, Susan, Yu, Irene, Wognum, Bert, Peters, Carrie, McQueen,
Karina, Fairhurst, Maureen, Hadley, Erik, Antonchuk, Jennifer,
Thomas, Terry E., Eaves, Allen C., Louis, Sharon A.

STEMCELL Technologies Inc., Vancouver, BC, Canada

Peripheral blood (PB) is the second most commonly used primary
cell source, after skin, for generating human induced pluripotent stem
cells (hiPSCs), due to the minimally invasive procedure for sample
collection. However, challenges with reprogramming PB mononuclear
cells (MNCs) include low frequencies of CD34+ hematopoietic
stem and progenitor cells (0.01-0.1%), and high frequencies of T-
and B-cells, which are less ideal as target cells for reprograming
as they have VDJ rearrangements that may affect the downstream
applicability of generated hiPSCs. We aimed to develop a defined
feeder-free, xeno-free reprogramming medium for use with culture-
expanded CD34+ and erythroid cells as primary cell sources. MNCs
were isolated from umbilical cord blood (CB) or PB by fractionation
over a Ficoll” density gradient in SepMate™-50 tubes. CD34+ cells
were then enriched (80-90% purity) by immunomagnetic separation
using EasySep™ CD34+ positive selection, and expanded for 7 days in
StemSpan™ SFEM II Medium with CD34+ Expansion Supplement (up
to 18-fold expansion with 50-70% CD34+ cell purity). Alternatively,
erythroid cells were generated by expansion of PB MNCs or CD34+-
enriched CB cells for 10-14 days in StemSpan™ SFEM II with Erythroid
Expansion Supplement (up to 20- or 3000-fold expansion for PB or
CB, respectively, with 75-90% CD71+GlyA+ cell purity). Vectors
containing reprogramming factors were then transfected into each of
these starting cell populations, and the cells immediately transferred
to Matrigel®-coated plates at 20,000 cells/cm2 in either TeSR™E7™,
KnockOut Serum Replacement-containing medium (KOSR medium),
or a new defined xeno-free blood reprogramming medium (BRM).
Cells were cultured with complete media changes every other day until
day 7; at each media change all non-adherent cells were recovered by
centrifugation and returned to the culture. After day 7, the media were
changed daily up to day 28 without the return of non-adherent cells.
Putative hiPSC clones were identified by microscopic examination of
colony morphology and counted after 21-28 days. Reprogramming
efficiencies for CB-derived culture-expanded CD34+ and erythroid
cells in BRM were 4- and 5-fold higher (n=1) than in KOSR medium,
and 1.5- and 2-fold higher (n=1) than TeSR™-E7", respectively.
Reprogramming efficiency for PB-derived culture-expanded CD34+
and erythroid cells in BRM were 2.25- and 2.5-fold higher (n=1) than
TeSR™-E7", respectively. In addition, by day 28, the hiPSC colonies
generated in BRM from PB- or CB-derived CD34+ were more easily
identified due to their compact morphology, well-defined borders, and
larger size than colonies generated in TeSR™-E7™ or KOSR medium.
In summary, our results demonstrate the application of a novel,
xeno-free and defined blood reprogramming medium for efficient
reprogramming in feeder-free conditions that produces hiPSCs
exhibiting excellent colony morphology. We have established an
integrated workflow for the isolation, expansion, and reprogramming
of blood-derived cells using EasySep™ CD34+ cell selection, StemSpan™
media and supplements for CD34+ and erythroid cell expansion, and
reprogramming in blood reprogramming medium (BRM).

W-2142

A POLYMERIC TAG FOR EFFICIENT REPROGRAMMING VIA
PROTEIN HATHFUN

Christiansen-Weber, Trudy', Chu, Tiffany!, Abramhina, Tatiana',
Noskov, Alexander!, Dillberger, Alexa', Garitaonandia, Ibon?
Ostrowska, Alina!, Semechkin, Ruslan’

International Stem Cell Corporation, Carlsbad, CA, USA, *International
Stem Cell Corporation, San Marcos, CA, USA

Transcription factors can be used as programming modules to
generate specific cell types. The most famous is the creation of induced
pluripotent stem (iPS) cells from fibroblasts. The methods to create
these cell types, however, are good for research grade material, but not
as a therapeutic because of safety concerns. To answer such concerns,
HATHFUN, a fusion protein tag, was created as a tool to specifically
target proteins to the nucleus utilizing protein transduction technology.
The use of proteins carries no risk genomic DNA alteration and will
not reactivate at inappropriate times. In terms of reproducibility, all
cells are transduced with extremely consistent results. This system
can be shut off without further manipulation. Importantly, there are
no host-specificity issues and cells need not be proliferating in order
to take up protein. Finally, in order to reach a target tissue, multiple
transcription factors are required at different times, with different levels
of expression which must be shut off as differentiation progresses. Viral
systems emphatically cannot meet this need. This tag will allow the
finest control possible for reprogramming cells and limit the footprint
of in vitro manipulation. Our HATHFUN protein library can use
these transcriptional master switches to direct differentiation of cells
for definitive endoderm, skeletal muscle, brown fat and hepatocytes.
We are pursuing two different reprogramming strategies: one set of
HATHFUN-tagged proteins are being used to mature hepatocytes
beyond the fetal stage of development. The second set of HATHFUN-
tagged proteins generates iPSCs by increasing both the efficiency and
speed of reprogramming. Morphology changes are observed by Day 4
and expression of the three pluripotency markers, NANOG, SOX2 and
POUF51 are detectible by Day 5 with as much as a 12-fold increase of
POUF51 by Day 8.

W-2143

SIMPLIFICATION OF INDUCTION TO PLURIPOTENCY
USING A SINGLE POLYCISTRONIC EPISOMAL PLASMID
Patel, Zankesh', Woloszyn, Derek?, Krugman, Jessica L.?, Morgenstern,
Ari?, Lee, Alicia®, Wong, Wilson®, Cohen, Rick I.>

ICell Biology and Neuroscience, Rutgers University, Piscataway, NJ,
USA, “Biology and Psychology, Program in Behavioral Neuroscience,
Northeastern University, Boston, MA, USA, *Biology, Emory, Atlanta, GA,
USA, *Biology, University of Rochester, Rochester, NY, USA, *Biomedical
Engineering, Rutgers University, Piscataway, NJ, USA, ‘Chemistry and
Chemical Engineering, Rutgers University, Piscataway, NJ, USA

Reprogramming of somatic cells into Induced Pluripotent
Stem Cells (IPSCs) can be accomplished by a variety of
methods utilizing recombinant proteins, modified RNAs,
DNA plasmids, or viral vectors hosting a popular set of four
transcription factors: Oct4, Sox2, KLF4, and C-Myc (or L-Myc).
More recently non-genetically modifying methods have gained
popularity as they lend themselves to translational and eventually
clinically related research paradigms. One such method involves
insertion of 4 or 5 plasmids harboring EBNA-1 and OriP, two motifs
that allows for episomal duplication of these plasmids in human cells.
Therefore the transferred DNA notonly expresses the desired set of genes,
butalso maintains their presence over the course of several cell divisions.
While this simple method allows for robust reprogramming, preparation
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of 5 plasmids is costly and time consuming. Here we developed a single
episomal plasmid, pERC-V1, which contains Oct4, Sox2, KLF4, L-Myc
and a fusion of RFP and Blasticidin-S-Deaminase. pERC-V1is capable
of reprogramming human foreskin fibroblasts when transferred to cells
via electroporation using the NEON system in conjunction with an
optimized culturing methodology. Together the system produces proto-
colonies within 7 days, and mature expandable colonies within 21 days.
In the long term, we aim to improve the efficiency of the plasmid, and
to remove the few remaining animal derived products and still achieve
robust, and rapid reprogramming in a simple single step manner.

W-2144

COMPARISON AND EVALUATION OF NON-INTEGRATING
REPROGRAMMING METHODS

Daheron, Laurence M.!, Schlaeger, Thorsten?, Lynes, Maureen’,
Brickler, Thomas R.% Chan, Karrie?, Cianci, Amelia?>, DeVine,
Alexander?, Entwisle, Samuel®, Andrew, Ettenger?, Fitzgerald, Kelly?,
Godfrey, Michelle?, Dipti, Gupta?, McPherson, Jade"?, Malwadkar,
Prerana?, Doi, Akiko®, Feinberg, Andrew P, Meissner, Alexander’,
Cowan, Chad’, Rubin, Lee?, Daley, George?

'Harvard Stem Cell Institute, Harvard University, Cambridge, MA,
USA, ? Boston Children’s Hospital, Boston, MA, USA, *Department of
Stem Cell and Regenerative Biology, Harvard University, Cambridge,
MA, USA, *Virginia Tech Regenerative Medicine, Blacksburg, VA, USA,
*HSCI iPS Core, Cambridge, MA, USA, *Hopkins University, Baltimore,
MD, USA, "Harvard University/Broad Institute, Cambridge, MA, USA,

The HSCI iPS core facility was launched in 2008 to facilitate stem
cell research by providing services to the community. These services
include: 1/ iPS derivation, 2/ iPS distribution and 3/genome editing.
In the initial phase of the core facility, we generated iPS cell lines from
fibroblast samples only and with the retrovirus system, an integrating
technology. In the past 3 years, we focused on implementing new
reprogramming technologies and diversifying the sources of somatic
cells. We currently offer three non-integrative reprogramming
technologies: Sendai virus, episomal vector and mRNA/microRNA.
Moreover, we have derived iPS lines from a number of cell types
including fibroblasts, mesenchymal stem cells (from Bone marrow and
umbilical cord), T cells, erythroblasts, CD34+ (from adult peripheral
blood) and keratinocytes. Together with the hESC Core Facility at
Boston Children’s Hospital, we have performed a comprehensive
comparison of the three predominant non-integrating reprogramming
methods based on the following criteria: efficiency, reliability, speed of
colony emergence, kinetics of loss of exogenous factors, cost, ease of
use, scalability, and the quality of the resulting lines. The experiments
were performed in parallel in two separate laboratories to account for
inter-laboratory variability. Here, we present our results and discuss
the advantages and shortcomings of these reprogramming methods.
In addition, we present and review the results of a survey of a large
number of human reprogramming laboratories on their independent
experiences and preferences.

W-2145

MIRNAS ARE REQUIRED FOR INDUCED NEURONAL
CONVERSION

Davila, Jonathan', Ang, Cheen E E.}, Kareta, Michael?, Parchem, Ron?,
Shenoy, Archana’, Blelloch, Robert*, Wernig, Marius®

IStanford University, Palo Alto, CA, USA, “Stanford University, Stanford,
CA, USA, 3 University of California, San Francisco, San Francisco, CA,
USA, *University of California, San Francisco, San Francisco, CA, USA,
*Stanford University, Palo Alto, CA, USA

It is well established that exogenous expression of specific transcription

factors can reprogram fibroblast to an induced neuronal cell (iN).
microRNAs (miRNAs) have also been shown to enhance iN conversion.
Because miRNAs serve as key regulators of biological functions, we
wanted to test whether changes in the miRNA population are not only
beneficial but also required for the reprogramming process. miRNA
sequencing shows highly dynamic changes in miRNA expression
profiles during iN conversion. To test if these changes are required
for iN conversion, we have taken advantage of a miRNA deficient
mouse embryonic stem cell (mESC) line that lacks DGCRS, a critical
component for miRNA processing. Wild type (WT) mESCs rapidly
convert to Map2+ neurons within 5days upon induction of the Ngn2
transcription factor. Meanwhile, DGCR8 -/- mESCs do not show any
change in their state after Ngn2 induction and ultimately die during the
reprogramming process. In addition, DGCR8 conditional KO MEFs
infected with lentiviruses containing Tet inducible Brn2, Ascll, and
MytlL (BAM) transcription factors show a decrease in iN formation
after treatment with CRE-recombinase when compared to controls.
These observations indicate that mESC directed differentiation
and MEF transdifferentiation towards iNs requires a change in the
population of expressed miRNAs. We are currently screening miRNAs
to test whether we can rescue iN conversion deficiencies.

W-2146

DIRECT CONVERSION OF HUMAN FIBROBLASTS TO
FUNCTIONAL CORTICAL NEURONS

Devaraju, Karthikeyan', Miskinyte, Giedre', Monni, Emanuela’,
Madsen, Marita G.!, Prieto, Daniel T.!, Woods, Niels-Bjarne?, Lindvall,
Olle?, Kokaia, Zaal*

'Lund University, Lund, Sweden, “Lund University, Molecular Medicine
and Gene Therapy, Lund, Sweden, *University of Lund, Lund, Sweden,
Stem Cell Center, Lund University, Lund, Sweden

Several neurological disorders such as hypoxia-ischemia of infant
brain, traumatic brain injury, Alzheimer’s disease and stroke, lead
to neuronal death in cerebral cortex. Intracortical transplantation of
cortical neurons could provide a potential novel therapeutic strategy
for these disorders. Somatic cells like fibroblasts can be directly
converted to functional neurons by forced expression of transcription
factors, and differentiated to subtype-specific neurons, such as spinal
motor and dopaminergic neurons. However, subtype-specific cortical
neurons have so far not been derived by direct conversion of somatic
cells. Here we have derived cortical neurons (iCtx cells) from human
fetal lung fibroblasts using combinations of cortical transcription
factors. The iCtx cells were pyramidal in shape with long neurites and
most of the cells were bipolar or multipolar. The iCtx cells expressed
transcripts that are developmental as well as layer- and functional area-
specific cortical markers, namely, Pax6, Emx2, Tbr2, Bhlhb5, Satb2 and
Ctip2. The cells could fire multiple action potentials and respond to
glutamate or GABA application. We demonstrate, for the first time,
by combined immunohistochemical, morphological, transcript and
electrophysiological analysis, that human fibroblasts can be directly
converted to functional cortical neurons, which may be useful in
regenerative medicine and for disease modeling.
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THE ROLE OF THE NURD COMPLEX IN THE PROCESS OF
INDUCED PLURIPOTENCY

dos Santos, Rodrigo Luiz', Tosti, Luca?, Radzisheuskaya, Aliaksandra’,
M. Caballero, Isabel®, Kaji, Keisuke?, Hendrich, Brian D.}, Silva, Jose'
"WT-MRC Stem Cell Instute, Cambridge, United Kingdom, 2MRC Centre
for Regenerative Medicine, Edinburgh, United Kingdom, >Laboratory
of Molecular Neurobiology, Department of Medical Biochemistry and
Biophysics, Karolinska Institute, Sweden

Reprogramming of somatic cells to naive pluripotency can be
robustly driven by the combined action of transcription factors and
culture cues. Among the reprogramming transcription factors, Oct4
plays a central role, as it is sufficient and essential for the induction
of pluripotent cells. Oct4 interactome studies in embryonic stem
cells (ESCs) revealed members of the Nucleosome Remodelling and
Deacetylase (NuRD) complex as its highest confidence interactors.
Mbd3 is an essential subunit of the NuRD complex, in the absence of
which the complex is not assembled. Embryos lacking Mbd3 die shortly
after implantation and Mbd3-null ESCs are viable but show severely
impaired lineage commitment and exhibit limited differentiation
capacity. Since the NuRD complex is a high confidence interactor of
Oct4 and a key regulator of developmental cell state transitions, we
investigated if NuRD is also involved in the reverse biological process
of induction of pluripotency. have addressed this question by means
of genetics or siRNA to manipulate Mbd3 lelvels. We made use of
different reprogramming cells systems, such as neural stem cells
(NSCs), embryonic fibroblasts (MEFs), epiblast Stem Cells (EpiSCs)
and pre-induced pluripotent Stem Cells (preiPSCs). In summary, our
results identify a key role of the Mbd3/NuRD complex in the induction
of pluripotency and show that a chromatin complex required for cell
differentiation also promotes the reversion of these cells back to a
pluripotent cell state. I will present my findings and discuss these in
light of recent publications.

W-2148

GENERATING SOMATOSENSORY NEURONAL LINEAGES
THROUGH DIRECT REPROGRAMMING OF HUMAN AND
MOUSE FIBROBLASTS

Eade, Kevin!, Blanchard, Joel’, Lo Sardo, Valentina’, Tsunemoto,
Rachel*, Baldwin, Kristin K.

'The Scripps Research Institute, San Diego, CA, USA, *The Scripps
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Sensory neurons of the dorsal root ganglion and trigeminal nerve
comprise a diverse lineage responsible for detecting pain, itch,
temperature, pressure and stretch. The study of sensory disorders
is confounded by individualized response to sensory inputs and
discordance between phenotype and underlying pathology. The
primary methods used to investigate these disorders have largely
relied on animal models and heterologous expression systems due to
the difficulty of obtaining and manipulating human neurons. A major
consequence, due to the limitations inherent in these models, is a
failure of many promising therapeutic candidates during clinical trials.
Direct reprogramming offers the promise of modeling individualized
phenotypes and genotypes in disease relevant cells through in vitro
manipulation and screening. Here we show that transiently co-
expressing two transcription factors selectively reprograms mouse and
human fibroblasts into neurons that display hallmark morphological,
gene expression, synaptic, and electrophysiological signatures of the
primary somatosensory neuronal lineage. These induced sensory

lineage neurons (iSLNs) acquire key defining morphologic features of
somatic sensory neurons including pseudounipolar neurite structure,
and match the characteristic gene expression patterns of endogenous
sensory neurons including selective expression of TrkA, TrkB or TrkC
receptors. Furthermore we show that functionally, different iSLNs
respond selectively to diverse ligands known to activate nociceptors and
itch sensitive neurons. This direct reprogramming technique provides
a rapid and efficient method for the generation of sensory neurons
from each of the three major modalities of perception (nociception,
mechanoreception, and proprioception), delivering new technology
for therapy and investigating the fundamentals of pain itch and other
pathologies affecting peripheral sensory neurons.
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INDUCTION AND ISOLATION OF A NOVEL EARLY
NEUROEPITHELIAL CELL POPULATION CAPABLE OF
DIFFERENTIATION INTO CENTRAL AND PERIPHERAL
NEURAL LINEAGES

Edenhofer, Frank', Thier, Marc Christian?, Worsdorfer, Philipp?
"Anatomy and Cell Biology, University of Wuerzburg, Wuerzburg,
Germany, *German Cancer Research Center, Heidelberg, Germany,
*University of Wuerzburg, Wuerzburg, Germany

Reprogramming differentiated cells into multipotent somatic stem
cell-like cells developed into a promising alternative to the induction
of pluripotency followed by subsequent differentiation. Recently,
we demonstrated the successful derivation of induced neural stem
(iNS) cells (Thier et al, Cell Stem Cell 2012). iNS cells represent
both, a virtually unlimited source of Patient-specific neural cells for
disease modeling and a robustly accessible model for early neural
development. However, iNS are of radial glia (RG)-type and thus exhibit
a limited developmental capacity and restricted regional identity.
Here, we describe a novel stably expandable neuroepithelial cell
population with greatly expanded multi-lineage differentiation capacity
that was identified by modifying the iNS reprogramming protocol by
pharmacological intervention. Using defined differentiation paradigms
we derived from early neuroepithelial cells common pan-neural
precursor populations, such as rosette- and RG-type neural stem cells as
well neural crest progenitors together with the respective differentiated
post-mitotic progeny. Intriguingly, this novel cell population does not
only represent an induced artificial reprogramming outcome but we
show that it has a physiological correlate. Thus far, RG-type NS cells
represent the only murine neural stem cell population, which can
be isolated from embryonic neural tissue and maintained in culture.
Now, based on our new reprogramming findings we show that one can
isolate similar early neuroepithelial cells from E9.5 forebrain vesicles
by the same inductive cues as applied in the reprogramming protocol.
We anticipate that these cells provide a robust and versatile cellular
platform for the analysis of early neurodevelopment and biomedical
applications.

W-2150

HUMAN OOCYTES REPROGRAM ADULT SOMATIC
NUCLEI TO DIPLOID PLURIPOTENT STEM CELLS

Egli, Dieter', Yamada, Mitsutoshi?, Johannesson, Bjarki’, Sagi, Ido*,
Benvenisty, Nissim®, Sauer, Mark®

"The New York Stem Cell Foundation Research Institute, New York, NY,
USA, Keio University School of Medicine, Tokyo, Japan, *NYSCE New
York, NY, USA, ‘Hebrew University, Jerusalem, Israel, *CWRC, New
York, NY, USA

The transfer of somatic cell nuclei into oocytes can give rise to
pluripotent stem cells, holding promise for autologous cell replacement
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therapy. Though reprogramming of somatic cells by nuclear transfer
was first demonstrated more than 60 years ago, only recently have
human diploid embryonic stem cells been derived after nuclear transfer
of fetal and neonatal fibroblasts. Because of the therapeutic potential of
developing diploid embryonic stem cell lines from adult cells of normal
and diseased human subjects, we have systematically investigated the
parameters affecting efficiency and developmental potential in their
derivation. We found that improvements to the oocyte activation
protocol, including the use of both a kinase and a translation inhibitor,
and cell culture in the presence of histone deacetylase inhibitors enable
development of diploid cells to the blastocyst stage. Developmental
efficiency varied significantly between oocyte donors, and was inversely
related to the number of days of hormonal stimulation required to
reach mature oocytes, while the daily dose of gonadotropin or the
total number of MII oocytes retrieved did not affect developmental
outcome. Using these modifications to the nuclear transfer protocol,
we successfully derived diploid pluripotent stem cell lines from both
postnatal and adult somatic cells of a type 1 diabetic subject.

W-2151

DIRECT REPROGRAMMING OF MOUSE MACROPHAGES
INTO CARDIOMYOCYTE-LIKE CELLS

Tsuchida, Hiroshi', Martinson, Amy', Futakuchi-Tsuchida, Akiko’,
Pabon, Lil', Reinecke, Hans!, Murry, Charles?

"University of Washington, Seattle, WA, USA, 2University of Washington
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Direct reprogramming of fibroblasts into cardiomyocytes was reported
to improve cardiac function in a mouse myocardial infarction model.
Myeloid cells, monocytes/macrophages, are known to migrate
into inflammatory sites. Here we tried to utilize the homing ability
of macrophages and convert them into cardiomyocytes at mouse
infarcted heart. We screened a retroviral library of transcription factors
recently identified as regulators of cardiogenesis in human embryonic
stem cells. Three 3 transcription factors, Gata4/Mef2c /Tbx5 (GMT),
induced GFP expression in bone marrow cell-derived macrophages
(BMM) isolated from Myh6-GFP transgenic mouse. GFP-positive
cells appeared onward from 2 days after retrovirus infection, and
the number increased gradually to reach the peak on day 8. Cardiac
gene expression as measured by cardiac troponin T and ryanodine
receptor 2 expression was also detected in reprogrammed BMM with
quantitative PCR. Individual and combination of GMT expression
revealed that Gata4/Tbx5 expression (without Mef2c) induced the
same number of GFP-positive cells as GMT expression, and Gata4
expression itself strongly induced cardiac troponin T expression. FACS
analysis indicated that GFP-positive cell population induced by GMT
expression was less than 1% of total cells on day 8. However, treatment
with JAK inhibitor 1 showed a 4-fold enhancement of reprogramming
efficiency induced by GMT. Retinoic acid receptor agonist AM580
also doubled the number of GFP-positive cells induced by GMT.
C/EBP alpha, C/EBP beta and PU.1 are the transcription factors
important for myeloid differentiation that help establish macrophage
cell identity. siRNA knockdown experiments of these 3 transcription
factors indicated that repressing the expression of C/EBP beta
doubled the reprogramming induced by GMT. miRNAs are known
to induce direct reprogramming of fibroblasts into cardiomyocytes,
and transfection of miR-208 into BMM prior to GMT expression
showed a 2-fold enhancement of reprogramming efficiency into
cardiomyocyte-like cells. Thus, reprogramming of mouse macrophages
into cardiomyocyte-like cells can be accomplished with a combination
of overexpressing cardiac transcription factors, repressing macrophage
transcription factors, controlling JAK and retinoic acid signaling and
overexpressing miR-208. Further improvements in reprogramming

efficiency should enable more detailed assessment of phenotype and
therapeutic potential.
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GUIDED CONVERSION OF HUMAN FIBROBLASTS TO
STRIATAL NEURONS

Victor, Matheus B., Richner, Michelle, Yoo, Andrew S.

Developmental Biology, Washington University in St. Louis, St. Louis,
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MicroRNAs (miRNAs) regulate fundamental cellular processes such as
proliferation and cellular differentiation through post-transcriptional
regulation of gene expression. We have previously shown that brain-
enriched miRNAs promoted conversion of non-neuronal cell types
into functional neurons, demonstrating the potential of miRNAs for
somatic cell reprogramming. Ectopic expression of miR-9/9* and
miR-124 directly converted human fibroblasts into a heterogeneous
population of excitatory and inhibitory neurons. However, the
capability of this miRNA-based reprogramming approach to derive a
discrete neuronal subpopulation remains unexplored. We now show
that microRNA-mediated neuronal reprogramming can be refined by
the addition of lineage-specific transcription factors to guide neuronal
conversion towards specific subtypes. In this study, we report the direct
conversion of human neonatal and adult fibroblasts into a nearly pure
population of striatal medium spiny neurons (MSNs) by co-expression
of miRNAs and striatum-enriched transcription factors. MSNs are a
class of inhibitory projection neurons which comprise 90-95% of the
striatum, an area of the brain involved in voluntary motor movements.
Importantly, MSNs are the primary cell type affected in Huntington’s
disease (HD) and therefore are clinically relevant for transplantation
studies and in vitro modeling of HD. In our study, we demonstrate by
immunocytochemistry and single-cell gene expression profiling that
our reprogrammed cells express key markers associated with MSNs
but not of striatal interneurons or other neuronal subpopulations.
In addition, we show that reprogrammed MSNs share similar gene
expression profile to single cells microdissected from postmortem
human striatum sections. We further characterized the reprogrammed
MSNss by electrophysiological analysis and show that these cells are
functional and synaptically competent. Furthermore, transplantation
studies into the murine striatum demonstrate that the reprogrammed
MSNss are able to survive and engraft into the local striatal circuitry
in vivo. Our findings demonstrate a novel approach for converting
human fibroblasts directly into striatal medium spiny neurons and
the potential of miRNAs to act synergistically with terminal fate
determinants to guide reprogramming into specific neuronal subtypes.
We believe that neuronal subtype-specific reprogramming may prove
to be a useful approach for modeling inherited neurological diseases
affecting specific neuronal subtypes and brain regions.

W-2153

FUNCTIONAL SIGNIFICANCE OF PROTEIN SIALYLATION
IN THE REGULATION OF PLURIPOTENCY

Wang, Yu-Chieh, Stein, Jason, Lynch, Candace, Tran, Ha T., Peterson,
Suzanne, Loring, Jeanne E
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Human pluripotent stem cells (hPSCs), including human induced
pluripotent stem cells (hiPSCs) and embryonic stem cells (hESCs),
hold great potential for expanding the frontiers of regenerative
medicine. Recent studies show that post-translational modification
of glycoproteins may be a significant factor involved in the regulation
of pluripotency. Further understanding of how these mechanisms
operate in hESCs and hiPSCs may facilitate the use of hPSCs for
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research and clinical applications. Our group previously observed
that genes encoding sialyltransferases that catalyze the terminal
addition of sialic acid to [-galactosides on glycoproteins were
preferentially expressed in undifferentiated hPSCs compared to non-
pluripotent cells. We therefore investigated the potential function of
sialyltransferases in the regulation of cellular pluripotency. We have
confirmed that undifferentiated hESCs and hiPSCs had enhanced
expression of sialyltransferases, compared to their differentiated
derivatives or parental somatic cells used for reprogramming. In
addition, lectins which preferentially bind to sialylated galactosides
showed stronger binding reactivity with glycoproteins extracted from
hESCs and hiPSCs in the pluripotent state, suggesting that a group
of glycoproteins was specifically sialylated in undifferentiated hPSCs
due to the high expression of sialyltransferases. To test the functional
significance of sialyltransferases in the maintenance and establishment
of cellular pluripotency, we used shRNA-mediated gene knockdown
to downregulate the expression of sialyltransferases in undifferentiated
hPSCs and somatic cells undergoing cellular reprogramming. We
found that the downregulation of a specific sialyltransferase led to a
decrease in POU5F1/OCT4 protein in hESCs and hiPSCs. In addition,
the efficiency of retrovirus-mediated reprogramming of human dermal
fibroblasts with POU5F1/OCT4, SOX2, KLF4 and MYC was also
reduced when this sialyltransferase was knocked down as determined
by the decrease of alkaline phosphatase and NANOG expression in the
reprogrammed cells. Global gene expression analysis revealed that the
expression of a panel of genes known for their roles in cell cycle and
embryogenesis modulation differed in hPSCs with the down-regulated
expression of this sialyltransferase, further attesting to the involvement
of sialylation in the regulatory circuitry of cellular pluripotency and
differentiation. In summary, our data indicate that sialyltransferases
and their enzymatic products are highly expressed in undifferentiated
hPSCs, and suggest that the protein glycosylation conducted by
certain sialyltransferases may be critically involved in the regulation of
pluripotency in human cells.
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DIRECT CONVERSION OF HUMAN GASTRIC EPITHELIAL
CELLS INTO INDUCED ENDODERMAL MULTIPOTENT
STEM CELLS BY SMALL MOLECULE COMPOUNDS

Wang, Yunfang, Qin, Jinhua, Wang, Shuyong, Zhang, Wencheng, Yan,
Fang, Chang, Mingyang, Pei, Xuetao
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Internal organ-associated diseases such as end stage liver diseases
and diabetes afflict millions of people each year. Cell-based therapy,
emerging as a revolutionary strategy for the treatment of those
lethal diseases has drawn great interest of clinicians all over the
world. However, the severe shortage of cell source has hampered the
widespread application of this strategy. Human pluripotent stem cells
supply a new source for cell-based therapies due to their unlimited
proliferation and potential to differentiate into almost all cell types.
However, the pluripotent stem cells derivatives are tumorigenic.
Recent studies have demonstrated that transcriptional factors can not
only reprogram mature somatic cells to pluripotent stem cells, but
also convert one kind of somatic cell to another differentiated or stem
cell types. Although these strategy share advantages of iPSCs such as
patient-specific and have some superiority like less tumorigenity and
more purity, those methods are tedious and the integration of virus
constructs into resulting cells raises safety concerns. Small molecules
have some distinct advantages such as, permeable, controllable,
non-immunogenic, non-integrative, cost-effective, and tunable, etc.
However, no study so far has directly converted cell type of one lineage

into another only by small molecules in all three germ layers. In this
study, we generated endodermal multipotent stem cells iGEMSCs) from
human gastric epithelial progenitor cells, derived from gastric biopsy
or gastrectomy, by defined small molecule(s) under the supporting
of stomach stromal cells in vitro. iEMSCs expressed endodermal
transcription factors (e.g., FOXA2, Sox9, PDX1, HES1, NGN3, PROX1)
and stem/progenitor surface markers (EpCAM, CD133, CXCR4).
They clonally expanded on plastic remaining morphologically,
phenotypically stable as undifferentiated cells for months with
doubling time at around 36 hours. They could give rise to hepatocytes,
pancreatic endocrine cells and intestinal epithelial cells under certain
induction conditions. The hepatocytes derived from iEMSCs lost stem
cell markers and gained markers of mature, functional parenchymal
cells, such as albumin, transferrin, CK8 and 18. The cells could be
infected by HCV, had the metabolism activities of CYP450s and
secreted albumin and urea. Transplantation into the livers of Fah -/-
immunocompromised mice resulted in functional human hepatocytes
and cholangiocytes integration. Moreover, we identified that wnt/p-
catenin and TGFp signaling pathways were involved in the regulation
of the reprogramming process. The non-tumorigenicity, expansion and
differentiation potential and availability from all age donors suggest
that iEMSCs have considerable potential for regenerative therapies
of liver, intestinal and pancreatic diseases including liver failure and
diabetes.
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A LYMPHOCYTE BASED CELL-TO-CELL THERAPEUTIC
DELIVERY SYSTEM

Woodsworth, Daniel, Sharma, Govinda, Holt, Robert
University of British Columbia, Vancouver, BC, Canada

With their ability to sense and integrate a wide range of signals, home
to specific tissue compartments, and actuate context-dependent
responses, engineered cell-based systems are promising next-
generation therapeutics, particularly for cancer. Cytotoxic lymphocytes
(CLs) are an ideal chassis for developing cell-based therapeutic
systems for two reasons: (i) CLs possess a unique cell-to-cell molecular
transfer system in the granzyme-perforin pathway, minimizing oft-
target effects; and (ii) T-cell receptors (TCRs), or the related chimeric
antigen receptors (CARs), can endow CLs with an exquisite level of
specificity in targeting a cell population defined by its antigen profile.
One of the main mechanisms by which CLskill target cellsis via secretion
of granzyme B (GzB) and perforin, resulting in GzB induced target cell
apoptosis. Importantly, malignant cells are often apoptosis resistant. To
address this issue, we are engineering CLs to transfer a GzB-toxin fusion
protein to targeted cells, where the granzyme motif of the fusion protein
acts as a chaperone to ensure appropriate CL intracellular packaging,
and then trafficking and delivery of the toxin payload to the target cell.
We have designed and constructed a modular mammalian expression
vector that codes for a GzB-payload fusion protein, where the gene
encoding the payload may be cloned into a dedicated site at the
C-terminus of granzyme B. We have constructed plasmids with
payloads of Diphtheria toxin A (DTA), Pseudomonas exotoxin A (PE),
and Saporin (SAP), as well as beta-lactamase (BL) as a negative control
and the enhanced cytotoxicity of these fusions has been functionally
verified in Hela cells. To test GzB fusion protein trafficking we
constructed a plasmid encoding a GzB beta-lactamase (BL) fusion
protein, and functionally verified BL activity in K562 cells. This plasmid
was then transfected into the natural killer cell line NK-92MI, which
were then co-cultured with target K562 cells. GzB mediated transfer
of beta lactamase activity to K562 cells was assessed by staining this
co-culture with a FRET based beta-lactamase substrate and then flow
cytometry analysis. Our experiments to date have been hampered by
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low transfection efficiency and we are in the process of selecting stable,
BL-expressing NK92-MI cell lines to continue these experiments. These
proof of principle studies will pave the way for similar experiments
using the GzB-toxin fusion proteins, where we will aim to show that
NK92 cells expressing GzB-toxin fusions are capable of killing K562
cells that have been rendered apoptosis resistant by overexpression of
the inhibitor of apoptosis protein XIAP, a common finding in various
tumour types.

IPS CELLS: DIRECTED

DIFFERENTIATION

W-2157

LEVERAGING THE INNATE IMMUNITY PATHWAY

FOR TRANSDIFFERENTIATION OF FIBROBLASTS TO
ENDOTHELIAL CELLS

Sayed, Nazish', Cooke, John P?

!Cardiovascular Sciences, Houston Methodist Research Institute,
Houston, TX, USA, *Center for Cardiovascular Regeneration, Houston
Methodist Research Institute, Houston, TX, USA

Cell fate is fluid, and may be altered experimentally by the forced
expression of master regulators mediating cell lineage. Such nuclear
reprogramming has been achieved using viral vectors encoding
transcription factors. We recently discovered that the viral vectors are
more than passive vehicles for transcription factors, as they participate
actively in the process of nuclear reprogramming to pluripotency (Lee
and Sayed et al, Cell 2012). Viral vectors, by activating innate immunity,
cause global changes in the expression of epigenetic modifiers, favoring
an open chromatin statel. Based on the recognition that activation
of innate immunity increases epigenetic plasticity, we hypothesized
that small molecule activators of toll-like receptor 3 (TLR3), together
with external microenvironmental cues that drive EC specification,
might be sufficient to induce transdifferentiation of fibroblasts into
ECs (iECs). Here we show that TLR3 agonist Poly I:C, combined with
exogenous EC growth factors, transdifferentiated human fibroblasts
into ECs (in the absence of viral vectors or transcription factors).
These iECs were comparable to HMVEC in immunohistochemical,
genetic and functional assays, including the ability to form capillary-
like structures and to incorporate acetylated-LDL. Furthermore,
iECs significantly improved limb perfusion and neovascularization
in the murine ischemic hindlimb compared to parental fibroblasts.
Finally, using genetic knockdown studies, we find that the effective
transdifferentiation of human fibroblasts to endothelial cells requires
innate immune activation. This study suggests that manipulation of
innate immune signaling may be generally used to modify cell fate.
Our observations raise the question as to whether epigenetic plasticity
and cell fate fluidity generally participate in the immune defense
against pathogens. Because similar signaling pathways are activated by
damage associated molecular patterns, epigenetic plasticity induced by
innate immunity may play a fundamental role in transdifferentiation
during wound healing and regeneration. Finally, this study is a first
step toward development of a small molecule strategy for therapeutic
transdifferentiation in vivo.

W-2158

NUCLEAR RECEPTOR GENE EXPRESSION ALTERATION OF
HUMAN INDUCED PLURIPOTENT STEM CELLS DURING
HEPATIC DIFFERENTIATION

Shiota, Goshi

Tottori University, Yonago, Japan

Aim: Human induced pluripotent stem cells (hiPSCs) are expected to
be an effective cell source of regenerative medicine for liver disease.
Recently, however, hepatic differentiation propensity of hiPSCs has
been reported. Therefore, it is important to know the characteristics
of hiPSCs with hepatic differentiation propensity that would enable
selection of hiPS cell clones generated from individual patients for
regenerative medicine. In this study, we screened 28 hiPS cell lines using
3 step differentiation method to identify the hiPS cells with hepatic
differentiation propensity. Since nuclear receptors (NRs) regulate
essential biological processes including differentiation, development,
and liver metabolism, we conducted nuclear receptor gene expression
analysis of hiPSC lines during hepatic differentiation. Methods:
Differentiation toward definitive endoderm of 28 hiPSC lines was
induced by activin A for 5 days and differentiation toward hepatoblasts
was induced by FGF-4 and BMP-2 for 5 days. Differentiation toward
hepatocytes was induced by HGF for 5 days, followed by OSM and
DEX for another 5 days. Hepatic differentiation levels were assessed
by real-time PCR analysis of specific marker. Finally, we confirmed
48 nuclear receptor gene expressions during hepatic differentiation
by real-time PCR analysis. Results: Consistent to the previous report,
all lines could not differentiate uniformly into endoderm lineage.
Differentiation propensity toward endoderm was affected by donor
of origins but not by reprogramming methods or cell type of origins.
Among 28 hiPSC lines, HiPS-RIKEN-2B and HiPS-RIKEN-2F cells
showed hepatic differentiation propensity. NRs were categorized as
five patterns by expression profiles during hepatic differentiation.
Seven NRs such as COUP-TF1, RARa, PPARY, PR, PNR, TLX and
GR were identified as the genes of which expression gradually goes up
with differentiation. Seven NRs were identified the patterns of which
expression goes up from STEP 1 to STEP 3, while of which expression
goes down day 0 to STEP 1. Five NRs of which expression goes down
from STEP 1 to STEP 3, while of which expression goes up from day
0 to STEP 1 were identified. Finally, eleven NRs of which expression
was transiently enhanced at STEP 2, and the other 18 NRs have no
particular patterns of expression from day 0 to STEP 3. Conclusion:
HiPS-RIKEN-2F exhibited the most potent hepatocyte differentiation
propensity among 28 hiPSC lines. Seven NRs of which expression
gradually goes up with hepatic differentiation were higher in HiPS-
RIKEN-2F cells than hepatic differentiation resistant cells. These data
provide us useful information on molecular mechanism of hepatic
differentiation propensity of hiPS cells.

W-2159

AN ACCESSIBLE RESOURCE FOR CGMP GENERATION OF
HUMAN IPS CELLS AND THEIR DERIVATIVES FOR CELL
THERAPY APPLICATIONS

Ni, Yuhui, Lu, Xiaowei, David, Michelle, Singer, Matthew, Chuang,
Joseph, Wang, Jiwu

Allele Biotechnology and Pharmaceuticals, Inc., San Diego, CA, USA

The ability to reprogram human fibroblasts of different genetic
backgrounds to induced pluripotent stem (iPS) cells holds great
promise for the development of autologous cell therapies. Recently,
we have optimized a key technology for the generation of clinically-
suitable human iPS cells that utilizes delivery of transcription factors
via synthetic mRNA; this technology avoids the concerns of other
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reprogramming methods with regards to clinical suitability, such
as random genomic integration by DNA-based (e.g., episomal)
technologies, or the physiological cell stress of whole-virus infection
(i.e., Sendai). Using these mRNA-iPSCs, we have improved neural
differentiation by fine-tuning relevant signaling pathways with small
molecules and synthetic mRNA. We have achieved highly efficient,
very rapid and nearly synchronous differentiation of mRNA-iPSCs to
neural progenitor cells in adherent culture, and we are now focused
on creating specific subtypes of neurons with similar efficiency. Our
long term goal is to create neurons of specific subtypes that can make
functional synapses, preferably in a 3D culture system. However, one
remaining roadblock to the translation of any iPS cell or its derivatives
to clinical applications is the lack of established protocols and facilities
for their production according to current Good Manufacturing Practice
(cGMP). Here we also describe such a resource: we have established a
13,000 sq. ft. facility in San Diego, California (USA) that will be GMP-
certified for the generation of human iPS cells and their derivatives
using our synthetic mRNA platform. This facility will be available for
both academic and industry research and development projects, and
will provide a validated GMP environment for users on a one-off basis.
Our goal for this facility is to help drive efforts that will result in novel
cell therapies for unmet human needs in the health industry.

W-2160

A NEW INDUCTION METHOD FOR THE CONTROLLED
DIFFERENTIATION OF HUMAN IPS CELLS USING FROZEN
SECTIONS

Tadokoro, Susumu’, Tokuyama, Reiko!, Tatehara, Seiko’, Ide, Shinji’,
Umeki, Hirochika', Fukushima, Tatsuhiro', Miyoshi, Keiko?, Noma,
Takafumi?, Satomura, Kazuhito'

'Department of Oral Medicine and Stomatology, School of Dental
Medicine Tsurumi University, Yokohama, Japan, *Tokushima University,
Tokushima, Japan

The establishment of induced pluripotent stem cells (iPSCs) has
had a profound impact on both basic biology and clinical medicine.
Currently, human iPSCs have been expected as a promising cell source
for cell-based regenerative therapy. However, iPSCs themselves also
have some problems that need to be overcome. One of these issues is
the establishment of a reliable and efficient strategy for inducing the
differentiation of iPSCs under complete control. Currently available
methods to induce iPSCs differentiation depend on providing
appropriate environmental factors such as culture media, substrates,
growth factors and differentiation factors. To select and determine the
appropriate factors necessary or essential for the differentiation of iPSCs
is very difficult, confusing, and time and money consuming. Another
issue to be solved is to establish a simple method for assessment of the
integrity/quality of iPSCs. It is well known that the potency of iPSCs
differs among clones of iPSCs. In addition, some iPSCs form tumors
when transplanted in vivo. From these facts, a simple, effective and
efficient method has been expected for the evaluation of the quality of
iPSCs toward the realization of safe and reliable regenerative medicine.
In this study, we hypothesized that it is possible to induce the controlled
differentiation of iPSCs by using frozen sections of tissues/organs
which are targets for regeneration. First, we cultured iPSCs generated
from oral mucosal cells on frozen sections of liver, brain and spinal
cord for 9 days. iPSCs were also cultured on cover glass as a control.
As a result, iPSCs cultured on frozen section of liver showed relatively
large and polygonal morphology like hepatocytes. In contrast, iPSCs
cultured on frozen section of brain/spinal cord showed dendritic
morphologies like neuronal cells. Immunocyochemistry reveled that
iPSCs on liver sections dominantly expressed hepatocytic markers
(a-fetoprotein and al-antitrypsin) and that iPSCs on brain/spinal cord

sections dominantly expressed neural markers (glial fibrillary acidic
protein and cyclic nucleotide phosphodiesterase). After some fields
were arbitrarily selected under microscope, the number of AFP/AAT-
positive or GFAP/CNPase-positive iPSCs was counted. The percentage
of AFP/AAT-positive cells in the whole iPSCs was statistically higher
on the liver sections compared with brain/spinal cord sections or cover
glasses. In contrast to this, the percentage of GFAP/CNPase-positive
cells in the whole iPSCs was statistically higher on the brain/spinal cord
sections compared with liver sections or cover glasses. Importantly,
some other iPSCs generated from other type of cells, i.e. human
dental pulp cells and skin fibroblasts, also denoted the same tendency
when they were cultured on frozen sections of liver, brain or spinal
cord. These facts strongly suggested that iPSCs could differentiate
into a specific cell lineage in response to certain factors containing in
frozen sections of tissues/organs. More interestingly, the efficacy of
induced differentiation of iPSCs on the frozen sections was noted to be
significantly different among clones of iPSCs. Judging from these facts,
the induction method for the controlled differentiation of human iPS
cells using frozen sections reported in the present study could be useful
as a simple and effective measures for inducing the differentiation of
iPSCs and evaluating the quality of iPSCs.

W-2161

BOVINE TROPHECTODERM CELL LINES INDUCED FROM
BOVINE FIBROBLASTS WITH REPROGRAMMING FACTORS
Talbot, Neil C.!, Sparks, Wendy O.!, Ealy, Alan D.>, Powell, Anne
M.!, Caperna, Thomas J.!, Blomberg, Le Ann', Garrett, Wesley M.},
Donovan, David'

!Animal Bioscience and Biotechnology Laboratory, Beltsville Agricultural
Research Center, Beltsville, MD, USA, ?Department of Animal and
Poultry Sciences, Virginia Polytechnic Institute and State University,
Blacksburg, VA, USA

Bovine trophectoderm (TE) cells were induced [induced bovine
trophectoderm-like (iBT)] from bovine fetal liver-derived fibroblasts,
and other bovine fetal fibroblasts, after viral-vector transduction with
either 6 or 8 reprogramming factors (RF), including POU5F1, KLF4,
SOX2, MYC, NANOG, LIN28, SV40 large T antigen, or hTERT. Light
and electron microscopic analysis showed the induced epithelial cells
had morphology typical of bovine TE cells. The cells formed epithelial
monolayers with interspersed domes, often had lipid droplets, and
displayed cell polarity with apical microvilli and lateral cell unions of
desmosomes and tight junction-like elements. Semi-quantitative RT-
PCR and antiviral activity assay showed that all of the independently
colony-cloned cell lines expressed interferon-tau (IFN-1) at passage 1
or 2. Subsequent measurement at later passage levels (> passage 8) of
IFN-t expression, including by immunoblot assay, showed that more
than half of the iBT cells lines had stop expressing IFN-1. Messenger
RNAs specific to TE differentiation and function were found in the iBT
cell lines, and 2D-gel analysis of cellular proteins showed an expression
pattern similar to that of TE cell lines derived from bovine blastocysts.
Integration of the virally transduced human RFs, POU5F1, KLF4,
SOX2, and NANOG were detected by PCR in the iBT cell lines and
their expression was variable, except hMYC was expressed in all the
cell lines. Assay of endogenous bovine RF expression showed POU5F1
and MYC were expressed in all iBT cell lines, SOX2 in none, and KLF4
and NANOG in half of the cell lines. The results demonstrate that
bovine TE can be induced via RF expression from bovine liver-derived
fibroblasts, although other fibroblast populations, e.g., derived from
fetal muscle, could also result in TE, but at lower frequencies.
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W-2162

COMPARABLE GENERATION OF ACTIVIN-INDUCED
DEFINITIVE ENDODERM VIA ADDITIVE WNT OR BMP
SIGNALING IN ABSENCE OF SERUM

Teo, Adrian, Valdez, Ivan, Dirice, Ercument, Kulkarni, Rohit
Joslin Diabetes Center, Boston, MA, USA

There is considerable interest in the differentiation of human pluripotent
stem cells (hPSCs) into definitive endoderm (DE) and, subsequently
pancreatic cells for in vitro disease modeling and potential cell
replacement therapy. Several current protocols use fetal bovine serum
(FBS) which contains poorly-defined factors to induce DE formation.
Here, we compared Wnt and BMP in their ability to co-operate with
Activin signaling to promote DE formation in a chemically defined
medium. Varying concentrations of Wnt3a, glycogen synthase kinase
(GSK)-3 inhibitors CHIR99021 and 6-bromoindirubin-3’-oxime
(BIO), and BMP4 could independently co-operate with Activin to
effectively induce DE formation even in absence of serum. However,
Wnt3a ligand was ineffective in suppressing E-CADHERIN/CDH1 and
pluripotency factor gene expression unlike GSK-3 inhibitors or BMP4.
Our findings indicate that both Wnt and BMP effectively synergize with
Activin signaling to generate DE from hPSCs, though Wnt3a requires
additional factors to effectively suppress the pluripotency program
inherent in hPSCs. Overall, the various DE-inducing growth factor
combinations that we have optimized demonstrate the ability to derive
DE in chemically defined conditions without the need for serum.

W-2163

TARGETING THE HUMAN DYSTROPHIN GENE WITH
TALENS AND CRISPR

Tremblay, Jacques P., Chapdelaine, Pierre, Rousseau, Joél
Universite Laval, Quebec, QC, Canada

The long-term aim of our research group is to develop an autologous
cell therapy for Duchenne Muscular Dystrophy (DMD). Since the
satellite cells of DMD patients are close to senescence, we eventually
aim at transplanting myoblasts obtained by the differentiation of
iPSCs derived from the patient own fibroblasts. We have already
established a protocol to induce the differentiation of hiPSCs in
myoblasts and these cells were successfully transplanted in the
muscles of immunodeficient mice. However, the DMD iPSCs
or the cells derived from them have to be genetically corrected.
Weare thus investigating two technologies (the TALENs and the CRISPR
system) to correct the dystrophin gene. We have already produced 8
TALENS targeting exon 54 of the human dystrophin gene and we have
identified the best pair able to induce Double Strand Breaks (DSB) in
this exon in 293T cells. These DSB were repaired by Non Homologous
End Joining (NHE]) resulting in micro-insertion or micro-deletions
(INDELs). The presence of these INDELs were detected by PCR
amplification of the exon 54, heating and slow cooling. The presence
of DNA mutations led to the formation of miss-paired DNA strands.
These miss-pairing were cut with the Surveyor enzyme, leading to
the presence of 2 additional bands in an agarose gel. However, when
nucleofected in the myoblasts of a DMD patient, these TALENSs did not
produced INDELSs that were detectable with the Surveyor enzyme. We
have also screened 5 gRNA targeting the exon 54 of dystrophin. Several
of these gRNA were co-transfected with an active Cas9 gene in 293T
cells. The complex formed by the gRNA, the Cas9 and the DNA led to
a DSB of the dystrophin gene repaired by NHE] resulting in INDELs,
detected with the Surveyor enzyme. Moreover, we have also transfected
the gRNA and the Cas9 genes in the 293T cells containing a surrogate
plasmid expressing the mCherry gene and containing an out of frame
EGFP gene due to presence the sequence of exon 54 targeted by the

gRNA. The transfection of a plasmid containing the gRNA and Cas9
led to a DSB of that plasmid and the restoration of the reading frame of
the EGFP gene following repair by NHE]. These gRNA/Cas9 was also
induced DSB in the dystrophin exon 54 in myoblasts of a DMD patient.
These DSB were repaired by NHE] resulting in INDELs, which were
detected with the Surveyor enzyme. Thus the recent results obtained
with the CRISPR system are very encouraging. We are currently trying
to transplant the genetically corrected myoblasts in muscles of an
immunodeficient mice.

W-2164

DIRECTED FATE CONVERSION TO HUMAN GABAERGIC
NEURONS USING TRANSCRIPTIONAL DRIVERS

Vadodaria, Krishna!, Mertens, Jerome?, Jappelli, Roberto’, Lianna,
Fung!, Soltani, Sheila’!, Wright, Rebecca', Gage, Fred H.!

ISalk Institute for Biological Studies, La Jolla, CA, USA, *The Salk
Institute for Biological Studies, La Jolla, CA, USA

GABAergic interneurons in the forebrain play important roles in
regulating network activity and their dysfunction has been implicated in
neuropsychiatric disorders such as autism, schizophrenia, and epilepsy.
Patient-derived neuronal cultures based on induced pluripotent stem
(iPS) cells and induced neurons (iN) offer distinct ways for investigating
the pathophysiology of neuropsychiatric disorders in vitro. Using
genetic overexpression of a MGE-derived transcriptional driver, we
enhanced GABAergic differentiation using both iPS-derived neurons,
and induced neurons directly converted from human fibroblasts. This
strategy provides unique ways of enriching disease-relevant neuronal
subtypes such as GABAergic interneurons in vitro, thus enabling the
examination of neuronal subtype-specific defects that may not be
found in mixed neuronal cultures.

W-2165

FOUR FACTORS CONTROL SELF-RENEWAL OF
CORTICALLY SPECIFIED HUMAN MULTIPOTENT NEURAL
CELLS

Varga, Balazs V., Faiz, Maryam, Nagy, Andras

Lunenfeld-Tanenbaum Research Institute, Mount Sinai Hospital,
Toronto, ON, Canada

The regulation of neural stem cell self-renewal is poorly understood;
however it has consequences in normal and pathological brain.
Multipotent neural stem cells have been shown to require FGF and EGF
signals for in vitro self-renewal. Nonetheless prolonged maintenance
of cortically specified cells in the presence of FGF and EGF cannot
preserve important in vivo properties - like differentiation potential
to glutamatergic projection neurons - of the cerebral cortex . FGFRI,
R2, and R3 triple knockout mouse cortices are specified correctly, but
fail to proliferate normally. Furthermore, FGFR signaling alone is not
sufficient to maintain cortical neural stem cells in vitro. On the contrary
neural tissue-specific ablation of the mayor EGF receptor ErbB1 does
not compromise normal brain development. These observations
directed us to investigate potential role of other key signaling pathways
in cortical human neuroectodermal stem cell (hNECs) self-renewal.
We show the requirement for FGFR activity together with GSK3,
BMPR and TGFbR inhibition (4F condition) to be sufficient to
maintain cortical potential of rosette stage multipotent neural cells. In
the presence of 4F, hNECs can respond to EGF, SHH and LIF, however,
these signals are dispensable for self-renewal. Compared to rosette
stage cells or later stage neural stem cells maintained in vitro in the
presence FGF and EGF signals, hNECS preserve cortical specification
and multipotency over long-term proliferation in 4F condition.
Upon withdrawal of 4F, cells differentiate into mainly glutamatergic
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projection neurons and to smaller degree GABAergic interneurons,
astrocytes and oligodendrocyte progenitors. hNECs can integrate into
the normal adult mouse brain, survive for > 90 days and differentiate in
situ into neurons and glia cells.

W-2166

LINKING OXIDATIVE STRESS TO CELL FATE- IPSC-BASED
DISEASE MODELING IDENTIFIES NEW THERAPEUTIC
TARGET IN RETICULAR DYSGENESIS

Weinacht, Katja', la Marca, Giancarlo?, Felgentreff, Kerstin®, DeVine,
Alexander?, Schambach, Axel®, Notarangelo, Luigi®

'"Pediatric =~ Hematology/Oncology, ~— Boston  Children’s  Hospital
Boston, Boston, MA, USA, *Department of Clinical Chemistry and
Pharmacology, Meyer Children’s Hospital, Florence, Italy, 3Childrens
Hospital Boston, Boston, MA, USA, “Boston Children’s Hospital, Boston,
MA, USA, *Hannover Medical School, Hannover, Germany, °Division of
Immunology, Children’s Hospital Boston, Boston, MA, USA

Reticular Dysgenesis (RD) is one of the most serious forms of severe
combined immune deficiency (SCID). It is characterized by complete
absence of circulating lymphocytes and neutrophils. In addition,
patients suffer from sensorineural hearing loss. Before newborn
screening for SCID was implemented, the majority of patients
succumbed to infection long before hematopoietic cell transplantation
(HCT) could be attempted. To this date, the prognosis for RD remains
grim. RD is caused by mutations in the mitochondrial ADP-generator
Adenylate Kinase 2 (AK2). AKI is a cytosolic protein that may
compensate in various tissues for the lack of AK2. However, AK1 is
not expressed in leukocytes and the stria vascularis of the inner ear
[1]. While this observation may explain where AK2 defects manifest,
the molecular mechanisms how AK2 defects take effect, remain largely
obscure. Significant obstacles to elucidating disease pathology have
been the lack of a suitable animal models and the unavailability of
patient specimens. Using skin fibroblasts from a RD-patient we have
recently identified at Boston Children’s Hospital [2], we have generated
induced pluripotent stem cells (iPSC) with defined homozygous AK2-
mutation. In-vitro myeloid differentiation of AK2-mutated iPSCs
recapitulates the characteristic maturation arrest at the promyelocyte
stage observed in-vivo in patients with this condition. AK2 is expressed
in the intermitochondrial space where it mediates the reaction AMP
+ ATP a 2 ADP. Generation and maintenance of adequate levels of
ADP in the intermitochondrial space are required to support ATP
synthase activity. Using Mass Spectrometry, we have shown that in
the absence of AK2, the AMP/ADP ratio is markedly increased in iPS-
derived myeloid cells, indicating a critical role of AK2 in maintaining
ADP supply. Based on this data, we hypothesized that in patients
with RD, ADP-depletion in myeloid progenitors would lead to stage
4 respiration, a well defined state in mitochondrial biology, in which
the ATP-synthase lacks substrate and decreases its activity. This causes
areduction in proton flux from the intermitochondrial space back into
the matrix, transient rise in membrane potential, and an escalation in
the formation of reactive oxygen species (ROS). The cell responds by
activating “inducible uncoupling”, the opening of alternative proton
pores, which allows proton flux back into the matrix, bypassing the
ATP-synthase and foregoing the use of energy stored in the proton
gradient. While this represents a cellular rescue mechanism in response
to acute oxidative stress, extended oxidative-stress-induced uncoupling
will eventually lead to a decline in proton gradient and membrane
potential and ultimately in demise of the cell. To test this hypothesis,
we have added Glutathione, the primary endogenous cellular
antioxidant, to the culture conditions. We also tested G-CSF and all-
trans-retinoic acid (ATRA), agents known to promote promyelocyte
differentiation to mature neutrophils in other conditions. While G-CSF

had no, and ATRA clearly deleterious effects on myeloid maturation
in AK2-mutated cells, Glutathione led to a significant improvement in
differentiation, allowing development of mature neutrophils in-vitro.
Our results suggest that cell fate in RD is linked to oxidative stress and
identify antioxidants as a possible therapeutic approach that may help
reduce early mortality due to severe infections in patients with RD.

W-2167

ORGAN REGENERATION OF FUNCTIONAL GUT (IGUT)
FROM MOUSE INDUCED PLURIPOTENT STEM CELLS
Yamada, Takatsugu, Ueda, Takeshi, Nakamoto, Takayuki, Kanehiro,
Hiromichi, Nakajima, Yoshiyuki

Department of Surgery, Nara Medical University, Kashihara, Japan

Induced pluripotent stem (iPS) cells have the pluripotency to
differentiate into broad spectrum derivatives of all three embryonic
germ layers. The potential for directed differentiation of iPS cells
into specific cell types has become very exciting because of the new
scientific insights and possibility of using such cells for therapeutic
purposes. However, the organ differentiation ability of iPS cells to
organize a complex and functional “organ,” which is composed of a
variety of cell types, has not yet been demonstrated. We demonstrate
that mouse iPS cells have the ability to organize a complex gut-like
organ with motor function in vitro by a three-dimensional hanging
drop culture system (6 days) to form spherical multicellular aggregates,
embryoid bodies (EBs), and a subsequent outgrowth culture system.
This “induced gut (iGut)” showed spontaneous contraction (Day?7),
rhythmic contractions (Dayl4) and highly coordinated peristalsis
accompanied by a transportation of contents (Day21). The iGut with
peristalsis-like contractions exhibited the periodic movements of
back and force in the closed lumen. Ultrastructural analysis identified
that the iGut had large lumens surrounded by three distinct layers
(epithelium, connective tissue and musculature). Immunoreactivity for
¢-Kit, a marker of interstitial cells of Cajal (ICCs, enteric pacemaker
cells), was observed in the wall of the lumen and formed a distinct and
dense network. The neurofilament immunoreactivity was identified to
form large ganglion-like structures and dense neuronal networks. The
iGut was composed of all the enteric components of three germ layers:
epithelial cells with microvilli (endoderm), smooth muscles, ICCs
(mesoderm), and enteric neurons (ectoderm). This is the first to show
the in vitro differentiation potential of iPS cells into particular types of
functional “organs” This work not only contributes to understanding
the mechanisms of incurable gut disease through disease-specific iPS
cells, but also facilitates the clinical application of patient-specific iPS
cells for novel therapeutic strategies such as patient-specific “organ”
regenerative medicine in the future.

W-2168

LONG-TERM EXPANSION OF PROLIFERATIVE
ENDODERMAL PROGENITOR CELLS FROM HUMAN
INDUCED PLURIPOTENT STEM CELLS

Zhang, Ranran, Takebe, Takanori, Zheng, Yunwen, Taniguchi, Hideki
School of Medicine, Yokohama City University, Yokohama, Japan

Background: Endoderm and its derivatives including islet cells and
hepatocytes have been efficiently recapitulated by the differentiation
of human induced pluripotent stem cells (iPSC), which could be
hopefully used toward treatment of diseases such as diabetes or liver
dysfunction, respectively. However, the generation and expansion
of endodermal progenitor cells (EPC) with unlimited proliferative
capability in vitro are still not yet well established. Selective induction
of endoderm could be achieved under the activin A treatment
in serum free conditions, and the effect of activin A in inducing
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definitive endoderm is enhanced when additional Wnt3a is present,
however the generated CXCR4+C-Kit+ EPC under additional Wnt3a
treatment for over 3 days loss of self-renewal capability. To solve these
issues, we use the optimized differentiation conditions to produce
the CXCR4+C-Kit+ EPC with additional combination of other
factors including BMP4, VEGF and FGF2. Methods and Results:
A step-wise protocol was adapted to induce definitive endoderm
cells. Human iPSC were plated onto matrigel-coated dishes before
the initiation of differentiation. The cells were induced to differentiate
by culturing in the RPMI/1640 supplemented with B27, Wnt3a and
Activin A for one day; then the medium was switched to RPMI/1640
supplemented with B27 and a combination of Activin A, BMP4, bFGF
and VEGE. Finally, the cells were differentiated in SFD supplemented
with Activin A, BMP4, bFGF and VEGE. The CXCR4+C-Kit+ EPC
isolated from induced definitive endoderm cells are confirmed to
have the capability of in vitro expansion for up to passage 20 with a
stable expression of definitive endoderm markers of FOXA2 and
SOX17. Further differentiation of endoderm lineages with derived
CXCR4+C-Kit+ EPC are achieved by producing C-peptide secreting
pancreatic B-cells and albumin-secreting hepatocytes. Conclusion:
We could successfully expand and maintain the derived EPC in vitro
under our optimized differentiation protocol. And the isolated EPC
cells showed the potential of further differentiating into endodermal
lineages including pancreatic P cells and hepatocytes. Thus, targeted in
vitro maintenance and differentiation of endodermal progenitor cells
are great potential for cell replacement therapy, toxicology, and further
insight into endodermal derived organ transplantation.

W-2169

DEFINED EXTRACELLULAR MATRIX PROTEINS FOR
CARDIAC DIFFERENTIATION OF HUMAN PLURIPOTENT
STEM CELLS: ESSENTIAL ROLE OF FIBRONECTIN

Zhang, Jianhua, Tao, Ran, Wilson, Gisela E, Annis, Douglas S.,
Mosher, Deane E, Kamp, Timothy J.

Medicine, University of Wisconsin - Madison, Madison, WI, USA

Extracellular matrix (ECM) plays multiple important roles in
development, and we have previously described a matrix sandwich
protocol for efficient cardiac differentiation of human pluripotent
stem cells (hPSCs) which combines sequential applications of Matrigel
ECM and growth factors (Activin A, BMP-4, bFGF) (Zhang et al. Circ
Res 2012). However, Matrigel is an incompletely defined and variable
mixture of ECM proteins and other components. The purpose of the
present study is to test defined ECM proteins in the matrix sandwich
protocol to determine both the optimal and essential ECM proteins
for promoting cardiogenesis. Human laminin (LN) (isoforms of
LN111 and LN521), fibronectin (FN) and collagen IV were tested by
applying each ECM proteins on the bottom and the overlay of the
matrix sandwich culture. Cardiac differentiation was measured by
flow cytometry of ¢TnT* cells present at day 15 (Figure). Regardless
of bottom ECM, FN overlay resulted in robust cardiac differentiation.
In contrast, LN111 or LN521 overlay blocked cardiac differentiation
completely. Interestingly, both FN and LN111 bottom coating enabled
efficient cardiogenesis without overlay. To determine if FN is essential
for cardiogenesis in this differentiation protocol, we tested FN blocking
antibodies. Blocking FN fibrillogenesis in the matrix sandwich protocol
inhibited cardiac differentiation in a concentration-dependent manner
as measured by flow cytometry of cTnT* cells. When hPSCs were plated
on LN111 and differentiated without matrix overlay, FN blocking
antibodies also inhibited cardiogenesis, suggesting endogenously
produced FN is essential. Immunolabeling of hPSCs plated on LN111
for FN showed a time-dependent increase of FN ECM. FN blocking
antibodies also inhibited cardiac differentiation in the small molecule

GiWi cardiac differentiation protocol (Lian et al., PNAS, 2012). These
results indicate that FN plays an essential role in cardiogenesis of
hPSCs. Because the major integrin binding receptor for FN is a5p1,
we tested the effect of a blocking antibody specific for f1 integrin
(P5D2) in the matrix sandwich protocol. When added at day 0, P5D2
showed significant blocking of cardiac differentiation yielding no
cardiomyocytes. Taken together, we conclude that FN plays essential
role in cardiac differentiation of hPSCs, and is regulated by integrin 1
signaling. Electrophysiological characterization of the FN/FN derived
CMs demonstrated APs with nodal, atrial and ventricular-like features.
These results identify several combinations of defined ECM proteins
that can support robust cardiogenesis in the matrix sandwich protocol
and furthermore, point to an essential role of fibronectin in cardiac
differentiation of hPSCs.

IPS CELLS

W-2171

CLINICALLY SAFE INTEGRATION- AND XENO-FREE
HUMAN IPSCS GENERATED BY MRNA TRANSFECTION
METHOD

Hwang, Dong-Youn

CHA University School of Medicine, Seongnam, Kosovo, Republic of

The generation of integration- and xeno-free iPSCsis absolutely required
for cell replacement therapy to treat a variety of incurable diseases.
Until now, repid progress has been made in developing the methods
of generating chromosome integration-free iPSCs, such as episomal
plasmid transfection and Sendai viral-mediated gene delivery. Recently,
the mRNA transfection method has also emerged as an efficient way
to establish footprint-free iPSCs. In an effort to generate clinically
compliant iPSCs, we sought to combine the mRNA transfection
method with a xeno-free culture condition for human pluripotent stem
cells (hPSCs) which was established in our laboratory. Human dermal
fibroblasts were transfected multiple times with mRNAs encoding
reprogramming factors and were maintained in our xeno-free hPSC
culture condition. The hESC-like colonies appeared approximately 20
days were isolated and expanded in the same xeno-free hPSC culture
condition to establish iPSClines. Extensive characterization of the iPSCs
demonstrated that they expressed pluripotent cell markers, retained
pluripotent capability, showed similar global gene expression pattern
to hESCs, and displayed normal karyotypes.This study demonstrated
that therapeutically applicable xeno- and integration-free iPSCs can
be generated by mRNA transfection method in combination with the
xeno-free hPSC culture condition we established and will provide an
opportunity for cell replacement therapy in the foreseeable future.
This work was supported by grants from the Stem Cell Research
Program (2010-0020347) and 2012M3A9C7050130 from the MSIP,
and A120254-1201-0000200 from the Ministry of Health and Welfare,
Korea
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EFFICIENT GENERATION OF TRANSGENE-FREE AND
XENO-FREE IPSC FROM HUMAN CORD BLOOD CELLS
AND THEIR DIFFERENTIATION INTO FUNCTIONAL
DERIVATIVES

Park, Tea Soon, Zimmerlin, Ludovic, Zambidis, Elias

Institute for Cell Engineering and Department of Pediatric Oncology,
Johns Hopkins School of Medicine, Baltimore, MD, USA

IPSC technology provides new opportunities to attain personalized
regenerative therapies. However, current low reprogramming
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efficiencies, lack of GMP compliance, and highly variable and limited
differentiation into fully functional long-term engraftable lineages are
critical challenges for the development of safe translational strategies.
Although several groups have described the generation of xeno-
free (XF)-iPSC, the optimization of these systems to clinical scale
and the derivation of functionally-competent lineage committed
cells have yet to be validated. We originally reported efficient bulk
reprogramming of human myeloid progenitors (MP) to hiPSCs using
a non-integrating episomal method. It was also more recently reported
by others that murine MPs represent a permissive and “privileged”
somatic donor cell capable of rapid, efficient, and nonstochastic
reprogramming. We have validated the enhanced functional
performance of human MP-iPSC-derived vascular progenitors (VP)
using our established hematovascular differentiation system. Unlike
standard hiPSC lines, MP-iPSC-derived VPs exhibited an immature
phenotype with diminished somatic memory retention, senescence
and DNA damage sensitivity, and demonstrated reliable long term
engraftment into an ischemia-reperfusion mouse retina model. We
have recently discovered that MP-iPSCs lack lineage skewing to non-
hemato-vascular lineages with superior endodermal and ectodermal
differentiation potencies. Here, we present the adaptation of this novel
stromal priming MP-iPSC reprogramming system using defined XF
and feeder-free (FF) reagents. Since, human cord blood (CB) cells
were more amenable to reprogramming than adult blood progenitors,
we initiated our validation of XF conditions using this donor source.
Human CD34+ CB cells were thawed in RPMI supplemented with XF
KnockOut Serum Replacement and expanded and differentiated into
CD33+CD45+ myeloid progenitors (MP) for 3 days in XF StemSpan
hematopoietic expansion medium with human recombinant protein
of FLT3 ligand, TPO, kit-ligand (FTK). Following transfection using
a single episomal vector expressing the four Yamanaka factors (SOX2,
OCT4, KLF4, c-MYC), CB cells were co-cultured on irradiated
XF human mesenchymal stromal cells. Reprogrammed MPs were
initially transferred onto Synthemax-R plates in FTK-supplemented
StemSpan-XE and further cultured in Essential 8 medium. Distinct
hESC-like colonies emerged 12 days following episomal plasmid
nucleofection. Single XF-MP-iPSC clones were manually transferred
on human vitronectin-coated plates in E8 medium. All established
cell lines were confirmed to express pluripotency-associated markers
by flow cytometry and Q-RT-PCR with robust differentiation into all
3 germ layers in NOD/SCID teratoma assay, and possessed normal
karyotypes. Additionally, XF-MP-iPSC lines efficiently differentiated in
vitro into hematovascular, neural and definitive endodermal lineages
at levels that were comparable or superior to hESC and conventional
CB-iPSC for all 3 lineages. We propose that the intrinsic properties of
human MPs (e.g., rapid and efficient reprogramming, high quality and
robust differentiation capacities) make them an ideal donor cell type
for adaptation to GMP-compliant techniques. Thus, MPs represent an
attractive source of permissive, easily acquired patient donor cells for
further development of clinically relevant GMP-compliant regenerative
approaches.
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MATISSE™ EPISOMAL REPROGRAMMING SYSTEM WITH
INDIVIDUAL IDENTICAL EXPRESSION CONTROL
ELEMENTS PACKAGED INTO A SINGLE CASSETTE AND
REPROGRAMMING OF HUMAN SOMATIC CELLS

Paul, Sharan', Alapatt, Philomena', Dansithong, Warunee?, Scoles,
Daniel?, Sams, Gary’, Pulst, Stefan M.

Progenitor Life Sciences, Salt Lake City, UT, USA, *Department of
Neurology, Clinical Neurosciences Center, University of Utah, Salt Lake
City, UT, USA

Induced pluripotent stem cells (iPSCs) are invaluable tools for
translation research. Despite the existence of multiple reprogramming
methods most strategies have certain drawbacks. Progenitor
Life Sciences Matisse™ Reprogramming Technology overcomes
impediments of traditional iPSC methods by developing all-in-
one novel episomal reprogramming vector (RV). In this system
reprogramming factors (RFs) (OCT3/4, SOX2, ¢c-MYC, and KLF4)
are arranged with individual attenuated CMV promoter (267bp) and
polyA sequences into a single cassette, designated as pPuro(CMV_)-
cMKSO (Matisse reprogramming system). This RV allows coordinated
expression of all the four factors in transfected human somatic cells,
which bypasses multistep screening procedures required to ensure
homogeneous cultures. The use of the Matisse™ Reprogramming
System also improves efficiency and time required for reprogramming.
We used this RV to reprogram lymphoblastoid (LB) cells (EBV-
immortalized B-lymphocytes) and human skin fibroblasts by
electroporation or transfection methods without the use of feeder
cells. Especially LB cells are hard to reprogram using commercial
reprogramming approaches currently available. EBV-B cell line and
BJ fibroblasts -derived iPSCs showed ES cell morphology, EBV-B cell
line and BJ fibroblasts -derived iPSCs showed ES cell morphology,
and expressed pluripotent cell-specific genes. The ability to reprogram
banked patient EBV-transformed cell lines or skin fibroblasts efficiently
offers an unprecedented opportunity to generate faithful genetic disease
models and also provide a translational platform for therapeutic drug
development.
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EFFICIENT GENERATION OF INDUCED PLURIPOTENT
STEM CELLS (IPSCS) DERIVED FROM PARKINSON’S
DISEASE (PD) STUDY PATIENT FIBROBLAST LINES USING
CYTOTUNE®-IPS 2.0 SENDAI REPROGRAMMING KIT IN
THE ESSENTIAL 8® FEEDER-FREE MEDIA SYSTEM
Piekarczyk, Marian S.', Piper, David R.}, Schuele, Birgitt?, Vogel, Kurt'
IResearch and Development, Thermo Fisher Scientific, Madison, WI,
USA, *Research and Development, Parkinson’s Institute and Clinical
Center, Sunnyvale, CA, USA

The absence of cellular models for Parkinson’s Disease (PD) represents
a major bottleneck and unmet need in PD research. Patient-derived
induced pluripotent stem cells (iPSCs) offer exciting potential in cell
therapy and in vitro disease modeling. Efficient reprogramming of
patient somatic cells to iPSCs in feeder-free conditions plays a key
role in realizing this potential. Many reprogramming methods have
been optimized for use with numerous cell lines, but lead to technical
challenges for researchers in converting adult or disease somatic cells
to iPSCs consistently and efficiently. The CytoTune®-iPS 2.0 Sendai
Reprogramming Kit uses Sendai virus and polycistronic vectors to
reprogram somatic cells into induced pluripotent stem cells (iPSCs)
which provides a more robust reprogramming efficiency, lower
cytotoxicity, and faster viral clearance to generate integration-free iPSCs
in feeder-free conditions. In this study, fibroblasts from skin biopsies of
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two related Parkinson’s disease (PD) study patients were reprogrammed
in feeder-free conditions to iPSCs using Life Technologies CytoTune"-
iPS 2.0 Sendai Reprogramming Kit. These iPSCs are transgene-free and
karyotypically normal, express known pluripotency markers and are
able to differentiate into embryoid bodies that present the three germ
layer lineages: ectoderm, mesoderm, and endoderm. Gene expression
analysis distinguishes these iPSCs from their parental fibroblasts
and clusters them together with control Gibco® iPSCs and H9 ESCs.
Given the efficiency, speed and ease of reprogramming of these adult,
disease-related fibroblasts in feeder-free conditions, the CytoTune"-
iPS 2.0 Sendai Reprogramming Kit can be applied to large scale
reprogramming of multiple disease lines in an automated fashion to
provide significant impact for researchers worldwide.
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REPROGRAMMING OF DONOR CELLS AND
DIFFERENTIATION TO DEFINITIVE ENDODERM CELLS
Roberts, Casey', Chen, Silvia?, Sachs, Patrick’, Ogle, Roy C.?

'Eastern Virginia Medical School, Norfolk, VA, USA, ‘°LifeNet
Health, Virginia Beach, VA, USA, *School of Medical Diagnostic and
Translational Sciences, Old Dominion University, Norfolk, VA, USA

Often iPSCs are produced from dermal fibroblasts; however, a
variety of other cell types are successfully used. Human osteoblasts
have not been previously used to establish iPSCs. Here, we show
that iPSCs can be derived from human osteoblasts without
de-differentiation and readily differentiate into derivatives of all three
germ layers. Bone chips from donor tissue were processed to remove
bone marrow components. The cells (OB11) displayed characteristic
osteoblastic gene expression of RunX2, CollAl, osteocalcin, BMP2,
and osteopoetin at or greater to commercially available osteoblastic
cells (NHOst, Lonza) when assayed by qRT-PCR. OBI11 cells, also,
had an up regulation of Oct4 and hTert compared to adult fibroblasts
as determined by qRT-PCR. Furthermore, upon treatment with bone
differentiation media (0.1uM dexamethasone, 10mM beta-glycerol
phosphate, 50uM ascorbic 2-phosphate for 21 days) the OBI1 cells
differentiated into mineralizing osteocyte-like bone cells, confirmed
by Alizarin Red S staining. The OBllcells were reprogrammed
using Sendai viral vectors containing the Yamanaka factors (Life
Technologies). The iPSCs were characterized for pluripotency markers
with immunofluorescence, flow cytometry, and qRT-PCR. The OB11
iPSCs strongly expressed Sox2, Oct4, Nanog, Tra-1-81, Tra-1-60, and
alkaline phosphatase. To determine if the iPSCs were able to generate
derivatives of multiple germ layers, an embryoid body (EB) technique
was employed. The EB-derived cells had positive expression for all 3
germ layers, including Tujl and Sox1 (ectodermal cell type markers),
FoxA2 and AFP (Alpha fetoprotein, endodermal cell type markers),
Actin A2 and SMA (smooth muscle actin, mesodermal cell type
markers). They clearly showed higher expression of the mesodermal
markers. This was confirmed with the hPSC scorecard panel (Life
Technologies), which showed that the cells had potential for all three
germ layers, but preferentially differentiated to mesodermal and
ectodermal lineages. Since endoderm was the germ layer lineage
observed with lowest frequency, we focused on testing the ability of the
OB11 iPSCs to generate definitive endoderm, pancreatic beta cells, and
hepatocytes. The iPSCs were treated with 50ng/mL Activin A and 1X B27
supplement for three days of direct differentiation (no formation of EB);
the iPSCs generated definitive endoderm (DE) with high percentages
of the cells expressing endodermal markers CXCR4 and Sox17. The DE
cells were maintained in culture for over 35 days and high percentages
of the cells continued to express CXCR4 and Sox17. The cells also
continued to proliferate throughout the culture and when differentiated
further, were able to generate proinsulin+ GLUT2+ pancreatic beta-

like cells and HNF4+ hepatocyte-like cells. Human osteoblasts
are readily reprogrammed to iPSCs. The iPSCs can efficiently generate
DE cells capable of forming mature beta-like and hepatocyte-like cells.
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WNT SIGNALING IS ESSENTIAL FOR REPROGRAMMING
TO PLURIPOTENCY

Ross, Jason T., Willert, Karl H.

University of California San Diego, La Jolla, CA, USA

Despite many years of intensive research in the field of reprogramming
and induced pluripotency, relatively little is know about the role of
the extracellular environment (cell-cell, cell-matrix and cell-soluble
factor interactions) in this process. The recent discovery that somatic
cells can be converted to pluripotent stem cells by exposure to
sublethal stimuli has brought to the forefront the importance of the
extracellular environment during reprogramming. We have performed
an in-depth analysis of the developmental WNT signaling pathway in
reprogramming. Using both small molecule inhibitors and mutations of
WNT signaling components, including disease-associated mutations,
we find that WNT signaling is essential for cellular reprogramming and
generation of induced pluripotent stem (iPS) cells. Interfering with the
activity of PORCN, which is required for processing and subsequent
secretion of WNT proteins, potently reduces reprogramming rates,
an effect that is rescued through exogenous activation of WNT/pB-
catenin signaling. Furthermore, blocking endogenous WNT signaling
either through AXIN overexpression or small hairpin RNA-mediated
knockdown of the WNT receptor FZD7 reduced the number of iPS
cell colonies, suggesting that reprogramming requires an endogenous
WNT/B-catenin signaling loop. Consistent with our hypothesis that
WNT signaling plays a critical role during reprogramming, we find that
the efficiency of iPS cell generation is significantly enhanced through
ectopic activation of the pathway, including through the addition
of purified Wnt3a protein and R-Spondin or the overexpression of
B-catenin, especially in the absence of the WNT target gene (and
reprogramming factor) MYC, indicating that WNT’s mechanism
of action is not entirely through MYC. In contrast, treatment with
purified Wnt5a, a protein ligand known to antagonize canonical WNT
signaling, significantly impairs reprogramming. Finally, we find that
activation and inhibition of WNT/B-catenin signaling at early stages of
reprogramming promotes and impairs iPS cell formation, respectively.
From this study we conclude that WNT signaling is essential for
successful reprogramming to pluripotency and may represent a major
pathway for signal transduction from the extracellular environment to
influence the reprogramming process.
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NEUROSPHERES-DERIVED FROM HIPSCS AUGMENTS
MOTOR AND SENSORY FUNCTIONS IN SPINAL CORD
INJURY PARAPLEGIC SCID MICE MODELS.

Sabapathy, Vikram', Murugan, Durai', Samuel, Rekha? Tharion,
George', Kumar, Sanjay'

Centre for Stem Cell Research, Vellore, Tamil Nadu, India, *Christian
Medical College, Vellore, India

Spinal cord injury is a debilitating disorder that results in the progressive
loss of motor and sensory functions. At present there is no proper cure
for the treatment of spinal cord injury patients. Preliminary studies
indicate the fact that cell therapy might serve a treatment option for
patients suffering from spinal cord injury. The patient’s autologous
bone-marrow mesenchymal stromal cell’s (MSCs) poses limited in vitro
expandability, driving the need to find alternate cell source. Pluripotent
stem cells might serve as an alternate source for cell therapy due to
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its ability to differentiate efficiently into multiple neuronal subtypes.
In this study, we have utilized perinatal human placenta-derived
MSCs (hPD-MSC) for generation of iPSCs using integration-free
nucleofection protocol. In-order to make the reprogramming clinically
compatible we have utilized autologous MSC feeder for derivation of
iPSCs. Treatment of cell undergoing reprogramming with dual kinase
inhibitor and LIF effectively augmented the reprogramming efficiency
with up regulation of PTyr705 STAT3, epithelial markers (beta catenin
and e-cadherin), surface markers (Tra 1-81, Tra 1-60 and SSEA4)
and endogenous core pluripotecy factors (Oct3/4, SOX2 and Nanog).
Apart from the regular pluripotent marker we have observed increase
in P-cadherin expression after reprogramming. The derived iPSCs
were further subjected to rigorous in vitro and in vivo characterization.
We have successfully used Tra 1-81 live stain and transient nanog-
GFP based transfection method for selecting the fully reprogrammed
colonies. For transplantation studies, we have created SCID mice spinal
cord injury, paraplegic models with the help of compression injury at
T10 level. Our preliminary data with transplantation of iPSCs derived
neurospheres (iNSCs) suggest that it effectively augment neural
regeneration with motor and sensory recovery. There was no adverse
effect of cell therapy in the SCID mice like formation of teratoma after
transplantation of iPSCs derived neurospheres. Functional recovery
was evaluated using trans-cranial stimulations. Results also indicated
that transplantation of iPSCs derived iNSCs led to increased neuronal
myelination with reduced inflammation. Physiological data suggests
that transplanted mice exhibited moderate bladder control and
improved weight gain than the non-transplanted mice. Further, bone
density results indicated significant bone loss in the non-transplanted
mice compared to the control mice. Interestingly, there was no
significant difference between transplantation of hPD-MSCs and
iNSCs in terms of neural regeneration, remyelination and functional
recovery. Besides, the hPD-MSCs transplanted mice exhibited better
suppression of the inflammation when compared to the iNSCs.
Additionally, in this study, we have successfully employed ICG based
cell labeling method in order to in vivo track the cells using simple
optical interface technique.
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UTILIZING A NOVEL MICRORNA DETECTION

PLATFORM FOR PROFILING MICRORNA ACTIVITIES IN
PRIMARY MOUSE EMBRYO FIBROBLASTS THROUGH THE
GENERATION OF INDUCED PLURIPOTENT STEM CELLS
Santos, Mark’, Zhang, Wenying', Asbrock, Nick', Koong, Victor? Hsu,
Matthew!

Research and Development, EMD Millipore Corporation, Temecula, CA,
USA, 2EMD Millipore Corporation, Temecula, CA, USA

Cellular differentiation is a fundamental process in developmental
biology. Embryonic stem cells (ES cells) must have the ability to
differentiate into more specialized cell types or tissues for the body to
respond to certain situations in which more advanced cell types are
required for the body to function optimally. The reprogramming of ES
cells has been highly investigated and their potential in regenerative
therapies should not be underestimated. However, the use of ES
cells has been somewhat controversial, leading to the generation
of induced pluriopotent stem cells (iPS cells) as a viable alternative.
Although we are aware that transcription factors Oct4, Klf4, Sox2,
and c-Myc are indicated in the reprogramming process of mouse
embryonic fibroblasts (MEFs) to iPS cells, to date the way in which
these transcription factors influence this transition is still not clearly
understood. MicroRNAs (miRNAs) are small, non-coding RNAs
which have emerged as key targets which modulate gene expression.
They have been implicated to control the fate of MEFs and have the

ability to directly influence the reprogramming of pluripotency factors
Oct4, Klf4, Sox2, and c-Myc. By having the ability to monitor and
profile which miRNAs are indicated in iPS generation from MEFs we
can more clearly understand the molecular mechanisms involved in
this ubiquitous process. Here we describe a unique miRNA detection
platform where we are able to profile and clearly identify which
miRNAs are involved in the reprogramming process of mouse embryo
fibroblasts to iPS cells. Using miRNA encoded hydrogel particles for
detection, we were able to profile a host of miRNA targets in both
MEFs as well as iPS cells by flow cytometry. Moreover, we also screened
which miRNAs are involved during the transition phase between each
cell type as well. By implementing our hydrogel particle technique,
we now have the ability to screen up to 68 unique miRNA targets
per sample across a 96 well plate within one assay run, lending us the
opportunity for providing higher content analyses of which miRNA
targets are intimately involved during this differentiation process,
as well as identify other miRNAs which can potentially impact this
transition as well. In the literature, many miRNA targets have been
identified and their results indicate that specific miRNAs such as the
miR-290-295 cluster, miR-21, miR-29a, miR-302, and the let-7 family
of miRNAs all have emerged as important regulators of ES cell self-
renewal, pluripotency, and differentiation. By using our novel platform
for miRNA profiling and detection we have confirmed which miRNA
signatures are present, but now also have the capability to profile more
miRNAs to uncover any other potential miRNA targets indicated in
this differentiation process which is not readily feasible using either
RT-PCR or microarray techniques alone. In short, we have identified
a platform to profile, identify, and characterize which miRNAs are
present in the MEF to iPSC cell transition and how they function to
regulate multiple signaling networks involved in iPS cell generation
in a quick, inexpensive, and reliable way is integral when discovering
clinically applicable reprogramming strategies.
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INDUCED PLURIPOTENT STEM CELLS HAVE SUPERIOR
IMMUNOMODULATORY PROPERTIES COMPARED TO
BONE MARROW DERIVED STEM CELLS IN VITRO

Schnabel, Lauren V.!, Abratte, Christian M.?, Schimenti, John C2
Felippe, M. Julia B.?, Cassano, Jennifer Michelle?, Southard, Teresa L.,
Fortier, Lisa A2

INorth Carolina State University, Raleigh, NC, USA, ?Biomedical
Sciences, Cornell University, Ithaca, NY, USA, *Clinical Sciences, Cornell
University, Ithaca, NY, USA, *Cornell University, Ithaca, NY, USA

The immunogenic properties of induced pluripotent stem cells
(iPSCs) are currently being investigated as it has become evident
that banked iPSCs will be needed for most clinical applications due
to cell generation time and time associated with screening for both
efficacy and safety. The immunogenic and immunomodulatory
properties of mesenchymal stromal cells (MSCs) have been, and
continue to be investigated for many of the same reasons and it has
been demonstrated that they possess significant immunomodulatory
properties. The purpose of this study was to evaluate the immunogenic
and immunomodulatory properties of iPSCs compared to adult bone
marrow-derived MSCs using modified mixed leukocyte reactions.
Mouse embryonic fibroblasts (MEFs) were isolated from C3HeB/Fe]
and C57BL/6] mice. Lentiviral and PiggyBac iPSC lines were generated
via reprogramming of MEFs from each strain and validated via
teratoma assay. Bone marrow-derived MSCs were isolated from each
strain and validated. MEFs, iPSCs, and MSCs were immunophenotyped
for MHC I and IT expression. Leukocytes were isolated from splenocyte
suspensions and modified one-way mixed leukocyte reactions (MLRs)
were performed using MHC-matched and mismatched responder
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leukocytes (CFSE-labeled) and stimulator leukocytes, MEFs, iPSCs,
or MSCs. Responder leukocytes were examined at 4 different
concentrations. In order to assess the immunogenic potential of
the cells, MEFs, iPSCs, and MSCs were used as stimulator cells for
responder leukocytes. In order to assess the immunomodulatory
properties of the cells, MEFs, IPSCs, and MSCs were cultured
in the presence of stimulator and responder leukocytes. MHC-
matched stimulator leukocytes were used to establish baseline T cell
proliferation and MHC-mismatched stimulator leukocytes were used
as positive MLR controls. MEFs were considered the negative control
in the immunomodulatory potential studies. Proliferation of gated
CFSE-labeled responder T cells was evaluated via CFSE attenuation
using flow cytometry. Relative T cell proliferation was calculated as
the fold change from that of the MHC-matched MLR with stimulator
leukocytes. Data were normalized by log transformation and analyzed
with ANCOVA followed by the Tukey test for multiple comparisons.
Significance was set at p < 0.05. MEFs had a phenotype of MHC I
positive (low) and MHC II negative, while iPSCs had a phenotype of
both MHC I and II negative. MSCs were MHC I positive and MHC
II negative. As predicted based on MHC class II expression, all of the
cell types tested had low immunogenicity when either MHC-matched
or mismatched with the responder leukocytes. Our comparisons
revealed that iPSCs generated through both lentiviral and piggyBac
reprogramming methods had similar immunogenic properties as
MSCs but had more potent immunomodulatory effects than MSCs.
Co-culture of MHC-mismatched leukocytes with MHC-matched
iPSCs resulted in significantly less responder T cell proliferation
than observed for MHC-mismatched leukocytes alone and at more
responder leukocyte concentrations tested than was observed for co-
culture of MHC-mismatched leukocytes with MHC-matched MSCs.
In addition, MHC-mismatched iPSCs were able to significantly
reduce responder T cell proliferation when co-cultured with MHC-
mismatched leukocytes, while MHC-mismatched MSCs were not.
These results provide important information when considering the
use of iPSCs in place of MSCs in both regenerative and transplantation
medicine.

W-2180

AN EFFECTIVE, COST EFFICIENT MEANS OF ASSESSING
HIPS PLURIPOTENCY: QUANTIFYING THE CELLULAR
RESPONSE TO DNA DAMAGE

Secreto, Frank J.!, Li, Xing? Bruinsma, Elizabeth!, Hawse, Gresin®,
Perales-Clemente, Ester?, Rasmussen, Boyd®, Miller, Jennifer®, Nelson,
Timothy J.°

!General Internal Medicine Cardiac Transplant, Mayo Clinic, Rochester,
MN, USA, *Program for Hypoplastic Left Heart Syndrome, Biomedical
Statistics and Informatics, Mayo Clinic, Rochester, MN, USA, *Program
for Hypoplastic Left Heart Syndrome, Mayo Clinic, Rochester, MN, USA,
“Cardio Vascular Diseases, Mayo Clinic, Rochester, MN, USA, *Program
for Hypoplastic Left Heart Syndrome, Pediatric and Adolescent Medicine,
Mayo Clinic, Rochester, MN, USA

Successful implementation of future human stem cell therapies will
largely depend upon the uniform quality of the cells in question.
Human Induced pluripotent stem cells (hIPS) hold much promise
as a potential therapeutic agent for an array of maladies, and the
production of large repositories of these cells at several institutions is
currently underway. However, an efficient means of quality control is
needed in order to determine whether a clone is suitable for therapeutic
applications. Pluripotency of hIPS cells is routinely determined by a
number of techniques, including detection of cell surface markers such
as SSEA-3/4 and TRA-1-60/1-80, expression of reprogramming genes,
clonal morphology and teratoma formation in mice. These techniques,

while useful in determining the pluripotent ground state of a limited
number of clones, are cumbersome and expensive when applied
to large numbers of samples. A scalable, functional assay that could
reliably determine the quality of hIPS cells, regardless of tissue source
or cellular origin, would provide a valuable tool. We have previously
demonstrated that mouse IPS cell pluripotency is directly correlated
with sensitivity to the DNA damaging agent etoposide, and herein
we propose that such sensitivity provides an efficient and superior
means to monitor functional pluripotency of hIPS clones. Initially, we
examined five hIPS clones by morphology, pluripotent gene expression
profile (SOX2, OCT4, cMYC), presence of SSEA-3 and TRA-1-60 and
etoposide sensitivity. Morphology characteristic of undifferentiated
colonies was directly correlated with low etoposide EC50 values (< 100
nM) and a higher percentage of apoptotic cells. However, SSEA-3 and
TRA-1-60 were readily detectable in all five hIPS clones regardless of
either cellular morphology or pluripotent gene expression. To confirm
the pluripotency of selected hIPS clones, two clones with the lowest
EC50 values were injected into the testis capsule of athymic nude mice.
Teratoma formation was confirmed in all mice following dissection at
week 8. Building off of our small scale study, we subsequently assessed
the pluripotent potential of 91 hIPS clones by RNA expression analyses
employing an expanded pluripotent gene expression panel (REXOIL,
SALL4, TDGF1, SOX2, POU5F1, cMYC and ZFP42), FLOW analysis
for SSEA-4 and TRA-1-60 and sensitivity to etoposide. Differences
in overall RNA expression patterns were determined by principal
component analysis (PCA). Clones exhibiting significantly different
RNA PCA profiles compared with the collective data set also displayed
a significant decrease in etoposide sensitivity (Increased EC50 value)
relative to the EC50 mean (71.5 nM). Notably, co-expression of SSEA-4
and TRA-1-60 (77.3% mean positive) was not significantly altered in
clones with high etoposide EC50 values or outlier RNA PCA profiles.
These results demonstrate that quantitative differences in DNA damage
response between hIPS clones could replace expensive and less reliable
biomarkers currently used to determine pluripotency of hIPS clones.
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PREMATURE TERMINATION OF REPROGRAMMING IN
VIVO LEADS TO CANCER DEVELOPMENT THROUGH
ALTERED EPIGENETIC REGULATION

Semi, Katsunori, Onishi, Kotaro, Yamamoto, Takuya, Tanaka, Akito,
Yamanaka, Shinya, Woltjen, Knut, Yamada, Yasuhiro

CiRA, Kyoto University, Kyoto, Japan

Cancer is believed to arise primarily through accumulation of genetic
mutations. Although induced pluripotent stem cell (iPSC) generation
does not require changes in genomic sequence, iPSCs acquire unlimited
growth potential, a characteristic shared with cancer cells. Here, we
describe a murine system in which reprogramming factor expression
in vivo can be controlled temporally with doxycycline (Dox). Notably,
transient expression of reprogramming factors in vivo results in
tumor development in various tissues consisting of undifferentiated
dysplastic cells exhibiting global changes in DNA methylation patterns.
The Dox-withdrawn tumors arising in the kidney share a number of
characteristics with Wilms tumor, a common pediatric kidney cancer.
We also demonstrate that iPSCs derived from Dox-withdrawn kidney
tumor cells give rise to nonneoplastic kidney cells in mice, proving
that they have not undergone irreversible genetic transformation.
These findings suggest that epigenetic regulation associated with iPSC
derivation may drive development of particular types of cancer.
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ESTABLISHMENT OF DISEASE MODEL USING INDUCED
PLURIPOTENT STEM CELLS DERIVED FROM NIEMANN-
PICK DISEASETYPE C

Soga, Minami', Hamasaki, Makoto!, Yoneda, Kaori’>, Nakamura,
Kimitoshi?, Matsuo, Muneaki®, Irie, Tetsumi*, Endo, Fumio? Era,
Takumi'

'Department of Cell Modulation, Institute of Molecular Embryology and
Genetics, Kumamoto University, Kumamoto, Japan, *Department of
Pediatrics, Graduate School of Medical Sciences, Kumamoto University,
Kumamoto, Japan, *Department of Pediatrics, Saga University, Faculty
of Medicine, Saga, Japan, ‘Department of Clinical Chemistry and
Informatics, Graduate School of Pharmaceutical Sciences, Kumamoto
University, Kumamoto, Japan

Cellular models of intractable disease are essential tools for studying the
molecular mechanism of these diseases and developing new therapies.
But collection of biomaterial samples from patients with intractable
diseases are difficult because of the limited numbers of patients and the
inaccessibility of target cells. Because induced pluripotent stem cells
(iPSCs) display multipotency and unlimited proliferation capacity in
vitro, disease-derived iPSCs are expected to overcome these problems.
Niemann-pick disease type C (NPC) is a lysosomal storage disease
associated with mutations in NPCI or NPC2. These mutations disrupt
this transporting system, resulting in the abnormal accumulation of
free cholesterol and glycolipids in lysosomes. As enlargement of liver
is one of major symptoms of NPC patients, here, we established four
iPSCs lines from skin fibroblasts of two patients carrying different
NPCI mutations using non-integrating Sendai virus, and then induced
to differentiate into hepatocyte-like cells (HLCs). The efficiency of
differentiation was similar between the normal-derived iPS cell and the
NPC-derived iPS cell lines. But we found extremely high levels of free
cholesterol accumulation and cellular dysfunctions in NPC-derived
HLCs. 2-Hydroxypropyl-B-cyclodextrin (HPBCD) treatment, which is
known as effective for reducing of cholesterol accumulation in NPCI-
defective cells, reduced free cholesterol accumulation and recovered
cellular dysfunctions in NPC-derived HLCs. Our data suggests that the
transgene-free NPC-derived iPSC lines provide an appropriate cellular
model, and are powerful tools for studying the molecular mechanism
of diseases and developing new therapeutic agents.

W-2184

RNA-SEQ TO IDENTIFY NOVEL MARKERS FOR NEURAL
TISSUE DIFFERENTIATION

Sun, Yongming A.!, Giorda, Kristina', Frey, Elizabeth? Taylor,
Madison!, Barron, Tori? Piper, David?, Meredith, Gavin'

"Thermo Fisher Scientific, South San Francisco, CA, USA, ‘Life
Technologies, Madison, WI, USA

Neural tissue differentiated and cultured from patient-derived stem
cells is expected to revolutionize the treatment of patients with brain
and spinal injuries and diseases. Critical for these cellular therapies is
accurate control and monitoring of differentiation but current methods
for such cell typing are limited to qPCR and immunocytochemisty
(ICC) which is not sufficient to discriminate between the numerous
(likely >100,000) possible neural cell-types. RNA (transcriptome aka
RNA-Seq) profiling permits the characterization and discovery of
much-needed novel markers. To define the temporal transcriptional
signature of neural stem cells, cultured human embryonic stem cells
(H9) were compared to induced neural stem cells (NSCs) at d0, d7
and d14. ICC was performed on the putative NSC pools at d7 and
d14 for markers of pluripotency (Oct4) and neural differentiation
(nestin, Sox1, and Pax6) and H9 cells were stained on d14 for markers

of pluripotency (Oct4 and SSEA4). Total RNA was isolated over the
time course from the undifferentiated and differentiated cells. Ion
Torrent libraries were created to profile expression of miRNAs and
whole transcriptomes for each cell population. Multiplexed Proton
sequencing and Torrent Suite Software analysis yielded >2.5 million
small RNA reads and >29 million whole transcriptome reads per
sample. Cluster analysis of the RNA-Seq profiles indicates that the cell
populations have characteristic molecular signatures. Among genes
that are decreased in induced cells are OCT4 (POU5F1), JARID2,
NANOG , consistent with the differentiation of iPSCs into neurons.
Among genes that showed increased expressions are NTRK2, POU3F2,
and a number of HOX family genes. We also find lincRNA are involved
in cell differentiation.

W-2185

IPSC AND FIBROBLAST RESOURCES FOR ADULT
ONSET NEURODEGENERATIVE DISEASE BIOLOGY AND
DISEASE MODELING - THE NATIONAL INSTITUTE OF
NEUROLOGICAL DISORDERS AND STROKE (NINDS)
REPOSITORY

Sutherland, Margaret

NIH/NINDS, Rockville, MD, USA

In 2006, the generation of induced pluripotent stem cells (iPSCs)
from somatic cells through retroviral-driven expression of four
embryonic transcription factors (c-Myc,Oct4, Sox2 and Klf4) initiated
a revolution in resource development for therapeutic discovery.
Development of iPSC lines from fibroblasts of patients with early onset
neurological disorders such as, Spinal Muscular Atrophy, Friedreich’s
Ataxia Rett syndrome, Fragile X syndrome, and Angelman syndrome
demonstrated that the genetic defects carried by these cells could
model certain aspects of the disease phenotype. In 2009, through the
American Recovery and Reinvestment Act (ARRA), NINDS sponsored
three consortia, to develop well characterized publically available,
induced pluripotent stem cell (iPSC) lines for Huntington’s Disease
(HD) and familial forms of Parkinsons Disease (PD), Amyotrophic
Lateral Sclerosis (ALS) and Frontotemporal Degeneration (FTLD).
This consortium approach enabled rapid resource development
and the initial identification of cellular phenotypes associated with
late onset neurodegenerative disease in iPSC-derived neuronal and
astrocyte cultures. In 2011, a limited competition NINDS Funding
Opportunity Announcement (FOA) was released to enable the
existing consortia to continue generating non-integrating iPSC lines,
isogenic lines and reporter lines, which are distributed through the
NINDS Repository at Coriell. The California Institute for Regenerative
Medicine (CIRM), and non-government organizations including; the
Amyotrophic Lateral Sclerosis Association (ALSA), the Association for
Frontotemporal Degeneration (AFTD), CHDI, the Hereditary Disease
Foundation (HDF), the Huntington’s Disease Association of America
(HDSA), the Michael J. Fox Foundation (MJFF), and the Parkinson’s
Disease Foundation (PDF) in collaboration with NINDS contributed
to the second round of funding for this iPSC consortia effort. There
are currently 162 fibroblast lines and 61 iPSC lines available through
the NINDS Repository. In workshops with industry representatives
and consortia members, challenges that currently hinder therapeutic
development for central nervous system disorders (CNS) were identified
and included: 1) a poor understanding of disease biology; 2) paucity of
tractable central nervous system targets; 3) the poor predictive value of
animal models; 4) difficulty in delivering drugs across the blood brain
barrier; and 5) lengthy and large clinical trials. Although the discovery
and validation of disease relevant phenotypes in differentiated patient-
derived iPSC cell lines is still in its infancy, preliminary results from the
four consortia suggest that human iPSC cell lines may provide valuable
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tools to aid efforts in both understanding disease biology and in the
development of new therapeutics for neurodegenerative diseases. As of
May 2013, the NINDS Repository has distributed over 630 fibroblast
lines and 220 iPSC lines to academic and industry investigators
worldwide.

W-2186

MOLECULAR ANALYSIS TOOLS FOR EPIGENOMIC
CHARACTERIZATION OF PLURIPOTENT STEM CELLS
Sylakowski, Kyle', Fergus, Jeffrey’, Quintanilla, Rene HJ
Lakshmipathy, Uma?

!Biological Sciences, California State University San Marcos, San Marcos,
CA, USA, *Cell Biology and Stem Cell Sciences, Thermo Fisher Scientific,
Carlsbad, CA, USA

Induced pluripotent stem cells (iPSCs) offer an ideal platform to generate
patient-derived cell models to dissect basic biology and for therapeutic
use, either in drug screening or cell replacement. As iPSCs are
generated from various genetic backgrounds using different derivation
and culture conditions, it is essential to carryout comprehensive
characterization to ensure their identity, functionality, and genetic
stability. Molecular analysis platforms offer a quantitative, accurate, and
fast alternative to current cellular methods of confirming pluripotency.
We had reported earlier on the TagMan® hPSC Scorecard™, a
comprehensive gene expression panel for rapid characterization of
pluripotent stem cells. In this study, a similar PCR-based approach
was utilized to quantitatively detect methylation status of specific
genomic loci in pluripotent stem cells. Methylation specific primers
were designed to 6 different loci that are known to be either methylated
or unmethylated in the pluripotent state; specificity was confirmed
in undifferentiated and differentiating H9 ESCs. In order to extend
the study, iPSCs were derived from several donor phenotypes using
a simplified workflow utilizing the Epi5™ iPSC Reprogramming kit
in combination with the Lipofectamine®3000 Reagent transfection
system. H9 ESCs and the generated iPSC clones will be used to generate
Oct4-GFP reporter lines using targeted insertion and GeneArt °
Precision TALs technology, thus enabling the creation of reference
standards from high quality pluripotent cells. Creation of pluripotent
reporter ESC and iPSC from diverse sources provides a valuable tool to
generate homogeneous population of cells for the creation of reference
standards and comparison of molecular expression signature with
alternate enrichment methods based on surface marker expression.
Generation of standardized tools and technologies enables thorough
characterization of pluripotent stem cells, and is critical for their
downstream application in regenerative medicine.

W-2187

REPROGRAMMING LYMPHOBLASTOID CELL LINES (LCLS)
INTO INDUCED PLURIPOTENT STEM CELLS (IPSC)
RESULTS IN RECOVERY OF INDIVIDUAL VARIATION IN
GENE EXPRESSION

Thomas, Samantha!, Caliskan, Minal!, Pritchard, Jonathan? Gilad,
Yoav!

"Human Genetics, University of Chicago, Chicago, IL, USA, *Departments
of Genetics and Biology and Howard Hughes Medical Institute, Stanford
University, Stanford, CA, USA

Celllines are often used in genomic studies because of their convenience
and amenability to experimental manipulation. However, they do not
always recapitulate the physiological properties of their primary tissue
counterparts. Of particular concern to studies of gene regulation is the
loss of individual gene expression signatures during the maintenance
of cell lines. Caliskan et al. demonstrated that after even just one freeze

thaw cycle, lymphoblastoid cell lines (LCLs) lose the majority of inter-
individual variation in gene expression observed in the primary B
cells from which the LCLs were derived. In this study, we ask whether
reprogramming the LCLs to induced pluripotent stem cells (iPSCs)
can recover the individual gene expression patterns lost during the
freeze thaw cycling of LCLs. To do so, we collected whole genome
gene expression data from iPSCs generated from three independently
derived LCLs from each of the six individuals used in the Caliskan et al.
study. Prior to reprogramming, the LCLs had undergone seven freeze-
thaw cycles and expression correlations between individuals were just
as strong as those within replicates of the same individual. Because
much of the epigenome is reset during the reprogramming process, we
expect to unmask native genetically regulated gene expression patterns
and recover the individual variation lost during the freeze-thaw
process. Evidence that iPSCs derived from LCLs better recapitulate
the individual’s original gene expression signature will firmly establish
them as superior models for studies of gene regulation

W-2188

DIVERGENT REPROGRAMMING ROUTES LEAD TO
ALTERNATIVE STEM CELL STATES

Tonge, Peter', Corso, Andrew?, Monetti, Claudio?, Puri, Mira C.,
Hussein, Samer M., Rogers, Ian®, International, PG Consortium?
Nagy, Andras®

'Lunenfeld Tanenbaum Research Institute, Toronto, ON, Canada,
’Lunenfeld Tanenbaum Research Institute, Toronto, ON, Canada,
3Samuel Lunefeld Research Institute, Toronto, ON, Canada, *Mount Sinai
Hospital Samuel Lunenfeld Research Institute, Toronto, ON, Canada,
*Mt. Sinai Hospital, Toronto, ON, Canada

Somatic cells can be reprogrammed to acquire a pluripotent stem cell
(iPSC) fate through the over-expression of key transcription factors and
can fulfill the strictest of all developmental assays observed for ESCs
by generating completely iPSC-derived embryos and mice. However,
it is not known whether there are additional classes of pluripotent cells.
We have explored alternative outcomes of somatic reprogramming by
fully characterising reprogrammed cells independent of preconceived
definitions of partial or fully reprogrammed iPSC states. Global gene
expression profiling revealed two distinct cohorts of cell lines, which
we classify by morphological appearance as Compact colony forming
cells (C-class) and Fuzzy colony forming cells (F-class). F-class cell
lines can be serially subcloned whilst exhibiting a stable transcriptome,
demonstrating the capacity for self-renewal and stability of the F-class
cell state. We have found that the F-class cells possess the potential to
efficiently generate differentiated cell types representative of all three
germ layers in vivo, and can be directed to terminally differentiated
cell types in vitro. The emergence of nanog-positive F-class lines is
dependent on the expression of the four factors with a necessity for
high levels of expression above those seen in ESCs. We demonstrate the
ability to genetically modify F-class cells by generating homozygous
knockouts of nanog, revealing that nanog is not required for the F-class
cell state. Exposure of F-class cells to the DNA methyltransferase
inhibitor 5-Aza-deoxycytidine (Aza) is toxic at active concentrations.
In contrast, inhibition of histone deacetylases (HDACi) induces
an F-class to ESC-like cell state transition, acquiring an ESC-like
morphology and transcriptional profile. Following HDACi treatment,
F-class derived cells can be maintained as transgene-independent cells
capable of contributing to chimeras when cells are aggregated with
preimplantation stage embryos. The F-class cells activate a unique
set of genes that are associated with the loss of inhibitory epigenetic
marks (H3K27me3 and/or CpG methylation), with many ESC
associated genes (Leftyl, Cldn6, Gbx2) actually acquiring inhibitory
CpG methylation during reprogramming to the F-class state. To our
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knowledge, this is the first report to identify epigenetic changes that
actively propel reprogramming cells towards an alternative pluripotent
state. In summary, this study comprehensively characterizes the
diversity of reprogrammed cell states. We demonstrate that by
maintaining highly elevated reprogramming factor expression, mouse
embryonic fibroblasts go through unique epigenetic modifications to
arrive at a stable, Nanog-positive, alternative pluripotent state. In doing
so, we prove that the pluripotent spectrum can encompass multiple
unique cell states.

W-2189

THE DEVELOPMENT OF SCALE-UP BIOREACTOR SYSTEM
FOR HUMAN INDUCED PLURIPOTENT STEM CELL
STIRRED SUSPENSION CULTURE

Wada, Masanori', Matsuura, Katsuhisa?, Ishikawa, Yoichi!, Shimizu,
Tatsuya®, Okano, Teruo®

'ABLE Corporation, Tokyo, Japan, *Institute of Advanced Biomedical
Engineering and Science (TWIns) / Department of Cardiology, Tokyo
Women’s Medical University, Tokyo, Japan, ‘Institute of Advanced
Biomedical Engineering and Science (TWIns), Tokyo Women’s Medical
University, Tokyo, Japan

[Introduction] Induced pluripotent stem (iPS) cells are promising
cell sources for regenerative medicine. The stirred suspension
culture using a bioreactor system is an efficient method for the large
scale expansion of human iPS cells. On the basis of our hypothesis
that a low share stress and the uniform medium flow in a vessel are
important for the suspension culture of human iPS cells, we showed
the bioreactor system which is capable of the stirred suspension culture
of the inoculated single iPS cells in the aggregates condition at the last
this conference. We designed the bioreactor which expanded culture
volume to 1000mL, and tried scale up culture from 100mL this time.
[Material and method] At first we designed the stirrer including delta
shape paddle impeller for 1000mL bioreactor. This impeller similar
as 100mL bioreactor prevents a turbulent flow and agitates medium
by laminar flow. The optical DO sensor and pH electrode were used
for maintain the culture condition. The single cell suspension were
prepared from 2D on-feeder culture and inoculated into 100mL
bioreactor as passage 1 (2x10/5cells/mL). The cell aggregates were
collected after the stirred suspension culture for 4 to 5 days, and
dissociated into the single cells by using Accumax. The culture
period was adjusted by proliferation of cell. The obtained single
cells were re-inoculated into 2 or 3 of 100mL bioreactor and stirred
suspension culture was performed as passage 2. After the culture of
passage 2, obtained single cell suspension re-inoculated into 1000mL
bioreactor as passage 3. The number of cells, and the number and size
of aggregates were measured and the undifferentiated property of the
expanded iPS cells was evaluated with the flow cytometric analysis.
[Results and discussion] The large scale culture using the delta shape
paddle impeller enabled to create a lot of aggregates 200 to 300
micrometer diameter in the cultivation for 4 to 5 days. Furthermore
the number of cells increased 5 times (1x10A9cells) to the number of
inoculated cells. The similar cell growth rate was observed for 4 to 5
days in each culture after the passage. The flow cytometric analysis
revealed that more than 95% of population holded undifferentiated
ability in all the passages. Collectively, we established the methods
for the expansion of human iPS cells and scale up the culture size to
1000mL with undifferentiated state.

W-2190

REPROGRAMMING EFFICIENCY AND GENETIC STABILITY
OF INDUCED PLURIPOTENT STEM CELLS FROM LI-
FRAUMENI SYNDROME PATIENTS WITH MUTATED TP53
Weltner, Jere!, Rivlin, Noa?, Trokovic, Ras!, Lund, Riikka Johanna?,
Lahesmaa, Riitta*, Malkin, David®, Rotter, Varda?, Otonkoski, Timo'
"University of Helsinki, Helsinki, Finland, 2Weizmann Institute of
Science, Rehovot, Israel, *Turku Centre for Biotechnology, University of
Turku and Abo Akademi University, Turku, Finland, *Turku Centre
for Biotechnology, Turku, Finland, *University of Toronto, Toronto, ON,
Canada

P53 controls cellular responses to genetic instability and limits the
efficiency of reprogramming to pluripotency. Li-Fraumeni syndrome
(LES) is a hereditary cancer syndrome caused most commonly by
heterozygous germline TP53 mutations. To determine the impact of
heterozygous TP53 background on the reprogramming efficiency and
genetic stability of human cells, we have reprogrammed fibroblasts
from Li-Fraumeni syndrome patients to induced pluripotent stem
cells (iPSC) and analyzed their genetic stability. Fibroblasts from three
donors, two of which had a truncating frame shift mutation (P128fs)
and one which had a missense mutation (Y163C) , were reprogrammed
using both Sendai viral induction with OCT4, SOX2, KLF4 and C-MYC
(Cytotune), and retroviral induction with OCT4, SOX2 and KLF4.
Three Sendai viral iPSC clones form each donor cell line were cultured
further and analyzed for copy number variations (CNV) in passages
4, 8 and 12 using Affymetrix SNP6 array and compared to previously
published data. Six additional clones of the Y163C iPSC were analyzed
by G-banding at passage 15. Sendai viral inductions did not reveal
obvious differences in reprogramming efficiency between LFS and
healthy control cells. However, when fibroblasts were reprogrammed
using the 3-factor retroviral system, the reprogramming efficiency was
significantly higher in the Y163C cells (Y163C 0.21%, P128fs 0.007%,
ctrl 0.013%; P<0.001). The LFS iPSCs expressed pluripotent cell
specific markers, differentiated to all three germ layers and were free of
Sendai viral episomes. Total CNV numbers did not differ between LES
iPSCs and controls in early passage samples (p. 4-5 and 7-9). However,
at passage 11 to 13, the LFS iPSCs contained significantly more CNV's
than controls (median 187 vs 112.5, P=0.007), suggesting a less stable
genotype in long term culture. Furthermore, two of the three Y163C
lines contained large chromosomal aberrations. Additional 6 iPSC
lines were induced from the Y163C donor and karyotypically analyzed
by G-banding. Of these lines 3 out of 6 were found to contain mosaic
cell populations with trisomy 1. In summary, we have reprogrammed
Li-Fraumeni syndrome patient fibroblasts to iPSCs. The Y163C appears
to act in a dominant fashion, leading to increased reprogramming
efficiency and causing genetic instability in long term culture. The
LFS iPSCs also frequently show chromosome 1 trisomy recapitulating
chromosomal aberrations often detected in normal human pluripotent
cell cultures. The P53¥19C iPSC provide a valuable model for further
studies of genomic stability and carcinogenesis.

W-2191

GENERATION OF NAIVE-LIKE PORCINE INDUCED
PLURIPOTENT STEM CELLS

Williams, Kaylyn R.}, Villafranca, Maria Cristina’, Eyestone, Willard
H.?

'Biomedical and Veterinary Sciences, Virginia-Maryland Regional
College of Veterinary Medicine, Blacksburg, VA, USA, *Large Animal
Clinical Sciences, Virgina-Maryland Regional College of Veterinary
Medicine, Blacksburg, VA, USA

Induced pluripotent stem cells (iPSCs) can be made by forced
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expression of Oct4, Sox2, KlIf4, and c-Myc in somatic cells. However, the
process is inefficient and the mechanisms not fully understood. Most
porcine iPSCs (piPSCs) reported are the more differentiated “primed”
rather than “naive” state, spontaneously differentiate in culture, and
require persistent exogenous reprogramming factor expression to
maintain pluripotency. We hypothesized that using an inducible
expression vector, optimizing culture conditions and reducing DNA
methylation at key promoters would more efficiently yield naive, stable
piPSCs independent of exogenous factors. The goal of this project
was to 1) generate piPSCs, then 2) validate reagents with mouse cells.
The reprogramming vector used was a doxycycline (dox)-inducible
polycistronic lentiviral vector with a reverse tetracycline transactivator
companion. Mouse iPSCs (miPSCs) were produced by transfecting
primary mouse embryonic fibroblasts with lentivirus, followed by
culture in Serum Replacement (SR) Media + leukemia inhibitory factor
(LIF) + dox for 22 days. Expansion without dox indicated that cells
sustained stemness via endogenous expression of pluripotent genes.
miPSCs had high alkaline phosphatase activity and stained positively
after immunofluorescence (IF) for stem cell markers Oct4, Sox2, and
Nanog and negatively for human/primed markers Tra-1-61 and Tra-
1-80. Polymerase Chain Reaction (PCR) confirmed endogenous and
no exogenous factor expression. The same method was used to make
piPSCs, with addition of fibroblast growth factor (FGF) to culture
media. Colonies were a mix of round, naive-like and flat, primed-like
colonies. Only round colonies were picked. During expansion, colonies
retained naive morphology with dox but died without it, indicating
insufficient expression of endogenous pluripotency genes. piPSCs
expanded to passage 6 with little spontaneous differentiation. Cells
had weak alkaline phosphatase activity. IF was inconclusive for Nanog
and negative for Tra-1-61 and Tra-1-80. Oct4 and Sox2 were omitted
due to confounding exogenous expression. PCR for endogenous
expression is in process. Future experiments will address the effect of
LIF versus FGF on the number of naive versus primed colonies, and
the effects of inhibition of glycogen synthase kinase 3B (GSK3B) and
extracellular signal regulated kinase (ERK1/2), knockdown of Mbd3,
and overexpression of Tet on the efficiency and quality of piPSC
production.

W-2193

IN VITRO TERATOMAS, A NOVEL IPSC QUALITY ASSAY,
REVEALS DIFFERENTIATION BIAS OF IPSC LINES
Wolvetang, Ernst', Fortuna, Patrick RJ!, Ovchinnikov, Dmitry. A.},
Whitworth, Deanne J.2, Thakar, Nilay Y.?, Pera, Martin E*

'Australian Institute for Bioengineering and Nanotechnology, Brisbane
QLD, Australia, School of Veterinary Science, Gatton QLD, Australia,
*University of Queensland, Brisbane QLD, Australia, *University of
Melbourne, Melbourne VIC, Australia

The efficiency of human pluripotent stem cells (hPSC) to differentiate
into cells representative of the three germlayers and their propensity to
revert to/or remain in an undifferentiated state following differentiation
can vary greatly between lines. Although surrogate pluripotency assays
for assessing hPSC pluripotency have been reported (such as embryoid
body and transcriptome based methods), the gold standard for hPSC
remains the in vivo teratoma assay where undifferentiated hESCs or
hiPSCs are injected into immune-deficient mice. This assay suffers
from a non-predictable “take-rate”, is not quantitative and requires
costly animal husbandry. Here we report on the development of a cost-
effective, in vitro teratoma assay that is cheap, high-through-put and
quantitatively assesses the pluripotency and tumorigenic propensity of
hESC and iPSC lines. We have validated this assay with hESC, viral
and integration-free hIPSC, genetically abnormal hPSC and nulli-,
uni- and pluripotent human EC-lines. Remarkably, undirected in vitro

differentiation of hESCs and hiPSCs matches the complexity (or lack
thereof), both histologically and transcriptionally, of in vivo teratomas.
The in vitro teratoma assay should prove to be a valuable tool for
assessing the quality of hPSC destined for clinical applications and,
given its simplicity and low cost, has the potential to be adopted widely.

W-2194

REGENERATION OF HUMAN NATURAL KILLER T CELLS
THROUGH IPSC TECHNOLOGY: POTENTIAL FOR TUMOR
IMMUNOTHERAPY

Yamada, Daisuke, Vizcardo Sakoda, Raul, Endo, Takaho, Fujii, Shin-
ichiro, Koseki, Haruhiko

Integrative Medical Sciences (IMS), RIKEN, Yokohama, Japan

Invariant natural killer T (iNKT) cells are characterized by the
expression of an invariant Va24-Jal8 paired with VP11 in humans
(Val4-Jal8 paired with V[8/7/2 in mice), that recognizes glycolipids,
such as a-galactosylceramide (a-GalCer), presented on the MHC class
I-like molecule, CD1d. iNKT cells act as innate T lymphocytes and serve
as a bridge between the innate and acquired immune systems. iINKT
cells augment anti-tumor responses by producing IFNy, which acts on
NK cells to eliminate MHC-non-restricted (MHC") target tumor cells,
and on CD8* cytotoxic T lymphocytes to directly kill MHC-restricted
(MHC) tumor cells. Both of these tumor cell types are simultaneously
present in cancer patients, and at present iNKT cells are only the cell
type capable of eliminating them. Based on these findings, it had
developed iNKT cell-targeted adjuvant immunotherapies with strong
anti-tumor activity in humans. However, two-thirds of patients were
ineligible for this therapy due to the limited numbers of iINKT cells
in their bodies. In order to overcome this problem, we applied iPSCs
to regenerate iNKT cells. In this study, we first examined that efficient
iPSCs induction conditions in human circulating T cells and found that
additional forced expression of SV40 together with Yamanaka factors
(OSKM; OCT4, SOX2, KLF4, ¢-MYC) by sendai virus (SeV) vector
accelerate human iPSCs induction. We then succeeded in establishing
iPSCs from human iNKT cells (NKT-iPSCs) and the Va24-Jal8 paired
with VP11 genomic rearrangement in NKT-iPSCs were confirmed by
conventional PCR and direct sequencing. Furthermore, we showed
that NKT-iPSCs can differentiate to NKT (iPS-NKT) cells by co-
culture with OP9/OP9DLLI1. We will discuss about potency for tumor
immunotherapy using regenerated iNKT cells derived from NKT-
iPSCs.

W-2195

PREDICTION OF DIFFERENTIATION TENDENCY

OF HUMAN PLURIPOTENT STEM CELLS TOWARD
ENDODERM

Yanagihara, Kana', Okamura, Minako', Kanie, Kei?, Kato, Ryuji%
Furue, M K.!

!National Institute of Biomedical Innovation, Osaka, Japan, *Graduate
School of Pharmaceutical Sciences, Nagoya University, Nagoya, Japan

Human pluripotent stem cells (hPSCs) including human embryonic
stem cells (hESCs) and human induced pluripotent cells (hiPSCs)
are able to replicate indefinitely and rapidly. Therefore, hPSCs-
derived hepatocytes are useful as a tool for drug toxicity screening.
We have previously developed efficient differentiation methods of
hPSCs into functional hepatocyte-like cells. However, hPSCs showed
variation in differentiation efficiencies into hepatocytes. A method
to select a suitable lines from plenty cell lines is required. Previous
study demonstrated that the variation in differentiation efficiency
into hepatocytes is attributable to the genetic background of the
donor cells. Therefore, we hypothesized that gene expression profiles
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in undifferentiated hPSCs might be able to predict differentiation
efficiency into hepatocytes. In this study, gene expression profiles in
undifferentiated state, autonomously differentiated state via embryoid
body (EB) formation, and hepatocyte-like cells of one hESC line, and
two hiPSC lines (4 clones) were compared. Bioinformatics analysis
revealed that there was little correlation between undifferentiated
hPSCs and their EB. Our results have shown that hiPSC clones derived
from one donor cell line showed variation in gene expression profiles
and differentiation efficiency into hepatocytes, suggesting that gene
expression in undifferentiated hPSCs might influence differentiation
efficiency. Further bioinformatics analysis is ongoing now.

W-2196

FUNCTIONAL ANALYSIS OF PIG NANOG GENE AND ITS
REGULATION IN PLURIPOTENT STEM CELLS

Yang, Fan', Wang, Huayan?

!Department of Animal Biotechnology, College of Veterinary Medicine,
Northwest A and F University, Yangling, China, *College of Veterinary
Medicine, Northwest A and F University, Yangling, China

Nanog is a member of homeobox gene and plays the important role to
maintain pluripotency of embryonic stem cells. However, the molecular
features and transcription regulation of the NANOG gene are not
well investigated in domestic animals. In this study, we characterized
pig NANOG gene by sequencing alignment, operative regulation of
upstream regulatory region and functional expression in pluripotent
stem cells. By genomic DNA sequence alignment, two dysfunctional
NANOG pseudogenes, one at chromosome 1 (NANOGP1) and the
other one at chromosome 5 (NANOGP2), were identifies. The coding
sequence and 5" and 3’ untranslated regions in NANOG?2 show the high
homology with the functional NANOG gene located at chromosome 1
(NANOG), but without the conserved homeodomain sequence. The
transcriptome analysis confirmed that the NANOG RNA was derived
from NANOG gene, but not from NANOGP2. Pig Nanog promoter
(PNP) regions from NANOG (PNP-cl, 2.3kb) and NANOGP2
(PNP-c5, 2.5kb) were cloned, and constructed the reporter vectors.
The activation of PNP-cl was only observed at the reproductive tissue
cells and pluripotent stem cells, while PNP-c5 activation was detected
ubiquitously in both pluripotent stem cells and somatic cells. Within
the PNP-cl, several putative transcriptional binding domains, such as
Sox2-Oct4 composite site that responses to the regulation of Oct4/Sox2
complex, were identified. The result of serial deletions showed that a 283
bp PNP-c1 promoter was sufficient to direct the NANOG expression
in pluripotent cells. Pig Nanog protein derived from chromosome 1
retains N domain, H domain, and C1/W/C2 domain. We identified
that the H domain had a nuclear localization signal sequence that was
required for NANOG to import into the cell nucleus, and removal of
N domain increased NANOG transcriptional activity. Overexpression
of NANOG could promote the downstream target genes OCT4 and
SOX2 upregulation in pig iPS cells and fibroblasts. Our results confirm
that NANOG from chromosome 1 encodes the functional NANOG
that can interact with other pluripotency factors and maintain stem
cell pluripotency.

W-2197

GENERATION OF INDUCED PLURIPOTENT STEM CELLS
FROM HUMAN CIRCULATING MULTIPOTENT STEM CELLS
Yang, Han-Mo', Kim, Ju-Young? Lee, Ju-Eun? Jin, Sooryeonhwa?
Lim, So-Jung?, Kim, Baek-Kyung?, Cho, Hyun-Jae', Kwon, Yoo-Wook?,
Hur, Jin', Cho, Hyun-Ju?, Lee, Sahmin', Han, Jung-Kyu', Park, Young-
Bae!, Kim, Hyo-Soo*

'Department of Internal Medicine, Seoul National University Hospital,
Seoul, Republic of Korea, *Seoul National University Hospital, Biomedical
Research Institute, Seoul, Republic of Korea

Background: The discovery of induced pluripotent stem (iPS) cells
has opened up new possibility of molecular understandings for
development and therapeutic applications for patient-specific disease.
One of the important issues for clinical applications is cell source.
Human peripheral blood is one of the easy accessible cell sources.
However, isolated peripheral blood cells have shown low gene
transfection efficiency and inconveniences requiring specific methods
to isolate. Here, we report a novel population of peripheral blood-
derived stem cells, which can be easily reprogrammed to iPS cells.
Methods and Results: We freshly isolated peripheral mononuclear cells
(PBMC) from human peripheral blood and seeded on the fibronectin-
coated plate. We observed adherent cells from as early as 5 days after
the start of culture and those cells gradually formed colonies. We were
able to isolate these cells with very high efficiency. Furthermore, we
have also confirmed that these cells can be differentiated to osteogenic,
adipogenic, and myogenic-lineage cells. Therefore, we named these
cells circulating multipotent adult stem cell (CiMS). We were successful
in generating iPS cells with these cells. These cells showed enhanced
efficiency of gene transduction, compared to the human dermal
fibroblast. We obtained reprogrammed colonies (CiMS-iPS) in 8 days
after 4 factor virus transduction without feeder cells. We identified
CiMS-iPS had similar features to embryonic stem cell in morphology,
gene expression, epigenetic state and ability to differentiate into
the three germ layers. We obtained more than 46 iPS cell lines from
PBMC of patients with cardiovascular disease and normal volunteers.
Conclusions: Our study showed new methods to isolate stem cells
from peripheral blood and to generate iPS cells with high efficacy.
This suggests that our new approach could be one of ideal methods for
clinical application of iPS cells in future.

W-2198

TO CLONE OR NOT TO CLONE: GENERATION OF IPS
CELLS BY BATCH SELECTION OF POOLED CULTURE

Yang, Wenli', Liu, Ying', Wagner, Thomas?, Mordwinkin, Nicholas?,
Yan, Ruilan', Wu, Joseph C.%, Rader, Daniel', Duncan, Stephen A.2
Morrisey, Edward!

"University of Pennsylvania, Philadelphia, PA, USA, *Medical College of
Wisconsin, Milwaukee, WI, USA, Stanford University, Menlo Park, CA,
USA, “Stanford University School of Medicine, Stanford, CA, USA

Currently, the iPSC field faces two inherent rate-limiting hurdles
that must be overcome in order to allow scale-up generation of large
numbers of iPSC lines for population studies: 1) the requirement
for manually picking and expanding clones and subsequent
characterization; and 2) the lack of miniaturization of the cell culture
methods. In order to develop higher throughput iPSC generation
methods, we sought to bypass the labor-intensive manual colony
picking method by applying a batch/pool purification strategy of
generating of iPSCs using rigorous cell surface pluripotent marker(s)
selection followed by additional characterization for pluripotency. To
this end, we batch selected for pluripotent stem cells from a population
of newly formed iPS cells by labeling cells with TRA-1-60 or SSEA-
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4 antibodies, followed by magnetic activated cell sorting (MACS).
To enrich for pluripotent cell populations, we performed 2 rounds
of antibody selection over 3-4 passages. By applying this method, we
were able to generate homogenous iPS cell pools with similar surface
antigen expression profile as compared to iPSC clones derived in
parallel from the same individual. We further compared pooled and
cloned iPS cells and show that both cell groups retain stable expression
of all pluripotency markers tested over long term passaging (up to 70
passages) and exhibit a normal karyotype. Importantly, we show that
batch purified iPS cells are able to undergo both spontaneous and
lineage specific differentiation in vitro with the same efficacy as clonally
derived cells. Using an embryoid body formation assay followed by
analysis of tri-lineage specific gene expression using hPSC Scorecard,
we show that pools and clones have similar differentiation potential.
Finally, iPS cell pools also converted into functional hepatocytes and
vascular endothelial cells with similar efficiency and reproducibility as
their clonally derived counterparts. Taken together, our results show
that generation of iPSCs using the batch method may be a higher
throughput alternative to the manual colony picking approach to iPSC
derivation. Current studies are underway to address the important
question of whether iPSC pools remain multi-clonal through serial
passaging.

W-2199

AP-1 TRANSCRIPTION FACTOR JDP2 POTENCIATES THE
GENERATION OF MEDULLOBLASTOMA CANCER STEM
CELLS FROM INDUCED PLURIPOTENT STEM CELLS
Yokoyama, Kazushige', Ku, Chia-Chen', Lin, Shih-Han', Wuputra,
Kenly', Lin, Ying-Chu', Lin, Chang-Shen!, Miyoshi, Hiroyuki?,
Nakamura, Yukio?

'Kaohsiung Medical University, Kaohsiung, Taiwan, *RIKEN BRC,
Tsukuba, Japan

Transcription factor Jun dimerization protein (JDP2) plays roles in
cell cycle regulation, cellular senescence, nuclear reprogramming
and oncogenesis through the epigenetic control involved in cascades
of p194*-Mdm2-p53-p21-cyclin/CDK or pl6™-cyclin/CDK-RB-
E2E Clinical studies of medulloblastomas indicate that JDP2 might
be a tumor suppressor gene candidate because normal granule cells
express significant levels of JDP2, whereas cancer cells do not. Thus, we
generated three different induced pluripotent stem cells (iPSCs) from
human medduloblastoma cancer cells (DAOY1) using Lenti-virus
encoded standard 4 factors (4F; Oct4, KlIf4, Sox2 and c-Myc), 2 factors
(2F; Oct4 and JDP2) and I factor (JDP2). The original DAOY1 expressed
three standard stemness genes like Oct4, Sox2 and Nanog, but did not
show the alkaline phosphatase activity. By contrast, iPSCs expressed
stemness genes and demonstrated the alkaline phosphatase activity.
Moreover, we found that iPSCs enhanced the tumor progression as
compared with DAOY1 in SCID mice. These results indicate that JDP2
is highly possible to play a critical role of tumor potentiating function of
iPSCs to generate the cancer stem cells. We also found the role of JDP2
is concerned the signaling of Wnt signals such as the genes encoding
LEF1 (Iymphoid enhancer binding protein), TCF3. The cross talk of
Wnt signal and LIF/JAK-STAT3-Oct4 will be critical for generation of
cancer stem cells from medduloblastoma iPS cells.

W-2200

ETHNICALLY DIVERSE PLURIPOTENT STEM CELLS FOR
DRUG DEVELOPMENT

Zakinova, Angela', Glenn, Victoria L.}, Schell, John Paul!, Pivaroff,
Cullen G.!, Tran, Ha T.!, Altun, Gulsah', Lynch, Candace L.,
Abdelrahman, Sara', Peterson, Suzanne? Fakunle, Eyitayo S., Loring,
Jeanne F.2

!Chemical Physiology, The Scripps Research Institute, La Jolla, CA, USA,
2The Scripps Research Institute, La Jolla, CA, USA

Drug development is a lengthy and expensive process that can last
more than 10 years and can cost in excess of $500 million. One reason
for these exorbitant costs is “post-marketing drug failure” in which
drugs are recalled after hundreds of millions of dollars have been spent
getting the drugs to market. The primary reason for post-marketing
drug failure is idiosyncratic drug induced liver injury (DILI). DILI may
frequently be caused by genomic variations in genes encoding drug
metabolizing enzymes as there is extensive evidence showing that these
variations affect drug toxicity and efficacy. However, there is currently
no practical means to screen candidate drugs in vitro for genome
variation-associated toxicity early in the drug development pipeline.
Current methods utilize in vitro testing, animal studies and human
clinical trials, all of which are suboptimal for capturing population-
based genetic variation. We propose that the development of a human
induced pluripotent stem cell (iPSC) biobank that captures the most
common genetic variations in drug metabolizing enzymes can provide
the pharmaceutical industry with a renewable source of cells for early
stage toxicology screens. We are building an ethnically diverse panel
of iPSCs that can fulfill this need. We derived iPSCs from fibroblasts
obtained from skin biopsies and from a multiethnic cohort of healthy
individuals, including several Caucasians, African Americans, Asians
and Middle Easterns. Using immunocytochemistry, embryoid
body-based differentiation techniques and teratoma assays, we have
demonstrated that the ethnically diverse iPSC lines analyzed thus far
are truly pluripotent. In addition, extensive characterization by whole
genome single nucleotide polymorphism (SNP) analysis indicates that
the reported ethnicity of the lines matches that determined by SNP
analysis. This project is ongoing, and we hope that it will lead to more
efficient toxicity screening for drug development.

W-2201

DIFFERENTIAL ROLES OF LIN28A AND LIN28B IN
REPROGRAMMING

Zhang, Jin', Ratanasirintrawoot, Sutheera?, Wu, Zhaoting', Seligson,
Marc T.!, Cacchiarelli, Davide®, Shinoda, Gen!, Ross, Christian®, Li,
Hu', Asara, John®, Scott, Ficarro®, Marto, Jarrod®, Cantley, Lewis’,
Daley, George'

'Boston Children’s Hospital, Boston, MA, USA, *Harvard University,
Cambridge, MA, USA, *Harvard University Department of Stem Cell
and Regenerative Biology, Cambridge, MA, USA, *Department of
Molecular Pharmacology and Experimental Therapeutics, Mayo Clinic,
Rochester, MN, USA, °Beth Israel Deaconess Medical Center, Harvard
Medical School, Boston, MA, 02115, USA, Boston, MA, USA, °Dana-
Farber Cancer Institute; Department of Biological Chemistry and
Molecular Pharmacology, Harvard Medical School, Boston, MA, USA,
’"Meyer Cancer Center, Weill Cornell Medical College and New York
Presbyterian Hospital, New York, NY, USA

LIN28A and its paralog LIN28B are RNA binding proteins that are
highly expressed in early embryogenesis, silent in most adult tissues,
and re-activated in multiple human cancers. Both proteins bind and
inhibit biogenesis of the let-7 family of tumor suppressor microRNAs,
which in turn repress multiple genes involved in proliferation, cell
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cycle, and mTOR signaling, and both proteins have been reported to
bind directly to numerous mRNAs to influence translation. When
added to the reprogramming cocktail of OCT4, SOX2, and NANOG,
LIN28A enhances reprogramming efficiency, but whether LIN28B
functions similarly to promote reprogramming, and by what precise
mechanisms remains unanswered. We have observed that addition
of either LIN28A or LIN28B can promote efficient reprogramming,
implying functional redundancy. However, genetic deletion of either
LIN28A or LIN28B also compromises reprogramming efficiency, and
double deletion reduces reprogramming to very low levels, suggesting
additive and perhaps independent modes of action. In time course
reprogramming experiments, LIN28B becomes upregulated in somatic
cells before LIN28A. Moreover, LIN28B but not LIN28A is upregulated
in partially reprogrammed cells, with up-regulation of LIN28A a more
critical indicator of the reprogrammed state. Loss of either LIN28A,
LIN28B or both precluded cells from adopting an embryonic mode of
glycolytic metabolism, suggesting that LIN28A and B cooperatively
influence metabolic targets. Interestingly however, our data argue
that the effect of the LIN28 proteins on the reprogramming of cellular
metabolism occurs independently of effects on let-7. First, loss of
LIN28A, but not LIN28B leads to up-regulation of let-7 in iPS cells and
ES cells. Second, knock-down of LIN28A in DGCRS8-/- ES cells, which
do not produce mature let-7, nonetheless skews metabolism away from
glycolysis to favor enhanced oxidative phosphorylation. Finally, LIN28
proteins bind a variety of mRNAs for critical metabolic enzymes that
can account for the observed changes in the metabolism of somatic and
pluripotent stem cells. These findings implicate the LIN28 proteins as
partially redundant metabolic regulators in pluripotent stem cells and
reprogramming.

W-2202

A HIGH THROUGHPUT PIPELINE TO CREATE IPSC-
DIFFERENTIATED CARDIOMYOCYTES

Zhao, Chang

California State University San Marcos, San Marcos, CA, USA

Despite technological advances, there is still lack of efficient manner
of generating cardiomyocytes to serve extensive downstream studies,
such as genetic and functional analyses. The goals of our project are: 1)
collect fibroblasts from a diverse cohort of 280 individuals, 2) generate
iPSC lines from that cohort and, 3) differentiate these iPSC lines into
cardiomyocytes for genetic analyses. We have obtained fibroblasts
from a cohort of 278 subjects of varying ages (18-88) and ethnicities
(all five subpopulations from the 1000 Genomes Project). To optimally
reprogram fibroblasts to iPSCs, we chose Sendai Virus (SeV) due to
its non-integrative property with human genome. The pluripotency
of the iPSCs was checked by flow cytometry, using antibodies against
the pluripotency markers SSEA4and TRA-1-81. We also validated and
implemented the Illumina HumanCore Array in order to confirm:
1) Sample Identity, comparing SNPs from the iPSC with a matched
germline (blood) DNA; 2) Genomic Stability, by examining the
samples for copy number abnormalities (CNAs); 3) Genetic Ancestry,
comparing data with that of self-reported ancestry; and 4) the presence
of disease-related SNPs across the genome. We are optimizing
conditions of the cardiac differentiation protocol to develop a pipeline
of producing cardiomyocytes from iPSCs, with plating densities, media,
passaging reagents, passage numbers taken into account. At present,
we are able to differentiate with 80-90% efficiency, as evidenced by
beating populations and validated using flow cytometry. Synchronized
beatings are first observed at day 8-15, and mature cardiomyocytes
are present at day 40+.Our forthcoming goals for this phase of the
project are: 1) scale-up of the cardiomyocyte differentiation protocol,
2) develop robust quality control assays for these cardiomyocytes,

and 3) to develop functional assays to measure cardiomyocyte
electrophysiology. These assays will be the foundation for the genotype
- phenotype comparisons we make in downstream genetic analyses.
Funding resources: California Institute for Regenerative Medicine
(CIRM) and the National Institutes of Health (NIH)
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IDENTIFICATION OF THE MITOCHONDRIA STATUS IN
HUMAN INDUCED PLURIPOTENT STEM CELLS, HUMAN
EMBRYONIC STEM CELLS AND THEIR DIFFERENTIATED
COUNTERPARTS

Zhu, Lili', Gomez-Duran, Aurora’, Saretzki, Gabriele?, Lako, Majlinda’,
Armstrong, Lyle!
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Human somatic cells can be directly reprogrammed into human induced
pluripotent stem cells (hiPSCs), which share the properties of self-
renewal and pluripotency with Human embryonic stem cells (hESCs).
Somatic cell reprogramming and pluripotent cell differentiation
involve dramatic mitochondrial changes. For the promise of hiPSCs to
be realised, it is necessary to investigate whether mitochondria number
and function is regulated in the same way in the differentiated progeny
of hiPSCs as in hESCs. In this work, we characterized mitochondria
status in 6 pluripotent stem cells, including 2 hESC and 4 hiPSC, and
in neural cells derived therefrom. We show that generally hiPSCs got
similar mitochondrial status as hESCs; however, human iPSCs and
their progeny differ from hESC in some features such as mitochondrial
DNA copy number, ATP generation and oxygen consumption rate.
Genome-wide transcriptome analysis shows a group of mitochondrial-
related genes with distinct expression profile in hiPSCs and hESCs that
may underline the observed changes. Together our work indicate that
mitochondrial status should be checked before further use of hiPSCs in
pathological studies, drug screening, and cell transplantation.

W-2204

INDUCTION OF PLURIPOTENT STEM CELLS FROM SIMIAN
FOAMY VIRUS-INFECTED ADULT CYNOMOLGUS MONKEY
MESENCHYMAL STEM CELLS

Xu, Lin', Sun, Xiaoting', Zhang, Yu Alex?, Zhang, Jian', Zou, Chunlin'
!Center for Translational Medicine, Guangxi Medical University,
Nanning, Guangxi, China, *Cell Therapy Center, Xuanwu Hospital,
Capital Medical University, Beijing, China

Induced pluripotent stem (iPS) cells hold great promise for cell-based
therapies in regenerative medicine. Thus it is essential to test their
safety and efficacy in large animal models prior to clinical applications.
Because of great similarities in genetic evolution, immune system,
physiology and metabolism between non-human primates (NHPs)
and humans, NHPs provide valuable experimental model systems for
modeling human disorders and for developing therapeutic strategies.
The present study aims to generate cynomolgus monkey iPS cells
from adult mesenchymal stem cells (MSCs) by retroviral expression
of Oct3/4, Sox2, Klf4, and c-Myc. However, previous studies have
indicated that simian foamy virus (SFV) was highly prevalent in both
captive and free ranging NHP populations. Our results also show that
approximately 70% of bone marrow MSCs from adult (6-7 years old)
cynomolgus monkeys are infected with SFV. SFV can significantly
inhibit proliferation of adult cynomolgus monkey MSCs and these
MSCs are difficult to grow after the third passage. Therefore, tenofovir,
an antiviral agent, need to be added in the cell culture. Here, we test the
effects oftenofovir on reprogramming of SFV-infected adult cynomolgus
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monkey MSCs. Adult cynomolgus monkey MSCs transduced by the
above four reprogramming factors, are treated with 5 or 10uM tenofovir
which are added in the cell culture at various stages of reprogramming.
We find that cynomolgus monkey embryonic stem (ES) cell-like
colonies appear only under the condition that 5uM tenofovir is added
into the culture at early stage (days 2 to 6 post transduction). Several
colonies are picked and stably maintained in human ES medium. These
cynomolgus monkey iPS cell lines show the expression of pluripotency
markers, a normal karyotype, and pluripotency by both in vitro and
in vivo assays. To our knowledge, this is the first report on iPS cell
lines established from SFV-infected adult cynomolgus monkey MSCs.
This study provides a foundation for autologous transplantation
using iPSCs in treating nonhuman primate disease model.
Supported by the National Basic Research Program of China
(2012CBA01307, C. Zou), National Natural Science Foundation
Project (81360123, C. Zou).

IPS CELLS: DISEASE MODELING

W-2205

PATH TO THE CLINIC: ASSESSMENT OF IPSC-BASED CELL
THERAPIES INVIVO IN A NON-HUMAN PRIMATE MODEL
Hong, So Gun, Winkler, Thomas, Wu, Chuanfeng, Guo, Vicky,
Pittaluga, Stefania, Nicolae, Alina, Donahue, Robert, Metzger, Mark,
Price, Sandra, Uchida, Naoya, Kuznetsov, Sergei A., Kilts, Tina, Li, Li,
Robey, Pamela G., Dunbar, Cynthia

National Institutes of Health, Bethesda, MD, USA

Induced pluripotent stem cell (iPSC)-based cell therapies have great
potential for regenerative medicine, but are also potentially associated
with significant risks. Current rodent models are not optimal
predictors of efficiency and safety for human clinical applications.
Therefore, we developed a clinically relevant non-human primate
model to assess the tumorigenic potential and in vivo efficacy of both
undifferentiated and differentiated iPSCs, in the autologous setting
without immunosuppression. Transgene-free rhesus macaque iPSCs
(RhiPSCs) were derived using the Cre-excisable STEMCCA vector,
leaving a short non-expressed vector DNA tag for subsequent tracking
studies. RhiPSCs, adapted to culture on Matrigel or the chemically-
defined synthetic surface SynthemaxlIl, retained their pluripotent
phenotype. We used the RhiPSCs first to develop a clinically-relevant
autologous teratoma model in the presence of an intact immune
system, and second to evaluate the potential of clinical use of RhiPSC
derived mesodermal stromal-like cells (RhiPS-SCs) for in vivo bone
regeneration. RhiPS-SCs expressed typical surface markers (CD44,
CD73, CD90, CD105, and CD166) and could further differentiate to
the osteogenic lineage in vitro. 5X10°- 2X107 cells from five independent
RhiPSC clones were subcutaneously injected into both the donor
autologous rhesus monkeys and immunocompromised NSG mice.
Prior to implantation, cells were extensively washed and an autologous
plasma clot method was used to support teratoma formation, omitting
likely immune rejection of a xenogenic scaffold (e.g., Matrigel).
Simultaneously, four independent autologous RhiPS-SCs mixed with
hydroxyaptite/tricalcium phosphate (HA/TCP) ceramic particles
were subcutaneously implanted to investigate in vivo bone formation.
After 3-14 weeks, all RhiPSC implants at the cell doses used in this
study resulted in teratomas in NSG mice. In autologous monkeys,
undifferentiated autologous iPSCs indeed formed teratomas in a dose-
dependent manner. However, teratoma formation is less efficient in
autologous monkeys than in NSG mice. With cell doses of 5X10°, 2X10°,
5X10°¢, 1X107, and 2X10” RhiPSCs, 0/5, 0/5, 0/1, 4/10, and 3/4 implants
resulted in teratomas in autologous rhesus monkeys, respectively. PCR

for the vector LTR confirmed RhiPSC origin. Teratomas obtained from
the autologous monkeys, but not from NSG mice, were accompanied
by an inflammatory reaction including a significant lymphocytic
infiltration in the tumor and the surrounding tissue, composed by a
mixture of CD4+ and CD8+ T-lymphocytes, CD20+ B-lymphocytes
and few CD56+ cells. Teratomas as well as the inflammatory reaction
persisted up to at least 30 weeks post-injection. We performed OCT3/4
staining to investigate whether the immune response is related with
residual endogenous pluripotency gene expression, and found no
residual OCT3/4 positive cells were found in teratomas. In contrast,
simultaneously implanted RhiPS-SCs in HA/TCP formed well defined
bone trabeculae in the autologous monkeys, without evidence of
teratoma formation or evident inflammatory reaction, up to 39 weeks
post-implantation. These studies represent the first autologous large-
animal teratoma model, and demonstrate the autologous regenerative
potential of iPSCs to form functional bone tissue in vivo.

W-2206

UTILIZATION OF AN INDUCED PLURIPOTENT STEM

CELL APPROACH TO EXAMINE SRCAP MUTATIONS IN
FLOATING-HARBOR SYNDROME

Hood, Rebecca L.}, Boycott, Kym M.% Stanford, William L.?, Bulman,
Dennis E.*

!Biochemistry, Microbiology, and Immunology, CHEO Research Institute,
University of Ottawa, Ottawa, ON, Canada, *Genetics, CHEO Research
Institute, University of Ottawa, Ottawa, ON, Canada, *Ottawa Hospital
Research Institute, Ottawa, ON, Canada, *Pediatrics, CHEO Research
Institute, University of Ottawa, Ottawa, ON, Canada

Floating-Harbor Syndrome (FHS) is a rare genetic disorder which is
characterized by short stature, delayed osseous maturation, language
deficits, and unique dysmorphic facial features. Utilizing an exome-
sequencing approach, we identified heterozygous truncating mutations
in SRCAP as the cause underlying FHS. Subsequent targeted Sanger
sequencing has resulted in the identification of SRCAP mutations in a
total of 50 FHS patients. The mutations identified were shown to be de
novo in all instances where parental DNA was available. It is anticipated
that these mutations result in widespread gene dysregulation; however
the mechanisms and biological pathways underlying the FHS
phenotype are currently unknown. As patient cartilage was unavailable
for molecular characterization, we chose an induced pluripotent stem
cell (iPSC) approach to examine the growth deficiency phenotype of
FHS. FHS patient fibroblast and gender-matched wild-type fibroblast
samples were therefore reprogrammed into iPSCs using an episomal
vector system. iPSCs were subsequently characterized by pluripotency
cell surface marker expression, in vitro embryoid body differentiation,
and in vivo teratoma formation assays. Karyotype analysis was
performed to ensure there were no chromosomal rearrangements
after reprogramming. Our current efforts are directed at further
characterizing these iPSC clones and differentiating them into cartilage.
We can then use FHS patient-derived chondroprogenitors to elucidate
the molecular mechanism underlying the bone pathogenesis of FHS.
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COMPOUND HETEROZYGOUS INHERITANCE OF
NOTCHI VARIANTS IMPAIRS CARDIOGENESIS IN
PATIENT-SPECIFIC INDUCED PLURIPOTENT STEM

CELLS CREATED TO MODEL HYPOPLASTIC LEFT HEART
SYNDROME

Hrstka, Sybil, Theis, Jeanne, Li, Xing, Olson, Timothy, Nelson,
Timothy J.

Mayo Clinic, Rochester, MN, USA

Hypoplastic left heart syndrome (HLHS) is a congenital heart disease
characterized by severe underdevelopment of the left ventricle,
ascending aorta, and left heart valves. Multiple genetic components
contribute to its pathophysiology and this complexity has precluded the
creation of an animal model for disease modeling. Here, we established
an in-vitro platform using patient-specific hiPSCs to rapidly assess
the genetic etiology for heart chamber malformation focusing on
comparisons within a parent-proband triad. The general approach
integrates whole genome sequencing of individuals in a multiplex
family comprised of an HLHS-affected patient and two relatives with
milder congenital heart disease (CHD), filtering candidate genes based
on our roadmap of heart development, and experimental validation of
disease-causing genes in studies that assess gene expression throughout
the directed cardiovascular lineage differentiation of hiPSCs. Initial
screening identified two distinct variants of NOTCHI1, a CHD-
related gene previously implicated in aortic valve disease, and both
variants were inherited by the proband. In vitro modeling of cardiac
development with HLHS-affected and non-HLHS-affected hiPSCs has
revealed that cardiogenesis is impaired in the HLHS-affected hiPSCs.
Moreover, the HLHS-affected hiPSCs exhibit diminished expression
levels of several Notch signaling pathway components during the early
specification steps in the guided conditions for cardiac differentiation.
Our findings are supportive of the hypothesis that the severe cardiac
phenotype of HLHS can be attributed to mutation burden in NOTCH1
in conjunction with mutations in genes that modify Notch signaling.

W-2208

MEASURING CONNECTIVITY IN HUMAN IPS CELL
DERIVED NEURONS USING A MULTI ELECTRODE ARRAY
Jones, Eugenia, Carlson, Coby B., Mangan, Kile P, Arnold, Brian,
DeLaura, Susan, Thompson, Arne, Ott, Vanessa

Cellular Dynamics International, Madison, WI, USA

With the dramatic rise in the incidents of neurological diseases,
there is a sense of urgency to develop better pharmaceuticals and
therapies. However, a major challenge in neuroscience research and
drug development is access to clinically-relevant cell models. Human
induced pluripotent stem cell (iPSC)-derived neurons provide a novel
model to help facilitate a better understanding of the mechanisms
of neurological diseases in a physiologically relevant environment.
Using the Axion Maestro multi-electrode array (MEA) platform,
we have assessed neuronal activity and bursting behaviors in iPSC-
derived neuronal cultures. This highly pure population of neurons are
derived from a normal human donor. Herein, we describe the culture
conditions, assay protocol, and analytical tools used to record the
neuronal activity of human iPSC-derived neurons. We demonstrated
dose-dependent responses to multiple glutamatergic- (APV, DNQX,
Kainic Acid), as well as GABAergic- (Gabazine, L655-708), selective
pharmacological agents for both over-all firing rates and bursting
behaviors. Moreover, the complete blocking of glutamatergic activity
(co-application of APV and DNQX) abolished all neuronal activity,
indicating the dependence on synaptic connectivity. Our findings
highlight the differences from primary rodent cultures on MEA and

support the conclusion that iPSC-derived neuronal cultures display
network activity that can be measured and modulated within one week
in culture.

W-2209

ABERRANT NEURONAL DIFFERENTIATION OF NOONAN
SYNDROME IPSCS IN VITRO

Ju, Younghee', Lee, Beom-Hee?, Yoo, Han-Wook?, Han, Yong-Mahn'
'Korea Advanced Institute of Science and Technology (KAIST), Daejeon,
Republic of Korea, *Department of Pediatrics, Asan Medical center,
Seoul, Republic of Korea,

Embryonic development is finely controlled by both intrinsic and
extrinsic mechanisms. Single-gene mutation may influence abnormal
organogenesis during embryonic development. Noonan syndrome
(NS) is one of genetically heterogeneous developmental disorders
caused by hyper-activation of Ras-MAPK pathway. It is clinically
characterized by congenital heart defect, facial dysmorphism,
neurocognitive delay, feeding disability, learning problem, hearing
loss, skeletal and hematological abnormalities. However, how activated
Ras-MAPK pathway translates complex features of NS during
human developmental process remains elusive. To elucidate cellular
mechanisms, induced pluripotent stem cells of NS (NS-iPSCs) were
generated from patient fibroblasts with SHP2-activating mutation.
NS-iPSCs showed smaller and abnormal structures during embryoid
body formation, eventually resulting in failure of neural differentiation.
When Ras-MAPK signaling was inhibited, NS-iPSCs developed to
neural rosettes and neural precursors with normal transcriptional
profiles of neuronal genes. These results indicate that activated Ras-
MAPK signaling may affect specification of neuronal fate during early
embryonic development in Noonan syndrome.

W-2210

GENERATION OF CARDIOMYOCYTE FROM
SYNOVIOCYTES OF PATIENTS WITH RHEUMATOID
ARTHRITIS AND OSTEOARTHRITIS VIA INDUCED
PLURIPOTENT STEM CELL

Jung, Seung Min, Park, Chang Hee, Park, Sung-Hwan, Ju, Ji Hyeon
Catholic University, St Mary’s Hospital, Seoul, Republic of Korea,

Objectives: Cardiovascular complication is a main cause of morbidity
in arthritic patients. Cardiovascular complication in rheumatoid
arthritis (RA) occasionally results from inflammatory insults and in
osteoarthritis (OA) from degenerative aging process. To differentiate
into cardiomyocytes from induced pluripotent stem cells (iPSCs) of the
patients with RA and OA give more opportunity for disease modeling
or cell replacement therapy in arthritis-associated cardiomyopathy.
Methods: Total 4 clones of iPSCs were generated from synoviocytes
of two RA patients and two OA patients using 4-in-1 lentiviral vector.
iPSCs were checked for pluripotency with RT-PCR on Nanog, Oct4,
Sox2, KlIf4 and with immunofluorescence on Nanog, SSEA4, Oct4,
and Tra-1-60. Established iPSC lines from 4 clones were differentiated
into cardiomyocyte lineages (iPSC-CMs) using standard 3D EB
differentiation protocols. To investigate whether cardiac cells were
properly generated, immunofluorescence and calcium imaging
were performed. Results: iPSC colonies were successfully generated
from RA and OA synoviocytes. mRNA expression of Nanog, Oct4,
ZPF-42, and Sox2 for pluripotency markers were elevated after
reprogramming process. After 30 days of differentiation protocol
for cardiomyocytes, RA-iPSC-cardiomyocytes and OA-iPSC-
cardiomyocytes were generated. Immunofluorescence study and RT-
PCR were positive results proving of mature cardiomyocyte. Calcium
handling image was well observed at RA/OA-iPSC-cardiomyocytes.
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Conclusions: To generate patient-specific cardiomyoctes in arthritic
patient could be potential cell source of cell therapy when those
patients should take diagnosis “in a dish” or cytotherapy against
cardiomyocytes.

W-2211

STEM CELL-DERIVED MOTOR NEURONS FROM SPINAL
AND BULBAR MUSCULAR ATROPHY PATIENTS

Kats, Ilona!, Grunseich, Christopher', Zukosky, Kristen? Ghosh,
Laboni', Harmison, George', Bott, Laura!, Rinaldi, Carlo', Chen, Ke-
lian!, Chen, Guibin?, Boehm, Manfred?, Fischbeck, Kenneth H.!
!National Institute of Neurological Disorders and Stroke, Bethesda, MD,
USA, ?Brown University Neuroscience, Providence, RI, USA, *National
Institutes of Health, Bethesda, MD, USA, *NIH/ NHLBI, Bethesda, MD,
USA

Spinal and bulbar muscular atrophy (SBMA), also known as
Kennedy’s disease, is an X-linked neuromuscular disease caused
by a polyglutamine repeat expansion in the androgen receptor. The
disease is known to cause degeneration of motor neurons through a
ligand-dependent toxic gain of function, but the exact mechanism
is not known. Motor neurons differentiated from SBMA patient
derived induced pluripotent stem cells (iPSCs) provide a model for
characterizing the disease mechanism and designing potential therapy.
iPSCs were generated from six patients and compared to three control
lines. Motor neurons were differentiated from the iPSCs, treated with
androgen, and assessed for disease relevant phenotypes. The expanded
polyglutamine repeats were unstable during re-programming, with
several lines showing expansion or contraction. Patient iPSCs expressed
less androgen receptor than control lines but show androgen dependent
stabilization and nuclear translocation with ligand exposure. Stem cell
derived motor neurons showed immunoreactivity for HB9, Isl1, ChAT,
and SMI-32, and were differentiated with similar efficiency between
the patient and control lines, with no detectable difference appreciated
following androgen treatment. Patient-derived motor neurons were
found to have decreased HDACE6 levels and those with longer repeat
lengths were shown to also have increased acetylated a-tubulin.
This finding was confirmed in patient spinal cord sections and in
stably transfected mouse cells. Another HDAC6-dependent process,
perinuclear lysosomal enrichment, was disrupted in motor neurons
from iPSC lines with longer repeat lengths. The observed reduction in
androgen expression, increase in acetylated a-tubulin and decrease in
HDACS6 provide opportunities for further investigation of the SBMA
disease mechanism and potential treatment.

W-2212

CELLULAR MODELING OF CITRIN DEFICIENCY USING
INDUCED PLURIPOTENT STEM CELLS

Kim, Yeji', Choi, Jung-Yoon? Lee, Beom-Hee’, Yoo, Han-Wook?, Han,
Yong-Mahn'!

'Department of Biological Sciences, Korea Advanced Institute of Science
and Technology, Daejeon, Republic of Korea,, *Graduate School of
Medical Science and Engineering, Korea Advanced Institute of Science
and Technology, Daejeon, Republic of Korea,, *Department of Pediatrics,
Asan Medical Center, Seoul, Republic of Korea,

Human induced pluripotent stem cells (iPSCs) are useful for studying
cellular modeling of many genetic disorders. Citrin deficiency (CD)
is a recessive genetic disorder which has a mutation on SLC25A13
gene encoding citrin. Mutation on SLC25A13 gene leads to adult-
onset citrullinemia (CTLN2) as well as neonatal intrahepatic
cholestasis caused by citrin deficiency (NICCD). The patients
show diverse symptoms in liver such as liver-specific urea cycle

enzyme downregulation, abnormal amino acid accumulation, and
hyperammonemia. However, cellular mechanisms of citrin deficiency
have not been reported in detail yet. Here, we generated iPSCs from
dermal fibroblasts of a citrin deficiency patient (CD-iPSCs) by ectopic
expression of Yamanaka’s factors. CD-iPSCs showed normal characters
of human pluripotent stem cells. CD-iPSCs were differentiated into
hepatocytes to understand pathophysiology of liver failure which is
a typical feature of the disease. Hepatocytes derived from CD-iPSCs
normally expressed hepatocyte-specific markers such as a-antitrypsin
and albumin with functionality of LDL uptake, like hESC-derived
hepatocytes. CD-iPSC-derived hepatocytes represented the disease
phenotypes such as depletion of citrin protein and failure of urea
production. Thus, we found that CD-iPSCs partly mimicked the
disease symptoms. Cellular modeling of citrin deficiency using iPSCs
will be useful for understanding unknown mechanisms of the disease.

W-2213

TARGETED INVERSION AND REVERSION OF THE BLOOD
COAGULATION FACTOR 8 GENE IN HUMAN iPS CELLS
USING TALEN

Kim, Dong-Wook

Department of Physiology, Yonsei University College of Medicine, Seoul,
Republic of Korea,

Hemophilia A, one of the most common genetic bleeding disorders,
is caused by various mutations in the blood coagulation factor VIII
(F8) gene. Among the genotypes that result in hemophilia A, two
different types of chromosomal inversions that involve a portion of
the F8 gene are most frequent, accounting for almost half of all severe
hemophilia A cases. In this study, we used a TALEN pair to invert a
140-kbp chromosomal segment that spans the portion of the F8 gene in
human induced pluripotent stem cells (iPSCs) to create a hemophilia A
model cell line. In addition, we reverted the inverted segment back to
its normal orientation in the hemophilia model iPSCs using the same
TALEN pair. Importantly, we detected the F8 mRNA in cells derived
from the reverted iPSC lines but not in those derived from the clones
with the inverted segment. Thus, we showed that TALENs can be
used both for creating disease models associated with chromosomal
rearrangements in iPSCs and for correcting genetic defects caused by
chromosomal inversions. This strategy provides an iPSC-based novel
therapeutic option for the treatment of hemophilia A and other genetic
diseases caused by chromosomal inversions.

W-2214

MOTOR NEURON PROTEOME REVEALED BY
QUANTITATIVE MASS SPECTROMETRY
Klim, Joseph, Williams, Luis, Eggan, Kevin Carl
Harvard University, Cambridge, MA, USA

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative
disease characterized by the selective loss of upper and lower spinal
motor neurons. Our inability to isolate these faulty cells from
patients and study them in vitro has impeded progress for decades.
To identify the root cause of ALS and develop effective therapeutics,
research efforts are needed that drive at the cellular basis of neural
degeneration. To this end, our group has introduced an ALS-causing
mutation into a human embryonic stem cell line. Specifically, zinc-
finger nucleases were used to induce a dominant missense mutation
(A4V) in the superoxide dismutase 1 gene (SOD1). Both cell lines
can be differentiated into spinal motor neurons with high efficiencies.
Using this isogenic pair of stem cell lines, we applied in-depth mass
spectrometry-based proteomics to purified populations of stem cell-
derived motor neurons. To facilitate relative quantification of proteins
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from the isogenic samples, stable isotope labeling by amino acids in
cell culture (SILAC) was employed. We demonstrate that effective
incorporation of the heavy amino acids can be achieved during the
differentiation process. Moreover, these experiments resulted in the
identification of more than 6000 proteins expressed by motor neurons.
Quantitative analysis revealed differences in proteins levels between
the neurons with wildtype SOD1 and those with mutant SOD1. To take
full advantage of mass spec-based proteomics, we also employed serial
enrichment of to reveal differences in phosphorylation events. These
investigations provide clues as to the molecular pathology of ALS and
could yield new therapeutic targets.

W-2215

ALTERED EPIGENETIC AND TRANSCRIPTIONAL
REGULATION OF INDUCED PLURIPOTENT STEM

CELLS IN PATIENTS WITH HYPOPLASTIC LEFT HEART
SYNDROME

Kobayashi, Junko', Yoshida, Masashi*, Tarui, Suguru’, Ishigami,
Shuta!, Okuyama, Michihiro', Nagai, Yusuke’, Kasahara, Shingo’,
Naruse, Keiji’, Ito, Hiroshi? Sano, Shunji', Oh, Hidemasa*
'Cardiovascular Surgery, Okayama University, Okayama, Japan,
2Cardiovascular Medicine, Okayama University, Okayama, Japan,
3Cardiovascular Physiology, Okayama University, Okayama, Japan,
*Okayama University Hospital, Okayama, Japan

Background: Although a number of studies have uncovered
heterozygous mutations in cardiac regulatory genes caused hypoplastic
left heart syndrome (HLHS), the identified genetic variants may not be
directly correlated with biological insights that potentially contribute to
disease development. The genetic basis of patients with HLHS remains
unknown and the lack of animal models to reconstitute the cardiac
maldevelopment has hampered the study of this disease. Induced
pluripotent stem (iPS) cells, which closely resemble embryonic stem
(ES) cells, can be generated from human somatic tissues from a variety
of diseases to recapitulate complex physiological phenotypes. Patient-
specific iPS cells may provide an additional tool for studying human
heart disease. The aim of this study is to determine the epigenetic
and transcriptional network responsible for myocardial patterning
and morphogenesis during cardiac development with respect to left
ventricle hypoplasia in humans.

Methods: Cardiac progenitor cells (CPCs) were isolated from patients
with written informed consent. Two-independent iPS cell lines were
generated from both HLHS and BV heart-derived CPCs, respectively.
Global gene expression of HLHS- and biventricle (BV) heart-derived
iPS cells was analyzed to dissect the complex genetic circuits by using
human ES and iPS cells (201B7) as controls. Real-Time RT-PCR,
mutation analysis includes NKX2-5, HAND1, and NOTCH1, ChIP
assay, and cardiac-specific gene promoter activity were examined
and compared with these cells before and after myocardial lineage
induction.

Results: We found one synonymous single nucleotide polymorphism
in NKX2-5 and five in NOTCHI, respectively. No mutation was
detected in these genes in all samples. Cardiac transcriptional factors
such as NKX2-5 and HANDI, known to drive cardiac growth and
morphogenesis through primary heart field development, were
significantly downregulated in HLHS-derived iPS cells at 2 to 3 weeks
after differentiation compared with their levels in control 201B7
iPS- and BV-iPS-derived cardiomyocytes. ChIP assay showed that
a marked decrease in dimethylated histone H3-lysine 4 (H3K4me2)
and acetylated histone H3 (acH3) was found within the NKX2-5
promoter regions in differentiated HLHS-derived iPS cells compared
with those from BV patient. We also identified a significantly increased
trimethylated H3-lysine 27 (H3K27me3) in the differentiated HLHS-

derived iPS cells. In addition, NOTCH/HEY expressions were
markedly reduced, those may be responsible for the obstruction in
the regions of atrioventricular and outflow tract myocardium. To
specify the target transcripts responsible for cardiac development of
HLHS, cardiac troponin-T (TNNT2) promoter analysis was performed
by using disease-specific CPCs and iPS cells. Obviously, TNNT2
promoter activity was suppressed in HLHS-derived CPCs and iPS cells
compared with those from BV hearts before cardiac differentiation.
These repressed promoter activities could be fully restored by transient
transfection of NKX2-5, HANDI1, and NOTCHI1 genes into these
stem/progenitor cells by synergistic fashion.

Conclusions: These findings suggest that patient-specific iPS cells may
provide potential molecular insights to dissect the complex cardiac
malformations in human. The epigenetic and transcriptional regulation
of NKX2-5, HANDI, and NOTCHI1 may play crucial a role in the
development of myocardial growth, patterning, and morphogenesis in
HLHS.

W-2216

CELLULAR STRESS RESPONSES OF A53T ALPHA-
SYNUCLEIN IPS-DERIVED NEURONS REVEAL DEFECTS

IN OXIDATIVE STATE, APOPTOSIS AND PROTEIN
DEGRADATION

Kouroupi, Georgia', Taoufik, Era', Tsioras, Konstantinos', Bohl,
Delphine?, Antoniou, Nasia', Chroni, Dafni®, Politis, Panagiotis K.,
Stellas, Dimitris®, Vekrellis, Kostas®, Bregestovski, Piotr®, Stefanis,
Leonidas®*, Matsas, Rebecca!

'Laboratory of Cellular and Molecular Neurobiology, Hellenic Pasteur
Institute, Athens, Greece, *Unité Rétrovirus et Transfert Génétique,
INSERM U622, Department of Neuroscience, Institut Pasteur, Paris,
France, *Department of Biochemistry, Hellenic Pasteur Institute,
Athens, Greece, *Division of Basic Neurosciences, Biomedical Research
Foundation of the Academy of Athens, Athens, Greece, *Department
of Cancer Biology, Biomedical Research Foundation of the Academy
of Athens, Athens, Greece, °Epilepsy and Cognition Brain Dynamics
Institute, INSERM U 1106, Aix-Marseille University, Marseille, France

Parkinson’s disease (PD) is a common, progressive neurodegenerative
disorder characterized by loss of dopaminergic neurons in the
nigrostriatal pathway of the brain, resulting in motor and cognitive
deficits. A major drawback hampering PD research is the lack of
appropriate models and inaccessibility to live human neurons.
Cellular reprogramming technologies and the generation of human
induced pluripotent stem (iPS) cells now offer a unique opportunity
to study disease pathogenesis and may have important implications
in Regenerative Medicine. Here we report the generation of iPS cells
from skin fibroblasts of Parkinsonian patients with a familial form of
the disease and aged-matched unaffected individuals. The dominantly
inherited G209A mutation in the a-synuclein gene SNCA encoding
the A53T mutant a-synuclein protein (aSYN) was first identified in
the Greek population and is associated with the appearance of an early
form of PD which is prevalent in Greece (Polymeropoulos et al. Science
1997). Multiple iPS lines were generated and their pluripotency and
karyotype integrity was confirmed using a number of in vitro and in
vivo assays. As wild-type aSYN and the A53T mutant protein have a
central role in PD we developed an iPS-based cellular model to study
disease pathogenesis by directed differentiation of patient-derived
iPS cells to dopaminergic precursors and neurons that fire action
potentials. We found that the patient cells were more sensitive to cell
death caused by exposure to various stress agents suggesting defects in
mitochondrial function, protein degradation, oxidative state, apoptosis
and exosome function. This model represents a new experimental
system to investigate the mechanistic basis of neurodegeneration
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caused by a-synuclein dysfunction with ultimate aim to develop novel
therapeutics for PD.

W-2217

MODELLING CAMPOMELIC DYSPLASIA USING INDUCED
PLURIPOTENT STEM CELLS

Kwon, Sarah', Chang, Wing Y2, Carpenedo, Richard’, Manias
Rothberg, Janet!, Chen, Zhaoyi*, Li, Betty', Kandel, Rita A.%, Stanford,
William L.?

"University of Toronto, Toronto, ON, Canada, *Stemcell Technologies,
Vancouver, BC, Canada, 3Ottawa Hospital Research Institute, Ottawa,
ON, Canada, *University of Ottawa, Ottawa, ON, Canada, >Mount Sinai
Hospital, Toronto, ON, Canada

The goal of this study is to dissect the molecular pathogenesis of
Campomelic Dysplasia (CD), a skeletal malformation disease caused
by heterozygous mutations affecting SOX9 expression. Since access to
embryonic cartilage tissue is not feasible and various mutations can
result in different phenotypic outcomes, induced pluripotent stem
cells (iPSCs) were generated from two different CD patients and
differentiated in vitro and in vivo towards chondroprogenitors and
cartilage tissue, respectively. Patient fibroblasts were obtained from
two CD patients encoded by different SOX9 mutations (referred to
as CD short and CD long) as well as two healthy, gender-matched
donor controls (WT iPSCs). Fibroblasts were reprogrammed to iPSCs
through retroviral overexpression of OCT4, SOX2, KLF4, and C-MYC.
Three iPSC clones from each CD patient and two clones from each
healthy control were characterized and used in this study. Molecular
differences between CD and WT iPSCs were identified through in vitro
and in vivo differentiation methods. For in vitro methods, iPSCs were
first differentiated towards mesendoderm fate using a combination
of BMP4 and Activin A. Cells were further differentiated towards
chondroprogenitors using a micromass culture approach. For in vivo
methods, iPSCs were injected intramuscularly into immunodeficient
mice. Teratomas formed 12-16 weeks later and cartilage tissues
generated within the teratomas were analyzed and compared. Results:
iPSCs generated from CD patient fibroblast samples expressed human
embryonic stem cell surface markers, differentiated in vitro and in
vivo into all three germ layers, and displayed normal karyotypes.
During early differentiation towards mesendoderm, CD long iPSCs
maintained an epithelial-like morphology and had reduced expression
of mesendoderm and epithelial-to-mesechymal transition (EMT)
genes compared to CD short and WT iPSCs. Further differentiation
of iPSCs towards chondroprogenitors revealed that CD long iPSCs had
reduced levels of proteoglycans and reduced expression of cartilage
genes compared to CD short and WT iPSCs. All iPSC lines were able
to form cartilage tissue expressing type II collagen and proteoglycans
in vivo with no gross morphological differences between WT and
CD tissues. Conclusions: iPSCs can be derived from patients with
heterozygous mutations in SOX9, as SOX9 is not known to play a key
role in pluripotency or reprogramming. CD short iPSCs differentiated
efficiently towards mesendoderm and chondroprogenitors, similar to
WT iPSCs. However, CD long iPSCs exhibited delayed differentiation
towards mesendoderm, affecting their capacity to differentiate towards
chondroprogenitors. This suggests SOX9 may play a role in specification
to mesendoderm, one of the embryonic origins of cartilage tissue. We
have shown that different mutations in SOX9 can lead to different
phenotypic outcomes whose mechanisms can be investigated using
iPSCs as a human in vitro model. Since SOX9 controls expression of
key extracellular matrix genes found in embryonic and adult cartilage
tissue, CD iPSC-derived chondroprogenitors can be used to elucidate
pathways in which aberrant expression of SOX9 leads to improper
expression of these genes. Further, we have established a differentiation

protocol and set of assays that can be applied to modelling of other
cartilage-associated diseases.

W-2218

AN INTEGRATED MULTI ELECTRODE ARRAY
NANODEVICE FOR DRUG-INDUCED CARDIOTOXICITY
SCREENING AND DRUG DISCOVERY

Kz, Kshitiz', Schwerdt, Helen?, Choi, Youngsoo®, Gray, Kevin', Kim,
Peter!, Laflamme, Michael?, Chae, Junseok?, Kim, Deok-Ho’
!Bioengineering, University of Washington, Seattle, WA, USA, *ECEE,
Arizona State University, Tempe, AZ, USA, *Biomedical Engineering,
University of Washington, Seattle, WA, USA, *Pathology, University of
Washington, Seattle, WA, USA, *University of Washington Department
of Bioengineering, Seattle, WA, USA

Safety pharmacological concerns are the major cause of drug attrition
during clinical development, with cardiovascular-related toxicities
(usually arrhythmias) accounting for most of the total. While late
detection of cardiotoxicity is costly, there are additional concerns that
the currently mandated hERG assay test results in well recognized
false positives and false negatives, potentially limiting many efficacious
drugs to be developed. Currently mandated hERG test is physiologically
suboptimal since it checks for blockage of a single ion channel, account
for most but not all drug induced arrhythmias. Recent advances
in stem cell derived somatic cell system has spurred interest in
screening for cardiotoxicity using human pluripotent stem cell derived
cardiomyocytes. However, these cardiomyocytes are immature, have
a fetal phenotype, and can only be probed as single cells, or as an
unorganized multicellular ensemble not recapitulating the intrinsic
organization of cardiac tissue. We have created a polymeric nanotextured
surface to culture human pluripotent stem cell derived cardiomyocytes.
Culturing human pluripotent stem cell derived cardiomyocytes on
our nanogrooved surfaces promoted their maturation into a more
adult-like cardiomyocyte phenotype, and organized them into the
highly aligned architecture of mature myocardium. Additionally, we
have integrated our nanotextured surface with a multi-electrode array
(MEA) compatible with commercial amplifiers facilitating direct
electrical recording of action potential propagation across the human
heart tissue mimetic. The integrated MEA nanodevice can be used for
drug cardiotoxicity screen, for drug discovery of anti arrhythmogenic
compounds, as well as a research tool to study cardiac function in an in
vitro human cardiac tissue mimetic.

W-2219

TIME COURSE GENE EXPRESSION PROFILING OF

HUMAN IPS CELL MODELS OF WILLIAM SYNDROME
THROUGHOUT NEURONAL DIFFERENTIATION

Lalli, Matthew A.', Park, J. Christine', Wang, Yidi', Budisteanu,
Magdalena?, Arghir, Aurora®, Kosik, Kenneth S.!

!Neuroscience Research Institute, University of California, Santa Barbara,
CA, USA, *Neuropediatric Pathology, Alexandru Obregia Clinical
Hospital of Psychiatry, Bucharest, Romania, Clinical Cytogenetics,
Victor Babes National Institute of Pathology, Bucharest, Romania

Williams Syndrome (WS) is a neurodevelopmental disorder
characterized by a 1.5 Mb deletion of ~26 contiguous genes resulting in
a characteristic physical, cognitive and behavioral profile. Although the
genotype and phenotype of this disorder are both well-characterized,
genotype-phenotype correlations underlying the neurological aspects
of the diseases remain largely unknown. Until now, animal models
and atypical patient deletions have provided the best tools to study
this disorder. The seminal technological breakthrough of generating
patient-specific induced pluripotent stem cells (iPSCs) has enabled us
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to generate stem cell models of WS from two WS individual’s fibroblasts.
We have profiled the transcriptomes of these cells at four time points as
cells are differentiated from stem cell to induced neuron and we have
identified which of the WS deleted genes are haplodeficient at the mRNA
level at each stage. Remarkably, we detect differentially expressed (DE)
genes between control and WS cells at the iPS cell stage, including 6 WS
deleted genes. Global transcriptional consequences of this contiguous
genetic deletion syndrome increase throughout differentiation and DE
gene lists are enriched for key neurodevelopmental pathways. These
findings suggest neuronal differentiation of our models of WS can
help elucidate the molecular circuitry underpinning the neurological
hallmarks of WS.

W-2220

UNDERSTANDING THE MOLECULAR BASIS OF FRAGILE X
SYNDROME

Lee, Eveline', Boland, Michael?, Nazor, Kristopher L.%, Loring, Jeanne
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Fragile X Syndrome (FXS), a genetically determined
neurodevelopmental disorder, is the most common known cause of
inherited intellectual disability and a leading single-gene cause of autism
among boys. FXS is associated with the expansion of a trinucleotide
CGG repeat in the 5’UTR of the FMRI1 gene on the X chromosome,
resulting in epigenetic silencing and the loss of expression of the fragile
X mental retardation protein (FMRP). FMRP is an mRNA binding
protein that is abundant in the brain and functions as a translational
repressor. Importantly, approximately one third of mRNAs encoding
presynaptic and postsynaptic proteins are targets of FMRP. Disruption
of FMRP expression during neural development leads to dysregulation
of protein synthesis in neuronal dendrites and synapses in the
cortex, hippocampus and cerebellum; the net result of this aberrant
regulation is a higher density of immature dendritic spines, which
are abnormally elongated. An altered neural differentiation potential
has been described recently for FXS-neural precursor cells (NPCs)
in which gliogenesis is promoted relative to neurogenesis in the
absence of FMRP; this suggests that the underlying molecular defects
of FXS could arise as early as the progenitor stage and that studies
aimed at early events at the cellular level might be more informative
than current approaches involving adult patients or animals.
We have generated a bank of biopsy-derived induced pluripotent
stem cell (hiPSC) lines from FXS patients with varying clinical
manifestations of the disease. FXS-hiPSCs display a neurogenic defect
early during neuronal differentiation relative to control hESC and
hiPSC lines. Accordingly, the two aims of this project are designed
to map the molecular differences between control and FXS iPSCs
during differentiation using established methods and a novel single cell
approach. The clear phenotypic difference in neurogenesis between
disease specific and normal iPSCs provides a robust framework to
study Fragile X Syndrome. This will enable us to identify genes and
pathways that are dysregulated early in FXS, which are potential targets
for future therapies.

W-2221

PHENOTYPES IN HUMAN IPS CELL-DERIVED
DOPAMINERGIC NEURONSWITH GLUCOCEREBROSIDASE
MUTATION FROM MONOZYGOTIC TWINS DISCORDANT
FOR PARKINSON'’S DISEASE
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Parkinson’s disease (PD), a neurodegenerative disorder that
disproportionately affects midbrain dopaminergic neurons, is
attributed to a combination of genetic and environmental risk factors.
Recently, we recruited a set of monozygotic twins of Ashkenazi Jewish
background who remain discordant for PD after five years of disease
in the affected twin. Whole-exome sequencing indicates that both
twins carry the heterogeneous mutation of glucocerebrosidase (GBA
N370S), suggesting increased genetic susceptibility to PD. To address
the contribution of the GBA N370S mutation and why only one twin
is suffering from PD, we derived induced pluripotent stem (iPS) cells,
neural stem cells (NSCs) and characterized midbrain dopaminergic
(mDA) neurons from the affected twin (PD-twin), unaffected twin
(control twin), subjects with sporadic PD, and healthy controls. Using
fluorescence-activated cell sorting (FACS), we dramatically improved
the purity of NSCs (~ 90%) and mDA neurons (70 - 80%) compared
with earlier studies. These robust techniques ensure standardized
accuracy and reproducibility in the subsequent quantitative studies
that include assessing transcriptome profile, determining a-synuclein
(a-Syn) level, and measuring dopamine synthesis/release. In twins’ GBA
N370S iPS cell-derived mDA neurons, GBA activity was only ~ 50% of
the controls and a-Syn protein level_not mRNA level_increased up to
three-fold, indicating the impaired a-Syn degradation in neurons with
GBA enzyme deficiency rather than post-transcriptional regulation.
High-performance liquid chromatography (HPLC) analysis indicated
that PD-twin’s neurons had significantly reduced capacity to synthesize
and release dopamine. RNA-seq showed that the levels of monoamine
oxidase (MAO-A and MAO-B) expression in PD-twin-derived neurons
were higher than those of the healthy twin. Encouragingly, delivery
of both lenti-virus 7.2 wild-type GBA and 10 uM Rasagiline to the
twin’s neurons efficiently decreased a-Syn protein level and enhanced
dopamine production. These findings reinforce the human ‘PD-in-a
dish’ model and show potential for distinguishing between genetic and
epigenetic PD factors and disclosing inherent properties of cells that
are indicative of PD development. Moreover, this study suggests that
glucocerebrosidase activators and MAO inhibitors might potentially
help reduce the risk of PD in those with associated genetic risk factors.

W-2222

A PHENOTYPIC SCREEN USING INDUCED MOTOR
NEURONS FROM C9ORF72 AMYOTROPHIC LATERAL
SCLEROSIS PATIENTS IDENTIFIES PATHWAYS THAT
MODULATE EXCITOTOXICITY AND PROTEIN
TRAFFICKING AS THERAPEUTIC TARGETS

Li, Yichen', Shi, Yingxiao', Alworth, Sam?, Wing-Yan, Yik', Ichida,
Justin!

Broad-CIRM Center, University of Southern California, Los Angeles,
CA, USA, *DRVision Technologies LLC, Bellevue, WA, USA

Amyotrophic lateral sclerosis (ALS) is a fatal and incurable
neurodegenerative disease that mainly targets the motor system.
Frontotemporal dementia (FTD) is the second most common pre-
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senile dementia and is characterized by degeneration of the frontal and
temporal lobes. Accumulating evidence suggests that ALS and FTD
overlap clinically, pathologically and genetically. Recently, a GGGGCC
repeat expansion mutation in the COORF72 locus has been identified
as the most common known cause of both ALS and FTD. However,
the molecular mechanism of how the COORF72 mutation leads to
neurodegeneration is still unknown, and it is difficult to create animal
models carrying the GGGGCC repeat expansion due to the extremely
long and repetitive nature of the insertion. We sought to study the
disease mechanism and to seek for small compounds that can act as
therapeutic agents by taking advantage of induced motor neurons
(iMNs) made with direct lineage conversion of patient-specific cells.
With retroviral delivery of specific transcription factors and co-culture
with primary glia, we obtain motor neurons that display a morphology,
gene expression signature, electrophysiology, synaptic functionality,
in vivo engraftment capacity and sensitivity to degenerative stimuli
that are similar to those of embryo-derived motor neurons (Son et al.,
Cell Stem Cell, 2011, 9:205). The repeat expansion in the COORF72
patient iMNs induces the formation of RNA foci and repeat-associated
non-ATG (RAN) proteins in vitro, which are hallmarks of this form
of ALS. Furthermore, when we used a Nikon Biostation live cell
imager to conduct longitudinal tracking, we identified a severe, robust
and reproducible survival phenotype from three pairs of patients
and controls. Moreover, we could rescue the survival phenotype of
C9ORF72 iMNs with CRISPR/Cas9 correction of the GGGGCC repeat
expansion. Thus, the in vitro survival phenotype of iMNs reflects the
C90OREF?72 disease processes. Given the fact there is no drug discovery
that directly applies known disease-sensitive patient motor neurons,
we performed a phenotypic screen of 1000 therapeutic compounds
using the disease-sensitive iMNs. To increase throughput, we utilized
an innovative image analysis recipe using SVCell image analysis
software (DRVision Technologies LLC) to automate the longitudinal
tracking. The recipe applies teachable machine learning methods to
enhance the image signal to noise and extract fine neuronal processes
and classify cells using regulated decision trees. The screen re-
discovered compounds that were already shown to be neuroprotective
such as alsterpaullone. More importantly, we identified and validated
hits that specifically promoted the survival of COORF72 iMNs but not
control iMNs, including some that fully rescue ALS iMN survival.
The C9ORF72-specific hits largely fall into pathways that modulate
excitotoxicity and protein trafficking. Using longitudinal tracking,
biochemical assays, and CRISPR-mediated genome editing, we have
shown that COORF72 iMNs generated by direct lineage conversion
exhibit the hallmark phenotypes of COORF72 ALS. By using CRISPR-
mediated genome editing, our results indicate for the first time that
induced neurons can recapitulate disease phenotypes. By exploiting
the degenerative phenotype of these patient-specific induced motor
neurons, we have found that perturbation of the pathways that
modulate exicottoxicity and protein trafficking can specifically rescue
the survival of COORF72 iMNss.

W-2223

CURE MOTOR NEURON: NOVEL IPSC APPROACH TO
ADVANCE ALS RESEARCH
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ALS is a neurodegenerative disorder that affects both lower motor
neurons in brainstem and spinal cord, and the upper motor neurons
in the motor cortex. It is most commonly a sporadic disease, 5-10%

of cases are familial and usually of autosomal dominant inheritance.
Loss of motor neurons with both familial and sporadic ALS is
relentlessly progressive, and most patients die within three to five years
after symptom onset. ALS remains a devastating disease with limited
therapeutic options. The high unmet medical need is compounded by a
challenging drug discovery backdrop given the disease’s heterogeneity
and rapid clinical progression. Our strategic partnership with the HSCI
aims to identify compounds that can prevent or slow the loss of motor
neurons that occurs with the progression of ALS. The collaboration
‘CureMotorNeuron’ leverages human motor neuron assays based on
ALS patient-derived induced pluripotent stem (iPS) cells that were
developed by Dr. Lee Rubin and Dr. Kevin Eggan at Harvard, as
well as Evotec’s leading drug discovery infrastructure and expertise
to identify compounds that will have therapeutic value against this
life-threatening disease. This novel phenotypic screening approach
involves a large array of iPSC-derived motor neurons from both
familial and sporadic ALS patients - an approach that is often referred
to as a ‘clinical trial in a dish’ Our plan is to systematically screen for
new mechanisms, targets and compounds that have the potential
to be developed into new products that will modify and ideally halt
the progression of ALS and potentially other motor neuron diseases.

W-2224

CARDIAC DISEASE MODELING USING ENGINEERED
HUMAN IPS CELL-DERIVED CARDIOMYOCYTES

Mandegar, Mohammad A.', Yoo, Jennie', Judge, Luke M.!, Nguyen,
Trieu!, Perez-Bermejo, Juan?, Miyaoka, Yuichiro? Lizarraga, Paweena?,
Chan, Amanda® Huebsch, Nathaniel’, Spindler, Matthew', Truong,
Annie', Whitehead, Evan H.%, Spencer, Ian? Qi, Lei S.%, So, Po-Lin?,
Conklin, Bruce R.?

IGladstone Institutes, San Francisco, CA, USA, *Gladstone Institute
of Cardiovascular Disease, San Francisco, CA, USA, *University of
California, San Francisco Center for Systems and Synthetic Biology, San
Francisco, CA, USA

Cardiovascular disease is the leading cause of mortality in the United
States. Rare genetic mutations that cause severe early onset inherited
cardiac diseases provide clues to the pathogenic nature of more common
forms of the disease. Common genetic variants are hypothesized to
influence cardiac disease development in a much larger portion of the
population and the clinical relevance of most common polymorphisms
is undetermined. Understanding the biological consequences of these
genetic variants is one of the major challenges of biomedical research.
Our research is focused on using human cellular models to elucidate
the molecular basis of how disease-associated mutations might lead
to the development of inherited cardiomyopathies and arrhythmias.
Induced pluripotent stem (iPS) cells provide an ideal system to model
human cardiac disease phenotypes as they can be differentiated into
cardiomyocytes (iPS-CM) with relative ease and at high efficiencies.
To model cardiomyopathies, we are using transcription activator-like
effector nuclease (TALEN)-—assisted gene targeting in iPS cells to
generate null lines in key genes associated with cardiomyopathy (e.g.
MYBPC3). We have successfully generated both heterozygous and
homozygous MYBPC3 knockout iPS cell lines and are currently in the
process of determining cellular phenotypes using electrophysiology and
cellular morphometric assays. Preliminary phenotypic results suggest a
significant cell size difference between the WT and MYBPC3 null iPS-
CM and the disruption of the sarcomeric integrity in the MYBPC3 null
iPS-CM upon adrenergic simulation. No significant differences were
observed in their contractile rate and calcium handling properties. To
facilitate high-throughput phenotypic analysis of modulated genes,
we have generated an iPS cell line that expresses a synthetic calcium
biosensor (GCaMP) to measure electrophysiological activity in beating
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cardiomyocytes. Additionally, we are constructing a fluorescently
tagged sarcomeric alpha-actinin (ACTN2-GFP) reporter line that
will be used for cellular morphometric assays using live cell imaging.
Most recently we have adopted the Clustered Regularly Interspaced
Short Palindromic Repeat (CRISPR)-dCas9 effector platform to enable
gene activation and repression for cardiac disease modeling using
iPS cells. Preliminary results in iPS cells show co-expression of the
catalytically inactive Cas9 (dCas9) fused to the Kriippel associated
box (KRAB) repressor domain with the appropriate guide RNA can
efficiently repress the transcription of reporter genes (EGFP). We are
in the process of generating an inducible dCas9-effector iPS cell line to
enable both activation and repression of key disease-associated genes.
By combining the isogenic disease models with the dCas9-effector
we can directly test the effect of activating or inactivating putative
disease modifier genes. Furthermore the inducible CRISPR-dCas9
effector in iPS cell reporter lines (GCaMP and ACTN2-GFP) could
provide an invaluable tool to interrogate hundreds of putative disease-
associated genes in a high throughput manner to unravel the molecular
mechanisms underlying human cardiac disease.

W-2225

MODELING ASD WITH EARLY BRAIN OVERGROWTH
USING INDUCED PLURIPOTENT STEM CELLS

Marchetto, Maria Carolina', Belinson, Haim? Yuan, Tian’, Braga,
Patricia Beltrao*, Nunez, Yanelli!, Pierce, Karen’, Courchesne, Eric?,
Geschwind, Daniel’, Wynshaw-Boris, Antony?, Muotri, Alysson’,
Gage, Fred H.!

ISalk Institute for Biological Studies, La Jolla, CA, USA, *Case Western
Reserve University, Cleveland, OH, USA, *University of California Los
Angeles, Los Angeles, CA, USA, *University of Sdo Paulo, Sao Paulo,
Brazil, *University of California San Diego, La Jolla, CA, USA, ®University
of California Los Angeles, La Jolla, CA, USA

Autism spectrum disorders (ASD) are complex neurodevelopmental
diseases that affect about 1% of children in the United States. Such
disorders are characterized by deficits in verbal communication,
impaired social interaction, as well as limited and repetitive interests
and behavior. The precise mechanisms that cause autism, however,
remain unknown. Recently, neuropathological imaging and genetic
studies have provided important insights into ASD, and these studies
have led to two major hypotheses for autism pathogenesis: altered
brain growth and dysfunctional neuronal networks (Courchesne et al.
2003; Dementieva et al. 2005; Garber 2007). The major impediment
to testing these and other hypotheses of autism is the lack of relevant
animal and cell models. The direct study of live brain tissue from ASD
patients is not feasible, and most animal models lack many key elements
of ADS, Reprogramming of human somatic cells to a pluripotent
state by over-expression of specific genes into induced pluripotent
stem cells, or iPSCs (Takahashi et al., 2007) has provided an exciting
opportunity to produce a relevant human cellular model of human
complex neurogenetic diseases, and iPSCs have been generated for
several neurological disorders and diseases, including Rett syndrome,
asyndromic ASD (Marchetto et al. 2010). Here we show the generation
and preliminary phenotypical analysis of 8 idiopathic autistic iPSC lines
and 5 age/gender-matched control lines. We performed differentiation
into neural progenitor cells (NPC) and mature neurons in culture
and performed RNA expression analysis at different time points. We
show molecular and phenotypical evidence that both cell proliferation
and neuronal maturation are affected in our model system, directly
confirming the two cellular phenotypes. Specifically, we detected
altered cell cycle and altered levels of excitatory and inhibitory markers
on neural cells at early stages of differentiation. Changes during neural
development could be involved in the ASD pathology observed in

the patients. Knowledge of whether altered brain growth and/or
dysfunctional neuronal networks play a role in the development of
autism will inform studies in human patients. These studies should
provide important and novel insights into the development of ASD and
will test whether cellular markers are present in patient-derived NPCs
and neurons from iPSCs. Studying biological, neural basis of ASD
would likely lead to the development of clinically useful biomarkers
of risk for this disorder in young, pre-symptomatic infants, which may
lead to the development of novel therapies.

W-2226

IDENTIFICATION OF GENE SETS DYSREGULATED BY
MUTANT ACVRI GENE CAUSING A RARE INTRACTABLE
DISEASE, FIBRODYSPLASIA OSSIFICANCE PROGRESSIVA
Matsumoto, Yoshihisa', Ikeya, Makoto', Fukuta, Makoto', Hsiao,
Edward?, Hayashi, Yohei®, Asaka, Isao', Otsuka, Takanobu?, Conklin,
Bruce R.?, Toguchida, Junya'

'Kyoto University, Kyoto, Japan, *University of California - San Francisco,
San Francisco, CA, USA, *Gladstone Institutes, San Francisco, CA, USA,
“Nagoya City University, Nagoya, Japan

Fibrodysplasia Ossificans Progressiva (FOP) is a rare genetic disease
characterized by progressive ectopic ossifications, which are often
initiated after physiological stimuli. The responsible gene for FOP is the
ACVRI gene, which is one of type I receptors for BMP. The replacement
of one amino acid in ACVRI seems to activate downstream genes
regulating bone formation, although the precise mechanisms are still
to be investigated. Application of patient-derived iPS cells will be
useful for the research of this disease, because harvesting target tissues
from patients is strictly prohibited because tissue damage accelerates
the ectopic ossification. Recently we have reported that iPSCs derived
from FOP patients showed enhanced osteogenic and chondrogenic
differentiation properties (Matsumoto et al, Orphanet ] Rare Dis 2013).
Because experiments were done under the culture condition without
exogenous BMP signals, these data may support the hypothesis that the
mutant ACVRI can be activated via BMP-independent mechanisms.
However, the precise molecular pathway responsible for the enhanced
differentiation properties are unknown, which requires to investigate
how and when the ACVRI is activated during the differentiation
process. Here we addressed this issue by a new approach using the
differentiation system through the neural-crest cell lineage (Fukuta et
al, submitted). Multi-potent neural crest cells (NCCs) were efficiently
induced from iPSCs, from which multipotential mesenchymal
stromal cell (MSC)-like cell population can be obtained. Therefore
we are able to analyse the signal pathway at each of iPSC, NCC,
MSC, and terminally differentiated stage. In addition, to minimize
the effect of genetic background other than ACVRI1 mutation, we
established genetically rescued cell lines from parental FOP-iPSCs
by the homologous recombination.Using this new approach, we have
found that the abnormal signal pathway in FOP-derived cells switched
on even before the differentiation step. Searching the differentially
expressed genes at the precursor stage between FOP- and rescued FOP-
derived cells identified a set of genes, which may be a candidate for
targets of molecular therapy for this intractable disease.
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W-2227

ISOGENIC DISEASE MODELING OF HEREDITARY
NEUROPATHIES CAUSED BY ABERRANT DNA
METHYLATION

Merkle, Florian', Schier, Alexander? Eggan, Kevin Carl?

'Harvard University, Cambridge, MA, USA, ‘Harvard University,
Cambridge, MA, USA

It is well established that aberrant DNA methylation can cause neuronal
death, but the mechanisms underlying this neurodegeneration are
still poorly understood. In particular, specific mutations in the DNA
methyltransferase DNMT1 have recently been shown to cause the
similar but distinct neurodegenerative diseases HSAN1E and ADCA-
DN. A broad spectrum of neurons degenerate in these autosomal
dominant diseases, but they are characterized by dramatic loss of
sensory neurons. Using the Cas9/CRISPR system we have introduced
causal point mutations into the DNMT1 locus in human embryonic
cell lines. These mutant lines and their otherwise isogenic parental
control lines can differentiated into a broad spectrum of neuron types,
including sensory neurons, in order to probe the methylation and gene
expression changes that may underlie their neurodegeneration.

W-2228

ISOLATION OF SINGLE-BASE GENOME-EDITED HUMAN
IPS CELLS WITHOUT ANTIBIOTIC SELECTION

Miyaoka, Yuichiro, Conklin, Bruce R.

Gladstone Institute of Cardiovascular Disease, San Francisco, CA, USA

Human genetics can be challenging to study in vitro, since the difference
between health and disease can be determined by a single point
mutation. Furthermore, traditional methods to generate mutant cell
lines use antibiotic resistance markers, leaving a genetic “scar” that can
interfere with studying the resulting phenotype. The advent of human
induced pluripotent stem (iPS) cells and site-specific nucleases has
revolutionized our ability to engineer isogenic “scarless” mutant human
iPS cell lines that exactly reflect patients’ mutations. A major challenge
of scarless mutagenesis is that isolating the rare recombinant iPS clones
is difficult without antibiotic selection. Using high levels of nuclease, or
increasing nuclease activity to circumvent this problem, also runs the
risk of reducing the fidelity of mutagenesis. Indeed, a critical measure
of success in genome editing is the fidelity of mutagenesis, which is
dictated by two key factors: the specificity of each nuclease complex,
and the number of nuclease complexes in each cell. Unlike many
biochemical reactions with millions of substrates, nucleases need to
target just two genomic loci in each diploid cell. Any excess nucleases
may only serve to increase off-target damage. Therefore, genome
engineering is faced with a logistical challenge: scarless mutagenesis
with the highest fidelity results in rare mutagenic events, but isolating
a rare mutant cell amidst the hundreds of otherwise identical cells is
exceedingly difficult. To solve this problem, we developed an efficient
method that allows for precise base-by-base genome editing in cells
followed by efficient detection, sib-selection, and isolation of mutant
clones.

IPS CELLS: EPIGENETICS

W-2229

CHARACTERIZING REGULATORY VARIATION USING
IPSCS DERIVED FROM HAPMAP INDIVIDUALS

Banovich, Nicholas E.!, Thomas, Samantha!, Burnett, Jonathan E.},
Ward, Michelle C.!, Kagan, Courtney L.!, Pavlovic, Bryan J.!, Gallego
Romero, Irene!, Pritchard, Jonathan K .2, Gilad, Yoav!

'Human Genetics, University of Chicago, Chicago, IL, USA, “Department
of Biology, Stanford University, Palo Alto, CA, USA

The study of human regulatory variation has been hindered by the
limited availability of primary tissue samples. The advent of induced
pluripotent stem cells (iPSCs) provides the potential for unprecedented
access to many human tissues from a single individual, and has the
potential to revolutionize studies of gene expression regulation. To
this end we have generated a panel of iPSCs from 70 Yoruba HapMap
individuals. This panel has previously been the subject of numerous
studies characterizing gene regulation in a single somatic cell type,
making them extremely attractive candidates for additional studies of
gene regulation. We have collected RNA and DNA from these iPSCs
to perform a number of assays including RNA sequencing (RNA-
seq), genome wide DNA methylation profiling, as well as assay for
transposase-accessible chromatin (ATAC) sequencing. These data
allow us to examine multiple facets of gene regulation including, nRNA
expression, epigenetic modifications, transcription factor binding,
chromatin accessibility, and nucleosome positioning. Additionally, we
have differentiated ten of these individuals to endoderm and collected
material for the assays described above. This study provides a valuable
first step into the characterization of human gene regulation using
iPSCs.

W-2230

STUDIES ON DMOG INDUCED CHANGES IN THE
ACTIVITY OF GENES INVOLVED IN REPROGRAMMING

OF HUMAN NEURAL STEM CELLS UNDER ATMOSPHERIC
AND LIMITED OXYGEN CONCENTRATION

Tlona, Szablowska-Gadomska, Martyna, Podobinska, Katarzyna, Drela,
Krystyna, Domanska-Janik, Buzanska, Leonora

NeuroRepair Department, Mossakowski Medical Research Center,
Warsaw, Poland

The previous studies of our group have indicated beneficial role of
the low, similar to physiological, oxygen level conditions for human
neural stem cell reprogramming. We were successful in inducing
pluripotency in HUCB-NSC (Human Umbilical Cord Blood - Neural
Stem Cell) using the set of reprogramming proteins (Oct4-9R, Klf4-
9R and Sox2-9R) as well as small molecules influencing cell chromatin
structure through activating/repressing epigenetic marks (RG-108
and TSA) at 5% oxygen level with starting population maintained
in serum free condition. Looking for molecular mechanism(s)
underlying acquisition of pluripotency in low 5% oxygen level we
falsified the hypothesis that prolyl hydroxylase inhibitor (DMOG)-
induced cellular accumulation of Hypoxia Inducible Factors (HIF’s)
may directly influence the expression of genes involved in HUCB-NSC
reprogramming. To reveal the possible mutual molecular relationship
between pluripotency regulatory network and epigenetic process the
expression of OCT4, NANOG, HDAC1, HDAC2, DNMT3a, DNMT3b
as well as HIF1a, HIF2a and HIF3a genes are examined by quantitative
RT-PCR (qRT-PCR) at atmospheric (21%) and lowered (5%) oxygen
level and at different serum conditions. To quantify the relative
expression of tested genes specific primers and SYBER Green detection
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system or TagMan Gene Expression Assays were used. Our data
indicate, that at both tested oxygen concentrations HUCB cells express
HIF1la and HIF2q, but not HIF3a genes on similar, relatively high level.
The low oxygen was beneficial for the proliferation of HUCB-NSC and
activation of OCT4 and NANOG genes regardless serum condition,
however DMOG treatment did not affect these responses. Moreover
DMOG treatment didn't cause the activation of pluripotency genes
at atmospheric oxygen tension in any serum conditions, though in
the presence of serum significantly elevated expression of HIFla and
HIF2a. This suggest that the mechanisms of activation of pluripotency
genes during reprogramming at low oxygen level is not directly linked
to the accumulation of HIF transcription factors. The lack of response
may be connected with constitutive high expression of HIFla and
HIF2a observed in HUCB NSC starting population. Our preliminary
study of the other possible mechanism responsible for epigenetic
regulation of pluripotency genes revealed, that the expression HDACI,
HDAC2, DNMT3a and DNMT3b was significantly elevated in neural-
stem-cell-derived iPSC in cells growing in serum free and low oxygen
conditions as compared to the control, starting population. These
studies indicated that oxygen stress induced activation of pluripotency
regulatory network in HUCB NSC line model is highly linked with
the activation of genes involved in epigenetic regulation however may
operate through HIF-independent mechanism.

Sponsored by grant from Polish MSRHE Nr 2011/01/B/N23/05401,
MMRC statutory funds and EIT+ BioMed 5.4 Project

W-2231

VITAMIN C INDUCES TET|-DEPENDENT DNA
DEMETHYLATION DURING SOMATIC CELL
REPROGRAMMING

Guo, Lin', Chen, Jiekai?, Zhang, Lei®, Xu, Guo-liang’, Pei, Duanqing®
'Guangzhou Institutes of Biomedicine and Health, Chinese Academy
of Sciences., Guangzhou, China, *Guangzhou Institutes of Biomedicine
and Health, Chinese Academy of Sciences, Guangzhou, China, *Institute
of Biochemistry and Cell Biology, Shanghai Institutes for Biological
Sciences, Chinese Academy of Sciences, Shanghai, China, *Institute of
Biochemistry and  Cell Biology,CAS, Shanghai, China, *Guangzhou
Institute of Biomedicine and Health CAS, Guangzhou, China

Vitamin C, which is also known as L-ascorbic acid, is an important
nutriment for human. Vitamin C is famous for preventing and treating
scurvy, and also participating in antioxidant and catecholamine
synthesis. One of the important roles of vitamin C is as a cofactor of
the Fe2+ and a-ketoglutarate dependent dioxygenase. Many epigenetic
enzymes, such as histone demethylases and DNA demethylases, are
dioxygenases. Recently studies showed that, the epigenetic states of
the cells could be changed in the present of vitamin C. Here we report
that TET1 (ten-eleven translocation) protein can either positively or
negatively regulates somatic cell reprogramming under the modulation
of vitamin C. TET1 deficiency enhances reprogramming, and its
overexpression impairs reprogramming in the presence of vitamin
C by regulating the mesenchymal-to-epithelial transition (MET)
progress. However, without vitamin C TET1 shows no effect on MET
process and promotes somatic cell reprogramming. The new insight
of vitamin C’s functions on TET1 modulation suggests the extensive
roles of vitamin C in cellular epigenetic regulation. Given the vital role
of vitamin C in human health, our results may inspire future work on
this micronutrient in epigenetic regulation of both physiological and
pathological processes.

W-2232

THE ROLE OF SOMATIC MEMORY AND X-CHROMOSOME
ACTIVATION IN HUMAN INDUCED PLURIPOTENT STEM
CELLS WITH HIGH DIFFERENTIATION POTENCY

Huo, Jeffrey, Park, Tea Soon, Talbot, C. Conover, Zimmerlin, Ludovic,
Baylin, Stephen, Zambidis, Elias

Johns Hopkins School of Medicine, Baltimore, MD, USA

The ideal patient-specific human induced pluripotent stem cell
(hiPSC) for clinical use would efficiently generate all tissue types
with minimal interline variability or lineage skewing. Until now,
most induced pluripotent stem cells have demonstrated significant
limits and variabilities in their multi-lineage differentiation potency.
Furthermore, many standard hiPSC have been suggested to possess
potentially cancer-like epigenetic changes during their reprogramming
from adult differentiated cells. Finally, increasing evidence implicates
derangements in hiPSC X-chromosome regulation as an obstacle to
functional pluripotency. These problems represent a challenge for the
full therapeutic realization of hiPSC technology. We have developed
a plasmid-based, non-integrated episomal reprogramming approach
that incorporates a “priming” stage with bone marrow stromal cells, and
generates hiPSC lines from myeloid donor cells with unprecedented
efficiencies. We found that these high-quality, low passage, myeloid
progenitor-derived hiPSC lines efficiently differentiate to every non-
hematopoietic lineage that has been tested thus far, while retaining
high hematopoietic differentiation potency. Analysis of genome-
wide expression and methylation microarray data on ~50 different
human pluripotent stem cell lines revealed genetic and epigenetic
characteristics setting apart these “stromal-primed” myeloid hiPSC with
highly universal differentiation potency, from previous generations of
hiPSC with more limited differentiation capacity. Derivation methods
that led to hiPSC with greater differentiation potency also led to hiPSC
with a greater degree of X-chromosome activation. Furthermore,
we found that “stromal-primed” myeloid-progenitor derived hiPSC
largely escaped the acquisition of aberrant hypermethylation signatures
previously observed in standard reprogramming methods. Finally,
these highly-potent “stromal-primed” myeloid-progenitor derived
hiPSC had more complete erasure of hematopoietic transcriptional and
epigenetic donor marks during reprogramming. Together, these results
show that stromal-primed” reprogramming of myeloid progenitors
resulted in hiPSC with a characteristic higher epigenetic quality and
more complete reprogramming to pluripotency, that parallels their
more universal differentiation potency. These data suggest that future
screening and selection of hiPSC quality should be based on identifying
hiPSC with fully completed reprogramming to pluripotency, and
attempts to “harness” lineage-specific somatic memory to potentiate or
augment lineage-directed differentiation should be avoided.
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CHROMATIN IN STEM CELLS

W-2233

MIR-326 AND ITS HOST GENE BETA-ARRESTINI

ARE EPIGENETICALLY SILENCED AND CONTROL
PROLIFERATION AND HEDGEHOG/GLI SIGNALLING IN
NEURONAL AND MEDULLOBLASTOMA STEM CELLS

Miele, Evelina', Po, Agnese?, Cucchi, Danilo?, De Smaele, Enrico?
Canettieri, Gianluca?, Mai, Antonello?, Mastronuzzi, Angela’, Locatelli,
Franco?, Levrero, Massimo?, Gulino, Alberto!, Ferretti, Elisabetta?
"University of Rome Sapienza and Istituto Italiano di Tecnologia, Rome,
Italy, ?University of Rome Sapienza, Rome, Italy, *Bambino Gesu Children
Hospital, Rome, Italy

Neuronal stem cells (NSC) and medulloblastoma stem cells (CSC)
have been reported to share gene expression features and recent studies
have highlighted the crucial role of miRNAs in stem cells and signaling
pathway deregulation in tumors. We have previously identified
medulloblastoma microRNAs profile. Moreover, we showed that miR-
326 is strongly downregulated in tumors and is a repressor of the
Hedgehog/Gli signalling. We aimed to further define the miR-326 role
in NSC and CSC. We found that miR-326 cooperates with its host gene
B-arrestinl as a tumor suppressor locus, which is lost in tumor as well
as in stem cells. We showed that miR-326/B-arrestin1 locus blocks NSC
and CSC proliferation by a transcriptional activation of p27, a major
determinant of cell cycle exit. Moreover miR-326/p-arrestinl locus
affects the activity of the Hedgehog/Gli signalling at multiple levels.
In detail, B-arrestinl inhibits Hedgehog/Gli through the modulation
of Glil K518 acetylation while the intragenic miR-326 controls Gli2
and smoothened, activatory molecules of the pathway. The expression
of B-arrestinl and miR-326 is tightly controlled by histone epigenetic
changes in NSC and CSC. Indeed, epigenetic drugs are able to reactivate
the miR-326/B-arrestinl locus and suppress CSC in vitro and in vivo.
Kaplan-Meier analysis performed on medulloblastoma tumors (n=53)
with up to 5 years follow-up shows that patients with lower levels of
B-arrestinl have a significant reduced survival (p < 0.005). Our results
suggest that miR-326 and its host gene [-arrestinl epigenetically
silencing is a common feature across multiple medulloblastoma
subtypes. Our study revealed a new microRNA/host gene network
in NSC and CSC and proposes P-arrestinl as tumor suppressor and
prognostic marker for medulloblastoma patients, susceptible to be re-
expressed by epigenetic treatment.

W-2234

SET DOMAIN CONTAINING 5,A DIVERGENT TRANSCRIPT
WITH ROSA26, IS ESSENTIAL FOR EMBRYOGENESIS, CELL
SURVIVAL AND CHROMATIN MAINTENANCE

Osipovich, Anna', Gangula, Rama', Magnuson, Mark A .2

'Molecular Physiology and Biophysics, Vanderbilt University Medical
Center, Nashville, TN, USA, ?Vanderbilt University Medical Center
Molecular Physiology and Biophysics, Nashville, TN, USA

SET-domain containing proteins play a vital role in regulating gene
expression during development through modifications in chromatin
structure. Here we show that SET domain containing 5 (Setd5) is
divergently transcribed with Gt(ROSA26)Sor (or ROSA26) from a
bidirectional promoter, that ROSA26 expression positively regulates
Setd5, and that Setd5 is essential for mammalian development. Setd5-
deficient embryos exhibit severe defects in neural tube formation,
somitogenesis, and cardiac development, have aberrant vasculogenesis
in embryos, yolk sacs, and placentas; and die between embryonic days
(E) 10.5-E11.5. Setd5-deficient embryonic stem cells have impaired

proliferation, increased apoptosis, defects in cell cycle progression,
diminished ability to be differentiated into cardiomyocytes, and have
increased levels of global histone acetylation and altered histone
methylation patterns. In addition, SETD5 co-immunoprecipitates
with multiple components of the NcoR/SMRT repressive complex
suggesting that it is necessary for this multicomponent nuclear complex
to regulate chromatin accessibility and gene transcription.

W-2235

DETECTION OF DIFFERENCES IN HISTONE
METHYLATION MARKS IN VERY PRIMITIVE SUBSETS OF
HUMAN HEMATOPOIETIC CELLS BY INTRACELLULAR
FLOW CYTOMETRY

Rabu, Gabrielle Marie', Knapp, David JHF!, Kannan, Nagarajan’,
Miller, Paul Harry', Pellacani, Davide', Wei, Lisa!, Kimura, Hiroshi?,
Hirst, Martin J.3, Eaves, Connie'

"Terry Fox Lab BC Cancer Agency, Vancouver, BC, Canada, *Graduate
School of Frontier Biosciences,, Osaka University, Suita, Japan, *Centre
for High Through-put Biology, Department of Microbiology, University
of British Colombia and Genome Sciences Centre, BC Cancer Agency,
Vancouver, BC, Canada

Gene regulation through covalent histone modification contributes
to cell fate changes as multipotent cells differentiate. Sequencing
techniques now allow high resolution measurement of histone marks,
but these currently require large input cell numbers, and thus can
reflect only average values of the entire population tested. Intracellular
flow cytometry offers a potentially simple and fast alternative for
measuring different amounts of specific marks in individual cells
of defined phenotypes, although sequence-specific profiles are not
thereby generated. K562 cells were induced to differentiate with either
20 nM phorbol 12-myristate 13-acetate for 48 hr, or with 0.6 mM
sodium butyrate for 4 days. Control and treated cells were lysed for
Western blot (WB) analysis or fixed for intracellular flow cytometry.
Monoclonal antibodies against H3k4me3, H3k9me3, H3k9me2 and
H3k27me3 were used for WB analysis or after non-covalent labeling
with fluorochromes (Zenon® labeling kit, Life Technologies) for
flow cytometry. These antibodies combined with a panel of surface
markers were also used to stain subsets of CD34" cells from 4 different
pools of human cord blood (CB) cells. Median fluorescence intensity
(MFI) values obtained by flow cytometry and the relative intensity
of differentially precipitated histones visualized on WBs of untreated
and differentiated K562 cells were similar for all 4 anti-histone mark
antibodies tested. MFI results for different CB subsets from all 4
pools tested were also consistent (mean pair wise Rho = 0.68-0.98,
SD = 0.02-0.2). Two pairs of antibodies (H3k9me3 and H3k27me3;
and H3k9me3 and H3k4me3) showed correlated staining profiles
suggestive of non-specific binding, although this was not evident in
all cell populations. Nevertheless, a subset (means = 10%, SD = 7%) of
the CD34+3845RA CD90*CD49f" cells in all 4 pools analyzed showed
a consistently lower H3k27me3 MFI and a higher H3k9me3 MFI than
the bulk CD34*CD38 CD45RA CD90*CD49f" cells. Flow cytometric
measurements of CD34* CB cells co-stained with additional surface
markers and 4 antibodies to specific histone marks identified a
minority sub-population within the CD343845RA CD90*CD49f*
cells that display a distinct staining pattern. These results suggest
flow cytometric approaches may be useful to analyze bulk epigenetic
changes in rare cell types.
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W-2236

TEMPORARY ACCUMULATION OF
5-CARBOXYLCYTOSINE INDICATES INVOLVEMENT OF
ACTIVE DEMETHYLATION IN LINEAGE SPECIFICATION
OF NEURAL STEM CELLS

Ruzov, Alexey, Wheldon, Lee M.

University of Nottingham, Nottingham, United Kingdom

5-Methylcytosine (5mC) is an epigenetic modification involved in
regulation of gene activity during differentiation. Tet dioxygenases
oxidize 5mC to 5-hydroxymethylcytosine, 5-formylcytosine (5fC) and
5-carboxylcytosine (5caC). Both 5fC and 5caC can be excised from
DNA by thymine-DNA glycosylase (TDG) followed by regeneration
of unmodified cytosine via base excision repair pathway. Despite
evidence that this mechanism is operative in embryonic stem
cells, the role of TDG dependent demethylation in differentiation
and development is currently unclear. Here we demonstrate that
widespread oxidation of 5hmC to 5caC occurs in postimplantation
mouse embryos. We show that 5fC/5caC are transiently accumulated
during lineage specification of neural stem cells (NSCs) in culture
and in vivo. Moreover, 5caC is enriched at the cell type-specific
promoters during differentiation of NSCs, and TDG knockdown
leads to increased 5fC/5caC levels in differentiating NSCs. Our
data suggest that active demethylation contributes to epigenetic
reprogramming determining lineage specification in embryonic brain.

W-2237

ROLE OF SIRTI ON REGULATING GENOMIC IMPRINTING
AND GERMLINE GENES IN MURINE PLURIPOTENT STEM
CELLS

Lim, Jisun', Heo, Jinbeom?, Jeong, Jaeho?, Kang, Hyunsook', Shin,
Dong-Myung'

'Department of Biomedical Sciences, University of Ulsan College of
Medicine, Seoul, Republic of Korea, *University of Ulsan College of
Medicine, Seoul, Republic of Korea,

Genomic imprinting is epigenetic process responsible for paternal-
specific, mono-allelic expression of so-called imprinted-genes. It is
well-known that imprinted genes play a crucial role in embryogenesis,
fetal growth, the totipotential state of the zygote, and the pluripotency
of developmentally early stem cells. Recently, we found that epigenetic
changes in selected genomic imprinted genes (e.g., Igf2-HI19,
RasGgrfl) govern the quiescent status in a population of very small
embryonic-like (VSEL) stem cells in murine bone-marrow (BM).
Of importance, the DNA methylation in these imprinted loci was
increased during the ageing of VSELs. Here, we show that SIRT1, a
class IIT histone deacetylase regulates the DNA methylation status in
some imprinted loci in the murine pluripotent stem cells. By screening
the single cell cDNA library for VSEL isolated from young (4-weeks)
and old (18-months) mice, we found that the expression of several
epigenetic factors (Suzl2, Cbx4, Phcl, AshlL, Bmil, Ringlb, SIRTI,
HDAC7, Dnmt3a, Dnmt3b) significantly changed during VSEL
ageing. When siRNA targeted to them was transfected into murine
embryonic stem cells, SIRT1 specifically affected the DNA methylation
of Igf2-H19 and Kenql imprinted loci. By analyzing the transcriptome
between SIRT1** and SIRT1" ESCs, several imprinted genes (Meg3,
SNRPN, DIkI, Litl, H19, Mrkn3, Ndn, H13, and Axl) and germ-line
related genes was repressed in the SIRT1 deficient ESCs. The repression
of them was rescued by the expression of SIRT1 cDNA construct in
SIRT17 ESCs. Furthermore, we found that the DNA methylation in
the affected genes was significantly increased in SIRT1”" ESCs and it
was also rescued by the expression of SIRT1 cDNA. Taken together,
we demonstrate the SIRT1 is a novel epigenetic factor controlling the

DNA methylation mediated genomic imprinting and germ-line genes
in pluripotent stem cells. Thus, it could be important to investigate the
molecular nature of SIRT1 mediated protection of DNA methylation
and its significance of the pluripotent stem cells.

W-2238

EPIGENETIC REGULATION IN HUMAN ES CELLS - THE
BRG| CHROMATIN REMODELING COMPLEX AND THE
MIR-302 FAMILY

Wade, Staton L., Ward, James M., Archer, Trevor K.

NIEHS, National Institutes of Health, Research Triangle Park, NC, USA

Stem cell self-renewal and pluripotency are controlled by a complex,
robust network of signal transduction pathways, transcription factors
and epigenetic regulators. While numerous studies have addressed the
complex crosstalk between the regulators of this pluripotency network,
few direct connections have been made between the chromatin
modifiers and miRNAs that are critical for maintenance of the ES cell
state. Here we present evidence that the Brgl chromatin remodeling
complex is directly regulated by the miR-302 family in human ES cells.
Using gain-of-function and loss-of-function assays, we show that miR-
302 directly represses the BAF170 and BAF53a subunits of the Brgl
complex. Loss of miR-302 during differentiation leads to derepression
of these subunits, suggesting this regulation dictates changes in
complex composition that occur during differentiation. Furthermore,
our data indicate that maintaining appropriate levels of the BAF170
subunit is critical for hES cell self-renewal and pluripotency. Gene
expression analysis using microarray and RNA-seq technology revealed
that BAF170 directly regulates genes involved in Nodal signaling, and
is thus important for ES cell self-renewal. Nodal signaling also has a
role in endodermal differentiation, and our data suggest that BAF170
may be required for efficient differentiation toward endodermal
lineages. Our findings support a role for miR-302-mediated changes
in the Brgl complex in maintaining pluripotency through suppressing
endodermal differentiation and suggest that relief of this inhibition
is important for human endodermal lineage specification. This work
places crosstalk between chromatin remodelers and miRNAs at the
center of cell fate decisions during early human development. Further,
it provides mechanistic insight into the essential role of the Brgl
complex in balancing stem cell pluripotency and differentiation. As
the endodermal lineage gives rise to cells of the liver and pancreas,
understanding these mechanisms will aid in the use of stem cell
therapies for liver disease, metabolic syndromes and diabetes.

EDUCATION AND OUTREACH,

ETHICS AND PUBLIC POLICY,
HISTORY AND SOCIAL ISSUES

W-2239

STEM CELLS IN SOCIAL MEDIA: IMPLICATIONS FOR
PUBLIC POLICY

Robillard, Julie!, Kwon, Brian?, Illes, Judy?

National Core for Neuroethics, University of British Columbia,
Vancouver, BC, Canada, *Department of Orthopaedics, University
of British Columbia, Vancouver, BC, Canada, *University of British
Columbia, Vancouver, BC, Canada

Social media is used by millions of people worldwide, and is reshaping
where and how conversations take place about advances in biomedical
research. While a growing portion of patients, families and health
care providers are turning to the Internet to find information about
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stem cells, little is known about the information that is shared among
stakeholders through social media. To address this gap, we will deliver
the first empirical analysis of the stem cell discussion taking place on
the popular social media platform Twitter in two specific contexts:
spinal cord injuries and aging-associated neurodegenerative diseases
(Alzheimer, Parkinson). We used data mining techniques to collect
Twitter microposts (“tweets”) containing the words “stem cell” and a
key words relating to either spinal cord or Alzheimer/Parkinson over a
period of 6 months. Our search strategy yielded a total of 2,873 tweets
(1,381 for spinal cord injury, 1,792 for Alzheimer/Parkinson), each of
which constitutes a unit of analysis. After developing a coding guide
specifically for each data set, we are conducting an in-depth analysis of
the users, patterns of use, and major themes in the conversation about
stem cells. The presentation will describe our novel methodology for
assessing the discourse about stem cells in social media and will feature
preliminary data from the content analysis. By delivering empirical
evidence about the conversations about stem cells on Twitter, we will
add the growing voice of social media users to the policy table and
inform a broad range of stakeholders about the impact of this new form
of public engagement.

W-2240

DEVELOPING EDUCATIONAL RESOURCES TO ADVANCE
ETHICAL UMBILICAL CORD BLOOD BANKING AND
RESEARCH: A CANADIAN PERSPECTIVE

Beak, Carla, Isasi, Rosario, Knoppers, Bartha Maria

Centre of Genomics and Policy, McGill University, Montreal, QC, Canada

As the therapeutic use of cord blood stem cells in transplantation
continues to grow, so too does the use of cord blood in research.
From studies to improve cord blood collection, manufacturing and
storing processes; to studies of the utility of cord blood to treat various
hematopoietic and non-hematopoietic disorders; to the use of cord
blood cells to derive pluripotent stem cells - cord blood research
is making important contributions to the scientific and clinical
advancement of the stem cell field. This research requires a consistent,
ethically sourced supply of cord blood samples. Obtaining an ample
supply of such samples has been a challenge for the research community.
In 2013 Canadian Blood Services (CBS) launched the National Public
Cord Blood Bank (NPCBB) which collects, tests and stores cord blood
units for potential patient matching and use in transplantation. As part
of their services, CBS has developed a system by which samples that are
not suitable for storage and transplantation are available - nationally
and internationally - to the scientific community for biomedical
research purposes. To contribute with capacity building of Research
Ethics Boards (REBs), who will be tasked with ensuring this research
protects donors, we developed educational resources designed to assist
REBs in the evaluation of research protocols which utilize cord blood
samples. The “REB Primer on Research and Cord Blood Donation”
(the Primer), outlines key ethical and legal considerations and
identifies Canadian normative documents that are relevant to the use
of cord blood in research. It also introduces the NPCBB and describes
the systems CBS has implemented to address governance issues.
The Primer is intended to assist REBs in evaluating the ethical
acceptability of research protocols, facilitate harmonized decision
making by providing a common reference, and highlight the role
of REBs in governance frameworks. However, it was written to be
accessible to the general public and may serve a broader purpose to
increase public awareness of cord blood banking and the policies and
procedures public systems have put in place to protect donors. In
addition, the Primer highlights the ethical and legal issues germane
to the research use of cord blood samples globally: informed consent,
privacy, and governance. As such, while developed for the Canadian

context, the Primer can serve as a model for other countries to achieve
similar goals. By presenting the Primer we hope to illustrate how
the development of such educational tools can facilitate the ethical
implementation and governance of programs related to stem cell
research.

W-2241

INFORMED CONSENT IN CLINICAL TRIALS USING STEM
CELLS: SUGGESTIONS AND POINTS OF ATTENTION

FROM AN INFORMED CONSENT TRAINING WORKSHOP
WITH SIMULATED PATIENTS

Kusunose, Mayumi', Muto, Kaori', Sean, Philpott

'The Institute of Medical Science, The University of Tokyo, Tokyo, Japan,
2The Union Graduate College, Schenectady, NY, USA

Informed consent is an essential requirement of ethical research
involving human participants. True informed consent has three key
components: full disclosure, understanding, and voluntariness. In
practice, this is usually accomplished by providing and discussing
with potential research participants with a lengthy document that
describes what the study is about and how it will be conducted. Far too
often, however, this fails to meet the standards of informed consent.
Particularly for clinical trials of complex new interventions like
induced pluripotent stem cells (iPS), many patients and the public are
unfamiliar with the nature of these trials. Recently, Japan's Ministry of
Health, Labor and Welfare emphasized the need for increasing public
understanding of clinical trial in “New 5-Years Clinical Trial Activation
Plan” Under the aforementioned circumstance, the world’s first clinical
trial using induced pluripotent stem (iPS) cells was approved in Japan
in 2013. As clinical trials with iPS cells have attracted the attention
of the media and aroused high expectations in patients, a workshop
on informed consent in clinical trials using stem cells was conducted
in Tokyo in February, 2014.. Here, we report details of the workshop
and discuss attention points of informed consent regarding stem cell
research. Applications for the workshop were accepted from Japanese
research groups that have been planning to conduct stem cell clinical
trials in the near future. Seven people -- all of who have roles in
conducting or supporting the informed consent process for prospective
subjects or preparing consent forms in their research groups --
participated in the four and one-half hour workshop. This workshop
used a novel approach to teach how to obtain informed consent from
study volunteers: the use of role-playing exercises using simulated
patients. Two consent forms were used in the workshop: “Transplant of
Chondrocytes Derived from Autologous Bone Marrow Mesenchymal
Stem Cells for Cartilage Damage in Knee Joint (Phase I Trial),” which
is educational material, and “Clinical research on autologous iPS cell-
derived retinal pigment epithelium sheet transplantation for exudative
age-related macular degeneration,” which is a real consent form from
the clinical trial. As identified by participants at the workshop, one of
the key challenges with obtaining true informed consent was ensuring
equitable subject selection, particularly for potentially vulnerable
patients enrolled in clinical trials using stem cells (“stable ethics”). Other
issues identified include ensuring that study volunteers understand
that they can withdraw from the study at any time, and monitoring and
ensuring the long-term safety of patients. Most important, particularly
for studies involving cutting-edge interventions like the use of stem
cells, researchers must understand that they cannot always adequately
address patient questions and concerns during the initial recruitment
and consent process, so must continue to engage study volunteers in
discussions of trial design, conduct and outcomes throughout the
research process.
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W-2242

CHALLENGES IN THE TRANSLATION AND
COMMERCIALIZATION OF CELL THERAPIES

Levine, Aaron D.!, Dodson, Brittany P

!Georgia Institute of Technology, Atlanta, GA, USA, 2School of Public
Policy, Georgia Institute of Technology, Atlanta, GA, USA

Cell therapies generally and stem cell therapies more specifically offer
significant potential to improve the practice of medicine and provide
benefits to patients who currently have limited or no treatment
options. Ideally, these innovative therapies can complement existing
small molecule, biologic and device approaches - forming a so-
called fourth pillar of medicine - and allowing clinicians to identify
the best treatment approach for each patient. Despite this potential,
cell therapies are substantially more complex than small molecule or
biologic interventions. This complexity poses challenges for scientists
and firms developing cell therapies and regulators seeking to oversee this
growing area of medicine. In this project, we retrospectively examine
the development of seven cell therapies - including three autologous
interventions (Epicel, Carticel and Provenge) and four allogeneic
interventions (Apligraf, Dermagraft, Prochymal and Osteocel Plus)
- with the aim of identifying common challenges and promising
strategies to help scientists, firms and regulators successfully bring new
cell therapies to market. We complement this analysis with a series of
qualitative interviews with experts in various aspects of the cell therapy
industry, including people working in academia and industry as well as
those working in relevant portions of the financial sector. Our analysis,
developed through review of existing literature collected from company
documents, newspapers, journals, analyst reports and similar sources,
and refined through analysis of the qualitative interviews, identified
several common challenges that cell therapy firms must address in both
the pre- and post-market stages. Key pre-market challenges included
identifying and maintaining stable funding to see firms through lengthy
developmental timelines and uncertain regulatory processes. These
challenges are not unique to cell therapies, of course, but the novelty
of cell-based interventions complicates these efforts compared to small
molecule or biologic interventions. The atypical nature of cell therapies
also led to post-market difficulties, including challenges navigating
the reimbursement process and convincing providers to change their
treatment approaches. In addition, managing the cost of producing,
storing and distributing cell therapies at scale was a challenge that
started pre-market and continued into the post-market phase. We
conclude by identifying key pitfalls and best practices applicable to the
development of future cell and stem cell therapies.

W-2243

THE IMPLICATION OF THE UNPATENTABILITY OF
HUMAN EMBRYONIC STEM CELL BASED INVENTIONS
IN THE EUROPEAN UNION ON THE JUSTIFICATION OF
HUMAN EMBRYONIC STEM CELL BASED THERAPIES
Faltus, Timo

University of Leipzig, TRM-Leipzig, Leipzig, Germany

In the aftermath of the European Court of Justice’s (CJEU) decision
case of Briistle v Greenpeace of October 2011 that patent claims
encompassing human embryonic stem cells (hESCs) were patent-
ineligible in the European Union on public order and morality grounds
a rash of stories has appeared predicting the destruction or exodus of
hESC research in Europe. Irrespectively, whether these prediction s
are justified, amazingly it has not been examined so far, whether this
decision has an implication on the justification of hESC based therapies
at least in Europe. The ruling in the Briistle v Greenpeace case follows
a challenge by Greenpeace over a patent granted to German scientist

Oliver Briistle for the technique to derive nerve cells from hESCs; an
invention which could later be potentially useful for the treatment
of neurodegenerative diseases. The CJEU ruling held that processes
requiring the prior destruction of human embryos, or their prior
use as base material, cannot be patented. This holding applies even
if - as is the case with the questioned patent - the patent application
describing the process does not refer to the use of hRESCs, but where the
implementation of the invention necessarily requires the destruction
of human embryos. This CJEU decision binds all member states of the
European Union and is unappealable. The court based its decision on
art. 6 (1) and (2) of the European Biopatent Directive, which stipulate
that patents may not be granted for inventions whose Commercial
exploitation would be contrary to the European ordre public, and that,
in particular, patents may not be granted for uses of human embryos
for industrial or commercial purposes. The court reasoned that the
purpose of the Biopatent Directive was to eliminate the possibility of
patentability where respect for human dignity could thereby be affected.
Finally, the court came to the result, that a patent is always connected
with an industrial or commercial purposes since this is the nature of a
patent. Therefore, the court reasoned, that the use of human embryos
within the patent claims cannot be separated from the patent itself
and the rights attaching to it. This project therefore brings forward the
argument, that market approval for hRESCs based therapies by European
regulators must be linked to the CJEU’ decision in the Briistle case
since both legal questions are governed by law of the same lawmaker,
namely the European Union. Therefore, it should be expectable, that
the same lawmaker expresses the same (moral) understanding in its
different statues. Since stem cell based pharmaceuticals need market
approval by a public agency to enter the market one must ask whether
this public agency can have a different opinion on the European ordre
public as an example of morality than the CJEU. By all means, the
market approval of therapies based on hESCs is equivalent with the
permission to use these cells for industrial or commercial purposes.
Therefore, it must also be asked, if this correlates with an ineligible
industrial or commercial use of those embryos which were needed to
obtain the stem cells for therapies. If the use of hESCs for therapies is
permissible by official market approval, there would be a discrepancy
between the value of human embryos in patent law and pharmaceutical
law. On the one hand, techniques using hESCs could not be patented,
on the other hand, (same) techniques used to produce pharmaceuticals
based on hESCs could get official market approval.

W-2244

EVALUATING THE OUTCOMES OF STEM CELL CLINICAL
TRIALS

Fung, Moses E.!, Atkins, Harold?, Bubela, Tania'

ISchool of Public Health, University of Alberta, Edmonton, AB, Canada,
2Ottawa Hospital Research Institute, Ottawa, ON, Canada

Stem cell therapy is a rapidly-expanding area of regenerative medicine.
General optimism surrounds its potential for innovative treatment of
organ failure and degenerative diseases. We have previously built an
international dataset of 4,749 registered clinical trials up to 2013 from
ClinicalTrials.gov and the World Health Organization’s International
Clinical Trials Registry Search Portal (Li et al., 2014). Of these trials,
we defined 1,058 to be novel applications. Our current aim is to
examine the quality and outcomes of novel clinical trials by assessing
publications against objective guidelines for clinical trial conduct and
against the corresponding registry reports. This analysis will enable
a more accurate account of the progress stem cell therapies. We
developed a coding frame to determine the quality of registry reports
and their corresponding publications in accordance to guidelines
from CONSORT and ICH E3. We found publications in PubMed
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of Embase by searching for trial registration number, or failing that,
primary author(s) and title keywords. This study investigates stem cell
clinical trials from every disease category. We found 267 publications
that matched novel registered trials. The majority of published trials
indicate signs of safety but unproven patient benefit. This finding is
typical of early phase trials and most authors advocate for further
studies of efficacy. Nevertheless, more than 70% of the novel trials have
not released their findings or are still underway, making it difficult to
assess translational progress in the field.

W-2245

NATIONAL DETERMINANTS OF EMBRYONIC STEM CELL
RESEARCH IN 50 COUNTRIES

Hughes, Virginia Clair

Political Science, Auburn University, Auburn, AL, USA

Many countries have enacted laws prohibiting or allowing research
using embryonic stem cells (ESCs). This study investigates national
factors such as religiosity, literacy rate, type and size of government,
age of population, and number of biotechnology companies and
their impact on ESC policy in fifty countries. The countries were
selected based on a near equal proportion of unicameral or bicameral
parliaments. These include Albania, Australia, Austria, Belgium,
Brazil, Bulgaria, Canada, Chile, China, Costa Rica, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hong Kong,
Hungary, Iceland, Ireland, Israel, Italy, Japan, Latvia, Lithuania,
Lebanon, Malta, Mexico, The Netherlands, Norway, New Zealand,
Morocco, Peru, Poland, Portugal, Singapore, Slovakia, Slovenia, South
Africa, South Korea, Spain, Sweden, Switzerland, Trinidad and Tobago,
Tunisia, Vietnam, United Kingdom, United States, and Uruguay. A
binary logistic regression study was performed using restrictive or
permissive policy for the dependent variable and factors listed above
for the independent variables. The variable religiosity was significant
yielding an odds ratio of 19.1 and P value of .007. The other variables
were not significant. Catholicism was found to be most associated with
restrictive laws on ESC research compared to other denominations.
The ethics surrounding ESC research will continue to be opposed by
Catholic leaders and pro life factions as research progresses. Future
studies should focus on the scientific literacy rate and the impact of
public and private funding on ESC research.

W-2246

CONSENTING FERTILITY PATIENTS FOR DONATION OF
EXCESS FROZEN EMBRYOS FOR RESEARCH: REQUIRED
ELEMENTS OF CONSENT AND WHAT PATIENTS WANT TO
KNOW

Jonlin, Erica C.

Institute for Stem Cell and Regenerative Medicine, University of
Washington, Seattle, WA, USA

Federal regulations for human subjects protection, in addition to
the NIH Stem Cell Guidelines, delineate what elements must be in a
consent form used to consent fertility patients for donation of excess
frozen embryos for research. Embryo donors have varying areas of
concern, and ask a variety of questions during the consenting process.
This paper will present topics that embryo donors ask about prior to
deciding whether to donate their excess frozen embryos to research.

NEURAL CELLS

W-3001

DIRECT REPROGRAMMING OF FIBROBLASTS INTO
NEURAL STEM CELLS BY SMALL MOLECULE COMPOUNDS
Zheng, Jie', Kang, Phil Jun', Yoon, Byung Sun? Moon, Jai-Hee',
Suhyun, Kwon', Solji, Hyeon', Hong, Sunghoi®, You, Seungkwon'!
'Laboratory of Cell Function Regulation, Division of Biotechnology,
College of Life Sciences and Biotechnology, Korea University, Seoul 136-
701, Republic of Korea,, “Stem Lab,Venture Incubation Center Korea
University, Seoul 136-701, Republic of Korea,, *Laboratory of Stem Cell
Biology, Department of Biomedical Science, College of Health Science,
Korea University, Jeongneung-dong, Sungbuk-gu, Seoul 136-701,
Republic of Korea

The generation of induced neural stem cells (iNSCs) from somatic cells
provides new avenues for basic research and cell therapies for various
neurological diseases. Recent studies have suggested that iNSCs could
provide an alternative to derivation from somatic cells or pluripotent
cell by defined transcription factors. However, the transcription factors
used in reprogramming process still have the potential of unexpected
genetic modification that limit their potential application for cell
therapies. Here, we show that a combination of four small molecules
convert fibroblasts to NSC identity, which we term as chemically
induced NSCs (ciNSCs). These ciNSCs express NSC markers (Pax®6,
PLZEF, Nestin, Sox2 and Sox1) and resemble with neonatal NSCs in their
morphology, self renewal, and gene expression profiles. These ciNSCs
also possess tripotent differentiation potentials into glial and neuronal
cell types, including several types of mature neurons (dopaminergic,
GABAergic, cholinergic and serotonergic neurons) in vitro and in
vivo. Importantly, the mature neurons derived from the ciNSCs
exhibit physiological properties, such as sodium channel activity
and generation of action potential spikes. Taken together, our results
suggest that functional and stably expandable ciNSCs can be directly
reprogrammed from mouse fibroblasts by small molecules without
any genetic manipulations. These results provide alternative strategy
to overcome transcription factor-derived direct reprogramming
approaches and broaden application of cell therapy in the treatment of
neurodegenerative diseases.

W-3003

UMBILICAL CORD BLOOD STEM CELLS TO MODEL
HUMAN CORTICAL NEUROGENESIS: A FURTHER STEP
TOWARD EFFECTIVE CLINICAL APPLICATIONS

Ali, Hamad

Department of Medical Laboratory Sciences (MLS), Kuwait University,
Kuwait City, Kuwait

Umbilical cord blood stem cells have been proposed as a potential
therapeutic tool for Central Nervous System diseases and disorders.
Moving toward clinical applications requires extensive knowledge
about cord blood stem cells differentiation potential and their
ability to generate cells with similar developmental and functional
characteristics to indigenous targeted cells, especially in proposed
cellular replacement strategies. We have evaluated the ability of
umbilical cord blood stem cells to model corticogensis by direct
comparison between differentiating cord blood stem cells in-vitro and
human neocortical neurogenesis. Our in-vitro system has recapitulated
events occurring during neocortical development which are important
in the differentiation of Glutamatergic and GABAergic cortical neurons
which are commonly damaged in cerebral palsy as well as by stroke in
adults. Such in vitro systems should allow us to better understand and
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target potential brain repair strategies and provide in vitro models of
neural diseases for toxicology and drug testing research.

W-3004

DEFINING SUBTYPE SPECIFICITY OF MOUSE INDUCED
NEURONAL CELLS

Ang, Cheen Euong', Sadegh, Cameron?, Macklis, Jeffrey D.2, Wernig,
Marius®

Institute of Stem Cell Biology and Regenerative Medicine, Stanford
University, Palo Alto, CA, USA, *Harvard Medical School Department
Neurology and Neuroscience, Boston, MA, USA, *Stanford University,
Palo Alto, CA, USA

Since our lab reported the first direct conversion of mouse and
human fibroblasts to induced excitatory neuronal (iN) cells, several
groups have since reported using the same four transcription factors
(Brn2, Ascll, Mytll and NeuroD1) or in combination with other
transcription factors or microRNAs to generate other neuronal
subtypes. While the hierarchical mechanisms of reprogramming have
recently been delineated in our lab’s recent paper, the identity of the
cells remains elusive. Herein, I will describe our efforts in defining the
identity of those cells using bulk RNA-seq, single cell RNA-seq and
immunofluorescence staining. I would also describe alternative sets
of transcription factors which are capable of giving rise to iN cells
endowed with more specific cortical identities Hopefully, all these
efforts will culminate into generating a more defined final products
which can be used for disease modeling and drug screening.

W-3005

NEURAL STEM CELLS-LADEN MICROFIBERS PROMOTE
SURVIVAL OF TRANSPLANTS IN MOUSE TRANSECTED
SPINAL CORD INJURY MODELS

Hori, Keiko', Nishimura, Soraya', Kato-Negishi, Midori?, Onoe,
Hiroaki?, Kobayashi, Yoshiomi', Itakura, Go', Iwai, Hiroki', Takeuchi,
Shoji?, Okano, Hideyuki®, Toyama, Yoshiaki', Nakamura, Masaya'
'Department of Orthopedic Surgery, Keio University, School of Medicine,
Tokyo, Japan, *Institute of Industrial Science, The University of Tokyo,
Tokyo, Japan, *Department of Physiology, Keio University, School of
Medicine, Tokyo, Japan

[Purpose] Transplant of neural stem/progenitor cells (NS/PCs) is now
considered to be a promising treatment for spinal cord injury (SCI).
In most of the previous studies, however, NS/PCs transplantation
was performed for incomplete SCI animal models. There still exist
several problems to be resolved in treating complete SCI. To treat
complete SCI patients, any scaffold is required to fill the cavity at the
lesion epicenter in parallel with the NS/PCs transplantation. In the
present study, we sought to determine the effectiveness of a novel
artificial microfiber made of bio-absorbable material (collagen and
alginate gel) as a candidate for the scaffold to treat complete SCI.
[Method] NS/PCs derived from striatum of fetal transgenic mice
encoding CAG-ffLuc (Venus fused to firefly luciferase) were used in
this study. These NS/PCs were loaded into the artificial microfiber, and
their viability and differentiation potential were evaluated in vitro. In
addition, a bundle of these NS/PCs-laden microfibers was transplanted
intotheinjured spinal cord with 3 mmdefectin Th9-10level,immediately
after the transection. Survival of the grafted cells was evaluated using
bioluminescence-imaging system. Motor function of the lower limbs
was assessed in each mouse using BMS (Basso Mouse Scale) score.
Histological evaluation was performed 6 weeks after the transplant.
[Result] In vitro, the loaded NS/PCs within the microfibers proliferated
well in normal NS/PCs medium and differentiated into the neural
and glial lineages in the differentiation medium. In vivo, the grafted

NS/PCs within the microfibers showed good survival rate at least
for 6 weeks after the transplantation. Survival of the transplants
was confirmed in histology as well. At the rostral and caudal area
of transplanted microfiber, transplanted cells migrated into the
host spinal cord, and differentiated into the neural and glial cells.
[Conclusion] We achieved to make connection between stumps
of transected spinal cord with novel NS/PCs-laden microfibers, in
treating mouse transected SCI model. Cellular survival was promoted
compared to the traditional injection method. This material is possible
tool for NS/PC transplantation therapy for complete SCL.

W-3006

TRANSCRIPTIONAL/EPIGENETIC CIRCUITRY TO
MAINTAIN THE ADULT NEURAL STEM CELL POOL
Hsieh, Jenny

UT Southwestern Medical Center, Dallas, TX, USA

Defining the transcriptional and epigenetic circuitry controlling neural
stem cells is critical for harnessing the potential of adult hippocampal
neurogenesis in regenerative medicine and science. We have
systematically dissected the function and mechanisms of individual
transcriptional factors that function in the stepwise progression of
quiescent neural stem cells to mature dentate granule neurons in the
adult mammalian brain. Using a combination of conditional knockout
mice to perform genetic loss-of-function and neural stem cell cultures
to perform molecular and biochemical analysis, we have characterized
a negative regulator of quiescent and activated stem/progenitor cells
(NRSF/REST) and its co-repressors (e.g., class I and class II histone
deacetylases) to be important in maintaining the stem cell pool and
preventing precocious activation of the neuronal lineage program.
Furthermore, we have taken advantage of a reversible in vitro model
of quiescence to identify the direct downstream targets of NRSF/
REST involved in maintaining quiescent and proliferating stem cell
populations. Our data suggest that NRSF/REST crosstalks with various
signaling pathways to regulate the transition from quiescent to activated
progenitors, including the Wnt, TGFf, and IGF pathways. Our results
also provide mechanistic insight for strategies to promote the adult
neural stem cell pool towards preventing age-related cognitive decline.

W-3007

THE MOOD STABILIZER VALPROATE ACTIVATES HUMAN
FGFI GENE PROMOTER THROUGH INHIBITING HDAC
AND GSK3 ACTIVITIES

Hsu, Yi-Chao

Mackay Medical College, New Taipei City, Taiwan

Valproic acid (VPA) is the primary mood-stabilizing drug to exert
neuroprotective effects and to treat bipolar disorder in clinic.
Fibroblast growth factor 1 (FGF1) has been shown to regulate cell
proliferation, cell division and neurogenesis. Human FGFI gene 1B
promoter (-540 to +31)-driven green fluorescence (FIBGFP) has
been shown to recapitulate endogenous FGFI gene expression and
facilitates the isolation of neural stem/progenitor cells (NSPCs) from
developing and adult mouse brains. In this study, we provide several
lines of evidence to demonstrate the underlying mechanisms of VPA
in activating FGF-1B promoter activity: (i) VPA significantly increased
the FGF-1B mRNA expression and the percentage of FIBGFP(+) cells;
(ii) the increase of FIBGFP expression by VPA involves changes of
RFX1-3 transcriptional complexes on the 18-bp cis-element of FGF-
IB promoter; (iii) treatments of other HDAC inhibitors, sodium
butyrate and trichostatin A, significantly increased the expression
levels of FGF-1B, RFX2 and RFX3 transcripts; (iv) treatments of GSK-3
inhibitor, lithium, or GSK-3 siRNAs also significantly activated FGF-
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1B promoter; (v) VPA specifically enhanced neuronal differentiation in
F1BGFP(+) NSPCs rather than GFP(-) cells. This study suggested, for
the first time, that VPA activates human FGFI gene promoter through
inhibiting HDAC and GSK3 activities.

W-3008

CLINICAL TRANSLATION OF NEURAL STEM CELL
TRANSPLANTATION: AN OVERVIEW AND UPDATE OF THE
TRIAL EXPERIENCE WITH HUMAN CENTRAL NERVOUS
SYSTEM STEM CELLS (HuCNS-SC)

Huhn, Stephen, Capela, Alexandra, Uchida, Nobuko, Tsukamoto, Ann
StemCells, Inc., Newark, CA, USA

The HuCNS-SC cell product is a purified and expanded composition
of normal human neural stem cells that is currently in clinical
development for a broad range of CNS diseases and disorders. Published
studies have reported on the safety of transplanting these cells into the
brain of pediatric patients with rare and fatal diseases (clinicaltrials.
gov: NCT01005004 and NCT00337636). Additional clinical studies
have been initiated to test the safety and preliminary efficacy of
these cells in a multi-center Phase I/II trial in spinal cord injury and
a multi-center Phase I/II trial in age-related macular degeneration.
To date, HuCNS-SC cells have undergone clinical testing in 4 separate
human trials targeting a spectrum of conditions and anatomic regions
of the central nervous system (CNS). Each study was supported
by published preclinical research with relevant animal models and
authorized by the U.S. FDA, in addition to other regulatory agencies.
The initial Phase I trial represented the first-in-human study and
enrolled 6 subjects with Neuronal Ceroid Lipofuscinosis (NCL),
a fatal lysosomal storage disorder. The second Phase I trial enrolled
4 subjects with Pelizaeus-Merzbacher disease, a severe X-linked
hypomyelination disease. Both studies, performed in pediatric
populations, demonstrated safety, feasibility, and tolerability of
transplantation into the brain with total CNS doses ranging from 300
million to 1 billion cells. The results of the first two Phase I studies have
also revealed intriguing clinical observations consistent with preclinical
studies” > which have further supported clinical development.
In addition to congenital disorders of the CNS, preclinical studies
have provided the rationale to investigate the therapeutic potential
of HuCNS-SC in spinal cord injury (SCI) and age-related macular
degeneration (AMD). A multi-center international Phase I/II trial for
thoracic SCI is currently underway (clinicaltrials.gov: NCT01321333)
involving HuCNS-SC transplantation in 12 subjects in the chronic
stage after SCI and testing a total spinal cord dose of 20 million cells.
Comprehensive and sophisticated clinical and electrophysiological
dermatomal assessments have been incorporated into the study
protocol, and interim analysis of the Phase I/II data has revealed
signs of multi-segmental gains in sensory function which are
considered unexpected in this patient population. A multi-center
dose-escalation Phase I/II trial (clinicaltrials.gov: NCT01632527) for
patients with the dry form of AMD, also referred to as Geographic
Atrophy, is investigating the therapeutic potential of HuCNS-SC
cells transplanted into the subretinal space of the eye. The study is
testing the safety and preliminary efficacy of 200,000 and 1 million
cell doses administered to the subretinal space of the study eye.
Post-transplant assessments include tests of visual acuity, fluorescein
angiography, spectral domain ocular coherence tomography (OCT),
microperimetry, multifocal electroretinography, and contrast
sensitivity. Interim result from the SCI and AMD studies will be
presented, along with an overview of the translational progress to date.

W-3009

SYNAPTIC PATHOPHYSIOLOGY IN TUBEROUS SCLEROSIS
USING HUMAN PLURIPOTENT STEM CELL-DERIVED
NEURONS

Jagasia, Ravi', Aigner, Stefan®, Costa, Veronica', Patsch, Christoph?,
Mirko, Vukcevic?, Bischofberger, Josef*, Graf, Martin*

'E Hoffmann-La Roche, Basel, CNS Res, Basel, Switzerland, °FE. Hoffmann
- La Roche Ltd., Basel, Switzerland, *Roche Pharma, Basel, Switzerland,
‘Department of Biomedicine, University of Basel, Basel, Switzerland

Autism spectrum disorder Several monogenic forms of autism
spectrum disorder (ASD) are caused by mutations in genes functioning
in the mTOR pathway, leading to translational dysregulation and
altered synaptic signaling. TSCI and TSC2 code for the negative
mTOR regulators hamartin and tuberin, respectively, and mutation
of either gene causes tuberous sclerosis, a multi-system disorder with
high prevalence of ASD. Using zinc finger nuclease-mediated genome
editing, we have generated human embryonic stem cell (hESC)
lines with heterozygous and homozygous ablation of TSC2. Upon
neuralization, cortical rosettes from TSC2’- hESCs show changes
in higher-order structural organization, suggesting early cellular
specification defects. In order to identify synaptic signaling defects on
the network level, we have developed a protocol to differentiate rosette-
derived neuroepithelial precursor cells towards neuronal cultures with
functional inhibitory and excitatory synapses. These neurons exhibit
several synaptic properties relevant to ASD pathophysiology, including
synchronous network activity, synaptic scaling and mGluR5-dependent
long-term depression (LTD). We are currently investigating alterations
in synaptic signaling properties of TSC2"- and TSC2” neurons. We
envision that our human cellular models of neuronal networks will
be instrumental in elucidating the mechanisms underlying synaptic
dysfunction in ASD and other neurodevelopmental disorders.

W-3010

TRANSCRIPTION FACTOR DIRECTED GENERATION

OF OLIGODENDROCYTE PROGENITOR CELLS USING
SYNTHETIC RNA

Karl, Robert T., Wanta, Jonathon, Tesar, Paul J.

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

Myelin-related disorders present a unique target for cell replacement
therapies. Such therapeutics will require large numbers of
oligodendrocyte progenitor cells, the sole myelinating cell of the central
nervous system. Currently, there is a lack of access to these cells types.
Our lab has recently shown the capability to reprogram somatic cells
to induced oligodendrocyte progenitor cells (iOPCs) using defined sets
of transcription factors delivered with integrating lentiviral vectors.
However, the ability to directly reprogram somatic cells to iOPCs
without compromising the genome will be imperative for future cell
replacement therapies. Here we describe a method for converting
mouse embryonic fibroblasts to induced oligodendrocyte progenitor
cells using a non-integrating RNA based method to express lineage
specific transcription factors. Administration of these transcription
factors resulted in generation of iOPCs with the attributes of bona
fide OPCs, including global gene expression profiles and the ability
to differentiate into multiprocessed oligodendrocytes. These results
provide a basis for future autologous remyelinating cell therapies as
well as the study of the maintenance of the oligodendrocyte lineage,
and modeling of complex neurological diseases.
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W-3011

DOWNREGULATING PTEN BY NDFIPI TREATMENT
PROMOTES THE SURVIVAL AND DIFFERENTIATION OF
NEURAL PROGENITOR CELLS TO OLIGODENDROCYTE
Khazaei, Mohamad R., Fehlings, Michael G.

Toronto Western Research Institute and Krembil Neuroscience Centre,
University Health Network,, Toronto, ON, Canada

Transplantation of neural progenitor cells (NPC) following spinal
cord injury (SCI) leads to improved recovery. This recovery is largely
associated with the ability of the exogenous NPCs to survive, differentiate
to oligodendrocytes and remyelinate damaged axons. Despite the great
promise of these cells, poor survival due to the harsh SCI environment
could limit their effectiveness. Quantitative comparison of astrocytic,
neuronal, and oligodendroglial gene expression profile demonstrate
that PTEN expression is significantly higher in NPC cells differentiated
to neurons and astrocytes compared to oligodendrocytes. On the
other hand, PTEN down-regulation increases the population of
oligodendrocytes. Here we show that treatment of NPC cells with
Ndfipl, an adaptor protein which enhances the ubiquitination and
degradation of PTEN, increases the population of Olig2 positive
oligodendrocytes in differentiation medium. Additionally, treating
NPCs with Ndfipl induces the activation of pro-survival PI3K/Akt
pathway, as assessed by phosphorylation of Akt target, BAD. Ndfip1l
pre-treatment also increases NPC survival after treatment with injured
spinal cord lysate, which mimics the harsh inflammatory milieu after
injury, and results in reduction of cleavage of caspase-3. In summary,
our results show that pre-treatment of NPCs with Ndfipl down-
regulates PTEN, increases their survival rate, and direct them towards
the oligodendroglial lineage. This could significantly improve stem cell
survival and function after transplantation into spinal cord leading to
improved functional recovery following injury.

W-3012

CLONAL INDUCED NEURAL STEM CELL LINES EXHIBIT
DIFFERENT REPROGRAMMING STATUS

Kim, Sungmin

Konkuk University, Seoul, Republic of Korea

Terminally differentiated cells can be directly converted into different
types of somatic cells using defined factors, thus circumventing the
pluripotent state. However, low reprogramming efficiency, along with
the absence of proliferation of some somatic cell types, challenges
the generation of sufficient material for clinical applications. Here
we describe a protocol to directly convert mouse fibroblasts into self-
renewing induced neural stem cells (iNSCs) that can be expanded in
vitro, overcoming the limitations associated with low reprogramming
efficiency. The four transcription factors required for direct conversion
into iNSCs (Sox2, Klf4, c-Myc, and Brn4/Pou3f4) do not generate
a pluripotent cell state, thus the risk for tumor formation after
transplantation is reduced. Following the current protocol, iNSCs are
observed between 4-5 weeks after transduction and two additional
months are required to establish clonal iNSC cell lines. Here we describe
a detailed protocol for the generation of clonal iNSC lines from MEFs
by single cell sorting. Each clonal iNSC lines exhibit different levels of
NSC marker genes, transgene expression and in vitro differentiation
potentials into neurons, astrocytes and oligodendrocytes.

W-3013

COMMON PATHWAYS DISRUPTED IN HUMAN ALS
MOTOR NEURONS IDENTIFIED THROUGH GENETIC
CORRECTION OF MUTANT SODI

Kiskinis, Evangelos', Sandoe, Jackson', Wainger, Brian?, Williams,
Luis', Boulting, Gabriella®, Woolf, Clifford*, Eggan, Kevin Carl!
"Harvard University, Cambridge, MA, USA, *Children’s Hospital, Boston,
MA, USA, *Harvard Medical School, Boston, MA, USA, *HMS, Chldren’s
Hospital, Boston, MA, USA

Although many distinct mutations in a variety of genes are known
to cause Amyotrophic Lateral Sclerosis (ALS), it remains poorly
understood how they selectively impact motor neuron biology
and whether they converge on common pathways to cause neural
degeneration. We have combined reprogramming and stem cell
differentiation approaches with genome engineering and RNA
sequencing to define the transcriptional and functional changes
that are induced in human motor neurons by mutant SOD1. Mutant
SOD1 protein induced a transcriptional signature indicative of
increased oxidative stress, reduced mitochondrial function, altered
sub-cellular transport, electro-physiological excitability as well as
activation of the ER stress and unfolded protein response pathways.
Functional studies demonstrated that perturbations in these pathways
were indeed the source of altered transcript levels. Importantly,
we used a genetic targeting approach to demonstrate that these
phenotypes are reversed by genetic correction of the SOD1 mutation.
Utilizing this patient-specific induced pluripotent stem cell (iPSC)
approach we next addressed two important, outstanding questions
in the field. Why are motor neurons selectively lost in ALS? And are
there common molecular pathways between distinct ALS-causing
mutations? We found that motor neurons exhibit inherent ER stress
that is related to their physiological properties and renders them
vulnerable to disease. Finally, interrogation of stem cell-derived motor
neurons produced from ALS patients harboring a repeat expansion
in COORF72 and FUS mutations identified electro-physiological
excitability as a major feature of distinct types of ALS. These results
provide an insight to the common functional defects that physiological
levels of mutant proteins may lead to, in patient motor neurons. More
broadly our study demonstrates that iPSC technology can be used to
probe an adult-onset neurological disease such as ALS.

W-3014

DEFINED CELL-RECOGNIZABLE N-CAD-FC MATRIX FOR
FACILITATED PRODUCTION AND PURIFICATION OF
NEURAL CELLS FROM IPSCS

Kutsuzawa, Koichi

Graduate School of Bioscience and Biotechnology, Tokyo Institute of
Technology, Yokohama, Japan

Quick and efficient generation and purification of neuronal cells are
extremely critical for successful tissue engineering and regenerative
medicine protocols, particularly for recovering neural damage; however,
suitable technologies for facilitated growth and efficient purification of
neuronal cells are very limited. E-Cadherin (E-Cad) and N-Cadherin
(N-Cad) switching occurs during the transformation of stem cells to
neuronal cells, and these proteins can form dimers by homophilic
interaction. We have exploited these classical cell biology phenomena
and designed the chimeric protein N-Cad-Fc as a defined matrix, which
is composed of the extracellular domain of N-Cad and the Fc domain of
IgG, for enhanced differentiation and growth of neural cells from stem
cells. Our recent work revealed that mouse embryonic carcinoma cell
P19 and neural stem cell MEB5 were superiorly differentiated to neural
lineage, as evident by higher level of Neurogl and MAP2 expression,
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on this defined matrix compare with other reported substratum such
as gelatin, fibronectin, and laminin. Using mouse embryonic stem cell
and iPS lines, and in combination with regulation of Wnt- and Nodal-
signaling pathways by using Dkk-1 and LeftyA, respectively, and by
analyzing stage-specific expression of different neuronal markers we
have revealed that N-Cad-Fc is a strong enhancer for generation of
neural progenitor cells and the growth of neural cells. Our preliminary
results with human iPSCs further potentiated similar beneficial roles
of N-Cad-Fc matrix in facilitated differentiation and growth of neural
cells. These findings are significantly advantageous for advancing this
unique cell-recognizable defined matrix towards practical application
in neuronal cell-related regenerative and tissue engineering protocols.

W-3015

WNT7A IN NEUROGENESIS AND POST-STROKE
RECOVERY

Lacaria, Melanie', Faulkes, Sharlene', Lagace, Diane?, Corbett, Dale?,
Rudnicki, Michael A.!

'Regenerative Medicine, Ottawa Hospital Research Institute, Ottawa,
ON, Canada, *Cellular and Molecular Medicine, University of Ottawa,
Ottawa, ON, Canada

Previousstudiesinourlabdeterminedthatthesecreted signalling protein
Wnt7a and its receptor, Frizzled7 (Fzd7), are upregulated in satellite
stem cells during muscle regeneration and that the overexpression of
Wnt7a enhances muscle regeneration through symmetric expansion
of the stem cell pool. More recently, Wnt signalling has also been
shown to regulate the symmetry of NSC division - a process that is
up-regulated following induced stroke in mice. Furthermore, Wnt7a is
a known regulator of synaptic differentiation and axonal remodeling in
the adult brain, and it has been shown to stimulate NSC proliferation
and self-renewal, resulting in an increase in the number and function
of excitatory neurons and synapses. Taken together, these previous
studies suggest a role for Wnt7a as a key regulator of NSC division and
neuroplasticity. We investigated the potential of Wnt7a as a therapeutic
treatment for post-stroke recovery in vivo in a mouse model of stroke;
following the induction of stroke by photothrombosis, delipidated
Wnt7a protein was intracranially injected into the ventricle of the
affected hemisphere of the brain. Functional recovery was monitored
by neurobehavioral testing of motor function, and NSC expansion and
neurogenesis were evaluated through immunostaining for markers of
NSCs and cell division. Preliminary results indicate a role for Wnt7a in
NSC regulation, leading to enhanced post-stroke recovery.

W-3016

CHARACTERIZATION OF ALPHA7 NICOTINIC
ACETYLCHOLINE RECEPTOR PHARMACOLOGY USING
HUMAN INDUCED PLURIPOTENT STEM CELL DERIVED
NEURONS

Larsen, Hjalte M.', Rasmussen, Mikkel', Frederiksen, Kristen?
Bastlund, Jesper F2, Mikkelsen, Jens D.?, Hyttel, Poul'

"University of Copenhagen, Faculty of Health and Medical Sciences,
Frederiksberg C, Denmark, ?H. Lundbeck A/S, Valby, Denmark,
*Neurobiology Research Unit, Rigshospitalet, Copenhagen, Denmark

The a7 nicotinic acetylcholine receptor (a7 nAChR) has been identified
as a promising new drug target for treatment of cognitive dysfunction
observed in Alzheimer’s disease (AD) and schizophrenia patients.
Thus, several positive allosteric modulators (PAMs) of the a7 receptor
have been developed, such as PNU 120596 and NS 1738, both showing
in vivo activity. Although, histological and electrophysiological studies
have demonstrated the presence of a7 receptors on pyramidal neurons
and GABAergic interneurons throughout layer II-VI of the cerebral

cortex, the mechanistic involvement of the a7 receptor in cognition
and pathological processes still remains fundamentally unexplored. In
the present study, we aim at constructing an a7 disease model based on
human induced pluripotent cells (hiPSCs) from AD patients and healthy
control individuals. Using a healthy hiPSC cell line we are establishing
an in-house protocol for derivation of neural progenitor cells (NPCs)
expressing the markers LHX8 and NKX2.1, which correspond to
the lateral ganglionic eminence (LGE) subventricular zone (SVZ).
Subsequently, we will mature these NPCs to basal forebrain neurons
(NKX2.1, MAP2, and TUBB3 positive) and test for a7 functionality
using known agonists and antagonists including nicotine, PNU282987,
MLA, and a-Bungarotoxin in a calcium-imaging assay. Next, neural
differentiation and comparison with hiPSC derived from healthy
control individuals will show whether there is an abnormal expression
and/or altered mechanism of the a7 receptor in AD patients. Together
these experiments will provide valuable insight into AD modeling,
with a particular focus on the a7 receptor, and establish a framework
for future personalized AD therapy.

W-3017

MIGRATION OF EMBRYONIC STEM CELL-DERIVED
NEURAL PROGENITORS ON THE HOST VASCULATURE IN
THE BRAIN

Lassiter, Chelsea, Becker, Sandy, Gal, Julian, Grabel, Laura

Wesleyan University, Middletown, CT, USA

Before we can safely use embryonic stem cell (ESC)-based cell
replacement we must characterize the behavior of these cells following
transplant. Embryonic stem-cell derived neural progenitors (ESNPs)
transplanted to the dentate gyrus region of the hippocampus can
differentiate into granule neurons, repopulating the upper blade
lesioned by the injection. These transplants are also richly vascularized,
and surprisingly, the ESNPs appear to migrate great distances from
the original site of injection. We observe that doublecortin (DCX)+
migrating ESNPs are found in close proximity to endogenous blood
vessels, outside of the transplant area. Our preliminary data suggests
that blood vessels and their associated astrocytes provide a source
of the chemokine CXCL12, which promotes ESNP migration in the
brain. To test this model, we use organotypic hippocampal slice culture
and find that ESNPs are found closely associated with blood vessels.
To directly study the interaction between ESNPs and endothelial cells
and identify a molecular mechanism, we are using a selective adhesion
assay with brain endothelial cells, as an in vitro model. These data raise
a concern for many therapeutic transplantation approaches that cells
may migrate away from the original transplant, and be disruptive at a
distant site.

W-3018

GENOME-WIDE CHANGES IN THE AGING NEURAL STEM
CELL NICHE

Leeman, Dena Simona', Pollina, Elizabeth A.2, Webb, Ashley E.,
Brunet, Anne’®

'Department of Genetics and Cancer Biology Graduate Program,
Stanford University, Stanford, CA, USA, *Genetics, Stanford University,
Stanford, CA, USA, *Stanford University School of Medicine, Stanford,
CA, USA

Neural stem cell niches in the adult brain are the locations where
neural stem cells produce new neurons necessary for the maintenance
and plasticity of brain tissue and function. With age, neural stem cell
niches deteriorate, with a decline in neural stem cell proliferation
and production of new neurons. However, the exact nature of the
molecular changes in the aging neural stem cell niche is largely
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unknown, primarily due to the inability to freshly purify these rare
cell types and perform ultra high-throughput molecular analysis on
this limited material. Understanding these changes will be a key step
toward delaying and even reverting age-dependent decline in many
tissues, including the brain. We adapted a recently developed FACS
protocol to simultaneously purify five populations of cells from the
neural stem cell niche of the same individuals (astrocytes, quiescent
neural stem cells, activated neural stem cells, neural progenitors and
endothelial cells) over the course of aging, and performed whole-
genome RNA-sequencing and microRNA profiling. Our preliminary
unbiased integrative analysis of age-dependent gene expression
changes in these populations has revealed tantalizing changes in
inflammatory, biosynthetic and metabolic pathways. We are working
toward manipulating these pathways in the neural stem cell niche, with
the goal of generating more youthful levels of functional neurons in
the aged brain.

W-3019

IDENTIFICATION OF CELLULAR SIGNAL PATHWAY
CHANGES IN NERVES GROWTH FACTOR INDUCED
NEURONAL DIFFERENTIATION BY CHEMICAL GENOMICS
Ling, Qing-dong’, Lin, Jack Yu-Shih?

'Department of Medical Research, Cathay General Hospital, New Taipei,
Taiwan, *Department of Ophthalmology, Taipei Medical University
Municipal Wan-Fang Hospital, Taipei City, Taiwan

Nerve growth factor (NGF) plays an important role in the nervous
system by supporting the survival and growth of neural cells,
regulating cell growth, promoting differentiation into neuron, and
neuron migration. Recently, the roles of NGF in the treatment of
various neurodegeneration diseases by mesenchymal stem cells have
been widely investigated both in vitro and in vivo, with growing
evidence of associated NGF-pathway alterations. These preliminary
reports led us to investigate, through microarray experiments and
chemical genomics analysis, the genes and pathways associated with
NGF induced neuronal differentiation using PC-12 as models. In our
study, after cluster analysis and heat map generation, we identified 2020
NGF-induced genes with altered expression over time. Cross-matching
with the KEGG database revealed 830 genes; among which, 395 altered
genes were found to have 2-fold increase in gene expression over a
two hour period. We then identified 191 associated biologic pathways
in the KEGG database; the top 15 pathways showed correlation with
neural differentiation. These include the neurotrophin pathways,
MAPK pathways, genes associated with axonal guidance and the Wnt
pathways. The activation of these pathways maybe involved in how
NGF administration protects neurons from degenerative events. In
conclusion, we have established a model system that allows one to
systematically characterize the functional pathway changes in a group
of neuronal population after an external stimulus.

W-3020

DETERMINISTIC PATTERNING OF HOX EXPRESSION
PROFILES DURING NEURAL DIFFERENTIATION OF
HUMAN PLURIPOTENT STEM CELLS

Lippmann, Ethan’, Estevez-Silva, Maria C.2, Ashton, Randolph S.?
"Wisconsin Institute for Discovery, University of Wisconsin, Madison,
WI, USA, *Biomedical Engineering, University of Wisconsin-Madison,
Wisconsin Institutes for Discovery, Madison, WI, USA, ’Biomedical
Engineering and  Wisconsin Institute for Discovery, University of
Wisconsin-Madison, Wisconsin Institutes for Discovery, Madison, WI,
USA

Positional identity is specified during posterior neural development

in vivo by the combinatorial expression of Hox transcription factors,
which are important determinants of neural circuit organization in
the hindbrain and spinal cord. Many studies have indicated the Hox
code is regulated by combinations of Wnt/{-catenin, fibroblast growth
factor (FGF), growth differentiation factor (GDF), and retinoic acid
(RA) signaling, but little is known about how these pathways regulate
Hox behavior in human cells. Here, we used a chemically defined
culture system to determine how these signaling pathways regulate
Hox expression during posterior neural differentiation of human
pluripotent stem cells (hPSCs). Wnt/p-catenin and FGF signaling are
both required to coordinate hPSCs to a highly pure neuromesodermal
progenitor state marked by co-expression of T/brachyury and Sox2,
which mimics the phenotype found in axial progenitors that form both
the posterior neural tissue and its flanking mesoderm in vivo. Within
this neuromesodermal state, Wnt/p-catenin and FGF signaling also
facilitate colinear HOX activation to paralogs that match the hindbrain
(HOX1-5) and cervical/thoracic spinal regions (HOX4-9), and GDF11
is required to activate HOX10-12 paralogs found in the lumbar/sacral
regions. At any point during HOX propagation, the addition of RA is
sufficient to convert the neuromesodermal progenitors to definitive
neural identity. Moreover, RA acts asa ‘stop’ signal for HOX progression,
thus yielding a fixed positional location along the posterior rostral/
caudal axis defined by Hox protein expression profiles. The scalability
and fully defined nature of this differentiation process, combined with
its ability to predictably generate neural progenitors with defined
Hox profiles, should make it attractive for basic biological studies and
potential regenerative medicine applications.

W-3021

NEUROPROTECTIVE EFFECTS ON IGF-1 FUSION PROTEIN
ON RETINAL GANGLION CELL SURVIVAL

Ma, Jie, Guo, Chenying, Teague, Giann, Chen, Dong Feng, Lashkari,
Kameran

Schepens Eye Research Institute, Boston, MA, USA

We have previously found that the neural progenitor cells isolated from
human persistent fetal vasculature (hWNPPFVs) can differentiate into
retinal ganglion-like cells (RGCs) both in vitro and after transplantation
into the mouse vitreous. Interestingly, ANPPFV cells were observed to
spontaneously penetrate the inner retinal layers and integrate with the
host RGCs. These observations led us to investigate whether hNPPFV's
would make good candidates for local delivery of neuroprotective
factors for treatment of retinal and optic nerve degeneration. As a
proof of concept, we examined the neuroprotective effects of IGF-1
delivered as a fusion protein with a fluorescent reporter in the mouse
model of stress-induced RGC loss. To this end, IGF-1 cDNA spliced
into a double-red fluorescent reporter, tdTomato or tdTomato alone
were cloned into pJ603-neo vector and transfected into hNPPFVs
to create hNPPFVIGEF-1/tdTomato and hNPPFVtdTomato -cells,
respectively. IGF-1-tdTomato fusion protein secreted from these cells
was biologically active in in vitro models. An established bead model
of murine glaucoma was created by injecting polystyrene microbeads
into the anterior chambers of adult C57BL/6] mice. Animals were
intravitrealy injected with 2 pl (~50,000 cells) of either ANPPFVIGEF-1/
tdTomato, hNPPFVtdTomato or hNPPFVnull cells. Intraocular
pressures (IOP) were measured every 3 days for 4 weeks after cell
transplantation. Whole mount retina and eyecup cross sections were
prepared to quantify RGC density and alterations in nerve fiber
architecture. Expression of B-III-tubulin, HLA Class I antigen and
tdTomato were examined in retinal flatmounts and sections. Semi-
thin optic nerve cross sections were used for axon quantification. Bead
injection induced an elevation of IOP from baseline of 10 to high of 25
mmHg in 7 days with a sustained effect up to 4 weeks. At 4 weeks post
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injection, IOPs began to decrease but remained above baseline levels.
PBS injection did not induce a sustained IOP elevation and served
as control. Baseline RGC density in control eyes was (~4100 RGCs/
mm?2). RGC density decreased in bead-injected eyes transplanted
with hNPPFVtdTomato or hNPPFVnull cells (~2500 RGCs/mm?2),
but remained relatively unchanged in bead-injected mice that received
hNPPFVIGF-1/tdTomato (~4100 RGCs/mm?2). Immunohistochemical
analysis of serial sections confirmed that significantly more RGC
nuclei were lost in hNPPFVtdTomato or hNPPFVnul injected eyes vs.
hNPPFVIGF-1/tdTomato injected eyes. Examination of optic nerve
cross sections further demonstrated decreased number of axons in
hNPPFVtdTomato and hNPPFVnull vs. hNPPFVIGF-1/tdTomato
injected eyes. Transplantation of hNPPFVIGF-1/tdTomato cells
secreting biologically active IGF-1 in a form of fusion protein, IGF-
1-tdTomato, improves the survival of RGCs and optic nerve axons in
the bead model of stress-induced RGC loss. These findings support
the concept of using hNPPFV cells as for targeted treatment of retinal
degeneration as exemplified by the neuroprotective effects of IGF-1
fusion protein against stress-induced RGC loss.

W-3022

ENHANCING SELF-REPAIR BY ACTIVATING
ENDOGENOUS PRECURSORS IN A MODEL OF NEONATAL
BRAIN INJURY

Mahmud, Neemat', Dadwal, Parvati!, Sinai, Laleh!, Azimi, Ashkan',
Miller, Freda D.2, Morshead, Cindi M.!

"University of Toronto, Toronto, ON, Canada, *SickKids, The Hospital for
Sick Children Research Institute, Toronto, ON, Canada

Hypoxia/Ischemia (H/I) of the immature brain is thought to play
a major role in the development of cerebral palsy. It results in white
matter injury and a loss of neurons leading to motor and/or cognitive
deficits. Our goal is to design therapeutically relevant methodologies
to enhance the activation of endogenous subependymal (SE) neural
precursor cells (NPCs) to promote tissue repair and functional recovery.
We have previously demonstrated tissue regeneration and functional
recovery following stroke in adult rodent models using biologics to
promote activation of endogenous SE NPCs. Metformin (met), a
widely used drug to treat type II diabetes, has been shown to increase
neurogenesis and oligogenesis from embryonic cortical precursors
in vitro and promote neurogenesis in vivo. Hence, we asked whether
met would promote brain repair following neonatal H/I. We examined
the effects of met on early postnatal NPCs using the neural stem cell
colony forming assay (neurosphere assay). We found that exposure to
met in vitro led to a 2.2 fold increase in the numbers of neurospheres
from postnatal day 8 (PND8) mouse pups. Moreover, met treated
neurospheres that are differentiated in the presence of met resulted in a
2.6 fold increase in both neurons and oligodendrocytes. Based on these
findings we hypothesized that met treatment following H/I would lead
to an expansion in the size of the NPC pool, the formation of new
neurons and oligodendrocytes, and functional recovery in sensory-
motor tasks. To test our hypothesis we used the Vanucci model of H/I
on PND8 mice followed by met treatment 24 hours post injury and for
7 days. Pups received met or vehicle through the mother’s milk. We
found that H/I alone caused a 4 fold increase in the size of the neural
stem cell pool, similar to what is observed following stroke in adult
mice. Met treatment alone (no injury) resulted in a 2.0 fold increase in
the numbers of neurospheres, identical to what was observed following
met treatment in vitro. We examined the fate of SE NPCs using Nestin-
creERT2/Rosa YFP mice that received TAM via the mother’s milk from
PND1-5. We observed a significant 15 fold increase in the numbers
of SE derived YFP+ cells within the brain parenchyma of H/I + met
treated mice at 2 weeks post-injury. Strikingly, we observed a >20 fold

increase in SE derived NPCs that differentiated into oligodendrocytes
in H/I + met versus H/I only brains. Most important, the H/I + met
treated mice displayed significant sensory/motor recovery following
treatment. Our results show that metformin treatment for just one
week following neonatal brain injury leads to expansion of the SE
derived NPC pool, cell migration and differentiation leading to tissue
repair and functional recovery.

W-3023

MODELING NEUROGENESIS AND SYNAPTOGENESIS
USING HUMAN PLURIPOTENT STEM CELLS

Maroof, Asif M.!, Suzuki, Naoki*, McNeish, John D.>, Chuang, Tsu
Tshen*, Eggan, Kevin Carl?

IStem Cell and Regenerative Biology, Harvard University, Cambridge,
MA, USA, *Harvard University, Cambridge, MA, USA, *Glaxo Smith
Kline, Acton, MA, USA, *GSK, GlaxoSmithKline, King of Prussia, PA,
USA

Despite synaptic remodeling and neurogenic events initiated in the
repair process following injury in the mammalian central nervous
system, new neurons capable of synaptic integration into existing
adult circuitry have yet to be defined. While the adult stem cell niche
produces new neurons, the glial environment is capable of exerting
either beneficial or deleterious effects on the remodeling of neuronal
circuitry. In order to study the specification of neural progenitor cells
(NPCs) into neurons and the subsequent establishment of synaptic
connections, we developed an in vitro co-culture system using
human pluripotent stem cell-derived NPCs. In addition, the astroglial
environment will be characterized to determine whether they exhibit
inflammation or synapse-forming processes. This in vitro cell-based
model will be a highly useful tool for high throughput screening of
compounds that enhance the production of neurons capable of forming
functional synaptic connections.

W-3024

TRANSPLANTATION OF ADULT MONKEY NEURAL STEM
CELLS INTO CONTUSION SPINAL CORD INJURY MODEL
IN RHESUS MACAQUES MONKEY

Moghiminasr, Reza', Nemati, Shiva?, Baharvand, Hossein®, Kiani,
Sahar*

'Department of Stem Cells and Developmental Biology, Cell Science
Research Center, ACECR, Royan Institute, Tehran, Iran, *Department
of Stem Cells and Developmental Biology, Cell Science Research Center,
ACECR, Royan Institute, Tehran, Iran, *Department of Stem Cells and
Developmental Biology, Cell Science Research Center, ACECR, Royan
Institute, Teheran, Iran, *“Department of Stem Cells and Developmental
Biology, Cell Science Research Center, ACECR, Royan Stem Cell and Dev
Biology, Tehran, Iran

Background: Currently, cellular transplantation for spinal cord
injuries (SCI) is the subject of numerous preclinical studies.
Among the many cell types in the adult brain, there is a unique
subpopulation of neural stem cells (NSC) that can self-renew and
differentiate into neurons. The study aims, therefore, to explore
the efficacy of adult monkey NSC (mNSC) in a primate SCI model.
Methods: Isolated mNSCs were analyzed by flowcytometry,
immunocytochemistry, and RT-PCR. Next, BrdU-labeled cells
were transplanted into a SCI model. The SCI animal model was
confirmed by magnetic resonance imaging (MRI) and histological
analysis. Animals were clinically observed for 6 months.
Results: Analysis confirmed homing of mNSCs into the injury site.
Transplanted cells expressed neuronal markers (TubIII). Hind limb
performance improved in transplanted animals based on Tarlov’s scale.
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Conclusion: Our findings indicate that mNSCs could facilitate recovery
in SCI. Additional studies are necessary to determine the improvement
mechanisms after cell transplantation.

W-3025

PREDICTION OF CENTRAL TRANSCRIPTION FACTORS

IN GENE REGULATORY NETWORK DURING IPS
DIFFERENTIATION TO PRIMARY NEUROSPHERE IN MOUSE
Mohammadnia, Abdulshakour’, Yaqubi, Moein? Fallahi, Hossein?,
Massumi, Mohammad?*

!Nanobiomaterial and Tissue Engineering, National Institute of Genetic
Engineering and Biotechnology, Tehran, Iran, “Nanobiomaterial and
Tissue Engineering, National Institute of Genetic Engineering and
Biotechnology, Tehran, Iran, *Department of Biology, Razi University,
Kermanshah, Iran, *National Institute of Genetic Engineering and
Biotechnology, Tehran, Iran

Introduction: Neurosphere is one of the crucial steps in derivation
of neuronal cells form stem cells. The generation of neuroshperes is
precisely tuned by Transcription factors (TFs). This bioinformatic
study is aimed to predict some new TFs involved in neurosphere
formation from induced Pluripotent Stem (iPS) cells by scrutinizing the
high throughput gene expression profile of iPS-derived neurosphere.
Method: Data were obtained from GEO server using GSE31598
accession number. Robust Multiple Averaging (RMA) algorithm
was used for normalization of raw data and differentially expressed
genes detected using fold change algorithm. Fold changes at 3 set
as threshold for differential gene expression analyses. Functional
clustering of differentially expressed genes performed using DAVID
6.7 and Enrichment scores more than 1.3 assumed as significant
clusters. Network construction and visualization were conducted using
Cytoscape 3.0.2.Topological and centrality parameters analyses of
constructed network were performed using Cytoscpe’s CentiScaPe v2.0
plugin. Eccentricity, Closeness and Degree, Betweenness, Stress and
Centroid applied to find central genes in the network. ClueGO v1.8
and CluePedia v1.3 used for biological process and KEGG pathway
analysis. MCODE plug-in was used to find high score module in
protein-protein interaction network and JActveModules was used to
find core activate modules in the network. Result: Differentiation of iPS
to Primary Neurosphere (PNS) revealed 2521 differentially expressed
genes from whose 1413 up- and 1108 were down-regulated. From these
regulated genes, fifty six TFs regulate expression of 2249 differentially
expressed genes in differentiation of iPS to PNS based on ChIP
enrichment analysis and 223 valid protein-protein interactions were
found for 50 of these TFs. POU5F1, NANOG, TRP53, KLF4, REST,
STAT3, TET1, BMI1, OLIG2, SUZ12 and SALL4 ranked as 10 top
central TFs in constructed gene regulatory network (SUZ12 and SALL4
have the same rank). Nervous system development was first Go term in
top module of gene regulatory network ontology with 66 differentially
expressed genes and lowest p-value. TFs include POU5F1, NANOG,
TRP53, KLF4, REST, STAT3, BMI1, OLIG2, SUZ12 and SALL4 were
found to present in 5 top active module of gene regulatory network.
Finding of 56 TFs specially these 10 TFs may be helpful to increase
efficiency of iPS to PNS differentiation.

W-3026

FUSARIC ACID UPREGULATING A SET OF

DOPAMINE ASSOCIATED GENES THROUGH A

TEADI| TRANSCRIPTIONAL FACTOR, EFFICIENTLY
DIFFERENTIATES FETAL HUMAN MESENCEPHALIC
NEURAL PROGENITOR CELLS INTO DOPAMINE
NEURONS.

Moon, Jisook!, Schwarz, Sigrid’, Schwarz, Johannes’, Kim, Kwang-
Soo*, Cha, Kwang Yul’, Chung, Sang-sup'

ICHA University, Seoul, Republic of Korea, *German Center for
Neurodegenerative Diseases (DZNE), Technical University, Munich,
Germany, *German Center for Neurodegenerative Diseases, Technical
University, Munich, Germany, ‘Department of Psychiatry, Program in
Neuroscience, McLean Hospital/Harvard Medical School, Belmont, MA,
USA, °CHA University, Seoul, Republic of Korea

Current clinical applications of cell therapy in Parkinson’s disease are
limited due to lack of sufficient quality control, tissue availability, limited
efficacy and safety concerns. Human midbrain neural progenitor
cells (hmNPCs) derived from fetal tissue are a promising source
to generate human dopamine (DA) neurons. Here, we extensively
characterize hmNPCs of various weeks of gestation (GW) and develop
a novel factor, Fusaric Acid (FA) for an efficient DA differentiation.
We demonstrate that prolonged expansion of hmNPC retain floorplate
markers and stemness without genetic modication. The potential
to differentiate into large quantities of A9 specific DA neurons is
elevated with FA which upregulated a set of DA associated genes such
as Nurrl, TH, SLCOIC1, DCT, VATIL, and KIAA1598 through a
novel transcriptional factor, TEAD]1. Furthermore, biological process
of gene ontology (GO) and KEGG pathway results as well as in vitro
study demonstrated the neuroprotection and differentiation effect of
FA. FA treated hmNPCs improve impaired motor function in rodents,
survive well in marmoset monkeys and do not exhibit tumor formation
in immunodeficient nude mice short- (8w) and long-term (30w).
We conclude, that hmNPCs are a promising source for GMP compliant
long-term expansion, thus, hmNPC may provide an auspicious and
safe alternative to generate sufficient dopaminergic neurons for clinical
applications.

W-3027

THE ROLE OF NRF2 AND OXIDATIVE STRESS
REGULATION IN ADULT NEUROGENESIS

Morante-Redolat, Jose Manuel', Pérez-Villalba, Ana', Belenguer
Sdnchez, Germdn!, Pérez-Sdnchez, Francisco!, Cuadrado, Antonio?
Farinas, Isabel!

'Departamento de Biologia Celular, Facultad de Biologia, Universidad de
Valencia/CIBERNED, Valencia, Spain, *Departamento de Bioquimica.
Facultad de Medicina, Universidad Autéonoma de Madrid, Madrid, Spain

Stem cells are found at specific locations within adult tissues and their
behavior and lifelong maintenance is regulated by both cell intrinsic
factors and signals from the microenvironment or niche in which
they reside. However, stem cell niches in mammalian tissues are still
poorly characterized likely owing to the dynamic changes required for
the continuous production of new cells and to the complexity of the
interactionsbetweenstem cellsand their neighbors. Inthesubependymal
zone (SEZ) of the murine adult brain, relatively quiescent multipotent
neural stem cells (NSCs), bearing typical features of astroglial/radial
glial cells, continually generate neuroblasts, via mammalian achete-
schute homologue 1 (Mash1)+/ distal-less homeobox 2 (DIx2)+ transit-
amplifying progenitor (TAP) cells. Subsequently, these progenitor cells
give rise to immature neuroblasts that migrate towards the olfactory
bulbs where they mature into different types of olfactory interneurons.
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Additionally, subependymal NSCs produce oligodendroblasts that
migrate and generate mature oligodendrocytes in the white matter
tracts of corpus callosum, fimbria fornix and striatum. Several studies
have found that stem cells niches are hypoxic microenvironments and
that high levels of reactive oxidative species are associated with stem cell
dysfunction. For example, disruption of oxidative stress pathways leads
to premature senescence of hematopoietic stem cells due to loss of their
quiescence and to a decline in the capacity for self-renewal in mouse
models. Ubiquitously expressed nuclear factor erythroid 2-related
factor 2 (NRF2) is a major transcriptional regulator of the global cell
response to oxidative stress. Interestingly, NRF2 response to oxidative
stress declines with age, suggesting that a deficient redox balance
could indeed underlie the decline in neurogenesis associated to aging.
However, although it has been reported that NRF2 plays a regulatory
role in several aspects of the homeostasis in hematopoietic stem cell
pools, functional studies in NSCs are missing. We have investigated
how NRF?2 regulates the behavior of subependymal NSCs, by analyzing
the SEZ and neurosphere cultures of NRF2-deficient mice. The results
suggest that lack of NRF2 leads to alterations in the proliferation of
NSCs and the production of differentiated progeny, both in vivo and
in vitro, that cannot be attributed exclusively to oxidative stress caused
by a defective antioxidant response. In fact, NRF2-null NSCs require
the presence of antioxidants in the medium in order to expand and
generate neurosphere cultures in vitro, but still show alterations in
proliferation and differentiation under reduced oxidative conditions.

W-3028

REWIRING OF INHIBITORY INTERNEURONS BY IN

VIVO REPROGRAMMING OF CORTICAL PROJECTION
NEURONS

Mostajo Radji, Mohammed', Ye, Zhanlei?, Rouaux, Caroline', Srubek
Tomassy, Giulio', Brown, Juliana!, Hensch, Takao?, Arlotta, Paola’
'Department of Stem Cell and Regenerative Biology, Harvard University,
Cambridge, MA, USA, *Department of Molecular and Cellular Biology,
Harvard University, Cambridge, MA, USA

We have previously demonstrated that direct lineage reprogramming
of post-mitotic excitatory projection neurons can be induced in the
cerebral cortex within a defined window of time. Upon overexpression
of the master transcription factor Fezf2, post-mitotic upper layer
callosal projection neurons (CPN) acquire molecular properties of
deep layer corticofugal projection neurons (CFuPN) and change their
axonal connectivity from interhemispheric, intracortical projections to
corticofugal projections directed below the cortex. Here, we sought to
determine whether reprogramming of upper layer CPN into deep layer
CFuPN is sufficient to instruct the remodeling of their surrounding
local inhibitory circuits. We first investigated the extent of projection
neuron reprogramming by performing single-cell gene expression
analysis of reprogrammed neurons. Our data shows that a subset of
cells that received Fezf2 significantly upregulated multiple molecular
markers of CFuPNs compared to control CPNs. In agreement, we find
that reprogrammed CPNs acquire electrophysiological properties that
are typical of CFuPNs. Notably, recordings of miniature inhibitory post-
synaptic currents (mIPSCs) demonstrated that reprogrammed neurons
receive increased inhibitory inputs, which resembled those of deep
layer CFuPNs. In order to gain insight into this electrophysiological
adaptation, we studied more specifically the contribution of
Parvalbumin- (PV-) positive interneurons (INs). We found that PV-
positive INs form more perisomatic synapses onto reprogrammed
neurons than onto CPNs, with levels indistinguishable from endogenous
CFuPNs. Optogenetic recordings and immunohistochemical analysis
further confirmed an increased number of synapses by PV INs onto
reprogrammed neurons. Further, we demonstrate that reprogrammed

projection neurons are not intrinsically more sensitive to inhibition
and therefore the observed increase of inhibitory input likely reflects
rewiring of the cortical circuit, rather than the expression of more
GABA receptors. Altogether, our results indicate that reprogramming
the identity of projection neurons is sufficient to reshape the local
inhibitory circuitry and highlights the importance of projection
neuron diversity in controlling this process.

W-3029

DEVELOPMENT OF CORTICAL NEURON
DIFFERENTIATION FROM PLURIPOTENT STEM CELLS
USING SMALL MOLECULES

Motono, Makoto

Clinical Application, Laboratory of Neuronal Regeneration, Center for
iPS Cell Research and Application, Kyoto University, Kyoto, Japan

The mammalian neocortex is a complex six-layered structure that
contains various types of neurons and glia. It has the regions of the
brain responsible for cognitive function, sensory perception, motor
function and so on. Methods to model human cortical development
in a controlled, defined manner from pluripotent stem cells (PSCs)
have considerable potential to enable functional studies of human
cortical development, circuit formation and function, and for
constructing in vitro models of cortical diseases. Furthermore, the
cells differentiated from PSCs using such methods are the promise
source to compensate neurons lost with diseases or injury. The use
of human PSCs as a donor cell source for transplantation therapy
requires defined and controlled differentiation conditions. Previously,
some laboratories showed that cortical neurons can be generated
from mouse and human PSCs by monolayer culture and serum-
free floating embryoid body-like quick aggregates differentiation
methods. However, these culture methods require the addition of
recombinant proteins such as Dkk1l (Wnt inhibitor), Lefty-1 (TGF-b/
activin/nodal inhibitor) or BMPRIA-Fc (BMP inhibitor), which
are produced in animal cells or E.coli, raising the possibility of
infection or immune rejection due to cross-species contamination.
By contrast, using chemical compounds to induce differentiation
offers several advantages compared with using recombinant proteins
for human clinical application. For examples, they are non-biological
products, show stable activity, and have small differences between
production lots. Thus, establishment of chemical compound-based
culture systems will be necessary for human pluripotent cell-based
transplantation therapies. In this study, we examined chemical
compounds, especially Wnt inhibitors, and found that there was a
difference in differentiation according to the inhibitors.

W-3030

A STEM CELL-BASED PLATFORM FOR DISCOVERY OF
REMYELINATING THERAPEUTICS

Najm, Fadi', Zaremba, Anita?, Madhavan, Mayur', Shick, Elizabeth’,
Karl, Robert!, Sargent, Alex? Factor, Daniel C.!, Miller, Tyler®, Quick,
Kevin*, Tang, Hong®, Papoian, Ruben®, Miller, Robert? Tesar, Paul J.!
!Genetics and Genome Sciences, Case Western Reserve University,
Cleveland, OH, USA, *Neuroscience, Case Western Reserve University,
Cleveland, OH, USA, °*Pathology, Case Western Reserve University,
Cleveland, OH, USA, *Perkin Elmer, Waltham, MA, USA, *University of
Cincinnati, Cincinnati, OH, USA

Millions of patients worldwide suffer from neurological disorders,
diseases, or injuries involving central nervous system (CNS)
demyelination. However no approved therapeutics currently exist
which can promote repair of damaged myelin. We have developed
a platform for the rapid production of pure, highly expandable
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populations of rodent oligodendrocyte progenitor cells (OPCs), the
premyelinating cells in the CNS, from pluripotent stem cells. This
provides a system for high throughput phenotypic screening for small
molecules that enhance the generation of mature oligodendrocytes
from OPCs. We performed a primary phenotypic screen using both
drug repurposing libraries and diversity collections of novel chemical
entities. Hits were identified with activity 5 standard deviations above
vehicle and validated across an 8-point dose curve. Validated primary
hits were then subjected to functional assays to assess their ability to
promote precocious myelination in ex vivo rodent brain slice cultures
and in vivo in early postnatal mouse pups. Functional assay hits were
then tested in the MOG35-55 chronic EAE rodent model of multiple
sclerosis where 3 compounds showed significant enhancement of
remyelination and reduction of clinical severity. When tested on
human OPCs in vitro, these compounds also enhanced the generation
of mature human oligodendrocytes providing direct relevance to
human OPC biology. Our screening pipeline provides a powerful
platform to discover candidate small molecule therapeutics that
enhance remyelination in the CNS.

W-3032

EFFECTS OF ALTERED GTF2I AND GTF2IRD| EXPRESSION
ON THE GROWTH OF NEURAL PROGENITORS AND
ORGANIZATION OF THE MOUSE CORTEX

Oh, Hyemin Amy

Institute Of Medical Sciences, University of Toronto, Toronto, ON,
Canada

Williams-Beuren syndrome (WBS) is a rare neurodevelopmental
disorder caused by the deletion of 26 genes on human chromosome
7q11.23. People with WBS exhibit an array of cognitive and behavioral
features including intellectual disability, social disinhibition, anxiety
and specific phobias, deficits in visuospatial construction and attention
deficit hyperactivity disorder, but the neurobiological basis for these
symptoms remains unknown. Clinical studies and analysis of WBS
mouse models suggest that deletion of distal genes in WBS region
contribute to the development of neurocognitive features of the disorder.
Our lab has generated mouse models with altered gene dosage of two
candidate genes from the WBS commonly deleted region, General
Transcription Factor 2 I (Gtf2i) and GTF2I Repeat Domain containing
protein 1 (Gtf2irdl). These models include mice with hemizygous
deletion of Gtf2i (Gtf2i+/-) or of both genes (Gtf2i/Gtf2ird1+/-) and
mice with duplication of Gtf2i (Gtf2i+/Dup). We have used these mice
to investigate effects of altered copy number of Gtf2i and/or Gtf2ird1
on neural stem cell growth and neurogenesis, using neural precursor
cells (NPCs). NNPCs from the brain cortex of embryonic day 12.5 mice
were dissected, dissociated, seeded at equal densities and cultured for 3
days in vitro (d.i.v.). We then used cell-specific markers to analyze cell
proliferation, apoptosis and differentiation. Our results showed that the
changes in gene copy number of both Gtf2i and Gtf2ird1 affected neural
precursor physiology, maintenance, proliferation and differentiation
in a dose dependent manner in the midgestation developing mouse
cortex. Hemizygous deletion of Gtf2i and Gtfizrdl had an overall
reduction in the number of neuronal precursors compared to wild type
littermates with no changes in proliferation and apoptosis. In contrast,
duplication of Gtf2i had an increase in the number of precursors
with increased proliferation. Similarly, deletion mice had reduced
neurogenesis whereas duplication mice had enhanced neurogenesis.
These disturbances incurred during early stages of brain development
resulted in aberrant postnatal brain formation. Increased cell-packing
density in cortical layer 5 was observed in deletion mice. There was
an increase in layer 2-3 cortical thickness in duplication mice with
no changes in overall cell density. The growth and differentiation of

the neural precursors into neurons and the specification of specific
neuronal subtype identities are crucial in the proper development of
the cortex, and we hypothesize that some of the neurological features
of WBS may stem from impairments in these early stages of neuronal
development.

W-3033

INDUCTION OF GABAERGIC NEURON FROM ADULT RAT
OLFACTORY SPHERE CELLS

Ohnishi, Yu-ichiro!, Iwatsuki, Koichi!, Shinzawa, Koei?, Yoshimine,
Toshiki'

'Department of Neurosurgery, Osaka University Medical School, Suita,
Osaka, Japan, “Department of Medical Genetics, Osaka University
Medical School, Suita, Osaka, Japan

Olfactory spheres (OSs) are clusters of cells generated by culturing
the olfactory mucosa. We used a serum-free culture method to
generate OSs from adult rat olfactory mucosa. We previously reported
that OS cells expressed oligodendrocyte precursor markers, and
underwent oligodendrocyte and Schwann cell differentiation in
vitro and in vivo. In this study, we have demonstrated that valproic
acid (VPA), the histone deacetylase inhibitor and clinical use as an
anticonvulsant drug for epilepsy, induced the gabaergic neuronal
differentiation of adult rat OS cells in vitro in concentration-
dependent manner. VPA increased the number of neuronal marker-
positive cells, and decreased oligodendrocyte marker-positive cells
as measured by immunofluorescence staining. Western blotting and
immunofluorescence analyses showed that OS cells treated with VPA
had increased levels of acetylated histones H3 and H4. VPA also
increased the number of GAD67 and GABA-positive cells. Western
blotting analyses presented that VPA treatment increased the levels
of GAD67. RT-PCR analysis showed that OS cells expressed Dlx1/2
gene, and VPA increased the expression of neuronal marker genes of
OS cells.

W-3034

HYPERPOLARIZATION-ACTIVATED CYCLIC-NUCLEOTIDE
GATED CATION CHANNELS REGULATE MURINE NEURAL
PROGENITOR CELL PROLIFERATION

Omelyanenko, Anna', Johard, Helena', Gao, Fei', Zilberter, Misha?,
Harkany, Tibor? Blomgren, Klas®, Andiang, Michael!

'Department of Physiology and Pharmacology, Karolinska Institutet,
Stockholm, Sweden, 2Department of Biochemistry and Biophysics,
Karolinska Institutet, Stockholm, Sweden, *Department of Women’s and
Children’s Health, Karolinska Institutet, Stockholm, Sweden

The role of calcium in cell proliferation has long been established.
However, it is still unknown what role, if any, other ions may play
in this process. We have previously reported that GABA A channels,
conducting a chloride current, regulate the proliferation of murine
neural progenitor cells (NPC) isolated from the subventricular zone
(SVZ). In the present work we looked at the possible contribution
of cation channels to determining the proliferative rate of NPCs. We
found that channels belonging to the hyperpolarization-activated cyclic
nucleotide-gated channel (HCN) family, namely HCN2 and HCN3,
are expressed in NPCs isolated from the SVZ of adult mice and are
electrically active. On a protein level, channel abundance varies between
NPCs, but is significantly higher in cells in the S and G2/M cell cycle
phases. Correspondingly, the HCN current could only be recorded in
cell from S and G2/M cell cycle fractions after FACS according to DNA
content, suggesting a cell cycle phase specific role for the HCNs. To
test for possible functional importance of these channels, we blocked
their function by shRNA knockdown and small molecule inhibition.
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Both treatments resulted in a significant reduction in NPC numbers by
reducing their proliferative rate. NPCs with perturbed HCN function
accumulated in G1, with little induction of apoptosis or differentiation.
In the case of small molecule inhibition, the effect was fully reversible
and upon washout, normal proliferation of the NPCs was restored. The
same effect was observed on NPC proliferation in vivo upon injection
of the specific inhibitor. We are currently investigating the role of HCNs
in cell cycle progression and the mechanism mediating the observed
reversible accumulation of NPCs in the G0/G1 phase and reduction in
proliferation upon attenuation of HCN function.

W-3035

CONVERSION OF PRIMARY AND PLURIPOTENT STEM
CELL-DERIVED NEUROEPITHELIAL STEM CELLS INTO
REGION-SPECIFIC RADIAL GLIA

Ostermann, Laura', Ladewig, Julia', Miiller, Franz-Josef?, Tailor,
Jignesh®, Smith, Austin®, Koch, Philipp’, Oliver, Briistle'

Institute of Reconstructive Neurobiology, University of Bonn, Bonn,
Germany, *Department of Psychiatry and Psychotherapy, Centre for
Integrative Psychiatry, Kiel, Germany, *Wellcome Trust Centre for Stem
Cell Research, Cambridge, United Kingdom

In recent years it has become possible to isolate and expand neural
stem cells (NSCs) from different sources using growth factor-based
protocols. A still open question is to what extent these diverse stem cell
systems reflect physiological stem cell states observed in vivo. During
nervous system development, early neuroepithelial stem (NES) cells
with a highly polarized morphology and responsiveness to regionalizing
morphogens give rise to radial glia (RG) cells, which generate region-
specific neurons. Recently, stable neural cell populations reminiscent of
NES cells have been obtained from pluripotent stem cells (1t-NES cells)
and the fetal human hindbrain (hbNES cells). Here, we explore whether
these cell populations, similar to their in vivo counterparts, can give
rise to regionally specified RG-like cells. To that end we propagated It-
NES and hbNES cells temporarily in differentiating conditions. Upon
re-initiation of growth factor treatment, these cells were found to enter
a developmental stage reflecting major characteristics of RG cells.
These RG-like NSCs could be expanded for at least 25 passages and
expressed markers typically associated with RG cells, while NES cell
markers were down-regulated. RG-like cells exhibited stable region-
specific transcription factor expression with anterior, hindbrain- or
spinal cord-derived RG-like cells maintaining their positional identity
during multiple passages of in vitro proliferation and upon in vivo
transplantation. Preservation of positional identity was robust and
could not be overcome even by strong regionalizing factors such as
retinoid acid. Along this line, RG-like cells generated region-specific
neurons appropriate for their positional identity. Importantly, RG-
like cells obtained from PSC-derived 1t-NES cells and hbNES cells as
well as primary human RG cells showed similar properties, indicating
that conversion of NES cells into RG-like cells recapitulates the
developmental progression of early NES cells into radial glia cells
observed in vivo.

W-3036

COMPARATIVE STUDIES OF PRIMATE CEREBRAL CORTEX
DEVELOPMENT USING PLURIPOTENT STEM CELL
MODELS

Otani, Tomoki, Livesey, Frederick J.

Wellcome Trust /CRUK Gurdon Institute, Cambridge, United Kingdom

The cerebral cortex is the region of the central nervous system
responsible for many higher brain functions, including sensory
perception, executive functions, consciousness and creativity.

Compared to other primate species, the human cortex contains an
increased number of neurons, as well as a relatively enlarged surface
area and expanded volume. These evolutionary differences are thought
to contribute to humans’ increased cognitive ability. Using methods to
replay cerebral cortex development from human pluripotent stem cells,
we have compared in vitro cortical development between humans and
non-human primates, focusing initially on macaques. Many aspects
of human cortical development are similar in macaques, including
the diversity of neural progenitor cell populations, the developmental
progression from lower to upper cortical neurogenesis, and
eventual emergence of neuronal networks with functional synapses.
However, the timings of these events in macaque development
are notably abbreviated compared with humans: macaque cortical
progenitor cells cycle faster, and the temporal order of neurogenesis
is compressed relative to humans. Individual neurons also undergo
electrophysiological maturation over a shorter period of time. Clonal
analysis of cortical progenitor cells found that macaque cells switch
their mode of cell division from symmetric expansion to asymmetric
neurogenesis much earlier in development, resulting in smaller clonal
output and reduced clone sizes. Initial results to investigate the relative
roles of cell autonomous mechanisms and intercellular signaling/
environment in species-specific development, using human/macaque
cortical stem cell co-cultures, suggest that these differences are driven
by cell autonomous, species-specific mechanisms.

W-3037

HUMAN FETAL BRAIN-DERIVED NEURAL STEM/
PROGENITOR CELLS GRAFTED INTO THE ADULT
EPILEPTIC BRAIN RESTRAIN SEIZURES IN RAT MODELS

OF TEMPORAL LOBE EPILEPSY

Park, Kook In', Lee, Haejin? Yun, Seokhwan?, Kim, Il-Sun®, Lee, Il-
Shin?, Shin, Jeong Eun?, Park, Soo Chul*, Kim, Won-Joo*

ISeverance Children’s Hospital, Department of Pediatrics, Brain Korea 21
Plus Project for Medical Science, Yonsei University College of Medicine,
Seoul, Republic of Korea, *Brain Korea 21 Plus Project for Medical
Science, Yonsei University College of Medicine, Seoul, Republic of
Korea, Severance Children’s Hospital, Department of Pediatrics, Yonsei
University College of Medicine, Seoul, Republic of Korea, *Department
of Neurology, Yonsei University College of Medicine, Seoul, Republic of
Korea

Temporal lobe epilepsy (TLE)_the most prevalent type of partial
epilepsy_is typically resistant to antiepileptic drug therapy. Cell
transplantation has been suggested as an alternative therapy because
this can suppress epileptogenesis and spontaneous recurrent motor
seizures in animal models. To evaluate the therapeutic potential
of human neural stem/progenitor cells (NSPCs) for treating TLE,
we transplanted human NSPCs, derived from an aborted fetal
telencephalon at 13 weeks of gestation and expanded in culture as
neurospheres over a long time period, into the epileptic hippocampus
of fully kindled and pilocarpine-treated adult rats exhibiting TLE.
NSPC grafting reduced behavioral seizure duration, afterdischarge
duration on electroencephalograms, and seizure stage in the kindling
model, as well as the frequency of spontaneous recurrent motor
seizures in pilocarpine-induced animals. However, NSPC grafting
neither improved spatial learning or memory function in pilocarpine-
treated animals. Human NSPCs not only gave rise to all three central
nervous system neural cell types in vitro, but also differentiated into
ganglionic eminences-derived y-aminobutyric acid (GABA)-ergic
interneurons and released GABA in response to the depolarization
induced by a high K* medium. Following transplantation, grafted
cells showed extensive migration around the injection site, robust
engraftment, and long-term survival, along with differentiation into
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Btubulin III* neurons (~34%), APC-CC1* oligodendrocytes (~28%),
and GFAP* astrocytes (~8%). Furthermore, among donor-derived
cells, ~24% produced GABA. Additionally, NSPC grafting restores
the anticonvulsant glial cell-derived neurotrophic factor levels in host
hippocampal astrocytes of the epileptic brain. These results suggest
that human fetal brain-derived NSPCs possess some therapeutic effect
for TLE treatments although further studies to both increase the yield
of NSPC grafts-derived functionally integrated GABAergic neurons
and improve cognitive deficits are still needed.

EYE OR RETINAL CELLS

W-3038

AUTOPHAGY MEDIATES THE TISSUE REGENERATION OF
CORNEAL STEM CELLS FOR ULTRAVIOLET A-INDUCED
CORNEAL DAMAGE

Chen, Ying-Ting, Pollreisz, Andreas, Schmidt-Erfurth, Ursula
Ophthalmology, Medical University of Vienna, Vienna, Austria

Autophagy is a cellular program for the lysosomal degradation of
damaged organelles, protein aggregates and bulk cytoplasm. Critical
roles of autophagy have been reported for various epithelia exposed
to cellular stress caused by UV radiation and implicated in stem cell-
mediated tissue regeneration. In current study we aim to establish an
in vivo model for determining the function(s) of autophagy in the
limbal stem cells (LSC). Mice carrying floxed (loxP sites containing)
alleles of the essential autophagy-related gene Atg7 were crossed with
mice expressing the Cre recombinase under the control of the basal
progenitor’s Krt14 promoter. This led to efficient deletion of Atg7 in
the basal progenitors at the limbus. UVA at the dose of 100]J/cm-2 was
applied to 3 Atg7f/f Krt14-Cre mice and 3 Atg7f/f controls. RNA and
protein lysate of enzymatic isolated corneal epithelia were collected
for qPCR and WB analysis. Rapid adhesion with fibronectin was used
to enrich Krtl4-expressing basal progenitors for determining the
differential roles of autophagy for LSCs during tissue repair. Before
UVA exposure, Atg7f/f controls in WB expressed basal expression
of autophagy-associated LC3-I and LC3-II proteins, while absent
in Cre mice. Six hours after UVA exposure, WB analysis revealed
accumulation of autophagy-associated LC3-II protein in the corneas
of Atg7f/f controls with a LC3 I to LC3 II shift, in contrast to negligible
signals of LC3 I in Atg7f/f Krt14-Cre mice. Corneal progenitor marker
p63 was activated in WT post-UVA irradiation (+4.88 fold vs. control)
while inactivated in Atg7-KO (+0.65 fold vs. control) at transcriptional
level (p<0.05). The central corneal thickness in WT vs. Atg7-KO is 49.4
vs. 36.8 um (p <0.05). The current study established Atg7f/f Krt14-Cre
mice as a model suitable for characterizing the roles of autophagy in
the LSC. Autophagy might play a critical role in promoting LSCs in
post-UVA corneal tissue regeneration.

W-3039

P-CADHERIN IS NECESSARY FOR MOUSE RETINAL STEM
CELL CLONAL COLONY FORMATION IN VITRO, BUT IS
DISPENSIBLE FOR THE DEVELOPMENT OF RETINAL STEM
CELLS INVIVO.

Coles-Takabe, Brenda, van der Kooy, Derek J.

Molecular Genetics, University of Toronto, Toronto, ON, Canada

Adult retinal stem cells (RSCs) are rare quiescent cells within the bi-
layered ciliary epithelium (CE) of the eye, which is made up of non-
pigmented inner (NPE) and pigmented outer cell layers (PCE). The
pigmented CE expresses the cell surface marker P-Cadherin (P-Cad)
and the non-pigmented layer expresses N-Cadherin (N-Cad). Through

FACs and single cell analyses, we previously have shown that RSCs
arise from the pigmented CE and express P-Cad. However, the clonal
RSC colonies that arise from the CE are made up of both pigmented
and non-pigmented retinal precursor cells, and the spheres express
both P-Cad and N-Cad. In order to test whether these cell surface
cadherins were important to the formation of RSC sphere colonies,
function-blocking cadherin antibodies were used. Mouse CE cells were
dissociated into single cells and function-blocking antibodies were
employed to generate dose response effects on clonal sphere formation.
Both P- and N-Cad antibody treated cells revealed significant decreases
in sphere formation compared to controls (there were no effects of a
control E-Cad antibody). These results suggest that P- and N-Cad may
facilitate the adherence of the cells in the formation of the clonally
derived spheres. P-Cad-/- mice were employed to test whether P-Cad is
required for RSC development and maintenance in vivo. The P-Cad-/-
mice had 2.5 times more clonal RSC spheres than control mice;
however the extent of the PCE in vivo and the frequencies of clonal
sphere formation were similar in the knockout and wild-type mice,
suggesting that fewer RSCs and other CE cells were damaged during
their dissociation from P-Cad-/- mice. This suggests that we may be
underestimating the numbers of RSCs present in vivo. The ubiquitous
P-Cad-/- mice may up-regulate compensatory adhesion molecules
that keep the ciliary epithelium together, and may mask any effect that
loss of the P-Cad may have on the retinal stem cell. Experiments that
selectively knock out P-Cad in an adult eye may elucidate any effects that
P-Cad may have on the RSC in vivo. These experiments demonstrate
that the RSCs reside in the PCE layer and that they express P-Cad,
which may be important to the formation of adherent sphere colonies
in vitro, but is not essential for the development of RSCs in vivo.

W-3040

DERIVATION OF TRACEABLE AND TRANSPLANTABLE
PHOTORECEPTORS FROM MOUSE EMBRYONIC STEM
CELLS

Decembrini, Sarah’, Koch, Ute?, Radtke, Freddy?, Moulin, Alexandre?,
Arsenijevic, Yvan'

'Unit of Gene Therapy and Stem Cell Biology, Jules-Gonin Eye Hospital,
Lausanne, Switzerland, *Institut Suisse de Recherche Expérimentale
sur le Cancer, Ecole Polytechnique Fédérale de Lausanne, Lausanne,
Switzerland, Eye Pathology Laboratory, Jules-Gonin Eye Hospital,
University of Lausanne, Lausanne, Switzerland

Retinal degenerative diseases resulting in the loss of photoreceptors
are a major cause of blindness. Recently, different groups validated
the possibility to reactivate dormant retinal circuits of degenerating
retinas using retinal prosthesis, gene therapy and cell replacement
therapy. Photoreceptor replacement therapy may be feasible since
transplanted photoreceptors, collected directly from the developing or
the adult retina, have been shown to restore some visual function in
mice affected by retinal degeneration. Because the developing retina
is not a suitable source of renewable photoreceptors, we focused on
embryonic stem cells (ESC) for their capacity to generate retinal
progenitors and photoreceptor cells in vitro. In this study, we derived
a new transgenic ESC line in which the reporter gene, the Crx-GFP
transgene, is expressed in both post-mitotic immature and mature
photoreceptors, and assessed the extent to which this protocol
recapitulates photoreceptor development in vitro. Various oxygen
concentrations were tested at different development stages to improve
photoreceptor production. As observed during retinogenesis, the
optimized 3D-retina induction protocol allows the production of GFP-
positive photoreceptors between 12 and 14 days of culture reaching the
peak of birth between day 18 and 20 of culture. Similarly the intensity of
the GFP signal and their alignment increased over time. We observed
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that hyperoxic condition improved photoreceptor survival only when
present from photoreceptor differentiation onset. Up to 10 layers of
photoreceptors can be formed in each in vitro-generated retina. In
addition we proved that transplantation of ESC-derived photoreceptors
is feasible. No appearance of tumour formation was detected after
transplantation of sorted photoreceptor cells. Many Crx-GFP-positive
cells show the presence of outer-segments, ribbon synapses, and
light signal transduction pathway proteins. These experiments show
the feasibility to reliably generate a large quantity of integration-
competent photoreceptors from ESC. A further characterization of the
transplanted photoreceptors to reveal their capacity to mediate light
stimuli is underway.

W-3041

BMPS AND SFRP2 MAINTAIN ADULT RETINAL STEM CELL
QUIESCENCE IN VITRO AND THEIR INHIBITION IN VIVO
ELICITS PROLIFERATION IN THE MOUSE EYE

Grise, Kenneth Neil, Balenci, Laurent, van der Kooy, Derek J.
Molecular Genetics, University of Toronto, Toronto, ON, Canada

Adult retinal stem cells (RSCs) are a rare subset of cells that reside in
the pigmented ciliary epithelium (CE) of the mammalian eye. Once
dissociated from the CE, RSCs readily proliferate to form clonal, free
floating spheres after 7 days. These spheres have the capacity to self-
renew as well as differentiate into retinal pigmented epithelium (RPE)
and all of the cell types of the neural retina (NR). Despite having the
capacity to proliferate in vitro, RSCs do not proliferate or generate new
retinal cells in adult mammals in vivo. Yet, the proliferative capacity
of RSCs outside of the eye suggests that quiescence is not an intrinsic
property of RSCs, but rather, resultant of interactions with inhibitory
factors in the RSC niche. Thus, we aimed to identify the factors
responsible for maintaining RSC quiescence and determine if those
factors can be targeted in vivo to disinhibit RSC proliferation and
induce retinal neurogenesis. To investigate if discrete tissue types in
the eye contribute to the inhibitory RSC niche, we generated tissue-
specific conditioned media (CM) from postnatal day 2 (PND2) and
adult mouse eyes and added it during the primary RSC clonal sphere
formation. The CM from PND2 eye tissues had no effect on sphere
growth, whereas the CM from the lens and cornea of adult eyes showed
dose-dependent reductions in sphere number. Furthermore, sphere
number was rescued upon CM washout, suggesting the presence
of secreted factors unique to the adult lens and cornea that could
reversibly suppress RSC proliferation. Due to previous evidence that
the TGFP and Wnt pathways regulate retinal stem cell proliferation,
we considered two proteins known to be expressed in the adult eye
as potentially mediating the lens and cornea CM inhibition: bone
morphogenic proteins (BMPs) and secreted frizzled related protein 2
(sFRP2). We found that BMP proteins can dose-dependently impede
sphere formation and that the BMP inhibitor, noggin, was able to
restore sphere formation to control levels. Similarly, recombinant
sFRP2 suppressed sphere number and this was reversible upon the
addition of a function blocking antibody against sFRP2 (a-sFRP2).
When noggin and a-sFRP2 were added in combination to lens and
cornea CM, sphere number returned to control levels. Thus, inhibiting
BMP and sFRP2 signaling eliminated lens and cornea CM-induced
quiescence of adult RSCs in vitro. Next, we investigated whether BMP
and sFRP2 inhibition could disinhibit RSC quiescence in vivo. We
injected noggin or a-sFRP2 intravitreally 3 times at 24 hour intervals
into the right eye. The left eye was injected with an equivalent volume
of PBS as a control. All injections also included 0.5ug/uL of EQU. Seven
days after the last injection, EdU-positive cells were detected in both
noggin and a-sFRP2 treated eyes at a much higher frequency than
control at all doses. Also, the number of EdU-positive cells in both

conditions appeared to be dose-dependent. These results establish that
proliferation can be induced through inhibition of BMP and sFRP2
signaling within the adult mouse eye. This is a promising, yet very
preliminary, result. Experiments are underway to better characterize
the cell types being induced to proliferate, the combinatorial effects of
noggin and a-sFRP2 together and with mitogens, as well as whether
any retinal neurogenesis ensues.

W-3042

COMBINED CELL AND GENE THERAPY TOWARDS

THE TREATMENT OF AGE-RELATED MACULAR
DEGENERATION AND DIABETIC RETINOPATHY
Hacibekiroglu, Sabiha', Michael, Iacovos’, Westenskow, Peter?,
Ballios, Brian George*, Mitrousis, Nikolaos®, Jingsheng, Tuo®, Chan,
Chi Chao®, Boyd, Shelley R.5, van der Kooy, Derek J.%, Shoichet, Molly
S.%, Friedlander, Martin®, Nagy, Andras’

!LTRI/Mount Sinai Hospital, Toronto, ON, Canada, “Swiss Institute for
Experimental Cancer Research, Lausanne, Switzerland, *The Scripps
Research Institute, La Jolla, CA, USA, *Donnelly Centre for Cellular
and Biomolecular Research, Toronto, ON, Canada, °National Eye
Institute, National Institutes of Health, Bethesda, MD, USA, °Li Ka Shing
Knowledge Institute, Toronto, ON, Canada, ’Lunenfeld-Tanenbaum
Research Institute, Mount Sinai Hospital, Toronto, ON, Canada

Age-related macular degeneration (AMD) and diabetic retinopathy
(DR) are the most common blindness-causing eye diseases affecting
millions of people worldwide. Both are associated with abnormal
blood vessel growth (neovascularization) and properties caused by the
up-regulation of vessel endothelial growth factor A (VEGF-A). This
leads to vascular leakage, vessel dilatation, tortuosity, haemorrhage and
ultimately to cell death, severe vision loss or even blindness. Current
treatments include injection of anti-angiogenics such as VEGF-A
antibody (e.g. Ranibizumab). Such treatments improve visual function
through regression of abnormal blood vessels and haemorrhage that
blocks vision. However, the repair is temporary, thus the patients
require monthly injections. In addition, these treatments could have
side effects such as stroke, gastrointestinal perforations and bleeding.
To overcome the problems of current therapies, we hypothesized that
replacement of damaged cells that produce doxycycline inducible
novel, local acting anti-VEGF mini-bodies can inhibit abnormal blood
vessel growth in AMD and DR in a controlled and long-term manner,
thereby improving vision and diminishing any potential side effects.
In previous studies, we have generated a bi-functional VEGF
sticky-trap (by modifying the original VEGF trap) that is able to
trap VEGF as well as bind (i.e. “stick”) to the extracellular matrix
(ECM) through binding to heparan-sulphate proteoglycans. This
consequently allows inhibition of neovascularization only at the site
of expression or administration. We have shown that VEGF sticky-
trap, upon intravitreal and subretinal injection, binds to the ECM
components of the eye. In contrast to the original VEGF trap, VEGF
sticky-trap was undetectable in circulation 6 hrs post eye injection.
These results indicate that VEGF Sticky-trap remains locally at the
site of administration and once it enters the circulation it is degraded
within a short amount of time (<6 hrs) limiting systemic side effects.
Furthermore, we have shown that VEGF sticky-trap is able to
inhibit neovascularization in a murine model of DR demonstrating
the effectiveness of this biologic in an in vivo environment.
Functional retinal pigment epithelium (RPE) cells and neuronal
progenitor cells expressing VEGF sticky-traps in a doxycycline
(DOX)-inducible manner have been generated from human
and mouse embryonic stem cells. We have shown that VEGF
sticky-trap, expressed by these cells in vitro, is able to bind to cell
ECM and trap soluble VEGF only upon DOX induction. These
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transgenic RPE cells were able to incorporate into the eye, and we
are currently evaluating the ability of these cells to express VEGF
sticky-trap in vivo, to inhibit NV and improve vision in animal
models of AMD and DR, such as the laser-induced chorodial NV
mouse, the Ccl2;Cx3crl double KO mouse and the OIR mouse.
The injection of these cells into the diseased eye will allow for long-
term treatment of AMD and DR by replacement of atrophic cells,
doxycycline controlled inhibition of neovascularization and reduction
of abnormal blood vessel. Ultimately, this novel combination of stem
cell and gene therapy approach may translate into improved treatment
options for patients with AMD and DR and contribute to currently
on-going clinical trials using RPE cells transplantation into the eye of
patients with AMD.

W-3043

DIRECTED DIFFERENTIATION OF SKIN-DERIVED
PRECURSORS INTO FUNCTIONAL CORNEAL
ENDOTHELIUM

Inagaki, Emi', Hatou, Shin', Yoshida, Satoru!, Kawakita, Tetsuya',
Okano, Hideyuki? Tsubota, Kazuo', Shimmura, Shigeto'

'Keio University School of Medicine, Tokyo, Japan, *Keio University,
School of Medicine, Tokyo, Japan

Purpose: Corneal endothelial dysfunction remains a major indication
for corneal transplantation. However, corneal transplantation has
problems such as shortage of donors and graft rejection. Skin-
derived precursors (SKPs) are postnatal stem cells with neural crest
derivation same as corneal endothelium. These cells can be easily
isolated from skin segments and have the capacity to differentiate into
multiple cell types. In this study, we show that upon exposure to some
growth factors, murine SKPs acquire sufficient corneal endothelial
features that could make these cells suitable in future autologous
stem cell therapy for corneal endothelium dysfunction patients.
Methods: SKPs were isolated from neonate murine skin and cultured
in SKPs proliferation medium. SKPs-TECE (SKPs derived corneal
endothelium) was engineered in a medium containing retinoic acid
and glycogen synthase kinase (GSK) 3b inhibitor (activator of Wnt/
b-catenin signaling). RT-PCR, Immunohistochemistry and in vitro
measurement of NaK-ATPase pump function was measured by using
chamber. To assess function of TECE in vivo, we used rabbit penetrated
keratoplasty model. Normal rabbit cornea was stripped endothelium
with D’s membrane. TECE with collagen carrier was transplanted
by using this cornea, whereas control group was transplanted
only collagen carrier. Results: SKPs-TECE express major corneal
endothelial cell markers (Atplal, Slc4a4, Col4a2, Col8a2, and Cdh2).
Immunohistochemistry staining revealed major tight junction marker,
ZO1 staining in SKPs-TECE. Na,K-ATPase pump activity of SKPs-
TECE was 300.3+37.9uA/cm2, which was significantly higher than
control 3T3 cells, and over 2.5-fold higher than cultured mouse corneal
endothelial cells (116.3+34.4puA/cm2). Furthermore, SKPs-TECE
transplanted into rabbit corneas (n=4) maintained transparency and
corneal thickness (544.0+85.0uM), whereas control corneas without
SKPs-TECE (n=6) showed marked edema and increased corneal
thickness (1105.8+165.9uM). Conclusion: We successfully induced
functionally differentiated corneal endothelium from murine postnatal
stem cells derived from skin. This may lead to a novel autologous stem
cell therapy for corneal endothelial function.

MUSCLE CELLS

W-3049

PERICYTES INDUCE BOTH SATELLITE CELL QUIESCENCE
AND DIFFERENTIATION DURING POST-NATAL MUSCLE
GROWTH

Kostallari, Enis, Baba-Amer, Yasmine, Lafuste, Peggy, Gherardi,
Romain

INSERM U955 / Team 10, Créteil, France

Muscle microvasculature is often considered solely as a source
of nutrients and oxygen for growing muscle cells. However,
muscle microvascular cells are also important cell players in
muscle satellite cells (mSCs) niche, which represents a major
aspect of muscle stem cell biology and just starts to be explored.
The present study aims at understanding in depth the functional
relationships between microvascular cells and mSCs during post-natal
muscle growth. The project is in line with previous findings of our lab
indicating that (1) similarly to rodents, muscle microvasculature is
stereotypically organized into microvascular units of 6-to-8 capillaries
in humans; (2) capillaries are closely associated with, and functionally
interact with mSCs in adult humans and mice; 3) both autocrine
and paracrine Angiopoietinl (Angpt-1/Tie2) signalling promote
mSC quiescence and self-renewal. Capillaries host both endothelial
cells (ECs) and peri-endothelial cells called pericytes that exert ECs
stabilizing properties, and represent one important source of Angpt-1.
In vitro, we performed indirect co-cultures, muscle myofibers culture
in conditioned media and long term culture in conditioned media
to study the effects of pericytes and ECs on the behavior of mpc
(mSC in culture). We showed that ECs stimulated mSC proliferation
through PDGF-BB and Angpt-2, whereas pericytes had dual effects,
promoting myogenic cell differentiation through IGF-1 and inducing
mSC quiescence through Angpt-1. In vivo, we used C57Bl/6 mice
to study the post-natal development. We show that in adult muscle
almost all capillary sections show pericyte coverage, and ~75% of
quiescent mSCs are closely associated with a pericyte. During post-
natal mouse muscle development, NG2+ pericytes are initially remote
from cycling mSCs, and progressively move towards mSCs, entering in
their vicinity as myofibers increase in size and mSCs become quiescent.
The phenomenon is associated with myofiber growth suggesting
coordinated angio-myogenesis. We used also two transgenic mouse
strains: Tg:NG2-Cre:iDTR mice and Tg:TNAP-CreERT2:Angpt-1
mice to study the effect of pericyte ablation or pericyte-derived
Angpt-1 depletion on the behavior of mSC during post-natal
development and regeneration. Consistently, DT-induced ablation of
muscle pericytes in adult muscle of Tg:NG2-Cre:iDTR mice and early
conditional inhibition of pericyte Angpt-1 production in Tg:TNAP-
CreERT2:Angptl mice, induced the release of mSCs from homeostatic
quiescence. This basic research study will allow a better understanding
of cell interplays and molecular pathways supporting muscle growth
and regeneration. It may lead to novel therapeutic strategies aimed at
stimulating the regenerative angio-myogenic program in injured and
diseased muscle, in line with recent evidence that muscle regeneration
can be improved by combined delivery of angiogenic and myogenic
factors.
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W-3050

SELF-RENEWAL AND DIFFERENTIATION OF SKELETAL
MUSCLE SATELLITE CELLS ARE REGULATED BY C/EBP
BETA

Lala-Tabbert, Neena, Marchildon, Francois, Fu, Dechen, Wiper-
Bergeron, Nadine

Cellular and Molecular Medicine, University of Ottawa, Ottawa, ON,
Canada

Post-natal growth and repair of skeletal muscle relies upon a population
of quiescent muscle precursor cells, called satellite cells (SCs). These
cells are capable of being activated to proliferate and differentiate into
new myofibres, as well as self-renew to re-populate the SC niche. Our
lab is interested in examining the role of CCAAT/Enhancer Binding
Protein beta (C/EBPP), a bZIP transcription factor, in myogenesis.
We found that overexpression of C/EBPP in C2C12 myoblasts and
primary myoblasts reduced MyoD and myogenic protein levels during
differentiation, in addition to reducing fusogenic ability. Furthermore,
C/EBP increased Pax7 protein expression, in vitro, and was localized
to Pax7+ SCs, in vivo. C2C12 myoblasts overexpressing C/EBP(
were phenotypically similar to slowly proliferating satellite cells as
demonstrated by their decreased BrdU incorporation and increased
expression of the quiescent satellite cell marker, Caveolin-1. Using
genetic tools to conditionally abrogate C/EBP expression in SCs, we
found thatloss of C/EBP led to increased differentiation and decreased
self-renewal of SCs in myofiber cultures. Furthermore, loss of C/EBPJ
in satellite cells led to a decrease in the number of Pax7+ cells in the
satellite cell niche. Our results suggest that C/EBP is a novel regulator
of satellite cell self-renewal and differentiation.

W-3051

ANTI-APOPTOTIC ROLE FOR CCAAT/ENHANCER
BINDING PROTEIN BETA (C/EBPBETA) IN MUSCLE
SATELLITE CELLS

Marchildon, Francois, Wiper-Bergeron, Nadine

University of Ottawa, Ottawa, ON, Canada

Muscle satellite cells are the main source of regenerative capacity in
skeletal muscle. CCAAT/Enhancer Binding Protein beta (C/EBPp) a
bzip transcription factor whose expression is high in muscle satellite
cells, acts as a repressor of the myogenic program at least in part by
inhibiting MyoD expression and function, and is downregulated upon
stimulation to differentiate. Given that C/EBPp expression is regulated
by a number of inflammation-related molecules, we hypothesized
that expression of C/EBPp in satellite cells in the context of muscle
injury would protect satellite cells from apoptosis, though also inhibit
repair. Using a conditional knockout mouse model in which C/EBPJ
expression was abolished in Pax7+ cells, we found that loss of C/EBPJ
increased myoblasts apoptosis via treatment with thapsigargin or with
recombinant TNFa. Following an acute muscle injury by cardiotoxin,
conditional knockout animals failed to repair muscle damage as
efficiently as littermate controls, with a concomitant increase in satellite
cell apoptosis. Our findings support the notion that C/EBP is a pro-
survival factor in adult muscle stem cells and that failure to stimulate
or maintain its expression coupled with an apoptotic stimulus will
decrease cell survival and cripple muscle regeneration.

W-3052

DISCOVERY OF SMALL MOLECULES TO TREAT
SARCOPENIA

Gee, Amanda, Schneider, Joel, Price, Feodor, Buchanan, Sean,
Castiglioni, Alessandra, Tabebordbar, Mohammadsharif, Wagers,
Amy, Rubin, Lee

Harvard University Department of Stem Cell and Regenerative Biology,
Cambridge, MA, USA

The functional and structural decline of skeletal muscle is one of the
first hallmarks of aging in many organisms. The growth, maintenance,
and regeneration of skeletal muscle is attributed to the satellite cell: a
mitotically quiescent stem cell that resides between the basal lamina
and sarcolemma of the muscle fiber. Intriguingly, as an organism ages,
a decrease in satellite cell numbers accompanies and partially accounts
for deteriorating skeletal muscle function. To explore a potentially
new method for slowing the decline in skeletal muscle function, we
established a screen capable of identifying small molecules or biologicals
that promote the proliferation of satellite cells. We discovered multiple
compounds that display a cell autonomous effect in increasing satellite
cell numbers and do so in the nM concentration range. Following
subcutaneous injection of some of these compounds, mice following
cardiotoxin-induced muscle injury displayed an increase in the
number of total satellite cells, an increase in expression of the satellite
cell marker Pax7 and the cross sectional area of regenerating fibers.
Furthermore, we confirmed the ability of our compounds to promote
proliferation of satellite cells from aged mouse muscle and from human
skeletal muscle, while having no effect on fibroblast proliferation.
Taken together, our results provide compelling evidence that small
molecule screens provide a viable method to identify biologically
relevant compounds with the potential to treat a variety of skeletal
muscle disorders.

W-3053

DEVELOPMENT OF FUNCTIONAL NEUROMUSCULAR
JUNCTIONS IN NEURAL DIFFERENTIATION CULTURES OF
HUMAN PLURIPOTENT STEM CELLS

Puttonen, Katja Annina', Ruponen, Marika?, Naumenko, Nikolay?,
Kauppinen, Riitta!, Hovatta, Outi*, Tavi, Pasi’, Koistinaho, Jari'
'Department of Neurobiology, A.I Virtanen Institute for Molecular
Sciences, University of Eastern Finland, Kuopio, Finland, *Department
of Neurobiology, A.I. Virtanen Institute for Molecular Sciences and
School of Pharmacy, University of Eastern Finland, Kuopio, Finland,
*Department of Biotechnology and Molecular Medicine, A.I. Virtanen
Institute for Molecular Sciences, University of Eastern Finland, Kuopio,
Finland, *Karolinska Intitutet, Stockholm, Sweden

Disorders of the neuromuscular junctions (NMJs), the cholinergic
synapses between lower motor neurons and skeletal muscle fibers,
include myasthenia gravis (MG) and Lambert-Eaton myasthenic
syndrome (LEMS). In addition, recent studies indicate that progressive
paralyzing diseases, amyotrophic lateral sclerosis (ALS) and spinal
muscular atrophy (SMA), involve early pathological changes at NMJ.
NM]J is also the most studied model of synapse research. While
research on NMJ development and function is of utmost importance,
there is an apparent lack of a completely human based NMJ model
system. We recently reported that the human pluripotent stem cells
(hPSCs) differentiated into neural progenitors in a suspension without
addition of mesendodermal inhibitors produce a heterogenous cell
population containing both small spindle-shaped neural cells and big
flat cells. The latter cell type was negative for a variety of neuronal and
glial markers. Here we show that a portion of these non-neural cells
differentiate into multinucleated myotubes in the conditions designed
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for neural induction, proliferation and maturation. The differentiation
switch towards myotubes was associated with increased expression of
myogenic markers MyoD1, Myogenin and type I Ryanodine receptor,
but with compromised expression of neuroectodermal (Pax-6) and
neuronal (Map-2) genes. Close examination of these cultures revealed
that MHC-immunoreactive myotubes with myo-oriented actin
filaments were surrounded by Tujl-positive neuronal cells, forming
intimate connections with them. Next, the cultures were labeled with
a fluorogenic a-bungarotoxin, a marker of nicotinic acetylcholine
receptors (nAChR) highly expressed in the postsynaptic membrane
of NMJs. We detected highly packed nAChR areas on the surface
of myotubes, particularly at sites of close neuronal contacts. Patch
clamp recordings revealed that both striated and unstriated myotubes
generated spontaneous and evoked action potentials (APs) with
variable waveform and duration, indicating the presence of myotubes
with various degrees of maturation. To test the functionality of the NM]
and nAChRs on myotubes, a cholinomimetic carbacholine and NMDA,
an agonist of excitatory glutamate receptors known to be present in
motoneurons, were administered and the responses analysed with
confocal calcium imaging microscopy and patch clamp recordings.
Carbacholine was found to produce a fast and strong depolarization
of myotube membrane and Ca2+ release from its intracellular stores.
Importantly, stimulation of motoneurons with NMDA resulted in
reproducible APs in myotubes, indicating synaptically active NMJs.
Our data indicates that functional NMJs are co-produced in the
neurally-induced suspension cultures of hPSCs. This novel method
may be useful for analyzing normal human NMJ development and
pathology in NMJ diseases.

W-3054

ENGINEERING A 3D IN VITRO MODEL OF HUMAN
SKELETAL MUSCLE

Serena, Elena!, Zatti, Susi?, Vetralla, Massimo', Giulitti, Stefano?,
Vitiello, Libero*, Elvassore, Nicola'

'Department of Industrial Engineering, University of Padova, Padova,
Italy, ?University of Padova, Padova, Italy, *University of Padova, Padova,
Italy, *Department of Biology, University of Padova, Padova, Italy

Myofibers, the basic structural elements of skeletal muscle tissue, are
formed and regenerated after injury in a unique series of events that
include myoblasts adhesion, fusion and differentiation. In this process
a key role is played by morphological, mechanical and biochemical
stimuli provided by the extracellular environment in vivo. Traditional in
vitro two-dimensional (2D) cell culture systems have been very useful
to elucidate early steps of myogenesis. However, cells cultured on flat
substrates differ considerably in their morphology, cell-cell/cell-matrix
interaction, and differentiation from those in the physiological three-
dimensional (3D) environments. The aim of this work was to engineer
three-dimensional (3D) human skeletal myofibersinvitro for:i) studying
human myogenesis in an in vivo-like physiological microenvironment,
ii) developing 3D implantable myofibers for repairing muscle defects.
To achieve myoblasts spatial organization and alignment, we designed
a soft hydrogel (HY) scaffold with 3D parallel micro-channels (80-160
um in diameter, 10-15 mm long) functionalized with Matrigel. The HY
ensures mass transport of metabolite and cytokines required for the
proper myoblasts growth and differentiation. HY chemical composition
was optimized in order to obtain a soft scaffold surrounding myobasts
and myotubes, with mechanical properties (elastic modulus, E)
similar to those of the physiological microenvironment of muscle in
vivo (E=12+4kPa). Human myoblasts (1+3x10* cells/channel) were
injected into the micro-channels and cultured for up to 10 days. The
composition of HY was optimized based on the final application:
poly-acrylamide was used for in vitro studies, while hyaluronic acid

for in vivo experiments. The developed HY were biocompatible and
maintained the expression of myogenic markers such as desmin. After
10 days of culture, tightly packed human myotubes bundles have been
obtained, expressing the differentiation markers myosin heavy chain,
a-actinin and dystrophin. It is worth to underline that we observed
spontaneous contractions of human myotubes bundles. Further to be
three-dimensional, thanks to their relevant dimensions (up to 15 mm
in length) and their compact and elastic nature, myotubes bundles
could be easily manipulated for surgical implantation. GFP+ve muscle
precursors cells were cultured into the channels and implanted in
the tibialis anterioris of syngenic wilde type mice. After two weeks,
the HY scaffold was completed degraded, without forming fibrous
tissue, and implanted cells migrated from the implantation site and
gave rise to newly formed myofibers: GFP+ve with central nuclei.
Taken together, the obtained results showed that the 3D HY scaffold
surrounding myoblasts simulates in vitro the mechanical and
biochemical properties of the physiological cell microenvironment,
allowing the formation of human differentiated and contracting
myotubes bundles. On the other hand, in vivo studies showed an
optimal degradability of the scaffold and the formation of new
myofibers integrated within the host tissue.

W-3055

SIRT| DEACETYLASE INTERACTS WITH PAX7 IN MUSCLE
SATELLITE CELLS AND INTERFERES WITH PAX7-
MEDIATED TRANSCRIPTIONAL ACTIVITY

Sincennes, Marie-Claude!, Pasut, Alessandra', Kawabe, Yoichi,
Rudnicki, Michael A.?

'Regenerative Medicine, Ottawa Hospital Research Institute, Ottawa,
ON, Canada, *Ottawa Hospital Research Institute, Ottawa, ON, Canada

Satellite cells are adult stem cells responsible for skeletal muscle
regeneration following injury or in degenerative diseases, such as
muscular dystrophy. Satellite cells are interesting candidates for stem
cell-based therapies for the treatment of muscular dystrophy. Therefore,
the understanding of satellite cell biology is crucial for the development
of such therapies. The transcription factor PAX7 is a critical regulator
of satellite cell activity. In Pax7” mice, satellite cells are totally absent,
resulting in severe muscle weakness, and ultimately leading to death.
We previously determined that PAX7 methylation is important for its
transcriptional activity and its function in satellite cells. In order to
further determine how PAX7 function is regulated, we asked whether
PAX7 displays other post-translational modifications important for
its function. By mass spectrometry using immunoprecipitated FLAG-
PAX7, we identified two lysine residues (K105 and K193) within
the PAX7 protein that are acetylated; both residues are conserved
between species. In order to determine if acetylation is important for
PAX7 transcriptional activity, we performed luciferase assays using
the PAX7-responsive Myf5 -111kb reporter. We show that treatment
with trichostatin A, a deacetylase inhibitor, significantly increases the
transcriptional activity of PAX7. We also mutated the individual lysine
residues into arginine, to abolish PAX7 acetylation on these residues,
and observed a decrease in Myf5 reporter activity. Importantly,
mutation of both residues further decreases PAX7 transcriptional
activity. In an attempt to identify the deactetylase responsible for PAX7
deacetylation, we used a candidate gene approach; SIRT1 is expressed
in muscle satellite cells and is known to deacetylate the myogenic
transcription factor MyoD. We detected an interaction between PAX7
and SIRT1 by co-immunoprecipitation, and we also demonstrate by
proximity ligation assay that this interaction takes place specifically
in satellite cells. Moreover, expression of SIRT1 significantly reduces
Luc-Myf5 reporter activity, suggesting that SIRT1 regulates PAX7
transcriptional activity. The effect of SIRT1 on the expression of
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PAX7 target genes and on PAX7 function in satellite cells remains
to be determined. Taken together, these results suggest that PAX7
acetylation, and possibly PAX7 deacetylation by SIRT1, are important
for PAX7-mediated transcriptional regulation in satellite cells.

W-3056

UNRAVELLING PERICYTE SELF-RENEWAL AND SATELLITE
CELL FATE PLASTICITY IN ADULT MOUSE SKELETAL
MUSCLE REGENERATION

Tedesco, Francesco Saverio', Gerli, Mattia FM!, Antonini, Stefania?,
Ragazzi, Martina', Cossu, Giulio®

'Department of Cell and Developmental Biology, University College
London, London, United Kingdom, ?Department of BioSciences,
University of Milan, Milan, Italy, *University of Manchester, Manchester,
United Kingdom

Skeletal muscle regeneration depends on satellite cells, which upon
activation generate transient amplifying and committed progenitors
called myoblasts. Despite the promising results obtained in murine
models, clinical trials with myoblast transplantation in patients
with muscular dystrophy provided very limited evidence of efficacy.
Moreover, myoblasts are considered not to be suitable for systemic
delivery, adding another layer of complexity in protocols aiming to
treat patients with systemic muscle disorders. However, other myogenic
stem/progenitor cells can be isolated from skeletal muscle. Among
them, pericyte-derived mesoangioblasts are one of the most promising
populations. The ability of skeletal muscle stem cells to self-renew after
transplantation guarantees their long lasting therapeutic effect: this
is best studied by serial transplantation assay. Although this is well
established for hematopoietic and epithelial stem cells, there is very
limited evidence of self-renewal by serial transplantation of skeletal
muscle cells different from satellite cells. Moreover, a first-in-man
phase I/II clinical trial based upon transplantation of HLA-identical
mesoangioblasts for Duchenne muscular dystrophy is currently
approaching completion. Hence, investigating mesoangioblast self-
renewal upon transplantation is of key importance for future efficacy
trials. Here we show that it is possible to serially transplant wild type
and dystrophic pericyte-derived mesoangioblasts in dystrophic mice.
Transplanted cells were able to generate both skeletal myofibers and
undifferentiated muscle stem cells. This property was maintained at
the clonal level and after genetic correction using a human artificial
chromosome containing the entire dystrophin locus. Preliminary
results show also in vivo self-renewal of freshly-isolated skeletal muscle
pericytes transgenically labelled with an inducible Alkaline Phosphatase
CreERT2. Although we have focused our transplants mainly on
pericyte-derived satellite cells, we have been able to consistently purify
populations with and without satellite cell markers after every serial
transplant, with evidence of generation in vivo of satellite-like cells from
pericytes and vice versa. Notably, iPS cell-derived mesoangioblast-like
cells showed similar self-renewal dynamics upon transplantation. To
better investigate this lineage promiscuity between satellite cells and
pericytes, primary satellite cells were exposed to Notch Delta Ligand
4 (DLL4) and PDGEF-BB to assess whether these pathways might
be responsible of lineage cross-talk in the adult muscle, similarly to
what has been recently reported to happen in embryonic myoblasts.
Upon treatment with DLL4 and PDGEF-BB, satellite cell-derived
myoblasts acquired pericyte properties in vitro, showing expression
of alkaline phosphatase, stabilization of human endothelial networks
and reversible inhibition of their myogenic potential. Importantly,
treated cells showed also increased ability to transmigrate across an
endothelial layer, suggesting acquisition of properties similar to those
of mesoangioblasts. These findings provide insights into skeletal muscle
stem cells regenerative dynamics. Moreover, this bi-directional fate

plasticity could be exploited to give the cells beneficial properties for
cell therapies, such as the ability to cross the vessel wall upon systemic
delivery while retaining a remarkable myogenic potential.

W-3057

THE ROLE OF EUCHROMATIC HISTONE-LYSINE
N-METHYLTRANSFERASE 2 (EHMT2)/G9A IN MYOGENESIS
Zhang, Regan-Heng, Rossi, Fabio M.V.

The Biomedical Research Centre, The University of British Columbia,
Vancouver, BC, Canada

EHMT2 (euchromatic histone-lysine N-methyltransferase 2), also
known as G9a, has been characterized as an epigenetic regulator, as it
is responsible for the production of the unique histone modification
H3K9me2. In addition, EHMT2 also functions via protein complex
interactions and its transcriptional coactivator activity. EHMT?2 has
been implicated in cell fate decisions in development, the immune
system, the brain, and overexpressed in many different types of cancers.
Recent reports employing in vitro cell lines indicate that EHMT2
knockdown promotes myogenic differentiation. To characterize
the role of EHMT?2 in vivo, we have bred a floxed allele of the gene
to mouse strains expressing Cre recombinase under the control of
muscle-specific and related promoters. We established an inducible
conditional deletion of EHMT?2 in adult satellite cells, the main stem
cells of adult muscle regeneration, using PAX7-CreERT2. Here we
report that, complicating published cell line data, EHMT2 knockout
in satellite cells in vivo do not present an observable effect on muscle
fiber regeneration by histology. We further deleted EHMT2 in the
entire myogenic lineage in development and neonatal growth with
MYODI1-Cre, an early myogenic regulatory factor. We confirmed that
the knockout in vivo does not pose significant growth disadvantages,
as knockout mice were born at expected frequencies and weights, with
normal skeletal muscle histology. Primary satellite cells from knockout
mice show normal capacity to proliferate and differentiate into mature
myoblasts. Similar observations were also made when we deleted
EHMT?2 using PRRX1-Cre, which is expressed in the entire developing
limb bud. However, when EHMT2 is conditionally deleted using
PDGFRA-Cre, which is expressed in many mesoderm-derived tissues
but not in adult satellite cells, we observed a significant developmental
disadvantage. PDGFRA-Cre EHMT2 conditional knockouts have
significant lower rates of birth than expected and most embryos do
not reach birth. We discuss EHMT2’s varying degrees of regulatory
influence in different mesoderm-derived tissues, and hypothesize that
EHMT?2 is not crucial in myogenesis in vivo, but important in other
mesodermal lineages.

CARDIAC CELLS

W-3058

QUANTITATIVE PROFILE OF CARDIAC STEM CELLS FROM
SPONTANEOUSLY HYPERTENSIVE RATS

Sun, Jiyuan', Ribeiro, Patricia de Carvalho?, Ribeiro Machado, Marcus
Paulo?, Oliveira, Lucas Felipe?, Almeida, Thalles Ramos?, Silva, Marcus
Vinicius?, Dias da Silva, Valdo Jose?

Institute of Materia Medica, The Fourth Military Medical University,
Xian, China, *Triangulo Mineiro Federal University, Uberaba, Brazil

In the last decade, cardiac stem cells (CSCs) such as c-kit+ cells, sca-
1+ cells or cardiac mesenchymal stem cells were discovered into the
mammalian hearts, which could contribute to heart regeneration
in both physiological and pathophysiological states like myocardial
infarction, aortic banding, etc. The major aim of the present study
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was to evaluate the number counting of c-Kit+ and Sca-1+ cardiac
stem cells, by means of flow cytometry, and of cardiac mesenchymal
stem cells, by means of colony forming units-fibroblasts (CFU-F)
assay, into the heart from spontaneously hypertensive rats (SHR),
compared to normotensive Wistar-Kyoto (WKY) rats. Briefly, four-
, 16-22- or 25-30-old SHR and WKY rats were studied, having their
hearts excised after euthanasia in order to proceed the harvesting of
stem cells via mechanical tissue fragmentation, enzymatic digestion
(with collagenase type I at 1%) and differential filtration (at 40um).
The resulting cardiac cell suspension was then analyzed by means of
flow cytometry, in order to quantify the number of c-Kit+ and Sca-1+
cardiac stem cells or it was seed in low density in culture dishes, in
order to quantify the number of CFU-Fs, which are clonally derived
from individual cardiac mesenchymal stem cells. The SHRs presented
with hypertension and cardiac hypertrophy after 16" week of age. The
amount of c-Kit+ cardiac stem cells into the hearts of SHRs was higher
at the 4™ week of age (0,74+0,22% versus 0,46+0,21% in WKY rats,
p<0,05) and lower at the 16-22" and 25-30* week of age (16-22 weeks:
0,45+0,19% versus 0,78+0,23% in WKY rats p<0,05 and 25-30 weeks:
0,41+0,19% versus 0,77+0,26% in WKY rats, p<0,05). The number of
Sca-1+ cardiac stem cells did not differ between to rat strains in any
studied age. On the other hand, the counting of CFU-F was markedly
higher into the hearts of SHR at 4" and 16-22" or 25-30" weeks of
age, when compared with same aged control WKY rats. The reduced
number of c-Kit+ cardiac stem cells into the heart of SHR observed
at the evolving phase (16-22 weeks) and at the established phase (25-
30 weeks) of hypertension, with ongoing cardiac hypertrophy, suggests
that this numeric reduction could be a consequence of hypertensive
and cardiac hypertrophic process. On the contrary, the higher number
of CFU-Fs, precociously detected in pre-hypertensive phase (4" week)
seems to suggest that this increase could participate in some way of
the pathogenesis of cardiac hypertrophy associated with systemic
arterial hypertension. Further studies are necessary to elucidate the
real role played by these stem cells in the context of systemic arterial
hypertension and cardiac hypertrophy.

W-3059

AUTOMATED MICROSCOPY-BASED CHARACTERIZATION
OF STEM-CELL DERIVED CARDIOMYOCYTES

Maddah, Mahnaz, Burkhardt, Mathew E, Shoukat-Mumtaz, Uzma,
Loewke, Kevin

Cellogy Inc., Menlo Park, CA, USA

Recent studies have shown that iPSC-derived cardiomyocytes hold
tremendous potential for drug development and safety testing related
to cardiovascular health. The characterization of iPSC-derived
cardiomyocytes and their response to drugs is most commonly
analyzed using electrophysiological potentials captured by a patch
clamp or micro-electrode array. While these systems are considered
gold-standards for characterization, they can be expensive and difficult
to use, and due to the direct contact between cells and foreign objects,
may induce undesirable cellular response. Here, we present a new
microscopy-based method for non-invasive characterization of iPSC-
derived cardiomyocytes using video microscopy and computer vision
analysis. Our algorithms can reliably quantify beating signals in a
fully automated manner based on contraction and relaxation motion
patterns of the cells. Our approach has several advantages compared
to more traditional beating assays: first, it follows standard cell-culture
practices using multi-well plates; second, it accommodates cell cultures
with varied ranges of confluency, from single-cell to monolayer plating,
without requiring any user interaction; and third, it is noninvasive
to cells, enabling repeated and direct measurements of the same cell
culture as often as desired. Our input data consists of low-light phase-

contrast microscopy images of cardiomyocytes in culture, captured at
a high frame rate (e.g. 24 fps). Images are first segmented into regions
that consist of cells that are expected to exhibit a cyclic motion (beating
cells) and regions that consist of cells that do not show a cyclic motion
(non-beating cells) and background. The result is a set of segmented
beating regions, where each region includes a cell or a group of
cells that are spaced close to each other and beat with approximate
synchrony. Next, a beating signal is calculated for each region from
the image sequence by capturing the intensity variation of successive
images. Subsequently, features that describe the beating signal, such
as beating frequency, irregularity, and duration, are extracted. Finally,
a clustering algorithm is performed to identify regions with unique
beating characteristics and merge regions that have similar beating
characteristics. We show that our non-invasive beating assay can
successfully measure the beating signals of healthy and diseased iPSC-
derived cardiomyocytes in both low and high-confluency plating
under typical culture conditions. The accuracy of beating frequency
and irregularity were confirmed by comparison with the manually
derived values from the video of the sequence as well as correlation
with more traditional assays. In addition, we showed that our assay can
characterize the cellular response from the addition of Norepinephrine
(Ne) and Cisapride (Cp) applied to high-confluency cell cultures. We
measured an average of 40% increase in beating frequency of Ne-
treated cells compared with the controls, which lasted for 2 days, and
an average 3-fold increase of beating irregularity with Cp-treated cells
compared with the controls, which lasted for 6 days. To our knowledge,
our presented microscopy-based approach is the first fully-automated
and non-invasive beating assay for characterization of iPSC-derived
cardiomyocytes that accommodates varied cell culture confluencies
and beating arrhythmia.

W-3060

LINEAGE MAPPING OF NKX2-5 EXPRESSING CELLS IN
THE DEVELOPING CARDIOVASCULAR SYSTEM

Anderson, David, Skelton, Rhys, Stanley, Ed, Elefanty, Andrew
George, Elliott, David

Murdoch Childrens Research Institute, Melbourne, Australia

NKX2-5 marks early multipotent progenitor cells and fully differentiated
cardiomyocytes in the developing cardiovascular system. We have
examined the potential of NKX2-5 expressing cells to contribute
to various cardiovascular lineages by targeting GFP to the NKX2-5
locus in human pluripotent stem cells. In early stages of mesodermal
differentiation, NKX2-5low CD34pos cells can be identified that
further differentiate primarily to an NKX2-5neg CD34pos population.
At the same early stage of differentiation, NKX2-5low CD34neg cells
can also be identified and further differentiated to generate an NKX2-
5neg CD34pos population. The CD34pos cells derived from both
NKX2-5low populations are proliferative, predominantly KDRpos,
and express the endothelial markers TEK, CDH5 and PECAMI.
The NKX2-5low CD34neg cells can also give rise to an NKX2-5high
population that is contractile in culture and expresses the cardiac
markers MYH6, TNNT2 and MYL2. This indicates the potency of early
NKX2-5pos cells to give rise to both endothelial and cardiac lineages in
vitro. At later stages of differentiation NKX2-5low cells lose their ability
to transition to a CD34pos or NKX2-5high fate and progressively
become NKX2-5neg. Later stage NKX2-5high cells retain contractility
and cardiac gene expression, with few cells transitioning away from this
phenotype. This indicates a loss of potency in NKX2-5pos cells during
in vitro differentiation. We are currently investigating the potential
of later stage NKX2-5neg cells to differentiate to smooth muscle and
fibroblast lineages, and also further multipotency of early NKX2-
5low cells. These studies demonstrate restricted potency of NKX2-5
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expressing cells during the course of mesodermal differentiation in
vitro.

W-3061

DEVELOPMENT OF A SCALABLE SUSPENSION

CULTURE FOR CARDIAC DIFFERENTIATION FROM
HUMAN PLURIPOTENT STEM CELLS AND CELL
CHARACTERIZATION

Chen, Chang-Yi Vincent', Ye, Jingjing', Hua, Giau', Liu, Jian-chang’,
Chen, Danlin', Liu, Ziguang', Chai, Jin', Shukla, Praveen?, Wu, Joseph
C.%, Hsu, David!, Couture, Larry'

!CATD, Beckman Research Institute, City of Hope, Duarte, CA, USA,
Stanford University School of Medicine, Stanford, CA, USA

Myocardial infarction and heart failure are leading causes of death
worldwide. As myocardium has very limited regenerative capacity,
endogenous cell regeneration can not sufficiently compensate heart
damage. The concept of cell replacement is an appealing therapy to
treat such cardiac diseases. Human pluripotent stem cells (hPSCs),
including human embryonic stem cells (hESC) and human induced
pluripotent stem cells (hiPSCs), are attractive sources for the cell
replacement therapy since they can be enormously expanded in culture
and differentiated into specific cell lineages under proper inductions.
To meet the need for a large quantity of hPSC-derived cardiomyocytes
for pre-clinical and clinical studies, a robust, scalable, and manageable
differentiation system for cardiomyocyte production is essential.
Previously we have established a scalable hPSC suspension culture
system to expand undifferentiated hPSCs in the form of aggregates with
defined media conditions. With H7 cell aggregates generated from the
suspension, we have developed a strategy to directly induce hESCs into
cadiomyocytes in suspension with small molecules modulating Wnt
signaling. Concentrations and induction timing of small molecules
and agitation rates were optimized for cardiac differentiation scaled
up from 6-well plates to 125, 500, and 1000 ml spinner flasks. We
have investigated the correlation between sizes of cell aggregates
and effective concentrations of small molecules, and influences of
agitation on cardiac differentiation. As the differentiation process
was scaled up from static 6-well plates to different sizes of stirring
spinner flasks, we noticed the optimal differentiation conditions could
be changed, suggesting geometries of culture vessels and shear stress
may affect cardiac differentiation. With those critical parameters
we identified, we optimized cardiac differentiation for other hESC
and iPSC lines. The results of process optimization showed that the
sensitivity to small molecules and shear stress are cell line dependent,
and thus individual cell lines may show different optimal conditions
for the differentiation. With optimized differentiation conditions,
we were able to consistently obtain 70-90% purity of cardiomyocytes
from scales up to 1000 ml spinner flasks. Analysis of gene expression
showed that the differentiation of mesoderm, cardiac mesoderm,
cardiac progenitors, and cardiomyocytes induced by the small
molecules occurred in a timely manner. The cardiomyocytes from the
suspension culture displayed typical striated structures. As analyzed by
electrophysiology, ventricular-, atrial-, and nodal-like action potentials
were detected. In addition, the size of cardiac population exhibiting
ventricular-like action potential increased over time. In summary, we
have developed a robust process for scalable manufacturing of hPSC-
derived cardiomyocytes in suspension culture. More importantly, we
present a strategy to optimize differentiation process in suspension for
individual cell lines. The suspension culture system from expansion
of undifferentiated hPSCs to cardiomyocyte differentiation provides a
bioreactor prototype for automation of cell manufacturing, which will
accelerate the advance of hPSCs in pre-clinical and clinical applications.

W-3062

NUCLEAR RECEPTOR INTERACTION PROTEIN HAS
FUNCTIONS FOR CALCIUM HOMEOSTASIS AND
MAINTENANCE OF SARCOMERE INTEGRITY

Chen, Show Li

Microbiology, National Taiwan University, Taipei, Taiwan

Previously, we demonstrate a gene, nuclear receptor interaction
protein (NRIP, also named DCAF6 or IQWD1) as a Ca2+- dependent
calmodulin binding protein that can activate calcineurin phosphatase
activity and calmodulin kinase II. Here, we extensively found that
a-actinin-2 (ACTN2), is one of NRIP-interacting proteins from the
yeast two-hybrid system using NRIP as a prey. Due to ACTN2 is
a biomarker of muscular Z-disc complex; we found that NRIP is a
novel ACTN2-interacting protein. We then used conventional NRIP
knock out (NRIP-/-) mice to investigate insights into in vivo function
of NRIP. Electronomic microscopy revealed that the reduction of
I-band width, extension length of Z-disc and shortened sarcomere
length in sarcomeric structure of NRIP-/- cardiomyocytes compared
to wild type mice; indicating that NRIP locates in Z-disc and loss
of NRIP would impair the integrity structure of sarcomere. The
echocardiography of NRIP-/- mice showed the diminished fractional
shortening [FS] and the ration of end-systolic diameter to end-diastolic
diameter [ESD/EDD]). Besides, Ca2+ plays important role for muscle
contraction. Therefore, we isolated primary cardiomyocytes from
embryonic heart and measured the calcium transient by infection with
adenovirus encoding shNRIP. The results revealed that the deficiency
of NRIP decreased the amplitude of calcium transient and sarcomere
length that is consistent with the reduction sarcomere length of heart
tissures of NRIP-/- mice through EM assay at adult mice (12 wks).
In a conclusion, the loss of NRIP impairs the structure of sarcomere,
the amplitude of calcium transient during muscle contraction and the
function of muscle contraction resulting in cardiomyopathy.

W-3063

IDENTIFICATION OF NOVEL CHEMICALS POTENTLY
INDUCING CARDIOMYOCYTE DIFFERENTIATION FROM
MOUSE AND HUMAN PLURIPOTENT STEM CELLS
Fukushima, Hiroyuki', Yamashita, Jun®

'Kyoto University Center for IPS Cell Research and Application, Kyoto,
Japan, *Center for iPS Cell Research and Application, Kyoto University,
Kyoto, Japan

Mammalian cardiomyocytes largely lack the capacity of proliferation
and regeneration in the adult heart. And this deficiency leads heart
failure such as after myocardial infarction. Recently, we have been
investigating potentials of chemicals in cardiac regenerative medicine.
One of goals is application of chemicals as a cardiac regenerative
drug for direct in vivo regeneration through effects on endogenous
stem or progenitor cells to induce proliferation and differentiation
of cardiomyocytes. To realize this novel therapy, we attempted to
discover novel chemicals that induced cardiomyocyte differentiation
with pluripotent stem cell differentiation systems. Previously, we
established a 2-dimentional culture-based stepwise cardiovascular
differentiation system from mouse embryonic stem cells (ESCs)
and induced pluripotent stem cells (iPSCs). In our ESC cardiac
differentiation system, cardiomyocytes were efficiently induced from
ESC-derived Flkl+ mesodermal cells by co-culturing with OP9
cells. Recently, we established a high-throughput screening system
for chemicals promoting cardiomyocyte differentiation (CDCs)
from Flk1+ cells on OP9 cells. Here we report that we successfully
identified several CDCs from natural chemical library derived from
marine invertebrates. Particularly, natural CDC1 (nCDC1) increased
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cardiomyocyte percentage and cell number that appeared from Flk1+
cells approximately 20 times more than control. Even in the absence
of OP9 cells, nCDC1 directly and drastically induced cardiomyocytes
from ES cell-derived Flk1+ mesodermal cells and a cardiac progenitor
population, Flk1+/CXCR4+/VE-cadherin- (FCV) cells. nCDCl
also directly enhanced cardiomyocyte differentiation from human
iPS cell-derived KDR+ mesoderm cells. Furthermore, nCDC1
promoted cariomyocyte differentiation of a somatic cardiac progenitor
population, rat neonate cardiac side population (CSP) cells, in vitro. To
investigate whether nCDCI promotes cardiac regeneration in vivo and
ameliorate cardiac function, we are examining in vivo administration
of nCDCI to subacute rat myocardial infarction model. These findings
would provide a clue for cardiomyocyte differentiation mechanisms
and offer novel cardiac regenerative strategies including cardiac
regenerative drugs.

W-3064

GENERATION AND CHARACTERIZATION OF A HUMAN
EMBRYONIC STEM CELL REPORTER LINEWITH A
VENTRICULAR CARDIOMYOCYTE-SPECIFIC PROMOTER
Futakuchi-Tsuchida, Akiko', Pabon, Lil', Reinecke, Hans', Murry,
Charles?

'Pathology, University of Washinton, Seattle, WA, USA, ?Pathology,
University of Washington - Center for Cardiovascular Biology, Seattle,
WA, USA

Embryonic stem cell (ESC)-derived cardiomyocytes are a potential
source for future cell replacement therapies of cardiac failure. Since
significant loss of ventricular cardiomyocytes (VCMs) occurs during
myocardial infarction, a large number of ventricular cardiomyocytes
are needed for such therapy. Despite the progress in increasing
the efficiency of cardiac differentiation from ESCs, obtaining pure
populations of VCMs under current differentiation protocol is still
challenging. In order to determine and optimize the protocol which
results in high yield of VCMs, a simple and high sensitive evaluation
system to detect VCMs is necessary. We have established RUES2
human ESC reporter lines that express secreted Metridia luciferase
(MetLuc) under the control of the ventricular myosin light chain 2
(MLC2v) promoter. A 560 bp fragment of MLC2v untranslated region,
-513 to +47 related to the transcription start site, was used for the
promoter region. Upon cardiac differentiation, cells start to secrete
luciferase as they differentiate into beating cardiomyocytes. Time
course analysis of luciferase activity and MLC2v mRNA expression
pattern showed good correlation between these two parameters. On
the other hand, expression of MLC2a mRNA, found in both atrial
and ventricular cardiomyocytes, did not correlate with the luciferase
activity. This system allows us to monitor the efficiency of cardiac
differentiation towards ventricular subtype by simply collecting the
culture supernatant and measuring the luciferase activity. Also, this
system will be useful in discovering small molecules that could be
combined with current differentiation protocol and provide promising
tools for future clinical application.

W-3065

COMPARATIVE DEVELOPMENTAL GENOMICS IN
PRIMATES USING IPSC-DERIVED CARDIOMYOCYTES
Gallego Romero, Irene', Pavlovic, Bryan J.!, Burnett, Jonathan E.},
Huang, Constance H.!, Banovich, Nicholas Eli', Kagan, Courtney L.},
Friedrich Ben-Nun, Inbar? Laurent, Louise?, Loring, Jeanne F2, Gilad,
Yoav!

"Human Genetics, University of Chicago, Chicago, IL, USA, *The Scripps
Research Institute, La Jolla, CA, USA, *University of California, San
Diego, La Jolla, CA, USA

Comparative studies in humans and non-human apes have the potential
to provide insights into human-specific traits and diseases. Such
studies are currently extremely restricted because we only have access
to a few types of cell lines and to a limited collection of frozen tissues.
To circumvent this, we have established panels of matched induced
pluripotent stem cells (iPSCs) from 8 humans and 8 chimpanzees as a
new transformative model system for comparative studies in primates.
Motivated by differences in the types and prevalence of cardiac disease
between the two species, we performed stepwise differentiation
of these iPSC lines into functional cardiomyocytes, and identified
changes in gene expression between sequential stages of differentiation
and between the differentiated iPSCs and cardiac tissue samples,
both within and across species. First, we have demonstrated that
iPSC-derived cardiomyocytes are more similar to cardiac tissue from
humans and non-human primates than they are to either the source
iPSCs or other tissues, validating our approach. Next, we identified
genes that are differentially expressed between species at each stage
of differentiation. Further analysis of the genome-wide data we have
collected during cardiac differentiation of the iPSC lines will allow us to
make important contributions to our understanding of the regulatory
changes that underlie human-specific developmental adaptations in
the heart. In addition, we hope that the human and chimp iPSC lines
developed during the course of this project will serve as the nucleus for
a larger resource, consisting of larger numbers of iPSC lines derived
from a wider collection of primate species, that will ultimately facilitate
a broader research program into numerous outstanding questions in
human evolution, including the characterization of adaptations that
are associated with increased risks for diseases and sensitivities to
certain drugs.

W-3066

ROLE FOR BETA ARRESTINS IN STEM/PRECURSOR CELL
FUNCTION AND CARDIAC REGENERATION

Gumpert, Anna M.}, Chen, Mai', Peppel, Karsten?, Gao, Erhe', Koch,
Walter!

!Center for Translational Medicine, Temple University School of
Medicine, Philadelphia, PA, USA, *Center for Translational Medicine,
Thomas Jeeferson University, Philadelphia, PA, USA

Development of chronic heart failure (HF) syndrome following
myocardial injury is characterized by an extensive loss of myocytes
due to considerable apoptosis and necrosis. As bone marrow derived
stem cells (BMSCs) are capable of transdifferentiating, they also show
potential for regenerating the myocardium after infarction. Stem
cell mobilization, egress from the bone marrow and recruitment
to the site of injury can be regulated by signals through G protein-
coupled receptors (GPCRs). PArrestins are known for their signalling
and scaffolding functions and as downstream regulators of GPCR
desensitization and endocytosis in particular. In the present study we
explored the potential role for B-Arrestins in cardiac precursor cell
function, concentrating on the properties of BMSCs. Using knockout
(KO) mice, we investigated the role B-arrestinl (BArr1) and p-arrestin2
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(BArr2) with respect to modulation of regenerative competence of
BMSCs and their contribution to cardiac repair following ischemic
injury. In the in vitro system we observed that BM-derived cells
devoid of either BArrl or BArr2 proliferate, colonize and migrate in
a significantly deficient manner compared to BM cells isolated from
wild-type (WT) mice. Furthermore, we observed significantly elevated
cell death in PArr2 deficient cells as compared to WT or BArrl-KO
cells following oxidative stress. In addition, the number of cKit positive
stem cells present, thought to be potential cardiac precursor cells, were
significantly lower in the BM and blood of pArr KO mice compared to
WT. Similarly, BM and blood of the chimeras contained fewer and less
viable cardiac stem/precursor cells pre- and post myocardial infarction
(MI), compared to WT transplanted controls. In our in vivo study, we
carried out BM transplants to determine whether the fArrs may be
involved in cardiac repair. WT mice were irradiated and then received
BM transplants from either WT donors as a control or BM from BArrl
or PArr2 KO mice. Subsequent to BM reconstitution, mice underwent
MI and their recovery and progress were followed. Interestingly,
chimeric mice with BArrl and pArr2 KO BM had significantly inferior
outcomes than mice receiving WT BM. This included significantly
decreased post-MI survival with PArr2 KO BM and both PArr
chimeras had significantly lower cardiac function post-MI compared
to mice receiving WT BM. Histological investigation revealed that both
chimeras developed larger infarcts and hypertrophy at an accelerated
rate. We conclude that pArrs play a novel role downstream of GPCR
desensitization in cardiac progenitor cells in BM and accordingly,
appear to be critically involved in the heart’s response to ischemic
injury via cardiac repair and regeneration.

W-3067

SPATIOTEMPORAL ANALYSIS OF CARDIAC TROPONIN T
GENE EXPRESSION IN CARDIAC CELL DIFFERENTIATION
OF STEM CELLS

Hayashi, Taro, Hatta-Ohashi, Yoko, Sakane, Isao, Suzuki, Hirobumi
Corporate R and D Center, Olympus Corporation, Tokyo, Japan

The heart is one of the organs attracted in regenerative medicine. In
the typical studies in this field, differentiation processes of pluripotent
stem cells (ES or iPS cells) into specific organs are evaluated by the
status of the cells such as organ-specific phenotypes, gene expression
profiles, protein accumulation or epigenetic modifications. However,
information available for determining the differentiation processes
and underlying mechanisms is still limited due to technical difficulties.
In this study, we demonstrated a spatiotemporal monitoring and
analysis method effective in revealing the cardiac cell differentiation
process. Gene expression levels of cardiac troponin T (cTnT) in the
differentiating iPS cells were monitored for five days by bioluminescence
microscopy. The promoter region of mouse ¢TnT was inserted into a
luciferase reporter vector, and stably transfected mouse iPS cells were
differentiated into embryoid bodies (EBs) by a standard EB-based
differentiation protocol. Then, EBs were plated on 0.1% gelatin-coated
dishes for further differentiation in IMDM containing 20% FBS for
24 h, and EBs differentiated into cardiac cells were identified by ¢TnT
expression and beating property of the cells. As a result, cTnT expression
appeared in some parts of early-differentiated EBs (0 h after plating on
gelatin-coated dishes), and the expression increase and spreading were
observed. Then, spontaneous beating appeared in the ¢TnT expressing
regions (71 h), and the beating areas spread spatiotemporally. After
that, the spontaneous beating turned to autonomous (81h). Thus, we
confirmed that cTnT expressing cells in EBs differentiated into cardiac-
like cells that beat autonomously. Furthermore, we analyzed the motion
of beating cells by spatiotemporal image correlation spectroscopy
to visualize beating property quantitatively. Beating directions and

periods among different parts of single EBs expressing cITnT were
found to synchronize autonomously during the time course. Thus,
we confirmed that ¢TnT expressing cells in EBs differentiated into
functionally beating cardiac cells during cardiac cell differentiation
and also demonstrated the technical validity of spatiotemporal
promoter assay by bioluminescence microscopy in the study of cellular
differentiation.

W-3068

A MASSIVE FLOATING CULTURE SYSTEM WITH
METABOLIC PURIFICATION FOR HUMAN INDUCED
PLURIPOTENT STEM CELL-DERIVED CARDIOMYOCYTES
Hemmi, Natsuko, Tohyama, Shugo, Nakajima, Kazuaki, Hirano,
Akinori, Kanazawa, Hideaki, Seki, Tomohisa, Kishino, Yoshikazu,
Okada, Marina, Tabei, Ryota, Ohno, Rei, Fujita, Chihana, Yamaguchi,
Miho, Hattori, Fumiyuki, Yuasa, Shinsuke, Sano, Motoaki, Fujita, Jun,
Fukuda, Keiichi

Keio University School of Medicine, Tokyo, Japan

Cardiac regenerative therapy for severe heart failure using human
embryonic stem cells and induced pluripotent stem cells (hiPSCs)
is hampered by a lack of efficient strategies for generating clinically
relevant numbers of functional cardiomyocytes (CMs) to treat patients.
The development of massive floating culture systems (MFCS) with
spinner flasks or bioreactors has highlighted this critical issue for a
decade, although it remained unclear how efficiently MFCS could
provide purified functional CMs from hiPSCs. The proliferative rate
of differentiating hiPSCs in MFCS tended to be higher than in floating
cultures in dishes, wherein the embryoid bodies (EBs) grew larger by
self-aggregation. Notably MFCS provided more homogeneous and
fine EBs at every time point, eventually preventing apoptosis, and PCR
analysis revealed chronological expression of mesodermal markers (T,
brachyury and MESP-1) and cardiac lineage markers (NKX2-5 and
troponin T). In addition, the differentiation rate of CMs from hiPSCs
in MFCS was approximately 30%. Surprisingly, the pluripotent marker,
OCT3/4, was still highly expressed at 2 weeks after differentiation in
EBs cultured in MFCS, and immunohistochemistry revealed TRA-1-
60-positive cells. However, any remaining undifferentiated stem cells
have the potential to induce teratoma formation, posing the worst
risk for clinical applications of hiPSCs-derived CMs. To overcome
this issue, a metabolic purification method was invented based on the
different metabolic characteristics between pluripotent stem cells and
CMs (Tohyama, et al. Cell Stem Cell 2013 12:127-37). This purification
strategy using glucose-depleted and lactate-enriched medium
successfully eliminates residual undifferentiated stem cells, resulting in
a refined hiPSCs-derived CM population. The next step was therefore
to investigate if this metabolic purification system could be successfully
applied to generate large volumes of CMs. In colony formation assays,
non-purified and purified dispersed hiPSC-derived cells were cultured
under hiPSC maintenance conditions. Non-purified hiPSC-derived
cells formed a large number of TRA-1-60 positive colonies, but the
purified CMs formed no colonies. In addition, the undifferentiated
hiPSCs generated large teratomas (average, 18 mm) in more than 90%
of the cell populations. In MFCS, the non-purified CMs produced
teratomas in approximately 60% of populations, although they were
much smaller than those generated from the hiPSCs (average, 5 mm),
and these teratomas showed complete differentiation into the three
germ layers. On the other hand, purified CMs never induced teratomas.
Quantitative PCR confirmed the enrichment of CMs and complete
elimination of OCT3/4-positive undifferentiated stem cells, and the
strong expression of cardiac genes indicated successful enrichment of
the purified CMs. The purified CMs also expressed the gap junction
marker, connexin 43, and showed proper electrophysiological properties
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in a multiple-electrode system and active calcium signaling with the
fluo-4 calcium indicator. In this MFCS and metabolic purification
system, 1 x 10% of enriched and purified CMs were generated from
approximately 5 x 10® iPSCs. The combination of MFCS and metabolic
selection is an effective and practical approach to purify and enrich a
large number of functional CMs, and could therefore be an essential
technique for cardiac regenerative therapy with hiPSCs-derived CMs.

W-3069

NON-INVASIVE IMAGE-BASED ASSESSMENT OF THE
ELECTROPHYSIOLOGY AND METABOLIC STATE OF
HUMAN INDUCED PLURIPOTENT STEM CELL-DERIVED
CARDIOMYOCYTES

Heylman, Christopher’, Rupsa, Datta', Kurokawa, Yosuke!, Tran,
David D.!, Conklin, Bruce R.2, Gratton, Enrico’, George, Steven'
"University of California, Irvine, Irvine, CA, USA, ?]. David Gladstone
Institutes, San Francisco, CA, USA

The objective of this study is to develop and validate non-invasive
methods for assessing the electrophysiology and metabolic state of
human induced pluripotent stem cell-derived cardiomyocytes (iPS-
CMs). Many drugs showing promise in preclinical trials fail during
clinical development due to the emergence of cardiac side effects.
Hence, there exists a great need for developing novel in vitro platforms
that more accurately mimic the biology of human organs, and thus
provide a reliable model for high-throughput drug screening. The
emergence of human induced pluripotent stem (iPS) cell technology
has expanded the possibilities for sourcing human cardiomyocytes for
this purpose. We use a defined small molecule protocol that modulates
Wnt signaling to differentiate large quantities of spontaneous and
rhythmically beating human cardiomyocytes from human iPS cells (cell
line WTC-11). The cells may then be used to engineer cardiac tissues in
vitro to screen for potential cardiac side effects of new drug candidates.
To assess the electrophysiological phenotype and drug-response of
these engineered tissues, we developed image-based methods using the
membrane voltage sensitive dye (VSD), di-4-ANE(F)PPTEA. This dye
exhibits a proportional increase in fluorescence intensity to an increase
in membrane voltage allowing characterization of the dynamic
electrophysiology (i.e., the action potential) of cardiomyocytes in a
non-invasive manner. To assess the metabolic phenotype of these
engineered tissues, we developed methods using fluorescence lifetime
imaging microscopy (FLIM). We take advantage of the unique
autofluorescent properties of nicotinamide adenine dinucleotide
(NADH), a central metabolite. When excited at 740nm using two-
photon excitation, protein-bound NADH (indicative of oxidative
phosphorylation) fluoresces and exhibits a fluorescence decay (i.e.
lifetime) that is markedly different than that produced by NADH in a
free or unbound state (indicative of glycolysis). Thus, by measuring the
fluorescence decay at 740nm, we can determine the ratio of glycolysis
to oxidative phosphorylation in human iPS-CM with subcellular
resolution. The results obtained from this study demonstrate the
ability of our system to capture subcellular resolution data of human
iPS-CM membrane depolarization events and shifts in metabolism.
The temporal resolution of the voltage-dependent fluorescent signal is
sufficient to capture the distinct features of a single cell's membrane
action potential. Non-selective beta blocker propranolol (10° M)
and the beta adrenergic agonist isoproterenol (107 M) elicited a 56%
decrease and a 19% increase in beat frequency, respectively. Significant
shifts in cellular metabolism were also demonstrated using FLIM.
24 hours exposure to hypoxia generated a shift of 17% of the pixels
analyzed from oxidative phosphorylation to glycolysis (p=0.015).
From these results, we conclude that the use of VSDs and FLIM of
NADH allows for non-invasive image-based assessment of human

iPS-CM electrophysiology and metabolism. Using these unique
electrophysiological and metabolic endpoints to assess human cardiac
tissues grown in vitro, we can develop a drug screening platform that
better mimics the in vivo biology of cardiac tissue and provides early
identification of potential cardiac side effects.

W-3070

DOXORUBICIN-INDUCED TOXICITY IN
CARDIOMYOCYTES DERIVED FROM HUMAN
PLURIPOTENT STEM CELLS

Holmgren, Gustav’, Synnergren, Jane Marie', Bogestél, Yalda', Améen,
Caroline?, Akesson, Karolina?, Holmgren, Sandra? Lindahl, Anders’,
Sartipy, Peter?

ISystems Biology Research Center, School of Bioscience, University of
Skovde, Skovde, Sweden, *Cellectis AB, Gothenburg, Sweden, *Institute of
Biomedicine, University of Gothenburg, Gothenburg, Sweden

Doxorubicin is an efficient chemotherapeutic agent for a variety
of cancers, including leukemia, lymphomas, and many solid
tumors. Doxorubicin treatment is however associated with severe
cardiotoxicity, often resulting in early discontinuation of the treatment.
The doxorubicin-induced cardiotoxicity is dose-dependent and there
is also an age and gender difference in the sensitivity to doxorubicin.
Importantly, the onset of the toxicity can occur several years after the
termination of the doxorubicin treatment. The exact mechanisms
involved in doxorubicin-induced cardiomyopathy are not known,
but the formation of reactive oxygen species and cellular iron
accumulation has been suggested to be causative effects. The variation
in time-to-onset of toxicity, gender- and age differences suggest that
several mechanisms may be involved. In this study, the toxic effects of
doxorubicin exposure have been investigated in pure cardiomyocyte
cultures derived from human embryonic stem cells (hESC). The
cardiomyocytes (Pure hES-CM™, Cellectis AB) were grown in a
homogenous monolayer and the cells were exposed to a low- (50nM),
medium- (150nM), and high (450 nM) dose of doxorubicin for 48h,
followed by a 9 days wash-out period. The cell morphology and
contractile ability was monitored during the exposure and recovery
period. Cells were harvested for RNA extraction after 24h and 48h
of doxorubicin exposure as well as after 5 and 9 days recovery, post
exposure. In addition, Lactate Dehydrogenase (LDH) and Troponin
T leakage from the cells were measured in the culture medium.
There was an evident effect of the doxorubicin exposure even after
the wash-out period. The cell morphology was altered and the cells
showed a reduced contractile ability, most prominent in the highest
concentration at the later time points. A general cytotoxic response
measured by LDH leakage was seen after 48h exposure compared
to the vehicle control. Nonetheless, this response vanished during
the wash-out period. A similar pattern was observed for the cardiac
specific Troponin T response and after 48h exposure, Troponin T
release was increased in a dose-dependent manner. Compared to
vehicle control, this doxorubicin effect vanished during the wash-out
period. The global transcriptional profiles in the cells were analyzed
using the WT Gene 2.0 ST arrays from Affymetrix Inc. and revealed
clusters of genes that were altered during doxorubicin exposure, some
of which remained even after the wash-out period. The results from
this study show that Troponin T release can be a measurement of acute
cardiotoxicity due to doxorubicin exposure. However, for the late-
onset of doxorubicin-induced cardiomyopathy, Troponin T release
might not be a relevant biomarker. As reported here, a defined list of
genes altered after doxorubicin exposure could provide more relevant
biomarkers. The differentially expressed genes identified in this study
may also help to explain the cellular mechanisms behind the late onset
apoptosis, associated with doxorubicin-induced cardiomyopathy.
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W-3071

CREATING ENGINEERED, 3D CARDIAC TISSUES FROM
HUMAN INDUCED PLURIPOTENT STEM CELLS USING A
ONE-STEP, SCALABLE DIFFERENTIATION SYSTEM

Kerscher, Petra’, Hodge, Alexander J.!, Kim, Joonyul', Turnbull, Irene
C.%, Bussie, Blakely S.!, Seliktar, Dror?, Easley, Christopher J.!, Costa,
Kevin D.2, Lipke, Elizabeth Ann'

TAuburn University, Auburn, AL, USA, *Icahn School of Medicine
at Mount Sinai, New York, NY, USA, *Technion-Israel Institute of
Technology, Haifa, Israel

The high potential of human pluripotent stem cells (hPSCs) to provide
cardiac tissues for use in high-throughput pharmaceutical drug
testing and myocardial repair has been limited by the need to pre-
differentiate hPSCs into cardiomyocytes (CMs) and then dissociate
them prior to tissue assembly. Initial hPSC differentiation protocols
relied on formation of 3D embryoid bodies, mimicking physiological
development primarily in their structural nature; drawbacks, including
variability in outcomes and insufficient CM production, resulted in
state-of-the-art cardiac differentiation protocols transitioning to use of
2D sheets and a fully defined media including small molecules. In this
study we draw from both approaches to directly differentiate hPSCs into
mature, aligned, and synchronously contracting engineered cardiac
tissues composed primarily of SC-CMs. By encapsulating hPSCs in
hydrogel biomaterials, we create readily reproducible 3D environments
for hPSC differentiation; using this approach, microenvironmental
conditions experienced by the cells can be manipulated by providing
both physical and chemical stimuli to drive differentiation and
cardiac tissue formation. To create a highly reproducible 3D hydrogel
differentiation system, hiPSCs were encapsulated into a liquid precursor
poly (ethylene glycol) (PEG)-fibrinogen solution and photocrosslinked
to form a 200 pum thick gel-like tissue. Encapsulated hiPSCs were
then cultured in mTeSR-1 media for three days prior to initiation of
differentiation (day 0). HiPSCs remained viable within PEG-fibrinogen
and proliferated to form microsphere-like structures. Throughout
differentiation, cells formed areas of highly connected tissue; isolated
areas of contraction were first observed on day 7. The number and size
of spontaneously contracting areas and force of contraction increased
over time, resulting in a fully and synchronously contracting 3D cardiac
tissue by day 10 which maintained its function for over three months.
Temporal changes throughout cardiac differentiation were assessed by
phase contrast microscopy, immunohistochemistry, gene expression,
transmission electron microscopy (TEM), and electrophysiology.
Cardiac localization, alignment, and maturation were assessed by
immunocytochemistry staining of engineered cardiac tissues with
sarcomeric a-actinin (cardiac marker) and connexin 43 (gap junction
protein) on day 10, day 20, and day 130. Sarcomeres were visible at
all three time points but developed a more defined and highly aligned
structure within the engineered cardiac tissue over time. In addition
to highly aligned CMs, connexin expression transitioned from the cell
perimeter to longitude ends, suggesting mature cell-cell connections.
Furthermore, to assess information on electrophysiological properties
within the cardiac tissue, cells were dissociated on day 15 and calcium
transients from spontaneously contracting and paced CMs were
recorded. CMs showed 1:1 correspondence to electrical stimuli of up
to 2 Hz. Action potential duration (APD) 50% to 80% ratio at 0.5 Hz
and 1 Hz were 0.58+0.09 and 0.59+0.08, respectively. CMs produced
by a conventional 2D sheet differentiation protocol were used as
controls for all experiments. Finally, we demonstrate the successful
implementation of this one-step scalable differentiation technique
using multiple geometries, including printable microislands, macro-
tissues and injectable microspheres.

W-3072

A THREE DIMENSIONAL,VASCULARIZED CARDIAC TISSUE
DERIVED FROM HUMAN INDUCED PLURIPOTENT STEM
CELLS AS AN IN VITRO DRUG SCREENING PLATFORM
Kurokawa, Yosuke, Tran, David D., Sobrino, Agua, Moya, Monica L.,
Alonzo, Luis E, Tu, Christina, Lock, Leslie, Hughes, Christopher C.W,,
George, Steven C.

University of California, Irvine, Irvine, CA, USA

Cardiovascular diseases are the leading causes of morbidity and
mortality in the world, resulting in significant health care costs
in developed nations. Furthermore, drug discoveries targeted at
cardiovascular diseases are inefficient as animal models fail to fully
recapitulate cardiac drug responses in humans. In order to advance the
drug screening process, there is a need for human cardiomyocytes, the
contractile cells of the heart, which are normally inaccessible due to
their postmitotic state in vivo. The advent of human induced pluripotent
stem cell-derived cardiomyocytes (iPSC-CMs) has created a promising
cell source that can potentially be utilized to screen for new cardioactive
drugs, or for drugs that target other organs but have minimal negative
impact on the heart. Here we propose to create a vascularized
cardiac tissue using human iPSC-CMs that can meet this need.
A key feature of our proposed system is the vascular network, which
allows the platform to mimic the physiological delivery of drugs to
the heart through the vascular system. We first create cardiomyocyte
spheroids from human iPSC-CMs using AggreWell” (STEMCELL
Technologies). The cardiomyocyte spheroids are then combined
with cord blood endothelial colony-forming cell-derived endothelial
cells (ECFC-ECs) and normal human lung fibroblasts (NHLFs) in
a fibrin gel. The mixture is injected into the central microchamber
(volume 0.1 mm?®) of a microfluidic device constructed of optically
clear polydimethysiloxane (PDMS) using soft lithography techniques.
Nutrients are delivered through microfluidic channels that connect to
the central tissue chamber. Over a period of 2 weeks, a 3D continuous
vascular network formed in conjunction with the spontaneously
contracting (30-40 beats/min) cardiomyocyte spheroids. The
vascularized cardiomyocyte spheroids were then exposed to the
B-agonist isoproterenol and the B-blocker propranolol, and the EC50
(0.79 nM) and IC50 (1.3 pM), respectively, were both within % log
order of the in vivo value. In addition, we have produced a similar
vascularized system using iPSC-derived endothelial cells (iPSC-
ECs) instead of ECFC-ECs, as we progress towards a completely
iPSC-derived platform. The cardiomyocyte spheroids in the iPSC-
EC network show spontaneous contractions and a dose-dependent
response to norepinephrine (EC50 41.8 nM). The microfabricated
platform has the potential to facilitate high throughput designs, thus
enabling rapid screening of drug candidates which are intentionally
cardioactive or which minimize cardiac side effects. By advancing this
technology, we hope to alleviate the cost of drug development and
expedite the discovery of new drugs. Furthermore, by deriving all of
the cells from a single iPS cell source, we hope to expand the utility
of the platform for disease-specific and patient-specific drug screening
applications.
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W-3073

SB203580 ANALOGUES INHIBIT CK| DELTA AND EPSILON
IN THE WNT PATHWAY DURING CARDIOMYOCYTE
DIFFERENTIATION OF PLURIPOTENT STEM CELLS

Laco, Filip', Low, Joo Leng?, Woo, Tsung Liang!, Zhong, Qixing?
Elliott, David®, Reuveny, Shaul’, Chai, Christina Li Lin? Oh, Steve K.W.!
!Bioprocessing Technology Institute, Singapore, Singapore, *Institute of
Chemical and Engineering Sciences, Singapore, Singapore, *Murdoch
Childrens Research Institute, Parkville, Australia

Current highly efficient cardiomyocyte differentiation protocols use
small molecule inhibitors as a strategy to increase the yield and purity of
cardiomyocytes from human embryonic stem cells (hESC) for human
cell-based therapy. A widely accepted mechanism to differentiate hESC
into cardiomyocytes is through perturbation of the canonical Wnt/f-
catenin pathway. Recently a small molecule p38a mitogen activated
protein kinase (MAPK) inhibitor, SB203580, was discovered for its
potential to induce cardiac differentiation in embryoid bodies with
moderate efficiency of 10-15%. We studied the mechanism of cardiac
differentiation with p38a MAPK inhibitors and then developed a
protocol that increased the efficiency of cardiomyocytes differentiation
with newly designed SB203580 analogues. We synthesized and
screened 42 compounds that are 2,4,5-trisubstituted azole analogues
of SB203580 for efficient cardiomyocyte differentiation. Our screen
identified novel compounds that have similar cardiac differentiation
activity as SB203580. Moreover a novel compound was identified which
induced cardiomyocyte differentiation at a 5 times lower concentration
than SB203580. However, the cardiac differentiation did not correlate
with p38a MAPK activity. Surprisingly, we found out that p38a MAPK
kinase downstream signaling pathways were not inhibited by our novel
cardiogenic compounds, which indicated an alternative mechanism in
cardiac differentiation. Upon profiling several 2,4,5-trisubstituted azole
compounds against a panel of 97 kinases we identified several off targets,
among them casein kinases 1 (CK1). The cardiomyogenic activities
of SB203580 and 18 analogues showed a high correlation with post
mesoderm Wnt/B-catenin pathway inhibition of CK1 epsilon and delta.
Furthermore, cardiac differentiation and inhibition of the canonical Wnt
signaling pathway were more efficient using 2,4,5-trisubstituted azoles
containing the pyridin-4-yl/4-fluorophenyl moiety. Consequently an
efficient cardiomyocyte protocol was developed with Wnt activator
CHIR99021 and 2,4,5-trisubstituted azoles to give high yields of 50-
70% cardiomyocytes and a 2 fold improvement in growth. In summary,
our findings disprove the involvement of p38a MAPK inhibition in
cardiomyocyte differentiation with SB203580 and 2,4,5-trisubstituted
azole analogues. Instead, we have identified CK1 inhibition as a leading
mechanism in cardiomyocyte differentiation with these analogues.
These outcomes unite the mechanism of 2,4,5-trisubstituted azoles
in cardiac differentiation with the current theory of Wnt/B-catenin
pathway regulated cardiac differentiation, via the novel CK1 targets. We
identified several preferred structural features of 2,4,5-trisubstituted
azoles which would aid in future development of small molecules for
CK1 inhibition and efficient cardiac differentiation. Finally, these novel
compounds were shown to generate high yields of cardiomyocyte
populations, which will be beneficial in future cell-based therapy.

MESENCHYMAL CELL LINEAGE

ANALYSIS

W-3076

MICRORNA-336 TARGETING BNIP3 INHIBITS
MITOCHONDRIA-MEDIATED APOPTOSIS OF
MESENCHYMAL STEM CELLS IN CARDIAC HYPOXIC
MICROENVIRONMENTS

Lee, Jiyun', Ham, Onju’, Lee, Se-Yeon', Lee, Chang Youn?, Park, Jun-
Hee?, Lee, Jiyun', Seo, Hyang-Hee', Seung, Minji', Yun, INa!, Han, Sun
M.}, Choi, Eunhyun', Hwang, Ki Chul®

Yonsei University College of Medicine, Brain Korea 21 Plus Project
for Medical Science, Seoul, Republic of Korea, *Yonsei University,
Department of Integrated Omics for Biomedical Sciences, Seoul, Republic
of Korea, *Yonsei University College of Medicine, Severance Biomedical
Science Institute, Seoul, Republic of Korea

The ischemic heart generates diverse apoptotic stimulators such as
reactive oxygen species and Ca**; these factors influence MSC survival
via mitochondria-mediated apoptosis after transplantation. A well-
known Bcl-2 family protein located in the mitochondrial membrane
with a role in the induction of mitochondrial-mediated apoptosis,
BNIP3 is minimally expressed in normal conditions but highly
expressed in hypoxic conditions. MicroRNAs have been utilized as
regulators and suppressors of target proteins in cardiovascular diseases.
Here, we hypothesized that microRNA-336 regulates BNIP3-induced
mitochondria-mediated apoptosis of transplanted MSCs under
hypoxic conditions. In ischemia/reperfusion (I/R) models, BNIP3 was
over-expressed in transplanted MSCs. When the exposure times to
hypoxic conditions were increased, the mortality of MSCs dependently
escalated, and expression levels of apoptotic molecules such as Bax, Bcl-
xL, Bak, cytochrome c, and caspase-3 changed. In MSCs transfected
with miR-336 (miR-336-MSCs), BNIP3 and apoptotic signals were
suppressed, by which survival rate was up-regulated compared to that
of un-transfected MSCs. Accordingly, the I/R model indicated that
the survival rate of miR-336-MSCs transplanted into the ischemic
heart was higher than that of un-transfected MSCs. The number
of Annexin V/PI and TUNEL-positive cells decreased in the heart
transplanted with miR-336-MSCs. MiR-336-MSCs resisted reduction
in cell numbers and enhanced recovery of cardiac function such as left
ventricular ejection fraction, and also more effectively reduced infarct
size, inflammation, and fibrosis area. These results demonstrate that
miR-336 suppresses BNIP3 in hypoxic MSCs and subsequently offers
beneficial effects to the ischemic heart by enhancing MSC survival.

W-3077

MULTIPLEX CELL-BIOMATERIAL INTERFACE CUES
REGULATE STEMNESS IN HUMAN MESENCHYMAL STEM
CELLS

Crowder, Spencer William, Balikov, Daniel A., Lewis, Holley N,
Ambrose, Caitlyn M., Lee, Sue Hyun, Sung, Hak-Joon

Department of Biomedical Engineering, Vanderbilt University, Nashville,
TN, USA

Statement of Purpose: Human mesenchymal stem cells (hMSCs)
offer great therapeutic potential for clinical applications, but exhibit a
decline in overall health when isolated from aging patients or serially
expanded in vitro. Cell “stemness” refers to the ability to retain self-
renewal capacity and differentiation potential, and is controlled by
specific transcription factors such as Nanog and SOX21. hMSCs have
been shown to originate from pericytes, an elusive extravascular cell
type, but dissection and clarification of this relationship is absent in
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the literature2. The expression of stemness proteins declines with in
vitro expansionl, and this correlates with increasing “developmental”
distance from the pericyte phenotype, suggesting that rejuvenation of
hMSCs might result in phenotypic reversion to yield bona fide pericytes.
Although matrix-derived physicochemical cues have been shown
to regulate cell fate decisions, alterations in stemness in response
to changing substrate properties remain unknown. Therefore, the
aims of this study are to elucidate i) the influence of multiplex
biomaterial matrix cues in modulating hMSC stemness, ii) how
this modulation affects the hMSC/pericyte phenotype, and iii) the
pathway(s) responsible. Methods:Spin-coated copolymers composed
of three subunits were used in this study: poly(e-caprolactone) (PCL),
poly(ethylene glycol) (PEG), and carboxyl-PCL (cPCL). Copolymers
are identified as x%PEG-y%PCL-z%cPCL (x, y, and z: molar ratio).
Extensive material characterization was first performed, followed
by in-depth biological analyses of cellular function, including flow
cytometry, qQRT-PCR, immunofluorescence staining, and functional
assays. Results: The copolymer substrates exhibited significant
differences in physicochemical properties, including protein
adsorption, hydrophilicity, roughness, and stiffness. The cellular
response was heavily influenced by copolymer composition, including
gene- and protein-level expression of Nanog and SOX2. Specifically,
the copolymer 4%PEG-96%PCL (referred to as 4%PEG) stimulated
the most significant increase in the expression of both Nanog and
SOX2. Interestingly, hMSCs cultured upon 4%PEG, but not TCPS,
expressed proteins that mark pericytes, including neuron-glial antigen
2 (NG2p), platelet endothelial cell adhesion molecule (PECAM), and
a-smooth muscle actin (aSMA), as well as several other pericyte-
specific markers2, including CD146 and PDGFR-p, at the gene-level.
The hypothesized mechanism driving this event includes integrin
a2 and PECAM, two proteins heavily expressed in the vascular
compartment that, according to gene- and protein-level analysis, are
upregulated in response to altered presentation of adsorbed protein at
the cell-biomaterial surface. Furthermore, paracrine signaling present
in pericyte-endothelial interactions, such as the angiopoietin-1/
Tie2 system, was upregulated on this polymer substrate, and in vivo
implantation of three-dimensional, hMSC-loaded 4%PEG scaffolds
improved vascularization over three weeks. Conclusions: This study is
one of the first to investigate how multiple cues from synthetic culture
substrates affect hMSC stemness, and aims to identify the biological
mechanisms responsible for this outside-in signaling. The findings
from this study will be exploited for maintaining/reinstating the
therapeutic efficacy of aging hMSCs for basic science, engineering, and
clinical applications.

W-3078

PROLIFERATION OF DENTAL PULP STEM CELLS
SUBMITTED TO LOW LEVEL LASER IRRADIATION

Barboza, Carlos Augusto Galvao', Zaccara, Ivana M.!, Ginani,
Fernanda', Mota-Filho, Haroldo G.}, Barreto, Mardem P. V!, Henriques,
Aguida G.2

'Department of Morphology, Federal University of Rio Grande do Norte,
Natal, Brazil, *School of Dentistry, Federal University of Bahia, Salvador,
Brazil

A positive effect of low level laser irradiation (LLLI) on proliferation
of some cell types has been observed, but little is known about its
effectiveness on dental pulp stem cells (DPSCs). The aim of this
study was to identify the lowest energy density capable of promoting
proliferation of DPSCs and maintaining its viability. Human DPSCs
were isolated from two healthy third molars extracted due to surgical
indication. The multipotential nature of the cells was confirmed by
expression of stem cell surface markers CD105, CD73, and CD90

by flow cytometry and conversion into osteogenic and adipogenic
phenotypes after culture in differentiation medium. In the third
subculture, the cells were irradiated or not (control), with a laser diode
InGaAlP, power of 30 mW, wavelength of 660 nm, continuous action
mode, with a tip diameter of 0,01 cm?, and using two different energy
densities (0.5 and 1.0 J/cm?). The cells were irradiated at 0 and 48 h, with
the laser probe fixed perpendicular to each plate at a distance of 0.5 cm
from the cells. Cell proliferation and viability was evaluated by Trypan
blue exclusion method and measuring mitochondrial activity using the
MTT-based cytotoxicity assay at intervals of 24, 48, 72 and 96 h after
the first laser application. Events related to cell death were evaluated by
expression of Annexin V and propidium iodide and the cell cycle was
also analyzed by flow cytometry. The analysis of the number of cells
in the different groups by the Trypan blue exclusion method revealed
an increase of cell proliferation over time in all groups. A higher
proliferation rate was seen in the irradiated groups when compared
to the control group, with statistically significant difference (p<0.05)
at the interval of 72 h. At the 96 h interval, a significant difference
was only observed with an energy density of 1.0 J/cm? There was
no difference in cell viability analyzed by the Trypan blue exclusion
method among the groups at all time points studied. Mitochondrial
activity in the irradiated groups followed the pattern observed by
the Trypan blue exclusion method. Irradiation with energy densities
of 0.5 and 1.0 J/cm? promoted significantly higher number of cells
when compared to the control group after the second irradiation at
interval of 72 h (p<0.05). It was observed that the cells had low positive
staining for Annexin V and propidium iodide, markers of cell death.
No significant changes were observed in cell viability throughout the
experiment, although a slight increase in the percentage of viability
was observed in the two irradiated groups after the second application
of LLLI. The analysis of the distribution of the cells in the cell cycle
phases showed a higher percentage of cells in GO/G1 phase (over 50%)
24 h after plating, but no statistically significant difference was found
among the groups. In the last two intervals examined (72 and 96 h),
approximately 85% of the cells were distributed in phases S and G2/M,
which was consistent with proliferating cells in all three of the groups.
It can be confirmed that the patterns of LLLI used in the present study
(power 30 mW, wavelength of 660 nm and energy density of 1,0 J/cm?)
promotes proliferation of DPSCs and maintaining its viability. These
results have potential clinical relevance, because the use of low level
laser irradiation associated with DPSCs can represent a therapeutic
opportunity in dentistry and regenerative medicine.
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COMPREHENSIVE CHARACTERIZATION OF HUMAN
EMBRYONIC STEM CELL-DERIVED MESENCHYMAL STEM
CELLS
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Mesenchymal stem cells (MSC) are self-renewing multipotent cells
which hold great potential in reconstructive medicine and tissue
engineering. They have the ability to differentiate into cells of the
mesoderm lineage and possibly to transdifferentiate. MSC can be
derived from multiple adult tissues but have only limited expansion
capacity in cell culture. We show here an adapted, easily reproducible
protocol (Raynaud et al.,, 2013) to differentiate human embryonic
stem cells (ESC) into highly-proliferative MSC. We characterized
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ESC-derived MSC in-depth and compared them to adult tissue-
derived MSC (bone marrow BM-MSC) as well as to their origin (ESC).
We performed large-scale proteomic profiling on organelle level
(cytosol, nucleus, chromatin) using quantitative high resolution mass
spectrometric analysis based on stable isotope labeling with amino
acids in cell culture (SILAC, Cox and Mann, 2008). Those results were
complemented with a DNA aptamer-based array quantifying over
1100 proteins (SOMAScan™ assay). This assay, developed for plasma
proteome profiling, includes proteins which are normally expressed at
very low copy number such as cytokines and chemokines, as well as key
proteins of common signaling pathways. In total, over 5000 proteins
were quantified with 300 common in both techniques. In SILAC
experiments, around 2000 proteins are differentially expressed when
ESC and MSC (both ESC-MSC and BM-MSC) were compared. ESC-
derived MSC differ from BM-MSC in 400 proteins. Similar results were
obtained with the aptamer-based assay: approximately 800 proteins
are differentially expressed between ESC and MSC, with 55 proteins
differentiating between ESC-MSC and BM-MSC. To further enhance
the analytical depth we analyzed the transcriptome using next-
generation RNA sequencing enabling us to quantify the expression of
over 14000 genes. ESC and MSC greatly differ in their gene expression
(around 5000 genes), whereas ESC-MSC and BM-MSC are closely
related (around 400 genes). Data integration of all three large-scale
techniques was performed. Bioinformatic analysis revealed a high
enrichment of transcription/translation-related functions for ESC, in
particular transcription factors, regulators of cell cycle and proteins
involved in RNA processing/splicing. For MSC highly significant were
vesicle transport, angiogenesis and extracellular matrix generation. The
study presented here is the first part of an in-depth characterization of
the differentiation process of ESC into MSC currently ongoing in our
lab.
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Adipose tissue (subumbilical) was collected from one female patient
submitted to liposuction cosmetic procedure. Human adipose-derived
stem cells were isolated by collagenase II digestion for one hour,
cultured in Iscove’s Modified Dulbeccos Media (IMDM) at 98,6 °F in
a 5% CO, incubator up to passage two and frozen in liquid nitrogen.
Mesenchymal stem cells were thawed, cultured until reaching 80%
confluency, trypsinized and utilized for the experiments at passage
4. It was tested for in vitro differentiation potential in adipocytes,
chondrocytes and osteocytes followed by tissue-specific histological
staining. Also, 3 x 10° cells were plated in 12 wells of a 96 well plate.
After 24 hours, the culture medium was supplemented with three
concentrations (12.5, 25 and 50 mg.ml") of Lippia origanoides essential
oil extracted by hydrodistillation and analyzed by Gas Chromatography-
Mass Spectrometry (GC-MS). It was used a triplicate plate for each
oil concentration tested and for the negative control. Treated and
negative control cells were cultured for 1 day and evaluated by MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) assay.
Differentiation results were evaluated qualitatively and proliferations
results were evaluated by ANOVA at 5% significance level. This

study was approved by the Brazilian Committee for Ethics in Human
Research. Cells at passage 4 demonstrated adipogenic, osteogenic and
chondrogenic differentiation potential in vitro. MTT assay results
showed that treatment with 25 mg/mL of essential oil increased cellular
proliferation in comparison to the others groups (p<0.05), while
treatment with 50 mg/mL negatively affected mesenchymal stem cell
proliferation. Culture medium supplementation with essential oil from
Lippia origanoides plant can be an alternative for increasing in vitro
mesenchymal stem cells proliferation. Assuming that Timol (60%) as
a major component in this oil we could speculate about an antioxidant
protecting effect occurring in cell culture over the culture time. Further
experiments will address this hypothesis. On the other hand, attention
must be given to the use of this essential oils at higher dosages once
it can show a toxic effect on cell culture. Finally, essential oils from
the Amazon plant can potentially become a cheap and efficient way to
increase in vitro adult stem cell expansion for cell therapy.
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INTERCHANGEABLE FATES OF OSTEOGENIC AND
CHONDROGENIC PROGENITORS REVEALED BY
COMPREHENSIVE LINEAGE-MAPPING OF MULTIPOTENT
SKELETAL STEM CELLS

Chan, Charles
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Bone, cartilage, and bone marrow stroma are the primary components
of the skeletal system but the origins of these tissues remain
undefined. Here we prospectively isolated eight distinct progenitors
of bone, cartilage, and stromal tissue and delineated the lineage
relationships between them to map bone and cartilage development
from a population of highly pure, post-natal skeletal stem cells (SSC).
The transcriptome of each individual subset of progenitors was
investigated to identify unique developmental programs underlying
the intrinsic and extrinsic regulation of SSC lineage commitment. This
analyses revealed that several varieties of SSC-derived hematopoietic
supportive-stroma express factors that directly regulate SSC expansion
and differentiation, indicating that SSC generated-stroma plays dual
roles in regulating both hematopoietic and skeletal niches. Such SSC
niche-factors can be potent inducers of skeletal regeneration. We find
several combinations of recombinant proteins that could activate SSC
genetic programs in situ, even in non-skeletal tissues, resulting in de-
novo formation of cartilage or bone and bone marrow stroma.
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HUMAN ADIPOSE TISSUE DERIVED MESENCHYMAL STEM
CELLS INVITRO DOUBLING TIME USING AUTOLOGOUS
PLATELET RICH PLASMA COMPARED TO FETAL BOVINE
SERUM
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The increasing evidences for the efficacy of mesenchymal stem cells
(MSCs) as an advanced cell therapy and their low frequency in adult
tissues have triggered the need for their in vitro expansion. Most of the
current protocols for expansion included fetal bovine serum (FBS) in
culture media with the risk of immunogenicity and zoonosis during
clinical application. The aim of the current work is to investigate the
efficacy of autologous platelet rich plasma (PRP) with its high contents
of autologous growth factors as an alternative to FBS in culture media.
In vitro doubling time (DT) of human adipose tissue MSCs using
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culture media containing autologous PRP was compared to that of
media using FBS. After written consent, aspirated fat was obtained
from ten cases during liposuction and was subjected to collagenase
digestion for obtaining Stromal Vascular Fractions (SVF). Harvested
plastic adherent MSCs in passage 0 were characterized and counted
MSCs were cultured in 10% FBS containing media and 10% buffered
autologous PRP containing media at density of 4x10° mL"' for 4
passages to compare cells expansion’s DT using both media. Adherent
MSCs showed statistical significant lower DT (P<0.05) when cultured
in autologous PRP containing media compared to FBS containing
media. In autologous PRP containing media, MSCs showed an average
DT of (3.03, 3.24, 3.78, and 4.35) for P1, P2, P3, and P4, respectively,
and average DT of (3.69, 4.15, 5.02, and 6.25) for P1, P2, P3, and P4,
respectively in FBS containing media. Lower MSCs in vitro DT using
autologous PRP containing media, is carrying a promising solution for
lower MSCs expansion time and for the potential immunologic and
zoonotic risks accompanied with the use of xeno-derived materials.
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INVITRO COMPARATIVE ANALYSIS OF
CRYOPRESERVATION OF STEM CELLS FROM HUMAN
EXFOLIATED DECIDUOUS TEETH

Ginani, Fernanda', Soares, Diego M.!, Rabélo, Luciana M.%, Freire-
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Dental pulp stem cells have been widely investigated because of
their vast potential for use in therapies involving pulp regeneration
and tissue engineering. The technique of cell cryopreservation
represents a viable alternative for the conservation of these cells for
long periods, since it reversibly stops all of their biological functions
at an ultra-low temperature and in a controlled manner. The present
study aimed to evaluate, using in vitro experiments, the influence of
a cryopreservation protocol on the proliferation and viability of stem
cells from human exfoliated deciduous teeth (SHED). Cells obtained
from the pulp of three deciduous teeth at end-stage exfoliation and
with indicated extraction were expanded in a-MEM culture medium
supplemented with antibiotics and 15% fetal bovine serum. The cells
were characterized as stem cells by expression of cell surface markers
and by differentiation into osteoblasts and adipocytes under induced
conditions. At second passage (P2), part of the cells was maintained
in 10% DMSO diluted in fetal bovine serum and submitted to the
cryopreservation protocol: 2 h at 4°C, 18 h at —20°C, and then at
—-80°C for 30 (cryopreserved I) and 180 days (cryopreserved II),
while a third group (non-cryopreserved cells) followed under normal
conditions of cell culture. Cell proliferation was evaluated in the groups
(cryopreserved I, cryopreserved IT and non-cryopreserved) by Trypan
blue stain essay at intervals of 24, 48 and 72 h after plating. Cell cycle
analysis of SHEDs submitted or not submitted to the cryopreservation
protocol were performed in the same intervals. Events related to cell
death were analyzed by Annexin V and propidium iodide expression
under flow cytometry at the interval of 72 h. It was observed that all the
groups exhibited an upward cell proliferation curve without significant
statistical differences compared to the cryopreserved and control (non-
cryopreserved) groups (p>0.05). The distribution of cells in cell cycle
phases was consistent with cell proliferation, indicating that in all groups
the majority of the cells were in the S and G2/M phases at the 3 intervals
analyzed. In relation to cell viability, all groups showed a percentage
of over 99% of viable cells which proves that the viability throughout
the experiment was not affected by cryopreservation protocol used.
Therefore, it is concluded that the proposed cryopreservation protocol

is effective for storing the studied cell type for long periods, allowing
for their use in future experimental studies.
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DEREGULATED HOX EXPRESSION IN MESENCHYMAL
STROMAL/STEM CELLS DERIVED FROM G-CSF PRIMED
BONE MARROWS
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HOX and TALE transcription factors play an important role in
the proliferation and commitment of hematopoietic cells as well
as the development of malignancies like leukemia. Bone marrow
transplantation (BMT) is a commonly used therapy for patients with
certain malignant or non-malignant hematopoietic diseases. Donors
in pediatric age are sometimes treated with granulocyte colony-
stimulating factor (G-CSF) because of their low body weight compared
to patients. Here we aimed to assess the effects of in-vivo exposure
to G-CSF on gene expression of HOX and their co-factors TALE in
bone marrow stromal/stem cells. Human bone marrow mesenchymal
stromal/stem cells (MSCs) were isolated from 3 day G-CSF (10 pg/
kg/d) treated (n=8) and untreated (n=9) healthy donors. Mean age
of G-CSF treated and untreared donors were 7.4 and 16.4 years,
respectively. MSCs were expanded in vitro and characterized for their
cell surface markers and for their differentiation capacity to adipocytes
and osteoblasts. Thirty-nine HOX (HOXA/B/C/D) and eight TALE
(MEIS, PBX, PREP) gene expression levels were determined by
real-time qPCR using UPL probes and LightCycler 480-II machine
(Roche). BM-MSC:s exhibited similar cell surface marker expression as
well as capacity to differentiate to adipogenic and osteogenic lineages.
In BM-MSCs from G-CSF treated donors, HOXAI expression levels
were significantly increased whereas HOXA7 and HOXB7 expression
levels were significantly decreased (p<0.05). These results suggest that
G-CSF treatment changes HOX code of bone-marrow mesenchymal
stromal/stem cells.
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RB MAINTAINS QUIESCENCE AND PREVENTS PREMATURE
SENESCENCE THROUGH UP-REGULATION OF DNMTI IN
MESENCHYMAL STEM CELLS
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Mesenchymal stem cells (MSCs) are now applied in lots of cell
therapies. However, MSCs start entering the senescence state upon
proliferation long-term in vitro. The role of retinoblastoma (Rb)
protein in regulating MSC properties is not well studied. Here, we show
the RD level is higher in early-passage MSCs, compared to late-passage
MSCs. Rb knockdown induces premature senescence and reduced
differentiation potentials in early-passage MSCs. Rb overexpression
inhibits senescence and increases differentiation potentials in late-
passage MSCs. The expression of DNMT]I, rather than DNMT3A
and DNMTS3B, is also higher in early-passage MSCs than late-passage
MSCs. 